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BACKLIGHT UNIT AND LIQUID CRYSTAL
DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a backlight unit that
emits light to a liquid crystal display panel and a liquid crystal
display incorporating such a backlight unit.

BACKGROUND ART

[0002] Generally, in a display panel (liquid crystal display
panel) using liquid crystal, the liquid crystal itself emits no
light. Thus, a liquid crystal display incorporating a liquid
crystal display panel takes in sunlight or the like as external
light, and utilizes the external light to display various images
on theliquid crystal display panel. Then, keeping in mind that
it may be impossible to take in external light, it is preferable
that the liquid crystal display include a device (backlight unit)
which emits light to the liquid crystal.

[0003] As an example, a backlight unit 172 shown in FIGS.
30to 32 is taken [FIG. 31 is a plan view as seen from the back
surface of LEDs 111 shown in FIG. 30 (see arrow “b”); FIG.
32isaplanview as seen from the side surface of the LEDs 11
shown in FIG. 30 (see arrow “s”)]. In the backlight unit 172,
the LEDs 111 aligned on a FPC (flexible printed circuit)
board 131 emit light to a side surface of alight guide plate 121
(an incident surface 121s), and the light guide plate 121 mixes
the incident light and emits planar light from its top surface
1215,

[0004] However, in the light guide plate 121 of the back-
light unit 172, as shown in FIG. 33, portions (dark regions br)
which light from the LEDs 111 does not enter are produced
between the adjacent LEDs 111. Specifically, the dark regions
br and other regions (portions to which light from the LEDs
111 is emitted; light regions Ir) are produced in the light guide
plate 121.

[0005] The production of the dark regions br and the light
regions Ir within the light guide plate 121 causes variations in
brightness of light (backlight) from the backlight unit 172.
When the backlight having variations in brightness enters the
liquid crystal panel, an image displayed on the liquid crystal
display panel is affected by the variations in brightness, with
the result that the image quality of the liquid crystal display is
degraded.

[0006] To overcome the foregoing problem, various back-
light units for reducing the dark regions br are developed. An
example of them is a backlight unit 172 shown in FIGS. 34
and 35 and disclosed in patent document 1.

[0007] This backlight unit 172 has grooves 181 formed in
the incident surface 121s of the light guide plate 121, includes
lenses 182 that are accommodated in the grooves 181 and
emits light of the LEDs 111 to thelenses 182. In particular, the
lenses 182 in the backlight unit 172 contain a diffusion agent
that diffuses and emits the incident light.

[0008] Thus, the diffusion angle 0 of the light that is emitted
from the lenses 182 is relatively widely diffused, and the
depth a of the dark regions br is reduced. Consequently, the
area of the dark regions br is decreased, and variations in
brightness of backlight caused by the presence of the dark
regions br and the light regions Ir are reduced.
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[0009] Patentdocument 1: JP-A-2006-108606 (see FIGS. 2
and 6 and other figures).

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0010] Disadvantageously, however, in the backlight unit
172, the grooves 181 needs to be formed in the incident
surface 121s of the light guide plate 121. Moreover, the lenses
182 need to have such a size that they can be accommodated
in the grooves 181. For this reason, the configuration of the
backlight unit 172 is complicated, and the number of manu-
facturing processes is increased. Furthermore, since the
lenses 182 contain the diffusion agent, they are more likely to
be expensive, and this increases the cost of the backlight unit
172.

[0011] In view of the foregoing, the present invention is
designed. An object of the present invention is to provide a
backlight unit that has a simple configuration and that can
reduce variations in brightness of backlight and a liquid crys-
tal display incorporating such a backlight unit.

Means for Solving the Problem

[0012] A backlight unit includes: a light-emitting element
group including a plurality of light-emitting elements; and a
light guide plate having an incident surface which light from
the light-emitting elements enters. In the backlight unit, the
light-emitting element group includes a plurality of light-
emitting element rows having the light-emitting elements
aligned, and the plurality of light-emitting element rows are
aligned in a direction intersecting the incident surface of the
light guide plate.

[0013] In this case, for example, as compared with a light-
emitting element group including only one light-emitting
element row, since the number of light-emitting element rows
is large, the number of light-emitting elements is increased.
Moreover, since the light-emitting element rows in the light-
emitting element group are arranged in the direction inter-
secting the incident surface of the light guide plate, the degree
to which the light-emitting elements in the light-emitting
element group are brought close to each other is increased as
compared with the degree to which the light-emitting ele-
ments in the light-emitting element group including only one
light-emitting element row are brought close to each other.
Hence, the dark region produced between the light-emitting
elements is more likely to be small, and variations in bright-
ness of light (backlight) emitted from the backlight unit are
unlikely to occur.

[0014] Preferably, in particular, in the light-emitting ele-
ment rows aligned in the light-emitting element group,
between the light-emitting elements in one of the light-emit-
ting element rows, the light-emitting elements in another of
the light-emitting element rows emit light.

[0015] In this way, the light-emitting elements in the
another of the light-emitting element rows emit light to the
dark region produced between the light-emitting elements in
the one of the light-emitting element rows, and thus the dark
region is further reduced.

[0016] The number of the light-emitting elements in the
another of the light-emitting element rows that emit light
between the light-emitting elements in the one of the light-
emitting element rows may be one or more than one.

[0017] Preferably, when the above number is one, in the
light-emitting element rows aligned in the light-emitting ele-
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ment group, for example, a pitch between the light-emitting
elements in the one of the light-emitting element rows is equal
to a pitch between the light-emitting elements in the another
of the light-emitting element rows, and the first optical paths
of the light-emitting elements in the one of the light-emitting
element rows and the second optical paths of the light-emit-
ting elements in the another of the light-emitting element
rows are alternately aligned.

[0018] When the number of light-emitting elements in the
another of the light-emitting element rows that emit light
between the light-emitting elements in the one of the light-
emitting element rows is more than one, in the light-emitting
element rows aligned in the light-emitting element group, for
example, a pitch between the light-emitting elements in the
one of the light-emitting element rows is different from a
pitch between the light-emitting elements in the another of
the light-emitting element rows. Preferably, in the light-emit-
ting element group, the first optical paths of the light-emitting
elements in the one of the light-emitting element rows and the
second optical paths of the light-emitting elements in the
another of the light-emitting element rows are aligned and the
aligned optical paths include a portion where the optical paths
of the same type are successively aligned.

[0019] Inthebacklight unit, a board on which the one of the
light-emitting element rows is mounted and a board on which
the another of the light-emitting element rows is mounted
may be separate from each other. Preferably, the board on
which the one of the light-emitting element rows is mounted
faces the light-emitting surface of the light guide plate, and
the board on which the another of the light-emitting element
rows is mounted faces the non-light-emitting surface opposite
the light-emitting surface.

[0020] In the backlight unit, a continuous board unit may
include the board on which the one of the light-emitting
element rows is mounted and the board on which the another
of the light-emitting element rows is mounted. Preferably, the
board unit winds around the light-emitting surface of the light
guide plate and the non-light-emitting surface opposite the
light-emitting surface, and the board on which the one of the
light-emitting element rows is mounted faces the light-emit-
ting surface, and the board on which the another of the light-
emitting element rows is mounted faces the non-light-emit-
ting surface.

[0021] In the backlight unit, at least one of the one of the
light-emitting element rows and the another of the light-
emitting element rows may be formed by mixing and aligning
light-emitting elements mounted on separate boards. Prefer-
ably, one of the separate boards faces the light-emitting sur-
face of the light guide plate and the other of the separate
boards faces the non-light-emitting surface opposite the light-
emitting surface.

[0022] In the backlight unit, the light-emitting elements in
the light-emitting element group may be distributed on a
light-emitting-surface-side board facing the light-emitting
surface of the light guide plate and a non-light-emitting-
surface-side board facing the surface opposite the light-emit-
ting surface, and may be mounted in a row on each of the
boards. In the backlight unit, the light-emitting-surface-side
board and the non-light-emitting-surface-side board are
brought close to each other with the mounting surfaces
thereof opposite each other such that the light-emitting ele-
ments on the light-emitting-surface-side board and the light-
emitting elements on the non-light-emitting-surface-side
board are alternately arranged.
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[0023] 1Inthis backlight unit, the light-emitting elements on
the light-emitting-surface-side board and the light-emitting
elements on the non-light-emitting-surface-side board that
are alternately arranged are preferably disposed in a row.
However, no restrictions are imposed by this; the light-emit-
ting elements on the light-emitting-surface-side board and the
light-emitting elements on the non-light-emitting-surface-
side board that are alternately arranged may be disposed in a
zigzag pattern.

[0024] A continuous board unit may include the light-emit-
ting-surface-side board and the non-light-emitting-surface-
side board.

[0025] Moreover, according to another aspect of the present
invention, there is provided a liquid crystal display including
the above-described backlight unit and a liquid crystal display
panel receiving light emitted from the backlight unit.

Advantages of the Invention

[0026] With the backlight of the present invention, irre-
spective of its simple configuration in which a plurality of
light-emitting element rows are included in the light-emitting

group, it is possible to reduce variations in brightness of
backlight.

BRIEF DESCRIPTION OF DRAWINGS

[0027] [FIG. 1] An enlarged perspective view of an area in
the vicinity of LEDs and a FPC board shown in FIG. 29
(embodiment 1);

[0028] [FIG. 2] A plan view as seen from the back surface
of the LEDs shown in FIG. 1;

[0029] [FIG.3] A plan view as seen from the side surface of
the LEDs shown in FIG. 1;

[0030] [FIG. 4] A ray diagram showing the optical paths of
the LEDs in an LED group shown in FIG. 1;

[0031] [FIG. 5] A plan view showing how light emitted by
the LEDs in the LED group shown in FIG. 1 travels;

[0032] [FIG. 6] An enlarged perspective view of an area in
the vicinity of LEDs and a FPC board in the backlight unit of
embodiment 2;

[0033] [FIG. 7] A plan view as seen from the back surface
of the LEDs shown in FIG. 6;

[0034] [FIG. 8] A plan view as seen from the side surface of
the LEDs shown in FIG. 6;

[0035] [FIG. 9] A ray diagram showing the optical paths of
the LEDs in an LED group shown in FIG. 6;

[0036] [FIG.10] A planview showing how light emitted by
the LEDs in the LED group shown in FIG. 6 travels;

[0037] [FIG.11] An enlarged perspective view of an area in
the vicinity of LEDs and FPC boards in the backlight unit of
embodiment 3;

[0038] [FIG.12] A plan view as seen from the back surface
of the LEDs shown in FIG. 11;

[0039] [FIG. 13] A plan view as seen from the side surface
of the LEDs shown in FIG. 11;

[0040] [FIG. 14] An exploded perspective view of FIG. 11;
[0041] [FIG. 15] A ray diagram showing the optical paths
of the LEDs in an LED group shown in FIG. 11,

[0042] [FIG.16] A planview showing how light emitted by
the LEDs in the LED group shown in FIG. 11 travels;
[0043] [FIG.17] An enlarged perspective view of an area in
the vicinity of LEDs and FPC boards in the backlight unit of
embodiment 4;
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[0044] [FIG. 18] A plan view as seen from the back surface
of the LEDs shown in FIG. 17;

[0045] [FIG. 19] A plan view as seen from the side surface
of the LEDs shown in FIG. 17,

[0046] [FIG. 20] An exploded perspective view of FIG. 17,
[0047] [FIG. 21] A ray diagram showing the optical paths
of the LEDs in an LED group shown in FIG. 17,

[0048] [FIG.22] A planview showing how light emitted by
the LEDs in the LED group shown in FIG. 17 travels;
[0049] [FIG. 23] An enlarged perspective view of an area in
the vicinity of LEDs and FPC boards in the backlight unit of
embodiment 5;

[0050] [FIG. 24] A plan view as seen from the back surface
of the LEDs shown in FIG. 23;

[0051] [FIG. 25] A plan view as seen from the side surface
of the LEDs shown in FIG. 23;

[0052] [FIG. 26] An exploded perspective view of FIG. 23;
[0053] [FIG. 27] A ray diagram showing the optical paths
of the LEDs in an LED group shown in FIG. 23;

[0054] [FIG. 28] A plan view showing how light emitted by
the LEDs in the LED group shown in FIG. 23 travels;
[0055] [FIG. 29] An exploded perspective view of a liquid
crystal display;

[0056] [FIG.30] An enlarged perspective view of an area in
the vicinity of LEDs and a FPC board in a conventional
backlight unit;

[0057] [FIG. 31] A plan view as seen from the back surface
of the LEDs shown in FIG. 30;

[0058] [FIG. 32] A plan view as seen from the side surface
of the LEDs shown in FIG. 30;

[0059] [FIG. 33] A plan view showing how light emitted by
the LEDs shown in FIG. 30 travels;

[0060] [FIG.34] An enlarged perspective view of an area in
the vicinity of LEDs and a FPC board in a conventional
backlight unit different from that shown in FIG. 30; and
[0061] [FIG.35] Aplanview showing how light emitted by
the LEDs shown in FIG. 34 travels.

LIST OF REFERENCE SYMBOLS

GP LED group

11 LED (light-emitting element)

[0064] 12 LED row

[0065] 12a LED row (one light-emitting element row or
another light-emitting element row)

[0066] 125 LED row (one light-emitting element row or
another light-emitting element row)

[0067] 21 Light guide plate

[0068] 21a Bottom surface of the light guide plate (non-
light-emitting surface of the light guide plate)

[0069] 215 Top surface of the light guide plate (light-emit-
ting surface of the light guide plate)

[0070] 21s Side surface of the light guide plate (incident
surface of the light guide plate)

[0071] 31 FPC board (board)

[0072] 31aFPCboard (board facing the non-light-emitting
surface of the light guide plate)

[0073] 315 FPCboard (board facing the light-emitting sur-
face of the light guide plate)

[0074] La (Lal to La5) Pitch between LEDs

[0075] La (Lb1 to Lb5) Pitch between LEDs

[0076] BL Optical path of LEDs

[0077] BLa First optical path

[0078] BLb Second optical path

[0079] BLc Third optical path

[0062]
[0063]
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[0080] BLd Fourth optical path

[0081] D1 First direction (direction of LED row)

[0082] D2 Second direction (direction intersecting the inci-
dent surface of the light guide plate)

[0083] 71 Liquid crystal display panel

[0084] 72 Backlight unit

[0085] 79 Liquid crystal display

BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiment 1

[0086] Anembodiment will be described below with refer-
ence to the accompanying drawings. For convenience, com-
ponent symbols or the like may be omitted depending on the
drawing; in this case, reference is made to other drawings. A
black circle shown in the drawing represents a direction pet-
pendicular to the plane of the drawing.

[0087] FIG. 29 is an exploded perspective view of a liquid
crystal display 79. As shown in the figure, the liquid crystal
display 79 includes a liquid crystal display panel 71 and a
backlight unit 72.

[0088] The liquid crystal display panel 71 is a non-light-
emitting display panel, and receives light (backlight) from the
backlight unit 72 to perform a display function. Thus, if the
light from the backlight unit 72 can be evenly distributed over
the entire surface of the liquid crystal panel 71, the display
quality of the liquid crystal panel 71 is enhanced.

[0089] In order to generate backlight, the backlight unit 72
includes LEDs (light-emitting diode) 11, a light guide plate
21, a reflective sheet 61, a diffusion sheet 62, an optical sheet
63 and a bezel 64.

[0090] The LEDs (light-emitting element) 11 are a point
light source, and emit light to a side surface 21s of the light
guide plate 21. The LEDs 11 are mounted on a FPC (flexible
printed circuit) board 31 and thus receive the supply of cur-
rent. In order to acquire a larger amount of light, a plurality of
LEDs 11 are preferably used. (The arrangement of the LEDs
11 will be described in detail later.) For convenience, in the
drawing, some of the LEDs 11 are only shown.

[0091] The light guide plate 21 is a plate-like member hav-
ing side surfaces 21s and the bottom surface 21a and the top
surface 214 that are located to sandwich the side surfaces 21s.
One (an incident surface 21s) of the side surfaces 21s faces
(points to) the light-emitting surface of the LEDs 11 to receive
light from the LEDs 11. The received light is mixed within the
light guide plate 21, and planar light is emitted from the top
surface 21b.

[0092] The reflective sheet 61 is located to be covered by
the light guide plate 21. The surface thereof that faces the
bottom surface 21a of the light guide plate 21 is a reflective
surface. Thus, the reflective surface reflects the light from the
LEDs 11 and light passing through the light guide plate 21 to
return it to the light guide plate 21 without leakage.

[0093] The diffusion sheet 62 is located to cover the light
guide plate 21, and diffuses the planar light from the light
guide plate 21 to distribute it over the entire liquid crystal
display panel 71.

[0094] The optical sheet 63 is a lens sheet that has, for
example, a lens shape in a sheet surface and that has an
emission property to deflect light (focus light); the optical
sheet 63 is located to cover the diffusion sheet 62. Hence, the
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light emitted from the diffusion sheet 62 enters the optical
sheet 63 to converge, and this improves light-emission bright-
ness per unit area.

[0095] The bezel 64 is a box-like member and accommo-
dates the LEDs 11. the reflective sheet 61, the light guide plate
21, the diffusion sheet 62, the optical sheet 63 and the like. In
particular, the reflective sheet 61, the light guide plate 21, the
diffusion sheet 62 and the optical sheet 63 are sequentially
stacked on the bottom of the bezel 64 in this order. The
direction in which they are stacked in this way is hereinafter
referred to as a stacking direction P. (The stacking direction P
coincides with the thickness direction of the light guide plate
21.)

[0096] Here, the arrangement of the LEDs 11 will be
described in detail with reference to FIGS. 1 t0 5. FIG. 1 is an
enlarged perspective view of an area in the vicinity of the
LEDs 11 and the FPC board 31 (which is also hereinafter
represented by the reference numeral 31a) shown in F1G. 29.
FIG. 2 is a plan view as seen from the back surface of the
LEDs 11 shown in FIG. 1 (see arrow “B”); FIG. 3 is a plan
view as seen from the side surface of the LEDs 11 shown in
FIG. 1 (see arrow “S”).

[0097] As shown in these figures, on the FPC board 31, a
plurality of LEDs 11 are brought close to each other to foam
a group. (An LED group GP is formed.) Specifically, two
rows of LEDs [LED rows 12 (LED rows 12a and 124)]
arranged in one direction (called the first direction D1) are
brought together to form a group of LEDs 11.

[0098] A plurality of LEDs 11 are arranged in the longitu-
dinal direction of one side surface (the incident surface 21s)
of the light guide plate 21 to form the LED rows 12a and 125.
(In other words, the longitudinal direction of the incident
surface 215 coincides with the first direction D1.)

[0099] In the LED group GP, the two LED rows 12a and
124 are arranged in a direction (called the second direction
D2) that intersects the incident surface 21s, for example, in a
direction perpendicular to the incident surface 21s. (Specifi-
cally, the second direction D2 is also a direction that intersects
the first direction D1.) In this arrangement, the number of
LEDs 11 in front of the incident surface 21s of the light guide
plate 21 increases with the number of LED rows 12a and 124.

[0100] Generally, when a plurality of LEDs 11 are arranged
in anrow, the LEDs 11 can only be brought close to each other
until the space therebetween is equal to a given space due to
restrictions on the mounting performed on the FPC board 31.
Thus, itis impossible to bring the LEDs 11 in full contact with
each other and arrange them in one direction in order to
increase the number of LEDs 11 in front of the incident
surface 215 of the light guide plate 21.

[0101] However, the LED group GP includes the LED rows
124 and 126 in which the

[0102] LEDs 11 are located closest to each other to form
rows. Thus, the total number of LEDs 11 in the LED group GP
is increased. Consequently, it is possible for the backlight unit
72 to increase the amount of backlight (to increase the bright-
ness of the backlight).

[0103] Moreover, since the LED row 12a and the LED row
126 are arranged in the direction that intersects the incident
surface 215 of the light guide plate 21, the degree to which the
LEDs 11 in the LED group GP are brought close to each other
is increased as compared with the degree to which LEDs in an
LED group including only one LED row are brought close to
each other. Hence, the dark region produced between the
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LEDs 11 is more likely to be small, and variations in bright-
ness of backlight are unlikely to occur.

[0104] Inparticular, in the backlightunit 72, as shown in the
ray diagram of FI1G. 4, apitch Lal between the LEDs 11 in the
LED row 124 is equal to a pitch Lbl between the LEDs 11 in
the LED row 125. (Lal=Lb1.) The optical paths (the first
optical paths BLa) of the LEDs 11 in the LED row 124 and the
optical paths (the second optical paths BLb) of the LEDs 11 in
the LED row 125 are alternately arranged in the first direction
DL

[0105] In this case, in the two LED rows 12a and 125, one
LED 11 in the LED row 125 apart from the incident surface
21s of the light guide plate 21 emits light between the LEDs
11 in the LED row 12a close to the incident surface 215 ofthe
light guide plate 21.

[0106] Thus, as shown in FIG. 5 (a plan view showing light
emitted from the LEDs 11), the dark regions produced
between the LEDs 11 in the LED row 12a are eliminated. This
is because the regions between the LEDs 11 in the LED row
12a are illuminated by the LEDs 11 in the LED row 125 such
that they become the light regions LR.

[0107] Hence, in the backlight unit 72, the two types of
regions, namely, the dark region and the light region are not
produced on the incident surface 21s of the light guide plate
21; the one type of region, the light region LR, is only pro-
duced. Thus, variations in brightness caused by the presence
of the two types of regions, namely, the dark region and the
light region, are not produced.

Embodiment 2

[0108] Embodiment 2 will be described. Components hav-
ing the same function as those used in embodiment 1 are
identified with common symbols, and their description will
not be repeated.

[0109] In embodiment 1, the backlight unit 72, where, in
the two LED rows 12q and 125, one LED 11 in the LED row
125 emits light between the LEDs 11 in the LED row 124 is
described by way of example. However, no restrictions are
imposed by this.

[0110] For example, as shown in FIGS. 6 to 10 (FIGS. 6 to
10 are similar in expression to FIGS. 1 to 5.), there may be
provided a backlight unit 72 in which two LEDs 11 in the
LED row 125 emit light between LEDs 11 in the LED row
12a.

[0111] Specifically, a pitch La2 between the LEDs 11 in the
LED row 12a is different from a pitch Lb2 between the LEDs
11 in the LED row 125. (La2>Lb2.); the first optical paths
BLa of the LEDs 11 in the LED row 12a and the second
optical paths BLb of the LEDs 11 in the LED row 125 are
arranged in the first direction D1. The arranged optical paths
include portions in which the optical paths of the same type
(the second optical path BLb) are successively aligned (see
FIG. 9).

[0112] Even in such a backlight unit 72, since the two LED
rows 12a and 125 arranged in the direction (the second direc-
tion D2) that intersects the incident surface 21s are included
in the LED group GP, the total number of LEDs 11 is
increased. Thus, in the backlight unit 72, the brightness of
backlight is enhanced.

[0113] Inthe backlight unit 72 incorporating the two LED
rows 12q and 12, the dark region BR produced between the
LEDs 11 inthe LED row 12a is reduced as compared with the
dark region produced between LEDs in abacklight unit incor-
porating only one LED row (see FIG. 10). Hence, variations
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in brightness caused by the presence of the two types of
regions, namely, the dark region BR and the light region LR,
are reduced.

Embodiment 3

[0114] Embodiment 3 will be described. Components hav-
ing the same function as those used in embodiment 1 are
identified with common symbols, and their description will
not be repeated.

[0115] Inthe backlight unit 72 of embodiments 1 and 2, on
the FPC board 31 facing only the bottom surface 21a (the
non-light-emitting surface 21a) of the light guide plate 21, the
LED group GP is mounted. However, no restrictions are
imposed by this. For example, as shown in FIGS. 11 t0 16, on
FPC boards 31a and 11/ facing the bottom surface 21a and
the top surface 215 (the light-emitting surface 215) of the
light guide plate 21, the LEDs 11 in the LED group GP may
be mounted in a distributed manner.

[0116] A backlight unit 72 in which, on the FPC board
(non-light-emitting-surface-side FPC board) 31a facing the
bottom surface 21a of the light guide plate 21 and the FPC
board (light-emitting-surface-side FPC board) 315 facing the
top surface 215, the LED row 12a and the LED row 125 in the
LED group GP are respectively mounted will be described
below.

[0117] FIGS. 11 to 13 are similar in expression to FIGS. 1
to 3. In FIG. 11, LEDs 11 mounted on the FPC board 31q are
represented by dashed-dotted lines, and LEDs 11 mounted on
the FPC board 315 are represented by dashed-two dotted
lines.

[0118] FIG. 14 is an exploded perspective view of FIG. 11.
Dotted-line arrows shown in FIG. 14 represent, when the two
FPC boards 31a and 315 are brought close to each other, the
movement paths of the LEDs 11 on the FPC board 315. FIGS.
15 and 16 are similar in expression to FIGS. 4 and 5. (For
convenience, in FIGS. 15 and 16, the FPC board 315 is
omitted.)

[0119] As shown in FIGS. 11 to 14, especially FIG. 14, the
LED row 12a is mounted on the FPC board 31a facing (point-
ing to) the bottom surface 214 of the light guide plate 21. On
the other hand, the LED row 125 is mounted on the FPC board
315 facing the top surface 215 of the light guide plate 21.
When the FPC board 31a and the FPC board 314 approach
each other so as to sandwich the light guide plate 21, the LED
row 12a and the LED row 124 are arranged in the direction
(the second direction) that intersects the incident surface 21s
(see FIG. 11).

[0120] As shown in FIG. 15, a pitch La3 between the LEDs
11 in the LED row 12a is equal to a pitch Lb3 between the
LEDs 11 in the LED row 12&. (La3=Lb3.); the first optical
paths BLa of the LEDs 11 in the LED row 12« and the second
optical paths BLb of the LEDs 11 in the LED row 125 are
alternately arranged in the first direction D1, as in embodi-
ment 1.

[0121] However, the space S1 between the first optical path
BLa and the second optical path BLb in embodiment 1 (see
FIG. 4) is different from the space S3 between the first optical
path BLa and the second optical path BLb in embodiment 3.
The space T1 between the LED row 12a and the LED row 125
in embodiment 1 (see FIG. 4) is also different from the space
T3 between the LED row 12a and the LED row 125 in
embodiment 3.

[0122] Inthe backlight unit 72 of embodiment 1, priority is
given to producing no dark regions on the incident surface 21s
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of the light guide plate 21, and the space T1 and the space S3
are set accordingly. Since, in this setting, the space T1 is
relatively large, it is possible to mount the LED row 12a and
the LED row 1256 on only the FPC board 31a facing the
bottom surface 21a of the light guide plate 21. This mounting,
however, causes the space T1 to become relatively large, and
thus the depth of the FPC board 31 is extended, with the result
that the size of the backlight unit 72 is increased.

[0123] On the other hand, in the backlight unit 72 of
embodiment 3, even if some dark region BR is produced on
the incident surface 21s of the light guide plate 21, priority is
given to reducing thesize of the backlight unit 72, and thus the
space T3 and the space S3 are set accordingly. Since, in this
setting, the space T3 is relatively small, it is impossible to
mount the LED row 12a and the LED row 125 on only the
FPC board 31a facing the bottom surface 21a of the light
guide plate 21. _Hence, the LED row 12a and LED row 125
are mounted on the two FPC boards 31a and 315, respec-
tively.

[0124] Even in the backlight unit 72 of embodiment 3, the
dark region BR produced between the LEDs 11 in the LED
row 12a is reduced as compared with the dark region pro-
duced between LEDs in a backlight unit incorporating only
one LED row (see FIG. 16). Thus, variations in brightness
caused by the presence of the two types of regions, namely,
the dark region BR and the light region LR, are reduced.

[0125] There are two methods: one method is to mount, as
in embodiment 1, the LED rows 12a and 125 on only the FPC
board 31 facing the bottom surface 21a of the light guide plate
21 (or one method is to mount the two LED rows on only the
FPC board facing the top surface 214 of the light guide plate
21); and the other method is to respectively mount, as in
embodiment 3, the LED rows 12a and 125 on the FPC board
31a facing the bottom surface 21a of the light guide plate 21
and the FPC board 315 facing the top surface 214. This
increases the number of choices (flexibility) for the mounting
corresponding to the desired design (with priority given to,
for example, reducing variations in brightness or achieving
size reduction) of the backlight unit 72.

[0126] Generally, when, as in embodiment 1, the LED row
12a and the LED row 12 are arranged in the second direction
D2 of the FPC board 31 facing the bottom surface 21a of the
light guide plate 21 (or when the two LED rows are mounted
in the second direction D2 of the FPC board 215 facing the top
surface 216 of the light guide plate 21), the LED rows 12a¢ and
125 can only approach each other until the space therebe-
tween is equal to a given space due to restrictions on the
mounting.

[0127] However, when, as in embodiment 3, the LED row
12a and the LED row 12b are respectively mounted on the
FPC board 31a facing the bottom surface 21a of the light
guide plate 21 and the FPC board 315 facing the top surface
215 of the light guide plate 21, the space between the LED
row 12g and the LED row 1256 when they approaches each
other is not affected by the mounting. Thus, it is possible to
relatively reduce the space T3 between the LED row 12a and
the LED row 124 in embodiment 3. (When embodiment 3 is
compared with embodiment 1, T3<T1; see FIGS. 4 and 15.)
[0128] In the above description, the backlight unit 72
including the FPC board 31« facing the bottom surface 21a of
the light guide plate 21 and the FPC board 315 facing the top
surface 215 of the light guide plate 21 is discussed by way of
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example. However, no restrictions are imposed by the case
where the FPC board 31a and the FPC board 315 are separate
from each other.

[0129] In other words, the FPC board 31a may be continu-
ous with the FPC board 315. Such a unit in which the FPC
board 31« is continuous and integrated with the FPC board
3154 is referred to as a FPC board unit (board unit).

[0130] The FPC board unit winds around the bottom sur-
face 21a and the top surface 215 of the light guide plate 21 (In
order to sandwich the bottom surface 21a and the top surface
215 of the light guide plate 21, the FPC board unit has por-
tions that are flexible to be bent), and thus the mounting
surface of the FPC board 31a faces the bottom surface 21a
and the mounting surface of the FPC board 315 faces the top
surface 216b.

Embodiment 4

[0131] Embodiment 4 will be described. Components hav-
ing the same function as those used in embodiments 1 to 3 are
identified with common symbols, and their description will
not be repeated.

[0132] In the backlight unit 72 of embodiment 3, the LED
rows 12a and 125 are mounted on the FPC board 31a and the
FPC board 315, respectively. However, no restrictions are
imposed by this. Specifically, when the LEDs 11 are distrib-
uted and mounted on the FPC board 314 and the FPC board
315, itis unnecessary to arrange the LEDs 11 in a row on each
of the FPC boards 31a and 315.

[0133] A backlight unit 72 in which LEDs 11 mounted on
the separate boards (the FPC boards 31¢ and 315) are mixed
and aligned to form the LED row 125 will be described below
with reference to FIGS. 17 to 22. FIGS. 17 to 22 are similar in
expression to FIGS. 11 to 16.

[0134] As shown in FIGS. 17 to 20, especially FIG. 20, the
LED row 12a is mounted on the FPC board 31a. On the FPC
board 31a, a plurality of LEDs 11 are aligned in a location
farther away from the incident surface 21s of the light guide
plate 21 than the LED row 12a.

[0135] The aligned LEDs 11 are part of the LED row 125
and are referred to as a partial LED row 12ba. (Specifically,
on the FPC board 314, the LED row 124 and the partial LED
row 12ba are arranged in the second direction D2.) On the
other hand, a plurality of LEDs 11, other than the partial LED
row 12ba, that constitute the LED row 125 are mounted on the
FPC board 315 and are referred to as a partial LED row 1265.
[0136] When the FPC board 31« and the FPC board 315
approach each other so as to sandwich the light guide plate 21,
the LEDs 11 in the partial LED row 12ba on the FPC board
31aengage with the LEDs 11 in the partial LED row 1255 on
the FPC board 315 (in other words, the LEDs 11 in the partial
LED row 12ba and the LEDs 11 in the partial LED row 12bb
are alternatively arranged), with the result that the LED row
124, which is arranged in a row, is completed.

[0137] Consequently, in front of the incident surface 21s of
the light guide plate 21, the LED row 12a is located, and,
behind the LED row 124 (on the side farther away from the
incident surface 21s), the LED row 125 is located. That is, the
LED row 12a¢ and the LED row 12b are arranged in the
direction (the second direction D2) that intersects the incident
surface 215 of the light guide plate 21.

[0138] AsshowninFIG. 21, in the backlight unit 72 includ-
ing these LED rows 12a and 12, as in embodiment 2, a pitch
Lad4 between the LEDs 11 in the LED row 124 is different
from a pitch Lb4 between the LEDs 11 in the LED row 125.
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(Lad4>1bd.). The first optical paths BLa of the LEDs 11 in the
LED row 12a and the second optical paths BLb of the LEDs
11 in the LED row 125 are arranged in the first direction D1,
the arranged optical paths include portions in which the opti-
cal paths of the same type (the second optical path BLb) are
successively aligned.

[0139] Thepitch Lb4 in the LED row 126 in embodiment 4
is different from the pitch Lb2 in the LED row 1256 in embodi-
ment 2. (Lb4<b2; see FIGS. 21 and 9.)

[0140] Generally, when a plurality of LEDs 11 are arranged
in an row, due to restrictions on the mounting performed on
the FPC board 31, the LEDs 11 can only be brought close to
each other until the space therebetween is equal to a given
space. However, the LEDs 11 in the LED row 125 are distrib-
uted and mounted on the FPC board 314 and the FPC board
315

[0141] Thus, even if the space between the LEDs 11 on
each of the FPCboards 31a and 315 is wide due to restrictions
on the mounting, the space between the LEDs 11 in the LED
row 125 is unaffected by the mounting and is thus narrow.
Hence, in embodiment 4, the pitch Lb4 in the LED row 125 1s
relatively narrow. Since, as shown in FIGS. 21 and 22, the
pitch Lb4 is relatively narrow, the dark regions caused by the
relatively wide pitch Lb2 in embodiment 2 are eliminated (see
FIG. 10).

[0142] When the pitch La4 between the LEDs 11 in the
LED row 12a is set according to the relatively narrow pitch
Lbd, the space S4 between the first optical path BLa of the
LED 11 in the LED row 124 and the second optical path BLb
ofthe LED 11 in the LED row 125 becomes relatively narrow
(for example, S4<S2; see FIGS. 21 and 9). Thus, in front of
the incident surface 21s of the light guide plate 21, the LED
group GP including a relatively large number of LEDs 11 is
located, with the result that the brightness of the backlight
unit 72 is enhanced.

[0143] Specifically, when the LEDs 11 mounted on the
separate boards (the FPC boards 31a and 315) are mixed and
aligned to form the LED row 125, itis possible to significantly
reduce the pitch Lbd4 in the LED row 124. This increases the
number of choices for the mounting corresponding to the
desired design of the backlight unit 72. Since the pitch Lb4 is
significantly reduced, the number of LEDs 11 is more likely
to be increased, and the brightness of the backlight unit 72 is
enhanced accordingly.

[0144] In the above description, the backlight unit 72
including the FPC board 31« facing the bottom surface 21a of
the light guide plate 21 and the FPC board 315 facing the top
surface 215 of the light guide plate 21 is discussed by way of
example. However, no restrictions are imposed by the case
where the FPC board 31a and the FPC board 315 are separate
from each other. In other words, a FPC board unit in which the
FPC board 31a is continuous with the FPC board 315 may be
used.

Embodiment 5

[0145] Embodiment 5 will be described. Components hav-
ing the same function as those used in embodiments 1 to 4 are
identified with common symbols, and their description will
not be repeated.

[0146] In the backlight unit 72 of embodiments 1 to 4, the
LED group GP includes the two LED rows 12a and 125.
However, it is not always necessary for the LED group GP to
include the two LED rows 12a and 125. This is because, even
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with a backlight unit 72 including only one LED row, it is
possible to reduce variations in brightness and achieve size
reduction.

[0147] Such a backlight unit 72 will be described with
reference to FIGS. 23 to 28. FIGS. 23 to 28 are similar in
expression to FIGS. 11 to 16.

[0148] As shown in FIGS. 23 to 26, especially FIG. 26, the
LEDs 11 included in the LED group GP are distributed on the
FPC board 31a facing the bottom surface 21a of the light
guide plate 21 and the FPC board 315 facing the top surface
215, and are mounted in a row on each of the FPC boards 31a
and 315 [a pitch La5 between the LEDs 11 arranged in a row
on the FPC board 31a is equal to a pitch Lb5 between the
LEDs 11 arranged in a row on the FPC board 315.
(La5=Lb5.)]

[0149] The FPC board 31a and the FPC board 315 are
brought close to each other with their mounting surfaces
opposite each other, and thus the LEDs 11 arranged in a row
on the FPC board 31a and the LEDs 11 arranged in a row on
the FPC board 315 are alternately arranged [the optical paths
(the third optical path BLc) of the LEDs 11 on the FPC board
31a and the optical paths (the fourth optical path BLd) of the
LEDs 11 on the FPC board 315 are alternately aligned; see
FIG. 27]

[0150] In particular, as shown in FI1G. 23, the LEDs 11 on
the FPCboard 31a and the LEDs 11 on the FPC board 315 are
alternately arranged in the first direction in a row.

[0151] As described in embodiment 4, generally, when a
plurality of LEDs 11 are arranged in an row, due to restric-
tions on the mounting performed on the FPC board 31, the
LEDs 11 can only be brought close to each other until the
space therebetween is equal to a given space. However, in this
embodiment, the LED group GP is linear, and the LEDs 11 in
the linear LED group GP are distributed and mounted on the
FPC board 31a and the FPC board 315.

[0152] Thus, even when the space between the LEDs 11 on
each of the FPCboards 31a and 315 is wide due to restrictions
on the mounting, if a plurality of LEDs 11 on the FPC board
31aengage with a plurality of LEDs 11 on the FPC board 315
to form the linear LED group GP, the space between the LEDs
11 in the LED group GP is unaffected by the mounting and is
thus narrow.

[0153] Hence, in such a backlight unit 72, the space
between the LEDs 11 in the LED group GP is significantly
narrow, and the total number of LEDs 11 is increased. Thus,
the brightness of backlight in the backlight unit 72 is
enhanced.

[0154] In the backlight unit 72 incorporating the LED
group GP in which the LEDs 11 are very closely arranged in
arow, the dark regions BR produced between the LEDs 11 are
naturally reduced (see FIG. 28). Thus, variations in bright-
ness caused by the presence of the two types of regions,
namely, the dark region BR and the light region LR, are
reduced.

[0155] Inthe above description, as in embodiments 3 and 4,
the backlight unit 72 including the FPC board 314 facing the
bottom surface 21a of the light guide plate 21 and the FPC
board 315 facing the top surface 215 of the light guide plate 21
is discussed by way of example. However, no restrictions are
imposed by the case where the FPC board 31a and the FPC
board 315 are separate from each other. In other words, a
board unit in which the FPC board 31a is continuous with the
FPC board 315 may be used.
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[0156] A backlight unit 72 in which the LEDs 11 on the
FPCboard 31a and the LEDs 11 on the FPCboard 315 that are
alternately arranged are disposed not in a row but in a zigzag
pattern is said to be similar to the backlight unit 72 of embodi-
ment 3.

Other Embodiments

[0157] The present invention is not limited to the embodi-
ments described above; many modifications are possible
without departing from the spirit of the invention.

[0158] Forexample, in the backlight unit 72 of embodiment
4, the LEDs 11 mounted on the FPC board 31« and the FPC
board 315 are mixed and aligned to form the LED row 125
(see FIG. 17).

[0159] However, no restrictions are imposed by this. For
example, the LEDs 11 mounted on the FPC board 314 and the
FPC board 315 may be mixed and aligned to form the LED
row 12a or to form both the LED row 124 and the LED row
125.

[0160] In other words, at least one of the LED row 12a and
the LED row 125 is preferably formed by mixing and aligning
the LEDs 11 mounted on the separate boards (the FPC boards
31a and 315).

[0161] In the backlight unit 72 of embodiment 4, the LED
row 126 formed by mixing and aligning the LEDs 11
mounted on the FPC board 31a and the FPC board 315 is
included, the second optical paths BLb of the LEDs 11 in the
LED row 125 and the first optical paths BLa of the LEDs 11
in the LED row 12a are aligned and the aligned optical paths
include portions in which the optical paths of the same type
(the second optical path BLb) are successively aligned (see
FIG. 21).

[0162] However, no restrictions are imposed by this. For
example, the backlight unit 72 may be used in which at least
one of the LED row 124 and the LED row 125 is formed by
mixing and aligning the LEDs 11 mounted on the FPC board
31a and the FPC board 315, and the pitch La between the
LEDs 11 in the LED row 124 is equal to the pitch Lb between
the LEDs 11 in the LED row 125 and thus the first optical
paths BLa ofthe LEDs 11 in the LED row 12¢ and the second
optical paths BLb of the LEDs 11 in the LED row 125 may be
alternately aligned.

[0163] The point is that, irrespective of whether the LEDs
11 included in the LED rows 124 and 124 in the LED group
GP are mounted on a single FPC board 31 or on a plurality of
FPC boards 31, the first optical paths BLa of the LEDs 11 in
the LED row 12a and the second optical paths BLb of the
LEDs 11 in the LED row 125 may be alternately aligned.
[0164] Naturally, irrespective of whether the LEDs 11
included in the LED rows 12q and 125 in the LED group GP
are mounted on a single FPC board 31 oron a plurality of FPC
boards 31, the following configuration may be employed: the
pitch La between the LEDs 11 in the LED row 124 is different
from the pitch Lb between the LEDs 11 inthe LED row 124,
the first optical paths BLa ofthe LEDs 11 in the LED row 12a
and the second optical paths BLb of the LEDs 11 in the LED
row 125 are aligned and the aligned optical paths include
portions in which the optical paths of the same type (for
example, the second optical path BLb) are successively
aligned.

[0165] In the above description, when a plurality of LED
rows 12 are included in the LED group GP, the examples in
which the two LED rows 12 (12a and 125) are employed are
discussed. However, no restrictions are imposed by these
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examples. For example, three or more LED rows 12 may be
included in the LED group GP.

[0166] The direction in which the LEDs 11 emit light is not
limited to a direction perpendicular to the incident surface 21s
of the light guide plate 21; it may be inclined to the incident
surface 21s. For example, only the LEDs 11 located in the
vicinity of the ends of the LED row 12a may be inclined not
in the direction perpendicular to the incident surface 21s but
may be inclined to face the center of the light guide plate 21.
This is because the amount of light leaking from the side
surfaces of the light guide plate 21 other than the incident
surface 215 is reduced in this way.

1. A backlight unit that comprises: a light-emitting element
group including a plurality of light-emitting elements; and a
light guide plate having an incident surface which light from
the light-emitting elements enters,

wherein the light-emitting element group includes a plu-

rality of light-emitting element rows having the light-
emitting elements aligned, and the plurality of light-
emitting element rows are aligned in a direction
intersecting the incident surface of the light guide plate.
2. The backlight unit of claim 1,
wherein, in the aligned light-emitting element rows,
between the light-emitting elements in one of the light-
emitting element rows, the light-emitting elements in
another of the light-emitting element rows emit light.

3. The backlight unit of claim 2,

wherein a number of the light-emitting elements in the

another of the light-emitting element rows that emit light
between the light-emitting elements in the one of the
light-emitting element rows is one.

4. The backlight unit of claim 3,

wherein, in the aligned light-emitting element rows, a pitch

between the light-emitting elements in the one of the
light-emitting element rows is equal to a pitch between
the light-emitting elements in the another of the light-
emitting element rows, and first optical paths of the
light-emitting elements in the one of the light-emitting
element rows and second optical paths of the light-emit-
ting elements in the another of the light-emitting ele-
ment rows are alternately aligned.

5. The backlight unit of claim 2,

wherein a number of the light-emitting elements in the

another of the light-emitting element rows that emit light
between the light-emitting elements in the one of the
light-emitting element rows is more than one.

6. The backlight unit of claim 5,

wherein, in the aligned light-emitting element rows, a pitch

between the light-emitting elements in the one of the
light-emitting element rows is different from a pitch
between the light-emitting elements in the another of the
light-emitting element rows, first optical paths of the
light-emitting elements in the one of the light-emitting
element rows and second optical paths of the light-emit-
ting elements in the another of the light-emitting ele-
ment rows are aligned and the aligned optical paths
include a portion where the optical paths of a same type
are successively aligned.

7. The backlight unit of claim 2,

wherein a board on which the one of the light-emitting

element rows is mounted and a board on which the
another of the light-emitting element rows is mounted
are separate from each other.
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8. The backlight unit of claim 7,

wherein the board on which the one of the light-emitting
element rows is mounted faces a light-emitting surface
of the light guide plate, and the board on which the
another of the light-emitting element rows is mounted
faces a non-light-emitting surface opposite the light-
emitting surface.

9. The backlight unit of claim 2,

wherein a continuous board unit includes a board on which

the one of the light-emitting element rows is mounted
and a board on which the another of the light-emitting
element rows is mounted.

10. The backlight unit of claim 9,

wherein the board unit winds around a light-emitting sur-

face of the light guide plate and a non-light-emitting
surface opposite the light-emitting surface, and the
board on which the one of the light-emitting element
rows is mounted faces the light-emitting surface, and the
board on which the another of the light-emitting element
rows is mounted faces the non-light-emitting surface.

11. The backlight unit of claim 2,

wherein at least one of the one of the light-emitting element

rows and the another of the light-emitting element rows
is foamed by mixing and aligning light-emitting ele-
ments mounted on separate boards.

12. The backlight unit of claim 11,

wherein one of the separate boards faces a light-emitting

surface of the light guide plate and the other of the
separate boards faces a non-light-emitting surface oppo-
site the light-emitting surface.

13. A backlight unit that comprises: a light-emitting ele-
ment group including a plurality of light-emitting elements;
and a light guide plate having an incident surface which light
from the light-emitting elements enters,

wherein the light-emitting elements in the light-emitting

element group are distributed on a light-emitting-sur-
face-side board facing a light-emitting surface of the
light guide plate and a non-light-emitting-surface-side
board facing a surface opposite the light-emitting sur-
face, and are mounted in arow on each ofthe boards, and
the light-emitting-surface-side board and the non-light-
emitting-surface-side board are brought close to each
other with mounting surfaces thereof opposite each
other such that the light-emitting elements on the light-
emitting-surface-side board and the light-emitting ele-
ments on the non-light-emitting-surface-side board are
alternately arranged.

14. The backlight unit of claim 13,

wherein the light-emitting elements on the light-emitting-

surface-side board and the light-emitting elements on
the non-light-emitting-surface-side board that are alter-
nately arranged are disposed in a row.

15. The backlight unit of claim 13,

wherein a continuous board unit includes the light-emit-

ting-surface-side board and the non-light-emitting-sur-
face-side board.

16. A liquid crystal display comprising:

the backlight unit of claim 1; and

a liquid crystal display panel receiving light emitted from

the backlight unit.



LR EH(F)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI& B A

EHA

IPCH %S
CPCH(S
£ AR
ShEReEEE

E)

BREANERE RS

US20100182539A1

US12/601888

RLFHK
MIWABE

RLFH
MIWARE

EEKRA 4

OHYAMA CHIAKI
MIWA MASASHI

OHYAMA, CHIAKI
MIWA, MASASHI

GO02F1/1335 F21V7/04
G02B6/0068 G02B6/0073 G02B6/0091
2007150146 2007-06-06 JP

Espacenet USPTO

LED4A (GP ) FMIZALED (1) ABES XK (21) WASERE
(21s) W EAE L , WERLEDTT ( 12afl12b ) o XFNLEDTT
(12af12b ) FEESAHRE (21s ) BRWAEE L,

121b

patsnap

br

br


https://share-analytics.zhihuiya.com/view/16da94a3-a92d-4a46-93ba-72d8bc949636
https://worldwide.espacenet.com/patent/search/family/040093395/publication/US2010182539A1?q=US2010182539A1
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=%2220100182539%22.PGNR.&OS=DN/20100182539&RS=DN/20100182539

