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DESCRIPTION

TITLE OF INVENTION

Backlight Unit
TECHNICAL FIELD

The present invention relates to backlight units.

BACKGROUND ART

A liquid crystal display device is provided in efl®nic devices such as mobile
phone devices, digital cameras, portable game mashcar navigation systems,
personal computers, and flat-screen televisionsliqudd crystal display device is a
display device without a self light-emitting furmti, and is thus used together with a
backlight system that emits light from a back scefa As the backlight system, an
edge light type backlight having a light sourcevidled at an edge portion of a light
guide plate, and a directly-below type backlightihg a light source provided directly
below a display screen are used. The edge ligletiyacklight is a system where light
incident from the edge portion of the light guidate is diffused to be uniform in a
display area by the light guide plate and exitenflane main surface. Such an edge
light type backlight includes a reflection sheehilaated on the other main surface side
of the light guide plate, a diffusion sheet lam@thon the one main surface side
serving as an exit surface, and two prism sheedasiged on the diffusion sheet.

In recent years, there has been an increasingrdefoathinner liquid crystal
display devices, with various proposals being nfadeeducing the thickness of the
edge light type backlight unit.

For example, a backlight described in JapanesmPhaying-Open No. 2006-
331958 includes a light guide plate, a plurality_&bD light sources arranged to face a
light incident side surface of the light guide plaa diffusion sheet arranged on an
upper surface of the light guide plate, and a pskeet arranged on an upper surface of
the diffusion sheet. The prism sheet includesuaapty of prisms having a ridge line

in a direction parallel to the light incident sisierface.
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CITATION LIST

PATENT DOCUMENT

PTD 1. Japanese Patent Laying-Open No. 2006-331958
SUMMARY OF INVENTION

TECHNICAL PROBLEM

The backlight described in Japanese Patent La@en No. 2006-331958 has
the diffusion sheet provided on the upper surfddbelight guide plate, and does not
have a sufficiently reduced thickness.

The present invention was made in view of the lemols as described above,
and an object of the present invention is to prexddacklight unit having a reduced
thickness.

SOLUTION TO PROBLEM

A backlight unit according to the present inventiocludes a light source
capable of emitting light, and a light guide bodgluding a peripheral surface on
which the light from the light source is incideatfirst main surface provided to be
connected with the peripheral surface, and a seotid surface facing the first main
surface with the peripheral surface interposecethetveen.

The light guide body includes a reflection surfaapable of reflecting the light
that has entered from the peripheral surface totv@decond main surface, and a lens
formed on the second main surface capable of camigthe light reflected by the
reflection surface and emitting the light to ouésid

Preferably, the peripheral surface includes ament surface on which the
light from the light source is incident and whichsha first end portion and a second
end portion, a first side surface provided to bensxted with the first end portion of
the incident surface, a second side surface prdumée connected with the second
end portion of the incident surface, and an enthsarpositioned opposite to the
incident surface. The reflection surface includgdurality of unit reflection surfaces
spaced apart from one another in a direction flieenrcident surface toward the end

surface.
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Preferably, the unit reflection surfaces are faitrteeextend in a direction from
the first side surface toward the second side serfa

Preferably, the unit reflection surfaces are ageahsuch that spaces between
the unit reflection surfaces are reduced in theation from the incident surface toward
the end surface.

Preferably, the first main surface is providedwatgroove, and the unit
reflection surface is a surface of an inner surf#dbe groove facing the incident
surface. Preferably, the first main surface is/jgted with an opening of the groove,
and the inner surface of the groove includes aboturface facing the opening, the
unit reflection surface connected with the bottanface and facing the incident
surface, and an inner side surface connected hétlhdttom surface and facing the unit
reflection surface. The inner surface of the geosvformed such that the distance
between the unit reflection surface and the initr surface is increased from the
bottom surface toward the opening.

Preferably, the first main surface is providedwatplurality of convex portions
projecting from the first main surface, and thet weilection surface is a surface of
surfaces of the convex portion facing the incidanface. Preferably, the convex
portions are arranged in the direction from thedeot surface toward the end surface,
and the plurality of convex portions are formedbsti@at an angle between the unit
reflection surface and an imaginary plane throinghfirst main surface is increased in
the direction from the incident surface toward ¢ne surface.

Preferably, the peripheral surface includes ament surface on which the
light from the light source is incident and whichsha first end portion and a second
end portion, a first side surface provided to benszted with the first end portion of
the incident surface, a second side surface prdumée connected with the second
end portion of the incident surface, and an enthsarpositioned opposite to the
incident surface. The lens includes a pluralityoit lenses arranged in the direction
from the first side surface toward the second sidéace.
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Preferably, the unit lenses are formed to exteowh fthe incident surface to the
end surface. Preferably, the peripheral surfackides an incident surface on which
the light from the light source is incident and @hhas a first end portion and a second
end portion, a first side surface provided to benszted with the first end portion of
the incident surface, a second side surface prdumée connected with the second
end portion of the incident surface, and an enthsarpositioned opposite to the
incident surface. The first main surface is inetiraway from the second main
surface in the direction from the incident surfem&ard the end surface.

Preferably, the backlight unit further includesefiection sheet arranged on the
first main surface, and a prism sheet arrangedhesécond main surface. The prism
sheet includes a plurality of prisms extendinghi& direction from the incident surface
toward the end surface.

Preferably, the backlight unit further includesefiection sheet arranged on the
second main surface, and a prism sheet arrangttedinst main surface. The prism
sheet includes a plurality of prisms extendinghi& direction from the incident surface
toward the end surface.

ADVANTAGEOUS EFFECTS OF INVENTION

According to the backlight unit of the presentantion, the thickness of the
backlight unit can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is an exploded perspective view showinigjaid crystal display device
equipped with a backlight unit according to thisbemiment.

Fig. 2 is an exploded perspective view of a batklunit 3.

Fig. 3 is a perspective view showing a light gytkgte 10.

Fig. 4 is a side view showing light guide plateat@ a light source.

Fig. 5 is a side view showing the details of @prigroove 26.

Fig. 6 is a side view showing a variation of atwaflection surface 24 shown in
Fig. 5.

Fig. 7 is a side view of backlight unit 3.
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Fig. 8 is a cross-sectional view of light guidatpl 10, showing a cross section
in a position through a flat portion 29 betweersprigrooves 26.

Fig. 9 is a cross-sectional view of light guidatpl 10, schematically showing
how light L2 travels.

Fig. 10 is a side view of backlight unit 3.

Fig. 11 is a cross-sectional view showing a prisraet 12.

Fig. 12 is a side view showing a variation of tigiiide plate 10.

Fig. 13 is a schematic diagram showing a stateevinght L1 from an LED 13a
is reflected by flat portion 29.

Fig. 14 is a schematic diagram showing a stateeviedlected light of light L1
shown in Fig. 13 reaches a main surface 14 anectefl light of light L1A reaches
main surface 14.

Fig. 15 is a side view showing a variation of dagk unit 3.

Fig. 16 is a side view showing a variation of prigroove 26.

Fig. 17 is a side view showing a variation of awex portion 35 shown in Fig.

Fig. 18 is a graph showing relation between aadist Q between convex
portion 35 and an incident surface 17 ((mm) : gorosition)), and an inclination
angle65 and an inclination anghs.

Fig. 19 shows a simulation result of a backlight snodel according to this
embodiment.

Fig. 20 is a graph showing an area ratio of regmirhigh luminance and low
luminance in a model 80 shown in Fig. 19.

Fig. 21 is a perspective view schematically shgwirodel 80, illustrating a
coordinate system that displays the distributiofighft exit angles that will be
described later.

Fig. 22 is a plan view of the coordinate systewwvahin Fig. 21.

Fig. 23 is a simulation result showing the disitibn of exit angles in model 80

shown in Fig. 21.
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Fig. 24 is a graph showing an area ratio of eaofinance.

Fig. 25 is a schematic diagram showing a stateevaeoordinate system other
than that shown in Fig. 21 is applied to model 80.

Fig. 26 is a graph showing simulation results vfeav angle d and luminance,
when an inclination angle b shown in Fig. 5 wasngjeal.

Fig. 27 is a graph showing relation between viegi@d and luminance, when
an apex angle c shown in Fig. 11 was changed as@te.

Fig. 28 is an exploded perspective view showitgeklight model 50 as a
comparative example.

Fig. 29 is a side view schematically showing batklmodel 50 shown in Fig.
28.

Fig. 30 is an experimental result showing theritigtion of exit angles of light
emitted from an upper surface of a light guidegB2.

Fig. 31 is an experimental result showing theritistion of exit angles of light
emitted from a diffusion sheet 53.

Fig. 32 is an experimental result showing theritigtion of exit angles of light
emitted from a prism sheet 54.

Fig. 33 is an experimental result showing theritiistion of exit angles of light
emitted from a prism sheet 55.

Fig. 34 is an experimental result showing theritigtion of exit angles of light
emitted from a backlight unit having light guidexf@ 52 and prism sheet 54 laminated
on one another.

DESCRIPTION OF EMBODIMENTS

Referring to Figs. 1 to 34, a backlight accordinghe present invention is
described. Whenever any reference is made to deyrmamount and the like in
embodiments described below, the scope of the prr@seention is not necessarily
limited to that number, amount and the like uni@berwise specified. Moreover, in
the following embodiments, each constituent elengenbt a requirement of the

present invention unless otherwise specified. Heunhore, if there are a plurality of

-6 -



10

15

20

25

embodiments below, it is originally intended to done features of the embodiments
together as appropriate unless otherwise specified.

Fig. 1 is an exploded perspective view showinigjaid crystal display device
equipped with a backlight unit according to thiscaaiment.

As shown in Fig. 1, a liquid crystal display dexit includes a liquid crystal
display panel 2, a backlight unit 3 for irradiatiiiguid crystal display panel 2 with
light, and a bezel 4 forming an outer frame of ilkbcrystal display device 1. Bezel 4
includes a front bezel 5 and a rear bezel 6. Hyentl 5 is provided with a window
portion such that a screen of liquid crystal digganel 2 is viewable from outside.

Fig. 2 is an exploded perspective view of backlighit 3. Backlight unit 3
shown in Fig. 2 is an edge light type backlighttuand includes a light guide plate 10,
a reflection sheet 11, a prism sheet 12, and asighwrce 13 for irradiating light guide
plate 10 with light.

Light guide plate 10 is formed in the shape ofadg) and includes a main
surface 14, a main surface 15 arranged to face suaface 14, and a peripheral surface
16 provided to be connected with an outer edgegrodf each of main surface 15 and
main surface 14. Peripheral surface 16 includes@dent surface 17 on which light
source 13 is provided, an end surface 18 positioppdsite to incident surface 17, a
side surface 19 connected with one end portion@éient surface 17, and a side
surface 20 connected with the other end portion@élent surface 17. Peripheral
surface 16 is interposed between main surface d4remin surface 15.

Light source 13 is provided on incident surfacentich is part of peripheral
surface 16, and emits light from incident surfacertto light guide plate 10. Light
source 13 includes a plurality of LEDs (Light-Enmg Diodes) 13a spaced apart from
one another on incident surface 17. It is noted &mother light source device such as
fluorescent tubes may be employed instead of tHesLE

Prism sheet 12 is provided on main surface 14#gbt buide plate 10. Of the
surfaces of prism sheet 12, a main surface faciaig surface 14 is formed as a flat

surface, and a plurality of prisms 21 are forme@anain surface positioned opposite
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to this flat main surface.

Prisms 21 are formed to extend from incident srfh/ to end surface 18 of
light guide plate 10. The plurality of prisms 2& arranged from side surface 19
toward side surface 20.

Fig. 3 is a perspective view showing light guidate 10. As shown in Fig. 3,
light guide plate 10 includes a reflection surfa@eformed on main surface 15 for
reflecting light that has entered light guide pla@etoward main surface 14, and a lens
23 formed on main surface 14 for condensing th# ligflected by reflection surface
22 and emitting the light to the outside.

Reflection surface 22 includes a plurality of weitlection surfaces 24 which
are spaced apart from one another from the incisienidce 17 side toward the end
surface 18 side. Main surface 15 is provided aigiurality of prism grooves 26.
Unit reflection surface 24 is part of an inner agd of prism groove 26.

The plurality of prism grooves 26 and the plugatif unit reflection surfaces 24
are spaced apart from one another from the incisienidce 17 side toward the end
surface 18 side, and are formed to extend fromsidiace 19 to side surface 20.
Thus, unit reflection surfaces 24 are formed irelamgated manner from the side
surface 19 side toward the side surface 20 sideporAon of main surface 15 which is
not provided with prism grooves 26 is a flat pantP as a flat surface.

Lens 23 includes a plurality of cylindrical lens&#swhich are arranged in a
direction from the side surface 19 side towardsilde surface 20 side.

While cylindrical lens 25 is formed as a convexsleit may be formed as a
concave lens. While cylindrical lens 25 is fornmaatinuously in an elongated
manner from incident surface 17 to end surfacentfie example shown in Fig. 3, it
may be formed intermittently.

Thus, unit reflection surface 24 extends in anadion and the plurality of
unit reflection surfaces 24 are arranged in a ¥dion. Cylindrical lens 25 extends
in a 'Y direction and the plurality of cylindricanses 25 are arranged in the X direction.

Fig. 4 is a side view showing light guide plateat@ the light source. As
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shown in Fig. 4, a portion of the inner surface$ém groove 26 facing incident
surface 17 is unit reflection surface 24.

Fig. 5 is a side view showing the details of prigmove 26. As shown in Fig.
5, prism groove 26 is formed substantially in thee of a right triangle.

An inner surface 28 of prism groove 26 includes reflection surface 24, and
an inner side surface 27 provided to be connectédumit reflection surface 24. Unit
reflection surface 24 and inner side surface 2ihfbre bottom (apex portion) of prism
groove 26, with unit reflection surface 24 beingifioned closer to incident surface 17
than the bottom.

As shown in Figs. 5 and 4, unit reflection surf@des inclined away from the
main surface 15 side toward the main surface 1 &idm the incident surface 17 side
toward the end surface 18 side.

Main surface 15 is provided with an opening bgmrigroove 26, and inner side
surface 27 is formed to be perpendicular to an inaay plane through the opening.
An inclination angle of unit reflection surface &dative to the imaginary plane
through the opening will be referred to as an mation angle b.

Light guide plate 10 thus provided with prism gres 26 and cylindrical lenses
25 is made of, for example, highly transparentrssich as commonly used acrylic or
polycarbonate. Light guide plate 10 can be manufad with a common
manufacturing method such as injection moldingwprinting.

Fig. 6 is a side view showing a variation of ueiflection surface 24 shown in
Fig. 5. As shown in Fig. 6, main surface 15 maykmided with a convex portion
35 instead of prism groove 26. A surface 38 ofvearportion 35 includes a main
surface 36 and a unit reflection surface 37. leflection surface 37 faces incident
surface 17 shown in Fig. 2, and is arranged tadbeta reflect the light from LED 13a
toward main surface 14. Main surface 36 is arrdray@ser to incident surface 17
than a ridge line portion of convex portion 35 feadrof unit reflection surface 37 and
main surface 36, and unit reflection surface 3Arianged closer to end surface 18 than

the ridge line portion.
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If an inclination angle of unit reflection surfa8e relative to an imaginary
plane through main surface 15 is referred to as@mation anglé5, a reflection
angle of the light can be adjusted by changingnation angléd5 as appropriate.

Unit reflection surface 37 and unit reflection sioé 24 shown in Fig. 5 are not limited
to have the shape of a flat surface, but may beasanor convex curved surfaces.

A path of light from LED 13a in backlight unit 3@ liquid crystal display
device 1 configured as above is now described.

Fig. 7 is a side view of backlight unit 3. As shoin Fig. 7, LED 13a emits
light L which enters light guide plate 10 from ideint surface 17.

At least a portion of light L that has enteredntiguide plate 10 spreads through
light guide plate 10 while being reflected by ftatrtion 29 of main surface 15 which is
not provided with prism groove 26, and by cylindfitens 25.

Fig. 8 is a cross-sectional view of light guidatpl 10, showing a cross section
in a position through flat portion 29 between prigraoves 26.

As shown in Fig. 8, cylindrical lens 25 is formadhe shape of a curved
surface, and light L that has entered light guildéepl0 is reflected in various
directions by the surface of cylindrical lens 2% @iffused in light guide plate 10.
Particularly, in Fig. 3, the light is diffused ind&ection from side surface 19 toward
side surface 20 (X direction) and a direction freide surface 20 toward side surface
19.

As shown in Fig. 7, the surface of cylindricalde2b is arranged to be
perpendicular to incident surface 17, such thatnight L from LED 13a is incident
on cylindrical lens 25, an incident angle of lighis prevented from being smaller than
a critical angle of cylindrical lens 25.

Consequently, when light L that has entered lgghte plate 10 from LED 13a
is directly incident on cylindrical lens 25, theigsion of light L to the outside from
cylindrical lens 25 is suppressed.

Flat portion 29 is arranged such that a crossnyleabetween flat portion 29
and incident surface 17 is not less than 90°. €guesntly, when the light that has
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entered light guide plate 10 from LED 13a is diectcident on flat portion 29, an
incident angle of the light is prevented from beamgaller than the critical angle.

Consequently, even when the light is directlydecit on flat portion 29 from
LED 13a, the light is reflected by flat portion 9suppress the emission of the light to
the outside.

The incident light from LED 13a travels throught guide plate 10 while
being reflected by cylindrical lens 25 and flatgomr 29, before being incident on unit
reflection surface 24.

After entering light guide plate 10 from LED 13ight L1 shown in Fig. 7 is
reflected by flat portion 29 and is incident ontueflection surface 24. In Fig. 5, an
incident angleé1 of light L1 is not less than the critical angteuait reflection surface
24, and light L1 is reflected by unit reflectionrfaice 24. Light L1 reflected by unit
reflection surface 24 travels toward cylindricai$e25, as shown in Fig. 7. With light
L1 thus reflected toward cylindrical lens 25 bytueiflection surface 24, the diffusion
of the light in the Y direction is suppressed.

As shown in Fig. 7, a portion of light L travelitigrough light guide plate 10 is
incident on unit reflection surface 24 at an inaid@ngle smaller than the critical angle.
Light L is not totally reflected by unit reflecticgurface 24 but enters prism groove 26,
before reentering light guide plate 10 from inndessurface 27. As such, reduction
in light use efficiency is suppressed.

Fig. 9 is a cross-sectional view of light guidatpl 10, schematically showing
how light L2 travels. As shown in Fig. 9, light kk&flected by unit reflection surface
24 travels toward cylindrical lens 25. At leagiation of light L2 reflected by unit
reflection surface 24 is incident on cylindricah$e25, and emitted to the outside from
cylindrical lens 25 while being condensed by cyiaal lens 25. In Fig. 9 and Fig. 3
above, light L2 emitted to the outside from cyliiedt lens 25 is condensed in the X
direction.

Fig. 10 is a side view of backlight unit 3.  IrgFLO, prism sheet 12 returns a
portion of the light emitted from cylindrical le@2$ to light guide plate 10, and emits
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the light emitted from cylindrical lens 25 towarduid crystal display panel 2 shown in
Fig. 1.

Fig. 11 is a cross-sectional view showing pris@etli2. Prism sheet 12
includes a main surface 30 through which light bgees, and the plurality of prisms 21
formed on a main surface opposite to main surféice 3

Each prism 21 includes a side surface 31, a sidace 32, and a ridge line 33
formed of side surface 31 and side surface 32. agax angle c between side surface
31 and side surface 32 is, for example, approxinae®.

As shown in Fig. 11, of light L2, light L3 incidean main surface 30 at angles
of 90° and close to 90° is totally reflected byessirfaces 31, 32 of prism 21 and
returned to light guide plate 10. Furthermorehtig5 which is a portion of light 2
that has entered prism sheet 12 is totally reftebyeone of side surfaces 31 and 32 of
prism 21 and emitted to the outside from the ottieside surfaces 31 and 32.
Subsequently, as shown in Fig. 10, light L5 enpeism sheet 12 from side surfaces 31,
32 of another adjacent prism 21, and is refracteside surfaces 32, 31 of this prism
21 and returned to light guide plate 10.

Light L3 and L5 returned to light guide plate $0¢flected again in light guide
plate 10. By returning a portion of light L2 ereittfrom light guide plate 10 into
light guide plate 10 in this manner, the light istdbuted substantially uniformly
through light guide plate 10. The light is thefleeted again toward prism sheet 12
by unit reflection surface 24 shown in Figs. 5 #mellike. As such, the occurrence of
luminance variation can be suppressed in liquigtatydisplay device 1 to provide
uniform surface emission. As shown in Fig. 10lewtfon sheet 11 is provided on
main surface 15 of light guide plate 10. Reflettsheet 11 reflects leakage of light to
the outside from main surface 15 of light guideglB0 toward light guide plate 10.

As such, reduction in light use efficiency is suggsed.

Light L4 which is a portion of light 2 that hastered prism sheet 12 is incident

on side surfaces 31, 32 of prism 21 at an incidegte smaller than the critical angle,

and emitted from prism sheet 12 toward liquid @aldisplay panel 2 shown in Fig. 1.
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An exit angle of light L4 emitted from prism shd&t is not more than 90°, such
that an angle between light L4 emitted from prigraet 12 and an imaginary axis
perpendicular to main surface 30 is not more th&th 4 Consequently, the diffusion of
light L4 in the X direction is suppressed, ther@nproving front surface luminance.

It is noted that light L3 and L5 not emitted towdigliid crystal display panel 2 in
prism sheet 12 is returned to light guide platet@Guppress reduction in light use
efficiency.

As is clear also from Fig. 2, backlight unit 3 aaing to this embodiment
includes reflection sheet 11, light guide plateah@ prism sheet 12 laminated on one
another. Accordingly, comparing a backlight unitluding a reflection sheet, a light
guide plate, a diffusion sheet and two prism shieeténated on one another with
backlight unit 3 according to this embodiment, bigtk unit 3 according to the third
embodiment has a reduced thickness.

In Fig. 4, unit reflection surfaces 24 are arrahgech that spaces P1, P2 and P3
between unit reflection surfaces 24 are reducead tiee incident surface 17 side
toward the end surface 18 side.

The light from LED 13a is emitted conically arouth@ optical axis, with the
amount of light incident on unit reflection surfa@€ becoming smaller with increasing
distance from LED 13a. By reducing the spaces éetwinit reflection surfaces 24
from the incident surface 17 side toward the enthsa 18 side as described above, the
occurrence of luminance variation can be suppressed

It is noted that a height H of unit reflection fawe 24 shown in Fig. 5 may be
increased from the incident surface 17 side towlaedend surface 18 side.

Fig. 12 is a side view showing a variation of tigiiide plate 10. In this light
guide plate 10 shown in Fig. 12, main surface liBdsned relative to main surface 14
such that a thickness T of light guide plate liddseased.

Fig. 13 is a schematic diagram showing a stateevinght L1 from LED 13a is
reflected by flat portion 29 in Fig. 12. In Fig3,Jan angle represents an angle

between main surface 14 and main surface 15. Aledretween inclined flat portion
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29 and main surface 14 is referred to as apgle

When light L1 is incident on flat portion 29 at imcident angle, light L1 is
also reflected at a reflection angle

Here, flat portion 29 parallel to main surfaceid deferred to as a flat portion
29A. When light L1A, which is parallel to light Lihcident on flat portion 29, is
incident on flat portion 29A at an incident anfland reflected, light L1A is also
reflected at a reflection angte

Fig. 14 is a schematic diagram showing a stateeviine reflected light of light
L1 shown in Fig. 13 reaches main surface 14 andefhected light of light L1A
reaches main surface 14. As shown in Fig. 14neidént angl®l of light L1
relative to main surface 14 is larger than an iectcangled1A of light L1A relative to
main surface 14. Specifically, there is a relabbithe following equation (1)
between incident anghl and incident anglélA:

Incident angl®1 = incident angl®1A + 2x angley ...(1)

Thus, incident anglél of light L1 becomes larger than the critical anat
main surface 14 by the inclination of main surfadethereby suppressing the emission
to the outside from main surface 14.

As a result, the light emitted obliquely from maurface 14 can be reduced to
improve the front surface luminance of liquid cafstisplay device 1. Light L1
reflected by main surface 14 is repeatedly reftbatdight guide plate 10 until it
reaches unit reflection surface 24, thereby sugprgsuminance variation.

Fig. 15 is a side view showing a variation of Hagtk unit 3. In this example
shown in Fig. 15, main surface 14 of light guidatel10 is provided with a prism
groove 40, and main surface 15 is provided witljlendrical lens 25.

In this example shown in Fig. 15, a unit reflentsurface 41 is formed in a
portion of an inner surface of prism groove 40rigdncident surface 17. A portion
of main surface 14 which is not provided with prigmove 40 is a flat portion 42 as a
flat surface.

Also in this example shown in Fig. 15, the liglarh LED 13a enters light
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guide plate 10 from incident surface 17 and islitaflected by flat portion 42 and
cylindrical lens 25. The light is then repeatediffected between flat portion 42 and
cylindrical lens 25 to be distributed widely thrdukght guide plate 10.

When light L1 is reflected by unit reflection sack 41, resultant reflected light
L2 reaches cylindrical lens 25, and is condenselarX direction and emitted to the
outside by cylindrical lens 25.

Light L2 emitted from cylindrical lens 25 is refted by reflection sheet 11
arranged on the main surface 15 side, before mmted toward prism sheet 12 from
main surface 14. At least a portion of light L2itted to prism sheet 12 is condensed
in the X direction, and emitted to the outside frprism sheet 12 arranged on the main
surface 14 side.

Light L2 from prism sheet 12 is emitted towarduid) crystal display panel 2
shown in Fig. 1.

Thus, also in this example shown in Fig. 15, tgbktlfrom LED 13a is emitted
to liquid crystal display panel 2 while being conded in the X direction and the Y
direction.

While the side (cross-sectional) shape of prisooge 26 is a triangular shape
in the examples shown in Figs. 5, 12 and 15, tthe shape of prism groove 26 is not
limited to a triangular shape. A shape with adrotsuch as a polygonal shape may
be employed. Fig. 16 is a side view showing aatem of prism groove 26. In this
example shown in Fig. 16, the side shape (crodsesat shape) of prism groove 26 is
a quadrangular shape.

An inner surface of prism groove 26 includes weilection surface 24 facing
incident surface 17 shown in Figs. 15 and the kkbottom surface 60 connected with
unit reflection surface 24, and an inner side sl positioned opposite to unit
reflection surface 24 with respect to bottom swef@0. Prism groove 26 is also
formed to extend parallel to incident surface d/#ptm an elongated opening in main
surface 15.

Prism groove 26 has bottom surface 60, and isddrsuch that the distance
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between unit reflection surface 24 and inner sidéase 61 is increased from bottom
surface 60 toward the opening. By forming prisimoge 26 into such a shape,
rounding or the tendency to crush of the tip ofggthem can be suppressed during
release of light guide plate 10 from a mold.

Here, an imaginary plane through the opening shpgroove 26 is referred to
as an imaginary plane 62. In addition, an imagimdane through bottom surface 60
is referred to as an imaginary plane 63. Moreoaelimaginary plane through a ridge
line portion formed of bottom surface 60 and ueftaction surface 24, which extends
parallel to imaginary plane 62, is referred to msnaaginary plane 64.

An angle between unit reflection surface 24 anagmary plane 62 is referred
to as an inclination angh8, and an angle between imaginary plane 63 andimagg
plane 64 is referred to as an inclination artgle As with the shape shown in Fig. 6, it
is preferable that inclination andg8 be not less than 40 degrees and not more than 50
degrees, and inclination anglé be not more than°’5 The reason for this range for
inclination angled3 will be described later.

Fig. 17 is a side view showing a variation of cexiyportion 35 shown in Fig. 6.
As shown in this example of Fig. 17, main surfabeslprovided with a plurality of
convex portions 35. Main surface 15 is providethwibnvex portions 35A to 35C in
Fig. 17. Convex portions 35A to 35C include mairfaces 36A to 36C and unit
reflection surfaces 37A to 37C, respectively. Hareimaginary plane extending
along main surface 15 is referred to as an imaygipkane 39.

An inclination angle of unit reflection surface/velative to imaginary plane
39 (angle between imaginary plane 39 and unitetfle surface 37A) is referred to as
an inclination angl®5A. An angle between imaginary plane 39 and maifase
36A is referred to as an inclination ang8A. An angle between main surface 36A
and unit reflection surface 37A is referred to asassing anglé7A.

Likewise, inclination angles of unit reflectionrfaces 37B and 37C relative to
imaginary plane 39 are referred to as inclinatingl@05B and05C, respectively.

Inclination angles of main surfaces 36B and 36@&tneé to imaginary plane 39 are
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referred to as inclination anghéB andf6C, respectively. Angles between main
surfaces 36B and 36C and unit reflection surfag@&éehd 37C are referred to as
crossing angle87B and0d7C, respectively.

As is clear also from Fig. 17, inclinations angl&gB5A, 65B ando5C) of
convex portions 35A to 35C are set to be decrefisadincident surface 17 toward the
end surface. By setting unit reflection surfacéa 8 37C of convex portions 35A to
35C in this manner, the light from LED 13a is iremd on unit reflection surfaces 37A
to 37C at substantially uniform incident angles.ccérdingly, when the light from
LED 13a is incident on unit reflection surfaces 36/37C and reflected toward main
surface 14, variation in reflection angle from piosi to position can be suppressed.

Inclination angle®$6 (06A, 66B andd6C) of convex portions 35A to 35C are
increased with increasing distance from incidentage 17. On the other hand,
crossing angleg7 (67A, 67B and67C) of convex portions 35A to 35C are set to the
same angle (e.g., 134°). Unit reflection surfa&ea to 37C of convex portions 35A
to 35C are set to be increased in area with inorgalstance from incident surface 17.

As a result, the occurrence of difference betweeramount of light incident
on unit reflection surface 37C distant from incitearface 17 and the amount of light
incident on unit reflection surface 37A close toident surface 17 can be suppressed,
to suppress the occurrence of difference betwesariount of light reflected from unit
reflection surface 37A and the amount of lighteefed from unit reflection surface
37C.

As such, variation in the amount of light emitfeam main surface 14 from
position to position can be suppressed. Thus,rdowpto light guide plate 10 shown
in Fig. 17, variation in exit angle of light emittérom main surface 14 from position to
position can be suppressed, and the occurrencariation in the amount of emitted
light from position to position can be suppressed.

Furthermore, pitches P1 and P2 between unit teflesurfaces 37A, 37B and
37C are formed to be reduced with increasing degtdrom incident surface 17.

Consequently, reduction in the amount of light éaditoward prism sheet 12 from
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main surface 14 with increasing distance from ianidsurface 17 can be suppressed.

Fig. 18 is a graph showing relation between aadist Q between unit reflection
surface 37 and incident surface 17 ((mm) : (prigsitpn)), and inclination angkb
and inclination anglé6. The horizontal axis represents the distancsdest the
position of a base portion of unit reflection seda887 on the main surface 15 side and
incident surface 17. The right vertical axis reyar@s inclination anglés, and the left
vertical axis represents inclination ang& In the graph, inclination angdé is
indicated with a solid line, and inclination an@kis indicated with a broken line.
Inclination angled5 and inclination angl@6 are represented as a linear function of Q,
with the sum of inclination angkb and inclination anglé6 being set to 46°.

It is noted that Fig. 18 illustrates an exemplagtion with inclination anglé5
and inclination anglé6, and the present invention is not limited torilation shown
in Fig. 18.

Examples

Referring to Figs. 19 to 34, examples to whichghesent invention was
applied will be described. Fig. 19 shows a simakatesult of the backlight unit
model according to this embodiment. As simulagoftware, "lllumination design
analysis software LightTools" (manufactured by CYB¥ET SYSTEMS CO., LTD.)
was used. In the model used in the simulation showrig. 19, a light guide plate
having outer dimensions of 80.88 (mm) (Y directi®®6.96 (mm) (X direction¥ 0.6
(mm) (Z direction) and a refractive index n = 1(8ich corresponds to that of
polycarbonate) was provided with seven LEDs (NSSBd@nufactured by Nichia
Corporation) on a short side surface thereof atch pf 6.45 mm. BEF2-90/24 (apex
angle: 90°) was used as the prism sheet, whichewasged to have a ridge line
parallel to the Y axis. The reflection sheet waslmof a material that causes regular
reflection.

As an optical pattern of the light guide plates back surface was provided
with concave regular triangular prisms each inegigch main reflection surface having

an inclination angle of 48° and a height of @rB, at pitches that are reduced in stages
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with increasing distance from the light inciderdessuch that the light is distributed
through the light guide plate. The front surfacswerovided with convex cylindrical
lenses (height: 0.01, radius of curvature R: Ol@Bjing a ridge line parallel to the Y
axis continuously at a constant pitch of 0.06 mm.

Fig. 19 shows the simulation result illustratiegions of high luminance and
low luminance on an exit surface in a model 80 iguméd as described above. Fig.
20 is a graph showing an area ratio of the regodinsgh luminance and low luminance
in model 80 shown in Fig. 19.

In Figs. 19 and 20, region R1 represents a regfidhe highest luminance.

The luminance decreases from region R1 toward negR®2, R3, R4, R5, R6, R7 and
R8.

First, as shown in Fig. 19, most of the exit stefaf model 80 is occupied by
regions R1 and R2, with region R3 and region Radpeositioned at the sides of
model 80 and in the vicinity thereof.

As is clear also from Fig. 19, it can be seen lilm@inance variation is
suppressed in the exit surface of model 80. Furtbee, as is clear from Fig. 20, it
can be seen that regions R1 and R2 of high lum&aach have a high area ratio, to
provide high luminance across substantially theaeweiit surface of model 80.

Fig. 21 is a perspective view schematically shgwirodel 80, illustrating a
coordinate system that displays the distributiohghft exit angles which will be
described later. Fig. 22 is a plan view of therdomate system shown in Fig. 21.

As shown in Figs. 21 and 22, a hemispherical doatd is set to cover an exit
surface 81 of model 80.

Fig. 23 is a simulation result showing the disitibn of exit angles in model 80
shown in Fig. 21. Fig. 24 is a graph showing aaaatio of each luminance. In Fig.
24, the horizontal axis represents an area rate&aol region, and the vertical axis
represents the luminance.

It can be seen from Fig. 23 that the luminandegh in a direction

perpendicular to exit surface 81 shown in Fig. 2lt.can therefore be seen that the
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front surface luminance of model 80 is increased.

Fig. 25 is a schematic diagram showing a stateevaeoordinate system other
than that shown in Fig. 21 is applied to model 8 Fig. 25, a view angle d
represents an angle with an imaginary axis pashnogigh the center of exit surface 81
and being perpendicular to exit surface 81. ThP [1Ba side is set to 90°, and the
opposite aside is set +®0°.

Fig. 26 is a graph showing simulation resultsiefwangle d and luminance,
when inclination angle b shown in Fig. 5 was chahgen Fig. 26, the vertical axis
represents the luminance, and the horizontal apiesents view angle d.

A graph line gl in the graph represents a simudatesult when inclination
angle b shown in Fig. 5 was set to 46° (deg). @pbrline g2 represents a simulation
result when inclination angle b was set to 42°. graph line g3 represents a simulation
result when inclination angle b was set to 50°.

It can be seen from Fig. 26 that it is preferdblset inclination angle b within a
range of not less than 40° and not more than 5@°can be seen that by setting
inclination angle b within such a range, when tghtlis incident at incident angéd
of not less than the critical angle of unit reflentsurface 24, light L2 travels
perpendicularly or substantially perpendicularletat surface 81. Likewise, in the
example shown in Fig. 16, it can be seen thatptegerable to set inclination angia
within a range of not less than 40° and not moaa tb0°.

It is noted that the critical angle of unit retiea surface 24 can be obtained, at
an interface between light guide plate (light gystte material) 10 (refractive index
n) and an air layer (n=1.00), &s sin-1 (1/n).

Likewise, in the example shown in Fig. 6, it ief@rable to set inclination angle
05 of unit reflection surface 37 relative to the gimeary plane within a range of not less
than 40° and not more than 50°.

Fig. 27 is a graph showing relation between viegil@ad and luminance, when
apex angle ¢ shown in Fig. 11 was changed as apat@p The horizontal axis of the

graph shown in Fig. 27 represents view angle dthadertical axis represents the

-20 -



10

15

20

25

luminance.

A graph line g4 in Fig. 27 represents a simulatEsult when apex angle ¢ was
set to 90°, and a graph line g5 represents a simonleesult when apex angle ¢ was set
to 100°. A graph line g6 represents a simulatesult when apex angle ¢ was set to
120°, and a graph line g7 represents a simulaésualtrwhen apex angle ¢ was set to
84°.

It can be seen from the simulation results shawig. 27 that apex angle c of
prism 21 is preferably not less than 80° and natenisan 120°, and more preferably
not less than 90° and not more than 100°.

Fig. 28 is an exploded perspective view showitgeklight model 50 as a
comparative example. As shown in Fig. 28, backligbdel 50 includes a reflection
sheet 51, a light guide plate 52 arranged on radlesheet 51, a diffusion sheet 53
arranged on light guide plate 52, a prism sheetrighged on diffusion sheet 53, and a
prism sheet 55 arranged on prism sheet 54.

Fig. 29 is a side view schematically showing batklmodel 50 shown in Fig.
28. As shown in Fig. 29, a plurality of dots 58 &rmed on a lower surface of light
guide plate 52. Dots 59 are formed in a hemisphkshape.

A plurality of prisms 57 are formed on an upperfate of prism sheet 54, and a
plurality of prisms 58 are formed on an upper stefaf prism sheet 55. Prisms 57
extend in the Y direction and prisms 58 extenchan X direction. A light source 56
including a plurality of LEDs 56a is arranged oside surface of light guide plate 52.

Light from LEDs 56a enters light guide plate 5@nfrthe side surface of light
guide plate 52. The light that has entered lightlg plate 52 is repeatedly reflected
between the lower surface and upper surface of ¢jglde plate 52 to spread through
light guide plate 52. Subsequently, when the lggreading through light guide plate
52 is incident on dots 59, the light is diffusedylected by dots 59. A portion of the
diffusely reflected light travels toward the upgerface of light guide plate 52, before
being emitted toward diffusion sheet 53 from theernsurface of light guide plate 52.

The light that has entered diffusion sheet 53 fligimt guide plate 52
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subsequently enters prism sheet 54 and prism SbeetThen, the light is emitted to
the outside from prism sheet 55.

Fig. 30 is an experimental result showing theritigtion of exit angles of light
emitted from the upper surface of light guide pB2e Fig. 31 is an experimental
result showing the distribution of exit anglesight emitted from diffusion sheet 53.
As an experimental apparatus, EzContrast (manutttyy ELDIM), a device for
measuring and evaluating the viewing angle chariattss of a display, was employed.
Fig. 32 is an experimental result showing the diigtron of exit angles of light emitted
from prism sheet 54. Fig. 33 is an experimentsliteshowing the distribution of exit
angles of light emitted from prism sheet 55. Bdj.is an experimental result showing
the distribution of exit angles of light emitte@fn a backlight unit having light guide
plate 52 and prism sheet 54 laminated on one anotlieis noted that the
experimental results shown in Figs. 30 to 34 aspldied using the coordinate system
shown in Figs. 21 and 22.

First, as shown in Fig. 30, it can be seen thatight emitted from light guide
plate 52 contains main components inclined at apprately 70° to 80° relative to the
normal of exit surface 81, resulting in low fronrface luminance.

It can be seen that the front surface luminansedsessively increased by
successively laminating diffusion sheet 53, prisraet 54 and prism sheet 55.

Comparing the experimental result in the compaeagxample shown in Fig.
33 with the simulation result shown in Fig. 23;ain be seen that the front surface
luminance is similarly increased in both cases.

As such, backlight model 50 according to the carapze example and model
80 according to this embodiment are substantiathyiar to each other in front surface
luminance. Meanwhile, unlike backlight model 5@@dling to the comparative
example, model 80 does not include diffusion sB8etnd prism sheet 55 and is
reduced in size in a thickness direction.

Furthermore, comparing the experimental resulvshio Fig. 34 with the

simulation result shown in Fig. 23, it can be s, as illustrated in Fig. 34, the
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backlight unit including light guide plate 52 andispn sheet 54 laminated on one
another has lower front surface luminance thandhatodel 80 according to this
embodiment.

That is, model 80 according to this embodimentltare increased surface
luminance while being reduced in unit size.

Although the embodiments and examples of the ptéseention have been
described above, it should be understood thatrtitodiments and examples disclosed
herein are illustrative and non-restrictive in gviegspect. The scope of the present
invention is defined by the terms of the claimg] @aintended to include any
modifications within the scope and meaning equiviaie the terms of the claims. In
addition, the numerical values and the like mermtabove are illustrative and the
present invention is not limited to the numericalues and the scopes.

INDUSTRIAL APPLICABILITY

The present invention relates to backlight units.
REFERENCE SIGNS LIST

1 liquid crystal display device; 2 liquid crysthifplay panel; 3 backlight unit; 4
bezel; 5 front bezel; 6 rear bezel; 10, 52 lightgwplate; 11, 51 reflection sheet; 12, 54,
55 prism sheet; 13, 56 light source; 14, 15, 3rsaiface; 16 peripheral surface; 17
incident surface; 18 end surface; 19, 20, 31, 82 surface; 21, 57, 58 prism, 22
reflection surface; 23 lens; 24, 37, 41, 43 urfieation surface; 25 cylindrical lens; 26,
40 prism groove; 27 inner side surface; 28 inneiase; 29, 29A, 42 flat portion; 33
ridge line; 35 convex portion; 36 main surfaces8&ace; 50 backlight model; 53

diffusion sheet.
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CLAIMS

1. A backlight unit comprising:

a light source capable of emitting light;

a light guide body including a peripheral surfabe, peripheral surface having
an incident surface on which the light from saghtisource is incident and which has a
first end portion and a second end portion, a §id¢ surface provided to be connected
with said first end portion of said incident sudaa second side surface provided to be
connected with said second end portion of saidiem surface, and an end surface
positioned opposite to said incident surface, aetuding a first main surface provided
to be connected with said peripheral surface, asgtand main surface facing said first
main surface with said peripheral surface interddberebetween,;

a reflection sheet arranged to face one of sestifiain surface and said second
main surface; and

a prism sheet arranged to face the other of gatdain surface and said
second main surface, wherein

said first main surface is provided with a plusabf prism grooves extending in
a direction from said first side surface towardiss@cond side surface and arranged in
a direction from said incident surface toward snd surface,

each of said plurality of prism grooves is fornsedbstantially in the shape of a
right triangle in cross section, and includes 4a rteflection surface and an inner side
surface provided to be connected with said uniecéibn surface,

said unit reflection surface is formed to exterohf said first main surface
toward said second main surface to face said intsi@face, and is arranged closer to
said incident surface than an apex portion of pagn groove formed of said unit
reflection surface and said inner side surface,

said first main surface is provided with an opgray said prism groove, said
unit reflection surface having an inclination angé within a range of not less than 40°

and not more than 50° relative to an imaginary @ldmough said opening,
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said second main surface is provided with a phlyraf convex or concave
cylindrical lenses extending in the direction freaid incident surface toward said end
surface and arranged in the direction from sagt &rde surface toward said second
side surface, and

said prism sheet includes a plurality of prisnsrfed on a main surface thereof
positioned opposite to a main surface thereof tasaid first main surface or said
second main surface, and extending in the dire¢tmm said incident surface toward
said end surface.

2. The backlight unit according to claim 1, where
the height of said unit reflection surface of eatbaid plurality of prism
grooves is set to be increased in the directiomfsaid incident surface toward said

end surface.

3. The backlight unit according to claim 1 om&erein
said plurality of unit reflection surfaces aresaiged such that spaces between
said unit reflection surfaces adjacent to eachrahereduced in the direction from

said incident surface toward said end surface.

4. The backlight unit according to any one ofrak1 to 3, wherein
said first main surface is inclined away from ssedond main surface in the

direction from said incident surface toward said sarface.

5. A backlight unit comprising:

a light source capable of emitting light;

a light guide body including a peripheral surfabe, peripheral surface having
an incident surface on which the light from saghtisource is incident and which has a
first end portion and a second end portion, a §id¢ surface provided to be connected

with said first end portion of said incident sudaea second side surface provided to be
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connected with said second end portion of saidiem surface, and an end surface
positioned opposite to said incident surface, aetuding a first main surface provided
to be connected with said peripheral surface, asgtand main surface facing said first
main surface with said peripheral surface interddberebetween,;

a reflection sheet arranged to face one of sestifiain surface and said second
main surface; and

a prism sheet arranged to face the other of gatdmain surface and said
second main surface, wherein

said first main surface is provided with a plusabf convex portions projecting
from said first main surface, extending in a di@ttfrom said first side surface toward
said second side surface, and arranged in a diretbm said incident surface toward
said end surface,

each of said plurality of convex portions is fodne a triangular shape in cross
section, and includes a main surface and a unéatedn surface,

said unit reflection surface faces said incidemfaxe, and is arranged closer to
said end surface than a ridge line portion of samvex portion formed of said main
surface and said unit reflection surface,

said unit reflection surface has an inclinatioglarset within a range of not less
than 40° and not more than 50° relative to an imayi plane through said first main
surface,

said second main surface is provided with a phyraf convex or concave
cylindrical lenses extending in the direction freaid incident surface toward said end
surface and arranged in the direction from sagt &rde surface toward said second
side surface, and

said prism sheet includes a plurality of prisnmmsrfed on a main surface thereof
positioned opposite to a main surface thereof tasaid first main surface or said
second main surface, and extending in the dire¢tmm said incident surface toward
said end surface.
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6. The backlight unit according to claim 5, where

the inclination angle of said unit reflection o of each of said plurality of
convex portions relative to said imaginary planetgh said first main surface is set to
be decreased in the direction from said inciderfase toward said end surface.

7. The backlight unit according to claim 5 omfherein
said plurality of unit reflection surfaces aresaiged such that spaces between
said unit reflection surfaces adjacent to eachrahereduced in the direction from

said incident surface toward said end surface.

8. The backlight unit according to any one ofraka1 to 7, wherein
said reflection sheet is arranged to face sasdl fivain surface, and said prism

sheet is arranged to face said second main surface.

9. The backlight unit according to any one ofrol1 to 8, wherein
said convex or concave cylindrical lenses areinantsly formed in the

direction from said first side surface toward ssedond side surface.

10. The backlight unit according to any one afrols 1 to 9, wherein
each of said prisms included in said prism shasetdm apex angle set within a

range of not less than 80° and not more than 120°.
11. The backlight unit according to any one airols 1 to 9, wherein

each of said prisms included in said prism shastam apex angle set within a

range of not less than 90° and not more than 100°.
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