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7) ABSTRACT

A backlight unit (60) includes: a light guiding plate (64); and
a diffusing sheet (70), the backlight unit (60) causing light
exiting through a light exit plane (80) thereof to backlight a
liquid crystal display element (20), the light exiting through
the light exit plane (80), having a half width of not more than
44°.
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BACKLIGHT UNIT AND LIQUID CRYSTAL
DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a backlight unit and
aliquid crystal display device, particularly to a backlight unit
and a liquid crystal display device, which are capable of
realizing a high-contrast display.

BACKGROUND ART

[0002] Liquid crystal display devices have been widely
used as display devices. These liquid crystal display devices
generally include a liquid crystal display element and a back-
light unit, mainly. The liquid crystal display element has such
a structure that a liquid crystal layer is sandwiched between
transparent substrates, each of which is provided with a polar-
izer. Further, the backlight unit is configured to backlight a
liquid crystal display panel included in the liquid crystal
display element, and includes a light source, a light guide, a
diffuser, and the like.

[0003] Recently, the liquid crystal display devices have
been required to have a higher brightness and a higher con-
trast, etc. In response to these requests, various techniques
have been proposed.

[0004] (Patent Literature 1)

[0005] To begin with, an art described in Patent Literature 1
is explained below.

[0006] A liquid crystal display element (liquid crystal dis-
play device) described in Patent Literature 1 includes BEF
(product name: abbreviation of Brightness Enhancement
Film), which is a reflective polarizer film with a brightness
enhancement effect made by Sumitomo 3M Limited. The
BEF improves the liquid crystal display element in bright-
ness, etc. Further, a backlight-unit-side polarizing film (polar-
izer) is provided with light diffusing means.

[0007] Hereinafter, the liquid crystal display device of
Patent Literature 1 is described as to its specific configuration,
referring to a cross-sectional view of FIG. 16 illustrating a
configuration of a conventional liquid crystal display device.
A liquid crystal display device 130 described in Patent Lit-
erature 1 is configured such that a TN (Twisted Nematic)
mode liquid crystal layer 106 is sandwiched between sub-
strates (transparent substrates) 102a and 1025, and polarizing
films 1014 and 10156 are provided. Furthermore, a backlight
unit 108 is provided on a back side of the liquid crystal display
device 130. The backlight unit 108 is mainly constituted by a
reflecting plate 113, a lower diffusing sheet 112, a light guid-
ing plate 111, and a BEF 110.

[0008] Furthermore, a scattering-matter-included film 109
is provided between the substrate 1025 on backlight unit 108
side and the polarizing film 1015.

[0009] (Patent Literature 2)

[0010] Next, an art described in Patent Literature 2 is
explained below.

[0011] A liquid crystal display device described in Patent

Literature 2 is configured such that a liquid crystal display
element (liquid crystal display element) in which a Twisted
Nematic liquid crystal (liquid crystal layer)is sandwiched has
a scattering layer between a polarizing plate and a light guid-
ing plate, so that the scattering layer keeps a polarization state
constant substantially.
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[0012] With this configuration, the liquid crystal display
device described in Patent Literature 2 makes it possible to
realize bright display.

[0013] (Patent Literature 3)

[0014] Next, an art described in Patent Literature 3 is
explained, referring to FIG. 17, which is a cross-sectional
perspective view illustrating a configuration of a liquid crys-
tal display device described in Patent Literature 3.

[0015] As illustrated in FIG. 17, a liquid crystal display
device 230 described in Patent Literature 3 includes a liquid
crystal display element 201 and a backlight (backlight unit)
204. Between the liquid crystal display element 201 and the
backlight 204, two lens films 202 and 203 are provided. The
lens films 202 and 203 are laminated so that their prism
orientation directions 206 and 207 cross each other at the right
angles, and the prism orientation direction 206 of the lens film
202, which is the lens film located closer to the liquid crystal
display element 201, is parallel to a transmission axis 205 of
apolarizing plate, which is located on an incident light side of
the liquid crystal display element 201.

[0016] With this configuration, the liquid crystal display
device described in Patent Literature 3 makes it possible to
realize display with a high brightness.

[0017] (Patent Literature 4)

[0018] Next, an art described in Patent Literature 4 is
explained, referring to FIG. 18, which is a cross-sectional
perspective view illustrating a configuration of a liquid crys-
tal display device described in Patent Literature 4.

[0019] As illustrated in FIG. 18, a liquid crystal display
device 330 described in Patent literature 4 includes a light
incidence polarizing plate (polarizer) 305, a light exit polar-
izing plate (polarizer) 306, a liquid crystal panel 304 between
the light incidence polarizing plate 305 and the light exit
polarizing plate 306, and a backlight source (light source) 301
provided behind the liquid crystal panel 304. The liquid crys-
tal display device 330 further includes a prism sheet 308
between the light incidence polarizing plate 305 and the back-
light source 301.

[0020] A ridge-line direction A0 of the prism sheet 308 and
a transmission axis direction B0 of the light incidence polar-
izing plate 305 cross each other at the right angles. With this
configuration, the liquid crystal display device described in
Patent Literature 4 makes it possible to realize display with a
higher brightness.

[0021] (Patent Literature 5)

[0022] Next, an art described in the Patent Literature 5 is
explained below.

[0023] A liquid crystal display device described in Patent
Literature 5 is configured such that a polarized light-separat-
ing surface or the like is provided to face a light exit plane of
a plane light guide (light guiding plate) of a backlight unit,
and the polarized light-separating surface or the like can
selectively reflect or transmit a polarization component.
[0024] With this configuration, the liquid crystal display
device described in Patent Literature 5 is improved in bright-
ness in its normal direction of a display surface, especially.

[0025] [Patent Literature 1]

[0026] Japanese Patent Application Publication, Tokukai
No. 2003-121847 A (Publication Date: Apr. 23, 2003)

[0027] [Patent Literature 2]

[0028] Japanese Patent Application Publication, Tokukai
No. 2003-15133 A (Publication Date: Jan. 15, 2003)
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[0029] [Patent Literature 3]

[0030] Japanese Patent Application Publication, Toku-
kaihei No. 8-22000 A (Publication Date: Jan. 23, 1996)
[0031] [Patent Literature 4]

[0032] Japanese Patent Application Publication, Tokukai
No. 2000-122046 A (Publication Date: Apr. 28, 2000)
[0033] [Patent Literature 5]

[0034] Japanese Patent Application Publication, Tokukai
No. 2003-84283 A (Publication Date: Mar. 19, 2003)

SUMMARY OF INVENTION

[0035] However, the conventional liquid crystal display
devices have a problem of having an insufficient contrast.
[0036] Especially, the problem is that, in a liquid crystal
display device in which a liquid crystal display element
capable of realizing a high-contrast display (e.g., an MVA
mode liquid crystal display element) is used, it is difficult to
cause the liquid crystal display element to fully show a high
contrast characteristic which the liquid crystal display ele-
ment is supposed to have. The following description dis-
cusses this point.

[0037] (Configuration of Liquid Crystal Display Device)
[0038] FIG. 15 is a cross-sectional view schematically
illustrating an example of a configuration of a liquid crystal
display device 10.

[0039] As illustrated in FIG. 15, the liquid crystal display
device 10 includes a liquid crystal display element 20 and a
backlight unit 60 provided behind the liquid crystal display
element 20.

[0040] The liquid crystal display element 20 is configured
such that a liquid crystal layer 22 is sandwiched between a
first substrate 24 and a second substrate 26. On the first
substrate 24, a first phase plate 30 and a first polarizing plate
34 are provided in this order. Similarly, on the second sub-
strate 26, a second phase plate 32 and a second polarizing
plate 36 are provided in this order.

[0041] Further, a reflective polarizer film with a brightness
enhancement effect 40 is provided between the first polariz-
ing plate 34 and the backlight unit 60.

[0042] The backlight unit 60 includes a light source (not
illustrated), a light guiding plate (not illustrated), two prism
sheets (afirst prism sheet 66 and a second prism sheet 68), and
an upper diffusing sheet 70.

[0043] (Light Traveling process)

[0044] Next, a process in which light travels through the
liquid crystal display device 10 is explained below.

[0045] Whether or not light vertically exiting from the
backlight unit 60 toward the liquid crystal display element 20
(L1 illustrated in FIG. 15) is emitted to outside the liquid
crystal display device 10 depends on whether the liquid crys-
tal layer 22 is in an ON or OFF state. Namely, while the liquid
crystal layer 22 is in the ON state, the light L1 is emitted to
outside the liquid crystal display device 10 without being
blocked by the liquid crystal display element 20.

[0046] In contrast, while the liquid crystal layer 22 is in the
OFF state, since the light L1 is blocked by the liquid crystal
display element 20, the light L1 is not emitted to outside the
liquid crystal display device 10.

[0047] Note that a ratio of (1) an amount of light emitted
while the liquid crystal layer 22 is in the ON state (an ON light
amount) to (ii) an amount of light emitted while the liquid
crystal layer 22 is in the OFF state (an OFF light amount) is
referred to as a contrast (ON light amount/OFF light amount).
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[0048] Normally, the light L1 which enters into the liquid
crystal display element 20 from its normal direction can real-
ize a high ON light amount and a low OFF light amount in
accordance with whether the liquid crystal layer 22 is in the
ON or OFF state.

[0049] Especially, for example, in a case where the liquid
crystal display element 20 is an MVA mode liquid crystal
display element capable of realizing a high-contrast display,
the light L1 incident from the normal direction can realize a
contrast of, for example, several thousands.

[0050] (Light from Normal Direction)

[0051] Note here that, in order to realize a high contrast, it
is particularly important to reduce the OFF light amount
while the liquid crystal layer 22 is in the OFF state.

[0052] In this regard, the light L1 which enters into the
liquid crystal display element 20 from its normal direction is
likely to realize a low OFF light amount.

[0053] This is because the light .1 which enters into the
liquid crystal display element 20 from its normal direction
changes and travels as originally designed since the light L1
vertically enters into the polarizing plates (the first polarizing
plate 34 and the second polarizing plate 36), the phase plates
(the first phase plate 30 and the second phase plate 32), the
liquid crystal layer 22, and the like.

[0054] (Inclined Light)

[0055] In contrast, light (inclined light) [.2 which diago-
nally exits from the backlight unit 60 and then diagonally
enters into the liquid crystal display element 20 is different
from the light L1 in that the light .2 may cause a reduction in
contrast. The following description discusses this point.
[0056] While the liquid crystal layer 22 is in the OFF state,
the inclined light 1.2 is normally invisible to a viewer V who
views the liquid crystal display device 10 from a normal
direction of the liquid crystal display device 10. Therefore,
the inclined light 1.2 does not cause a reduction in contrast in
principle.

[0057] (Light Bending)

[0058] However, a direction in which the inclined light 1.2
travels may change. Specifically, a light path may bend
toward the viewer V in the liquid crystal display element 20
(see an arrow L3 illustrated in FIG. 15).

[0059] Examples of various reasons for such light bending
occurring in the liquid crystal display element 20 include
scattering in the liquid crystal layer 22, a color filter (not
illustrated), and/or a TFT substrate (not illustrated).

[0060] Light which diagonally enters into the liquid crystal
display element 20 and diagonally travels through the liquid
crystal display element 20 may exit from the liquid crystal
display element 20 with a certain level of brightness (a certain
amount of light) even while the liquid crystal layer 22 is in the
OFF state. Such light causes a leakage oflight while the liquid
crystal layer 22 is in the OFF state.

[0061] (Leakage of Light)

[0062] This is because a desired optical change cannot be
obtained since (i) the light L1 which enters into the liquid
crystal display element 20 from its normal direction and (i1)
the inclined light .2 have different optical path lengths when
the lights L1 and L2 are transmitted through optical plates
(e.g., the phase plate and the polarizing plate), the liquid
crystal layer 22, and the like. Namely, the liquid crystal dis-
play element 20 depends on an angle in terms of its optical
characteristic, and this dependence causes a leakage of light.
[0063] Specifically, the phase plates (the first phase plate 30
and the second phase plate 32), the polarizing plates (the first
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polarizing plate 34 and the second polarizing plate 36), the
liquid crystal layer 22, and the like are designed so that the
ON light amount and the OFF light amount are optimized,
that is, the ON light amount is large and the OFF light amount
is small, with respect to light which enters into the liquid
crystal display element 20 from its normal direction,

[0064] Especially for the OFF light amount, the liquid crys-
tal display element 20 is optically designed so that light which
enters into the liquid crystal display element 20 from its
normal direction is blocked at the maximum.

[0065] Accordingly, the inclined light is insufficiently
blocked even while the liquid crystal layer 22 is in the OFF
state. As a result, the inclined light exits from inside to outside
the liquid crystal display element 20 as a leakage of light.
[0066] Such aleakage of light is a particularly serious prob-
lemina liquid crystal display device including aliquid crystal
display element capable of realizing a high-contrast display.
[0067] The present invention has been made in view of the
problems, and an object of the present invention is to provide
abacklight unit and a liquid crystal display device, which are
capable of realizing a higher-contrast display while con-
stantly functioning as a surface light source.

[0068] More specifically, an object of the present invention
is to provide a backlight unit and a liquid crystal display
device, which are capable of suppressing an intensity of the
inclined light which enters into a liquid crystal display ele-
ment and causes a reduction in contrast.

[0069] In order to attain the object, a backlight unit of the
present invention includes: a light guiding plate; and a diffus-
ing sheet, the backlight unit causing light exiting through a
light exit plane thereof to backlight a liquid crystal display
element, the light exiting through the light exit plane, having
a half width of not more than 44°.

[0070] The backlight unit of the present invention is pref-
erably configured such that the half width is not less than 20°
and not more than 40°.

[0071] (Half Width)

[0072] To begin with, a half width is explained below. As
for a measured sample (e.g.. a backlight unit) in which a half
width and the like is measured, an inclined angle at which
light has an intensity which is half as high as an intensity of
light exiting from the measured sample through its light exit
plane and in its normal direction is referred to as a half width
(degree). This is based on a characteristic that emitted light
has a weaker intensity as the emitted light is more inclined
from the normal direction.

[0073] With this configuration, the backlight unit has a half
widthofnot more than 44°, preferably of not less than 20° and
not more than 40°. This can realize a backlight unit which is
capable of realizing a higher-contrast display while con-
stantly functioning as a surface light source. The following
description discusses this point.

[0074] (Design of Liquid Crystal Display Element)

[0075] A liquid crystal display element toward which light
is emitted from a backlight unit is generally designed so that
light which enters into the liquid crystal display element
through its rear surface and from its normal direction and then
exits from the liquid crystal display element through its front
surface and in its normal direction has a maximum contrast.
Specifically, optical characteristics of optical members such
as a polarizing plate and a phase plate, and a liquid crystal
layer, each of which is included in the liquid crystal display
element, are designed so that such light has a high contrast.
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[0076] (Backlight Unit as Surface Light Source)

[0077] On the other hand, a backlight unit is required to
emit light which is uniform in its light exit plane so that a
display which has an in-plane uniform brightness is realized
by the liquid crystal display element. In other words, the
backlight unit is required to have a function as a surface light
source.

[0078] 1In order to function as the surface light source, the
backlight unit generally includes a diffusing sheet for causing
light to be diffused.

[0079] Since the backlight unitincludes the diffusing sheet,
light exiting from the backlight unit through its light exit
plane is normally oriented in various directions.

[0080] Accordingly, light which exits from the backlight
unit and then enters into the liquid crystal display element
encompasses not only light which enters into the liquid crys-
tal display element from its normal direction but also light
which enters into the liquid crystal display element from a
direction which is inclined from the normal direction of the
liquid crystal display element.

[0081] Note that the diffusing sheet is a generic term for a
sheet which has a function of causing a light beam to be
diffused.

[0082] (Reduction in Contrast)

[0083] As described earlier, a contrast of the liquid crystal
display element is designed on the premise of light which
enters into the liquid crystal display element from its normal
direction. Therefore, for example, in a case where the inclined
light bends in the liquid crystal display element and is then
emitted from the liquid crystal display element in its normal
direction, the emitted light has no desired brightness (white or
black). This is likely to cause a reduction in contrast.

[0084] In this regard, since the backlight unit having the
above configuration is designed such that a half width show-
ing a diffusion (scattering) characteristic of emitted light is set
to an appropriate value, the backlight unit secures a scattering
characteristic of emitted light sufficient for enabling the back-
light unit to serve as a surface light source while the backlight
unit suppresses an intensity of inclined light which causes the
reduction in contrast.

[0085] As described earlier, this configuration brings about
an effect of providing a backlight unit which is capable of
realizing a higher-contrast display while constantly function-
ing as a surface light source. More specifically, this configu-
ration brings about an effect of providing a backlight unit
which is capable of suppressing an amount of the inclined
light.

[0086] Since a diffusion characteristic of emitted light is
appropriately set in the backlight unit having this configura-
tiom, it is possible to prevent a moiré produced mainly due to
an interaction between the backlight unit and a pixel of the
liquid crystal display element.

[0087] The backlight unit of the present invention is pref-
erably configured such that the diffusing sheet has a haze
value of not more than 80%.

[0088] With this configuration, since the diffusing sheethas
a haze value of not less than 50% and not more than 80%, it is
easily possible to form a backlight unit in which light exiting
from the backlight unit through its light exit plane has a half
width of not less than 28° and not more than 44°.

[0089] The backlight unit of the present invention is pref-
erably configured such that the diffusing sheet has a haze
value of not less than 30% and not more than 76%.
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[0090] With this configuration, since the diffusing sheet has
ahaze value of not more than 80%, it is easily possible to form
a backlight unit in which light exiting through its light exit
plane has a half width of not less than 20° and not more than
40°.

[0091] The backlight unit of the present invention is pref-
erably configured to further include a prism sheet provided
between the light guiding plate and the diffusing sheet.
[0092] With this configuration, since the backlight unit
includes the prism sheet, it is possible to realize emission of
light with a higher brightness, for example in a normal direc-
tion of the backlight unit.

[0093] Note here that the prism sheet refers to an optical
sheet on a surface of which grooves are provided in a given
direction so that a direction in which light having been trans-
mitted through the prism sheet travels is controlled.

[0094] A liquid crystal display device of the present inven-
tion is preferably configured to include: a liquid crystal dis-
play element; and a backlight unit as mentioned above, the
backlight unit being provided on a back side of the liquid
crystal display element.

[0095] With this configuration, since the liquid crystal dis-
play device includes the backlight unit in which a half width
is appropriately set, it is possible to realize a high-contrast
display.

[0096] The liquid crystal display device of the present
invention is preferably configured to further include a reflec-
tive polarizer film with a brightness enhancement effect pro-
vided between the liquid crystal display element and the
backlight unit.

[0097] With this configuration, in spite of the bright
enhancement film which may reduce a contrast, the appropri-
ately set half width of a backlight unit allows realizing a
high-contrast display.

[0098] Note that the reflective polarizer film with a bright-
ness enhancement effect refers to a film which, for example,
in a case where polarized light which reaches the reflective
polarizer film with a brightness enhancement effect includes
a p-wave and an s-wave, causes an increase in incident light
toward, for example, a polarizing plate adjacent to the reflec-
tive polarizer film with a brightness enhancement effect by
causing one of the polarized waves such as the p-wave to be
transmitted through the film and causing the remaining
s-wave to be reflected on the film.

[0099] The liquid crystal display device of the present
invention is preferably configured such that: the liquid crystal
display element is a vertical alignment mode liquid crystal
display element; and a liquid crystal layer included in the
liquid crystal display element is divided into a plurality of
different alignment regions in plan view.

[0100] With this configuration, the liquid crystal display
element is configured to be a so-called MVA mode liquid
crystal display element. Note here that the MVA mode liquid
crystal display element is generally capable of realizing a
high-contrast display.

[0101] Accordingly, a combination of the liquid crystal
display element and a backlight unit in which a half width is
appropriately set makes it possible to realize a display in
which a high contrast characteristic which the liquid crystal
display element is supposed to have is not so impaired.
[0102] The liquid crystal display device of the present
invention is configured such that: the liquid crystal display
element is a vertical alignment mode liquid crystal display
element; liquid crystal molecules are omnidirectionally
aligned in plan view in a liquid crystal layer included in the
liquid crystal display element; and circularly polarizing
plates are provided on both sides of the liquid crystal layer.
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[0103] The liquid crystal display device of the present
invention may be configured such that the liquid crystal dis-
play element is a twisted nematic liquid crystal display ele-
ment.

[0104] With these configurations, the liquid crystal display
element is configured to be (i) a circular polarization type
liquid crystal display element of a vertical alignment mode or
(ii) a so-called TN mode liquid crystal display element.
[0105] Note here that, in each of (i) the circular polarization
type liquid crystal display element of the vertical alignment
mode and (ii) the TN mode liquid crystal display element, the
inclined light which enters into the liquid crystal display
element is emitted in its normal direction, thereby causing a
reduction in contrast.

[0106] In this regard, with these configurations, a combi-
nation of the liquid crystal display element and a backlight
unit in which a half width is appropriately set makes it pos-
sible to prevent a reduction in contrast of the liquid crystal
display element.

[0107] As described earlier, the backlight unit of the
present invention is configured such that light exiting through
its light exit plane has a half width of not more than 44°.
[0108] Therefore, the present invention brings about an
effect of providing a backlight unit which is capable of real-
izing a higher-contrast display while constantly functioning
as a surface light source. More specifically, the present inven-
tion brings about an effect of providing a backlight unit and a
liquid crystal display device, which are capable of suppress-
ing an intensity of the inclined light which enters into a liquid
crystal display element so as to cause a reduction in contrast.

BRIEF DESCRIPTION OF DRAWINGS

[0109] FIG.1

[0110] FIG. 11is a cross-sectional view illustrating a liquid
crystal display device of an embodiment of the present inven-
tion.

[0111] FIG.2

[0112] FIG. 2 is a perspective view illustrating a cross-
section of a backlight unit of the embodiment of the present
invention.

[0113] FIG.3

[0114] FIG. 3 is a drawing illustrating a measuring system
for an optical characteristic.

[0115] FIG. 4

[0116] FIG. 4 is a graph illustrating a relationship between
a polar angle and an transmitted light intensity.

[0117] FIG.5

[0118] FIG. 51is a graph illustrating a relationship between
an angle of incidence and an transmitted light intensity.
[0119] FIG.6

[0120] FIG. 6is a cross-sectional view illustrating a liquid
crystal display device of another embodiment of the present
invention.

[0121] FIG.7

[0122] FIG. 7 has graphs illustrating brightness distribu-
tions of light exiting from a backlight unit.

[0123] FIG.8

[0124] FIG. 8 has graphs illustrating brightness distribu-
tions of light exiting from the backlight unit.

[0125] FIG.9

[0126] FIG. 9 is a graph illustrating a difference in light
exiting from the liquid crystal display device between (i) the
liquid crystal display device including a reflective polarizer
film with a brightness enhancement effect and (ii) the liquid
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crystal display device including no reflective polarizer film
with a brightness enhancement effect.

[0127] FIG.10

[0128] FIG. 10 is a chart illustrating characteristics of light
exiting from the backlight unit for Examples and Compara-
tive Examples.

[0129] FIG.11

[0130] FIG. 11 has cross-sectional views schematically
illustrating configurations of measured samples in each of
which a half width and the like is measured.

[0131] FIG.12

[0132] FIG. 12 is a chart illustrating contrasts for the
Examples and the Comparative Examples.

[0133] FIG.13

[0134] FIG. 13 has graphs illustrating light scattering char-
acteristics of respective liquid crystal display modes.

[0135] FIG.14

[0136] FIG. 14 is a chart illustrating differences between a
circular polarization type liquid crystal display device and a
linear polarization type liquid crystal display device each
employing a vertical alignment mode.

[0137] FIG.15

[0138] FIG. 15 is a cross-sectional view schematically
illustrating a configuration of the liquid crystal display
device.

[0139] FIG.16

[0140] FIG. 16 is a cross-sectional view schematically
illustrating a configuration of a conventional liquid crystal
display device.

[0141] FIG.17

[0142] FIG. 17 is a cross-sectional perspective view illus-

trating a configuration of another conventional liquid crystal
display device.

[0143] FIG.18

[0144] FIG. 18 is a cross-sectional perspective view illus-
trating a configuration of still another conventional liquid
crystal display device.

REFERENCE SIGNS LIST
[0145] 10 Liquid crystal display device
[0146] 20 Liquid crystal display element
[0147] 22 Liquid crystal layer
[0148] 40 Reflective polarizer film with a brightness
enhancement effect
[0149] 60 Backlight unit
[0150] 64 Light guiding plate
[0151] 66 First prism sheet (Prism sheet)
[0152] 68 Second prism sheet (Prism sheet)
[0153] 70 Upper diffusing sheet (Diffusing sheet)
[0154] 72 Lower diffusing sheet
[0155] 80 Light exit plane
[0156] R Orientation region
DESCRIPTION OF EMBODIMENTS
First Embodiment
[0157] An embodiment of the present invention is

described below, referring to the drawings.

[0158] (Liquid Crystal Display Device)

[0159] A liquid crystal display device of the present inven-
tion has a configuration substantially similar to the configu-
ration of the liquid crystal display device 10 already
described, referring to FIG. 15. The liquid crystal display
device of the present invention is explained below, referring
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to FIG. 1, which is a cross-sectional view schematically illus-
trating a liquid crystal display device of the present embodi-
ment.

[0160] Namely, a liquid crystal display device 10 mainly
includes a liquid crystal display element 20 and a backlight
unit 60. Light exiting from the backlight unit 60 through its
light exit plane 80 enters into the liquid crystal display ele-
ment 20, whereby a display is carried out.

[0161] (Liquid Crystal Display Element)

[0162] To begin with, the liquid crystal display element 20
is explained below. The liquid crystal display element 20 of
the present embodiment is configured to be a so-called MVA
mode liquid crystal display element.

[0163] Namely, a liquid crystal layer 22 sandwiched
between two substrates (not illustrated) which face each other
is sandwiched between a first polarizing plate 34 and a second
polarizing plate 36. Liquid crystal molecules included in the
liquid crystal layer 22 have a multi-domain alignment (e.g., a
four-domain alignment) in plan view.

[0164] (Backlight Unit)

[0165] Next, the backlight 60 of the present embodiment is
explained below. The backlight unit 60 includes a light source
(not illustrated), a light guiding plate 64, two diffusing sheets
(an upper diffusing sheet 70 and a lower diffusing sheet 72),
and two prism sheets (a first prism sheet 66 and a second
prism sheet 68) (see F1G. 1). These members are laminated in
the order of: the light guiding plate 64, the lower diffusing
sheet 72, the first prism sheet 66, the second prism sheet 68,
and the upper diffusing sheet 70.

[0166] Specifically, in the backlight unit 60, the first and
second prism sheets 66 and 68 have, on their respective top
surfaces, linear grooves constituted by triangular peaks and
valleys (see FIG. 2).

[0167] The grooves of the first and second prism sheets 66
and 68, respectively, are provided so as to cross each other at
right angles.

[0168] Note that FIG. 2 is a perspective cross-sectional
view illustrating a configuration of the backlight unit 60 of the
present embodiment.

[0169] (Diffusing Sheet)

[0170] Next, the diffusing sheets of the present embodi-
ment are explained below.

[0171] Theupper diffusing sheet 70 of the present embodi-
ment has a feature that light exiting from the backlight unit 60
in which the upper diffusing sheet 70 is used has a half width
of 31°.

[0172] (Half Width)

[0173] To beginwith, (a) of FIG. 3 schematically illustrates
a measuring system for measuring the half width. (a) of FIG.
3 illustrates a measuring system for measuring an intensity
etc. of light exiting from a measured sample (e.g., the back-
light unit 60).

[0174] As illustrated in (a) of FIG. 3, in the measuring
system used for measuring the half width, it is possible to
simultaneously measure omnidirectional intensities of light
exiting from the measured sample by separating the light in
increments of 1° for each of an azimuth angle and a polar
angle. Numerical data for given azimuth directions are
extracted from this measured result, so as to create a two-
dimensional graph of “polar angle” to “brightness or con-
trast”. Then, based on the two-dimensional graph, there is
found a half width, which is an inclined angle at which emit-
ted light has an intensity which is half as high as an intensity
of light emitted in a normal direction of the measured sample.
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Namely, there is found an angle at which light emitted in an
inclined direction has an intensity which is half as high as an
intensity of light emitted in the normal direction.

[0175] Note that a measuring device for carrying out mea-
surement as mentioned above is not particularly limited. For
example, EZcontrast 88 (product name, made by ELDIM) is
usable for such measurement.

[0176] The backlight unit 60 serves as the measured
sample, thereby measuring the halfwidth in the backlight unit
60.

[0177] (Upper Diffusing Sheet)

[0178] Note here that, in the present embodiment, a diffus-
ing sheet in which light exiting from the backlight unit 60 has
a half width of 31° is used for the upper diffusing sheet 70.
The following description discusses this point.

[0179] The half width was measured for the backlight unit
60 which is schematically illustrated in FIG. 2 and serves as
the measured sample.

[0180] Namely, the intensity of received light was mea-
sured in a state in which the light guiding plate 64, the lower
diffusing sheet 72, the first prism sheet 66, the second prism
sheet 68, and the upper diffusing sheet 70 were laminated in
this order.

[0181] Note here that an azimuth angle (®) of 0° is defined
as illustrated in (c) of FIG. 3. In this case, the grooves of the
first and second prism sheets 66 and 68 are provided at an
angle of 45° and 135°, respectively.

[0182] The light exiting from the backlight unit 60 was
measured under the foregoing conditions and found to have a
half width (0° to 360°) of 31°.

[0183] Note that, in the present embodiment, a diffusing
sheet which has a haze value of 55.0% was used for the upper
diffusing sheet 70 and a diffusing sheet which has a haze
value of 74.5% was used for the lower diffusing sheet 72.
[0184] (Display Characteristic)

[0185] With this configuration, the liquid crystal display
device 10 of the present embodiment allows a high-definition
and high-contrast display. The following description dis-
cusses this point.

[0186] (In-Plane Uniformity)

[0187] First of all, the liquid crystal display device 10 is
preferably configured such that light which is uniformly
bright in a plane of the backlight unit 60 exits from the
backlight unit 60 so that a display which is uniformly bright in
a plane of the liquid crystal display device 10 is realized.
Namely, the backlight unit 60 is preferably a uniform surface
light source.

[0188] In order to realize such an emission characteristic,
light exiting from the backlight unit 60 is required to have a
high diffusibility. In order to realize such a diffusion charac-
teristic, one possible option is to cause a diffusing sheet
included in the backlight unit 60 to have a high diffusibility.
[0189] (Contrast)

[0190] Next, a contrast of the liquid crystal display device
10 is explained below.

[0191] As described earlier, the liquid crystal display
device 10 is required to carry out not only (i) a display which
is uniformly bright inits plane (already described) but also (ii)
a high-contrast display.

[0192] Since the liquid crystal display element 20 is
designed so that a high-contrast display can be realized, the
inclined light is likely to cause a reduction in contrast.
[0193] Such a reduction in contrast due to inclined light is
more noticeable mainly in the liquid crystal display device 10
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which is capable of realizing a high-contrast display and
includes an MVA mode liquid crystal display element such as
the liquid crystal display element 20.

[0194] (Reduction in Contrast, Influence on Panel)

[0195] Next, a reduction in contrast due to inclined light is
more specifically explained below.

[0196] As described earlier, light exiting from the backlight
unit 60 travels to the viewer V through the two polarizing
plates and the liquid crystal layer.

[0197] Then, an influence of a liquid crystal display panel
on a leakage of light due to the inclined light is explained
below. Note here that the liquid crystal display panel is
obtained by removing the two polarizing plates (the first and
second polarizing plates) from the liquid crystal display ele-
ment 20. Specifically, the liquid crystal display panel refers to
a liquid crystal panel including the liquid crystal layer 22
whichis sandwiched between two substrates on which a color
filter, a switching element, and the like are provided.

[0198] FIG. 4 is a graph illustrating, for two kinds of (first
and second) measured samples, intensities of light transmit-
ted in a normal direction to a display surface of each of the
measured samples, with respect to the inclined light, Specifi-
cally, the first measured sample is obtained by attaching
polarizing plates to both sides of a glass substrate, respec-
tively, so that absorption axes of the respective polarizing
plates cross each other at right angles (see “glass+polarizing
plates” of FIG. 4). The second measured sample is a liquid
crystal display element obtained by attaching polarizing
plates to the liquid crystal display panel (see “panel+polariz-
ing plates” of F1G. 4 in which the liquid crystal display panel
carries out a black display).

[0199] FIG. 4illustrates a relationship between an angle (a
polar angle (6)) of incident light and a transmitted light inten-
sity for the two measured samples.

[0200] Note that, in each of the “glass+polarizing plates™
and “panel+polarizing plates”, the two polarizing plates are
provided in a crossed Nicols relationship in which absorption
axes of the respective two polarizing plates cross each other at
right angles. Note also that the absorption axis of the back
side polarizing plate (the polarizing plate located on a side on
which light is incident during measurement) is oriented in a
direction of the azimuth angle (®) of 0°.

[0201] On an outer side of the back side polarizing plate,
A-PCF (Polarization Conversion Film) (product name, made
by NITTO DENKO CORPORATION) is further provided as
a brightness enhancing film.

[0202] (Measuring System (Measurement of Scattering
and Light Bending))

[0203] Here, an explanation is made as to a measuring
system for measuring a light bending characteristic which
result is shown in FIG. 4 and other drawings.

[0204] (b) of FIG. 3 illustrates a measuring system for
measuring an optical characteristic with respect to transmit-
ted light.

[0205] Inthe measuring system illustrated in (b) of FIG. 3,
light is emitted into a measured sample through a rear surface
of the measured sample, and the light transmitted through the
measured sample is received by a light receiving device pro-
vided on a front surface of the measured sample, thereby
measuring an intensity of the received light.

[0206] Note here that an inclined angle from a normal
direction of a plane of the measured sample is referred to as a
polar angle (8) (see (b) of FIG. 3) and an angle of a lefi-
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handed rotation from a horizontal direction on the plane is
referred to as an azimuth angle (@) (see (¢) of FIG. 3).
[0207] Note that the measuring system allows (i) an inci-
dencedirection of incident light to be inclined ina direction of
the polar angle (8) and (i1) the inclined incident light to rotate
in a direction of the azimuth angle (P).

[0208] On the other hand, the light receiving device is fixed
at the polar angle (0) of 0° (azimuth angle (@) of 0°), i.e., in
the normal direction of the plane of the measured sample.
[0209] Note that a measuring device for carrying out mea-
surement as mentioned above is not particularly limited. For
example, LCD5200 (product name, made by OTSUKA
ELECTRONICS CO.,LTD.)is usable for such measurement.
[0210] (Measurement Result)

[0211] As illustrated in FIG. 4, both of the two measured
samples (“glass+polarizing plates” and “panel+polarizing
plates”) have their respective lower transmitted light intensi-
ties as incident light is inclined from the normal direction of
the respective measured samples.

[0212] Note, however, that the transmitted light intensity
decreases more sharply in “glass+polarizing plates”. In other
words, the inclined light is more likely to be emitted in the
normal direction (a direction of the polar angle (0) of 0°) in
“panel+polarizing plates” in which the liquid crystal display
panel is added to “glass+polarizing plates”.

[0213] This is because light which enters into the measured
sample tends to change its traveling direction (be scattered) in
the liquid crystal display panel.

[0214] Then, the inclined light changes its traveling direc-
tion in the liquid crystal display panel and then exits in the
normal direction, thereby causing a reduction in contrast.
[0215] Note that a measurement result illustrated in FIG. 4
is obtained by causing the incident light to be inclined in the
direction of the azimuth angle (@) of 0°, i.e., in a direction
parallel to the absorption axis of the back side polarizing

plate.
[0216] (6 and @ Dependencies of Incident Light)
[0217] Tendency of inclined light to be transmitted in a

normal direction depends on an azimuth angle ® of the
inclined light. This tendency is explained below, referring to
FIG. 5. FIG. 5§ is a graph in polar coordinates, showing the
result of measuring incident light while changing an azimuth
direction of the incident light from 0° to 360° in increments of
5° by use of the measuring system illustrated in (b) of FIG. 3.
FIG. 5 is a graph illustrating the transmitted light intensities
for a measured sample similar to the “panel+polarizing
plates” in a case where the polar angle (8) and the azimuth
angle (@) of incident light are changed.

[0218] Namely, the measured sample used for the measure-
ment illustrated in FIG. 5 is obtained by attaching polarizing
plates to both sides (front and rear surfaces) of a liquid crystal
display panel, respectively, in a crossed Nicols relationship.
Note that the absorption axis of the back side polarizing plate
(the polarizing plate located on a side on which light is inci-
dent during measurement) is oriented in a direction of the
azimuth angle (@) of 90°.

[0219] FIG.5 shows that, in a range of the polar angle (6) of
0° to 70°, the inclined light is emitted in the normal direction
at substantially all the azimuth angles (®).

[0220] FIG. 5 also shows that the inclined light is likely to
be emitted in the normal direction particularly at the azimuth
angles (@) of 45°, 135°,225°, and 315°.

[0221] (Behavior of Inclined Light)

[0222] As described earlier, in the liquid crystal display
element 20, inclined light may change its traveling direction
and be emitted in a normal direction, i.e., in a direction of the
viewer V of the liquid crystal display device 10. In addition,
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the inclined light is likely to behave differently from light
incident from the normal direction due to a difference in
optical path length etc, during transmission through the liquid
crystal display element 20. Specifically, light may not be
sufficiently blocked even, for example, even in a case where
the liquid crystal layer 22 is in an OFF state (the OFF state of
the liquid crystal layer 22 refers to a state in which a black
display is carried out by a liquid crystal display element, i.e.,
a state in which the crystal display element has the lowest
transmittance).

[0223] As a result, during the black display carried out by
the liquid crystal display element, the inclined light is emitted
as a leakage of light in the normal direction, reaching the
viewer V’s eyes.

[0224] Accordingly, in order to realize a high contrast, it is
required that the inclined light be less likely to be emitted in
the normal direction.

[0225] Inthis regard, in the liquid crystal display device 10
of the present embodiment, the half width is 31°. Namely, a
degree of scattering of light exiting from the backlight unit 60
is appropriately controlled.

[0226] This makes it possible to appropriately suppress an
intensity of the inclined light.

[0227] Further, in the liquid crystal display device 10, light
scatters so sufficiently as to realize a uniform brightness in a
plane of the liquid crystal display element 20 (already
described).

[0228] Accordingly, the liquid crystal display device 10 can
realize (i) a display which is uniformly bright in the plane of
the liquid crystal display element 20 (already described) and
(ii) a high-contrast display.

[0229] Note that it was also possible to prevent a “moiré”
produced due to an interaction between (i) a pitch between
pixels, more specifically a black matrix defining pixels of the
liquid crystal display element 20 and (ii) at least a diffusing
sheet and a prism sheet of the backlight unit.

Second Embodiment

[0230] Another embodiment of the present invention is
explained below, referring to the drawings. Note that a con-
figuration which is not described in the present embodiment
is identical to the configuration described in the First Embodi-
ment.

[0231] Note also that, for convenience, members having
functions identical to those of the respective members illus-
trated in the drawings of the First Embodiment are given
respective identical reference numerals, and a description of
those members is omitted here.

[0232] A liquid crystal display device 10 of the present
embodiment is configured to further include a reflective
polarizer film with a brightness enhancement effect 40, as
compared to the configuration of the liquid crystal display
device 10 of the First Embodiment.

[0233] Namely, as illustrated in FIG. 6, which is a cross-
sectional view schematically illustrating the liquid crystal
display device 10 of the present embodiment, the liquid crys-
tal display device 10 of the present embodiment further
includes A-PCF (Polarization Conversion Film) (product
name, made by NITTO DENKO CORPORATION) as a
reflective polarizer film with a brightness enhancement effect
40 between (i) a first polarizing plate 34 of two polarizing
plates (the first polarizing plate 34 and a second polarizing
plate 36) which is closer to a backlight unit 60 and (ii) the
backlight unit 60.
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[0234] (Reflective Polarizer Film with a Brightness
Enhancement Effect)

[0235] Note here that the reflective polarizer film with a
brightness enhancement effect 40 refers to a film in which, for
example, amechanism as described below causes an increase
in light which enters into a polarizing plate adjacent to the
film.

[0236] Themechanism is as follows. For example, ina case
where polarized light which reaches the reflective polarizer
film with a brightness enhancement effect 40 includes a
p-wave and an s-wave, the reflective polarizer film with a
brightness enhancement effect 40 causes (i) only one of the
polarized waves such as the p-wave to be transmitted there-
through and (ii) the remaining s-wave to be reflected thereon.
When reaching the reflective polarizer film with a brightness
enhancement effect 40 again, the s-wave thus reflected is
partially changed into the p-wave. Then, the reflective polar-
izer film with a brightness enhancement effect 40 causes the
p-wave thus changed to be transmitted therethrough. Such
operation is repeatedly carried out, so that only the p-wave,
for example is selectively transmitted through the reflective
polarizer film with a brightness enhancement effect 40.
[0237] Note that the reflective polarizer film with a bright-
ness enhancement effect 40 is not limited to the A-PCF (prod-
uct name). For example, D-BEF (product name: abbreviation
of Brightness Enhancement Film), made by Sumitomo 3M
Limited)is also usable. Note also that this reflective polarizer
film with a brightness enhancement effect may be referred to
as a polarized light reflecting film or a polarized light mirror
film.

[0238] (Reflective Polarizer Film with a Brightness
Enhancement Effect and Emitted Light)

[0239] To begin with, the following description discusses,
with reference to (a) and (b) of FIG. 7, a difference in bright-
ness characteristics of light exiting from the backlight unit 60
between (i) a case where the reflective polarizer film with a
brightness enhancement effect 40 is provided and (ii) a case
where no reflective polarizer film with a brightness enhance-
ment effect 40 is provided.

[0240] (a) and (b) of FIG. 7 are graphs illustrating bright-
ness distributions of light exiting from the backlight unit 60.

[0241] Specifically, in (a) of FIG. 7, the backlight unit 60
(see FIG. 1), i.e., a laminate of the light guiding plate 64, the
lower diffusing sheet 72, the first prism sheet 66, the second
prism sheet 68, and the upper diffusing sheet 70 serves as a
measured sample. (a) of FIG. 7 illustrates azimuth angle (@)
and polar angle (6) dependencies of light exiting from the
measured sample.

[0242] In contrast, in (b) of FIG. 7, a measured sample is
obtained by causing the A-PCF serving as the reflective polar-
izer film with a brightness enhancement effect 40 to be lami-
nated on the measured sample of (a) of FIG. 7. (b) of FIG. 7
illustrates angle distributions, i.e., azimuth angle (@) and
polar angle (8) dependencies (similarly to (a) of FIG. 7) of
light exiting from the measured sample.

[0243] As illustrated in (a) and (b) of FIG. 7, the liquid
crystal display device 10 of the present embodiment includ-
ing the reflective polarizer film with a brightness enhance-
ment effect 40, i.e., transmission through the reflective polar-
izer film with a brightness enhancement effect 40 causes the
light exiting from the backlight unit 60 in its normal direction
to have a higher brightness with respect to incident light
which is inclined in a wider range.
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[0244] Namely, the light exiting from the backlight unit 60
is emitted from a wide polar angle (8) range in a range of
substantially all the azimuth angles (®).

[0245] Anincrease in brightness of the backlight unit 60 in
the case where the A-PCF (reflective polarizer film with a
brightness enhancement effect 40) is provided is remarkable
particularly in a range of an inclined angle (a polar angle (8))
0f 30° to 70°.

[0246] According to the above description, in a case where
the reflective polarizer film with a brightness enhancement
effect 40 is provided between (i) the backlight unit 60 and (i1)
the first polarizing plate (polarizing plate closer to the back-
light unit 60) of the liquid crystal display element 20, more
amount of inclined light enters into the liquid crystal display
element 20.

[0247] (Light Exiting from Liquid Crystal Display Device)
[0248] Next, the following description discusses how light
exiting from the liquid crystal display device 10 in its normal
direction depends on azimuth angle (@) and polar angle (6) of
incident light, referring to (a) and (b) of FIG. 8.

[0249] Note here that, in (a) of FIG. 8, the liquid crystal
display device 10 according to the First Embodiment whose
configuration is schematically illustrated in FIG. 1 serves as a
measured sample and intensities of received light were mea-
sured in the normal direction.

[0250] Incontrast,in (b) of FIG. 8, the liquid crystal display
device 10 of the present embodiment whose configuration is
schematically illustrated in FIG. 6 (obtained by modifying the
liquid crystal display device 10 of the First Embodiment to
further include the A-PCF serving as the reflective polarizer
film with a brightness enhancement effect 40) serves as a
measured sample.

[0251] Namely, (a) and (b) of FIG. 8 illustrate what differ-
ence exists between (i) the liquid crystal display device 10
including the reflective polarizer film with a brightness
enhancement effect 40 and (ii) the liquid crystal display
device 10 including no reflective polarizer film with a bright-
ness enhancement effect 40, in terms of a dependency of light
exiting from the liquid crystal display device 10 in its normal
direction on azimuth angle (®) and polar angle (6) of incident
light.

[0252] Note that conditions such as a measuring system for
the measurement of the intensities of received light corre-
spond to the measuring system and the like described, refer-
ring to (b) and (¢) of FIG. 3.

[0253] As illustrated in (a) and (b) of FIG. 8, the liquid
crystal display device 10 including the reflective polarizer
film with a brightness enhancement effect 40 is more likely to
cause light incident at the azimuth angles (®) of 45°, 135°,
225°, and 315° and at polar angles (8) particularly of 30° to
70° to be emitted in the normal direction.

[0254] FIG. 9 is a graph illustrating a difference, between
(1) the liquid crystal display device 10 including the reflective
polarizer film with a brightness enhancement effect 40 and
(i) the liquid crystal display device 10 including no reflective
polarizer film with a brightness enhancement effect 40, in
light exiting from the liquid crystal display device 10 in the
normal direction (a subtraction under similar conditions of
the intensity of light exiting from the liquid crystal display
device 10 including the reflective polarizer film with a bright-
ness enhancement effect 40 from the intensity of light exiting
from the liquid crystal display device 10 including no reflec-
tive polarizer film with a brightness enhancement effect 40).
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[0255] As illustrated in FIG. 9, the liquid crystal display
device 10 including the reflective polarizer film with a bright-
ness enhancement effect 40 is more likely to cause incident
light at the azimuth angles (8) of 45°, 135°, 225°, and 315°
and at the polar angle (8) of 50° in particular to be emitted in
the normal direction.

[0256] As described earlier, emission of such inclined light
in the normal direction of the liquid crystal display device 10
tends to cause a reduction in contrast.

[0257] Note that measurement systems and measured
samples for finding a difference in emission intensity for the
measurement illustrated in FIG. 9 correspond to those
described earlier. Note also that this measurement is carried
out with respect to the liquid crystal display device 10 which
carries out a black display.

[0258] (Liquid crystal Display Device of the Present
Embodiment)
[0259] In this regard, the liquid crystal display device 10 of

the present embodiment employs the backlight unit 60 in
which light exiting from the backlight unit 60 has a half width
of 31°, similarly to the liquid crystal display device 10 of the
First Embodiment.

[0260] Accordingly, even the liquid crystal display device
10 including the reflective polarizer film with a brightness
enhancement effect 40 can realize (i) a display which has an
in-plane uniform brightness and (ii) a high-contrast display.
[0261] (Examples and Comparative Examples)

[0262] The following description specifically discusses the
detailed embodiments and properties of the liquid crystal
display devices 10 having the configurations of the First and
Second Embodiment, i.e., the liquid crystal display device 10
including the reflective polarizer film with a brightness
enhancement effect and the liquid crystal display device 10
including no reflective polarizer film with a brightness
enhancement effect, referring to Examples and Comparative
Examples.

[0263] FIG. 10 is a chart illustrating, for the Examples and
the Comparative Examples, brightness distributions and con-
trasts of (1) the backlight unit 60 alone and (ii) the backlight
unit 60 for which the A-PCF serving as the reflective polarizer
film with a brightness enhancement effect 40 is provided on a
side of the backlight unit 60 on which side light exits from the
backlight unit 60.

[0264] Among the Examples and the Comparative
Examples, the backlight units 60 and the liquid crystal display
elements 20 are similarly configured and the diffusing sheets
70 are differently configured.

[0265] Namely, as the upper diffusing sheets 70,
“D151SI” (product name, made by TSUIIDEN CO., LTD.)
was used in Example 1, “D120SII” (product name, made by
TSUIIDEN CO., LTD.) was used in Example 2,
“DI117UESIII” (product name, made by TSUJIDEN CO.,,
LTD.) was used in Comparative Example 1, and “D114SI1I”
(product name, made by TSUJIDEN CO., LTD.) was used in
Comparative Example 2. Note that the “D151SII1” has a haze
value 0f 55.0%, the “D 1208111 has a haze value 0 76.0%, the
“D117UESII]” has a haze value of 32.5%, and the
“D114S1II” has a haze value of 81.4%.

[0266] For the lower diffusing sheets 72, an identical film
“D122S4” (made by TSUJIDEN CO., LTD) was used in the
Comparative Examples 1 and 2 and the Examples 1 and 2.
[0267] Optical characteristics such as a half width were
measured for, for example, the backlight units in which the
diffusing sheets were made of the foregoing materials.
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[0268] Note here that (a) and (b) of FIG. 11 illustrate cross-
sectional configurations of measured samples used for the
measurement of the optical characteristics.

[0269] Namely, the measured sample of “backlight unit
alone” or “backlight unit with no A-PCF” shown in FIG. 10
has the cross-sectional configuration illustrated in (a) of FIG.
11.

[0270] Incontrast,the measured sample of “backlight unit+
A-PCF” or “backlight unit with A-PCF” shown in FIG. 10 has
the cross-sectional configuration illustrated in (b) of FIG. 11.
[0271] Note here that the measured sample illustrated in (a)
of FIG. 11 and the measured sample illustrated in (b) of FIG.
11 are different in whether the measured samples include the
A-PCF serving as the reflective polarizer film with a bright-
ness enhancement effect 40 or not.

[0272] (Half Width)

[0273] To beginwith, a half width is explained below. Note
here that the half width was measured for the measured
sample illustrated in (a) of FIG. 11, i.e., the measured sample
for which no reflective polarizer film with a brightness
enhancement effect 40 was provided.

[0274] As illustrated in FIG. 10, in a range of the azimuth
angle (@) of 0° to 360°, the Example 1 had a half width of31°,
the Example 2 had a half width of 33°, the Comparative
Example 1 had a half width of 25°, and the Comparative
Example 2 had a half width of 45°.

[0275] (Intensity of Light Emitted in Normal Direction)
[0276] For the Examples and the Comparative Examples,
(1) contrasts of the backlight unit 60 with no A-PCF serving as
the reflective polarizer film with a brightness enhancement
effect40 (see (a) of FIG. 11) and the backlight unit 60 with the
A-PCF serving as the reflective polarizer film with a bright-
ness enhancement effect 40 (see (b) of FIG. 11) and (ii)
incident angle (azimuth angle (®) and polar angle (8)) depen-
dences of brightnesses with respect to a normal direction
were measured.

[0277] FIG. 10 shows that incident light from a wider polar
angle (0) range tends to exit from the backlight unit 60 in its
normal direction as light exiting from the backlight unit 60
has a larger half width and the upper diffusing sheet 70 has a
larger haze value.

[0278] Further, FIG. 10 shows that incident light from a
wider polar angle (8) range exits from the backlight unit 60
for which the reflective polarizer film with a brightness
enhancement effect 40 is provided than from the backlight
unit 60 alone.

[0279] (Contrast (Backlight Unit))

[0280] Note that the backlight unit 60 tends to have a lower
contrast as light exiting from the backlight unit 60 has a larger
half width and the upper diffusing sheet 70 has a larger haze
value.

[0281] Note also that the backlight unit 60 for which the
reflective polarizer film with a brightness enhancement effect
40 is provided tends to have a lower contrast than the back-
light unit 60 alone.

[0282] (Contrast (Liquid Crystal Display Device))

[0283] Next, for the Examples and the Comparative
Examples, there were measured contrasts of (i) the liquid
crystal display device 10 which was a combination of the
backlight unit 60 alone and the liquid crystal display element
20 and (ii) the liquid crystal display device 10 which was a
combination of the backlight unit 60 for which the reflective
polarizer film with a brightness enhancement effect was pro-
vided and the liquid crystal display element 20.
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[0284] FIG. 12 is a chart illustrating measured contrasts of
the liquid crystal display devices 10 of the Examples and the
Comparative Examples.

[0285] Note that a “moiré” produced due to an interaction
between the backlight unit 60 and a pitch between pixels of
the liquid crystal display element 20 was visually observed
for evaluation.

[0286] (With No Reflective Polarizer Film with a Bright-
ness Enhancement Effect)

[0287] First, configurations in which no A-PCFs serving as
the reflective polarizer films with a brightness enhancement
effect 40 are provided are explained below.

[0288] Asillustrated in FIG.12, inthe Example 1 whichhas
the half width of 31°, no moiré was produced. Further, the
Example 1 was able to realize a contrast which was equivalent
or by no means inferior to a contrast of the Comparative
Example 1 which cannot be actually employed because a
moiré is produced.

[0289] Incontrast, the Comparative Example 2, in which no
moiré was produced, had a low contrast.

[0290] (With Reflective Polarizer Film with a Brightness
Enhancement Effect)

[0291] Next, configurations in which the A-PCFs serving
as the reflective polarizer films with a brightness enhance-
ment effect 40 are provided are explained below.

[0292] The configurations in which the A-PCFs are pro-
vided generally have lower contrasts as compared to the con-
figurations in which no reflective polarizer films with a
brightness enhancement effect 40 are provided.

[0293] This seems to be because inclined light tends to be
emitted in the normal direction in the case of the configuration
in which the reflective polarizer film with a brightness
enhancement effect 40 is provided, as described earlier.
[0294] Note here that the Examples 1 and 2 made it possible
to realize contrasts which were equivalent or by no means
inferior to the contrast of the Comparative Example 1 which
cannot be used because a moiré is produced. Note also that the
Comparative Example 2, in which no moiré was produced,
had a low contrast, similarly to the case of the configuration in
which no reflective polarizer film with a brightness enhance-
ment effect 40 is provided.

[0295] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

[0296] (Liquid Crystal Display Mode)

[0297] The above description discusses an MVA mode lig-
uid crystal display. A liquid crystal display mode of the
present invention is not limited to this. Of the vertical align-
ment mode liquid crystal displays, a so-called circular polar-
ization type is also usable. The circular polarization type is
configured such that: liquid crystal molecules are not sub-
jected to a multi-domain alignment but are omnidirectionally
aligned by use of a rivet or the like; and phase plates such as
M4 plates are provided between a liquid crystal layer and
respective polarizing plates. Note that differences between
the aforementioned linear polarization type and the circular
polarization type are described later, referring to FIG. 14.
[0298] Note that the present invention is also usable for, for
example, a TN (Twisted Nematic) mode and an IPS (In Plane
Switching) mode as well as the vertical alignment mode.
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[0299] Note here that scattering characteristics of inclined
light of the foregoing liquid crystal display modes are
explained below, referring to (a) through (e) of FIG. 13.
[0300] Note here that (a) through (e) of FIG. 13 are graphs
illustrating light scattering characteristics of the respective
liquid crystal display modes. The following description dis-
cusses this point.

[0301] (a)through (e) of FIG. 13 illustrate incidence direc-
tion (azimuth angle (@) and polar angle (0)) dependencies of
intensities of light exiting from a normal direction in mea-
sured samples. The measured sample of (a) of FIG. 13
includes polarizing plates which are provided on both sides of
a glass substrate so that their respective optical axes cross
each other at right angles (in a crossed Nicols relationship).
The measured sample of (b) of FIG. 13 is of the circular
polarization type (already described) of a vertical alignment
mode liquid crystal display element. The measured sample of
(c) of FIG. 13 includes a liquid crystal display element
employing the ISP mode. The measured sample of (d) of FIG.
13 includes a liquid crystal display element employing the TN
mode. The measured sample of (e) of FIG. 13 is the vertical
alignment mode liquid crystal display element of the linear
polarization type described in the above Embodiments. Note
that characteristics shown in (b) through (e) of FIG. 13 are
obtained while the liquid crystal display elements are carry-
ing out a black display.

[0302] As illustrated in (a) through (e) of FIG. 13, inclined
light is more likely to be emitted in the normal direction in the
measured samples including the liquid crystal layers (see (b)
through (e) of FIG. 13), as compared to the measured sample
including no liquid crystal layer but only the glass substrate
and the polarizing plates (see (a) of FIG. 13). Accordingly, as
described earlier, control of a half width of light exiting from
the backlight 60 can prevent a reduction in contrast as well as
production of a moiré and the like, irrespective of a liquid
crystal display mode.

[0303] Further, asillustrated in (e) of FIG. 13, inclined light
is more likely to be emitted in the normal direction in the
linear polarization type of the vertical alignment mode such
as the MVA mode. As a result, an effect of the present inven-
tion of preventing a reduction in contrast is more remarkable
in the linear polarization type.

[0304] Note here that the circular polarization type and the
linear polarization type are explained below, referring to FIG.
14 illustrating a difference between these two types of the
vertical alignment mode.

[0305] Asillustrated in FIG. 14, liquid crystals (liquid crys-
tal molecules) of the liquid crystal layer are omnidirectionally
aligned centering around a protrusion such as a rivet in the
circular polarization type of the vertical alignment mode.
[0306] In contrast, the liquid crystal layer is divided into a
plurality of alignment regions R in plan view in the linear
polarization type of the vertical alignment mode. Note here
that an alignment region refers to a region in which liquid
crystals (liquid crystal molecules) are aligned in a direction
different from a direction in which liquid crystals (liquid
crystal molecules) of a part adjacent to the region are aligned.
FIG. 14 illustrates an example of a four-domain alignment.
[0307] The circular polarization type and the linear polar-
ization type are different in configuration of alayer of a liquid
crystal display element in accordance with the difference in
configuration of the liquid crystal layer. Namely, in the linear
polarization type, only polarizing plates are provided on both
sides of the liquid crystal layer (a liquid crystal panel), respec-
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tively. In contrast, in the circular polarization type, phase
plates such as A/4 plates (circularly polarizing plates) in addi-
tion to polarizing plates are provided on both sides of the
liquid crystal layer (a liquid crystal panel), respectively.
[0308] Specifically, for example, phase plates are provided
on both sides of the liquid crystal layer (liquid crystal panel),
respectively, and then polarizing plates are provided on outer
sides of the respective phase plates.

[0309] The linear polarization type of the vertical align-
ment mode generally has a higher contrast than the circular
polarization type of the vertical alignment mode. As a result,
a backlight of the present invention more effectively func-
tions in the linear polarization type than in the circular polar-
ization type.

[0310] Note that measurement conditions such as a mea-
suring system used in the measurement of light intensities
whose results are shown in (a) through (e) of FIG. 13 are
similar to those described earlier, referring to (b) and (c) of
FIG. 3, and the like.

[0311] (Others)

[0312] The above description discusses a prism sheet
which has triangular grooves. Grooves of a prism sheet are
not limited to this in shape, and can also be rounded and be
constituted by semicircular peaks and valleys. Furthermore,
in the above description, the number of the prism sheets used
is two. Prism sheets are not limited to this in number. For
example, no prism sheet or one (1) prism sheet is also usable.
[0313] Moreover, in the above description, two diffusing
sheets, i.e., the upper diffusing sheet 70 and the lower diffus-
ing sheet 72 are provided in the backlight unit 60. Only one of
the upper diffusing sheet 70 and the lower diffusing sheet 72
can be provided in the backlight unit 60.

[0314] Further, in the above description, the upper diffus-
ing sheet 70 and the lower diffusing sheet 72 are made of the
same material. The upper diffusing sheet 70 and the lower
diffusing sheet 72 can also be made of different materials.

INDUSTRIAL APPLICABILITY

[0315] A backlight unit and a liquid crystal display device
of the present invention, which are capable of realizing a
high-contrast display, are preferably usable for display appli-
cations which are required to realize a high-definition display.

1. A backlight unit comprising:

a light guiding plate; and

a diffusing sheet,
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the backlight unit causing light exiting through a light exit
plane thereof to backlight a liquid crystal display ele-
ment,

the light exiting through the light exit plane, having a half

width of not more than 44°.

2. The backlight unitas set forth in claim 1, wherein the half
width is not less than 20° and not more than 40°.

3. The backlight unit as set forth in claim 1, wherein the
diffusing sheet has a haze value of not more than 80%.

4. The backlight unit as set forth in claim 3, wherein the
diffusing sheet has a haze value of not less than 30% and not
more than 76%.

5. The backlight unit as set forth in claim 1, further com-
prising a prism sheet provided between the light guiding plate
and the diffusing sheet.

6. A liquid crystal display device comprising:

a liquid crystal display element; and

a backlight unit recited in claim 1,

the backlight unit being provided on a back side of the

liquid crystal display element.

7. The liquid crystal display device as set forth in claim 6,
further comprising a reflective polarizer film with a bright-
ness enhancement effect provided between the liquid crystal
display element and the backlight unit.

8. The liquid crystal display device as set forth in claim 6,
wherein:

the liquid crystal display element is a vertical alignment

mode liquid crystal display element; and

a liquid crystal layer included in the liquid crystal display

element is divided into a plurality of different alignment
regions in plan view.

9. The liquid crystal display device as set forth in claim 6,
wherein:

the liquid crystal display element is a vertical alignment

mode liquid crystal display element;

liquid crystal molecules are omnidirectionally aligned in

plan view in a liquid crystal layer included in the liquid
crystal display element; and

circularly polarizing plates are provided on both sides of

the liquid crystal layer.

10. The liquid crystal display device as set forth in claim 6,
wherein the liquid crystal display element is a twisted nem-
atic liquid crystal display element.
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