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LIQUID CRYSTAL DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play apparatus which realizes high efficiency and uniform
brightness using a laser source as its light source.

BACKGROUND ART

[0002] Currently, a cold-cathode fluorescent lamp (herein-
after referred to asa CCFL) is widely used as a light source for
aliquid crystal display apparatus. Generally known backlight
methods using the CCFL are: an edge light method in which
light from the CCFL enters a light guide plate from its side
surface, and is outputted from a front surface of the light guide
plate as substantially uniform planar light, so that the planar
light illuminates a liquid crystal panel from its back surface;
and a method of illumination directly from below, in which a
plurality of CCFLs are arranged on a back surface of the
liquid crystal panel to thereby directly illuminate the liquid
crystal panel with the light of the CCFLs.

[0003] In recent years, from the viewpoint of the environ-
mental issues or electrical power saving, image display
devices are being developed which utilize, as light sources
free from mercury and with lower power consumption, light
sources formed of semiconductor materials such as a light
emitting diode (LED) and a laser diode (LD). Particularly, the
laser sources can be a light source most suitable for image
display devices in terms of not only their low electric power
consumption, but also image quality, for example, a wide
color reproduction range. Moreover, the laser sources are
advantageous from the viewpoint of downsizing and simpli-
fication of the light source in an image display device, since a
light output of a W class can be achieved with a single laser
source.

[0004] Inaddition, inorder to configure a thin liquid crystal
display apparatus, a light box or a light guide plate is gener-
ally applied. For example, as a liquid crystal backlight using
the light guide plate, a liquid crystal display apparatus is
proposed in Patent Document 1. In the liquid crystal display
apparatus disclosed in Patent Document 1, LEDs are fixed at
both ends of a light guide rod, and light from the LEDs are
reflected by triangle grooves provided on a surface of the light
guide rod on the side opposite to the light guide plate. The
light is guided to the light guide plate, and is then reflected by
a prism array formed on a reflection surface which opposes a
light exiting surface of the light guide plate, thereby to
improve the transmittance of light passing through a polariz-
ing plate of a liquid crystal panel.

[0005] Further, proposed are liquid crystal backlights
which realize illumination having a uniform light amount
distribution and low power consumption, which are achieved
with an improvement in the arrangement of laser sources and
in optical systems (see Patent Documents 2 and 3).

[0006] Further, proposed is a technique in which laser light
from a laser source is combined in a light guide plate by using
at least two optical lenses, and the polarization direction of
the laser light is adjusted with respect to the polarization
direction of a light entering side of a liquid crystal panel (see
Patent Document 4).

[0007] Further, proposed is a technique in which a red light
component, a green light component, and a blue light com-
ponent included in light emitted from a light source are sepa-
rated in a light guide plate so as to be outputted, respectively,
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to red sub-pixels, blue sub-pixels, and green sub-pixels in a
liquid crystal panel, whereby light elements absorbed by a
color filter in the liquid crystal panel are reduced and high
efficiency is achieved (see Patent Document 5).

CITATION LIST
Patent Literature

[0008] [PTL 1] Japanese Laid-Open Patent Publication No.
2003-131228

[0009] [PTL 2] Japanese Laid-Open Patent Publication No.
2006-331683

[0010] [PTL 3] International publication WO2007/015402
Pamphlet

[0011] [PTL 4] Japanese Laid-Open Patent Publication No.
2008-66162

[0012] [PTL 5] Japanese Laid-Open Patent Publication No.
2006-12722

SUMMARY OF INVENTION
Technical Problem

[0013] However, according to the above-described conven-
tional techniques, the light outputted from the light guide
plate is not still efficiently utilized when the light is provided
to the liquid crystal panel. Particularly, light reflected from a
liquid crystal panel and returning to a light guide plate is not
to be re-utilized but to be wasted. Thus, the above conven-
tional techniques have their limits in improvement of efficient
light utilization.

[0014] Hence, an object of the present invention is to pro-
vide a liquid crystal display apparatus which effectively re-
utilizes laser light reflected from a liquid crystal panel and
returning to a light guide plate to thereby achieve uniform
brightness highly efficiently and simply.

Solution to Problem

[0015] The present invention is directed to a liquid crystal
display apparatus including a backlight employing an edge
light method. In order to achieve the above object, the liquid
crystal display apparatus of the present invention includes: a
laser source unit which emits laser light having a plurality of
different wavelengths; a light guide plate which receives the
laser light from a side surface thereof, and outputs two-di-
mensional laser light having a predetermined spread angle
from an upper surface thereof perpendicular to the side sur-
face, a liquid crystal panel having thereinside color filters
corresponding to the plurality of wavelengths; a wavelength
selection substrate including wavelength selection sections
which are arranged, for the respective wavelengths, between
the liquid crystal panel and the upper surface of the light guide
plate in a manner as to correspond to an arrangement of the
color filters, and which each transmit a predetermined wave-
length of laser light and reflect laser light having wavelengths
other than the predetermined wavelength; and a reflector
which is arranged on the side of a bottom surface, which
opposes the upper surface of the light guide plate, and reflects
laser light having reflected from the wavelength selection
substrate and passed through the light guide plate to thereby
cause the laser light to re-enter the wavelength selection sub-
strate through the light guide plate. The predetermined spread
angle is set relative to a plane parallel with an arrangement
direction of the wavelength selection sections and/or relative
to a plane orthogonal to the arrangement direction. Further,
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the wavelength selection substrates may be arranged inside
the liquid crystal panel, and in this case, the color filters are
not necessary.

[0016] In the wavelength selection substrate, a widthand a
length of each wavelength selection section are shorter than a
width and a length of each color filter, and reflecting portions
may be arranged at boundaries between the wavelength selec-
tion sections adjoining one another, the reflecting portions
each reflecting more than or equal to 50% of all wavelengths
of laser light emitted from the laser source unit. Each of the
reflecting portions is typically formed of a metal thin film or
a dielectric multilayer film. Note that each reflecting portion
may be arranged in a manner as to partially overlap on adjoin-
ing two of the wavelength selection sections.

[0017] In the wavelength selection substrate, the arrange-
ment of the wavelength selection sections may be displaced
from the arrangement of the color filters in accordance with
an angle 0 that is formed between an axis perpendicular to an
arrangement direction of the wavelength selection sections
and an optical axis of principal laser light entering the wave-
length selection sections, and with a distance between the
color filters and the wavelength selection substrate. The angle
0 1s set to a value satisfying a formula below, where used are
a pitch Pg in an arrangement direction of the wavelength
selection sections, a distance Hg between the wavelength
selection substrate and the reflector, and a spread angle o of
laser light outputted from the light guide plate to the wave-
length selection substrate, the spread angle o being relative to
a plane orthogonal to the arrangement direction of the wave-
length selection sections,

10=6=sin-1(Pg/(10xHgxtan a)).

[0018] The light guide plate has, on at least a part of the
bottom surface, a reflecting portion which turns a traveling
direction of laser light having entered from the side surface
toward the direction of the upper surface, and in the reflecting
portion, any of triangular prisms, trapezoidal prisms, and
prisms having curved surfaces are formed in a sloped manner,
and a range that is irradiated with the entering laser light in
each prism is preferably set to range from 1 pmto 20 ym ina
direction parallel with the upper surface of the light guide
plate. Note that the reflector may be a total reflection prism
arranged on the bottom surface of the light guide plate.
[0019] A vibrating section may be further included which
causes laser light emitted from the laser source unit to vibrate
at least either in a widthwise direction or in a thickness direc-
tion of the light guide plate. The vibrating section may further
include a control section which adjusts a quantity of light of
laser light emitted from the laser source unit, for a plurality of
wavelengths thereof individually, in accordance with a
brightness distribution in the light guide plate or image data to
be displayed on the liquid crystal panel. Further, the control
section adjusts individually a quantity of light of laser light
emitted from the laser source unit, depending on positions, in
the light guide plate, where the laser light emitted from the
laser source unit enters, or in accordance with a one-dimen-
sional or two-dimensional brightness distribution of respec-
tive wavelengths of laser light outputted from the light guide
plate when laser light having a predefined quantity of light is
emitted from the laser source unit to the light guide plate.
[0020] The laser source unit may generate laser light in a
single transverse mode in a predetermined direction, and emit
parallel light to the side surface of the light guide plate, the
parallel light being obtained by converting the laser light so as
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to be substantially parallel with the predetermined direction.
The laser source unit may include a semiconductor laser
source which generates laser light in a single transverse mode
in a thickness direction of an active layer.

ADVANTAGEOUS EFFECTS OF INVENTION

[0021] According to the present invention, it is possible to
cause respective color laser light rays, which have been
obtained with less absorption loss by wavelength separation
in the wavelength selection substrate, to enter respective color
filters as they are. Accordingly, a liquid crystal display appa-
ratus which can achieve uniform brightness and high light
utilization efficiency regardless of fluctuation in temperature
can be configured easily without modification of the liquid
crystal panel.

BRIEF DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a diagram schematically illustrating an
outline structure common to liquid crystal display appara-
tuses described in respective embodiments of the present
invention.

[0023] FIG.2A is an arrow view illustrating a configuration
of a liquid crystal display apparatus 10 according to a first
embodiment of the present invention.

[0024] FIG. 2B is a cross-sectional view illustrating a con-
figuration of the liquid crystal display apparatus 10 according
to the first embodiment of the present invention.

[0025] FIG. 2C is a cross-sectional view illustrating a con-
figuration of the liquid crystal display apparatus 10 according
to the first embodiment of the present invention.

[0026] FIG. 3A is a diagram illustrating an example of a
shape of an erecting prism 14p formed on a bottom surface
14c of a light guide plate 14.

[0027] FIG. 3B is a diagram illustrating an example of a
shape of an erecting prism Hp formed on the bottom surface
14c of the light guide plate 14.

[0028] FIG. 4A is a diagram illustrating a configurational
example of the light guide plate 14 equipped with a reflection
plate 21.

[0029] FIG. 4B is a diagram illustrating a configurational
example of the light guide plate 14 equipped with a reflection
plate 21.

[0030] FIG. 4C is a diagram illustrating a configurational
example of the light guide plate 14 equipped with a reflection
plate 21.

[0031] FIG. 5A is a diagram illustrating a structural
example of a wavelength selection substrate 23.

[0032] FIG. 5B is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0033] FIG. 5C is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0034] FIG. 5D is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0035] FIG. 6A is an arrow view illustrating a configuration
of theliquid crystal display apparatus 10 according to the first
embodiment of the present invention.

[0036] FIG. 6B is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0037] FIG. 7A is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0038] FIG. 7B is a diagram illustrating a structural
example of the wavelength selection substrate 23.
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[0039] FIG. 8A is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0040] FIG. 8B is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0041] FIG. 8C is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0042] FIG.9A isanarrow view illustrating a configuration
of aliquid crystal display apparatus 20 according to a second
embodiment of the present invention.

[0043] FIG. 9B is a cross-sectional view illustrating a con-
figuration of the liquid crystal display apparatus 20 according
to the second embodiment of the present invention.

[0044] FIG.9C is a cross-sectional view illustrating a con-
figuration of the liquid crystal display apparatus 20 according
to the second embodiment of the present invention.

[0045] FIG. 9D is a diagram illustrating a structural
example of a color filter array 24.

[0046] FIG. 10A is an arrow view illustrating a configura-
tion of a liquid crystal display apparatus 30 according to a
third embodiment of the present invention.

[0047] FIG. 10B is a cross-sectional view illustrating a
configuration of the liquid crystal display apparatus 30
according to the third embodiment of the present invention.
[0048] FIG. 11A is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0049] FIG. 11B is a diagram illustrating a structural
example of the wavelength selection substrate 23.

[0050] FIG. 12A is a cross-sectional view illustrating a
configuration of a liquid crystal display apparatus 40 accord-
ing to a fourth embodiment of the present invention.

[0051] FIG. 12B is an enlarged cross-sectional view of a
part of FIG. 12A.

[0052] FIG. 12C is an enlarged cross-sectional view of a
part of FIG. 12A.

[0053] FIG. 13 is a diagram illustrating a configuration
applicable to all the embodiments of the present invention.
[0054] FIG. 14A is a diagram illustrating a configuration of
a liquid crystal display apparatus 50 according to a fifth
embodiment of the present invention.

[0055] FIG. 14B is a schematic configuration diagram of a
semiconductor laser 16 having high output power.

[0056] FIG. 14C is a diagram illustrating a configuration of
the liquid crystal display apparatus 50 according to the fifth
embodiment of the present invention.

[0057] FIG. 15A is a diagram illustrating a result of mea-
surement of the relation between a spread angle of laser light
and brightness intensity distribution on the light guide plate
14.

[0058] FIG. 15B is a diagram illustrating a result of mea-
surement of the relation between the spread angle of laser
light and the brightness intensity distribution on the light
guide plate 14.

[0059] FIG. 15C is a diagram illustrating a result of mea-
surement of the relation between the spread angle of laser
light and the brightness intensity distribution on the light
guide plate 14.

[0060] FIG. 16 is a diagram illustrating a configurational
example where laser light 12 emitted from a semiconductor
laser 16 enters a triangular prism 51.

[0061] FIG.17A is a diagram illustrating a configuration of
a liquid crystal display apparatus 60 according to a sixth
embodiment of the present invention.
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[0062] FIG. 17B is a diagram illustrating a configuration of
the liquid crystal display apparatus 60 according to the sixth
embodiment of the present invention.

[0063] FIG. 17C is adiagram illustrating a configuration of
the liquid crystal display apparatus 60 according to the sixth
embodiment of the present invention.

[0064] FIG. 18A is a diagram illustrating a configuration of
a liquid crystal display apparatus 70 according to a seventh
embodiment of the present invention.

[0065] FIG. 18B is a diagram illustrating a configuration of
the liquid crystal display apparatus 70 according to the sev-
enth embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0066] FIG. 1 is a diagram schematically illustrating an
outline structure common to liquid crystal display appara-
tuses described in respective embodiments of the present
invention. In FIG. 1, a liquid crystal display apparatus of the
present invention includes a laser source unit 11, a light guide
plate 14, a reflection plate 21, a wavelength selection sub-
strate 23, and a liquid crystal panel 22. Laser light emitted
from the laser source unit 11 enters the light guide plate 14.
The entered laser light spreads over the entirety of the light
guide plate 14, and is provided to the liquid crystal panel 22
by means of the reflection plate 21 and the wavelength selec-
tion substrate 23.

[0067] Hereinafter, description will be made sequentially
on various embodiments of the liquid crystal display appara-
tus of the present invention.

First Embodiment

[0068] FIGS. 2A to 2C are each a diagram illustrating a
configuration of a liquid crystal display apparatus 10 accord-
ing to a first embodiment of the present invention. FIG. 2A is
an arrow view as viewed from a point A in FIG. 1; FIG. 2B is
a vertical sectional view along an XZ plane cut along a B-B
line shown in F1G. 1; and F1G. 2C is a vertical sectional view
along an XY plane cut along a C-C line in FIG. 1. FIG. 2A
illustrates the liquid crystal panel 22 in a transparent manner
so that laser light 12 (dotted arrows) propagating over the
light guide plate 14 is viewed.

[0069] In FIG. 2A, the laser source unit 11 includes a red
laser source 117, a green laser source 11g, a blue laser source
115, collimator lenses 137, 13g, and 135, dichroic mirrors
12K and 12L. The red laser source 117 outputs a red laser light
beam, the green laser source 11g outputs a green laser light
beam, and the blue laser source 115 outputs a blue laser light
beam. The color laser light beams outputted from the respec-
tive light sources are converted into substantially parallel
light beams 127, 12g, and 125 by the collimator lenses 137,
13g, and 13b. The color laser light beams having been con-
verted into the substantially parallel light beams 127, 12g, and
124 are combined by means of the dichroic mirrors 12K and
12L into laser light 12 to thereby be outputted.

[0070] The light guide plate 14 is a rectangular parallelepi-
ped having a sloping first side surface 14a and a sloping
bottom surface 14¢, and the sloping surfaces have reflecting
portions. The laser light 12 emitted from the laser source unit
11 enters the light guide plate 14 from a second side surface
144 adjoining the first side surface 14a, hits the sloping
reflecting portion of the first side surface 14a, where the
propagation direction of the laser light 12 is angled 90
degrees, and the laser light 12 turns into linear light (FIG. 2A).
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The linear light hits the sloping reflecting portion of the
bottom surface 14¢, where the propagation direction of the
linear light is angled 90 degrees, and the linear light turns into
planar light to thereby be outputted from an upper surface 145
on which a wavelength selection substrate 23 is located (FIG.
20).

[0071] AsshowninFIG. 2A, for example, since the reflect-
ing portion having a plurality of triangular prisms arranged at
a predetermined pitch is formed on the sloping first side
surface 14a, total reflection is caused, and thereby the propa-
gation direction of the laser light 12 can be angled 90 degrees
highly efficiently. Similarly, as shown in FIG. 2C, for
example, since the reflecting portion having erecting prisms
14p arranged at a predetermined pitch is formed on the slop-
ing bottom surface 14¢, total reflection is caused, and thereby
uniform planar light without optical losses can be created.
The laser light 12 reflected by the erecting prisms 14p has a
predetermined spread angle S relative to a thickness direction
(hereinafter referred to as the XY plane) of the light guide
plate 14, the direction including a laser light traveling direc-
tion before its reflection. The spread angle S of the laser light
will be described later.

[0072] The planar laser light 12 outputted from the upper
surface 145 of the light guide plate 14 enters the wavelength
selection substrate 23. The wavelength selection substrate 23
includes a wavelength selection section 23R which has a
function of transmitting a red laser light component only and
reflecting other laser light components, a wavelength selec-
tion section 23G which has a function of transmitting a green
laser light component only and reflecting other laser light
components, and a wavelength selection section 23B which
has a function of transmitting a blue laser light component
only and reflecting other laser light components.

[0073] InFIG. 2B, laser light components corresponding to
colors transmittable by the respective wavelength selection
sections 23R, 23G and 23B pass through the wavelength
selection substrate 23 and enter the liquid crystal panel 22. On
the other hand, laser light components not corresponding to
colors transmittable by the respective wavelength selection
sections 23R, 23G, and 23B are reflected from the wavelength
selection substrate 23, and enter again the light guide plate 14.
The laser light components having entered again the light
guide plate 14 due to no color correspondence are reflected by
the reflection plate 21, and enter again the wavelength selec-
tion substrate 23. If the colors of the laser light components,
which again reach the respective wavelength selection sec-
tions 23R, 23G, and 23B, correspond to the colors transmit-
table by the respective wavelength selection sections 23R,
23G, and 23B, then the laser light components pass through
the wavelength selection substrate 23, and enter the liquid
crystal panel 22. If not, the laser light components are
returned to the light guide plate 14, and the same movement is
repeated. These passing and reflection are performed repeat-
edly, and the laser light 12 composed of synthesis of three
primary colors is finally divided into a red color, a green color,
and a blue color, which are outputted from the wavelength
selection substrate 23.

[0074] The liquid crystal panel 22 includes a liquid crystal
layer 22a, a color filter array 24, a lower-side glass plate 225,
an upper-side glass plate 22¢, a lower-side polarizing plate
22d, and an upper-side polarizing plate 22e. The color filter
array 24 includes a red color filter 24R, a green color filter
24G and a blue color filter 24B. The arrangement of the
respective color filters 24R, 24G and 24B and the position of
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the same filters in a vertical direction correspond to those of
the respective wavelength selection sections 23R, 23G and
23B of the wavelength selection substrate 23 (FIG. 2B).

[0075] With the above structure, the liquid crystal display
apparatus 10 of the present invention allows the respective
color laser light components, which have been obtained with
less absorption loss by wavelength separation in the wave-
length selection substrate 23, to enter the color filter array 24
as they are. Accordingly, regardless of temperature fluctua-
tion, it is possible to configure a liquid crystal display appa-
ratus which constantly exhibits a high light utilization effi-

ciency. Hereinafter, specific examples of respective
components will be described.
[0076] FIGS. 3A and 3B are each a diagram illustrating an

example of a shape of an erecting prism 14p formed on a
bottom surface 14c¢ of a light guide plate 14. FIG. 3A is an
example of the erecting prism 14p which is a triangular prism
partially having a curved surface 14f, whereas FIG. 3B is an
example of the erecting prism 14p which is generally formed
of a curved surface 14g. When the erecting prism 14p is
configured in the shape shown in FIGS. 3A and 3B, it is
possible to output laser light 12 having a predetermined
spread angle S to the wavelength selection substrate 23.

[0077] Particularly, in the XY plane, when a range on the
erecting prism 14p where the laser light enters, that is, a width
Wd of the erecting prism 14p, is set to 20 um or lower, the
spread angle S of the laser light which has been turned
upwardly by the erecting prism 14p can be increased. This is
because when the width causing reflection is narrowed, light
diffraction occurs. For example, in the case of a red 1aser light
component, when the width Wd is 20 um, a spread angle S of
+1.2 degrees can be achieved. Note that when the width Wd is
decreased from 20 pm, the spread angle S can be increased.
However, the width Wd is preferably 1 um or more, since a
width as narrow as about a light wavelength leads to diffrac-
tion limits. Further, in FIG. 3B, a width of the curved surface
14g is adjusted, whereby it is possible to cause the laser light
to have a predetermined spread angle relative to a widthwise
direction (hereinafter referred to as the XZ plane) of the light
guide plate 14, the direction including a laser light traveling
direction before its reflection, as well as relative to the XY
plane.

[0078] The method for causing the laser light 12 entering
the wavelength selection substrate 23 to have a spread angle S
is not limited to the light reflection utilizing the erecting
prisms 14p having the above-described curved surfaces. For
example, it may be set such that the laser light 12 already
having a predetermined spread angle relative to the XY plane
is emitted to the light guide plate 14. Since the laser light 12
travels on the XY plane while being subject to total reflection,
an angular distribution of the laser light 12 when it has entered
the light guide plate 14 is retained. Thus, if the erecting prism
14p is configured with a triangular prism or a trapezoidal
prism, the laser light 12 entering while having a spread angle
will be reflect toward the wavelength selection substrate 23
while keeping the spread angle.

[0079] In this manner, if the laser light to enter the wave-
length selection substrate 23 has a predetermined spread
angle S prior to entering, it is possible to reduce the occur-
rence of laser light that is reflected from the wavelength
selection substrate 23 due to no color correspondence. Fur-
ther, in this case, since the laser light components which are
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reflected by adjoining erecting prisms 14p are overlapped
with each other, a predetermined degree of brightness can be
maintained advantageously.

[0080] The thickness of the light guide plate 14 can be
reduced along with the wavelength selection substrate 23.
That is, in the case where the laser light propagating ina'Y
direction on the XY plane is subject to total reflection by the
erecting prisms 14p, and is outputted toward the X-axis direc-
tion from the upper surface 14b, the spread angle S satisfying
the condition for the total reflection by the erecting prisms
14p is about 6 degrees or lower. Under a condition where the
wavelength selection substrate 23 is interposed between the
upper surface 145 and the liquid crystal panel 22, if the
erecting prisms 14p are arranged at a pitch of about 1 mm, 1t
is possible to achieve uniform illumination (the refractive
index of the light guide plate 14 is 1.49, and the distance
between the light guide plate 14 and the wavelength selection
substrate 23 is 10 mm). On the other hand, without the wave-
length selection substrate 23, it is not possible to achieve
uniform illumination unless the erecting prisms 14p are
arranged at a pitch of about 0.5 mm. This is because use of the
wavelength selection substrate 23 causes multiple reflections
between the wavelength selection substrate 23 and the reflec-
tion plate 21, and thereby the laser light 12 reflected from the
erecting prism 14p reaches the wavelength selection substrate
23 extensively. In this manner, use of the wavelength selec-
tion substrate 23 enables a decrease of the number n of the
pieces of the erecting prisms 14p. That is, it is possible to
reduce the thickness of the light guide plate 14 (=Width Whxn
of FIG. 3A).

[0081] Thestructure described in the above example is such
that the light guide plate 14 and the reflection plate 21 are
independent of each other. However, the reflection plate 21
may be integrated with the light guide plate 14. FIGS. 4A to
4C are each a diagram illustrating a configurational example
of the light guide plate 14 including the reflection plate 21.
FIG. 4A is an arrow view as viewed from a point D in FIG. 1,
FIG. 4B is an arrow view as viewed from a point E in FIG. 1,
and FIG. 4C is a vertical sectional view of the XZ plane cut
along the B-B line in FIG. 1.

[0082] The light guide plate 14 in FIG. 4A has triangular
prisms arranged on the first side surface 14a, as shown in FIG.
2A, and also has erecting prisms 14p arranged on the upper
surface 145 at predetermined intervals, as shown in FIG. 2C.
The erecting prisms 14p are configured with triangular prisms
or trapezoidal prisms, for example. In addition, on the bottom
surface 14c, total reflection prisms 14¢, which function in
place of'the reflection plate 21, are arranged between respec-
tive adjoining erecting prisms 14p such that their reflection
surfaces are orthogonal to the erecting prisms 14p. When the
light guide plate 14 of this type is used, as shown in FIG. 4C,
alaser light component which is to enter again the light guide
plate 14 due to no color correspondence enters a wavelength
selection section that is different from that the laser light
component had initially entered since the total reflection is
caused twice due to the total reflection prisms 14¢, whereby
the laser light component passes through the wavelength
selection section with a high possibility. Since the total reflec-
tion prisms 144 totally reflect the laser light, no reflection loss
occurs, leading to high light utilization efficiency.

[0083] FIGS. 5A to 5D are each a diagram illustrating a
structural example of the wavelength selection substrate 23.
[0084] FIG. 5A illustrates an example of formation of the
respective wavelength selection sections 23R, 23G, and 23B,
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where coating films which differ in thickness are formed, by
vapor deposition or application, on the surface of the substrate
23a made of glass, resin, or the like. The coating is performed
by accumulating a plurality of high-refractive index films 15a
and a plurality of low-refractive index films 155, which both
are dielectric multi-layer films, one by one, alternately. Gen-
erally, TiO, (having a refractive index of 2.4) or Nb,O; (hav-
ing a refractive index of 2.33), for example, is used for the
high-refractive index film 15a, whereas Si0, (having a refrac-
tive index of 1.4), for example, is used for the low-refractive
index film 155. FIG. 5B shows an example, where surface
grids having different pitches are arranged on the surface of
the substrate 234, and the high-refractive index films 154 and
the low-refractive index films 155 are respectively vapor
deposited uniformly on the surface grids, whereby the wave-
length selection sections 23R, 23G and 23B are formed.
According to this method, the thickness of the coating films to
be vapor deposited is constant for the respective wavelength
selection sections 23R, 23G and 23B, and thus this method is
convenient for the case of performing a vapor deposition ona
relatively wide area. FIG. 5C shows an example where coat-
ing films having a uniform thickness are formed, by vapor
deposition or application, on the surface of the substrate 23q,
and the respective wavelength selection sections 23R, 23G
and 23B are formed by interposing a spacer layer 15¢ between
the layers of the coating films depending on the respective
wavelength selection sections 23R, 23G and 23B (e.g., single
layer etching). FIG. 5D shows an example, where two grid
patterns 23¢ of different sub wavelength orders are accumu-
lated on the substrate 23a, to thereby form the respective
wavelength selection sections 23R, 23G and 23B. In this case,
the grid patterns can be arranged by transfer with a mold.
Accordingly, this method saves time and efforts required for
vapor deposition or the like in particular, and is convenient for
processing of a wide area at one time.

[0085] Note that, the description herein so far is based on
the assumption that the laser light 12 does not have a spread
angle relative to the XZ plane. However, there may be a case
where the laser light 12 emitted from the laser source unit 11
is spread, or a case where the laser light 12 is reflected from
the first side surface 14a of the light guide plate 14 with a
predetermined spread angle ¢ (see FIG. 6A). In the case of
using the laser light 12 having such a spread angle ¢, it is
preferable to configure the wavelength selection substrate 23
and the liquid crystal panel 22 as follows. Note that FIG. 6 A
illustrates the liquid crystal panel 22 in a transparent manner
so that the laser light 12 (dotted arrows) propagating over the
light guide plate 14 is viewed.

[0086] The laser light 12 entering the light guide plate 14
while having a spread angle ¢ is subject to total reflection due
to the erecting prisms 14p, and reaches the wavelength selec-
tion substrate 23 while each keeping the spread angle ¢, as
shown in FIG. 6B. In this case, the width of the wavelength
selection sections 23R, 23G; and 23B is set narrower than that
of the color filters 24R, 24G and 24B, and reflecting portions
25 are arranged at boundaries of the respective wavelength
selection sections so as to reflect all wavelengths of the laser
light 12. The width W of each reflecting portion 25 is obtained
from the following formula using the spread angle ¢ of the
laser light 12 and the distance d between the wavelength
selection substrate 23 and the color filter array 24.

W=2dxtan ¢
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[0087] With the reflecting portions 25, evenifthe laser light
entering the wavelength selection substrate 23 has a spread
angle ¢, it is possible to prevent a laser light component of a
certain color having passed through the wavelength selection
substrate 23 from entering an adjoining color filter for another
color. Therefore, absorption loss by different color filters can
be removed, and the light utilization efficiency can be
improved. The reflecting portions 25 are each formed of a
metal thin film (e.g., aluminum, silver), a dielectric multilayer
film, or the like, and preferably have a reflectance of 50% or
more with respect to the respective color wavelengths.

[0088] Further, as shown in FIG. 7A, a similar effect can be
obtained in a case where black matrices 24M are arranged at
the boundaries of the color filters 24R, 24G and 24B, orin a
case where TFTs or wiring portions 24T are arranged within
the liquid crystal layer 22a. That is, if the width of the wave-
length selection sections 23R, 23G and 23B is set narrower
than that of the color filters 24R, 24G, and 24B, and the
reflecting portions 25 are arranged at the boundaries of the
respective wavelength selection sections so as to reflect all the
wavelengths of the laser light 12, then the light utilization
efficiency can be improved. The above configuration can be
applied to not only color filters adjoining one another in a
screen horizontal direction, but also pixels adjoining one
another in a screen vertical direction. That is, the length (pixel
unit) of each of the wavelength selection sections 23R, 23G
and 23B is set narrower than the length (pixel unit) of each of
the color filters 24R, 24G and 24B, and the reflecting portions
25 are arranged at the boundaries of pixels of each of the
respective wavelength selection sections so as to reflect all the
wavelengths of the laser light 12 (FIG. 7B).

[0089] Note that in addition to being arranged so as to be
interposed between adjoining wavelength selection sections,
the reflecting portions 25 may be arranged as shown in FIGS.
8A to 8C. FIG. 8A is an example where the wavelength
selection sections are arranged in a manner as to be partially
overlapped on the reflecting portions 25. FIG. 8B is an
example where the reflecting portions 25 are arranged in a
manner as to be overlapped on the boundaries of the respec-
tive wavelength selection sections.

[0090] Forexample, when each of the wavelength selection
sections is formed of a dielectric multilayer film, there may be
a case where characteristics of each wavelength selection
section are deteriorated at their ends due to “film sagging in
the thickness direction” caused at the time of film formation.
The “film sagging in the thickness direction” means that the
thickness of a film having been subject to vapor deposition
becomes thinner than the original thickness at an area (the
circled part of FIG. 8C) close to an end of a mask 24M due to
the effect of vapor deposition direction at the time of film
formation or the like. In such an area, desired characteristics
cannot be attained. In such a case, there may cause a case
where light having wavelengths that usually do not pass
through the wavelength selection section, pass through the
end of the wavelength selection section, resulting in an
increase in loss. Further, in the case of film formation by
arranging the reflecting portions and wavelength selection
sections in a manner as to adjoin one another, it is difficult to
achieve positional accuracy of ends of the wavelength selec-
tion sections. On the other hand, as shown in FIGS. 8A and
8B, in the case of film formation based on partial overlapping,
it is possible to remove the effect caused by the “film sagging
in the thickness direction” at the ends of the respective wave-
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length selection sections, and consequently the positional
accuracy of the ends can be absorbed.

[0091] As described above, with the liquid crystal display
apparatus 10 according to the first embodiment of the present
invention, respective color laser light components, which
having been obtained with less absorption loss by wavelength
separation in the wavelength selection substrate 23, enter the
color filter array 24 as they are. Accordingly, it is possible to
simply configure a liquid crystal display apparatus which is
capable of achieving uniform brightness and high light utili-
zation efficiency regardless of fluctuation in temperature
without modifying the liquid crystal panel 22.

Second Embodiment

[0092] FIGS. 9A and 9B are each a diagram illustrating a
configuration of a liquid crystal display apparatus 20 accord-
ing to a second embodiment of the present invention. FIG. 9A
is an arrow view as viewed from the point A in F1G. 1; F1G. 9B
is a vertical sectional view along the X7 plane cut along the
B-B line in FIG. 1; and FIG. 9C is a vertical sectional view
along the XY plane cut along the C-C line in FIG. 1. F1IG. 9A
illustrates the liquid crystal panel 22 in a transparent manner
so that the laser light 12 (dotted arrows) propagating over the
light guide plate 14 is viewed.

[0093] Theliquid crystal display apparatus 20 according to
the second embodiment is different from the liquid crystal
display apparatus 10 according to the first embodiment in
terms of a light guide plate 31 and a wavelength selection
substrate 33, and the remaining components thereof are the
same as those of the first embodiment. Hereinafter, the liquid
crystal display apparatus 20 will be described in relation to
the different components.

[0094] The structure of the light guide plate 31 is funda-
mentally the same as that of the light guide plate 14, but the tilt
angle of triangular prisms on a first side surface 31a is slightly
different. The laser light 12 emitted from the laser source unit
11 enters the light guide plate 31 from a second side surface
31d adjoining the first side surface 31q, hits sloping reflecting
portions of the first side surface 31a, where the propagation
direction of the laser light 12 is angled 90+0 degrees, and the
laser light 12 turns into linear light (FIG.9A). Therefore, from
an upper surface 315 of the light guide plate 31, planar laser
light 12 is outputted with an optical axis tilted at an angle 0
relative to the XY plane (FIG. 9B).

[0095] In this manner, the planar laser light 12 having the
optical axis tilted at the angle 0 is outputted to the wavelength
selection substrate 33. Accordingly, even when the laser light
which has returned from the wavelength selection sections
due to no color correspondence are reflected from the reflec-
tion plate 21, it is possible to prevent the reflected laser light
from entering the same wavelength selection sections. Thus,
a propagation distance of light in the light guide plate 31 can
be shortened, and it is possible to minimize absorption or
reflection loss of light in the light guide plate 31, and also
possible to achieve high light utilization efficiency. Note that
the angle 0 1is preferably 10 degrees or lower. With this angle,
loss caused by rotation of polarization can be reduced to an
ignorable level of about 1.5%.

[0096] Inthis case, the number of times of reflection N of a
laser light component performed after entering a color filter
until the laser light component enters the adjoining color filter
is represented as the following formula, where used are: a
pitch Pg of each of the wavelength selection sections 23R,
23G, and 23B in the arrangement direction; a distance Hg
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between the wavelength selection substrate 33 and the reflec-
tion plate 21; and a spread angle a., relative to the XY plane
(the plane orthogonal to the arrangement direction of the
wavelength selection sections 23R, 23G and 23B), of the laser
light component outputted from the light guide plate 14 to the
wavelength selection substrate 33 (FIGS. 9B and 9C).

N=Pg/(2xHgxtan axsin 0)

[0097] When the number of times of multiple reflections is
lesser, a liquid crystal display apparatus having higher light
utilization efficiency can be configured. For example, assum-
ing that a laser light component is reflected between the
wavelength selection substrate 33 and the reflection plate 21
five times or less, and then enters an adjoining color filter, if
the pitch Pg is 100 wum, the distance Hg is 15 mm, and the
angle o is 5 degrees, then the angle 0 may be set to 0.45
degrees or greater. That is, it is preferable that the value of the
angle 6 satisfies the following formula.

0=sin!(Pg/(10xHgxtan o))

[0098] Further, as is clear from FIG. 9B, the laser light
passing through the wavelength selection substrate 33 also
enters the color filter array 24 at the angle 0. Accordingly, the
positional relation between the wavelength selection sub-
strate 33 and the color filter array 24 need be changed. Gen-
erally, the respective color filters 24R, 24G and 24B in the
color filter array 24 are arranged such that respective colors
form stripes, as shown in FIG. 9D. Thus, if the distance
between the wavelength selection substrate 33 and the color
filter array 24 is set as a distance L, the wavelength selection
substrate 33 is arranged at a position obtained by displacing
the wavelength selection substrate 23, of which respective
colors correspond to those of the color filter array 24 in the
vertical direction, by d=Lxtan 6. In this manner, if the wave-
length selection substrate 33 is arranged by displacing its
position by 9, it is possible to allow the laser light having
passed through the wavelength selection substrate 33 to enter
desired color filters.

[0099] As described above, with the liquid crystal display
apparatus 20 according to the second embodiment of the
present invention, in the same manner as that according to the
first embodiment, it is possible to simply configure a liquid
crystal display apparatus which is capable of achieving uni-
form brightness and high light utilization efficiency regard-
less of fluctuation in temperature without modifying the lig-
uid crystal panel 22. As described in the first embodiment, the
reflecting portions 25 may be included in the wavelength
selection substrate 33 so as to remove effects caused by the
black matrix 24M, the TFT, or the wiring 24T in the liquid
crystal panel 22.

Third Embodiment

[0100] FIGS. 10A and 10B is a diagram illustrating a con-
figuration of a liquid crystal display apparatus 30 according to
a third embodiment of the present invention. FIG. 10A is an
arrow view as viewed from the point A in FIG. 1; and FIG.
10B is a vertical sectional view along the X7 plane cut along
the B-B line in FIG. 1. FIG. 10A illustrates the liquid crystal
panel 32 in a transparent manner so that the laser light 12
(dotted arrows) propagating over the light guide plate 14 is
viewed.

[0101] The liquid crystal display apparatus 30 according to
the third embodiment is different from the liquid crystal dis-
play apparatus 10 according to the first embodiment in terms
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of a wavelength selection substrate 23 and a liquid crystal
panel 32, and the remaining components thereof are the same
as those of the first embodiment. Hereinbelow, the liquid
crystal display apparatus 30 will be described in relation to
the different components.

[0102] Theliquid crystal panel 32 includes the liquid crys-
tal layer 22a, the wavelength selection substrate 23, the
lower-side glass plate 225, the upper-side glass plate 22¢, the
lower-side polarizing plate 224, and the upper-side polarizing
plate 22¢. The liquid crystal panel 32 is configured such that
the wavelength selection substrate 23, which is arranged out-
side the liquid crystal panel 22 in the liquid crystal display
apparatus 10, is included in the liquid crystal panel 32. In
addition, the liquid crystal layer 22a is located on the wave-
length selection substrate 23.

[0103] Of the planar laser light 12 emitted from the upper
surface 145 of the light guide plate 14, laser light components
having a common polarization direction pass through the
lower-side polarizing plate 22d and enter the wavelength
selection substrate 23. The wavelength selection sections
23R, 23@, and 23B of the wavelength selection substrate 23
respectively transmit predetermined colors only, and respec-
tively reflect colors other than the predetermined colors. The
laser light components reflected due to no color correspon-
dence again enter the light guide plate 14, and are reflected
from the reflection plate 21, and then again enter the wave-
length selection substrate 23 after passing through the light
guide plate 14 and the lower-side polarizing plate 224. These
passing and reflection are performed repeatedly.

[0104] As described above, the liquid crystal display appa-
ratus 30 according to the third embodiment of the present
invention allows the respective color laser light components,
which have been obtained with less absorption loss by wave-
length separation in the wavelength selection substrate 23, to
enter the liquid crystal layer 22a as they are. Accordingly, it is
possible to simply configure a liquid crystal display apparatus
which is capable of achieving uniform brightness and high
light utilization efficiency regardless of fluctuation in tem-
perature. Further, since a color filter array is eliminated by
including the wavelength selection substrate 23 in the liquid
crystal panel 32, and the arrangement of the liquid crystal
layer 22a is devised carefully, low manufacturing costs as
well as reduction in the optical absorption loss can be
expected.

[0105] Note that in the liquid crystal display apparatus 30,
if the laser light 12 enters the light guide plate 14 at the spread
angle ¢ (see FIG. 6A), the reflecting portions 25 is arranged to
thereby reduce the optical absorption loss. Further, the
reflecting portions 25 may be arranged in a manner as to be
overlapped on boundaries of the wavelength selection sec-
tions. FIGS. 11A and 11B are each an example where the
reflecting portions 25 are arranged inside the wavelength
selection substrate 23 so as to reflect all wavelengths of the
laser light 12. The width and length of each reflecting portion
25 may be set such that the dimensions of the reflecting
portion 25 is the same as those of the TFT or the wiring 24T.
Alternatively, when the laser light enters the wavelength
selection substrate 23 at the angle 0 (see FIG. 9A), the width
and length of the reflecting portion 25 may be set in consid-
eration of the angle 0.

Fourth Embodiment

[0106] FIGS. 12A and 12B are each a diagram illustrating
a configuration of a liquid crystal display apparatus 40
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according to a fourth embodiment of the present invention.
FIG. 12A is a vertical sectional view along the XZ-plane cut
along the B-B linein FIG. 1; and FIG. 12B is an enlarged view
of a circled part of FIG. 12A.

[0107] The liquid crystal display apparatus 40 according to
the fourth embodiment is different from the liquid crystal
display apparatus 30 according to the third embodiment in
that thin metal wires 26 are included in place of the lower-side
polarizing plate 224, and the remaining components thereof
are the same as those of the third embodiment. Hereinbelow,
the liquid crystal display apparatus 40 will be described in
relation to the different components.

[0108] In the liquid crystal display apparatus 40, the thin
metal wires 26 are arranged in a manner as to be interposed
between the wavelength selection substrate 23 and the lower-
side glass plate 22b. The thin metal wires function as a wire
grid. In order to cause the thin metal wires to function as a
wire grid, multiple aluminum wires, each having a width of
30 nm and a thickness of about 100 nm, for example, may be
arranged at a pitch of about 150 nm in an arrangement direc-
tion of the wavelength selection sections for the respective
colors (see FIG. 9D). In this arrangement, if the laser light,
which enters the wavelength selection substrate 23 from the
lower-side glass plate 224, has a polarization in the arrange-
ment direction (XZ plane) of the respective wavelength selec-
tion sections, the laser light passes through the thin metal
wires, whereas if the laser light has a polarization in a direc-
tion (XY plane) orthogonal to the arrangement direction of
the respective wavelength selection sections, the laser light is
reflected from the thin metal wires.

[0109] Generally, the lower-side polarizing plate 224 used
for the liquid crystal panel 32 is a polarizing plate utilizing
dichroism of iodine or the like. However, the wire grid less
absorbs light polarized in a transmission axis direction as
compared to the lower-side polarizing plate. Thus, the light
utilization efficiency is improved higher when the thin metal
wires 26 are used than when the lower-side polarizing plate
22d is used. Note that when the reflecting portions 25 and the
thin metal wires 26 are formed of a common material (e.g.,
aluminum), they can undergo a common process, leading to a
significant cost reduction as compared to a case where the
lower-side polarizing plate 224 is used.

[0110] These thin metal wires 26 may be arranged between
the wavelength selection substrate 23 and the liquid crystal
layer 22a (FIG. 12C). In this structure, a material which
absorbs light is not arranged between the wavelength selec-
tion substrate 23 and the reflection plate 21, and thus, it is
possible to eliminate absorption loss of laser light reflecting,
in a reciprocating manner, between the wavelength selection
substrate 23 and the reflection plate 21. Obviously, the polar-
ization direction of the laser light 12 entering the liquid crys-
tal layer 22a is maintained due to the thin metal wires 26.
[0111] As described above, the liquid crystal display appa-
ratus 40 according to the fourth embodiment of the present
invention allows the respective color laser light components,
which have been obtained with less absorption loss by wave-
length separation in the wavelength selection substrate 23, to
enter the liquid crystal layer 22a as they are. Accordingly, it is
possible to simply configure a liquid crystal display apparatus
which is capable of achieving uniform brightness and high
light utilization efficiency regardless of fluctuation in tem-
perature.

[0112] Note thatin the liquid crystal display apparatuses 10
to 40 according to the first to fourth embodiments, in order to
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set an extinction ratio of the laser light 12 at a predetermined
level or more prior to entering the light guide plate 14 or 34,
arrangement of polarizing plate 27 may be considered. FIG.
13 is an arrow view illustrating an example of a liquid crystal
display apparatus including the polarizing plate 27, as viewed
from the point A in FIG. 1. FIG. 13 illustrates the liquid
crystal panel 22 in a transparent manner so that the laser light
12 (dotted arrows) propagating over the light guide plate 14 is
viewed.

[0113] Generally, the laser light entering the liquid crystal
layer 22a need have an extinction ratio of 3000:1 or greater.
When the extinction ratio is lower than this, an image will
have a low contrast, disadvantageously. When the lower-side
polarizing plate 224 is a polarizing plate utilizing the dichro-
ism of iodine or the like, and has an extinction ratio of about
3000:1, it 1s understood that the lower-side polarizing plate
22d absorbs the laser light polarized in the transmission axis
direction by about 12%. Meanwhile, when a wire grid is used
as the lower-side polarizing plate 224, it is understood that the
wire grid absorbs the laser light polarized in the transmission
axis direction by about 10%. Accordingly, supposing that the
laser light reciprocates between the wavelength selection sub-
strate 23 and the reflection plate 21 five times, the intensity of
the laser light absorbed by the polarizing plate utilizing the
dichroism of iodine or the like is 70%, whereas that of the
laser light absorbed by the wire grid is 65% or more.

[0114] Thus, in the example shown in FIG. 13, a polarizing
plate 27 is interposed between the laser source unit 11 and the
light guide plate 14, whereby the degree of polarization is
increased. For example, when the polarizing plate 27 having
an extinction ratio of about 100:1 and the lower-side polariz-
ing plate 224 having an extinction ratio of about 30:1 are used,
the laser light entering the liquid crystal layer 224 will have an
extinction ratio of 3000:1. Instead of using the polarizing
plate 27, the laser light 12 polarized with an extinction ratio of
100:1 or greater may be emitted from the laser source unit 11.

Fifth Embodiment

[0115] FIG. 14A is a diagram illustrating a configuration of
a liquid crystal display apparatus 50 according to a fifth
embodiment of the present invention. FIG. 14A is an arrow
view as viewed from the point A in FIG. 1. FIG. 14A is an
arrow view illustrating a configuration in which the reflection
plate 21, the wavelength selection substrate 23, and the liquid
crystal panel 22 are omitted.

[0116] Theliquid crystal display apparatus 50 according to
the fifth embodiment is different from the liquid crystal dis-
play apparatuses 10 to 40 according to the first to fourth
embodiments in that the liquid crystal display apparatus 50
further includes a vibrating section including a triangular
prism 51, an actuator 52, and a control unit 53. The remaining
components are the same as those of the first to fourth
embodiments. Hereinbelow, the liquid crystal display appa-
ratus 50 will be described in relation to the different compo-
nents.

[0117] The laser light 12 emitted from the laser source unit
11 is turned by the triangular prism 51, the propagation direc-
tion thereof changes by 90 degrees, and then the laser light 12
enters the light guide plate 14 from the second side surface
14d. The actuator 52 causes the triangular prism 51 to vibrate
in the widthwise direction of the light guide plate 14 (hori-
zontal movement), and scans the laser light 12 entering the
light guide plate 14 one-dimensionally. By scanning the laser
light 12 entering the light guide plate 14 in this manner, the



US 2010/0289986 A1

brightness of the liquid crystal panel 22 or 32 can be main-
tained uniformly even if the profile of the laser light 12
fluctuates. This effect will be described specifically below.
[0118] Generally, in view of individual difference, fluctua-
tion in temperature, and fluctuation with time, the spread
angle Bs of light, in a vertical direction, from a semiconductor
laser 16 varies in a range of about 30 to 50 degrees, and the
spread angle 6t in a horizon direction varies in a range of
about 5 to 20 degrees (FIG. 14B). FIGS. 15A to 15C are each
adiagram illustrating, for verification of effects of such varia-
tion, the intensity of laser light having a spread angle of 50
degrees when the laser light is emitted to a light guide plate
which is designed to have a uniform brightness when laser
light having a spread angle 6t of 40 degrees in the horizon
direction is emitted thereto.

[0119] When the laser light 12 emitted from the laser
source unit 11 is not scanned, the brightness at the central part
of the light guide plate decreases and causes unevenness, as
shown in FIG. 15A. On the other hand, when the laser light 12
emitted from the laser source unit 11 is scanned, a significant
difference in the brightness will not occur over the entirety of
the light guide plate, and consequently no unevenness is
visible, as shown in FIGS. 15B and 15C. Note that FIG. 15B
indicates data of a case where the laser light is scanned in a
sinusoidal waveform, and FIG. 15C indicates data of a case
where the laser light is scanned in a sawtooth form.

[0120] As long as the laser light 12 can be scanned, a
configuration employing a polygon mirror and an {0 lens, for
example, may be applicable, instead of the above-described
configuration employing the triangular prism 51 and the
actuator 52.

[0121] In addition, it may be considered to change the
quantity of light of the laser light 12 in synchronization with
the scanning. For example, a part, on the upper surface 145 of
the light guide plate 14, having uneven brightness, and a
required quantity of light are obtained in advance, are asso-
ciated with the position of the actuator 52, and are stored in
the controlunit 53. Accordingly, the control unit 53 optimally
adjusts the quantity of light of the laser light 12 emitted from
the laser source unit 11 in accordance with the stored infor-
mation and the position of the actuator 52.

[0122] Further, a case will be considered where a sensor
array 54 for detecting the quantity of light is used. For
example, as shown in FIG. 14C, the sensor array 54 is added
to the configuration shown in FIG. 14A in a manner as to be
arranged in the light guide plate 14, and thereby the sensor
array 54 is connected to the control unit 53 for feedback of
information detected by the sensor array 54. Accordingly,
information on a part having uneven brightness and on the
required quantity of light in the initial state is provided by the
sensor array 54 to the control unit 53, and the quantity of light
of the laser light 12 emitted from the laser source unit 11 can
be adjusted (e.g., the laser light is caused to propagate only in
apartial area (dotted rectangular area in F1G. 14C) of the light
guide plate 14). Thus, it is possible to correct variation in
brightness. In the case of using the three primary color laser
source, the sensor array 54 detects information of the respec-
tive colors, whereby it is possible to correct variation in color
in addition to the variation in brightness.

[0123] Further, a case may be considered where the quan-
tity of light of the laser light is controlled in accordance with
contrasting of respective colors of image data inputted to the
liquid crystal panel 22 or 32. For example, image data input-
ted to the liquid crystal panel 22 or 32 is provided to the

Nov. 18,2010

control unit 53. Accordingly, the contrasting can be con-
trolled such that the quantity of light of the laser light 12 is
decreased at the time of its scanning at a dark portion in the
image data, and the quantity of light is increased at the time of
its scanning at a bright portion in the image data. Therefore, it
is possible to control the quantity of light on a portion-by-
portion basis with the use of a single light source, thereby
contributing to improvement in contrasting and power con-
sumption saving. Particularly, when a transverse mode
(widthwise direction of the light guide plate 14) of the laser
light 12 emitted from the laser source unit 11 is a single mode,
the laser light 12 can be caused to propagate substantially in
parallel with the widthwise direction. Thus, the quantity of
light can be controlled even for a smaller area in the image
data.

[0124] Note that when a high power semiconductor laser of
a W class is used for the laser source unit 11, an emitting
diameter of laser light will be several gm or more. Thus, it is
preferable to have a configuration as follows. FIG. 14B illus-
trates a structure of a typical high-power semiconductor laser
16. The semiconductor laser 16 has a configuration in which
an active layer 16a interposed between cladding layers 165
are mounted on the substrate 16¢. The refractive index of the
active layer 16a is set greater than the refractive index of the
cladding layers 165. In the semiconductor laser 16, in order to
set the power density of emitting laser light at a predeter-
mined level or lower, a width Wa of the active layer is set to
several tens to several hundreds of gm, and a thickness Da of
the active layer is set to about five pm. Thus, the semiconduc-
tor laser 16 oscillates in a multi transverse mode in the width-
wise direction, and oscillates in a single transverse mode in
the thickness direction. Accordingly, the semiconductor laser
16 can be treated as a point light source with respect to the
thickness direction. Therefore, it is desirable that the laser
source unit 11 is arranged such that the widthwise direction of
the light guide plate 14 correspond to the thickness direction
of the semiconductor laser 16.

[0125] Further, description has been made on the method of
absorbing a fluctuation in the profile of laser light with respect
to the widthwise direction of the light guide plate 14. On the
other hand, a configuration described below can absorb the
fluctuation in the profile of laser light with respect to the
thickness direction of the light guide plate 14. For example,
suppose a case of using as a light source the semiconductor
laser 16 having a multi transverse mode in the thickness
direction of the light guide plate 14. FIG. 16 is a diagram
illustrating a configurational example where the laser light 12
emitted from the semiconductor laser 16 enters the triangular
prism 51.

[0126] InFIG. 16, the laser light 12 emitted from the semi-
conductor laser 16 does not travel in parallel with each other
after passing through the collimator lens 13/, but propagates
while having a spread angle 1. Thus, a rod integrator 82 is
arranged which is designed to receive all the laser light 12
from the semiconductor laser 16. At a front end of the rod
integrator 82, arranged is a lenticular lens 81 having optical
power in the thickness direction of the light guide plate 14.
The optical power of the lenticular lens 18 has a function of
spreading the angle of the laser light 12 to an angle w, which
is significantly larger than the angle 1}, relative to parallel
beams. Accordingly, the laser light 12 to be outputted from
the rod integrator 82 is spread by the lenticular lens 81, and
combined in the rod integrator 82. Consequently, the laser
light 12 uniformly distributes at an inner side of an outputting
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end of the rod integrator 82, and in addition, since the spread
angle w is significantly larger than the angle 1, the spread
angle of the laser light 12 is substantially the angle w. Thus,
even if the spread angle of the laser light 12 fluctuates, an
output angle of the laser light 12 from the rod integrator 82
hardly fluctuates. Moreover, even if the quantity oflight of the
laser light 12 outputted from the semiconductor laser 16
distributes unevenly, the laser light 12 is combined by the
lenticular lens 81 and the rod integrator 82, and thus the
quantity of light distributes uniformly at the inner side of the
surface at the outputting end of the rod integrator 82.

[0127] As described above, in the liquid crystal display
apparatus 50 according to the fifth embodiment of the present
invention, the laser light 12 entering the light guide plate 14 is
scanned one-dimensionally, and thus the brightness of the
liquid crystal panel 22 or 32 can be maintained uniformly
even if the profile of the laser light 12 fluctuates.

[0128] Note that the effect described in this embodiment
can be also attained when a method of using the vibrating
section described in this embodiment, which includes the
triangular prism 51, the actuator 52, the control unit 53, and
the sensor array 54, so as to achieve a uniform brightness by
scanning of the laser light 12, or a method of changing the
quantity oflight of the laser light 12 based on synchronization
with the scanning, based on measurement data on the sensor
array 54, or based on image data inputted to the liquid crystal
panel 22 or 32 is applied to a configuration other than the
configuration, described in the first to fourth embodiments,
which employs the light guide plate 14, the reflection plate 21,
and the liquid crystal panels 22 and 32.

Sixth Embodiment

[0129] FIGS. 17A and 17B are each a diagram illustrating
a configuration of a liquid crystal display apparatus 60
according to a sixth embodiment of the present invention.
FIG. 17A is an arrow view as viewed from the point A in FIG.
1; and FIG. 17B is an arrow view as viewed from a point F in
FIG. 17A. FIG. 17A illustrates an arrow view of a configu-
ration in which the reflection plate 21, the wavelength selec-
tion substrate 23, and the liquid crystal panel 22 are omitted.
[0130] The liquid crystal display apparatus 60 according to
the sixth embodiment is different from the liquid crystal
display apparatus 50 according to the fifth embodiment in that
the vibrating section further includes a reflection mirror 71, a
triangular prism 72, an actuator 73, and the remaining com-
ponents are the same as those of the fifth embodiment. Here-
inbelow, the liquid crystal display apparatus 60 will be
described in relation to the different components.

[0131] The propagation direction of the laser light 12 emit-
ted from the laser source unit 11 is angled 90 degrees by the
reflection mirror 71, and the laser light 12 travels in the
thickness direction of the light guide plate 14. The propaga-
tion direction of the laser light 12 is further angled 90 degrees
by the triangular prism 72, and the laser light 12 travels in the
widthwise direction of the light guide plate 14. The laser light
12 enters the triangular prism 51. The actuator 73 causes the
triangular prism 72 to vibrate in a direction orthogonal to the
actuator 52 (horizon movement). The actuator 52 causes the
triangular prism 51 to vibrate in the widthwise direction of the
light guide plate 14 (horizon movement). With these two
vibrations, that is, vibration in the thickness direction of the
light guide plate 14 by the actuator 73, and vibration in the
widthwise direction of the light guide plate 14 by the actuator
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52, the laser light 12 entering the light guide plate 14 can be
consequently scanned two-dimensionally.

[0132] As described above, in the liquid crystal display
apparatus 60 according to the sixth embodiment of the
present invention, the laser light 12 entering the light guide
plate 14 is scanned two-dimensionally, and thus the bright-
ness of the liquid crystal panel 22 or 32 can be maintained
uniformly even if the profile of the laser light 12 fluctuates.
[0133] Note that the effect of this embodiment can be also
attained when a method of using the vibrating section
described in this sixth embodiment which includes the trian-
gular prism 51, the actuator 52, the control unit 53, the sensor
array 54, the reflection mirror 71, the triangular prism 72, and
the actuator 73 so as to achieve a uniform brightness by
scanning of the laser light 12, or a method of changing the
quantity of light of the laser light 12 (see FIG. 17C) based on
synchronization with the scanning, based on measurement
data on the sensor array 54; or based on image data inputted
to the liquid crystal panel 22 or 32 is applied to a configuration
other than the configuration described in the first to fourth
embodiments which includes the light guide plate 14, the
reflection plate 21, and the liquid crystal panels 22 and 32.

Seventh Embodiment

[0134] FIGS. 18A and 18B are each a diagram illustrating
a configuration of a liquid crystal display apparatus 70
according to a seventh embodiment of the present invention.
[0135] FIG. 18A is an arrow view as viewed from the point
A in FIG. 1; and FIG. 18B is a vertical sectional view cut
along the B-B line in FIG. 1. FIG. 18A illustrates the liquid
crystal panel 22 in a transparent manner so that the laser light
12 (dotted arrows) propagating over the light guide plate 14 is
viewed.

[0136] Theliquid crystal display apparatus 70 according to
the seventh embodiment provides a structure for fixing the
wavelength selection substrate 23 and the liquid crystal panel
22 to the light guide plate 14, and the structure being appli-
cable to the liquid crystal display apparatuses 10 to 60 accord-
ing to the first to sixth embodiments.

[0137] On the upper surface 145 of the light guide plate 14,
provided is a recessed portion 101 for accommodating the
wavelength selection substrate 23. Ribs 102 are built so as to
surround two sides or four sides of the recessed portion 101,
and each rib 102 has a step 103 on its inner side so as to allow
the liquid crystal panel 22 to be mounted on the wavelength
selection substrate 23.

[0138] To manufacture the liquid crystal display apparatus
70, firstly, the wavelength selection substrate 23 is fitted into
the recessed portion 101 such that the wavelength selection
substrate 23 abuts against the ribs 102 on two sides. If there is
a gap between the wavelength selection substrate 23 and the
rib 102, a blade spring 105, for example, is interposed ther-
ebetween so as to fix the wavelength selection substrate 23.
Next, the liquid crystal panel 22 is placed on the step 103 such
that the liquid crystal panel 22 abuts against the ribs 102 on
two sides. If there is a gap between the liquid crystal panel 22
and the rib 102, the blade spring 105 is interposed therebe-
tween, for example, so as to fix the liquid crystal panel 22.
Note that, as the fixing method, various well-known tech-
niques can be utilized in addition to application of the blade
spring 105.

[0139] As described above, the liquid crystal display appa-
ratus 70 according to the seventh embodiment of the present
invention enables easy positioning of the wavelength selec-
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tion substrate 23 and the liquid crystal panel 22. In addition,
since the ribs 102 function as reinforcement against bends or
twists, they are effective for preventing uneven brightness in
a large-scale liquid crystal television, for example, which
particularly requires improvement in stiffness.

[0140] Intheaboverespective embodiments, as an example
of the laser source unit 11, a case has been described where
the red laser source 11r, the green laser source 11g. and the
blue laser source 114 are used. However, the laser source unit
11 is not limited to this. For example, when a Pr: fluoride
laser, which is excited by a blue laser, is used as a light source,
it is possible to generate light having a plurality of wave-
lengths using a single light source. In addition, a semicon-
ductor laser configured by including a semiconductor laser
having a plurality of wavelengths in a package may be used.
In addition, a plurality of light sources is used for each color,
and light therefrom may be combined. In this case, light from
the plurality of light sources having a single transverse mode
may be combined for each color.

INDUSTRIAL APPLICABILITY

[0141] The present invention is applicable to a liquid crys-
tal display apparatus or the like which utilizes a laser source
as a light source, and is useful for, for example, a case of
achieving uniform brightness highly effectively and simply.

REFERENCE SIGNS LIST

[0142] 10, 10, 30, 40, 50, 60, 70 liquid crystal display

apparatus
[0143] 11 laser source unit
[0144] 117, 11g, 115 light source
[0145] 12, 12r, 12g, 125 laser light
[0146] 12K, 12L dichroic mirror
[0147] 13#,13g. 135 collimator lens
[0148] 14 light guide plate
[0149] 14p erecting prism
[0150] 14f, 14g curved surface
[0151] 15a, 156 refractive index film
[0152] 16 semiconductor laser
[0153] 21 reflection plate
[0154] 22, 32 liquid crystal panel
[0155] 224 liquid crystal layer
[0156] 225, 22¢ glass plate
[0157] 224, 22¢, 27 polarizing plate
[0158] 23 wavelength selection substrate
[0159] 23R, 23Q 23B wavelength selection section
[0160] 23c grid pattern
[0161] 23M mask
[0162] 24 color filter array
[0163] 24R, 24Q 24B color filter
[0164] 24M black matrix
[0165] 24T TFT and wiring
[0166] 25 reflecting portion
[0167] 26 thin metal wire
[0168] 51, 72 triangular prism
[0169] 52, 73 actuator
[0170] 53 control unit
[0171] 54 sensor array
[0172] 71 reflection mirror
[0173] 81 lenticular lens
[0174] 82 rod integrator
[0175] 101 recessed portion

[0176] 102 rib
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[0177]
[0178]

103 step
105 blade spring

1. A liquid crystal display apparatus using a backlight
employing an edge light method, the liquid crystal display
apparatus comprising:

alaser source unit which emits laser light having a plurality
of different wavelengths;

a light guide plate which receives the laser light from a side
surface thereof, and

outputs two-dimensional laser light having a predeter-
mined spread angle from an upper surface thereof per-
pendicular to the side surface,

a liquid crystal panel having thereinside color filters cor-
responding to the plurality of wavelengths;

a wavelength selection substrate including wavelength
selection sections which are arranged, for the respective
wavelengths, between the liquid crystal panel and the
upper surface of the light guide plate in a manner as to
correspond to an arrangement of the color filters, and
which each transmit a predetermined wavelength of
laser light and reflect laser light having wavelengths
other than the predetermined wavelength; and

a reflector which is arranged on the side of a bottom sur-
face, which opposes the upper surface of the light guide
plate, and reflects laser light having reflected from the
wavelength selection substrate and passed through the
light guide plate to thereby cause the laser light to re-
enter the wavelength selection substrate through the
light guide plate.

2. The liquid crystal display apparatus according to claim

1, wherein, in the wavelength selection substrate, a width and
alength of each wavelength selection section are shorter than
a width and a length of each color filter, and reflecting por-
tions are arranged at boundaries between the wavelength
selection sections adjoining one another, the reflecting por-
tions each reflecting more than or equal to 50% of all wave-
lengths of laser light emitted from the laser source unit.

3. The liquid crystal display apparatus according to claim
2, wherein the reflecting portions are each formed of a metal
thin film or a dielectric multilayer film.

4. The liquid crystal display apparatus according to claim
3, wherein the reflecting portions are each arranged in a
manner as to partially overlap on adjoining two of the wave-
length selection sections.

5. The liquid crystal display apparatus according to claim
1, wherein, in the wavelength selection substrate, the arrange-
ment of the wavelength selection sections is displaced from
the arrangement of the color filters in accordance with an
angle 8 that is formed between an axis perpendicular to an
arrangement direction of the wavelength selection sections
and an optical axis of principal laser light entering the wave-
length selection sections, and with a distance between the
color filters and the wavelength selection substrate.

6. The liquid crystal according to claim 1, wherein the
angle 0 is set to a value satisfying a formula below, where used
are a pitch Pg in an arrangement direction of the wavelength
selection sections, a distance Hg between the wavelength
selection substrate and the reflector, and a spread angle o of
laser light outputted from the light guide plate to the wave-
length selection substrate, the spread angle o being relative to
a plane orthogonal to the arrangement direction of the wave-
length selection sections,

10=6=sin~"(Pg/(10xHgxtan a)).
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7. The liquid crystal display apparatus according to claim
1, wherein the light guide plate outputs laser light having a
predetermined spread angle at least either in a plane parallel
with an arrangement direction of the wavelength selection
sections or in a plane orthogonal to the arrangement direction.
8. The liquid crystal display apparatus according to claim
7, wherein
the light guide plate has, on at least a part of the bottom
surface, a reflecting portion which turns a traveling
direction of laser light having entered from the side
surface toward the direction of the upper surface, and

in the reflecting portion, any of triangular prisms, trapezoi-
dal prisms, and prisms having curved surfaces are
formed in a sloped manner, and a range that is irradiated
with the entering laser light in each prism is set to range
from 1 um to 20 pm in a direction parallel with the upper
surface of the light guide plate.

9. The liquid crystal display apparatus according to claim
1, wherein the reflector is a total reflection prism arranged on
the bottom surface of the light guide plate.

10. The liquid crystal display apparatus according to claim
1, further comprising

a vibrating section which causes laser light emitted from

the laser source unit to vibrate at least either in a width-
wise direction or in a thickness direction of the light
guide plate.

11. The liquid crystal display apparatus according to claim
10, wherein the vibrating section further includes a control
section which adjusts a quantity of light of laser light emitted
from the laser source unit, for a plurality of wavelengths
thereof individually, in accordance with a brightness distri-
bution in the light guide plate or image data to be displayed on
the liquid crystal panel.

12. The liquid crystal display apparatus according to claim
11, wherein the control section adjusts individually a quantity
of light of laser light emitted from the laser source unit,
depending on positions, in the light guide plate, where the
laser light emitted from the laser source unit enters.

13. The liquid crystal display apparatus according to claim
12, wherein the control section adjusts individually a quantity
of light of laser light emitted from the laser source unit in
accordance with a one-dimensional or two-dimensional
brightness distribution of respective wavelengths of laser
light outputted from the light guide plate when laser light
having a predefined quantity of light is emitted from the laser
source unit to the light guide plate.

14. The liquid crystal display apparatus according to claim
10, wherein the laser source unit generates laser light in a
single transverse mode in a predetermined direction, and
emits parallel light to the side surface of the light guide plate,
the parallel light being obtained by converting the laser light
so as to be substantially parallel with the predetermined direc-
tion.

15. The liquid crystal display apparatus according to claim
14, wherein the laser source unit includes a semiconductor
laser source which generates laser light in a single transverse
mode in a thickness direction of an active layer.

16. A liquid crystal display apparatus using a backlight
employing an edge light method, the liquid crystal display
apparatus comprising:

alaser source unit which emits laser light having a plurality

of different wavelengths;

alight guide plate which receives the laser light from a side

surface thereof, and outputs two-dimensional laser light
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having a predetermined spread angle from an upper
surface thereof perpendicular to the side surface,

a liquid crystal panel having thereinside a wavelength
selection substrate including wavelength selection sec-
tions which are arranged, for the respective wave-
lengths, onthe side of the upper surface of the light guide
plate, and which each transmit a predetermined wave-
length of laser light and reflect laser light having wave-
lengths other than the predetermined wavelength; and

a reflector which is arranged on the side of a bottom sur-
face, which opposes the upper surface of the light guide
plate, and reflects laser light having reflected from the
wavelength selection substrate and passed through the
light guide plate to thereby cause the laser light to re-
enter the wavelength selection substrate through the
light guide plate.

17. The liquid crystal display apparatus according to claim
16, wherein reflecting portions are arranged at boundaries
between the wavelength selection sections adjoining one
another, the reflecting portions each reflecting more than or
equal to 50% ofall wavelengths of laser light emitted from the
laser source unit.

18. The liquid crystal display apparatus according to claim
17, wherein the reflecting portions are each formed of a metal
thin film or a dielectric multilayer film.

19. The liquid crystal display apparatus according to claim
18, wherein the reflecting portions are each arranged in a
manner as to partially overlap on adjoining two of the wave-
length selection sections.

20. The liquid crystal according to claim 16, wherein an
angle 0 that is formed between an axis perpendicular to an
arrangement direction of the wavelength selection sections
and an optical axis of principal laser light entering the wave-
length selection sections is set to a value satisfying a formula
below, where used are a pitch Pg in an arrangement direction
of the wavelength selection sections, a distance Hg between
the wavelength selection substrate and the reflector, and a
spread angle o of laser light outputted from the light guide
plate to the wavelength selection substrate, the spread angle o
being relative to a plane orthogonal to the arrangement direc-
tion of the wavelength selection sections,

1020zsin~!(Pg/(10xHgxtan @)).

21. The liquid crystal display apparatus according to claim
16, wherein the light guide plate outputs laser light having a
predetermined spread angle at least either in a plane parallel
with an arrangement direction of the wavelength selection
sections or in a plane orthogonal to the arrangement direction.
22. The liquid crystal display apparatus according to claim
21, wherein
the light guide plate has, on at least a part of the bottom
surface, a reflecting portion which turns a traveling
direction of laser light having entered from the side
surface toward the direction of the upper surface, and

in the reflecting portion, any of triangular prisms, trapezoi-
dal prisms, and prisms having curved surfaces are
formed in a sloped manner, and a range that is irradiated
with the entering laser light in each prism is set to range
from 1 pm to 20 pm in a direction parallel with the upper
surface of the light guide plate.

23. The liquid crystal display apparatus according to claim
16, wherein the reflector is a total reflection prism arranged on
the bottom surface of the light guide plate.
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24. The liquid crystal display apparatus according to claim
16, further comprising

a vibrating section which causes laser light emitted from

the laser source unit to vibrate at least either in a width-
wise direction or in a thickness direction of the light
guide plate.

25. The liquid crystal display apparatus according to claim
24, wherein the vibrating section further includes a control
section which adjusts a quantity of light of laser light emitted
from the laser source unit, for a plurality of wavelengths
thereof individually, in accordance with a brightness distri-
bution in the light guide plate and image data to be displayed
on the liquid crystal panel.

26. The liquid crystal display apparatus according to claim
25, wherein the control section adjusts individually a quantity
of light of laser light emitted from the laser source unit,
depending on positions, in the light guide plate, where the
laser light emitted from the laser source unit enters.

27. The liquid crystal display apparatus according to claim
26, wherein the control section adjusts individually a quantity
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of light of laser light emitted from the laser source unit in
accordance with a one-dimensional or two-dimensional
brightness distribution of respective wavelengths of laser
light outputted from the light guide plate when laser light
having a predefined quantity of light is emitted from the laser
source unit to the light guide plate.

28. The liquid crystal display apparatus according to claim
26, wherein the laser source unit generates laser light in a
single transverse mode in a predetermined direction, and
emits parallel light to the side surface of the light guide plate,
the parallel light being obtained by converting the laser light
so as to be substantially parallel with the predetermined direc-
tion.

29. The liquid crystal display apparatus according to claim
28, wherein the laser source unit includes a semiconductor
laser source which generates laser light in a single transverse
mode in a thickness direction of an active layer.

LI T T



patsnap

TRAFROE) RBEEREE
NIF(2E)E US20100289986A1 K (2E)R 2010-11-18
RS US12/811448 iR 2009-11-02

[#R]ERB(Z R A(E)  SHIKII SHINICHI
KHETAKAYUKI
FRERRLE
AR X
TEBSHINICHI

BRiE (Z R A(F) SHIKII SHINICHI
KHETAKAYUKI
FRERRLE
AR X
TEBSHINICHI

HRABEARAGE) RTBEHEF LK

BRI B A SHIKII SHINICHI
NAGATA TAKAYUKI
ITOH TATSUO
YAMAMOTO KAZUHISA
KADOWAKI SHINICHI

RAAN SHIKII, SHINICHI
NAGATA, TAKAYUKI
ITOH, TATSUO
YAMAMOTO, KAZUHISA
KADOWAKI, SHINICHI

IPCH %5 G02F1/13357 G02F1/1335
CPCH %5 G02B6/0028 G02F1/133621 G02B6/0038 G02B6/0036
£ £ 2008295208 2008-11-19 JP

2008285119 2008-11-06 JP

H N FF ek US8390765
SNEBEEE Espacenet USPTO
FEOF)

RREREREEF MBS LB RFEAN D BRRERHED23R , NBEHEFOHH R HEMX D EBHRERT D
23G , URRKERER D238, NEHESHAEHARFEMNE T B, NSHR4HHBBRE12H , BEEL - MREEERINHE
X AR D BB R KRR ER23AH ARBER22 , TUREEENRAN N T MR CEFRER2IRFHHEHES KR4

RE, BRESHAR14EBHEMNR G R21 RS H B AORCEREER23. EEHEEIHEETRKERTD . BIXHPEEN

BEMRS , B2 RAE  FENESHNZHEE , AMRCERER234 H.


https://share-analytics.zhihuiya.com/view/2df5513c-4d46-42a9-a388-788d51c99b04
https://worldwide.espacenet.com/patent/search/family/042152700/publication/US2010289986A1?q=US2010289986A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100289986%22.PGNR.&OS=DN/20100289986&RS=DN/20100289986

.rnt.lll/ﬂ lllllllllll —
R3]
~f
2 U 5 prow
Al e e e e —
=T
- Al o o »
k=]
~3
-—
lllllllllllllll fr—
o
o
/ ||||||||||||||| -
p 4
o ot £33 £
s o o <y
at L
— 2
421/ \\ﬂ\
3
NN B — =
-
=1 T
Tl =
1 o
Ko
(3]
-




