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(1) with a conductor pattern and a plurality of light-emitting elements (15)
mounted on the conductor pattern via wires (21). The extending direction
of each of the wires (21) toward the conductor pattern is oriented irregularly
when viewed perpendicularly to the mounting board (1). This can prevent
the shadows of the wires (21) from overlapping, and thus can suppress the
luminance nonuniformity.
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DESCRIPTION

LIGHT-EMITTING MODULE AND
MOUNTING BOARD USED THEREFOR

Technical Field
The present invention relates to a light-emitting module including
light-emitting elements, and a mounting board used for the light-emitting

module.

Background Art
Alight-emitting element such as a light emitting diode (veferred to as

"LED" in the following) or semiconductor laser has been used, e.g., as a light
source for a liquid crystal backlight, an indicator, a display, and a read sensor.

For example, JP 10(1998)-62786 A discloses the invention that relates
to a LED light source in which a plurality of LED chips are connected in
series via wires. FIG. 9Ais a schematic perspective view of the LED light
source of JP 10(1998)-62786 A, and FIG. 9B is a perspective plan view of the
same.

In the LED light source 100 of FIG. 9A, conductor patterns 102 are
formed on a base material 101, and a plurality of LED chips 103 are
die-bonded to the conductor patterns 102 and connected in series via wires
104.

However, as shown in FIG. 9B, each of the wires 104 extends from the
LED chip 103 to the conductor pattern 102 in the same direction when
viewed perpendicularly to the base material 101. Therefore, shadows of the
wires 104 overlap while light emitted from each of the LED chips 103 is
condensed by a condenser lens. As a result, luminance nonuniformity is

likely to occur on an irradiation plane.
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Disclosure of Invention

With the foregoing in mind, the present invention provides a
light-emitting module that can suppress the luminance nonuniformity caused
by the shadows of wires, and a mounting board used for the light-emitting
module.

Alight-emitting module of the present invention includes a mounting
board with a conductor pattern and a plurality of light-emitting elements
mounted on the conductor pattern via wires. The extending direction of each
of the wires toward the conductor pattern is oriented irregularly when viewed
perpendicularly to the mounting board.

A mounting board of the present invention is used for mounting a
plurality of light-emitting elements with a substantially square or
rectangular shape by wire bonding. The mounting board includes a
conductor pattern that includes a plurality of mount portions carrying the
light-emitting elements. When the light-emitting element is mounted on the
mount portion and viewed perpendicularly to the mounting board, the mount
portion has peripheral portions that are located outside of each side of the

light-emitting element.

Brief Description of Drawings
FIG. 1Ais a plan view of a mounting board of Embodiment 1 of the

present invention. FIG. 1B is a plan view of a mount portion included in the
mounting board of FIG. 1A, on which a LED chip is mounted.

FIG. 2Ais a cross-sectional view of a light-emitting module of
Embodiment 2 of the present invention. FIG. 2B is a plan view of the
light-emitting module of Embodiment 2, as viewed perpendicularly to a
mounting board.

FIG. 3 is a plan view of a light-emitting module of Embodiment 3 of
the present invention, as viewed perpendicularly to a mounting board.

FIG. 4A is a cross-sectional view of a light-emitting module of
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Embodiment 4 of the present invention. FIG. 4B is a plan view of the

‘light-emitting module of Embodiment 4, as viewed perpendicularly to a

mounting board.

FIG. 5Ais a cross-sectional view of a light-emitting module of
Embodiment 5 of the present invention. FIG. 5B is a plan view of the
light-emitting module of Embodiment 5, as viewed perpendicularly to a
mounting board.

FIG. 6 is a plan view of a light-emitting module of Embodiment 6 of
the present invention, as viewed perpendicularly to a mounting board.

FIG. 7 is a plan view of a light-emitting module of Embodiment 7 of
the present invention, as viewed perpendicularly to a mounting board.

FIG. 8Ais a plan view of a mount portion included in a light-emitting
module of Embodiment 8 of the present invention. FIG. 8B is a plan view of
the mount portion of FIG. 8A, on which a LED chip is mounted. FIG.8Cisa
plan view of the light-emitting module of Embodiment 8, as viewed
perpendicularly to a mounting board.

FIG. 9A1is a schematic perspective view of a conventional LED light
source. FIG. 9B is a schematic plan view of the conventional LED light

source.

Description of the Invention

Alight-emitting module of the present invention includes a mounting
board with a conductor pattern and a plurality of light-emitting elements
mounted on the conductor pattern via wires.

The mounting board includes, e.g., a base material and the conductor
pattern formed on the base material. The base material is not particularly
limited and may be a ceramic material such as AlzOs or AIN, a semiconductor
material such as Si, or a laminated material in which an electric insulating
layer is formed on a metal layer. As the electric insulating layer, e.g., a

composite material including 50 to 95 mass% of inorganic filler and 5 to 50
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mass% of thermosetting resin composition can be used. The material of the

" wire also is not particularly limited, and a wire made of metal such as a gold

wire can be used. The wire diameter is preferably 30 pm or less because the
area of a shadow of the wire can be reduced to suppress the luminance
nonuniformity. In general, the wire diameter is 15 pm or more.

The light-emitting element may be, e.g., a red LED chip for emitting
red light with a wavelength of 590 to 650 nm, a green LED chip for emitting

.green light with a wavelength of 500 to 550 nm, or a blue LED chip for
_emitting blue light with a wavelength of 450 to 500 nm. The red LED chip

may be made of a AllInGaP material, and the green or blue LED chip may be
made of a InGaAIN material. The number of the light-emitting elements is
not particularly limited and may be determined appropriately in accordance
with the luminous energy to be required or the like.

When the light-emitting module of the present invention is used as a
white light source, it may include the blue LED chips as the light-emitting
elements. Moreover, the light-emitting elements may be covered with a
phosphor layer that emits fluorescence by absorption of light emitted from
the light-emitting elements. For example, the phosphor layer can be formed
by producing a paste in which a phosphor that absorbs light emitted from the
light-emitting elements and emits fluorescence is dispersed in a silicone resin
or the like and applying the paste to the light-emitting elements. Examples
of the phosphor include a green light emitting phosphor such as Ys(Al,
Ga)s012 : Ce3* with a garnet structure or silicate (Ba, Sr)2SiOy : Eu?*, a yellow
light emitting phosphor such as SIALON Ca-Al-Si-O-N : Eu?*, silicate (Sr,
Ca)2Si04 : Euzt, or (Y, Gd)sAls012 : Ce3* with a garnet structure, and a red /
light emitting phosphor such as nitridosilicate Sr2SisNs : Eu?*,
nitridoaluminosilicate CaAlSiN3 : Eu2*, oxo-nitridoaluminosilicate
Sr2Si4AION7 : Eu2*, or sulfide CaS : Eu2*.

In the light-emitting module of the present invention, the extending

direction of each of the wires toward the conductor pattern is oriented



10

15

20

25

30

WO 2007/010879

5 PCT/JP2006/314118

irregularly when viewed perpendicularly to the mounting board. This can
prevent the shadows of the wires from overlapping, and thus can suppress
the luminance nonuniformity. In the context of the present invention, the
definition that "the extending direction is oriented irregularly" indicates that
the wires extend irregularly in the light-emitting module as a whole, and
some of the wires may extend regularly in a part of the light-emitting module.
For example, when the light-emitting module of the present invention
includes a plurality of light-emitting units that are arranged in parallel on
the mounting board, and each of the light-emitting units includes the
light-emitting elements connected in series via the wires and the conductor
pattern, the adjacent light-emitting units may differ in the extending
direction of each of the wires. In this case, all the wires in the same
light-emitting unit may extend in the same direction. Such a configuration
facilitates the mounting process of the light-emitting elements with the wires
during formation of the light-emitting unit.

In the light-emitting module of the présent invention, the wires used
for mounting each of the adjacent light-emitting elements may extend in
different directions. This can prevent the overlapping of the shadows of the
wires more effectively.

In the light-emitting module of the present invention, each of the
wires may extend from the edge of the light-emitting element to the
conductor pattern when viewed perpendicularly to the mounting board.

This reduces a region where the wire overlaps the luminous surface of the
light-emitting element, so that the area of a shadow of the wire can be
reduced to suppress the luminance nonuniformity. In this case, the "edge"
may range from one side of the light-emitting element to a position thatis 0.4
L inward, and preferably 0.3 L inward from the side, where L represents the -
length of the side.

The light-emitting module of the present invention further may

include a plurality of sub-mount substrates, on each of which the
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light-emitting element is mounted. The sub-mount substrates may be
mounted on the conductor pattern via the wires. With this configuration,
the electrical or optical properties of the light-emitting elements can be
inspected at the time the light-emitting elements are mounted on the
sub-mount substrates. Therefore, only non-defective light-emitting elements
can be selected and mounted. Thus, it is possible to avoid waste in the
manufacturing process of the light-emitting module and improve yields. The
material of the sub-mount substrate is not particularly limited, and the same
materials as those for the mounting board can be used.

Next, a mounting board of the present invention will be described
below. The mounting board is suitable for the above light-emitting module
of the present invention. Therefore, the explanation that overlaps with that
of the light-emitting module may be omitted in the following.

The mounting board of the present invention is used for mounting a
plurality of light-emitting elements with a substantially square or
rectangular shape by wire bonding. The mounting board includes a
conductor pattern that includes a plurality of mount portions carrying the
light-emitting elements. When the light-emitting element is mounted on the
mount portion and viewed perpendicularly to the mounting board, the mount
portion has peripheral portions that are located outside of each side of the
light-emitting element. Since the peripheral portions can serve as
connection terminals of the wires, the wire is allowed to extend in any
direction of the four sides of the light-emitting element. Thus, the mounting
board can make it easier to produce the light-emitting module of the present
invention.

In the mounting board of the present invention, it is preferable that .
the area of each of the peripheral portions is 0.001 to 0.250 mm?2. With this
range, the bonding can be performed easily using the wires without reducing
the packaging density of the light-emitting elements.

Hereinafter, embodiments of the present invention will be described
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in detail.
Embodiment 1

A mounting board of Embodiment 1 of the present invention will be
described by referring to the drawings. FIG. 1Ais a plan view of the
mounting board of Embodiment 1. FIG. 1Bis a plan view of a mount portion
included in the mounting board of FIG. 1A, on which a LED chip is mounted.

As shown in FIG. 1A, the mounting board 1 of Embodiment 1
includes a base material 10 and a conductor pattern 11 formed on the base
material 10. The conductor pattern 11 includes a plurality of mount portions
12, a plurality of external connection terminals 13, and a plurality of lead
portions 14 for connecting the mount portion 12 and the external connection
terminals 13.

As shown in FIG. 1B, the mount portion 12 has four peripheral
portions 12a. When a substantially square LED chip 15 is mounted on the
mount portion 12 and viewed perpendicularly to the mounting board 1, the
peripheral portions 12a are located outside of each side of the LED chip 15
(see FIG. 1B). Thus, the peripheral portions 12a also can serve as’
connection terminals of wires 21 (see FIG. 2A). This allows the wire 21 to
extend in any direction of the four sidés of the LED chip 15. The area of
each of the peripheral portions 12a is preferably 0.001 to 0.250 mm?, and
more preferably 0.0025 to 0.225 mm2. With this range, the bonding can be
performed easily using the wires 21 without reducing the packaging density
of the LED chips 15.

Embodiment 2

Alight-emitting module of Embodiment 2 of the present invention
will be described by referring to the drawings. FIG. 2Ais a cross-sectional
view of the light-emitting module of Embodiment 2. FIG. 2B is a plan view
of the light-emitting module of Embodiment 2, as viewed perpendicularly to a
mounting board. The light-emitting module of Embodiment 2 uses the
mounting board 1 of Embodiment 1. In FIGS. 2A and 2B, the same
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components as those in FIGS. 1A and 1B are denoted by the same reference

" numerals, and the explanation will not be repeated.

As shown in FIG. 2A, the light-emitting module 2 of Embodiment 2
includes the mounting board 1 and the LED chips 15. The LED chips 15 are
die-bonded to each of the mount portions 12 of the mounting board 1 via a
conductive adhesive layer 20 made of, e.g., a silver paste. The LED chips 15
are connected in series through the wires 21, the mount portions 12, apd the
conductive adhesive layers 20. For example, an electrode (not shown)
formed on the upper surface of the LED chip 15 and any of the peripheral
portions 12a may be connected by the wire 21. |

As shown in FIG. 2B, the LED chips 15 connected in series constitute
LED chip units 22 that become longer in the lateral direction of the drawing,
and the LED chip units 22 are arranged in parallel on the base material 10.
Moreover, the adjacent LED chip units 22 differ in the extending direction of
each of the wires 21 toward the mount portions 12. This can prevent the
shadows of the wires 21 from overlapping, and thus can suppress the
luminance nonuniformity.

In the light-emitting module 2, all the wires 21 in the same LED chip
unit 22 extend in the same direction. Such a conﬁguration facilitates the
mounting process of the LED chips 15 with the wires 21 during formation of
the LED chip unit 22.

The light-emitting module of an embodiment has been described, but
the present invention is not limited thereto. For example, although all the
wires in the same LED chip unit extend in the same direction in the above
embodiment, at least one wire may extend in a different direction from the
other wires in the same LED chip unit.

Embodiment 3

Alight-emitting module of Embodiment 3 of the present invention
will be described by referring to the drawings. FIG. 3 is a plan view of the
light-emitting module of Embodiment 3, as viewed perpendicularly to a
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mounting board. In FIG. 3, the same components as those in FIGS. 2A and
2B are denoted by the same reference numerals, and the explanation. will not
be repeated.

As shown in FIG. 3, the light-emitting module 3 of Embodiment 3
includes the LED chip units 22 that become longer in the vertical direction of
the drawing. In other words, the individual LED chip units 22 are composed
of the LED chips 15 connectéd in series in the vertical direction of the
drawing. The other configurations of the light-emitting module 3 are the
same as those of the light-emitting module 2. Thus, the light-emitting
module 3 also can have an effect comparable to that of the light-emitting
module 2.

Embodiment 4

Alight-emitting module of Embodiment 4 of the present invention
will be described by referring to the drawings. FIG. 4Ais a cross-sectional
view of the light-emitting module of Embodiment 4. FIG. 4B is a plan view
of the light-emitting module of Embodiment 4, as viewed perpendicularly to a
mounting board. In FIGS. 4A and 4B, the same components as those in
FIGS. 2A and 2B are denoted by the same reference numerals, and the
explanation will not be repeated.

As shown in FIG. 4A, the light-emitting module 4 of Embodiment 4
includes sub-mount substrates 40 that are die-bonded to each of the mount
portio.ns 12 via the conductive adhesive layer 20 made of, e.g., a silver paste.
Conductor patterns 40a are formed on the sub-mount substrates 40, and the
LED chips 15 are flip-chip mounted on the conductor patterns 40a via bumps
41. The adjacent sub-mount substrates 40 are connected electrically
through the wires 21, the mount portions 12, and the conductive adhesive
layers 20, as shown in FIGS. 4A and 4B. In the light-emitting module 4, the -
electrical or optical properties of the LED chips 15 can be inspected at the
time the LED chips 15 are mounted on the sub-mount substrates 40.

Therefore, only non-defective LED chips 15 can be selected and mounted.
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As shown in FIG. 4B, no wire 21 extends across the luminous surface
of the LED chip 15. -Thus, the light-emitting module 4 can suppress the
Juminance nonuniformity more effectively. The other configurations of the
light-emitting module 4 are the same as those of the light-emitting module 2.
Embodiment 5 |

Alight-emitting module of Embodiment 5 of the present invention
will be described by referring to the drawings. FIG. 5Ais a cross-sectional
view of the light-emitting module of Embodiment 5. FIG. 5B is a plan view
of the light-emitting module of Embodiment 5, as viewed perpendicularly to a
mounting board. In FIGS. 5A and 5B, the same components as those in
FIGS. 2A and 2B are denoted by the same reference numerals, and the
explanation will not be repeated.

As shown in FIG. 5A, the light-emitting module 5 of Embodiment 5
includes wiring patterns 50 and via conductors 51 that are provided inside
the base material 10. In each of the mount portions 12 of the light-emitting
module 5, the peripheral portions 12a are separated from a central portion
12b on which the LED chip 15 is mounted. The adjacent LED chips 15 are
connected electrically through the wires 21, the peripheral portions 12a of the
mount po;rﬁons 12, the via conductors 51, the wiring patterns 50, the via
conductors 51, the central portions 12b of the mount portions 12, and the
conductive adhesive layeré 20. Therefore, when the LED chip 15 is mounted
by the wire 2 1, any of the peripheral portions 12a of the mount portion 12
that carries this LED chip 15 can be used as a connection terminal.
Consequently, the length of the wires 21 can be made shorter in the
light-emitting module 5 (see FIG. 5B) than in the light-emitting module 2 (see
FIG. 2B), thereby improving the reliability of electric connection with the
wires 21. The other configurations of the light-emitting module 5 are the
same as those of the light-emitting module 2. Thus, the light-emitting
module 5 also can have an effect comparable to that of the light-emitting
module 2.
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Embodiment 6

Alight-emitting module of Embodiment 6 of the present invention
will be described by referring to the drawings. FIG. 6 is a plan view of the
light-emitting module of Embodiment 6, as viewed perpendicularly to a
mounting board. In FIG. 6, the same components as those in FIGS. 5A and
5B are denoted by the same reference numerals, and the explanation will not
be repeated.

As shown in FIG. 6, the light-emitting module 6 of Embodiment 6
includes the LED chips 15 that are connected in series in the vertical
direction of the drawing. Moreover, each of the wires 21 extends from the
edge of the LED chip 15 to the peripheral portion 12a. Consequently, the
length of the wires 21 can be made shorter in the light-emitting module 6
than in the light-emitting module 5 (see FIG. 5B). The light-emitting
module 6 reduces a region where the wire 21 overlaps the luminous surface of
the LED chip 15, so that the area of a shadow of the wire 21 can be reduced to
suppress the luminance nonuniformity. The other configurations of the
light-emitting module 6 are the same as those of the light-emitting module 5.
Thus, the light-emitting module 6 also can have an effect comparable to that
of the light-emitting module 5.

EmbodJmentf , .

Alight-emitting module of Embodiment 7 of the present invention
will be described by referring to the drawings. FIG. 7 is a plan view of the
]ight-emitﬁng module of Embodiment 7, as viewed perpendicularly to a
mounting board. In FIG. 7, the same components as those in FIGS. 5A and
5B are denoted by the same reference numerals, and the explanation will not
be repeated. '

As shown in FIG. 7, the light-emitting module 7 of Embodiment 7
includes three peripheral portions 12a for each side of the central portion 12b.
In the light-emitting module 7, the wires 21 used for mounting each of the
adjacent LED chips 15 extend in differept directions. This can prevent the
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overlapping of the shadows of the wires 21 more effectively. The other
configurations of the light-emitting module 7 are the same as those of the
light-emitting module 5.
Embodiment 8

Alight-emitting module of Embodiment 8 of the present invention
will be described by referring to the drawings. FIG. 8Ais a plan view of a
mount portion included in the light-emitting module of Embodiment 8. FIG.
8B‘ is a plan view of the mount portion of FIG. 8A, on which a LED chip is

mounted. . FIG. 8C is a plan view of the light-emitting module of

Embodiment 8, as viewed perpendicularly to a mounting board. In FIGS. 8A
to 8C, the same components as those in FIGS. 5A and 5B are denoted by the
same reference numerals, and the explanation will not be repeated.

As shown in FIG. 8A, the mount portion 12 of the light-emitting
module 8 (see FIG. 8C) includes a first terminal 12¢ and a second terminal
12d. Both the first and second terminals 12¢, 12d have notches 12e that
correspond to predetermined portions of the outer edge of the LED chip 15.
By using the notches 12e as positioning marks, the LED chip 15 can be
mounted in the center of tﬁe mount portion 12, as shown in FIG. 8B. In the
mount portion 12 of FIG. 8B, the portions beyond each side of the LED chip
15 can be identified as "peripheral portions". ‘ -

As shown in FIGS. 8B and 8C, a first electrode 15a and a second
electrode 15b are formed on the upper surface of the LED chip 15. The first
electrode 15a is connected electrically to the first terminal 12¢ via the wire 21,
and the second electrode 15b is connected electrically to the second terminal
12d via the wire 21, as shown in FIG. 8C. Like the light-emitting modules 2
to 7, the extending direction of each of the wires 21 is oriented irregularly in
the light-emitting module 8. Accordingly, the light-emitting module 8 also
can prevent the shadows of the wires 21 from overlapping, and thus can

suppress the luminance nonuniformity.
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Industrial Applicability ,
Alight-emitting module of the present invention is suitable for a

lighting unit used, e.g., in general lighting applications, lighting for
presentation purposes (such as a sign light), or vehicle lighting (particularly a
headlight) or a display unit used, e.g., in outdoor large display screens or

projectors.
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CLAIMS

1. Alight-emitting module comprising:

a mounting board with a conductor pattern; and

a plurality of light-emitting elements mounted on the conductor
pattern via wires,

wherein an extending direction of each of the wires toward the
conductor pattern is oriented irregularly when viewed perpendicularly to the

mounting board.

2. The light-emitting module according to claim 1, comprising a
plurality of light-emitting units, each unit comprising a plurality of
light-emitting elements connected in series via the wires and the conductor
pattern, |

wherein the light-emitting units are arranged in parallel on the
mounting board, and

the adjacent light-emitting units differ in the extending direction of

each of the wires.

3. The light-emitting module according to claim 2, wherein all the wires

in the same light-emitting unit extend in the same direction.

4, The light-emitting module according to claim 1, wherein the wires
used for mounting each of the adjacent light-emitting elements extend in

different directions.

5. The light-emitting module according to claim 1, wherein each of the
wires extends from an edge of the light-emitting element to the conductor

pattern when viewed perpendicularly to the mounting board.
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6. The light-emitting module according to claim 1, further comprising a

“plurality of sub-mount substrates, on each of which the light-emitting

element is mounted,
wherein the sub-mount substrates are mounted on the conductor

pattern via the wires.

7. The light-emitting module according to any one of claims 1 to 6,

wherein the wires have a diameter of 30 pm or less.

8. A mounting board for mounting a plurality of light-emitting elements
with a substantially square or rectangular shape by wire bonding comprising:

a conductor pattern that comprises a plurality of mount portions
carrying the light-emitting glements,

wherein when the light-emitting element is mounted on the mount
portion and viewed pei‘p endicularly to the mounting board, the mount portion
has peripheral portions that are located outside of each side of the
light-emitting element.

9. The mounting board according to claim 8, wherein an area of each of

the peripheral portions is 0.001 to 0.250 mm?2.
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