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DESCRIPTION

Light-Emitting Diode Light Source

CROSS-REFERENCE TO RELATED APPLICATIONS

This is an application filed pursuant to 35 U.S.C. Section
111(a) with claiming the benefit of U.S. provisional application
Serial No. 60/704,877 filed August 3, 2005 under the provision of 35

U.S.C. 111 (b), pursuant to 35 U.S.C. Section 119(e) (1).

TECHNICAL FTIELD

The present invention relates to a light source equipped with
light emitting diode elements. Specifically, the present invention
relates to a light source equipped with light emitting diode
elements, which enables efficient dissipation of the heat generated
from the light-emitting diode, a display device or a lighting
equipment using the light source and to a back-lighting for a liquid

crystal display using the lighting equipment.

BACKGROUND ART

Recently, light emitting diode (LED) elements have been
improved remarkably in terms of light emitting efficiency and have
advanced to the practical stage for use in illumination and lighting.
Specifically, using a light emitting diode as a backlight for a
liquid crystal display can realize good color reproducibility and
fast response, which enables to expect the achievement of better
image quality. Also, as being free from mercury, a light emitting
diode is environmentally-friendly, and has grown in use for interior

light of automobiles and for a light source of headlights.
1
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However, since a light emitting diode element yields a large
amount of heat along with light emission, in a conventional method
wherein ILED lamps are arranged being packed (mounted) in respective
packages, there was high thermal resistance from a light emitting
diode element to a substrate and heat dissipation was insufficient.
Accordingly, rise in so-called junction temperature of the light-
emitting diode element was inevitable, which leads to a short life
span of the light-emitting diode element and thereby to a short life
span of the whole backlight unit. Therefore, rise in the Jjunction
temperature has been prevented by providing a powerful cooling means.
However, the volume of such a cooling means is large, which makes
the backlight unit larger and leads to seriously undermining the
merchantability of a flat panel display such as a liquid crystal
display. It also leads to increase in power consumption for cooling.

In recent years, a method of mounting light-emitting diode
elements directly on a radiator plate (heatsink) has been devised in
order to solve these problems (See Japanese Laid-Open Patent
Publication No. H06-318770). In this method, as shown in Fig. 12
which depicts a partial sectional side view of an example, openings
(6) are formed on the circuit board (2), at which the heatsink plate
(3) is exposed. Placing light-emitting diode elements (7) in the
opening enables to conduct heat directly to the heatsink plate
without intervention by the insulating resin layer (8) which has
much lower heat conductivity. Aluminum or copper 1is used as a
material for the heatsink plate (3) from- the viewpoint of heat
conductivity, cost and workability. Although copper is the most
preferable in terms of heat conductivity, the specific gravity of
copper is about three times as large as that of aluminum, which

causes a problem that the heatsink plate becomes heavier.
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DISCLOSURE OF THE INVENTICN

An object of the present invention is to develop a light
source equipped with light-emitting diode elements which enables
rapid dissipation of the heat generated by the light-emitting diode,
and to provide a display device and lighting equipment using the
light source and a backlight for a liquid crystal display using the
lighting equipment.

The present inventors have found thét a lightweight 1light
source which is excellent in radiation performance can be produced
by constructing the substrate on which light-emitting diode elements
are mounted of a circuit board and a heatsink plate, and making up
the heatsink plate from layers of at least two materials having
different heat conductivity (a highly heat-conductive material and a
low heat-conductive material).

That is, the present invention relates to a light source
equipped with light-emitting dicde elements, a display device, a
lighting equipment and a backlight for a liquid crystal display
described bellow.

1. A light source equipped with light-emitting diode elements,
wherein a substrate on which light-emitting diode elements are
mounted comprises a circuit board and a heatsink plate, and the
heatsink plate is formed from at least two materials having
different heat conductivity.

2. The light source equipped with light-emitting diode elements
as described in 1 above, wherein the heatsink plate comprises a
substrate made of a low heat-conductive material and a highly heat-
conductive material which is provided by patterning on the surface

of the substrate opposite to the circuit board.
3
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3. The light source equipped with light-emitting diode elements
as described in 1 above, wherein the light-emitting diode elements
are located on a low heat-conductive material exposed on the circuit
board.

4. The light source equipped with light-emitting diode elements
as described in 1 above, wherein the light-emitting diode elements
are located on a highly heat-conductive material exposed on the
circuit board.

5. The light source equipped with light-emitting diode elements
as described in 1 above, wherein the light-emitting diode elements
are located on a highly heat-conductive material exposed on the
circuit board; and the heatsink plate comprises a substrate made of
a low heat—conductive material and a highly heat-conductive material
which is provided by patterning on the surface of the substrate
opposite to the circuit board.

6. The light source equipped with light-emitting diode elements
as described in 5 above, wherein the highly heat-conductive material
on which the light-emitting diode elements are located and the
pattern-formed portion made of a highly heat-conductive material are
connected by a highly heat-conductive material filled in through-
holes perforated through the substrate made of a low heat-conductive
material.

7. The light source equipped with light-emitting diode elements
as described in any one of 1 to 6 above, wherein the highly heat-
conductive material is copper and the low heat-conductive material
is at least one of aluminum and aluminum nitride.

8. The light source equipped with light-emitting diode elements
as described in 1 above, wherein a heat dissipation member is

provided on the heatsink plate.
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9. The light source equipped with light-emitting diode elements
as described in 8 above, wherein the heat dissipation member is a
radiating fin.

10. The light source equipped with light-emitting diode elements
as described in 8 above, wherein the heat dissipation member is a
heat pipe.

11. The light source equipped with light-emitting diode elements
as described in 8 above, wherein the heat dissipation member is a
refrigerant circulation.

12. A display device using the light source as described in any
one of 1 to 11 above.

13. A lighting equipment using the light source as described in
any one of 1 to 11 above.

14. A backlight for a liquid crystal display provided with the
lighting equipment as described in 13 above.

15. A liquid crystal display provided with the backlight as
described in 14 above.

16. A light source equipped with light-emitting diode elements,
wherein a substrate on which light-emitting diode elements are
mounted comprises a circuit board and a heatsink plate, and the
heatsink plate is formed from a first heat-conductive material and a
second heat-conductive material having higher heat conductivity than
that of the first material.

17. The light source equipped with light-emitting diode elements
as described in 16 above, wherein the heatsink plate comprises a
substrate made of the first material and the second material which
is provided by patterning on the surface of the substrate opposite
to the circuit board.

18. The light source equipped with light-emitting diode elements
5
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as described in 16 above, wherein the light-emitting diode elements
are located on the first material exﬁosed on the circuit board.

19. The light source equipped with light-emitting diode elements
as described in 16 above, wherein the light-emitting diode elements
are located on the second material exposed on the circuit board.

20, The light source equipped with light-emitting diode elements
as described in 16 above, wherein the light-emitting diode elements
are located on the second material exposed on the circuit board; and
the heatsink plate comprises a substrate made of the first material
and the second material which is provided by patterning on the
surface of the substrate opposite to the circuit board.

21. The light source equipped with light-emitting diode elements
as described in 20 above, wherein the second material on which the
light-emitting diode elements are located and the pattern-formed
portion made of the second material are connected by the second
material filled in through-holes perforated through the substrate
made of the first material.

22, The light source equipped with light-emitting diode elements
as described in any one of 16 to 21 above, wherein the first
material is at least one of aluminum and aluminum nitride and the

second material is copper.

EFFECTS OF INVENTION

Since the light source of the present invention is compact
and lightweight and excellent in heat dissipation, it enables to
prolong operating life of the light-emitting diode elements and to
make cooling means smaller and thereby reduce the cost.
BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention will be described in more

6
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detail by referring to the attached drawings.

The present invention relates to a light source equipped with
light-emitting diode elements, which is characterized in that the
substrate on which the light-emitting diode elements are mounted
comprises a circuit board and a heatsink plate and that the heatsink
plate comprises at least two materials different 1in heat
conductivity; i.e., a low heat-conductive material and a highly
heat-conductive material. The materials different in heat
conductivity preferably constitute a laminate body having at least
two layers.

Members constituting the light source equipped with light-
emitting diode elements of the present invention include a light-
emitting diode element, a substrate comprising a circuit board and a
heatsink plate on which the light-emitting diode element is mounted,
molding resin to seal the light-emitting diode element mounted on
the substrate and cooling means for further improving heat
dissipation performance.

The light—emittiﬁg LED diode elements used for the present
invention may be selected according to purposes of the light source.
For example, LED which has a high degree of color reproducibility is
desirable to be used for a light source of a backlight for a liquid
crystal display. One of the preferable examples is one wherein a
plurality of blue, green and red light-emitting diode elementé are
arranged on the same board. Also, for a white light source for
illumination, it is preferable to provide light-emitting diode
elements of neutral colors such as yellow and orange besides the
above-mentioned blue, green and red ones on the same board or to use
a white light source comprising a combination of light-emitting
diode elements of blue or near-ultraviolet and a fluorescent

7



10

15

20

25

WO 2007/013664 PCT/JP2006/315253

substance.

It is preferable that the substrate of the present invention
on which plural light-emitting diode elements are provided is
composed of a circuit board and a heatsink plate. The circuit board
is the substrate, on which a circuit is formed in order to apply
electricity to the light-emitting diode elements and to which the
cathode and anode of the light-emitting diode element are connected.
The methods for obtaining the circuit board include a method of
laminating a circuit board such as a glass epoxy substrate on a
heatsink plate; and a method of coating the heatsink plate with an
insulating resin, laminating a copper foil thereon and etching the
copper foil in a circuit pattern.

The heatsink plate is intended for dissipating the heat
generated from the light—emitting diode elements by laminating the
heatsink plate made of a highly heat-conductive material on a side
of the circuit board where the circuit is not formed. In the
present invention, a heatsink plate comprising at least two
materials differenf in heat conductivity (a highly heat-conductive
material and a low heat-conductive material) is used. Preferable
examples of the materials different in heat conductivity include
metal and highly heat-conductive ceramics. The metal is preferably
aluminum, copper, stainless or the like. The highly heat-conductive
ceramics 1is preferably aluminum nitride. As a widely useful
material, copper is preferable in terms of heat dissipation since it
has a high heat conductivity but copper is not preferable from the
viewpoint of weight saving due to its large specific gravity. The
most preferable material is a combination of copper and aluminum.
That is, the material most preferable from the viewpoint of heat

dissipation and weight-saving is a composite material combining
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copper as a highly heat-conductive material and at least one of
aluminum and aluminum nitride as a low heat-conductive material.

As a method for placing plural light-emitting diode elements
on a circuit board, it is preferable from the viewpoint of heat
dissipation performance to place the diode element on the heatsink
plate in the form of a so-called bare chip using some means for
bonding instead of using a packaged device so that the light-
emitting diode element directly contacts the heatsink. Specifically,
through-holes are provided in the portion of the circuit board where
the light-emitting diode elements are to be placed so that the
heatsink plate is exposed at the through-holes when the heatsink
plate and the circuit board are laminated, and the light—-emitting
diode elements are placed on the exposedyheatsink plate. For the
bonding, means having lower thermal resistance is preferable and
includes, for example, silver paste and heat conductive silicone
grease. The light-emitting diode elements can be electrically
connected to the circuit board, for example, by wire-bonding.

It will be understood that bare chips which are not packaged

should be protected in wire-bonding portion with molding resin.

. Such a molding resin is preferably a thermosetting transparent resin,

patrticularly a transparent epoxy resin.

Examples of transparent epoxy resin include epoxy resin such
as bisphenol-A diglycidyl ether, 2,2-bis (4~
glycidyloxycyclohexyl)propane, 3, 4—epoxycyclohexylmethyl-3, 4~
epoxyhexane carboxylate, vinylcyclohexene dioxide, 2-(3,4-
epoxycyclohexane)—5,5—spiro(3,4—epoxycyclohexane)—1,3—dioxane,
bis (3,4-epoxycyclohexyl) adipate, 1,2-cyclopropanedicarboxylic acid
bisglycidyl ester, triglycidyl isocyanurate, monoallyldiglycydyl
isocyanurate and diallylmonoglycidyl isocyanurate. Generally, these

9
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resins are to be cured by acid anhydride such as hexahydrophthalic

anhydride, methylhexahydrophthalic anhydride,

trialkyltetrahydrophthalic  anhydride, hydrogenated methylnadic
anhydride. These epoxy resins and curing agent may be used singly
or in combination of two or more thereof.

A preferable method for molding with a transparent resin is
performed by dripping from a dispenser. A concave portion may be
formed by laminating another substrate onto a circuit board. and
making holes in the substrate where LEDs are to be located.

There are several embodiments for composing a heatsink plate
by combination of materials different in heat conductivity, examples
of which include 1 to 4 mentioned below. The embodiments will be
described by referring to the attached drawings showing examples of
the light source equipped with light-emitting diode elements of the
present invention.

1) An embodiment wherein a light-emitting diode element (7) is
placed on a low heat-conductive material (4) which constitutes a
heatsink plate (3), and a layer comprising a highly heat-
conductive material (5) is formed on the side (bottom surface) of
the heatsink plate (3) opposite to the side on which light-
emitting diode elements are placed as shown in a sectional side
view as exemplified in Fig. 1. In this case, a pattern
comprising a highly heat-conductive material may be formed on the
bottom surface (see Fig. 2).

2) BAn embodiment wherein light-emitting diode elements (7) are
placed directly on a highly heat-conductive material (5)
constituting a heatsink plate (3) which is exposed in the
openings (6) formed in a circuit board (2), and a lightweight low

heat-conductive material (4) is located around the elements as
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shown in a sectional side view as exemplified in Fig. 3. 1In this
case, a highly heat-conductive material (5) may be formed not
only in the openings (6) as shown in Fig. 3 but also on the
entire or at least part of the surface of the heatsink plate (3)

including the openings (6).

Further, there are the following embodiments combining 1 and 2

above:

3)

An embodiment wherein a substrate made of a lightweight low heat-
conductive material (4) is located under a highly heat-conductive
material (5a) on which light-emitting diode elements are placed,
and a layer or pattern comprising of a highly heat~conductive
material (5b) is formed on the low heat—-conductive material
substrate (4) as shown in a sectional side view of Fig. 4. In
this case, a highly heat-conductive material (5) may be formed
not only in the openings (6) as shown in Fig. 4 but also on the
entire or at least part of the surface of the heatsink plate (3)
including the openings (6).

An embodiment wherein, in 3) above, the highly heat-conductive
material (5a) on which light-emitting diode elements (7) is
located and the highly heat-conductive material (5b) located on
the underside thereof are connected by a highly heat-conductive
material (5¢c) filled in the through-holes perforated through the
low heat—-conductive material (4) that exists between (5a) and
(5b) (refer to Fig. 5). 1In this case, a highly heat-conductive
material (5a) may be formed not only in the openings (6) as shown
in Fig. 5 but also on the entire or at least part of the surface
of the heatsink plate (3) including the openings (6).

The form of the pattern provided on a heatsink plate (3) is

not particularly limited, but preferable examples include a mesh
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pattern. When using a material having a large specific gravity such
as copper as a highly heat-conductive material, forming a pattern
partially as in a case of a mesh pattern is more advantageous in
weight saving than forming an all-overlaying pattern.

Furthermore, as shown in Fig.13, heat dissipation can be
further improved by providing cooling means on the side opposite to
the circuit side of the heatsink plate (3). The cooling means (10)
include a radiating fin, a heat pipe and refrigerant circulation. A

fan may be provided if desired.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional side view showing an example of the
light source of the present invention equipped with light-emitting
diode elements, which is constituted by a substrate (1) comprising a
circuit board (2) and a heatsink plate (3) on which substrate light-
emitting diode elements (7) are mounted.

Fig. 2 is a bottom view of Fig. 1.

Fig. 3 is a sectional side view showing another example of
the light source equipped with light emitting diode elements of the
present invention.

Fig. 4 is a sectional side view showing another example of the
light source equipped with light emitting diode elements of the
present invention.

Fig. 5 is a Sectional side view showing another example of the
light source equipped with light emitting diode elements of the
present invention.

Fig. 6 is a plan view of the backlight of Example 1 wherein
four linear light sources equipped with four light emitting diode

elements were placed.
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Fig. 7 is a schematic plan view of the plane light source
substrate of the present invention.

Fig. 8 is a rear view of Fig. 7.

Fig. 9 is a cross-sectional view along the line B-B of Fig. 7.

Fig. 10 is a plan view of the back-light of Example 2.

Fig. 11 is a schematic plan view of the light source of
Example 3.

Fig. 12 is a schematic cross—sectional view of a light source
equipped with conventional light emitting diode elements.

Fig. 13 is a sectional side view showing an example of the

light source of the present invention equipped with cooling means.

EXAMPIES

Hereinafter, the present invention will be described in more
detail by referring to Examples and Comparative Examples. However,
the present invention should not be construed as being limited
thereto.
Example 1:

A heatsink plate (3) shown in a sectional side view of Fig. 1
was prepared. An aluminum substrate (dimension: 12 x 120 mmm,
thickness: 1 mm) was used as a low heat-conductive material (4), and
a mesh pattern comprising a copper highly heat-conductive material
(5) (thickness: 0.1 mm) was formed on the bottom surface of the
substrate by electrolytic plating to thereby make a heatsink plate
(3). On the upper surface of the heatsink plate (3), a circuit
board (2) obtained by etching a copper foil (thickness: 0.1 mm) was
provided through an insulating resin layer (not shown in the figure) .
Five openings (6) each having a size of 8 x 10 mm were perforated on

the circuit board (2) at the same interval at which the heatsink
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plate (3) was exposed. Five LED lamps (NCCW023, produced by Nichia
Corporation) as light-emitting diode elements (7) were placed in the
above-mentioned openings (6) directly on the heatsink plate (3)
using a heat conducting adhesive to thereby produce a linear light
source.

The thus-obtained four linear light sources were placed on
the bottom surface of a box container for a backlight having outside
dimensions of 270 x 200 mm and a depth of 30 mm formed with an
aluminum plate (thickness: 1.2 mm). The schematic layout is shown
in Fig. 6. As for bonding of the linear light source, heat
conductive silicone grease (oil compound G-751, produced by Shin-
Etsu Chemical Co., Ltd.) was used.

The obtained box container was placed in a constant-
temperature bath at 25°C and constant current of 300mA was passed
through all the LEDs. In this case, holes were made in the
backlight container at the position immediately below the LED chips,
a thermocouple was inserted in the holes so that the tips of the
thermocouple came in contact with the heatsink plate (3). The
temperature measured after passing electric current for two hours
was about 76°C.
éomparative Example 1:

A linear light source was produceql in the same way as in
Example 1 except that a mesh pattern comprising a copper highly
heat-conductive material (5) was not formed. The temperature
measured after passing electric current in the same way as in

Example 1 was 88°C at the position immediately below the LED chip.

Example 2:
As a heatsink plate (3), an aluminum substrate (dimensions:

14
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80 x 120 mm, thickness: 1.0 mm) was used as a low heat-conductive
material (4), and, on the bottom surface thereof, a mesh pattern
comprising a copper highly heat-conductive material (5) {(thickness:
0.1 mm) was formed in the same way as in Example 1 to thereby make a
heatsink plate (3). On the upper surface of the heatsink plate (3),
a circuit board (2) obtained by etching a copper foil (thickness:
0.1 mm) was provided through an insulating resin layer (not shown in
the figure). Six openings (6) having a size of 5 x 5 mm and passing
through the circuif board (three openings in two rows) were
perforated in the circuit board (2), in which six LED chips were
placed using silver paste.

The LED chips having a size of 1 mm square were placed in two
rows in the order of red (TOA-1000, produced by SHOWA DENKO K. K.),
green (produced by ITSWELL Co., Ltd.) and blue one (produced by
ITSWELL Co., Ltd.) from the left to the right. An anode and a
cathode were connected to the pad parts of the circuit board (2) by
a wire bonder. Subsequently, a transparent epoxy resin (5) (NLD-L-
645, produced by Sanyu Rec Co., Ltd.) was dropped from a dispenser
to thereby form a lenticular molding portion (9) as shown in Fig. 9.
A schematic plan view and a rear view of the obtained plane light
source substrate are shown in Fig. 7 and Fig. 8 respectively. A
cross-sectional View along the line B-B of Fig. 7 is also shown in
Fig. 9.

The four produced plane light source substrates were put in
the same container for a backlight as that in Example 1, and bonded
on the bottom surface using heat conductive silicone grease (oil
compound G-751, produced by Shin-Etsu Chemical Co., Ltd.). The
schematic layout of the produced plane light source is shown in Fig.

10.
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The obtained plane light source was placed in a constant-
temperature bath at 25°C and constant current of 300mA was passed
through all the ILEDs. In this case, holes were made in the aluminum
plate of the backlight container at the position immediately below
the LED chips, a thermocouple was inserted in the holes so that the
tips of the thermocouple came in contact with the heatsink plate (3).
The temperature measured after passing electric current for two

hours was about 66°C.

Comparative Example 2:

A plane light source was produced in the same way as in
Example 2 except that a mesh pattern comprising a copper highly
heat-conductive material (5) was not formed. The temperature
measured after passing electric current in the same way as in

Example 1 was 78°C at the position immediately below the LED chip.

Example 3:

Using as a first heatsink plate (3) a copper substrate having
a size of 75 x 55 mm and a thickness of 0.7 mm comprising a highly
heat—conductive material (5), a circuit board (2) obtained by
etching a copper foil (thickness: 0.1 mm) was provided on the upper
surface of the first heatsink plate (3) through an insulating resin
layer (not shown in the figure). Three openings (6) having a size
of 5 x 5 mm passing through the circuit board were perforated in the
circuit board (2), in which three IED chips were placed using silver
paste. The LEDs the size of 1 mm square were placed in the order of
red (TOA-1000, produced by SHOWA DENKO K. K.), green (produced by
ITSWELL Co., Ltd.) and blue one (produced by ITSWELL Co., Ltd.) from

the left to the right. 2An anode and a cathode were connected to the
16
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pad parts of the circuit board (2) by a wire bonder. Subsequently,
a transparent epoxy resin (5) (NLD-L-645, produced by Sanyu Rec Co.,
Ltd.) was dropped from a dispenser to thereby form a lenticular
molding portion (9) as shown in Fig. 9. The schematic plan view of
the produced light source is shown in Fig. 11. Pairs of the
produced plane light sources were bonded side-by-side on a second
heatsink plate having a size of 80 x 120 mm and a thickness of 1 mm
comprising an aluminum low heat-conductive material (4) . On the
bottom surface of the low heat-conductive material (4), the same
mesh pattern made by copper as that in Example 2 was formed. That
is, the heatsink plate (3) comprises a first heatsink plate, a
second heatsink plate and a mesh pattern laminated in this order
from the circuit board, and has a structure wherein a low heat-
conductive material (4) is sandwiched by a highly heat-conductive
material (5).

A plane light source similar to that in Example 2 was
produced using four of the obtained plane light source substrates.
The temperature measured after passing electric current in the same
way as in Example 1 was 60°C at the position immediately below the

LED chip.

Comparative Example 3:

ILED boards were produced in the same way as in Example 3
except that an aluminum substrate was used instead of the copper
substrate. The temperature measured after passing electric current
in the same way as in Example 1 was 76°C at the position immediately

below the LED chip.

Example 4:
17
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A test was performed in the same way as in Example 3 except
for using LED boards in which six openings of 5 mm sdquare were
perforated through the aluminum heatsink plate (3) on which a copper
substrate was placed at the position immediately below each of the
IED lamps and the openings were filled up with copper. The
temperature measured was 58°C at the position immediately below the

LED chip.

Example 5

Six aluminum radiating fin units were provided under the
bottom surface of the aluminum heatsink plate (3) in exactly the
same plane light source as in Example 4. Each fin unit had an
entire size of 15 x 15 mm and 10 mm high and contained ten fins
having a thickness of 0.5 mm. The temperature measured after
passing electric current in the same way as in Example 4 was 51°C at

the position immediately below the LED chip.

Example 6:

Using the plane light source produced in Example 4, two
linear heat pipes having a length of 260 mm and a cross-sectional
area of 2 x 5.3 mm (CWO4G-F, produced by Furukawa Electric Co.,
Ltd.) were screwed so that the pipes ran across the position
immediately below the LED chip beneath the heatsink plate (3). The
temperature measured after passing electric current in the same way

as in Example 4 was 49°C at the position immediately below the LED

chip.

18
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CLATMS

1. A light source equipped with light-emitting diode elements,
wherein a substrate on which light-emitting diode elements are
mounted comprises a circuit board and a heatsink plate, and the
heatsink plate is formed from at least two materials having

different heat conductivity.

2. The light source equipped with light-emitting diode elements
according to claim 1, wherein the heatsink plate comprises a
substrate made of a low heat-conductive material and a highly heat-
conductive material which is provided by patterning on the surface

of the substrate opposite to the circuit board.

3. The light source equipped with light-emitting diode elements
according to claim 1, wherein the light-emitting diode elements are
located on a low heat-conductive material exposed on the circuit

board.

4. The light source equipped with light-emitting diode elements
according to claim 1, wherein the light-emitting diode elements are

located on a highly heat-conductive material exposed on the circuit

board.

5. The light source equipped with light-emitting diode elements
according to claim 1, wherein the light-emitting diode elements are
located on a highly heat-conductive material exposed on the circuit
board; and the heatsink plate comprises a substrate made of a low

heat-conductive material and a highly heat-conductive material which

19
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is provided by patterning on the surface of the substrate opposite

to the circuit board.

6. The light source equipped with light-emitting diode elements
according to claim 5, wherein the highly heat-conductive material on
which the light-emitting diode elements are located and the pattern-—
formed portion made of a highly heat-conductive material are
connected by a highly heat-conductive material filled in through—‘
holes perforated through the substrate made of a low heat-conductive

material.

7. The light source equipped with light-emitting diode elements
according to any one of claims 1 to 6, wherein the highly heat-
conductive material is copper and the low heat-conductive material

is aluminum and/or aluminum nitride.

8. The light source equipped with light-emitting diode elements
according to claim 1, wherein a heat dissipation member is provided

on the heatsink plate.

9. The light source equipped with light-emitting diode elements

according to claim 8, wherein the heat dissipation member is a

radiating fin.

10. The light source equipped with light-emitting diode elements

according to claim 8, wherein the heat dissipation member is a heat

pipe.

11. The light source equipped with light-emitting diode elements
20
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according to claim 8, wherein the heat dissipation member is a

refrigerant circulation.

12. A display device using the light source as described in any

one of claims 1 to 11.

13. A lighting equipment using the light source as described in

any one of claims 1 to 11.

14. A backlight for a liquid crystal display provided with the

lighting equipment as described in claim 13.

15. A liquid crystal display provided with the backlight as

described in claim 14.

le. A light source equipped with light-emitting diode elements,
wherein a substrate on which light-emitting diode elements are
mounted comprises a circuit board and a heatsink plate, and the
heatsink plate is formed from a first heat-conductive material and a
second heat—conductive material having higher heat conductivity than

that of the first material.

17. The light source equipped with light-emitting diode elements
as claimed in claim 16, wherein the heatsink plate comprises a
substrate made of the first material and the second material which
is provided by patterning on the surface of the substrate opposite

to the circuit board.

18. The light source equipped with light-emitting diode elements
21
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as claimed in claim 16, wherein the light-emitting diode elements

are located on the first material exposed on the circuit board.

19. The light source equipped with light-emitting diode elements
as claimed in claim 16, wherein the light-emitting diode elements

are located on the second material exposed on the circuit board.

20. The light source equipped with light-emitting diode elements
as claimed in claim 16, wherein the light-emitting diode elements
are located on the second material exposed on the circuit board; and
the heatsink plate comprises a substrate made of the first material
and the second material which is provided by patterning on the

surface of the substrate opposite to the circuit board.

21. The light source equipped with light-emitting diode elements
as claimed in claim 20, wherein the second material on which the
light-emitting diode elements are located and the pattern-formed
portion made of the second material are connected by the second
material filled in through-holes perforated through the substfate

made of the first material.

22. The light source equipped with light-emitting diode elements
as.claimed in any one of claims 16 to 21, wherein the first material
is at least one of aluminum and aluminum nitride and the second

material is copper.
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