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(57) ABSTRACT

In the line light source device and the plane light emission
device, first recesses 14 are formed between adjoining light
emission elements 5, on surfaces of sealing resin layers 10
opposite to the board 4. The line light source device and the
plane light emission device, in which the light emission ele-
ments are coated with resin, have a simple configuration and
high uniformity in luminous intensity in an emission end face
of the device.
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LINE LIGHT SOURCE DEVICE, PLANE
LIGHT EMISSION DEVICE, PLANE LIGHT
SOURCE DEVICE, AND LIQUID CRYSTAL
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This nonprovisional application claims priority
under 35 U.S.C. §119(a) on Patent Application No(s). 2007-
156119 filed in Japan on Jun. 13, 2007 and 2008-142689 filed
in Japan on May 30, 2008, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a line light source
device, a plane light emission device that are preferably used
as a backlight of a liquid crystal display panel, e.g., in a
portable telephone, a digital camera, or a portable game
machine, and a liquid crystal display.

[0003] The invention particularly relates to a line light
source device that are preferably used as a backlight of a
liquid crystal display panel of a portable telephone having a
frame reduced in size and thickness and shaped like a narrow
picture frame, a personal digital assistant, a digital camera, a
portable game machine or the like, a plane light emission
device, and a liquid crystal display.

[0004] The invention also relates to a plane light source
device having a configuration in which a plurality of light
emission element units each having a light emission element
and a resin part that covers the light emission element are
placed in a predetermined two-dimensional pattern without a
gap on a surface of a board.

[0005] Among conventional line light source devices is one
disclosed in JP 2004-235139 A, for example.

[0006] FIG. 19A is a perspective view of the line light
source device disclosed in the publication, FIG. 19B is a
longitudinal section of the line light source device, and FIG.
19C is a section of the line light source device, the section
taken along a direction of width of the device. FIGS. 20A
through 20F are diagrams illustrating a procedure of a method
of manufacturing the line light source device.

[0007] FIG. 21 is a perspective view of a plane light emis-
sion device having the line light source device, and FIG. 22 is
awidthwise section of the line light source device in the plane
light emission device.

[0008] The line light source device shown in FIGS. 19A,
19B, and 19C, the method of manufacturing the line light
source device shown in FIGS. 20A through 20F, and the plane
light emission device shown in FIGS. 21, 22 are identical to
the line light source device, the method of manufacturing the
line light source device, and the plane light emission device
that are disclosed in the publication. Therefore, description
thereof is omitted.

[0009] FIG. 23A is a perspective view of another conven-
tional line light source device, and FIG. 23B 1s a longitudinal
section of the line light source device. FIG. 24 is a section of
the conventional line light source device, the section taken
along a direction of width of the device. In the line light
source device shown in FIGS. 23A, 23B, and 24, light emis-
sion elements 1001 on a board 1000 are covered with a resin
part 1002 shaped like a simple rectangular parallelepiped.
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[0010] The plane light emission device shown in FIGS. 21
and 22 is laid on a bottom surface of a liquid crystal display
part of a portable telephone, a digital camera, a portable game
machine or the like.

[0011] The line light source device shown in FIG. 19A has
an advantage in that light distribution characteristics of the
light source can be adjusted and in that the plane light emis-
sion device in which the line light source device is incorpo-
rated thus resists producing unevenness in luminance, in
comparison with the line light source device that is shown in
FIG. 23 A and that has light emission elements simply coated
with resin. The line light source device has another advantage
in that the device resists stripping when undergoing thermal
expansion or thermal contraction.

[0012] On the other hand, there is a problem in that the
device emitting light with high luminance may cause uneven-
ness in luminance, particularly, accompanied by bright lines
diagonal to a light incident part of a light guide plate. Neces-
sity of provision of reflector plates therein leads to an increase
in number of components, which causes an increase in num-
ber of man-hours required for affixation of the components
onto the board.

SUMMARY OF THE INVENTION

[0013] An object of the invention is to provide a line light
source device that has a simple configuration having light
emission elements coated with resin and that has high unifor-
mity in luminous intensity in an emission end face thereof
such that the plane light emission device in which the line
light source device is incorporated resists producing bright
lines on an emission surface when emitting light with high
luminance.

[0014] Another object of the invention is to provide a line
light source device and a liquid crystal display that resist
stripping of coating resin which might be caused by thermal
expansion and contraction, in spite of the simple configura-
tion merely coated with resin.

[0015] The invention is also intended for providing a plane
light emission device having the line light source device that
attains such functional effects.

[0016] Another object of the invention is to provide a plane
light source device by which unevenness in luminance in a
surface thereof can be reduced.

[0017] In order to achieve the above object, there is pro-
vided a line light source device comprising:

[0018] aboard extending in a longitudinal direction thereof
and having a surface,

[0019] a plurality of light emission elements placed on the
surface of the board at some intervals along the longitudinal
direction, and

[0020] resin parts that are placed so as to cover the plurality
of light emission elements, wherein

[0021] surfaces of the resin parts opposite to the board with
respect to a direction of a normal to the surface of the board
have first recesses between the light emission elements
adjoining in the longitudinal direction.

[0022] On the surface of the board are typically formed
electrode patterns.

[0023] In the invention, light having progressive compo-
nents in the longitudinal direction can efficiently be taken out
of the first recesses.

[0024] This function will be described below with refer-
ence to FIGS. 11A and 11B. In the device in which the first
recess 900 exists between the adjoining light emission ele-
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ments as shown in FIG. 11A, luminances on intermediate
positions between the adjoining light emission elements
where the luminances tend to be decreased by absence of the
light emission elements can be increased by efficient takeout
of longitudinally guided light 901 as emitted light 902, in
comparison with a device shown in FIG. 11B in which the
first recess does not exist.

[0025] Thus uniformity in luminous intensity in an emis-
sion end face of the line light source device can be made
excellent. FIG. 11C is a diagram showing a ray of light that is
not emitted to outside from vicinity of the first recess in the
device having the first recess. Measures to reduce such light
that is not emitted to outside will be described later.

[0026] According to the invention, the resin parts that cover
the light emission elements have the first recesses and light
can efficiently be emitted from the vicinity of the first
recesses, so that reflector plates extending in the longitudinal
direction between the light emission elements do not neces-
sarily have to be provided. Therefore, a process of affixing the
reflector plates onto the board in the line light source device
can be omitted. As a result, manufacturing cost for the device
can be reduced and the device can be simply produced.
[0027] Inthe invention, strain caused by thermal expansion
and contraction between the continuous rod-like resin parts
and the board can efficiently be relaxed by the first recesses
that are formed as cut-outs having steeply changing sections
by reduction in thickness of portions of the resin parts corre-
sponding to the first recesses in the direction of the normal, for
example. Thus stripping of the resin parts that might be
caused by thermal expansion and contraction can be pre-
vented.

[0028] Inoneembodiment of the invention, the surfaces of
the resin parts have second recesses in regions corresponding
to the light emission elements in the direction of the normal.
[0029] According to the embodiment, the second recesses
are capable of suppressing direct outgoing of light emitted by
the light emission elements, or if some phosphor exists in
vicinity of the elements, light emitted by the phosphor due to
the light derived from the light emission elements. Quantity
of light traveling in the longitudinal direction can be
increased by reflection and total reflection caused on the
surfaces linking the second recesses and the first recesses, and
the light increased in quantity can efficiently be taken out
from the first recesses.

[0030] That is, distribution characteristics of the light can
be controlled. Thus luminances just above the light emission
elements 5 that are prone to be excessively high can be
reduced and luminances on intermediate positions between
two adjoining light emission elements that are prone to be
decreased by absence of the light emission element can be
increased by the efficient takeout of the light guided in the
longitudinal direction. Thus the longitudinal uniformity in
luminous intensity in the emission end face of the line light
source device can be improved. Therefore, a plane light emis-
sion device in which the line light source device having high
uniformity in luminance is installed and which emits light
with high luminance resists producing bright lines, uneven-
ness in luminance, and the like in the emitted light.

[0031] In one embodiment of the invention, the surface of
the board has a property of reflecting light.

[0032] According to the embodiment in which the surface
of the board has the property of reflecting light, light guided
in the longitudinal direction can be inhibited from being
absorbed by the board and loss in energy of the light being
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guided can be reduced. Thus the uniformity in luminous
intensity in the emission end face of the line light source
device can be further improved.

[0033] Inone embodiment of the invention, the resin parts
each have portions in which distance from the surface of the
board to the first recess in the direction of the normal
decreases with distance from the light emission element in the
longitudinal direction within a range from center of the light
emission element to a midpoint between the light emission
element and the next light emission element in the longitudi-
nal direction.

[0034] According to the embodiment, light guided in the
longitudinal direction can efficiently be taken out from the
first recesses, because the resin parts each have the portions in
which the distance from the surface of the board to the first
recess in the direction of the normal decreases with the dis-
tance from the light emission element in the longitudinal
direction within the range from the center of the light emis-
sion element to the midpoint between the light emission ele-
ment and the next light emission element in the longitudinal
direction.

[0035] With such a configuration, the second recesses are
capable of suppressing direct outgoing of light emitted by the
light emission elements, or if some phosphor exists in vicinity
of the elements, light emitted by the phosphor due to the light
derived from the light emission elements, and light traveling
in the longitudinal direction can efficiently be concentrated
on vicinity of centers of the first recesses by the reflection and
the total reflection caused on the surfaces linking the second
recesses and the first recesses. Light can efficiently be taken
out from a larger area on the first recesses.

[0036] Accordingly, the distribution characteristics of the
light can be accurately controlled. Thus luminances just
above the light emission elements that are prone to be exces-
sively high can be reduced and luminances on the intermedi-
ate positions between the light emission elements that are
prone to be decreased by absence of the light emission ele-
ments can be increased because light can effectively be
guided in the longitudinal direction.

[0037] According to the embodiment, the uniformity in the
line light source device in the longitudinal direction can be
further improved because spot intensity at a point in the
intermediate positions between longitudinally adjoining light
emission elements is not only improved but light can be taken
out throughout the first recesses formed widely. Thus the
uniformity in luminous intensity in the emission end face of
the line light source device can be increased.

[0038] When light traveling at an angle of elevation of a(i)
to the horizontal surface of the board undergoes total reflec-
tion on the resin surface having an angle of inclination of 8(i)
to the board, as shown in FIG. 12A, the light is incident on and
reflected from the resin surface at an angle of a.(i)+6(i) to the
resin surface, so that an angle of a traveling direction of the
light to the horizontal surface of the board results in a(i+1)
=a(1)+2-0(i). Once the light undergoes mirror reflection on
the surface of the board and subsequently total reflection on
the resin surface, the direction of'the travel is further changed
so as to have an angle of c.(i+2)=a(i+1)+2:0(1+1). Thus each
reflection on a border between the resin and air increases
absolute value of the angle of elevation by Aa(i)=c(i+1)-a
(1)=2-00).

[0039] As shown in FIG. 12B, when an angle a.(j)+6() of
incidence of the light of which the direction of travel has
gradually been changed in such a manner on the resin surface



US 2009/0296017 A1l

exceeds 90°-6B¢ (wherein 6c is a critical angle for the total
reflection on the border between the resin and air), the light is
refracted on the border between the coating resin layer and the
air layer and is subsequently emitted into the air.

[0040] This phenomenon occurs throughout the portions of
the resin parts where the distance decreases and thus light
more uniform with respect to the longitudinal direction can be
emitted.

[0041] In one embodiment of the invention, the first
recesses have portions that cause total reflection of light trav-
eling in the longitudinal direction.

[0042] According to the embodiment, such a phenomenon
as shown in FIG. 1C, that is, the phenomenon in which light
traveling in a generally horizontal direction passes over the
first recess and reenters the next sealing resin layer, can be
reduced and thus an efficiency of takeout of light can be
increased, because the first recess has portions in which the
angles of inclination of an inclined surface of the first recess
with the normal to the board are not less than the critical angle
B¢ for total reflection and which cause total reflection of light
traveling in parallel to the longitudinal direction.

[0043] That is, the light traveling in parallel to the longitu-
dinal direction undergoes total reflection on the surface of the
resin and the direction of travel thereof is thereby leaned, on
condition that the surface is inclined so that the angles formed
by the normal to the board and the surface of the resin part are
not less than the critical angle 8¢ for total reflection. As a
result, light that cannot be taken out by conventional devices
can effectively be taken out from the first recess near the
midpoint between two adjoining light emission elements.
[0044] In one embodiment of the invention, the second
recesses have portions that cause total reflection of light trav-
eling in the direction of the normal to the board.

[0045] According to the embodiment, uniformity in lumi-
nous intensity distribution in the longitudinal direction can be
further improved because the angles of inclination ofinclined
surfaces of the second recesses are made equal to or larger
than the critical angle Oc for total reflection so that the second
recesses have portions that cause total reflection of light trav-
eling in a normal direction of the board.

[0046] Specifically, the direction of travel of light of high
intensity emitted upward in an optical axial direction of the
light emission elements, in other words, in the direction of the
normal to the surface of the board can be changed into a
direction parallel to the surface of the board, with the angles
of inclination of the second recesses made larger than the
critical angle 6¢ for total reflection.

[0047] Considering the total reflection occurring on the
boundary surfaces between atmosphere and the resin parts,
the critical angle 8¢ for total reflection is found by an equation
(1) as follows.

nsin 6c=1 oY

[0048] In the equation (1), n is a refractive index of the
resin, which index has a dependence on light wavelength in
general. Therefore, consideration herein is given to a refrac-
tive index with respect to a center wavelength of light emitted
from the light emission elements.

[0049] As for light from a typical blue light emission ele-
ment at a wavelength of 455 nm, the refractive index n of
typical highly refractive coating resin is on the order of 1.5.
The critical angle 6¢ for total reflection on the resin having the
index n of 1.5 is roughly calculated at 42° according to the
above equation.
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[0050] FIGS. 13A and 13B are schematic diagrams show-
ing tracks of light emitted from the light emission element in
the axial direction (the direction of the normal to the surface
ofthe board). In FIG. 13 A, reference numeral 920 denotes the
track of light emitted from the light emission element in the
axial direction, and numeral 921 denotes the track of light
traveling in the longitudinal direction inside the resin after
undergoing total reflection on the interface between the resin
and air. In FIG. 13B, reference numeral 930 denotes the track
of light emitted from the light emission element in the axial
direction, and numeral 931 denotes the track of light emitted
into atmosphere after being refracted on the interface
between the resin and air.

[0051] Specifically, FIG. 13A is the diagram showing the
track of the light emitted from the light emission element in
the axial direction (the direction of the normal to the surface
of the board) in a configuration in which the angles 6 of
inclination of the surfaces of the second recess are steeper
than the angle for total reflection, and FIG. 13B is the diagram
showing the track of the light emitted from the light emission
element in the axial direction (the direction of the normal to
the surface ofthe board) in a configuration in which the angles
6 of inclination of the surfaces of the second recess provide
slanted surfaces gentler than the angle for total reflection.

[0052] Even ifthe angles of inclination satisfy a relation of
B<0c, as shown in FIG. 13B, intense light emitted from the
light emission element in the axial direction is refracted on the
slanted surface of the second recess and is thereby deviated
from the direction of the normal to the surface of the board.
Accordingly, luminous intensity of light emitted from regions
corresponding to the light emission elements in the direction
of the normal can be reduced.

[0053] Provided that the angles 8 of inclination of the sur-
faces of the second recess are so large as to satisfy a relation
of 8>6c, as shown in FIG. 13 A, intense light emitted from the
light emission element in the direction of the normal to the
surface of the board undergoes total reflection on the slanted
surfaces of the second recess so as to be deviated from the
direction of the normal, as a matter of course, and so as to be
guided in the resin part while having a progressive component
in the longitudinal direction.

[0054] Therefore, the light guided while having the com-
ponent in the longitudinal direction can finally and effectively
be taken out from the first recesses and thus the uniformity in
luminous intensity distribution on the line light source device
with respect to the longitudinal direction can be made further
excellent.

[0055] In one embodiment of the invention, the first
recesses each have a plurality of protrusions or the first
recesses each have a rough surface section having a surface
finish rougher than that of the resin surface regions aligning
with the light emission elements in the direction of the nor-
mal.

[0056] According to the embodiment, the first recesses
each have the plurality of protrusions or the first recesses each
have the rough surface section having the surface finish
rougher than that of the resin surface regions aligning with the
light emission elements in the direction of the normal. As a
result, light can efficiently be taken out from sections having
the plurality of protrusions or the rough surface sections in the
first recesses and the uniformity in luminous intensity distri-
bution on the line light source device with respect to the
longitudinal direction can be made further excellent.
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[0057] Inone embodiment of the invention, the resin parts
have fluorescent substance containing parts made of material
containing fluorescent substance.

[0058] According to the embodiment, the resin parts have
the fluorescent substance containing parts made of material
containing fluorescent substance, and thus not only light hav-
ing colors of the light source elements but light having any
color can be emitted.

[0059] Inone embodiment of the invention, the fluorescent
substance containing parts are placed so as to enclose the light
emission elements, and

[0060] the fluorescent substance containing parts are
spaced apart from the surfaces of the resin parts.

[0061] According to the embodiment, the fluorescent sub-
stance containing parts are placed so as to enclose the light
emission elements, and are spaced apart from the surfaces of
the resin parts. As a result, not only unevenness in luminance
but unevenness in color can be suppressed. Especially,
unevenness in color in vicinity of the light emission elements
can be reduced.

[0062] Inoneembodiment of the invention, phosphor parts
composed of phosphor or material containing phosphor are
provided opposite to the board with respect to the resin parts
in the direction of the normal.

[0063] According to the embodiment in which the phos-
phor parts are separately provided outside the resin parts,
phosphor particles do not need to be provided inside the resin,
and influence of scattering caused by phosphor particles
inside the resin does not have to be considered. Therefore, in
this embodiment, light intensities in the resin parts can be
easily made uniform in comparison with a device in which
separate phosphor part is not provided outside the resin parts.
By using the excitation light source, of the light made gener-
ally uniform in intensity distribution in the light emission end
face as an exiting light for the phosphor parts provided out-
side the resin parts, fluorescence having high uniformity in
light intensity distribution can be obtained, and components
of the exciting light having penetrated through and coming
out of the phosphor parts have been scattered in the phosphor
parts and have been improved in uniformity. As a result, not
only unevenness in luminance but unevenness in color can be
reduced.

[0064] Inthe conventional line light source device as shown
in FIGS. 23A and 23B, for example, a luminous intensity
profile in a longitudinal direction of a board has bright spots
in regions where LEDs are placed as light emission elements,
as shown in FIG. 14A. Even though light is made to penetrate
aphosphor part provided opposite to the board with respect to
a resin part as shown in FIG. 14C, therefore, merely pseudo
white light is obtained in which traces of the bright spots
intensely remain, e.g., as shown in FIG. 14B.

[0065] In the line light source device of the invention, by
contrast, light having such a luminous intensity profile as
shown in FIG. 154, i.e., light having a luminous intensity
distribution that is raised in the first recesses and generally
uniform in the longitudinal direction is initially used as inci-
dent light. After the light is passed through the phosphor layer
as shown in FIG. 15C, consequently, uniformity in luminous
intensity distribution is further improved and such a luminous
intensity distribution generally uniform in the longitudinal
direction as shown in FIG. 15B can be obtained.

[0066] In one embodiment of the invention, the light emis-
sion end of each of the light emission elements with respect to
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the direction of the normal has a generally trapezoidal shape
in a section in the longitudinal direction, and

[0067] directions of normals to side surfaces of the end of
the light emission element with respect to the longitudinal
direction are slanted relative to the direction of the normal to
the surface of the board.

[0068] According to the embodiment in which the direc-
tions of the normals to the side surfaces of the end of the light
emission element are slanted relative to the direction of the
normal to the surface of the board, light can be emitted in the
directions of the normals of the side surfaces slanted by a
specified angle relative to the top surface of the light emission
element, so that light can be scattered in advance by the light
emission element itself.

[0069] In one embodiment, sections of the resin parts and
the board in a direction perpendicular to the longitudinal
direction of the board are flush with each other and are mirror
surfaces.

[0070] According to the embodiment, light with a large
light quantity can be emitted.

[0071] In one embodiment of the invention, a plane light
emission device comprises the above line light source device.
[0072] According to the embodiment, unevenness in both
luminance and color in emitted light can be reduced.

[0073] Inoneembodiment of the invention, a liquid crystal
display comprises the above plane light emission device.
[0074] According to the embodiment, unevenness in both
luminance and color can be reduced.

[0075] There is also provided a plane light source device
comprising:

[0076] aboard, and

[0077] aplurality of light emission element units placed in

a predetermined two-dimensional pattern without a gap on a
surface of the board,

[0078] each of the plurality of light emission element units
comprising:

[0079] alight emission element, and

[0080] a resin part covering the light emission element,
wherein

[0081] inanimaginary cut surface that passes through cen-

ters of the plurality of light emission element units adjoining
each other and that is perpendicular to the surface of the
board, adjoining end parts of the resin parts of the adjoining
light emission element units form first recesses.

[0082] According to the invention, difference in light quan-
tity between light emitted from above the light emission
elements and light emitted from above the first recesses can
be reduced, so that light which is more uniform in surface
density can be emitted.

[0083] Inoneembodiment of the invention, the resin parts
of the plurality of light emission element units range inte-
grally.

[0084] According to the embodiment, the resin parts can be

easily configured.

[0085] In one embodiment of the invention, the resin parts
of the plurality of light emission element units range inte-
grally.

[0086] According to the embodiment, uniformity in surface
density of emitted light can be further improved.

[0087] Inone embodiment of the invention, the resin parts
of the plurality of light emission element units have second
recesses in regions that correspond to the light emission ele-
ments of the plurality of light emission element units in a
direction of a normal to the board.
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[0088] According to the embodiment, uniformity in surface
density of emitted light can be further improved.

[0089] Inoneembodimentofthe invention, the two-dimen-
sional pattern is a grid-like pattern.

[0090] According to the embodiment, uniformity in surface
density of emitted light can be further improved.

[0091] The line light source device of the invention has the
board having the surface on which electrode patterns can be
formed and which extends in the longitudinal direction, the
plurality of light emission elements placed on the surface at
some intervals along the longitudinal direction, and the resin
parts that cover the plurality of light emission elements, and
the surfaces of the resin parts opposite to the board have the
first recesses between the adjoining light emission elements
in the longitudinal direction. As a result, the uniformity in
luminous intensity in the surface can be improved. A light
emission surface of the device that emits light with high
luminance resists producing bright lines and unevenness in
color.

[0092] In the line light source device of the invention in
which the first recesses exist between the adjoining light
emission elements, thicknesses of the resin parts can be
reduced between the adjoining light emission elements. Thus
strain caused by thermal expansion and contraction between
the adjoining light emission elements can be relaxed and
stripping of the resin parts can be prevented in spite of the
simple structure in which the light emission elements are
coated with resin. In addition, facilitation of manufacture and
reduction in manufacturing cost can be attained because of
the simple structure in which the light emission elements are
coated with resin.

[0093] In the line light source device of the invention, the
uniformity of emitted light in the longitudinal direction can
be further improved by the formation of the second recesses
on the surfaces of the resin parts generally just above the light
emission elements (positions generally corresponding to the
elements in the direction of the normal to the surface of the
board).

[0094] In the line light source device of the invention, the
uniformity of emitted light in the longitudinal direction can
be further improved by composition, with use of substance
having high optical reflectivity, of the surfaces of the boards
on which electrode patterns can be formed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0095] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not intended to limit the present
invention, and wherein:

[0096] FIG. 1A is a perspective view of a line light source
device in accordance with a first embodiment of the inven-
tion;

[0097] FIG. 1B is a longitudinal section of the line light
source device of the first embodiment;

[0098] FIG. 1C is a section of a printed board, the section
taken through a light emission element along a direction of
width of a printed board,

[0099] FIG.2A is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0100] FIG. 2B is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0101] FIG.2Cis a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
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[0102] FIG. 2D is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0103] FIG. 2E is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0104] FIG. 2F is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0105] FIG. 2G is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0106] FIG. 2H is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0107] FIG. 21 is a diagram illustrating a method of manu-
facturing the line light source device of the first embodiment;
[0108] FIG. 3isaperspective view of a plane light emission
device of the invention that is produced with use of the line
light source device of the invention;

[0109] FIG. 4 is a longitudinal section showing a region
where the light emission element 5 is mounted, along with a
mounting structure of a light guide plate 2 and the printed
board 4;

[0110] FIG. 5A is a perspective view of a line light source
device in accordance with a second embodiment of the inven-
tion;

[0111] FIG. 5B is a longitudinal section of the line light
source device of the second embodiment;

[0112] FIG. 5C is a section of the printed board on which
reflection sheets are provided, the section taken through a
light emission element along a direction of width of the
printed board,

[0113] FIG. 6A is a perspective view of a line light source
device in accordance with a third embodiment of the inven-
tion;

[0114] FIG. 6B is a longitudinal section of the line light
source device of the third embodiment;

[0115] FIG. 6C is a section of a printed board on which
reflection sheets are provided, the section taken through a
light emission element along a direction of width of the
printed board,

[0116] FIG. 7A is a perspective view of a line light source
device in accordance with a fourth embodiment of the inven-
tion;

[0117] FIG. 7B is a longitudinal section of the line light
source device of the fourth embodiment;

[0118] FIG. 7C is a section of a printed board on which
reflection sheets are provided, the section taken through a
light emission element along a direction of width of the
printed board;

[0119] FIG. 8A is a perspective view of a line light source
device in accordance with a fifth embodiment of the inven-
tion,;

[0120] FIG. 8B is a longitudinal section of the line light
source device of the fifth embodiment;

[0121] FIG. 8C is a section of a printed board on which
reflection sheets are provided, the section taken through a
light emission element along a direction of width of the
printed board;

[0122] FIG. 9A is a perspective view of a line light source
device in accordance with a sixth embodiment of the inven-
tion;

[0123] FIG. 9B is a longitudinal section of the line light
source device of the sixth embodiment;

[0124] FIG. 9C is a section of a printed board on which
reflection sheets are provided, the section taken through a
light emission element along a direction of width of the
printed board,;
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[0125] FIG. 9D is a view showing an LED chip used in the
device and directions of light emitted from the chip:

[0126] FIG. 9E is a view showing an LED chip in a modi-
fication of the sixth embodiment and directions of light emit-
ted from the chip;

[0127] FIG. 10 is a schematic diagram showing the line
light source device of the invention that has a phosphor part;
[0128] FIG.11Aisadiagram illustrating a functional effect
of the invention;

[0129] FIG. 11B is a diagram illustrating a problem of a
conventional device;

[0130] FIG. 11C is a diagram showing a ray of light that is
not emitted to outside from vicinity of a first recess in the
device having the first recess;

[0131] FIG.12Aisadiagram illustrating a functional effect
of the invention;

[0132] FIG.12Bisadiagram illustrating a functional effect
of the invention;

[0133] FIG.13Aisadiagram illustrating a functional effect
of the invention;

[0134] FIG.13B isadiagram illustrating a functional effect
of the invention;

[0135] FIG. 14A is a diagram illustrating a problem of a
conventional device;

[0136] FIG. 14B is a diagram illustrating a problem of a
conventional device;

[0137] FIG. 14C is a diagram illustrating a problem of a
conventional device;

[0138] FIG.15Aisadiagram illustrating a functional effect
of the invention;

[0139] FIG.15B is a diagram illustrating a functional effect
of the invention;

[0140] FIG.15C is a diagram illustrating a functional effect
of the invention;

[0141] FIG.16A is a diagram showing a luminous intensity
distribution in a longitudinal direction of a conventional line
light source device;

[0142] FIG.16B is a diagram showing a luminous intensity
distribution in a longitudinal direction of a line light source
device of the invention;

[0143] FIG.16C is a diagram showing a luminous intensity
distribution in a longitudinal direction of a line light source
device of the invention;

[0144] FIG.16D is a diagram showing a luminous intensity
distribution in a longitudinal direction of a line light source
device of the invention;

[0145] FIG. 17 is a diagram showing a plane light source
device in accordance with one embodiment of the invention;
[0146] FIG. 18 is a diagram showing a plane light source
device in accordance with another embodiment of the inven-
tion;

[0147] FIG. 19A is a perspective view of a conventional
line light source device;

[0148] FIG. 19B is a longitudinal section of the conven-
tional line light source device;

[0149] FIG.19C is a lateral section of the conventional line
light source device;

[0150] FIG. 20A is a diagram illustrating a procedure of a
method of manufacturing the conventional line light source
device;

[0151] FIG. 20B is a diagram illustrating a procedure of a
method of manufacturing the conventional line light source
device;
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[0152] FIG. 20C is a diagram illustrating a procedure of a
method of manufacturing the conventional line light source
device;

[0153] FIG. 20D is a diagram illustrating a procedure of a
method of manufacturing the conventional line light source
device;

[0154] FIG. 20F is a diagram illustrating a procedure of a
method of manufacturing the conventional line light source
device;

[0155] FIG. 20F is a diagram illustrating a procedure of a
method of manufacturing the conventional line light source
device;

[0156] FIG. 21 is a perspective view of a plane light emis-
sion device having the conventional line light source device;
[0157] FIG. 22 is a section of the line light source device in
the plane light emission device shown in FIG. 21, the section
taken along adirection of width of the line light source device;
[0158] FIG. 23A is a perspective view of another conven-
tional line light source device;

[0159] FIG. 23B is a longitudinal section of the conven-
tional line light source device shown in FIG. 23A; and
[0160] FIG. 24 is a lateral section of another conventional
line light source device.

DETAILED DESCRIPTION OF THE INVENTION

[0161] Hereinbelow, the invention will be described in
detail with reference to embodiments shown in the drawings.

First Embodiment

[0162] FIG. 1A is a perspective view of a line light source
device in accordance with a first embodiment of the inven-
tion, and FIG. 1B is a longitudinal section of the line light
source device of the first embodiment. FIG. 1C is a section of
a printed board 4, the section taken through a light emission
element 5 along a direction of width of the printed board.
[0163] As shown in FIGS. 1A, 1B and 1C, the line light
source device is composed of the printed board 4 that is
provided as acircuit board and that is shaped like an elongated
thin strip, a plurality oflight emission elements 5, transparent
sealing resin layers 6 having phosphor, as an example of
fluorescent substance containing parts, transparent sealing
resin layers 10 substantially free of phosphor, a lower reflec-
tion sheet 1, and an upper reflection sheet 11, as reflection
members.

[0164] Asshown in FIG. 1B, the plurality of light emission
element 5 are placed in a row on one surface of the printed
board 4, at some intervals along a longitudinal direction of the
printed board 4. The sealing resin layers 6 are formed so as to
enclose the light emission elements 5 on the printed board 4.
On the other hand, the sealing resin layers 10 are formed so as
to enclose the sealing resin layers 6. The sealing resin layers
6 coating the light emission elements 5 and the sealing resin
layers 10 enclosing the sealing resin parts 6 form resin parts.
[0165] As shown in FIG. 1C, the lower reflection sheet 1 is
affixed onto end faces of the sealing resin layers 10 on one
side with respect to a direction of width thereof (correctly, the
direction of width of the printed board 4). On the other hand,
the upper reflection sheet 11 is affixed onto end faces of the
sealing resin layers 10 on the other side with respect to the
direction of width thereof.

[0166] As shown in FIG. 1A, the printed board 4 is formed
by dicing cut of a printed board material 40 (see FIG. 2A that
will be described below), rectangular in plan view, into elon-
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gated square bars. On the upper surface (mounting surface) of
the printed board 4, the plurality of light emission element 5
are placed in a row at the specified intervals along the longi-
tudinal direction of the printed board 4 shaped like the elon-
gated thin strip. In vicinity of both ends of the printed board 4
with respect to the direction of width exist a positive electrode
terminal and a negative electrode terminal (not shown). The
positive electrode terminal and the negative electrode termi-
nal are electrically connected to the light emission elements 5.
Electric power is supplied to the light emission elements 5
through the positive electrode terminal and the negative elec-
trode terminal.

[0167] Forthelight emission elements 5 is used GaN-based
compound semiconductor, for example. The light emission
elements 5 are each formed by stacking of an n-type layer and
a p-type layer on a transparent sapphire board, formation of
an n-type electrode or a p-type electrode on a surface of each
of the n-type layer and the p-type layer, and die bonding both
the electrodes onto an interconnection pattern on the printed
board 4 using wires. The line light source device is formed by
coating ofthe light emission elements 5 with transparent resin
containing phosphor and electrical serial connection of the
light emission elements 5.

[0168] The transparent sealing resin layers 6 containing
phosphor are formed by application, on surfaces of the light
emission elements 5, of silicone resin in which yellow phos-
phor is dispersed as the phosphor, for example.

[0169] The transparent sealing resin layers 10 are formed
by injection of, e.g., silicone resin into a region surrounded by
the printed board 4, the transparent sealing resin layers 6
containing phosphor, and a forming die 28 (see FIG. 2E) and
by hardening of the resin.

[0170] As shown in FIG. 1A, the transparent sealing resin
layers 10 substantially free of phosphor each extend longitu-
dinally on both sides of and within a given distance from the
corresponding light emission element 5 with the element
being at center of the layer. In a longitudinal section, the
sealing resin layers 10 each have two surfaces shaped like an
arch. Specifically, the sealing resin layers 10 each have a first
convex surface 300 joining the surface of the printed board 4
at one longitudinal end of the layer and a second convex
surface 301 joining the surface of the printed board 4 at the
other longitudinal end of the layer.

[0171] The first convex surface 300 and the second convex
surface 301 are generally in plane symmetry with respect to a
plane extending through a longitudinal center of the light
emission element 5 in a direction of a normal to the surface of
the printed board 4. The first convex surface 300 and the
second convex surface 301 join each other through surfaces
302 having a shape of a letter V (formed of two flat surfaces
connected to each other) in a longitudinal section. A bend
between the surfaces 302 having the V-shaped section faces
the longitudinal center of the light emission element 5 in the
direction of the normal.

[0172] As shown in FIG. 1A, the sealing resin layers 10
each have a portion defined by the first convex surface 300
and the printed board 4 with respect to the direction of the
normal. Thickness of the portion in the direction of the normal
gradually increases from one end in the longitudinal direction
toward the other end at the surfaces having the V-shaped
section.

[0173] On the other hand. the sealing resin layers 10 each
have a portion defined by the second convex surface 301 and
the printed board 4 in the direction of the normal. Thickness
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of the portion in the direction of the normal becomes larger
(gradually increases) from the other end in the longitudinal
direction toward an end at the surfaces having the V-shaped
section.

[0174] As shown in FIG. 1B, one longitudinal end of a
sealing resin part 10 coincides with the other longitudinal end
of the adjoining sealing resin part 10. The other longitudinal
end of the sealing resin part 10 coincides with one longitudi-
nal end of the adjoining sealing resin part 10.

[0175] As shown in FIG. 1B, a surface of the line light
source device is shaped so that a first recess 14 defined by a
connection of the two convex surfaces 300, 301 and a second
recess 16 defined by the surfaces having the V-shaped section
are alternately repeated in the longitudinal direction of the
printed board 4. The first recess 14 is positioned between the
light emission elements 5 adjoining in the longitudinal direc-
tion and the second recess 16, which has the section generally
shaped like the letter V, is positioned just above the light
emission element 5 in general.

[0176] As described in detail in SUMMARY OF THE
INVENTION, light having sufficient luminance can be emit-
ted from regions between the light emission elements 5 that
tend to be poor in luminance in conventional devices and
uniformity in luminance of the line light source device with
respect to the longitudinal direction can be made excellent, on
basis of phenomena in which a portion of light that is emitted
generally in the direction of the normal from light source
areas composed of the light emission elements 5 and the
transparent sealing resin layers 6 containing phosphor under-
goes total reflection on the second recesses 16, in which a
portion of light that is emitted therefrom with tilt relative to
the direction of the normal undergoes total reflection on the
first and second convex surfaces (shaped like a gentle arch)
300, 301, in which the portions of light having undergone the
total reflection are efficiently guided to and condensed on the
first recesses 14 with aid of the gently arched shape, and in
which the condensed light is efficiently emitted from the first
recesses 14.

[0177] Optimal conditions by means of the shapes of the
gentle arch, the first recess 14, and the second recess 16 for
eliminating unevenness in the luminance are changed in
accordance with a combination of a refractive index of resin
in use, light distribution characteristics of the light emission
elements 5, and the intervals of placement of the light emis-
sion elements 5. Conversely, the shapes can appropriately be
adjusted so as to be preferable to the conditions.

[0178] In the first embodiment, the sealing resin layers 10
each gently decrease in thickness with longitudinal distance
from the corresponding light emission element 5, except a
longitudinal center part of the sealing resin layers 10. In the
first embodiment, a surface of each sealing resin layer 10
shown in FIG. 1B has a gently arched shape protruding
upward, except the longitudinal center part of the sealing
resin layer 10.

[0179] The sealing resin layers 10 are required to be cut so
that the surfaces of the layers 10 are mirror-finished and have
an improved reflection efficiency. Roughened surfaces of the
sealing resin layers 10 might cause irregular light reflection
and thus might make it impossible to sufficiently control the
light intensity distribution. That is, effects of light control on
the second recesses 16 and the first recesses 14 might be
reduced and the uniformity in the light intensity distribution
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might be deteriorated. Accordingly, sufficient attention is
required on the mirror finish of the surfaces of the sealing
resin layers 10.

[0180] Thereflectionsheets 1and 11 extend in the direction
of the normal to the mounting surface of the printed board 4.
The reflection sheets 1 and 11 are mirror-surface-like tapes or
tape-shaped members having a high optical reflectance, such
as white ones. The reflection sheets 1 and 11 cover areas from
end faces 18, 19 of the printed board 4, which adjoin the
mounting surface and extend in the direction of the normal to
the printed board 4, to the surfaces of the sealing resin layers
10. Thus light radiated upward and downward from the light
emission elements 5 (see FIG. 1C) is thoroughly reflected by
both the reflection sheets 1 and 11, condensed frontward, and
emitted linearly.

[0181] Hereinbelow will be described function of the line
light source device. When power is supplied to the light
emission elements 5 through the interconnection pattern on
the printed board 4, light is emitted from active layers of the
semiconductor layers in the light emission elements 5. The
light from the active layers is radially emitted from main light
output surfaces of the light emission elements 5, that is,
surfaces of electrode on which the wires 9 (see FIG. 2B) have
been die-bonded.

[0182] Light in upward and downward directions (direc-
tions of the normal to the end face 18 (see FIG. 1A)) outof the
light emitted from the light emission elements 5 is reflected
by the reflection sheets 1, 11 and advanced frontward. Out of
the frontward light incident on the second recesses 16, a
portion satisfying a condition is reflected with total reflection,
while the remaining portion is emitted after being refracted
on the surfaces of the resin. Out of the light incident on the
gently arched parts, a portion satisfying a condition is
reflected with total reflection, and the remaining portion is
emitted after being refracted on the surfaces of the resin.

[0183] Most of the light undergoing the total reflection and
of light radiated in the longitudinal directions of the line light
source device is guided in the longitudinal directions to vicin-
ity of the first recesses 14 and is condensed, so that the
condensed light is finally emitted from the first recesses 14.

[0184] The rays of light emitted from the first recesses 14
are spread with a wider angle in general than rays of light
directly emitted from the light emission elements 5. Such
spread of the rays of light emitted from the first recesses 14
results in compensation for luminances between the light
emission elements 5 and leads to the uniformity in luminance.

[0185] FIGS. 2A through 2I are diagrams illustrating a
method of manufacturing the line light source device of the
embodiment.

[0186] Specifically, FIG. 2A is a perspective view in which
a plurality of light emission elements have been placed on a
circuit board, and FIG. 2B is a perspective view in which the
light emission elements have undergone the die bonding.
FIGS. 2C and 2D are perspective views in which the light
emission elements have been coated with resin containing
phosphor, and FIG. 2E is a section in which the components
shown in FIGS. 2C and 2D have been covered with the die.
FIG. 2F is a schematic diagram showing a state in which resin
injected into the die denoted by reference numeral 28 in FIG.
2E has been hardened. FIG. 2G is a perspective view showing
astate in which the resin injected in a configuration of FIG. 2E
has been hardened and showing sealing resin layers 710 that
have portions having arch-like sections shown in FIG. 2F, as
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seen looking diagonally. FIG. 2H is a perspective view show-
ing a state in which dicing is to be performed.

[0187] The line light source device of this embodiment is
manufactured as follows, for example. Initially, a conductive
pattern is formed on, e.g., a white glass BT (bismaleimide
triazine) copper-clad laminated board.

[0188] As shown in FIG. 24, subsequently, the light emis-
sion elements 5 are arranged on a mounting surface of the
printed board material 40 quadrangular in plan view and are
mechanically fixed thereto by adhesive. As shown in FIG. 2B,
the light emission elements 5 are thereafter subjected to the
die bonding so that a structure is formed in which the light
emission elements 5 are powered from outside. As shown in
FIGS. 2C and 2D, transparent resin containing phosphor is
subsequently applied along rows of the light emission ele-
ments 5 so as to form semicylindrical transparent resin layers
26 containing phosphor.

[0189] A specified amount of the transparent resin contain-
ing phosphor is dispensed from a dispenser moving along the
rows of the light emission elements 5 and the resin layers 26
arranged like lines are thereby formed. Thus the semicylin-
drical transparent resin layers 26 containing phosphor are
formed.

[0190] On condition that the amount of the resin dispensed
from the dispenser is small, shapes in which the resin layers
26 are applied become inconstant under influence of a shape
of the light emission elements 5 placed on the printed board
material 40 and of surface tensions on the wires 9 used in the
die bonding, on occasion of the formation of the resin layers
26. The inconstancy of the shapes of application might
become a principal factor of variation in chromaticity of the
line light source device completed finally. Therefore, it is
necessary and indispensable to dispense the resin in an neces-
sity minimum amount that results in as small influence as
possible of the shape of the light emission elements 5 formed
on the printed board material 40 and of the surface tensions on
the wires 9 used in the die bonding and to thereby form the
resin layers 26 ranging uniformly.

[0191] On condition that the semicylindrical transparent
resin layers 26 containing phosphor are formed with a dis-
pensing amount of the resin from the dispenser which largely
exceeds the necessity minimum dispensing amount that
results in no influence of the surface tensions, sizes of light
sources greatly differ between the light emission elements 5
as light sources and the phosphor as light sources that emit
fluorescence. In this case, it is remarkably difficult to simul-
taneously control directional characteristics of light rays hav-
ing two different wavelengths with use of the same arched
shape of the resin (sealing resin layers corresponding to the
sealing resin layers designated by numeral 10 in FIG. 1).
[0192] In order to avoid this difficulty, as in the first
embodiment, it is necessary to form the semicylindrical trans-
parent resin layers 26 containing phosphor with the necessity
minimum dispensing amount that results in as little influence
as possible of the surface tensions and to make the size of the
area in which the phosphor as light source resides as close as
possible to the size of the area in which the light emission
elements 5 reside.

[0193] As shown in FIG. 2E, subsequently, the printed
board material 40 and the semicylindrical transparent resin
layers 26 containing phosphor are enclosed by the forming
die 28 so that a molding resin injection space 30 is prepared.
[0194] After that, the molding resin injection space pre-
pared in F1G. 2E is filled with transparent resin free of phos-
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phor, which is then hardened and molded, and the die is
thereafter released from the hardened and molded resin, so
that the sealing resin layers 710 shown in FIGS. 2F and 2G
and shaped like arches are formed.

[0195] As shown in FIGS. 2H and 21, subsequently, the
printed board material 40 quadrangular in plan view is cut by
dicing into the plurality of line light source devices on the
manufacturing way so that the devices are shaped like elon-
gated thin strips in plan view. In the dicing, cut surfaces of the
resin can be made into mirror state by appropriate selection of
a grain size, a rotation speed, and a cutting speed of a blade.
[0196] Theareas from theend faces (upper and lower faces)
18, 19 adjoining the mounting surface of the printed board 4
(see FIG. 1) to extremities of the arched sealing resin layers
10 are covered with the reflection sheets 1 and 11. In this
manner, the line light source device shown in FIGS. 1A
through 1C is manufactured.

[0197] FIG.3isaperspective view of a plane light emission
device of the invention that is produced with use of the line
light source device of the invention. FIG. 4 is a longitudinal
section showing a region where the light emission element 5
is mounted, along with a mounting structure of a light guide
plate 2 and the printed board 4.

[0198] Components in FIGS. 3 and 4 that are identical to or
correspond to the components shown in FIGS. 1 and 2 are
designated by the same reference numerals and description
thereof is omitted.

[0199] Asshown in FIGS. 3 and 4, the plane light emission
devicehas a lower reflection sheet 1 shaped like a rectangle in
plan view, a flat-plate-like light guide plate 2 affixed onto an
upper surface of the lower reflection sheet 1 except one end,
the line light source 3 placed on the one end of the lower
reflection sheet 1 and along a side surface 9 of the light guide
plate 2, and an upper reflection sheet 11 that is shaped like an
elongated strip and that is mounted so as to cover upper
surfaces of the line light source 3 and the light guide plate 2,
1.e., an end part (upper side) of a light emission surface.

[0200] The lower reflection sheet 1 is composed of a mir-
ror-surface-like tape or a tape-like member having a high
optical reflectance, such as white one. The lower reflection
sheet 1 covers an area ranging from the light guide plate 2 to
the printed board 4, correctly, from one of reflection surfaces
of the light guide plate 2 to a lower face of the printed board
4. Accordingly, light emitted downward from the line light
source 3 is reflected by the lower reflection sheet 1 into the
light guide plate 2.

[0201] The light guide plate 2 is a 0.2 to 1.0 mm thick
transparent plate made of acrylic resin, polycarbonate resin or
the like, for example. The plane light emission device forms
a part of a liquid crystal display, and a liquid crystal display
panel (not shown) is placed over the light guide plate 2. More
specifically, the liquid crystal panel is placed over the light
guide plate 2 with a lower surface of the panel extending
along the upper surface of the light guide plate 2.

[0202] Provided thata thickness of the line light source 3 is
larger than that of the light guide plate 2, a light capturing port
of the light guide plate 2 may be spread toward its end face in
shape of a funnel with varying the thickness, so as to attain
coincidence between the thickness of the line light source and
that of the light guide plate 2 at the end face.

[0203] The line light source 3 is installed so that the longi-
tudinal axis of the line light source device of the embodiment
faces parallel to the side surface 9 of the light guide plate 2.
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[0204] A shape of the side surface of the light guide plate
facing the line light source (a surface corresponding to the
surface designated by numeral 9 in FIG. 3) may be uneven so
as to fit the arched shape of the resin. By such a configuration,
an efficiency of optical coupling between the light source and
the light guide plate can be improved.

[0205] For the upper reflection sheet 11 is used the same
material as that for the lower reflection sheet 1. The upper
reflection sheet 11 covers a region ranging from the end part
of the light guide plate 2 to the printed board 4, on upper side
of the line light source device. That is, the upper reflection
sheet 11 covers the end part of the light guide plate 2 close to
the light emission elements 5, top of the light emission ele-
ments 5, and the upper face of the printed board 4.

[0206] Thus light emitted upward and downward from the
light emission elements 5 can be reflected by the lower and
upper reflection sheets 1 and 11 without leak of the light from
gaps between the light guide plate 2 and the line light source
3. Therefore, the light from the light emission elements 5 can
thoroughly be projected into the light guide plate 2.

[0207] With the shapes of the first recesses 14 and the
second recesses 16 on the arched sealing resin layers 10
adjusted appropriately, the line light source 3 in the planar
light source device is capable of emitting light with sufficient
luminance, whatever specifications the device has, even from
the intermediate regions between the light emission elements
5 which regions tend to be poor in luminance, so that the
uniformity in luminance of the line light source with respect
to the longitudinal direction can be improved.

[0208] Inthe device in which plane emission from the light
guide plate 2 is carried out with light from the light source 3
introduced through the end face 9 of the light guide plate 2
into the light guide plate 2, therefore, luminance distribution
on the emission surface can be made generally uniform.

[0209] Itis needless to say that optimal conditions for uni-
form luminance distribution on the surface vary with a com-
bination of refractive index of resin used in the line light
source 3, light distribution characteristics of the light emis-
sion elements 5, and intervals of placement of the light emis-
sion elements 5 and with shape of the light guide plate 2 in
use.

[0210] Accordingly, detailed shapes of the first recesses 14
and the second recesses 16 on the sealing resin layers 10
having the arched surfaces in the line light source 3 are
required to be adjusted appropriately, so as to attain uniform
luminance distribution in the emission surface.

[0211] In the line light source device of the first embodi-
ment, as described above, the plurality of light emission ele-
ment 5 are placed on the generally rectangular surface of the
printed board 4 having the electrode patterns formed thereon,
along the longitudinal direction of the board, and the thick-
ness of resin covering each light emission element 5 gently
decreases with longitudinal distance from the light emission
element 5. There are formed parts having substantially no
resin, in the intermediate sections between the adjoining light
emission elements, and the recesses are formed on the resin
parts 10 just above the light emission elements 5 in general.
Further, the resin layers 6 mixed with phosphor are provided
in vicinity of the light emission elements 5.

[0212] In the line light source device of the first embodi-
ment, linear light rarely having unevenness in luminance,
bright lines, and unevenness in chromaticity can be emitted
from the device even when the light is emitted with a desired
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color and a high luminance, and the resin can be prevented
from being stripped from the printed board.

Second Embodiment

[0213] FIG. 5A is a perspective view of a line light source
device in accordance with a second embodiment of the inven-
tion, and FIG. 5B is a longitudinal section of the line light
source device of the second embodiment. FIG. 5C is a section
of aprinted board, the section taken through a light emission
element 5 having reflection sheets along a direction of width
of the printed board.

[0214] Components of the line light source device of the
second embodiment that are the same as the components of
the line light source device of the first embodiment are des-
ignated by the same reference numerals and description
thereof is omitted. For the line light source device of the
second embodiment, description is omitted on functional
effects and modifications that are common to those of the line
light source device of the first embodiment but is provided
only on configurations, functional effects, and modifications
that are different from those of the line light source device of
the first embodiment.

[0215] In the second embodiment, the plurality of light
emission elements 5 are placed at given intervals along the
longitudinal direction of the generally planar long printed
board 4 having electrode patterns formed thereon.

[0216] Also, sealing resin layers 110 are formed so as to
cover the light emission elements 5. The sealing resin layers
110 each have a shape that is generally in plane symmetry
with respect to a plane extending through center of the light
emission element 5 and including the direction of widthof the
board 4 and a direction of a normal to a surface of the board
4.

[0217] As shown in FIGS. 5A and 5B, a section of the
sealing resin layer 110 taken in the longitudinal direction of
the board 4 is in shape of an isosceles trapezoid from which a
portion at center of an upper side of the trapezoid is cut out so
as to form a section shaped like a letter V. That 1s, there is a
recess having the V-shaped section generally just above each
light emission element 5 in the sealing resin layers 110. As
shown in FIGS. 5A and 5B, furthermore, there are portions
108 smallest in resin thickness onborders between the adjoin-
ing sealing resin layers 110.

[0218] As shown in FIG. 5B, resin layers 6 mixed with
phosphor are provided in vicinity of the light emission ele-
ments 5. Thus the line light source can be obtained that rarely
has unevenness in luminance, bright lines, and unevenness in
chromaticity even when light is emitted with a desired color
and a high luminance.

[0219] Inthesealingresinlayers 110 of the second embodi-
ment, as shown in FIG. 5B, the first recesses 114 having the
V-shaped section and residing between the adjoining light
emission elements 5 and the second recesses 116 having the
V-shaped section and residing just above the light emission
elements 5 are linked through planar surfaces 118 generally
parallel to the surface of the board 4. There can be attained
functional effects generally similar to those of the first
embodiment by the sealing resin layers 110 having not only
portions of which thickness gently decreases with longitudi-
nal distance from the light emission elements 5, but also the
portion of the planar surfaces 118 generally parallel to the
surface of the board 4.

Third Embodiment

[0220] FIG. 6A is a perspective view of a line light source
device in accordance with a third embodiment of the inven-
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tion, and FIG. 6B is a longitudinal section of the line light
source device of the third embodiment. FIG. 6C s a section of
a printed board, the section taken through a light emission
element 5 having reflection sheets along a direction of width
of the printed board.

[0221] Components of the line light source device of the
third embodiment that are the same as the components of the
line light source device ofthe first embodiment are designated
by the same reference numerals and description thereof is
omitted. For the line light source device of the third embodi-
ment, description is omitted on functional effects and modi-
fications that are common to those of the line light source
device of the first embodiment but is provided only on con-
figurations, functional effects, and modifications that are dif-
ferent from those of the line light source device of the first
embodiment.

[0222] Inthe third embodiment, as shown in FIGS. 6A and
6B, the plurality of light emission element 5 are placed at
given intervals along the longitudinal direction of the gener-
ally planar long printed board 4 having electrode patterns
formed thereon.

[0223] Also, a sealing resin layer 210 is formed so as to
cover the light emission elements 5. A surface of the sealing
resin layer 210 includes recessed surfaces 214 each having a
section generally shaped like a circular arc, between the
adjoining light emission elements 5. Each recessed surface
214 is generally in plane symmetry with respect to a plane
extending through a midpoint between the adjoining light
emission elements 5 and including a direction of a normal to
a surface of the printed board 4 and the direction of width of
the board 4. The recessed surfaces 214 form first recesses.
[0224] The surface of the sealing resin layer 210 includes
recessed surfaces 216 just above the light emission elements
5. The recessed surfaces 216 just above the light emission
elements 5 each have a shape that is generally in plane sym-
metry with respect to a plane extending through center of the
light emission element 5 and including the direction of width
of the printed board 4 and the direction of the normal to the
surface of the printed board 4. The recessed surfaces 216 form
second recesses.

[0225] In the longitudinal direction of the board 4, the
recessed surfaces 216 join the recessed surfaces 214 between
the adjoining light emission elements 5. A shortest distance
between the recessed surfaces 216 just above the light emis-
sion elements 5 and the surface of the board 4 is larger than a
shortest distance between the recessed surfaces 214 between
the adjoining light emission elements 5 and the surface of the
board 4. The first recesses 214 and the second recesses 216
have shapes protruding downward.

Fourth Embodiment

[0226] FIG. 7A is a perspective view of a line light source
device in accordance with a fourth embodiment of the inven-
tion, and FIG. 7B is a longitudinal section of the line light
source device of the fourth embodiment. FIG. 7C is a section
of a printed board, the section taken through a light emission
element 5 along a direction of width of the printed board
having reflection sheets.

[0227] Components of the line light source device of the
fourthembodiment that are the same as the components of the
line light source device of the first embodiment are designated
by the same reference numerals and description thereof is
omitted. For the line light source device of the fourth embodi-
ment, description is omitted on functional effects and modi-
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fications that are common to those of the line light source
device of the first embodiment but is provided only on con-
figurations, functional effects, and modifications that are dif-
ferent from those of the line light source device of the first
embodiment.

[0228] In the fourth embodiment, as shown in FIGS. 7A
and 7B, the plurality of light emission element 5 are placed at
given intervals along the longitudinal direction of the gener-
ally planar long printed board 4 having electrode patterns
formed thereon.

[0229] Also, a sealing resin layer 310 is formed so as to
cover the light emission elements 5. A surface of the sealing
resin layer 310 opposite to the board 4 includes first recesses
314 of which major portions are recessed surfaces each hav-
ing a section generally shaped like a circular arc, between the
adjoining light emission elements 5. The surface of the seal-
ing resin layer 310 opposite to the board 4 also includes
second recesses 316, each having a section shaped like a letter
V, right above the light emission elements 5.

[0230] The first recess 314 is generally in plane symmetry
with respect to a plane extending through a midpoint between
the adjoining light emission elements 5 and including a direc-
tion of a normal to a surface of the printed board 4 and the
direction of width of the board 4. The second recesses 316
each have a shape that is generally in plane symmetry with
respect to a plane extending through center of the light emis-
sion element 5 and including the direction of width of the
board 4 and the direction of the normal to the surface of the
board 4.

[0231] The first recesses 314 each have a plurality of pro-
trusions 318 that are triangular in section and that protrude
radially outward from the recessed surface, on longitudinal
center part of the first recess 314. The plurality of protrusions
318 are placed without longitudinal intervals along the lon-
gitudinal direction. That is, a longitudinal end of one of the
adjoining protrusions 318 and a longitudinal end of the other
are directly linked to each other. The plurality of protrusions
318 are formed by molding with use of a die that has under-
gone V-groove machining with a pitch of several hundred
micrometers. The protrusions 318 extend in the widthwise
direction of the board 4.

[0232] Inthe fourth embodiment, light that has been guided
in the longitudinal direction to vicinity of the first recesses
314 and has been condensed can be scattered by the protru-
sions 318. Thus the light can efficiently be emitted.

Fifth Embodiment

[0233] FIG. 8A is a perspective view of a line light source
device in accordance with a fifth embodiment of the inven-
tion, and FIG. 8B is a longitudinal section of the line light
source device of the fifth embodiment. FIG. 8C is a section of
a board, the section taken through a light emission element 5
along a direction of width of the printed board having reflec-
tion sheets.

[0234] Components of the line light source device of the
fifth embodiment that are the same as the components of the
line light source device of the first embodiment are designated
by the same reference numerals and description thereof is
omitted. For the line light source device of the fifth embodi-
ment, description is omitted on functional effects and modi-
fications that are common to those of the line light source
device of the first embodiment but is provided only on con-
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figurations, functional effects, and modifications that are dif-
ferent from those of the line light source device of the first
embodiment.

[0235] In the fifth embodiment, as shown in FIGS. 8A and
8B, the plurality of light emission element 5 are placed at
given intervals along the longitudinal direction of the gener-
ally planar long printed board 4 having electrode patterns
formed thereon.

[0236] Also, a sealing resin layer 410 is formed so as to
cover the light emission elements 5. Firstrecesses 414 located
intermediate between adjacent light emission elements 5 in
the sealing resin layer 410 each have a shape that is generally
in plane symmetry with respect to a plane extending through
center of the light emission element 5 and including the
direction of width of the board 4 and a direction of a normal
to a surface of the board 4.

[0237] Asshown in FIGS. 8A and 8B, a section of a part of
the sealing resin layer 410 surrounding each light emission
element 5 which section is taken along the longitudinal direc-
tion of the board 4 is in shape of an isosceles trapezoid from
which a portion at center of an upper side of the trapezoid is
cut out so as to form a section shaped like a letter V. There is
a second recess 416 having the V-shaped section generally
just above each light emission element 5 in the sealing resin
layer 410. As shown in FIGS. 8A and 8B, there are portions
smallest in resin thickness on intermediate sections between
the adjoining light emission elements 5.

[0238] A configuration formed of the isosceles trapezoid
from which the portion thereof has been cut off is connected,
through a planar surface section 420 as rough surface section
generally parallel to the surface of the board 4, to a longitu-
dinally adjoining configuration formed of the isosceles trap-
ezoid from which the portion thereof has been cut off.

[0239] As shown in FIG. 8B, resin layers 6 mixed with
phosphor are provided in vicinity of the light emission ele-
ments 5. Thus the line light source can be obtained that rarely
has unevenness in luminance, bright lines, and unevenness in
chromaticity even when light is emitted with a desired color
and a high luminance.

[0240] Each of the first recesses 414 is composed of two
slanted surfaces of the two adjoining configurations which
surfaces face each other in the longitudinal direction and of
the one planar surface section 420 positioned between the two
slanted surfaces. The second recesses 416 each have the
V-shaped section and are formed just above the light emission
elements 5. The second recesses 416 each have a shape that is
generally in plane symmetry with respect to a plane extending
through center of the light emission element 5 and including
the direction of width of the board 4 and the direction of the
normal to the surface of the board 4.

[0241] The planar surface section 420 is a rough surface. In
detail, a machining accuracy of part of the forming die cor-
responding to the planar surface sections 420 is made lower
than a machining accuracy of part of the forming die corre-
sponding to parts other than the planar surface sections 420.
Specifically, this can be achieved by machining of the parts of
the die corresponding to the planar surface sections 420 with
use of a cutting tool having a large radius and by increase in
feed pitch of the tool in the machining.

[0242] Insuch amanner, an irregularly uneven shape on the
planar surface sections 420 is formed with a plane size on the
order of 100 to 200 pm and height of several score microme-
ters.
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[0243] 1In the fifth embodiment, the planar surface sections
420 are rough surfaces, and thus light that has been guided in
the longitudinal direction to vicinity of the first recesses 414
and has been condensed can efficiently be taken out of the
coating resin through the planar surface sections 420.

Sixth Embodiment

[0244] FIG. 9A is a perspective view of a line light source
device in accordance with a sixth embodiment of the inven-
tion, and FIG. 9B is a longitudinal section of the line light
source device of the sixth embodiment. FIG. 9C is a section of
a printed board, the section taken through a light emission
element 5 along a direction of width of the printed board
having reflection sheets. FIG. 9D is a view showing an LED
chip used in the device and directions of light emitted from
the chip, and FIG. 9E is a view showing an LED chip in a
modification of the sixth embodiment and directions of light
emitted from the chip.

[0245] Components of the line light source device of the
sixth embodiment that are the same as the components of the
line light source device of the second embodiment are desig-
nated by the same reference numerals and description thereof
is omitted. For the line light source device of the sixth
embodiment, description is omitted on functional effects and
modifications that are common to those of the line light
source device of the first embodiment but is provided only on
configurations that are different from those of the line light
source device of the second embodiment, and functional
effects and modifications that are different from those of the
line light source device of the first and second embodiments.
[0246] Among the most common light emission elements
that can be used in the line light source devices of the inven-
tion are the light emission elements 5 (e.g., rectangular LED
chips) shaped like a rectangular parallelopiped and used in the
line light source devices of the first to fifth embodiments. On
condition that an LED chip in use is shaped like a rectangular
parallelopiped, light distribution characteristics of the LED
chip typically have a peak in a direction of a normal to a top
surface of the LED chip. The shape and light distribution
characteristics of the LED chip, however, are not limited to
this example.

[0247] Inthe sixth embodiment, as shown in FIGS. 9A and
9B, alight emission end of the LED chip 505 has a trapezoidal
shape in section, and side surfaces of the LED chip 505 with
respect to the longitudinal direction are slanted relative to the
direction of the normal to the surface of the board 4.

[0248] As shown in FIG. 9D, the light emission end of the
LED chip 505 may have a shape formed from a quadrangular
pyramid from which an upper portion thereofhas been cut off
along a plane parallel to a bottom surface of the quadrangular
pyramid. As shown in FIGS. 9E, the light emission end of the
LED chip may have two identical side surfaces that are gen-
erally parallel to each other and that have a trapezoidal shape.
[0249] In the sixth embodiment and this modification, as
shown in FIG. 9D or FIG. 9, light is emitted in the direction
of the normal to the top surface of the LED chip and in
directions of normals to the trapezoidal sloped surfaces
slanted by a specified angle relative to the top surface, so that
the light can be scattered in advance by the LED chip itself, in
contrast to the second embodiment.

[0250] In addition, the light can be scattered over a wider
angle by a synergistic effect of the shape of the LED chip 505
and second recesses 116 that have a V-shaped section and that
are formed on transparent sealing resin parts 110 provided
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just above the LED chips 505. Therefore, the line light source
device is capable of scattering light more linearly. By appro-
priate adjustment of angles of the trapezoidal sloped surfaces
(the angles of emission of light) relative to a plane including
the normal of the board 4 surface and the direction of width of
the board 4, light can be emitted from between the adjoining
LED chips 505 in the sealing resin layers 110, and the emitted
light can more efficiently be linearized.

[0251] FIGS. 16A through 16D are diagrams showing an
experimental example of luminous intensity distributions
along longitudinal direction of board in a conventional line
light source device and the line light source devices of the
embodiments.

[0252] Specifically, FIG. 16A is a diagram showing an
experimental example of luminous intensity distribution
along longitudinal direction of the board in the conventional
line light source device shown in FIG. 21.

[0253] A solid line shown in FIG. 16B shows an experi-
mental example of luminous intensity distribution in the line
light source device that is shown in FIG. 11A and that has the
first recess 900 formed thereon. On the other hand, a broken
line shown in FIG. 16B shows an experimental example of
luminous intensity distribution in a line light source device of
a modification in which first recesses having a section not in
shape of a letter V are formed in the embodiment designated
by the solid line of FIG. 16B.

[0254] A solid line shown in FIG. 16C shows an experi-
mental example of luminous intensity distribution in the line
light source device of the first embodiment, and a broken line
shown in FIG. 16C is the same as the broken line shown in
FIG. 16B.

[0255] A solid line shown in FIG. 16D shows an experi-
mental example of luminous intensity distribution in the line
light source device of the second embodiment, and a broken
line shown in FIG. 16D is the same as the solid line shown in
FIG. 16C.

[0256] As seen from comparison between FIG. 16A and
FIG. 16B, variation in luminous intensity distribution corre-
sponding to the longitudinal positions can be decreased by the
line light source device of the invention, in comparison with
the conventional line light source device. According to a
result shown in FIG. 16C, the variation in luminous intensity
distribution corresponding to the longitudinal positions can
be further decreased by formation of the second recesses
having the V-shaped section. According to a result shown in
FIG. 16D, the variation in luminous intensity distribution
corresponding to the longitudinal positions can be further
decreased by the second embodiment, in comparison with the
first embodiment.

[0257] Inthe invention, the surfaces of the resin parts may
lack the recesses in the regions corresponding to the light
emission elements in the direction of the normal to the surface
of the board. That is, the second recesses may be omitted.
[0258] Though the phosphor is localized only around the
light emission elements 5, 505 in the line light source devices
of the first to sixth embodiments, a phosphor part 607 may
separately be provided, in the invention, opposite to the board
with respect to the resin parts, as shown in FIG. 10. In short,
optimal conditions for manufacture regarding at least one of
dispersion and placement of phosphor may be selected in
accordance with cost, variation in luminance, and variation in
chromaticity that are required.

[0259] FIG. 17 is a diagram showing a plane light source
device in accordance with one embodiment of the invention.
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[0260] In FIG. 17, a section taken along a line A-A' and a
section taken along aline B-B' are identical to the longitudinal
section of the line light source device that is shown in FIG.
5B.

[0261] In the plane light source device, a plurality of LED
chip units are placed on a flat board so as to form a two-
dimensional plane, that is, so as to be made two-dimensional.
[0262] Inthe planelight sourcedevice,as showninFIG. 17,
the LED chip units are placed in a grid-like pattern. Each of
the LED chip units is formed of an LED chip 405 sealed with
sealing resin. Each of the LED chip units constitutes a light
emission element unit.

[0263] As shown in FIG. 17, recesses 400 shaped like
inverse quadrangular pyramids are formed, as the second
recesses, in positions corresponding to the LED chips 405 in
adirection of a normal of the board, on surfaces of the sealing
resin sealing the LED chips 405.

[0264] Around the recesses 400, the surfaces of the sealing
resin have planar sections 401 each having a square periphery.
Around the planar sections 401, the surfaces of the sealing
resin each have slanted surfaces 402 having a square periph-
ery in the plan view shown in FIG. 17.

[0265] The resin parts composed of each of the above seal-
ing resin are formed by the grid-like arrangement of units of
the resin parts each composed of the recess 400, the planar
section 401, and the slanted surfaces 402. In an imaginary cut
surface that passes through centers of a plurality of LED chip
units adjoining each other and that is perpendicular to the
surface of the board, adjoining end parts of the resin parts of
the adjoining LED chip units form the first recesses. That is,
the adjoining two slanted surfaces 402 of the adjoining LED
chip units form the first recess. The plane light source device
has a portion formed by the grid-like arrangement, on the
board, of the LED chip units each having the LED chip 405
and one unit of the resin parts composed of the recess 400, the
planar section 401, and the slanted surfaces 402. In the top
plan view of the plane light source device shown in FIG. 17,
depiction of phosphor layers covering vicinity of the LED
chips is omitted. The phosphor layers are each shaped like a
hemisphere.

[0266] FIG. 18 is a diagram showing a plane light source
device in accordance with another embodiment of the inven-
tion.

[0267] In FIG. 18, a section taken along a line A-A', a
section taken along a line B-B'and asection taken along a line
C-C' are identical to the longitudinal section of the line light
source device that is shown in FIG. 5B.

[0268] In the plane light source device, a plurality of LED
chip units are placed on a flat board so as to form a two-
dimensional plane, that is, so as to be made two-dimensional.
[0269] Inthe planelight sourcedevice, as showninFIG. 18,
the plurality of LED chip units are placed without a gap so as
to form a two-dimensional pattern shaped like a honeycomb.
[0270] Specifically, the LED chip units are placed at centers
of equilateral hexagons on the flat board.

[0271] Each of the LED chip units is formed of an LED chip
605 sealed with sealing resin. Each of the LED chip units
constitutes a light emission element unit. As shown in FIG.
18, recesses 600 shaped like inverse cones are formed, as the
second recesses, in positions corresponding to the LED chips
605 in a direction of a normal to the board, on surfaces of the
sealing resin sealing the LED chips 605 (there may be formed
recesses shaped like inverse hexagonal pyramids in place of
the recesses 600 shaped like inverse cones).
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[0272] Around the recesses 600, the surfaces of the sealing
resin have planar sections 601 each having a periphery in
shape of an equilateral hexagon. Around the planar sections
601, the surfaces of the sealing resin have slanted surfaces
602 having a periphery in shape of an equilateral hexagon in
the top plan view shown in FIG. 18. Resin parts composed of
each of the above sealing resin are formed by arrangement of
units of the resin part each composed of the recess 600, the
planar section 601, and the slanted surfaces 602 such that
straight lines constituting edges of the slanted surface 602 of
the resin parts of adjoining units correctly coincide with each
other.

[0273] The plane light source device has a portion formed
by the arrangement, on the board, of the LED chip units each
having the LED chip 605 and one unit of the resin parts
composed of the recess 600, the planar section 601, and the
slanted surfaces 602 such that the straight lines constituting
the edges of the slanted surface 602 of the resin parts of the
adjoining units correctly coincide with each other. In this
manner, the plurality of LED chip units are placed without a
gap so as to form the two-dimensional pattern shaped like the
honeycomb.

[0274] Inanimaginary cut surface that passes through cen-
ters of a plurality of LED chip units adjoining each other and
that is perpendicular to a surface of the board, adjoining end
parts of the resin parts of the adjoining LED chip units form
first recesses. That is, the adjoining two slanted surfaces 602
of the adjoining LED chip units form the first recess.

[0275] Inthe top plan view of the plane light source device
shown in FIG. 18, depiction of phosphor layers covering
vicinity of the LED chips is omitted. The phosphor layers are
each shaped like a hemisphere.

[0276] Inthe embodiments shown in FIGS. 17 and 18, the
resin parts of the plurality of LED chip units range integrally.
In the plane light source device of the invention, however,
regions having no resin may exist between adjoining light
emission element units. That is, part (bottom surfaces) of
surfaces of'the first recesses of the plane light source device of
the invention may be formed of the surface of the board.
[0277] There may be configured a plane light source device
in which the parts depicted in shape of squares in FIG. 17 are
made in shape of circles, a plane light source device in which
the parts depicted in shape of equilateral hexagons in FIG. 18
are made in shape of circles, and the like. In those devices,
however, intervals between the units may be widened and/or
narrowed and/or breaks having no sealing resin may be
formed.

[0278] As a result, sufficient spread of light may not be
attained in regions between the units and light emission from
each of the units may be accentuated. In such devices, there-
fore, it is preferable to make gentle angles of the slanted
surfaces of sealing resin in the regions between the units and
to roughen the surfaces of the sealing resin so that light may
be scattered and subsequently taken out toward top surface
side. In the devices with the breaks having no sealing resin,
the surface of the board within the breaks may be roughened
or metal films having great unevenness may be formed on the
breaks, so that light may be scattered and subsequently taken
out toward the top surface side. There may be provided a
configuration in which the slanted surfaces around the units
may be roughened so that light is scattered and subsequently
taken out. Such configurations make it possible to construct a
plane light source in which luminances of light emission
therefrom are made uniform.
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[0279] 1In the plane light source devices described above,
electrode patterns for drawing out electrodes of the LED
chips to outside are formed on the surface of the board but
depiction thereof is omitted. The electrode patterns are elec-
trodes of the plane light source device that are to be connected
to external electrodes, and are separately consolidated for
electrical connection to anode side and cathode side. The
connection electrodes may be provided on periphery of the
surface of the board where sealing resin is not formed or may
be provided on a back surface of the board with conductive
layers penetrating the board. On the front surface of the board
may be provided optically reflective metal layers.

[0280] Preferably, the plane light source device described
above is placed just under a liquid crystal panel and a liquid
crystal display is thereby constructed. The plane light source
device described above may be housed in a case having a
transparent cover on a surface thereof so that lighting equip-
ment is produced.

[0281] In the plane light source device of the embodiment,
the section taken along the line A-A', the section taken along
the line B-B' and the like in FIG. 17 are identical to the
longitudinal section of the line light source device that is
shown in FIG. 5B. In the plane light source device of the
invention, however, the section taken along the line A-A', the
section taken along the line B-B' and the like in FIG. 17 may
be identical to the section shown in FIG. 1B, 6B, 7B, 8B, or
9B.

[0282] Inthe plane light source device of the invention, the
section taken along the line A-A', the section taken along the
line B-B', the section taken along the line C-C', and the like in
FIG. 18 may be identical to the section shown in FIG. 1B, 6B,
7B, 8B, or 9B.

[0283] The plane light source device of the invention has
only to have a configuration in which the plurality of light
emission element units each having the light emission ele-
ment and the resin part that is placed so as to cover the light
emission element are placed in the two-dimensional pattern
on the board, in which generally all the intervals between the
adjoining light emission elements are the same, and in which
asection in a plane including the direction of the normal to the
board and a line segment linking two centers of the adjoining
light emission elements coincides with a section in a plane
including the direction of the normal to the board of the line
light source device of the invention and a line segment linking
two centers of the adjoining light emission elements in the
line light source device.

[0284] Embodiments of the invention being thus described,
it will be obvious that the same may be varied in many ways.
Such variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

1. A line light source device comprising:

a board extending in a longitudinal direction thereof and
having a surface,

aplurality of light emission elements placed on the surface
of the board at some intervals along the longitudinal
direction, and

resin parts that are placed so as to cover the plurality of light
emission elements, wherein surfaces of the resin parts
opposite to the board with respect to a direction of a
normal to the surface of the board have first recesses
between the light emission elements adjoining in the
longitudinal direction.
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2. A line light source device as claimed in claim 1, wherein
the surfaces of the resin parts have second recesses in
regions corresponding to the light emission elements in
the direction of the normal.
3. A line light source device as claimed in claim 1, wherein
the surface of the board has a property of reflecting light.
4. A line light source device as claimed in claim 1, wherein
the resin parts each have portions in which distance from
the surface of the board to the first recess in the direction
of the normal decreases with distance from the light
emission element in the longitudinal direction within a
range from center of the light emission element to a
midpoint between the light emission element and the
next light emission element in the longitudinal direction.
5. A line light source device as claimed in claim 1, wherein
the first recesses have portions that cause total reflection of
light traveling in the longitudinal direction.
6. A line light source device as claimed in claim 1, wherein
the second recesses have portions that cause total reflection
of light traveling in the direction of the normal to the
board.
7. A line light source device as claimed in claim 1, wherein
the first recesses each have a plurality of protrusions or the
first recesses each have a rough surface section having a
surface finish rougher than that of the resin surface
regions aligning with the light emission elements in the
direction of the normal.
8. A line light source device as claimed in claim 1, wherein
the resin parts have fluorescent substance containing parts
made of material containing fluorescent substance.
9. A line light source device as claimed in claim 8, wherein
the fluorescent substance containing parts are placed so as
to enclose the light emission elements, and
the fluorescent substance containing parts are spaced apart
from the surfaces of the resin parts.
10. A line light source device as claimed in claim 1,
wherein
phosphor parts composed of phosphor or material contain-
ing phosphor are provided opposite to the board with
respect to the resin parts in the direction of the normal.
11. A line light source device as claimed in claim 1,
wherein
a light emission end of each of the light emission elements
with respect to the direction of the normal has a gener-
ally trapezoidal shape in a section in the longitudinal
direction, and
directions of normals to side surfaces of the end of the light
emission element with respect to the longitudinal direc-
tion are slanted relative to the direction of the normal to
the surface of the board.
12. A plane light emission device comprising the line light
source device as claimed in claim 1.
13. A liquid crystal display comprising the plane light
emission device as claimed in claim 12.
14. A plane light source device comprising:
aboard, and
a plurality of light emission element units placed in a
predetermined two-dimensional pattern without a gap
on a surface of the board,
each of the plurality of light emission element units com-
prising:
a light emission element, and
a resin part covering the light emission element, wherein
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in an imaginary cut surface that passes through centers of
the plurality of light emission element units adjoining
each other and that is perpendicular to the surface of the
board, adjoining end parts of the resin parts of the
adjoining light emission element units form first

recesses.
15. A plane light source device as claimed in claim 14,

wherein
the resin parts of the plurality of light emission element

units range integrally.
16. A plane light source device as claimed in claim 14,

wherein

Dec. 3, 2009

the resin parts of the plurality of light emission element
units have second recesses in regions that correspond to

the light emission elements of the plurality of light emis-

sion element units in a direction of a normal to the board.

17. A plane light source device as claimed in claim 14,

wherein
the two-dimensional pattern is a grid-like pattern.

18. A plane light source device as claimed in claim 14,

wherein
the two-dimensional pattern is a honeycomb-like pattern.

® ok % ok %
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