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A light-emitting diode element including a through hole and
athermal via hole is mounted. An electrical connection region
and a heat radiation region with respect to a plurality of
packages or substrates are separately mounted on a printed
circuit board. Electrical connection is made in the printed
circuit board, and a driver, a resistance, a capacitor, and the
like are connected. Heat is diffused and radiated by heat
transport to a heat radiation base material connected to the
printed circuit board.
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BACKLIGHT DEVICE AND LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2007-266024 filed on Oct. 12, 2007, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a backlight device
using a light-emitting diode element, and to a liquid crystal
display device.

[0004] 2. Description of the Related Art

[0005] Inrecentyears, athinand lightweight module struc-
ture is indispensable for a liquid crystal display device. The
performance is required to be maintained or improved while,
with regard to members mounted on the module, the number
of the members is sought to be reduced and thinning and
reducing weight of the members are sought. With regard to a
backlight source module of a large liquid crystal display
device, it is made possible to, using a light-emitting diode
element, widen the range of color reproduction, improve
high-speed independent control which accommodates mov-
ing images, and improve contrasts compared with a conven-
tional cold-cathode tube. However, it is still necessary to take
measures for a thinner and lighter size. With regard to heat
radiation, it is also important to maintain the thin and light
size while a heat radiation structure is formed.

[0006] When alight-emitting diode element is used to form
a thin and lightweight backlight source module, it is neces-
sary that members mounted thereon and a connection struc-
ture are simplified to accommodate a thin and light size. The
following documents disclose packages of backlight source
modules which reduce the number of members mounted
thereon and which are adapted for simplified connection.

[0007] JP 2001-345485 A discloses a structure in which a
pair of metal layers are provided on a front surface and a rear
surface of a package base material to materialize a more
compact package, and heat is radiated by connecting the
metal layers via a metal connecting portion. This makes,
when a plurality of light-emitting elements are mounted, heat
radiation properties uniform, and thus, temporal change of
the colorbalance is reduced. JP 2006-210880 A discloses that
an optical layer is laminated on a base substrate having
through holes formed thereinto form a two-dimensional sur-
face light source. This makes the light source smaller in size
and simplifies a fabricating process of a backlight. JP
10-226107 A discloses that, in an optical print head having a
common electrode and a light-emitting element module, a
through hole for radiating heat is provided so as to pierce a
substrate from a top surface to a bottom surface thereof, and
a heat conductive material layer is formed on an inner wall of
the through hole. This makes heat radiated via the through
hole to the downside of the substrate. JP 2007-109945 A
discloses that a non-flow type adhesive or a thermocompres-
sion bonding type adhesive such as a bonding sheet is applied
to a mounting substrate on which arrays of a plurality of
light-emitting elements are arranged in lines. This makes it
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possible to enhance heat radiation with no increase in cost and
to effectively use light diffused by the light-emitting ele-
ments.

SUMMARY OF THE INVENTION

[0008] Conventionally, in an LED device package, a heat
radiation structure is provided through a through hole from a
top surface to a bottom surface thereof to improve the heat
radiation characteristics. However, a systematic heat radia-
tion structure which considers a heat radiation path after that
is not described in detail.

[0009] Further, electrical connection and an optical struc-
ture for operating a light source are not described in detail,
and a structure which is compatible with a heat radiation
structure is not described in detail.

[0010] Inabacklightofaliquid crystaldisplay device orthe
like in which a plurality of LED packages are arranged, the
heat radiation characteristics are required to be uniform over
the whole system, and it is an important problem to control
distribution of brightness and chromaticity and suppress
unevenness.

[0011] The present invention has been made to solve the
above-mentioned problem, and it is an object of the present
invention to provide a backlight device, which improves the
heat radiation characteristics and suppresses deterioration of
efficiency due to thermal saturation, and a liquid crystal dis-
play device using such a backlight device.

[0012] In order to solve the above-mentioned problem, a
backlight device according to the present invention includes:
a package light source having at least one LED element
mounted at a center thereof; a heat radiation region provided
immediately below the at least one LED element; one of an
electrical connection wiring line and an electrical connection
region provided on one of left side and right side of the at least
one LED element and conducting to the at least one LED
element so as to form an asymmetric conductive region; a
printed circuit board having the package light source
mounted thereon, the printed circuit board having a heat
radiation structure so as to correspond to the heat radiation
region provided immediately below the at least one LED
element; and a wiring region for the printed circuit board
provided so as to correspond to the one of the electrical
connection wiring line and the electrical connection region
formed so as to be asymmetric.

[0013] Another backlight device according to the present
invention includes: a plurality of package light sources for
mounting a plurality of LED elements thereon, the plurality
of LED elements being mounted so as to be reflection sym-
metric with respect to the plurality of package light sources,
the plurality of package light sources being provided so as to
correspond to each other in at least two lines; and one of
electrical connection wiring lines and electrical connection
regions formed so as to be asymmetric with respect to the
plurality of LED elements and opposed to each other. By
mounting the plurality of package light sources so as to cor-
respond to each other in at least two lines on a printed circuit
board, the plurality of package light sources have an electric
circuit region and heat radiation regions for the printed circuit
board separated from each other. The electric circuit region is
connected by wiring on an inner side of the printed circuit
board to control driving thereof, and the heat radiation regions
for the printed circuit board are in end regions on outer sides
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of the printed circuit board and having a structure for radiat-
ing heat from immediately below the plurality of LED ele-
ments.

[0014] Still another backlight device according to the
present invention includes a printed circuit board having one
of a plurality of package light sources and a plurality of
substrates mounted thereon, the one of the plurality of pack-
age light sources and the plurality of substrates having a
plurality of LED elements mounted thereon. The printed cir-
cuit board includes: an electrical connection region corre-
sponding to one of an inside surrounded by the plurality of
package light sources and a lower side of the mounted plu-
rality of substrates and provided with electrical connection;
and a heat radiation region corresponding to one of an outside
of the region surrounded by the plurality of package light
sources mounted on the printed circuit board and an outside of
the mounted plurality of substrates including a part of a lower
side of the plurality of substrates and having a structure of a
material for heat radiation which transports heat by one of
heat conduction and thermal diffusion. The electrical connec-
tion region and the heat radiation region are separated from
each other on the printed circuit board.

[0015] Thebacklight device which improves the heat radia-
tion characteristics and suppresses deterioration of efficiency
dueto thermal saturation, and the liquid crystal display device
using such a backlight device can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In the accompanying drawings:

[0017] FIGS.1illustrate an exemplary package light source
of a backlight device according to a first embodiment of the
present invention,;

[0018] FIG.2is atop view illustrating an exemplary printed
circuit board having the package light sources mounted
thereon according to the first embodiment of the present
invention;

[0019] FIG. 3is a sectional view illustrating the exemplary
printed circuit board having the package light sources
mounted thereon according to the first embodiment of the
present invention,;

[0020] FIG. 4 is a graph illustrating current-voltage char-
acteristics by temperature of a package light source blue
element mounted on a printed circuit board without a heat
radiation structure of the conventional art;

[0021] FIG. 5 is a graph illustrating current-voltage char-
acteristics by temperature of a package light source blue
element mounted on a printed circuit board with a heat radia-
tion structure according to the first embodiment of the present
invention;

[0022] FIG. 6 is a graph illustrating relative ratio of current
by temperature of the package light source blue element
mounted on the printed circuit board without the heat radia-
tion structure of the conventional art;

[0023] FIG.7 is a graph illustrating relative ratio of current
by temperature of the package light source blue element
mounted on the printed circuit board with the heat radiation
structure according to the first embodiment of the present
invention;

[0024] FIG. 8 is a graph illustrating relative ratio of voltage
by temperature of the package light source blue element
mounted on the printed circuit board without the heat radia-
tion structure of the conventional art;

[0025] FIG.9is a graphillustrating relative ratio of voltage
by temperature of the package light source blue element
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mounted on the printed circuit board with the heat radiation
structure according to the first embodiment of the present
invention;

[0026] FIG. 10 is a top view illustrating another exemplary
printed circuit board having a package light sources mounted
thereon according to the first embodiment of the present
invention;

[0027] FIG. 11 is a sectional view illustrating the another
exemplary printed circuit board having a package light
sources mounted thereon according to the first embodiment
of the present invention;

[0028] FIG. 12 is a top view illustrating still another exem-
plary printed circuit board having the package light sources
mounted thereon according to the first embodiment of the
present invention;

[0029] FIG. 13 is a sectional view illustrating the still
another exemplary printed circuit board having the package
light sources mounted thereon according to the first embodi-
ment of the present invention;

[0030] FIG. 14 1s atop view illustrating an exemplary struc-
ture of a printed circuit board accommodating the backlight
device according to the first embodiment of the present inven-
tion;

[0031] FIG. 151s atop view illustrating an exemplary struc-
ture of the printed circuit boards accommodating the back-
light device according to the first embodiment of the present
invention and a housing frame;

[0032] FIG. 16 is a sectional view illustrating an exemplary
liquid crystal display device according to the first embodi-
ment of the present invention;

[0033] FIG. 17 is a top view illustrating the exemplary
liquid crystal display device according to the first embodi-
ment of the present invention;

[0034] FIG. 18 is a top view illustrating an exemplary
printed circuit board having package light sources mounted
thereon according to a second embodiment of the present
invention;

[0035] FIG. 19 is a sectional view illustrating the exem-
plary printed circuit board having the package light sources
according to the second embodiment of the present invention;
[0036] FIG. 20 is a graph illustrating current-luminous flux
characteristics by temperature of a package light source blue
element mounted on a printed circuit board without a heat
radiation structure of the conventional art;

[0037] FIG. 21 is a graph illustrating current-luminous flux
characteristics by temperature of the package light source
blue element mounted on a printed circuit board with a heat
radiation structure according to the second embodiment of
the present invention;

[0038] FIG.22is atop view illustrating an exemplary struc-
ture of a printed circuit board accommodating a backlight
device according to the second embodiment of the present
invention;

[0039] FIG. 23 is atop view illustrating an exemplary struc-
ture of the printed circuit boards accommodating the back-
light device according to the second embodiment of the
present invention and a housing frame;

[0040] FIGS. 24 illustrate an exemplary package light
source of a backlight device according to a third embodiment
of the present invention;

[0041] FIG. 25 is a top view illustrating an exemplary
printed circuit board having the package light sources
mounted thereon according to the third embodiment of the
present invention;
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[0042] FIG. 26 is a sectional view illustrating the exem-
plary printed circuit board having the package light sources
mounted thereon according to the third embodiment of the
present invention;

[0043] FIG. 27 is a top view illustrating another exemplary
printed circuit board having the package light sources
mounted thereon according to the third embodiment of the
present invention;

[0044] FIG. 28 is a sectional view illustrating the another
exemplary printed circuit board having the package light
sources mounted thereon according to the third embodiment
of the present invention;

[0045] FIG. 29 is a graph illustrating relative ratio of volt-
age by temperature of a package light source red LED ele-
ment mounted on a printed circuit board with or without a
heat radiation structure;

[0046] FIG. 30 is a graph illustrating relative ratio of lumi-
nous flux by temperature of the package light source red LED
element mounted on a printed circuit board with or without a
heat radiation structure;

[0047] FIG.31isatop view illustrating an exemplary struc-
ture of a printed circuit board accommodating the backlight
device according to the third embodiment of the present
invention;

[0048] FIG.32isatop view illustrating an exemplary struc-
ture of the printed circuit boards accommodating the back-
light device according to the third embodiment of the present
invention and a housing frame;

[0049] FIG. 33 is a top view illustrating an exemplary
printed circuit board having package light sources mounted
thereon according to a fourth embodiment of the present
invention;

[0050] FIG. 34 is a sectional view illustrating the exem-
plary printed circuit board having the package light sources
mounted thereon according to the fourth embodiment of the
present invention;

[0051] FIG. 35 is a graph illustrating current-voltage char-
acteristics by temperature of a package light source red ele-
ment mounted on a printed circuit board with and without a
heat radiation structure according to the fourth embodiment
of the present invention;

[0052] FIG. 361s a graph illustrating current-luminous flux
characteristics by temperature of the package light source red
element mounted on the printed circuit board with and with-
out the heat radiation structure according to the fourth
embodiment of the present invention;

[0053] FIG.37isatop view illustrating an exemplary struc-
ture of a printed circuit board accommodating a backlight
device according to the fourth embodiment of the present
invention;

[0054] FIG.38isatop view illustrating an exemplary struc-
ture of the printed circuit boards accommodating the back-
light device according to the fourth embodiment of the
present invention and a housing frame;

[0055] FIG. 39 is a sectional view illustrating an exemplary
printed circuit board accommodating a backlight device
according to a fifth embodiment of the present invention and
a heat radiation sheet; and

[0056] FIG. 40 is a top view illustrating the exemplary
printed circuit boards accommodating the backlight device

Apr. 16,2009

according to the fifth embodiment of the present invention,
the heat radiation sheet, and a housing frame.

DETAILED DESCRIPTION OF THE INVENTION

[0057] Embodiments of the present invention for solving
the above-mentioned problem are now described.

[0058] The following embodiments of the present inven-
tion are described in the context of a package structure having
an LED element mounted thereon as a light source of an
illuminating device or a liquid crystal display device from the
viewpoint of a structure and electrical connection of members
mounted thereon and a heat radiation structure. The structure
is designed based on a concept of separating an electrical
connection region and a heat radiation region.

First Embodiment

[0059] A first embodiment of the present invention is
described with reference to FIGS. 1to 17.

[0060] Inthis embodiment, connection for conducting cur-
rent and connection for heat radiation are made to an LED
element as a light source to separate an electrical connection
region and a heat radiation region in a following way. First, a
package light source is formed having a through hole for
conducting current and a thermal via hole for heat radiation
formed therein. Here, the thermal via hole for heat radiation is
formed at the center of the package such that the element is
located immediately above the thermal via hole while the
through hole for conducting current is provided only on one
side of the element.

[0061] FIG.1illustrates a structure in section of the package
in part (A) and illustrates a structure seen from the top of the
package having a blue element for exciting a fluorescent
material mounted thereon in part (B). A metal region 2 for
heat radiation and two metal regions 3 for conducting current
are formed in a ceramic substrate 1. After a reflector plate 4 is
provided thereabove, a two-wire-type blue LED element 6 is
mounted on the metal region 2 for heat radiation using a die
bonding material 5. Further, the blue LED element 6 is con-
nected to the two metal regions 3 for conducting current by
gold wire 7. After that, a fluorescent material 8 having its
fluorescence spectra from green to red to be excited by blue
light is disposed, and then a transparent resin 9 is used for
sealing to obtain a white light source. Here, as illustrated in
part (B) of FIG. 1, the two metal regions 3 for conducting
current are provided only on one side of the element. This
accommodates a structure in which the electrical connection
region and the heat radiation region of the element are sepa-
rated.

[0062] Then, surface mount type package light sources
illustrated in FIGS. 2 and 3 are mounted on a printed circuit
board. FIGS. 2 and 3 illustrate a part of the package light
sources mounted on the printed circuit board. As illustrated in
FIG. 2, manufactured white light source packages 10 are
mounted on a printed circuit board 11. Copper thin films 12
for heat radiation are provided on both sides of the printed
circuit board 11.

[0063] As illustrated in FIG. 3, the copper thin films 12 and
wiring 13 for conducting current are in advance provided for
the printed circuit board 11 to make connection to the metal
region 2 for heat radiation and to the two metal regions 3 for
conducting current, respectively, of the package, and the con-
nection is made using a solder paste or the like. The wiring 13
for conducting current is provided so as to correspond to a
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rear surface of the printed circuit board 11 and is adapted to be
connected to a multi-channel driver 1C 14 for controlling
operation of the package light sources. Here, a resistance and
a capacitor are also mounted for stable operation. In this
embodiment, the wiring is connected to the multi-channel
driver IC 14 such that the package light sources are individu-
ally operated.

[0064] By the structure described above, the LED elements
in the packages and the driver IC element can be electrically
connected with each other within an inside region of the
printed circuit board to be operated. Further, heat generated at
the LED elements in the packages can be radiated by thermal
diffusion to both outer sides of the printed circuit board
through the thermal via holes for heat radiation and through
the copper thin films for radiating heat from the printed circuit
board. These make it possible to provide a structure in which
the connection for conducting current and the connection for
heat radiation are made to the LED element as a light source
such that the electrical connection region and the heat radia-
tion region are separated.

[0065] When change in the characteristics under the influ-
ence of temperature was studied with regard to the package
light source which was mounted on the printed circuit board
11 having the heat radiation regions 12 as the copper thin
films, it was revealed that, compared with a case in which
connection was made to a conventional printed circuit board
without a heat radiation region, change in the electrical char-
acteristics as the temperature changes could be suppressed.
FIG. 4 illustrates current-voltage characteristics of a blue
LED element mounted on a package which is connected to a
conventional printed circuit board without a heat radiation
region. FIG. 5 illustrates current-voltage characteristics of a
blue LED element similarly mounted on a package which is
connected to the printed circuit board with the heat radiation
region according to this embodiment.

[0066] The dependence of current-voltage characteristics
on temperature is compared between F1G. 4 and F1G. 5. From
the result of measurement from 25° C. to 80° C., there is a
tendency that, in the case of the printed circuit board with the
heat radiation region, change in the current-voltage charac-
teristics as the temperature changes is relatively smaller and
the amount of change in current with regard to a same voltage
is suppressed.

[0067] Similarly, FIGS. 6 and 7 are graphs the horizontal
axis of which represents voltage and relative ratio of current
is plotted with regard to the respective temperatures. FIG. 6 is
a graph when connection is made to a conventional printed
circuit board without a heat radiation region, while FIG. 7 is
a graph when connection is made to the printed circuit board
with the heat radiation region according to this embodiment.
With regard to the respective temperatures, the relative ratio
of current with regard to a same voltage is smaller in the case
of the printed circuit board with the heat radiation region. It is
clear that change in the current as the temperature changes is
suppressed.

[0068] Similarly, FIGS. 8 and 9 are graphs the horizontal
axis of which represents current and relative ratio of voltage
is plotted with regard to the respective temperatures. FIG. 8 is
a graph when connection is made to a conventional printed
circuit board without a heat radiation region, while FIG. 9 is
a graph when connection is made to the printed circuit board
with the heat radiation region according to this embodiment.
Here, with regard to the respective temperatures, the ratio of
drop of voltage with regard to a same current is smaller in the
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case of the printed circuit board with the heat radiation region,
and change in the voltage as the temperature changes is sup-
pressed. This means that, on the conventional printed circuit
board in which a satisfactory heat radiation structure is not
formed, effective temperature of the element is increased.
From the above, it is revealed that the structure according to
this embodiment, from the package with the heat radiation
structure to the printed circuit board, is effective, and, with
regard to the current-voltage characteristics, the results illus-
trated in FIGS. 4 to 9 reveal that relative ratio of change as the
temperature changes is suppressed to be on the order of 80%.
[0069] The package light sources may be connected in
series through wiring on the printed circuit board.

[0070] FIGS. 10 and 11 illustrate a structure in which the
package light sources are connected in series in a longitudinal
direction. The package light sources may be connected in
series through wiring on a front surface side or wiring on a
rear surface side of the printed circuit board 11. As illustrated
in FIG. 11, the multi-channel driver ICs 14 are connected so
as to accommodate a plurality of package light sources con-
nected in series and can control the operation of the plurality
of package light sources. This makes it possible to drive the
package light sources connected in series with regard to each
line in which some of the package light sources are connected
in series. Further, because backlight sources are controlled
area by area, it is also possible to control the operation of a
plurality of serially connected package light sources which
accommodate area control.

[0071] FIGS. 12 and 13 illustrate a structure in which four
package light sources are connected in series. The package
light sources may be connected in series through wiring on
the front surface side or wiring on the rear surface side of the
printed circuit board 11. As illustrated in FIG. 14, the multi-
channel driver IC 14 is connected so as to accommodate four
package light sources connected in series and can control the
operation of the package light sources. This makes it possible
to drive package light sources which accommodate area con-
trol area by area in which the package light sources are con-
nected in series.

[0072] FIG. 14 illustrates a structure in which four package
light sources are connected in series in the longitudinal direc-
tion of the printed circuit board and the four package light
sources as a unit are periodically and repeatedly provided. As
illustrated in FIG. 14, because the thermal via metal films of
the package light sources are connected to the copper thin
films 12 for heat radiation of the printed circuit board, heat
generated at the elements is radiated by heat conduction
through the thermal via metal films to the copper thin films 12
for heat radiation. Heat radiated from the plurality of pack-
ages is transported by heat conduction and thermal diffusion
to the upside of the copper thin films 12 for heat radiation, and
further, radiated to the upside of the printed circuit board.
Heat is selectively radiated mainly at both sides of the printed
circuit board. With regard to electricity, electrical connection
is made inside the printed circuit board through the wiring 13
for conducting current to the driver IC, the resistance, and the
capacitor, and circuits for operating the elements are formed.
This makes it possible to separate a heat transport region for
heat radiation and an electrical connection operation region
on the printed circuit board.

[0073] InFIG. 15, a plurality of printed circuit board mod-
ules 16 each of which has a plurality of package light sources
mounted thereon are fixed to a metal housing frame 15 for a
backlight, and a whole backlight module is formed. Here, the
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copper thin films 12 for heat radiation of the printed circuit
board modules 16 are fixed by screws using a high heat
conduction adhesive sheet or the like so as to be in contact
with the metal housing frame, thereby radiating heat to the
metal housing frame 15, and at the same time, securing
mechanical strength. Heat radiation to the upside of the metal
housing frame 15 results in heat radiation to the atmosphere.
In order to radiate heat and lower the temperature thereof
further, a fin structure for heat radiation may be provided
above the metal housing frame 15.

[0074] By determining the length and the number of the
printed circuit board modules 16 to be mounted on the hous-
ing so as to be appropriate for a large liquid crystal display
device, the backlight source modules can be applied to a
display device of an arbitrary size.

[0075] The backlight source modules according to this
embodiment are applied and an optical system is formed to
accommodate a large liquid crystal display device. As illus-
trated in FIG. 16, the printed circuit board modules 16 are
mounted on the backlight metal housing frame 15, and the
portion other than the package light sources is covered with
an optical reflection sheet 17.

[0076] Light beams 18 emitted from the backlight source
modules pass through a diffuser plate 19, a prism sheet 20, a
polarizing reflection sheet 21, and a liquid crystal display
panel. The liquid crystal display panel includes a pair of glass
substrates, a liquid crystal layer 23 disposed between the pair
of glass substrates, and a lower polarizing plate 22 and an
upper polarizing plate 24 provided for the respective glass
substrates.

[0077] Although omitted in FIG. 16, the liquid crystal dis-
play panel has a plurality of scanning lines disposed in a
lateral direction of a display surface, a plurality of signal lines
disposed orthogonally to the plurality of scanning lines, that
is, in a longitudinal direction of the display surface, and a
plurality of switching elements disposed at intersections of
the plurality of scanning lines and the plurality of signal lines.
Here, by designing and controlling radiation angle distribu-
tion according to the distance between the package light
sources and the diffuser plate, uniformity of brightness dis-
tribution and chromaticity distribution of the backlight source
modules can be improved.

[0078] FIG. 17 illustrates a structure of a backlight housing
25, a liquid crystal display panel module 26 including a
backlight module and an optical system, and a drive circuit
27.

[0079] In this embodiment, by adjusting the number of the
package light sources and the size of the printed circuit board
according to the size of the liquid crystal display device and
making the backlight module function, necessary uniformity
of brightness distribution and chromaticity distribution can
be secured. The white backlight source module structure
according to this embodiment may be applied not only to a
backlight source module of a large liquid crystal display
device but also to a backlight source module for a liquid
crystal panel for a personal computer or an in-car navigation
system or to other car-mounted light source modules.

Second Embodiment

[0080] A second embodiment of the present invention is
now described with reference to FIGS. 18 to 23.

[0081] Similarly to the case of the first embodiment of the
present invention, the backlight source modules are manufac-
tured to form a structure which corresponds to the structure
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illustrated in FIGS. 13 and 14. Here, the four package light
sources 10 are connected in series and mounted on a ceramic
substrate 28 to form the structure illustrated in FIGS. 18 and
19. Wiring lines, which connect the packages, are formed
collectively by printing the wiring lines on the ceramic sub-
strate. Electrical connection between the packages is made on
the ceramic substrate 28. Connection to the driver IC 14, the
resistance, and the capacitor is made on the rear surface side
of the printed circuit board by way of the through holes. The
structure for heat radiation is manufactured similarly to that in
the first embodiment of the present invention. These make it
possible to clearly separate the electrical connection region
and a circuit region from the heat radiation region and to
suppress influence of mutual interference.

[0082] Change in the characteristics as the temperature
changes was studied with regard to the four package light
sources connected in series by wiring on the printed circuit
board 11 which has the heat radiation region as the copper
thin films 12. It was revealed that, compared with a case in
which connection was made to a conventional printed circuit
board without a heat radiation region, change in the optical
characteristics as the temperature changes could be sup-
pressed.

[0083] FIG. 20 illustrates current-luminous flux character-
istics of only a blue LED element mounted on a package
which is connected to a conventional printed circuit board
without a heat radiation region. FI1G. 21 illustrates current-
luminous flux characteristics of only a blue LED element
similarly mounted on a package which is connected to the
printed circuit board with the heat radiation region according
to this embodiment.

[0084] Thedependence of current-luminous flux character-
istics on temperature is compared between FIG. 20 and FIG.
21. On the conventional printed circuit board without a heat
radiation region, when the current is 40-50 mA or larger, there
is aclear difference between the data when the temperature is
25° C. and the data when the temperature is 80° C. It is clear
that the current-luminous flux characteristics depend on tem-
perature. This means that, on the conventional printed circuit
board in which a satisfactory heat radiation structure is not
formed, effective temperature of the element is increased.
Meanwhile, on the printed circuit board with the heat radia-
tion region according to this embodiment, even when the
temperature changes from 25° C. to 80° C., there is almost no
change in the current-luminous flux characteristics. This
means that, in this embodiment, change as the temperature
changes is suppressed to a large extent, there is almost no
interference of temperature among the packages, and inde-
pendent operation control can be exercised.

[0085] Similarly to the case of the first embodiment of the
present invention, as illustrated in FIGS. 22 and 23, the back-
light source modules are manufactured.

[0086] FIG. 22 illustrates a structure in which four package
light sources are connected in series in the longitudinal direc-
tion of the printed circuit board and are mounted on the
ceramic substrate 28, and the ceramic substrate 28 as a unit is
periodically and repeatedly provided.

[0087] As illustrated in FIG. 22, because the thermal via
metal films of the package light sources are connected to the
copper thin films 12 for heat radiation of the printed circuit
board, heat generated at the elements is radiated by heat
conduction through the packages and the thermal via metal
films of the ceramic substrates to the copper thin films 12 for
heat radiation. Heat radiated from the plurality of packages
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and the plurality of ceramic substrates is transported by heat
conduction and thermal diffusion to the upside of the copper
thin films 12 for heat radiation, and further, radiated to the
upside of the printed circuit board. Heat is selectively radiated
mainly at both sides of the printed circuit board. With regard
to electricity, electrical connection is made inside the printed
circuit board through the wiring 13 for conducting current to
the driver IC, the resistance, and the capacitor, and circuits for
operating the elements are formed.

[0088] This makes it possible to separate a heat transport
region for heat radiation and an electrical connection opera-
tion region on the printed circuit board.

[0089] InFIG. 23, a plurality of printed circuit board mod-
ules 16 each of which has a plurality of package light sources
mounted thereon are fixed to a metal housing frame 15 for a
backlight, and a whole backlight module is formed. Here, the
copper thin films 12 for heat radiation of the printed circuit
board modules 16 are fixed by screws using a high heat
conduction adhesive sheet or the like so as to be in contact
with the metal housing frame, thereby radiating heat to the
metal housing frame 15, and at the same time, securing
mechanical strength. Heat radiation to the upside of the metal
housing frame 15 results in heat radiation to the atmosphere.
[0090] In order to radiate heat and lower the temperature
thereof further, a fin structure for heat radiation may be pro-
vided above the metal housing frame 15. Similarly to the case
of the first embodiment of the present invention, an optical
system is formed and the backlight source modules according
to this embodiment is applied to manufacture a large liquid
crystal display device. By determining the length and the
number of the printed circuit board modules 16 to be mounted
on the housing so as to be appropriate for a large liquid crystal
display device, the backlight source modules can be applied
to a display device of an arbitrary size.

[0091] In this embodiment, by adjusting the number of the
package light sources and the size of the printed circuit board
according to the size of the liquid crystal display device and
making the backlight module function, necessary uniformity
of brightness distribution and chromaticity distribution can
be secured. The driving of the backlight source which accom-
modates area control can be controlled with the plurality of
packagelight sources mounted on the ceramic substrate being
aunit. The white backlight source module structure according
to this embodiment may be applied not only to a backlight
source module of a large liquid crystal display device but also
to a backlight source module for a liquid crystal panel for a
personal computer or an in-car navigation system or to other
car-mounted light source modules.

Third Embodiment

[0092] A third embodiment of the present invention is now
described with reference to FIGS. 24 to 32.

[0093] Inthis embodiment, as a package light source, LED
elements of RGB (red, green, and blue) are mounted. FIG. 24
illustrates a structure in section of the package in part (A) and
illustrates a structure seen from the top of the package having
the RGB elements mounted thereonin part (B). With regard to
each of the RGB elements, the metal region 2 for heat radia-
tion and the two metal regions 3 for conducting current are
formed in the ceramic substrate 1. After the reflector plate 4 is
provided thereabove, the two-wire-type blue LED element 6,
a two-wire-type red LED element 6', and a two-wire-type
green LED element 6" are mounted on the metal region 2 for
heat radiation using the die bonding material 5. Further, each
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of the RGB elements is connected to the two metal regions 3
for conducting current by the gold wire 7. After that, the
transparent resin 9 is used for sealing to obtain the RGB light
source. Here, as illustrated in FIGS. 24, the two metal regions
3 for conducting current are provided only on one side of the
element. This accommodates a structure for separating the
electrical connection region and the heat radiation region of
the element.

[0094] Then, surface mount type package light sources
illustrated in FIGS. 25 and 26 are mounted on the printed
circuit board 11. FIGS. 25 and 26 illustrate a part of the
package light sources mounted on the printed circuit board.
As illustrated in FIG. 25, manufactured RGB light source
packages 29 are mounted on the printed circuit board 11. The
copper thin films 12 for heat radiation are provided on both
sides of the printed circuit board 11.

[0095] As illustrated in FIG. 26, the copper thin films 12
and the wiring 13 for conducting current are in advance
provided for the printed circuit board 11 to make connection
to the metal region 2 for heat radiation and to the two metal
regions 3 for conducting current, respectively, of the package,
and the connection is made using a solder paste or the like.
Wiring 30 for conducting current is provided so as to corre-
spond to a rear surface of the printed circuit board 11 and is
adapted to be connected to the multi-channel driver IC 14 for
controlling operation of the package light sources. Here, a
resistance and a capacitor are also mounted for stable opera-
tion. In this embodiment, the wiring is connected to the multi-
channel driver IC 14 such that the package light sources are
individually operated.

[0096] By the structure described above, the LED elements
in the packages and the driver IC element can be electrically
connected with each other within an inside region of the
printed circuit board to be operated. Further, heat generated at
the LED elements in the packages can be radiated by thermal
diffusion to both outer sides of the printed circuit board
through the thermal via holes for heat radiation and through
the copper thin films for radiating heat from the printed circuit
board.

[0097] These make it possible to provide a structure in
which the connection for conducting current and the connec-
tion for heat radiation are made to each of the RGB elements
as light sources such that the electrical connection region and
the heat radiation region are separated.

[0098] The present package light sources can be connected
in series through the wiring on the printed circuit board.
Further, because the backlight sources are controlled area by
area, it is also possible to control the operation of a plurality
of serially connected package light sources which accommo-
date area control.

[0099] FIGS. 27 and 28 illustrate a structure in which four
RGB element package light sources are connected in series.
The RGB element package light sources may be connected in
series through wiring on the front surface side or wiring onthe
rear surface side of the printed circuit board 11. As illustrated
in FIG. 28, the multi-channel driver IC 14 is connected so as
to accommodate four package light sources connected in
series and connected to the respective RGB elements,
whereby the multi-channel driver IC 14 can control the opera-
tion of the package light sources. This makes it possible to
drive package light sources which accommodate area control
area by area in which the package light sources are connected
in series, and the RGB elements can be independently con-
trolled.
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[0100] Change in the characteristics as the temperature
changes was studied with regard to the four RGB element
package light sources connected in series by wiring on the
printed circuit board 11 which has the heat radiation region as
the copper thin films 12. It was revealed that, compared with
a case in which connection was made to a conventional
printed circuit board without a heat radiation region, change
in the electrical characteristics and the optical characteristics
as the temperature changes could be suppressed. Because, in
particular, a red LED element is clearly more highly tempera-
ture-dependent, results of change in the electrical character-
istics and the optical characteristics as the temperature
changes with regard to a red LED element are described here
as a representative example.

[0101] FIG. 29 illustrates relative ratio of voltage of cur-
rent-voltage characteristics of four red LED elements
mounted on a package connected to a printed circuit board
with or without a heat radiation region according to this
embodiment. FIG. 30 illustrates relative ratio of luminous
flux of current-luminous flux characteristics of only four red
LED elements similarly mounted on a package connected to
the printed circuit board with or without the heat radiation
region according to this embodiment. Ordinarily, in general,
when the temperature of a semiconductor element becomes
higher, relative ratio of voltage and luminous flux in relation
to room temperature becomes smaller with regard to a same
current.

[0102] InFIG. 29, with data when the temperature is 25° C.
being the reference, relative change is studied. When the
temperature is 80° C., relative ratio of voltage on the conven-
tional printed circuit board without a heat radiation region in
the comparison example is smaller than that in the case of the
printed circuit board with the heat radiation region according
to this embodiment, and it is found that influence of tempera-
ture change is strong. This means that, on the conventional
printed circuit board in which a satisfactory heat radiation
structure is not formed, effective temperature of the element
is increased. On the printed circuit board with a heat radiation
structure according to this embodiment, heat radiation is
thought to effectively suppress temperature rise of the ele-
ment. The same can be said about the optical characteristics.

[0103] InFIG. 30, with data when the temperature is 25° C.
being the reference, relative change is studied. When the
temperature is 80° C., relative ratio of luminous flux on the
conventional printed circuit board without a heat radiation
region in the comparison example is smaller than that in the
case of the printed circuit board with the heat radiation region
according to this embodiment, and it is found that influence of
temperature change is strong. The structure with a heat radia-
tion region according to the present invention is clearly
advantageous in controlling change in the characteristics of
the element as the temperature changes, because change in
the characteristics as the temperature changes is small. This is
also an important result from the viewpoint of feedback con-
trol of the driving.

[0104] FIG. 31 illustrates a structure in which four package
light sources are connected in series in the longitudinal direc-
tion of the printed circuit board and the four package light
sources as a unit are periodically and repeatedly provided. As
illustrated in FIG. 31, because the thermal via metal films of
the package light sources are connected to the copper thin
films 12 for heat radiation of the printed circuit board, heat
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generated at the elements is radiated by heat conduction
through the thermal via metal films to the copper thin films 12
for heat radiation.

[0105] Heat radiated from the plurality of packages is trans-
ported by heat conduction and thermal diffusion to the upside
of the copper thin films 12 for heat radiation, and further,
radiated to the upside of the printed circuit board. Heat is
selectively radiated mainly at both sides of the printed circuit
board. With regard to electricity, electrical connection is
made inside the printed circuit board through the wiring 13
for conducting current to the driver IC, the resistance, and the
capacitor, and circuits for operating the elements are formed.
This makes it possible to separate a heat transport region for
heat radiation and an electrical connection operation region
on the printed circuit board.

[0106] InFIG. 32, a plurality of printed circuit board mod-
ules 16 each of which has a plurality of package light sources
mounted thereon are fixed to a metal housing frame 15 for a
backlight, and a whole backlight module is formed. Here, the
copper thin films 12 for heat radiation of the printed circuit
board modules 16 are fixed by screws using a high heat
conduction adhesive sheet or the like so as to be in contact
with the metal housing frame, thereby radiating heat to the
metal housing frame 15, and at the same time, securing
mechanical strength. Heat radiation to the upside of the metal
housing frame 15 results in heat radiation to the atmosphere.
In order to radiate heat and lower the temperature thereof
further, a fin structure for heat radiation may be provided
above the metal housing frame 15.

[0107] Similarly to the case of the first embodiment of the
present invention, an optical system is formed and the back-
light source modules according to this embodiment is applied
to manufacture a large liquid crystal display device. By deter-
mining the length and the number of the printed circuit board
modules 16 to be mounted on the housing so as to be appro-
priate for a large liquid crystal display device, the backlight
source modules can be applied to a display device of an
arbitrary size.

[0108] In this embodiment, by adjusting the number of the
package light sources and the size of the printed circuit board
according to the size of the liquid crystal display device and
making the backlight module function, necessary uniformity
of brightness distribution and chromaticity distribution can
be secured. By independently controlling the RGB light
sources of the plurality of package light sources, a primary
color can be reproduced with good uniformity. By controlling
operating conditions of the RGB light sources and adjusting
the chromaticity in color mixture, the light can also be made
to function as white light as a whole.

[0109] Withregard to the application, similarly to the cases
of the first and second embodiments of the present invention,
the backlight module structure adjusted by the RGB light
sources according to this embodiment may be applied not
only to a backlight source module of a large liquid crystal
display device but also to a backlight source module for a
liquid crystal panel for a personal computer or an in-car
navigation system or to other car-mounted light source mod-
ules.

Fourth Embodiment

[0110] A fourth embodiment of the present invention is
now described with reference to FIGS. 33 to 38.

[0111] In this embodiment, the RGB LED elements are
directly mounted on the ceramic substrate having wiring
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printed thereon. As illustrated in FIGS. 33 and 34, four RGB
light source packages 29 each having the RGB elements
directly mounted thereon and a reflector provided therewith
are provided on the ceramic substrate 28 and the four sets of
RGB elements are connected in series by wiring. The ceramic
substrate 28 is mounted on the printed circuit board 11. The
wiring which connects the RGB light source packages 29 are
formed collectively by printing the wiring on the ceramic
substrate. Electrical connection is made on the ceramic sub-
strate 28. Connection to the driver IC 14, the resistance, and
the capacitor is made on the rear surface side of the printed
circuit board by way of the through holes.

[0112] The structure for heat radiation is manufactured
similarly to that in the second embodiment of the present
invention. These make it possible to clearly separate the elec-
trical connection region and a circuit region from the heat
radiation region and to suppress influence of mutual interfer-
ence.

[0113] Change in the characteristics as the temperature
changes was studied with regard to the four directly mounted
regions (RGB light source packages 28) connected in series
by wiring on the printed circuit board 11 which has the heat
radiation region as the copper thin films 12. It was revealed
that, compared with a case in which connection was made to
a conventional printed circuit board without a heat radiation
region, change in the electrical characteristics and the optical
characteristics as the temperature changes could be sup-
pressed. Because, in particular, a red LED element is clearly
more highly temperature-dependent, results of change in the
electrical characteristics and the optical characteristics as the
temperature changes with regard to a red LED element are
described here as a representative example.

[0114] FIG. 35 illustrates change in the current-voltage
characteristics as the temperature changes of the four red
LED elements when connection is made to a conventional
printed circuit board without a heat radiation region and when
connection is made to the printed circuit board with the heat
radiation region according to this embodiment. FIG. 36 illus-
trates change in the current-luminous flux characteristics as
the temperature changes of the four red LED elements on a
printed circuit board with or without a heat radiation region.
Ordinarily, in general, when the temperature of a semicon-
ductor element becomes higher, current increase with regard
to a same voltage becomes larger and current change in rela-
tion to room temperature becomes larger.

[0115] InFIG. 35, relative change between 25° C. and 80°
C.is studied. When the temperatureis 80° C., current increase
on the conventional printed circuit board without aheat radia-
tionregion in the comparison example is larger than that in the
case of the printed circuit board with the heat radiation region
according to this embodiment, and it is found that influence of
temperature change is strong. This means that, on the con-
ventional printed circuit board in which a satisfactory heat
radiation structure is not formed, effective temperature of the
element is increased. On the printed circuit board with a heat
radiation structure according to this embodiment, heat radia-
tion is thought to effectively suppress temperature rise of the
element. The same can be said about the optical characteris-
tics.

[0116] InFIG. 36, relative change between 25° C. and 80°
C. is studied. When the temperature is 80° C., decrease rate of
luminous flux on the conventional printed circuit board with-
out the heat radiation region in the comparison example is
larger than that in the case of the printed circuit board with the
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heat radiation region according to present embodiment, and it
1s found that influence of temperature change is strong. The
structure with a heat radiation region according to the present
invention is clearly advantageous in controlling change in the
characteristics of the element as the temperature changes,
because change in the characteristics as the temperature
changes is small. This is also an important result from the
viewpoint of feedback control of the driving.

[0117] FIG. 37 illustrates a structure in which directly
mounted four RGB elements are connected in series in the
longitudinal direction of the printed circuit board and are
periodically and repeatedly provided. Because the thermal
via metal films of the package light sources are connected to
the copper thin films 12 for heat radiation of the printed circuit
board, heat generated at the elements is radiated by heat
conduction through the thermal via metal films to the copper
thin films 12 for heat radiation. Heat radiated from the plu-
rality of packages is transported by heat conduction and ther-
mal diffusion to the upside of the copper thin films 12 for heat
radiation, and further, radiated to the upside of the printed
circuit board. Heat is selectively radiated mainly at both sides
of the printed circuit board.

[0118] With regard to electricity, electrical connection is
made inside the printed circuit board through the wiring 13
for conducting current to the driver IC, the resistance, and the
capacitor, and circuits for operating the elements are formed.
This makes it possible to separate a heat transport region for
heat radiation and an electrical connection operation region
on the printed circuit board.

[0119] InFIG. 38, a plurality of printed circuit board mod-
ules 16 each of which has a plurality of package light sources
mounted thereon are fixed to a metal housing frame 15 for a
backlight, and a whole backlight module is formed. Here, the
copper thin films 12 for heat radiation of the printed circuit
board modules 16 are fixed by screws using a high heat
conduction adhesive sheet or the like so as to be in contact
with the metal housing frame, thereby radiating heat to the
metal housing frame 15, and at the same time, securing
mechanical strength. Heat radiation to the upside of the metal
housing frame 15 results in heat radiation to the atmosphere.
In order to radiate heat and lower the temperature thereof
further, a fin structure for heat radiation may be provided
above the metal housing frame 15.

[0120] Similarly to the case of the first embodiment of the
present invention, an optical system is formed and the back-
light source modules according to this embodiment is applied
to manufacture a large liquid crystal display device. By deter-
mining the length and the number of the printed circuit board
modules 16 to be mounted on the housing so as to be appro-
priate for a large liquid crystal display device, the backlight
source modules can be applied to a display device of an
arbitrary size.

[0121] In this embodiment, by adjusting the number of the
package light sources and the size of the printed circuit board
according to the size of the liquid crystal display device and
making the backlight module function, necessary uniformity
of brightness distribution and chromaticity distribution can
be secured. By independently controlling the plurality of
RGB light sources, a primary color can be reproduced with
good uniformity. By controlling operating conditions of the
RGB light sources and adjusting the chromaticity in color
mixture, the light can also be made to function as white light
as a whole.
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[0122] Further, the driving of the backlight source which
accommodates area control can be controlled with the plural-
ity of RGB light sources being a unit. The backlight module
structure adjusted by the RGB light sources according to this
embodiment may be applied not only to a backlight source
module of a large liquid crystal display device but also to a
backlight source module for a liquid crystal panel for a per-
sonal computer or an in-car navigation system or to other
car-mounted light source modules.

Fifth Embodiment

[0123] A fifth embodiment of the present invention is now
described with reference to FIGS. 39 and 40.
[0124] Similarly to the cases of the first to fourth embodi-
ments of the present invention, the backlight source module is
manufactured. However, as illustrated in FIGS. 39 and 40, a
heat radiation sheet 31 is provided between the printed circuit
board modules 16 having a heat radiation region, and, after
that, the optical reflection sheet 17 is mounted. The heat
radiation sheet 31 is adhered using a high heat conduction
sheet or a paste so as to bein contact with the copper thin films
12 in the heat radiation regions of the printed circuit board.
This makes heat diffused and radiated from the heat radiation
regions of the printed circuit board further to the heat radia-
tion sheet. The heat radiation sheet 31 contains white ceramic
filler particles, and heat is not only diffused but also radiated
to the atmosphere. The structure makes it possible to transport
heat generated from the LED element through the heat radia-
tion regions of the printed circuit board and the heat radiation
sheet to, ultimately, the housing frame, and, at the same time,
to radiate the heat to the atmosphere. The heat radiation sheet
31 may include a layer containing white ceramic filler par-
ticles, or, alternatively, may be of a two-layer structure addi-
tionally including a metal layer such as an aluminum thin film
layer or a copper thin film layer, or, may be a layer containing
white ceramic filler particles sandwiched between metal lay-
ers such as aluminum thin film layers or copper thin film
layers. The metal layer such as an aluminum thin film layer or
a copper thin film layer is thermally connected to the heat
radiation regions of the printed circuit board with high heat
conduction, and thus, the amount of radiated heat becomes
relatively larger. As a result, effective temperature of the LED
element can be suppressed, and further, the electrical charac-
teristics and the optical characteristics can be improved.
[0125] In this embodiment, with regard to the structure,
because the thickness of the heat radiation sheet 31 is about
the same as or smaller than that of the package 29 or of the
ceramic substrate 28, a backlight source module which
remains thin can be formed. The backlight module structure
according to this embodiment may be applied not only to a
backlight source module of a large liquid crystal display
device but also to a backlight source module for a liquid
crystal panel for a personal computer or an in-car navigation
system or to other car-mounted light source modules.
[0126] While there have been described what are at present
considered to be certain embodiments of the present inven-
tion, it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A backlight device comprising:

a package light source having at least one LED element

mounted at a center thereof;
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a heat radiation region provided immediately below the at
least one LED element;

one of an electrical connection wiring line and an electrical
connection region provided on one of left side and right
side of the at least one LED element and conducting to
the at least one LED element so as to form an asymmet-
ric conductive region;

a printed circuit board having the package light source
mounted thereon, the printed circuit board having a heat
radiation structure so as to correspond to the heat radia-
tion region provided immediately below the at least one
LED element; and

a wiring region for the printed circuit board provided so as
to correspond to the one of the electrical connection
wiring line and the electrical connection region formed
so as to be asymmetric.

2. A backlight device according to claim 1, wherein:

the package light source comprises at least two corre-
sponding package light sources provided so as to be
opposed to each other at the one of the electrical con-
nection wiring line and the electrical connection region
formed so as to be asymmetric with respect to the at least
one LED element; and

by mounting the at least two corresponding package light
sources on the printed circuit board, the at least two
corresponding package light sources each have an elec-
tric circuit region and a heat radiation region for the
printed circuit board separated from each other, the elec-
tric circuit region being connected by wiring on an inner
side of the printed circuit board to control the driving
thereof, the heat radiation region for the printed circuit
board being in end regions on outer sides of the printed
circuit board and having a structure for radiating heat
from immediately below the at least one LED element.

3. A backlight device comprising:

aplurality of package light sources for mounting a plurality
of LED elements thereon, the plurality of LED elements
being mounted so as to be reflection symmetric with
respect to the plurality of package light sources, the
plurality of package light sources being provided so as to
correspond to each other in at least two lines; and

one of electrical connection wiring lines and electrical
connection regions formed so as to be asymmetric with
respect to the plurality of LED elements and opposed to
each other,

wherein, by mounting the plurality of package light

sources so as to correspond to each other in the at least
two lines on a printed circuit board, the plurality of
package light sources have an electric circuit region and
heat radiation regions for the printed circuit board sepa-
rated from each other, the electric circuit region being
connected by wiring on an inner side of the printed
circuit board to control driving thereof, the heat radia-
tion regions for the printed circuit board being in end
regions on outer sides of the printed circuit board and
having a structure for radiating heat from immediately
below the plurality of LED elements.

4. A backlight device comprising a printed circuit board
having one of a plurality of package light sources and a
plurality of substrates mounted thereon, the one of the plu-
rality of package light sources and the plurality of substrates
having a plurality of LED elements mounted thereon,
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wherein the printed circuit board includes:
an electrical connection region corresponding to one of
an inside region surrounded by the plurality of pack-
age light sources and a lower side of the mounted
plurality of substrates and provided with electrical
connection; and
a heat radiation region corresponding to one of an out-
side of the region surrounded by the plurality of pack-
age light sources mounted on the printed circuit board
and an outside of the mounted plurality of substrates
including a part of a lower side of the plurality of
substrates and having a structure of a material for heat
radiation which transports heat by one of heat con-
duction and thermal diffusion,
the electrical connection region and the heat radiation
region being separated from each other on the printed
circuit board.
5. A backlight device according to claim 4, wherein:
the one of the plurality of package light sources and the
plurality of substrates comprise thermal via holes
including holes reaching the printed circuit board and a
metal plugging the holes, and through holes exhibiting
conductivity for electrical connection; and
the through holes for electrical connection and the thermal
via holes for heat radiation are asymmetrically provided.
6. A backlight device according to claim 5, wherein:
the one of the plurality of package light sources and the
plurality of substrates have LED elements connected to
pads provided for the through holes exhibiting the con-
ductivity, and a transparent resin for sealing the LED
elements;
the one of the plurality of package light sources and the
plurality of substrates are mounted on the printed circuit
board; and
the printed circuit board includes:
aregion which is surrounded by the one of the plurality
of package light sources and the plurality of substrates
and on which switching elements for electrical circuit
connection, a driver, a resistance, and a capacitor are
mounted; and
a region which is outside the region surrounded by the
one of the plurality of package light sources and the
plurality of substrates and in which a heat radiation
structure is formed for heat transport by heat conduc-
tion and heat radiation by radiation using a heat radia-
tion sheet containing one of a metal and a filler.
7. A backlight device according to claim 6, wherein:
the LED elements mounted on the one of the plurality of
package light sources and the plurality of substrates
having at least the thermal via holes are electrically
connected through wiring to the printed circuit board,
the LED elements are mounted on metal regions including
a metal plugging the thermal via holes; and
the metal in the metal regions which plugs the thermal via
holes and which is in contact with the LED elements is
connected to the structure of the material for heat radia-
tion of the printed circuit board to form a heat radiation
structure for heat transport by heat conduction.
8. A backlight device according to claim 6, wherein:
the one of the plurality of package light sources and the
plurality of substrates which have a plurality of the ther-
mal via holes forming the heat radiation structure
include one of the plurality of package light sources
connected in series in groups of four and the LED ele-
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ments on the plurality of substrates electrically con-
nected in series in groups of four; and

the electrical connection region and the heat radiation

region are separated from each other on the printed
circuit board having the one of the plurality of package
light sources and the plurality of substrates mounted
thereon.

9. A backlight device according to claim 6, wherein the one
of the plurality of package light sources and the plurality of
substrates having at least the thermal via holes include an
LED light source backlight module formed of a ceramic
material.

10. A backlight device according to claim 6, wherein:

the printed circuit board to which the one of the plurality of

package light sources and the plurality of substrates
having at least the thermal via holes are connected has a
copper film having high thermal conductivity applied
thereto at least in end regions;

by connecting the metal plugging the thermal via holes to

the copper film of the printed circuit board, heat gener-
ated from the LED elements mounted on the thermal via
holes is adapted to be radiated; and

by forming the printed circuit board in a shape of a rect-

angle which has a long side in a longitudinal direction,
heat radiated by heat conduction through the copper film
formed in end regions of the printed circuit board is
adapted to be radiated to an upside of the printed circuit
board.

11. A backlight device according to claim 6, wherein:

the plurality of LED elements connected to wiring lines

provided for the one of the plurality of package light
sources and the plurality of substrates having at least the
thermal via holes are mounted on the wiring lines so as
to be reflection symmetric; and

the plurality of LED elements comprise red LED elements,

green LED elements, and blue LED elements and
mounted so as to be reflection symmetric and sealed
with a transparent resin.

12. A backlight device according to claim 6, wherein:

the one of the plurality of package light sources and the

plurality of substrates having at least a plurality of the
thermal via holes forming the heat radiation structure
have the thermal via holes arranged linearly; and
the plurality of the thermal via holes can be proximate to
each other in a continuous way on an upper surface and
a lower surface of the one of the plurality of package
light sources and the plurality of substrates having the
thermal via holes formed therein.
13. A backlight device according to claim 6, wherein:
the printed circuit board to which the one of the plurality of
package light sources and the plurality of substrates
having at least the thermal via holes are connected has a
copper film having high thermal conductivity applied
thereto at least in end regions;
the printed circuit board is formed in a shape of a rectangle
which has a long side in a longitudinal direction; and

the copper film at the end regions of the printed circuit
board comprises a heat radiation sheet containing a
white filler for diffusing and radiating heat attached
thereto.

14. A backlight device according to claim 6, wherein:

the plurality of substrates having at least a plurality of the

thermal via holes forming the heat radiation structure
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have on an upper surface thereof wiring for electrically
connecting the LED elements; and

the LED elements are connected through the thermal via
holes to a copper film having high thermal conductivity
for heat radiation to a lower surface of the plurality of
substrates, that is, to a surface of the printed circuit
board.

15. A backlight device according to claim 6, wherein a
length in a longitudinal direction of the printed circuit board
having the one of the plurality of package light sources and
the plurality of substrates mounted thereon, the one of the
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plurality of package light sources and the plurality of sub-
strates having at least the thermal via holes, is adjusted and an
appropriate number of the plurality of substrates are arranged
on the printed circuit board.
16. A liquid crystal display device comprising:
a pair of substrates;
a liquid crystal layer sandwiched between the pair of sub-
strates; and
the backlight device according to claim 1 for providing
light into the liquid crystal layer.

*® ok ok k%
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