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1
LIGHT-EMITTING DIODE APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO THE RELATED
APPLICATION

Notice: More than one reissue application has been filed
for the veissue of U.S. Pat. No. 8,258,522, This application
is a reissue continuation of application Sev. No. 14/476,221
and a reissue of U.S. Pat. No. §,258,522.

This application is an application for reissue of U.S. Pat.
No. 8,258,522 and claims benefit under 35 U.S.C. 120 as a
continuation of application Ser. No. 14/476,221, which is an
application for reissue of U.S. Pat. No. 8,258,522, which 1s
based on and claims the priority benefit of Japanese Patent
Application No. 2009-148996, filed on Jun. 23, 2009, the
[disclosure] disclosures of [which is] each of these appli-
cations being incorporated herein by reference in [its
entirety] their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an LED (light-emitting,
diode) apparatus formed by collecting a plurality of LED

clements to be capable of using as various i1llumination light
sources.

2. Description of the Related Art

Conventional LED elements which are compound semi-
conductors have widely been utilized as light source
devices, using characteristics of a long service life and
mimaturization. Manufacturing light source devices to emit
light of white color or pseudo white color has been promoted
with development of blue-LED elements formed by gallium
nitride-system-compound semiconductors and so on. In
addition, light source devices having high output and high
brightness 1n which heat-release of LED elements 1s devised
have been manufactured.

On the other hand, because there 1s a limitation to light
intensity 1n one LED element, there have been disclosed
collecting-type LEDs or LED light-source units capable of
obtaining much light intensity by mounting a plurality of
LED elements on one substrate and lighting these LED
clements (for reference, see Japanese Patent Application
Publication No. 2006-293085 (page 3 of the specification
and FIG. 1).

FIG. 18 1illustrates a conventional typical LED light-
source unit 100. The LED light-source unit 100 includes an
clongate 1nsulative substrate 101, a plurality of LED ele-
ments 110 arranged on a surface of the msulative substrate
101 in line at intervals 1n a longitudinal direction of the
substrate, and a metallic plate and so on (not shown) fixed
to another surface of the insulative substrate 101. The
insulative substrate 101 has at opposite sides thereol two
clectrode terminals 102a and 102b. Electrodes 104 are
formed to extend from the electrode terminals 102a and
102b along an array of the LED elements 110. Connection
clectrodes 103a and 103b are provided on the electrodes 104
adjacent to each of the LED elements 110.
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Each of the plurality of LED elements 110 1s connected
through wires 111 to the adjacent connection electrodes 103a

and 103b. Thereby, the LED elements 110 are connected
parallel to the electrode terminals 102a and 102b. When a
drive voltage 1s applied to the electrode terminals 102a and
102b, a drive current flows 1n each of the LED elements 110,
all the LED elements 110 are concurrently lighted. The LED
clements 110 are sealed by a seal member 105 so that they
are electrically and mechanically protected.

In the conventional LED light-source unit, because the
plurality of LED elements can be arranged in a manner of
array and lighted simultaneously, 1t 1s possible to acquire a
relatively great light intensity. In addition, in the conven-
tional LED light-source unit, 1t 1s shown that various types
of light sources can easily be formed by arranging a plurality
of light-source units 1n a line state or dimensionally.

However, 1n the aforementioned conventional LED light-
source unit, because the LED elements are arranged in line,
and a light-emitting area has an elongate rectangular shape,
there 1s a problem that an optical design 1s diflicult for the
fact that light emitted from the LED elements must be
collected. Alternatively, 1t approximately a square light-
emitting area 1s formed by arranging a plurality of LED
light-source units, an easy optical design 1s obtained. How-
ever, because a gap tends to occur between the plurality of
LED light-source units which are separate, increasing den-
sity of mounting the LED elements 1s difhicult, there 1s a
limitation to acquire a light-source device having high
lumen-density (all light-flux density).

Here, 1n a general light source, 1f it has high lumen-
density, the light source 1s very eflective to perform an
optical design such as a lens and so on for collecting emaitted
light, and an excellent light source having high output, high
brightness and high light-emitting efliciency can easily be
accomplished. Therefore, a light-source device having high
lumen-density as various light sources for illumination are
increasingly needed.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide an LED
apparatus capable of acquiring a light-source device having
entirely high lumen-density with an easy optical design and
a small light-emitting part.

To accomplish the above object, an LED apparatus
according to an embodiment of the present invention
includes a base including an upper surface, a lower surface

[

opposite the upper surface and a peripheral edge side surface

[

provided between the upper surface and the lower surface
and having thermal conductivity, an insulative substrate
including an upper surface provided with electrodes, a lower
surface opposite the upper surface and a pass-through hole
provided to pass through the upper surface and the lower
surface, the lower surface of the msulative substrate being
attached to the upper surface of the base, at least one
base-mounting area that 1s an exposed part of the upper
surface of the base, exposed within the pass-through hole of
the substrate, a plurality of LED elements mounted on the
base-mounting area and electrically connected with respect
to one another and electrodes which are provided along
opposite sides of the pass-through hole, and a frame dis-
posed to surround the base-mounting area and configured to
form a light-emitting area.

The plurality of LED elements are configured to form a
plurality of units 1n which at least two LED elements are
connected 1n series to the electrodes provided on the oppo-
site sides of each pass-through hole. The plurality of units
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are arranged parallel with each other and electrically con-
nected 1n parallel to the electrodes, and each of the units 1s
disposed between the electrodes.

An LED apparatus in another embodiment includes a base
including an upper surface, a lower surface opposite the
upper surface and a peripheral edge side surface provided
between the upper surface and the lower surface and having
thermal conductivity, an insulative substrate including an
upper surface provided with electrodes, a lower surface
opposite the upper surface and a plurality of elongate
pass-through holes provided to pass through the upper
surface and the lower surface, the lower surface of the
insulative substrate being attached to the upper surface of
the base, a plurality of base-mounting areas that are exposed
parts of the upper surface of the base, exposed within the
plurality of pass-through holes of the substrate, a plurality of
LED elements mounted on each of the plurality of base-
mounting areas, a frame disposed to surround the plurality
of base-mounting areas and configured to form a light-
emitting area, and electrodes provided on the substrate.

The plurality of elongate pass-through holes provided in
the substrate are arranged parallel 1n a length direction of the
pass-through holes with an interval between a pair of the
clongate pass-through holes that are juxtaposed to each
other. The electrodes are disposed independently between
the adjacent pairs of pass-through holes parallel to the
adjacent pass-through holes, and electrically connected to
the plurality of LED elements.

The LED apparatus further comprises electrodes provided
on the substrate at opposite outer sides positioned 1n a width
direction perpendicular to the length direction of the parallel
clongate pass-through holes.

At least two LED elements that are arranged in the width
direction of each of the elongate pass-through holes and
clectrically connected 1n series to two electrodes that are
disposed at opposite sides of the corresponding elongate
pass-through hole, and the at least two light-emitting diode
clements are electrically connected 1n series as a unit of the
light-emitting diode elements in series.

A plurality of units are provided 1n each pass-through hole
by arranging the units along in the length direction of each
pass-through hole, each of the units including at least two
LED elements arranged in the width direction and serially
connected with respect to one another. The plurality of the
units mounted on each base-mounting area exposed by the
pass-through hole are disposed parallel and electrically
connected 1n parallel to the two mdependent electrodes that
are disposed at opposite sides each pass-through hole.

In mounting a plurality of LED elements, a plurality of
units 1 each of which a plurality of LED elements are
serially connected are connected parallel with respect to
cach other to the electrodes. Thereby, 1t 1s possible to
provide a structure 1n which even 1f a part of LED elements

1s broken, other eflective LED elements can be lighted while
maintaining their brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of an LED apparatus according to
a first embodiment of the present invention.

FIG. 2 1s a sectional view showing the LED apparatus
according to the first embodiment of the present invention.

FI1G. 3 1s an enlarged plan view of a light-emitting area of
the LED apparatus according to the first embodiment of the
present mvention.
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FIG. 4 1s a view for explaining a circuit showing a state
where LED elements in the LED apparatus according to the

first embodiment of the present invention are connected.

FIG. 5 1s a perspective view for explaining an operation
of the LED apparatus according to the first embodiment of
the present invention.

FIG. 6 1s a side view showing a state where a radiator 1s
mounted on the LED apparatus according to the first
embodiment of the present invention.

FIG. 7 1s a plan view of an LED apparatus according to
a second embodiment of the present invention.

FIG. 8 1s an enlarged plan view of a light-emitting area of
the LED apparatus according to the second embodiment of
the present invention.

FIG. 9 1s a view for explaining a circuit 1n which LED
clements 1n the LED apparatus according to the second
embodiment of the present invention are connected.

FIG. 10 1s a plan view of an LED apparatus according to
a third embodiment of the present invention.

FIG. 11 1s an enlarged plan view of a light-emitting area
of the LED apparatus according to the third embodiment of
the present mvention.

FIG. 12 1s a plan view of an LED apparatus according to
a fourth embodiment of the present mnvention.

FIG. 13 1s an enlarged plan view of a light-emitting area
of the LED apparatus according to the fourth embodiment of
the present invention.

FIG. 14 1s a plan view of an LED apparatus according to
a fifth embodiment of the present invention.

FIG. 15 1s a view for explaining a circuit in which LED
clements 1 the LED apparatus according to the fifth
embodiment of the present invention are connected.

FIG. 16 1s a plan view of an LED apparatus according to
a sixth embodiment of the present invention.

FIG. 17 1s a view for explaining a circuit in which LED
clements in the LED apparatus according to the sixth
embodiment of the present invention are connected.

FIG. 18 15 a plan view of a conventional LED light-source
unit.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

Preferred embodiments of the present invention will be
explained in detail herematiter with reference to the accom-
panying drawings.
<First Embodiment™>

FIGS. 1 to 6 illustrate an LED apparatus according to a
first embodiment of the present invention.

The LED apparatus 1 in the first embodiment has a
structure configured to set a light-emitting area, provide a
base-mounting area inside the light-emitting area and mount
a plurality of LED elements on the base-mounting area.

More specifically, the LED apparatus 1 includes a base 2
having thermal conductivity and including, for example, an
upper surface, a lower surface opposite the upper suriace,
and a peripheral edge side surface provided between the
upper surface and the lower surface, a thin-plate-shape
isulative substrate 10 including an upper surface provided
with electrodes 11a, 11b, 18a, and 18b, a lower surface
opposite the upper surface, and a plurality of pass-through
holes 13a, 13b, and 13c, the lower surface of the substrate
10 being fixed to the upper surface of the base 2, and a frame
14 provided on the substrate 10 (see FIGS. 1 and 2). The
base 2 1s made of, for example, a metallic plate having high
thermal conductivity such as an aluminum material or the

like.
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The plurality of elongate pass-through holes 13a, 13b and
13c provided in the substrate 10 are extended parallel with
cach other, and an interval 1s disposed between a pair of
clongate pass-through holes 13a and 13b that are juxtaposed
to each other and between another pair of elongate pass-
through holes 13b and 13c¢ that are juxtaposed to each other
(see FIG. 3). The electrodes 18a and 18b provided on the
upper surface of the substrate 10 are formed independently
between each of the juxtaposed pairs of pass-through holes

13a, 13b, and 13c. In other words, the electrodes 18a and
18b are disposed at the intervals extended mn a length
direction of elongate pass-through holes that are parallel
with each other.

In the first embodiment, the plurality of elongate pass-
through holes 13a, 13b and 13c are provided to pass through
the upper surface and the lower surface of the substrate 10.

Furthermore, the electrodes 11a and 11b are disposed at
opposite outer sides of the parallel elongate through holes 1n
a width direction perpendicular to the length direction of the
parallel elongate through holes.

The substrate 10 1s a printed substrate made of, for
example, BT (Bismaleimide Triazine) resin, glass epoxy
material or the like, and the electrodes 11a, 11b, 18a and 18b
are formed by a copper fo1l or the like provided on the upper
surface of the substrate 10 (see FIGS. 1 and 2). In the first
embodiment, the electrodes 11a and 11b have respectively
connecting portions 12a and 12b which are exposed from a
resist 23 (see FIG. 2) covering the electrodes 11a and 11b at
positions adjacent to opposite corners and connected to an
exterior supply (not shown) to receive a drive voltage (see
FIG. 1). However, if the resist 23 1s not provided, 1t 1s
possible to supply a drive voltage from any positions of the
clectrodes, without being limited to the opposite comers.

At least two LED elements arranged 1n the width direction
of the pass-through holes are mounted on a base-mounting
area exposed by each of the pass-through holes and con-
nected 1n series to the two independent electrodes arranged
adjacent 1n the width direction of the pass-through holes. In
addition, a plurality of the units in which the two LED
clements are serially connected in the width direction of the
pass-through holes are arranged in the length direction of
cach pass-through hole to form a plurality of the units. The
plurality of the umits mounted on the base-mounting area
exposed from each of the pass-through holes are mutually
connected parallel to the two independent electrodes which
are arranged adjacent in the wide direction of the pass-
through holes.

The frame 14 has, for example, a rning-like shape of a thin
thickness, 1s made of a material 1n which silicone 1s mixed
with oxide titan, and fixed at approximately a central portion
of the substrate 10 to surfaces of the electrodes 11a and 11b
in a state bridging them by a suitable device (see FIG. 1).
The frame 14 1s configured to form, for example, a circular
light-emitting area 21 in an inner side thereof. The frame 14
and the light-emitting area 21 may be formed 1n any shapes
without being limited to the circular shape. Meanwhile, the
light-emitting area 21 and a detailed 1nner structure thereof
are mentioned hereinafter.

At least one base-mounting arca as mentioned above 1s
provided on the substrate 10 1nside the light-emitting area 21
(see FIG. 1). In one embodiment, the base-mounting area 1s
formed by at least one pass-through hole provided to pass
through the substrate 10 so that a part of the upper surface
of the base 2 1s exposed.

A plurality of LED elements 20 are disposed in the
base-mounting area. The LED elements 20 are mounted on
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the base 2 and electrically connected to each other through,
for example, a wire 19 which 1s a metallic thin line.

In place of the one base-mounting area, 1n the illustrated
embodiment, a plurality of, for example, three base-mount-
ing areas 17a, 17b and 17c¢ are provided (see FIG. 3). Each
of the base-mounting areas 17a, 17b and 17¢ has a generally
rectangular shape, and they are formed by three pass-
through holes 13a, 13b and 13c¢ which are arranged at
intervals. A plurality of LED elements 20 are directly
mounted on the upper surface of the base 2 exposed by the
pass-through holes 13a, 13b and 13c (see FIGS. 1 and 2).
Meanwhile, the plurality of base-mounting areas 17a, 17b
and 17c¢ are mentioned hereinafter.

Here, because the plurality of LED elements 20 are
emitted 1n a circular area inside the frame 14, the circular
area 1s referred to as the light-emitting area 21 as mentioned
above.

A sealing member 15 to seal the plurality of LED ele-
ments 20 and so on 1s provided 1n an mnner side of the frame
14, 1n other words, the light-emitting area 21 (see FIGS. 1
and 2). The sealing member 135 1s formed, for example, by
filling the light-emitting area with a resin and hardening the
same. The sealing member 15 has light-transmitting prop-
erty to emit light emitted from the LED elements 20 there-
through to outside. Meanwhile, the sealing member 15 1s
shown to be transparent in FIGS. 1 and 3 to be easy to
understand the mside of the light-emitting area 21. An inner
diameter of the frame 14 1s about 11 mm as an example, and
hence, a diameter of the light-emitting area 21 1s about 11
mm. The size of the frame 14 1s not limited to this example,
and may be set to any size.

Mounting parts 16a and 16b configured to mount the LED
apparatus 1 on a radiator or the like (mentioned hereinatter)
which 1s mentioned hereinatter by, for example, screws (not
shown) are provided on opposing corners of the base 2 and
the substrate 10 (see FIG. 1). Here, the electrodes 11a and
11b are formed around the mounting parts 16a and 16b. For
example, a white resist 23 and electrode terminals 12a, 12b
are provided on the electrodes 11a and 11b disposed on the
upper surface of the substrate 10 at an outer side of the
light-emitting area 21 (see FIG. 2). The white resist 23 1s not
shown 1n FIG. 1 with omaitted.

Next, further details of the light-emitting area 21 of the
LED apparatus according to the first embodiment are
explained with reference to FIG. 3.

As shown 1n FIG. 3, the light-emitting areca 21 has the
circular shape as mentioned above. The light-emitting area
21 1s surrounded by the frame 14 as shown 1n FIG. 1. The
three pass-through holes 13a, 13b and 13c, each having the
generally rectangular shape, which pass through the elec-
trodes 1l1a, 11b and the substrate 10 are formed in the
substrate 10 at equal intervals 1nside the light-emitting area
21. The upper surtace of the base 2 1s exposed by the three
pass-through holes, and thereby three base-mounting areas
17a, 17b and 17c¢ are formed. In other words, the base-
mounting areas 17a, 17b and 17¢ are areas arranged inside
the light-emitting area 21, and 1n each of which the upper
surface of the base 2 1s exposed. Each of the base-mounting
areas 17a, 17b and 17¢ has approximately the rectangular
shape and 1includes opposite short sides each having an
approximately semi-circular shape. However, each of the
base-mounting areas 17a, 17b and 17c¢ 1s not limited to this
shape, and may be formed 1n various shapes such as having
straight short sides.

In addition, a part of the electrode 11a 1s formed at a left
side mside the light-emitting area 21 1n FIG. 3, and thereby
a portion adjacent to a left side of the pass-through hole 13a
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1s defined, and a part of the electrode 11b 1s formed at a rnight
side 1nside the light-emitting area 21, and thereby a portion
adjacent to a left side of the pass-through hole 13c¢ 1s defined.
The independent electrode 18a 1s formed between the pass-
through holes 13a and 13b, and the independent electrode
18b 1s formed between the pass-through holes 13b and 13c.

The plurality of LED elements 20 are mounted on the
exposed upper surface of the base 2 1 each of the base-
mounting areas 17a, 17b and 17c¢ (see FIG. 3). In this case,
in the base-mounting area 17a, first LED elements 20a 1n
which eight (8) sets of LED elements are longitudinally
arranged, each set having laterally arranged two LED ele-
ments are mounted on and fixed to the base 2 by a conduc-
tive adhesive or the like. Similarly, 1n the base-mounting
area 17b, second LED elements 20b 1n which eight (8) sets
of LED elements are longitudinally arranged, each set
having laterally arranged two LED elements are mounted on
and fixed to the base 2 by a conductive adhesive or the like.
Similarly, i the base-mounting area 17c, third LED ele-
ments 20c 1 which eight (8) sets of LED elements are
longitudinally arranged, each set having laterally arranged
two LED elements are mounted on and fixed to the base 2
by a conductive adhesive or the like.

Consequently, the first to third LED elements 20a, 20b
and 20c, each having 16 LED elements are disposed 1n the
base-mounting areas 17a, 17b and 17c, respectively, and the
LED apparatus has totally 48 LED elements.

Meanwhile, to facilitate understanding, reference num-
bers 20a, 20b and 20c are respectively attached to the first
to third LED elements mounted in each of the base-mount-
ing areas 17a, 17b and 17c, and reference number 20 1is
attached to all the LED elements to be mounted. In the first
embodiment, the number of the LED elements 20 1s not
limited to the aforementioned example, and may adequately
be set in accordance with specifications of the LED appa-
ratus.

Next, a connection of the LED elements 1s explained.

The LED elements 20a, 20b and 20c mounted in the
base-mounting areas 17a, 17b and 17c¢, respectively are all
arranged 1n the same direction. As an example, the LED
clements are arranged so that anode terminals (not shown)
are disposed 1n a left side as viewed from FIG. 3 and cathode
terminals (not shown) are disposed 1n a right side as viewed
from FIG. 3. All the LED eclements 20 are electrically
connected through a wire 19 which 1s, for example, a
metallic thin line by a wire bonder (not shown).

Here, each of the eight LED elements 20a mounted on the
left side of the base-mounting areca 17a imn FIG. 3 has an
anode terminal electrically connected through the wire 19 to
the electrode 11a. Each of the left eight LED elements 20a
in which the anode terminal 1s connected to the electrode has
a cathode terminal (not shown) electrically connected
through the wire 19 to an anode terminal of each of the eight
LED elements 20a mounted on the right side of the base-
mounting area 17a i FIG. 3. In addition, the cathode
terminal of each of the nght eight LED elements 20a in
which the anode terminal 1s connected to the cathode
terminal of each of the left eight LED elements 1s electrically
connected through the wire 19 to the independent electrode
18a.

Each of the eight LED elements 20b mounted on the left
side of the base-mounting area 17b 1n FIG. 3 has an anode
terminal electrically connected through the wire 19 to the
clectrode 18b. Each of the left eight LED elements 20a 1n
which the anode terminal 1s connected to the electrode 18b
has a cathode terminal (not shown) electrically connected
through the wire 19 to an anode terminal of each of the eight
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LED elements 20a mounted on the right side of the base-
mounting area 17b 1 FIG. 3. In addition, the cathode
terminal ol each of the right eight LED eclements 20a in
which the anode terminal 1s connected to the cathode
terminal of each of the left eight LED elements 1s electrically
connected through the wire 19 to the independent electrode
18b.

Each of the eight LED elements 20c mounted on the left
side of the base-mounting area 17¢ in FIG. 3 has an anode
terminal electrically connected through the wire 19 to the
clectrode 18b. Each of the left eight LED elements 20c 1n
which the anode terminal 1s connected to the electrode has
a cathode terminal (not shown) electrically connected
through the wire 19 to an anode terminal of each of the eight
LED elements 20¢c mounted on the right side of the base-
mounting area 17¢ i FIG. 3. In addition, the cathode
terminal of each of the right eight LED elements 20c¢ in
which the anode terminal 1s connected to the cathode
terminal of each of the left eight LED elements 1s electrically
connected through the wire 19 to the right electrode 11b.

In this way, 1n the base-mounting area 17a, the laterally
arranged two LED eclements 20a are connected in series
through the wire 19. Thereby, a small group ga (a portion
surrounded by a dashed line) of LED elements 1s formed
(see FIG. 3). Eight small groups ga of LED elements are
connected in parallel between the electrode 11a and the
clectrode 18a, thereby a large group Ga (a portion sur-
rounded by a dashed line) of LED elements 1s formed (see
FIG. 3). Here, although the base-mounting area 17a 1s a
narrow area, sixteen LED elements can be mounted 1n the
narrow area and connected to each other. This 1s because a
high mounting density can be acquired by arranging the
LED elements 20a i two lines and directly wiring the
adjacent LED eclements 20a through the wire 19.

Similarly, 1n the base-mounting area 17b, the laterally
arranged two LED elements 20b are connected in series
through the wire 19. Thereby, a small group gb (a portion
surrounded by a dashed line) of LED elements 1s formed
(see FIG. 3). Fight small groups gb of LED elements are
connected in parallel between the electrode 18a and the
clectrode 18b, thereby a large group Gb (a portion sur-
rounded by a dashed line) of LED elements 1s formed (see
FIG. 3).

Similarly, 1n the base-mounting area 17c, the two laterally
arranged LED elements 20c are connected 1n series through
the wire 19. Thereby, a small group gc (a portion surrounded
by a dashed line) of LED elements 1s formed (see FIG. 3).
Eight small groups gc of LED elements are connected 1n
parallel between the electrode 18b and the electrode 11b,
thereby a large group Gc (a portion surrounded by a dashed
line) of LED elements 1s formed (see FIG. 3).

By the atorementioned connection, the three large groups
(Ga, Gb and Gc¢ are connected through the electrodes 18a and
18b 1n series. That 1s to say, the LED elements 20 1n the first
embodiment has a structure 1n which the LED elements 20
constituting each of the small groups ga, gb and gc are
connected 1n series by a wiring between the LED elements,
small groups 1n each base-mounting area are connected 1n
parallel with respect to each other to form the large group,
and the large groups Ga, Gb and Gc 1n each base-mounting
area are connected in series through the electrodes 18a and
18b.

Meanwhile, in FIG. 3, reference number 22 shows an
ESD (Electric Static Discharge) element to protect the LED
clements 20 from static electricity or the like. The ESD 22
1s structured by a tuner diode and connected between the

electrodes 11a and 11b.
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In this way, because the LED apparatus according to the
first embodiment has a structure in which a large number of
LED elements as much as can be mounted on the narrow
circular light-emitting area 21 having the diameter of about
11 mm, 1t 1s possible to acquire a high light intensity
although the light-emitting area has a narrow space, and
thereby an LED apparatus having a high lumen-density can
be provided. A reason that a large number of LED elements
20 can be mounted on the narrow light-emitting area 21 1s
tor wiring directly the adjacent LED elements 20 by the wire
19 and connecting 1n series them, as mentioned above.

Next, a connection circuit for the LED elements in the
LED apparatus according to the first embodiment 1is
explained with reference to FIG. 4.

As shown 1n FIG. 4, in the LED apparatus 1 according to
the first embodiment, a total of forty-eight (48) LED ele-
ments are connected. The large group Ga 1n which the eight
small groups ga, each including the laterally arranged two
LED elements 20a connected in series are arranged longi-
tudinally and connected 1n parallel 1s connected between the
clectrode 11a and the electrode 18a.

Moreover, the large group Gb in which the eight small
groups gb, each including the laterally arranged two LED
clements 20b connected 1n series are arranged longitudinally
and connected 1n parallel 1s connected between the electrode
18a and the electrode 18b.

Furthermore, the large group Gc¢ 1n which the eight small
groups gc, each including the laterally arranged two LED
clements 20a connected in series are arranged longitudinally
and connected 1n parallel 1s connected between the electrode
18b and the electrode 11b.

The connection makes 1t possible to form the three large
groups Ga, Gb and Gc¢ connected 1n series through the
electrodes 18a and 18b between the electrodes 11a and 11b,
that 1s to say, the electrode terminals 12a and 12b. Conse-
quently, when a predetermined drive voltage 1s applied to the
clectrode terminals 12a and 12b, a generally 14 drive voltage
1s dividedly applied to each of the large groups Ga, Gb and
Gc¢ to flow the drive voltage to all the small groups ga, gb
and gc, thereby 1t 1s possible to light all the LED elements
20. In this case, because each of the large groups Ga, Gb and
Gc¢ 1s structured by each of the eight small groups ga, gb and
gc 1 each of which the two LED elements are serially
connected, 1t 1s possible to reduce a varnation 1n character-
istic of each LED element.

Because the large groups Ga, Gb and Gc are serially
connected, an equal drive voltage tlows 1n each large group,
and therefore the LED elements 20a, 20b and 20c in the
large groups Ga, Gb and Gc have approximately an equal
light-emitting amount. Thereby, it 1s possible to accomplish
an LED apparatus capable of reducing varnation in light-
emitting or luminescent amount of each LED element even
though a large number of LED elements are provided.

In this way, the LED apparatus according to the afore-
mentioned embodiment adopts a basic structure i which
although a large number of LED elements are mounted and
driven, adjacent LED elements are connected in series
through wires, and groups serially connected are connected
parallel. In addition, 1n the first embodiment, the groups
parallel connected are further serially connected.

Here, if all of a large number of LED elements are serially
connected, because the same drive current flows in all the
LED elements, 1t 1s possible to inhibit light-emitting varia-
tion of each LED element by a conformed drive condition.
However, when a large number of LED elements are serially
connected, because a high drive voltage must be used, a
special drive circuit 1s required, and hence there 1s a problem
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in economic efliciency and safety. On the other hand, 11 all
the LED elements are connected parallel, a low drive voltage
may be used, but a significant difference results in a drive
voltage flowing in each LED element due to electric char-
acteristic variation 1n the LED elements and hence there 1s
a problem that a large light-emitting variation occurs.

In this way, there 1s a problem in both of a series
connection and a parallel connection of the LED eclements.
In the first embodiment, a large number of LED elements are
divided 1nto a predetermined number of groups, and a series
connection and a parallel connection are combined, thereby
there 1s an excellent advantageous eflect that a drive voltage
can be prevented from becoming a high voltage, and varia-
tion i light-emitting amount of each LED element can be
inhibited. Meanwhile, the excellent advantageous effect can
be achieved even in other embodiments which are men-
tioned heremafter. In FIG. 4, the aforementioned ESD
clement 22 1s connected between the electrodes 11a and 11b.

Next, one example of an operation of the LED apparatus
according to the first embodiment 1s described with refer-
ence to FIG. 3.

As shown 1n FIG. 5, a drive power source (not shown) 1s
connected to the two electrode terminals 12a and 12b of the
LED apparatus 1, and when a predetermined drive voltage
1s applied to the electrode terminals, a drive current flows 1n
all the LED elements (see FIG. 1) mounted inside the
light-emitting area 21 as mentioned above, thereby the LED
apparatus 1 1s lighted so as to emit powertul outgoing light
L1.

Because the light-emitting area 21 has the circular shape,
the outgoing light L1 1s emitted from the light-emitting area
while diffusing as a generally circular light-emitting pattern
24 (shown 1n a dashed line), but collected a lens 25 disposed
above the light-emitting area 21 with a predetermined dis-
tance. Light .2 thus collected 1s emitted from the lens 25.

In this way, because the LED apparatus 1 can emit the
outgoing light L1 of a good light-emitting pattern easy to
collect, from the narrow circular light-emitting area 21, it 1s
possible to easily structure an optical system such as the lens
25 and so on to collect the outgoing light L1, and provide a
compact LED apparatus having high lumen-density, excel-
lent high brightness and high output, and excellent light-
gathering power.

Next, a structure 1n which the radiator 1s mounted on the
LED apparatus according to the first embodiment 1is
described with reference to FIG. 6.

As shown 1n FIG. 6, the radiator, for example, a heatsink
277 1s mounted on the lower surface of the base 2 of the LED
apparatus 1. The heatsink 27 is fixed to a bottom surface of
the base 2 by inserting mounting screws 26 mto two mount-
ing portions 16a and 16b provided in the base 2, and
screwing the mounting screws 26 1nto threaded holes (not
shown) provided in the heatsink 27. In this case, if a
thermally-conductive silicone 28 1s applied between the base
2 and the heatsink 27, 1t 1s possible to further enhance
heat-release eflect.

With the structure, in the LED apparatus 1, because a
large number of LED elements are mounted, and the LED
clements 20 are directly mounted on the upper surface of the
base 2, heat occurred in the LED elements 1s effectively
transmitted to the thermally-conductive base 2, and then to
the heatsink 27 with a low thermal resistance.

Consequently, 1t 1s possible to release efliciently heat
occurred 1n the LED elements 20, inhibit increment of
temperature of the LED elements 20, and provide an LED
apparatus having long service life, excellent reliability, high
output and high brightness. Meanwhile, although the heat-
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sink 27 has the same size as the LED apparatus 1 in the first
embodiment, an outer shape of the heatsink 1s not limited.
For example, a heatsink having an outer shape larger than
that of the LED apparatus 1 may be mounted on the LED
apparatus 1 to further increase etliciency of heat release.
<Second Embodiment>

Next, a schematic structure of an LED apparatus accord-
ing to a second embodiment of the present invention 1s
described with reference to FIG. 7. In this embodiment, in
the plurality of light-emitting diode elements, at least two
light-emitting diode elements that are extended in a line
between the electrodes that are provided along opposite
sides of the pass-through hole, and electrically connected 1n
series as a unit of light-emitting diode elements 1n series. A
plurality of the units of light-emitting diode elements in
series are arranged parallel with each other in a direction
perpendicular to the line of the at least two light-emitting
diode elements as the unit, and the umits are disposed parallel
and electrically connected to the electrodes 1n parallel.

The LED apparatus 30 in the second embodiment has a
structure 1 which a large number of LED elements are
mounted 1n a base-mounting area havmg appr0x1mately a
square shape which has good mounting ¢ 1c1ency Because
a basic structure of the LED apparatus 30 in the second
embodiment as shown in FIG. 7 1s similar to that of the
aforementioned LED apparatus i the first embodiment,
identical reference numbers are attached to the similar parts
to that i the first embodiment, a duplicative description 1s
omitted.

As shown 1n FIG. 7, the LED apparatus 30 1n the second
embodiment includes a base 2 made of a material having
thermal conductivity such as aluminum or the like, an
insulative substrate 10 made of a thin glass epoxy material

" the base 2, a plurality of LED

and fixed to one surface of
clements 31 mounted in a base-mounting area formed on a

surface of the substrate, and a frame 14 disposed on the
substrate 10 to surround the base-mounting area. The sub-
strate 10 includes three electrodes 32a, 32b and 32c, each of
which 1s formed by a copper 101l covering a large part of the
surface of the substrate 10. The electrodes 32¢ and 32a have
respectively electrode terminals 12a and 12b which are
provided at opposite corner portions of the substrate 10 and
connected to an outer device (not shown) to receive a drive
voltage.

In the second embodiment, the frame 14 has a ring-like
shape of a thin thickness, 1s made of a material similar to that
in the first embodiment, and fixed at approximately a central
portion of the substrate 10.

The base-mounting area 1s formed by approximately a
square pass-through hole 33 provided in the substrate 10
inside the frame 14. The plurality of LED elements 31 are
directly mounted on a surface of the base 2 exposed by the
pass-through hole 33. Because the plurality of LED ele-
ments 20 are emitted 1n a circular area inside the frame 14,
the circular area 1s referred to as a light-emitting area 21,
similarly to the first embodiment.

A lhght-transmitting sealing member 15 to seal the plu-
rality of LED elements 20 and so on 1s provided 1n an inner
side of the frame 14, in other words, the light-emitting area
21 (see FIG. 2). The sealing member 15 1s formed, for
example, by filling the light-emitting area with a resin and
hardening the same. The sealing member 15 1s shown to be
transparent to be easy to understand the inside of the
light-emitting area 21.

A white resist 1s provided on each of the three electrodes
32a, 32b and 32c provided 1n an outer area of the frame 14.
The white resist 1s not shown i FIG. 7.
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An 1nner diameter of the frame 14 i1s about 11 mm,
similarly to that in the first embodiment, and therefore a
diameter of the light-emitting area 21 1s about 11 mm.
Because mounting parts 16a and 16b and so on are similar
to that in the first embodiment, a description thereof 1s
omitted.

Next, details of the light-emitting area 1n the second
embodiment are described with reference to FIG. 8.

In FIG. 8, the LED apparatus 1n the second embodiment
includes a base including an upper surface, a lower surface
opposite the upper surtface and a peripheral edge side surface
provided between the upper surface and the lower surface
and having thermal conductivity, an insulative substrate
including an upper surface provided with electrodes, a lower
surface opposite the upper surface and a path-through hole
33 provided to pass through the upper surface and the lower
surface, the lower surface of the isulative substrate being
attached to the upper surface of the base, at least one
base-mounting arca 34 that 1s an exposed part of the upper
surface of the base, exposed within the pass-through hole 33
of the substrate, a plurality of LED elements 31a, 31b
mounted on the base-mounting area 34 and electrically
connected to electrodes which are provided along opposite
sides of the pass-through hole 33, and a frame configured to
form a light-emitting area disposed to surround the base-
mounting area 34.

Of the LED elements, at least two LED elements 31a, 31b
that are arranged 1n a width direction of the elongate
pass-through hole and electrically connected 1n series to the
opposite two electrodes of the electrodes 32a, 32b, and 32c¢
disposed along the opposite sides of the pass-through hole
are defined as a umt of LED elements in series. In this
embodiment, a plurality of units of LED elements that are
clectrically connected 1n series are provided, and the units
are disposed parallel with each other 1n a length direction of
the pass-through hole and electrically connected to the
opposite electrodes 1n parallel.

As shown i FIG. 8, the light-emitting area 1s, for
example, a circular shape, and surrounded by the frame 14
(see FIG. 7). As mentioned above, the approximately square
pass-through hole 33 1s formed 1n the substrate 10 inside the
light-emitting area 21. By the pass-through hole 33, a
surface of the base 2 1s exposed, thereby the approximately
square base-mounting area 34 1s formed. That 1s to say, the
base- mountmg arca 34 1s an area where the surface of the
base 2 1s exposed and which 1s disposed inside the light-
emitting area 21. The base-mounting area 34 has a square
shape including chamiered four corners 1n the first embodi-
ment. However, the base-mounting area 34 1s not limited to
this shape, for example, may be a polygonal shape, and the
four corners may not be chamifered.

A part of the electrode 32b 1s formed on a left side of the
light-emitting area 21 as viewed from FIG. 8 and covers a
vicinity of the lett side of the pass-through hole 33. A part
of the electrode 32a 1s formed on a lower right side of the
light-emitting area 21 as viewed from FIG. 8 and covers a
vicinity of the lower right side of the pass-through hole 33.
A part of the electrode 32c¢ 1s formed on an upper right side
of the light-emitting area 21 as viewed from FIG. 8 and
covers a vicinity of the upper right side of the pass-through
hole 33.

The plurality of LED elements 31 are mounted on the
base-mounting area 34 in which the surface of the base 2 1s
exposed, as shown i FIG. 8. In this case, in FIG. 8, the
base-mounting area 34 1s divided into an upper portion and
a lower portion. The upper portion 1s defined as a block A
(portion surrounded by a dashed line) and the lower portion
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1s defined as a block B (portion surrounded by a dashed line).
LED elements mounted 1n the block A are referred to as first
LED elements and LED elements mounted 1n the block B
are referred to as second LED elements.

The first LED elements 31a mounted in the A block are 5
arranged 1n a manner of the unit in which ten LED elements
are connected in series and the parallel connection unit 1n
which five units are connected 1n parallel. The second LED
clements 31b mounted 1n the block B are similarly arranged
in a manner of the unit in which ten LED elements are 10
connected 1n series to the electrodes and the parallel con-
nection unit in which five units are connected 1n parallel to
the electrodes. Consequently, one hundred (100) LED ele-
ments are totally mounted.

Meanwhile, the number of the LED elements 1s not 15
limited, and can be optionally decided according to speci-
fications of the LED apparatus 30. Here, because the base-
mounting area 34 has an approximately square shape con-
tacting with the circular light-emitting area 21, as mentioned
above, a base-mounting area having a more wide area 1 20
which as many LED elements as possible are disposed can
be acquired. In addition, because the same number of LED
clements 31 can be arranged in a longitudinal array and a
lateral array in the base-mounting area, high mounting
efliciency can be acquired. 25

Next, a connection of the LED elements 1s described.

The first LED elements 31a of the block A mounted in the
base-mounting area 34 are, as an example, mounted so that
anode terminals (not shown) are disposed 1n a left side as
viewed from FIG. 8 and cathode terminals (not shown) are 30
disposed 1n a right side as viewed from FIG. 8. The second
LED elements 31b of the block B mounted in the base-
mounting area 34 are, as an example, mounted so that anode
terminals (not shown) are disposed 1n a right side as viewed
from FIG. 8 and cathode terminals (not shown) are disposed 35
in a lett side as viewed from FIG. 8. All the LED elements
31a and 31b are electrically connected through a wire 19
which 1s, for example, a metallic thin line by a wire bonder
(not shown).

Here, the anode terminal of each of the five LED elements 40
31a of the A block mounted on the leftmost of the base-
mounting area 34 1n FIG. 8 1s electrically connected through
the wire 19 to the electrode 32b. The cathode terminal of
cach of the left five LED elements 31a in which the anode
terminals are connected to the electrode 32b 1s electrically 45
connected through the wire 19 to the anode terminal of the
right adjacent LED element 31a imn FIG. 8. The cathode
terminal of the right adjacent LED elements 31a 1s con-
nected to the anode terminal of the further right adjacent
LED element through the wire 19. In the similar manner, the 50
LED elements are sequentially connected. The cathode
terminal of each of the longitudinally arranged five LED
clements of the block A at the rightmost in FIG. 8 1s
clectrically connected through the wire 19 to the electrode
32c. Consequently, 1n the block A, the five (5) units 1n each 55
of which the laterally arranged ten LED elements 31a are
connected 1n series are connected parallel between the
clectrodes 32b and 32c¢ by wiring of the wire 19.

On the other hand, the cathode terminal of each of the five
(5) longitudinally arranged LED elements 31b of the block 60
B mounted on the leftmost of the base-mounting area 34 1n
FIG. 8 1s electrically connected through the wire 19 to the
clectrode 32b. The anode terminal of each of the left five
longitudinally arranged LED elements 31b 1n which the
cathode terminals are connected to the electrode 32a 1s 65
clectrically connected through the wire 19 to the cathode
terminal of the right adjacent LED element 31a in FIG. 8.
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The anode terminal of the right adjacent LED element 31a
1s connected to the cathode terminal of the further right
adjacent LED element through the wire 19. In the similar
manner, the LED elements are sequentially connected. The
cathode terminal of each of the longitudinally arranged five
LED elements of the block B at the nghtmost 1n FIG. 8 1s
clectrically connected through the wire 19 to the electrode
32a. Consequently, in the block B, the five (3) units 1n each
of which the laterally arranged ten (10) LED elements 31b
are connected 1n series are connected parallel between the
clectrodes 32b and 32a by wiring of the wire 19.

The connection makes 1t possible to connect a group of
the LED elements 31a of the block A and a group of the LED
clements 31b of the block B 1n series through the electrodes
32b and 32c, 32a. That 1s to say, in the connection of the
LED elements 31 in the second embodiment, the ten LED
clements 31 are senally connected by wiring among the
LED elements to form a group, and groups, and the groups
are connected parallel, thereby the blocks A and B are
structured, and further the blocks A and the B are serially
connected.

Reference numbers 22a and 22b show ESDs (Electric
Static Discharge) elements to protect the LED elements 31
from static electricity or the like, similarly to the first
embodiment. Each of the ESDs 22a and 22b 1s structured by
a tuner diode, they are connected between the electrodes 32b
and 32c, and electrodes 32b and 32a, respectively.

In this way, because the LED apparatus 30 according to
the second embodiment has the approximately square base-
mounting arca 34 having high mounting efliciency and a
structure 1 which the ten LED elements are connected 1n
series by wiring, 1t 1s possible to acquire mounting density
of the LED higher than that in the first embodiment.
Thereby, because a large number of LED elements can be
mounted in the circular narrow the light-emitting area 21
having the diameter of about 11 mm, 1t 1s possible to acquire
high light-emitting amount, despite the narrow area and
provide an LED apparatus having high rumen-density.

Next, details of a connection circuit of the LED elements
in the second embodiment are explained with reference to
FIG. 9.

As shown 1 FIG. 9, in the LED apparatus 30 1in the
second embodiment, total one hundred (100) LED elements
in the blocks A and B are connected. More specifically, in the
A block, the five groups 1n each of which the ten LED
clements 31a are serially connected are connected parallel
between the electrodes 32b and 32c¢, and 1n the B block, the
five groups 1n each of which the ten LED elements 31b are
serially connected are connected parallel between the elec-
trodes 32b and 32a.

The connection makes 1t possible to serially connect the
LED element groups of the block A and the LED element
groups of the block B between the electrodes 31c¢ and 32a,
that 1s to say, the electrode terminals 12a and 12b through the
clectrode 32b. Thereby, when a predetermined drive voltage
1s applied to the electrode terminals 12a and 12b, a generally
4 drive voltage 1s dividedly applied to each of the LED
clements of the block A and the LED elements of the block
B, and all the LED elements can be lighted. Because a large
number of LED elements 1n the blocks A and B are serially
connected, 1t 1s possible to reduce a vanation in character-
1stic of their LED elements 31a and 31b. Also, because their
groups ol the blocks are connected parallel, it 1s possible to
prevent the drive voltage from becoming a high pressure.

In addition, because the blocks A and B are serially
connected, an equal drive voltage tlows 1n the blocks A and

B, and therefore each of the blocks A and B has a light-
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emitting amount. Consequently, 1t 1s possible to accomplish
an LED apparatus capable of reducing varnation in light-
emitting or luminescent amount of each LED element even
though a large number of LED elements are provided. The
ESD elements 22a and 22b are connected between the
clectrodes 32a and 32c¢, 32b and 32a, respectively, to protect
the LED elements 31a and 31b of respective blocks from
static electricity. Meanwhile, an operation in the second
embodiment and a mounting structure of a heat-release
member are the same as in the first embodiment, and
therefore a description thereof 1s omitted.

<Third Embodiment>

Next, an outline of an LED apparatus according to a third
embodiment of the present invention 1s described with
reference to FIG. 10.

The LED apparatus 40 1n the third embodiment includes
a circular base-mounting area 46 and a plurality of LED
clements 41 mounted 1n the base-mounting arca 46. For
example, some of these LED elements 41 are dummy
clements 42. Because a basic structure of the LED apparatus
40 in the third embodiment i1s the same as that of the
aforementioned first and second embodiments, 1dentical
reference numbers are attached to the similar parts, the
duplicative description 1s partially omaitted.

More specifically, the LED apparatus 40 includes a base
2 made of an aluminum material or the like and an insulative
substrate 10 fixed to a surface of the base 2 and formed by
a thin glass epoxy plated material or the like. The substrate
10 includes three electrodes 32a, 32b and 32c¢ formed by a
copper loil covering a large part of the surface of the
substrate 10. The electrodes 32¢ and 32a includes at opposite
corner portions thereol electrode terminals 12a and 12b
configured to receirve a supply of a drive voltage from an
outer device, respectively.

For example, a ring-like frame 14 1s fixed to a surface of
the substrate 10 at a position adjacent to a central portion
thereol, and a circular light-emitting area 21 similar to that
in the first and second embodiments 1s provided inside the
frame 14. The base-mounting area 46 1s formed by a circular
pass-through hole 45 provided 1n the substrate 10 inside the
light-emitting area 21, and the plurality of LED elements 41
and the dummy elements 42 are directly mounted on a
surface of the base 2 exposed by the pass-through hole 45.
A detail the LED elements 41 and the dummy elements 42
in the light-emitting area 21 1s described hereinatter.

The light-emitting area 21 1s filled with a light-transmait-
ting sealing member 15 (see FIG. 2) to seal the LED
clements 41 and the dummy elements 42 as mentioned
above. The sealing member 15 1s shown in a manner of
transparence to make an inside of the light-emitting area 21
understandable. A white resist 1s provided on each of the
three electrodes 32a, 32b and 32c¢ shown 1n an area outside
the frame 14. The white resist 1s omitted in FIG. 10.

An mner diameter of the frame 14, in other words, a
diameter of the light-emitting area 21 1s about 11 mm or less
than 1t, as an example, similarly to the first and second
embodiments. Because mounting parts 16a and 16b and so
on to mount a radiator 1s similar to that 1n the first embodi-
ment, a description thereof 1s omitted.

Next, a detail of the light-emitting area 21 in the third
embodiment 1s described with reference to FIG. 11.

As mentioned above, the light-emitting area 21 has the
circular shape, and the light-emitting area 21 1s surrounded
by the frame 14 (see FIG. 10). As mentioned above, the
substrate 10 inside the light-emitting area 21 1s formed with
the circular pass-through hole 45 by which the surface of the
base 2 1s exposed, thereby the circular base-mounting area
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46 1s formed. That 1s to say, the base-mounting arca 46 1s an
area positioned inside the light-emitting area 21 and where
the surface of the base 2 1s exposed.

A part of the electrode 32b 1s formed at a lett side in FIG.
11 inside the light-emitting area 21 and thereby a portion
adjacent to a lett side of the pass-through hole 45 1s defined,
and a part of the electrode 32a 1s formed at a lower right side
in FIG. 11 inside the light-emitting area 21, and thereby a
portion adjacent to a lower right side of the pass-through
hole 45 1s defined. In addition, a part of the electrode 32c¢ 1s
formed at an upper right side 1 FIG. 11 inside the light-
emitting area 21, and thereby a portion adjacent to an upper
right side of the pass-through hole 45 1s defined.

The plurality of LED elements 41 are mounted on the
base-mounting area 46 in which the surface of the base 2 1s
exposed. In this case, in FIG. 11, an upper portion of
approximately a central portion of the base-mounting area
46 1s defined as a block A (portion surround by a dashed
line), and a lower portion of the central portion of the
base-mounting area 46 1s defined as a block B (portion
surround by a dashed line). In addition, LED elements
mounted 1n the block A are defined as first LED elements
41a, and LED elements mounted in the block B are defined
as second LED elements 41b.

The LED elements 41a mounted in the block A are
mounted 1n three groups 1n each of which five LED elements
are serially connected are connected parallel, and the LED
clements 41b mounted in the block B are similarly mounted
in three groups 1n each of which five LED eclements are
serially connected are connected parallel, totally thirty (30)
LED elements are mounted. Here, in the block A, the
uppermost group 1s defined as a group Al in which the five
laterally arranged LED elements 41a are serially connected,
the intermediate group 1n which the five laterally arranged
LED elements 41a are serially connected i1s defined as a
group A2, the lowermost group in which the five laterally
arranged LED elements 41a are serially connected 1s defined
as a group A3.

In the block B, the uppermost group 1s defined as a group
B1 in which the five laterally arranged LED elements 41b
are serially connected, the intermediate group 1n which the
five laterally arranged LED eclements 41b are serially con-
nected 1s defined as a group B2, the lowermost group in
which the five laterally arranged LED elements 41b are
serially connected 1s defined as a group B3. Meanwhile, the
number of the LED elements 1s not limited to the aforemen-
tioned embodiment, and the number 1s decided based on
specifications of an optical device.

One dummy element 42 1s mounted at each of right and
left ends of each of the groups A2 and A3 of the block A, as
shown 1n FIG. 11, and one dummy element 42 1s mounted
at each of right and left ends of each of the groups B1 and
B2 of the block B. Each of the dummy elements 42 1is
preferably 1s made of a transparent material having thermal
conductivity, for example, sapphire, silicon-carbide, or the
like, and has a size similar to the LED elements 41a and 41b.
Meanwhile, the dummy elements are not mounted at right
and left ends of each of the groups Al and B3. This is
because the dummy elements are not needed for a short
length between electrodes connected to their groups.

Next, a, electrical connection of the LED elements 41a
and the dummy elements 42 1s explained.

Here, the LED elements 41a of the block A mounted 1n the
base-mounting area 46 are arranged so that anode terminals
(not shown) are disposed 1n a left side 1n FI1G. 11 and cathode
terminals (not shown) are disposed 1n a right side 1n FIG. 11,
as an example, and the LED elements 41b of the B block
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mounted 1n the base-mounting area 46 are arranged so that
anode terminals (not shown) are disposed 1n a right side 1n
FIG. 11 and cathode terminals (not shown) are disposed 1n
a left side 1n FIG. 11, as an example. All the LED elements
41a, 41b and the dummy elements 42 are electrically con-
nected through wires 19 which are, for example, metallic
thin lines by a wire bonder (not shown).

Here, the anode terminal of the LFED element 41a
mounted on the leftmost side of the group Al of the block
A, 1n FIG. 11 1s electrically connected through the wire 19
to the electrode 32b. The cathode terminal of the LED
clement 41a 1s directly connected through the wire 19 to the
anode terminal of the right adjacent LED element 41a 1n
FIG. 11. Similarly, the cathode terminal of the right adjacent
LED element 1s sequentially connected through the wire 19
to the anode terminal of the further right adjacent LED
clement. The cathode terminal of the LED element 41a
mounted on the rightmost side of the group Al 1n FIG. 11 1s
clectrically connected through the wire 19 to the electrode
32c. With the connection, the five LED elements 41a of the
group Al are serially connected between the electrodes 32b
and 32c¢ by wiring between the LED elements.

The dummy element 42 1s mounted on the left end of the
group A2 1n FIG. 11, mentioned above. The dummy element
42 1s electrically connected through the wire 19 to the
electrode 32b, and electrically connected through the wire
19 to the anode terminal of the LED elements 41a mounted
on the leftmost side of the group A2 in FIG. 11. The cathode
terminal of the LED element 41a 1s directly connected
through the wire 19 to the anode terminal of the right
adjacent LED element 41a 1n FIG. 11. Similarly, the cathode
terminal of the right adjacent LED element 41a 1s sequen-
tially connected through the wire 19 to the anode terminal of
the further right adjacent LED element. The cathode termi-
nal of the LED element 41a mounted on the rightmost side
of the group A2 1 FIG. 11 1s electrically connected through
the wire 19 to the dummy element 42 mounted at a right side
of the group A2 1 FIG. 11, and the dummy element 42 1s
connected through the wire 19 to the electrode 32¢. With the
connection, the five LED elements 41a of the group A2 are
serially connected between the electrodes 32b and 32c¢
through the dummy elements 42 mounted on right and left
ends of the group A2 by wiring between the LED elements.

Because the group A3 1s connected similarly to the group
2, the five LED eclements 41a of the group A3 also are
serially connected between the electrodes 32b and 32c¢
through the dummy elements 42 mounted at right and left
ends of the group A2 by wiring between the LED elements.

The groups B1 and B2 of the block B are connected
similarly to the groups A2 and A3 of the block A. Therefore,
the five LED elements 41b of each of the groups B2 and B3
also are serially connected between the electrodes 32b and
32c through the dummy elements 42 mounted at right and
left ends of each of the groups B1 and B2. Because the group
B3 has a short length between the electrodes 32b and 32a
similarly to the group Al, they are connected without
relaying the dummy element 42, the five LED elements 41b

of the group B3 are serially connected between the elec-
trodes 32b and 32a.

In this way, the three groups A1, A2 and A3 of the A block,
in each of which the five LED elements are serially con-
nected, are connected parallel between the electrodes 32b
and 32c, and the three groups B1, B2 and B3 of the block B,
in each of which the five LED elements are serially con-
nected, are connected parallel between the electrodes 32b
and 32c¢. With the connection, the LED element groups of
the block A and the LED element groups of the block B are
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serially connected through the electrode 32b between the
clectrodes 32c and 32a, that 1s to say, the electrode terminals
12a and 12b (see FIG. 10). Thereby, when a predetermined
drive voltage 1s applied to the electrode terminals 12a and
12b, approximately a half of the drive voltage 1s dividedly
applied to each of the blocks A and B, all the LED elements
41a and 41b can be lighted.

ESD elements 22a and 22b are connected between the
clectrodes 32b and 32c¢, and electrodes 32b and 32a, respec-
tively, to protect the LED elements 41a and 41b of each
block from static electricity, similarly to that in the second
embodiment.

Next, a function of the dummy elements 42 in the third
embodiment 1s described.

Because the pass-through hole 45 1n the third embodiment
1s the circular shape as mentioned above, the base-mounting
arca 46 1 which the surface of the base 2 1s exposed
becomes a circular shape. Here, a high reflection treatment
configured to be easy to reflect light emitted from the LED
clements 1s provided on a surface of the base 2. Accordingly,
when the circular base-mounting area 1s used, a part of the
light emitted from the LED elements i1s reflected on the
surface of the base 2 exposed 1n the base-mounting area 46,
and then the reflected light 1s emitted from the LED appa-
ratus 40 as emission light having a circular light-emitting,
pattern because the light-emitting area 21 1s approximately
the circular shape. Here, when the light-emitting pattern of
the emission light 1s approximately the circular shape,
because 1t 1s possible to accomplish an easy optical design
of a lens gathering the circular emission light and an LED
apparatus having excellent light-gathering power, as men-
tioned above, using the circular base-mounting arca 46
causes the LED apparatus to improve to have more high
performance.

Therefore, the base-mounting area 46 1n the third embodi-
ment 1s set to have the circular shape as shown in FIG. 11.
However, if the dummy elements 42 at the right and left ends
of the blocks A and B are not mounted, because each of the
LED elements 41a of the rightmost side and the leftmost side
of the groups A2 and A3, has a long distance to each of the
clectrodes 32b and 32c¢, a long wire 1s needed for connection
of the LED elements and the electrodes, consequently, the
wire 19 cannot be used for the connection. If a long wire 1s
used for the connection, the long wire tends to be broken and
be easy to generate a short circuit between adjacent wires.
Therefore, there are problems that defectiveness signifi-
cantly increases and reliability becomes low.

On the other hand, 11 a long wire 1s not used by 1ncreasing
the number of the serially connected LED elements of the
groups A2 and A3 of the block A, for example, using seven
LED elements, and mounting these LED eclements 41a
instead of the dummy elements 42, the aforementioned
problems are solved. However, 1n this case, because the
number of the serially connected LED elements in each
block 1s changed, a drive voltage 1s concentrated to the
group Al which has a less number of the serially connected
LED elements, and therefore there 1s a problem that the LED
clements of the groups A2 and A3 cannot be lighted. The
problem occurs even 1n the block B similarly.

To resolve the problem, the third embodiment has a
structure 1n which the dummy clements 42 instead of the
LED elements are mounted in predetermined positions of
the base-mounting area at the right and left ends of each of

the groups A2 and A3 of the block A and groups B1 and B2
of the block B, each of the groups A2, A3, B1 and B2 having
a long dlstance to the corresponding electrode and the LE
clements are connected through the dummy elements 42
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among the electrodes 32a, 32b and 32c. Thereby it 1s
possible to shorten a length of the wire 19 and achieve the
circular shape of the base-mounting arca 46. By relaying the
dummy elements 42, because the same number of serially
connected LED elements can be used 1n the block A and the
block B, 1t 1s possible to flow approximately an equal drive
current 1n each of the blocks A and B, thereby variation 1n
light intensity between the LED elements can be inhibited.
In this way, mounting the dummy elements 1s a very
important factor to form the circular base-mounting area 46.
Because the dummy element 42 1s made of the transparent
material, 1t 1s possible to accomplish an LED apparatus
having a high light-emitting efliciency without blocking
reflection light on the base 2. Meanwhile, because an
operation of the third embodiment, a structure of mounting
a radiator, and so on are similar to that in the first embodi-
ment, a description thereof 1s omitted.

<Fourth Embodiment>

Next, a general structure of an LED apparatus according
to a fourth embodiment 1s described with reference to FIG.
12.

The LED apparatus 50 1n the fourth embodiment employs
dummy elements to adjust a mounted number of LED
elements. In addition, because a basic structure of the LED
apparatus 1n the fourth embodiment 1s similar to that 1n the
first and second embodiments, identical reference numbers
are attached to similar parts to that in the first and second
embodiments, a duplicative explanation 1s partially omatted.

The LED apparatus 1in the fourth embodiment includes a
base 2 made of aluminum or the like having heat-conduc-
tivity, an msulative substrate 10 fixed to a surface of the base
2 and made of a thin glass epoxy matenal or the like, a
plurality of LED elements 51 and a plurality of dummy
clements 52, which are mounted on a base-mounting arca 56
which 1s mentioned hereinafter, and a frame 14.

The substrate 10 includes three electrodes 32a, 32b and
32c¢ formed by a copper foi1l covering a large part of the
surface of the substrate 10. The electrodes 32¢ and 32a
includes at opposite corner portions thereof electrode ter-
minals 12a and 12b configured to receive a supply of a drive
voltage from an outer device, respectively.

The frame 14 has, for example, a rning-like shape, and 1s
fixed to a surface of the substrate 10 at a position adjacent
to a central portion thereof, and a circular light-emitting area
21 similar to that in the first and second embodiments is
provided inside the frame 14. The base-mounting arca 56 1s
formed by a square pass-through hole 55 provided in the
substrate 10 1inside the light-emitting areca 21, and the
plurality of LED elements 51 and the dummy elements 52
are directly mounted on a surface of the base 2 exposed by
the pass-through hole 55. A detail of the LED eclements 51
and the dummy elements 52 1n the light-emitting area 21 1s
mentioned hereinaftter.

The hight-emitting area 21 1s filled with a light-transmait-
ting sealing member 15 (see FIG. 2) to seal the LED
clements 51 and the dummy elements 52 as mentioned
above. The sealing member 15 1s shown in a manner of
transparence to make an inside of the light-emitting area 21
understandable. A white resist 1s provided on each of the
three electrodes 32a, 32b and 32c¢ shown 1n an area outside
the frame 14. The white resist 1s omitted in FIG. 12. An inner
diameter of the frame 14, 1n other words, a diameter of the
light-emitting area 21 1s about 11 mm or less than 1t, as an
example, similarly to the first and second embodiments.
Because mounting parts 16a and 16b and so on to mount a
radiator 1s similar to that 1n the first embodiment, a descrip-
tion thereof 1s omuitted.
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Next, a detail of the light-emitting area 21 in the fourth
embodiment 1s described with reference to FIG. 13.

As shown 1n FIG. 13, the light-emitting area 21 1n the
fourth embodiment has the circular shape, and 1s surrounded
by the frame 14 (see FIG. 12). As mentioned above, the
substrate 10 inside the light-emitting area 21 1s provided

with the square pass-through hole 55 by which the surface
of the base 2 1s exposed, and thereby the square base-
mounting area 56 1s formed. That 1s to say, the base-
mounting area 56 1s an areca positioned inside the light-
emitting arca 21 and where the surface of the base 2 1is
exposed.

A part of the electrode 32b 1s formed at a left side 1n FIG.
13 inside the light-emitting area 21 to cover a portion
adjacent to a leit side of the pass-through hole 55, a part of
the electrode 32a 1s formed at a lower right side 1n FIG. 13
inside the light-emitting area 21 to cover a portion adjacent
to a lower right side of the pass-through hole 55, and a part
of the electrode 32c¢ 1s formed at an upper right side 1n FIG.
13 inside the light-emitting area 21 to cover a portion
adjacent to an upper right side of the pass-through hole 55.

The plurality of LED elements 51 are mounted on the
base-mounting area 56 in which the surface of the base 2 1s
exposed, as shown in FIGS. 12 and 13. In this case, in FIG.
13, an upper portion of approximately a central portion of
the base-mounting area 56 1s defined as a block A (portion
surround by a dashed line), and a lower portion of the central
portion of the base-mounting area 56 1s defined as a block B
(portion surround by a dashed line). In addition, LED
clements mounted 1n the block A are defined as first LED
elements 51a, and LED elements mounted 1n the block B are
defined as second LED elements 51b.

The LED elements 51a mounted 1n the block A are
mounted in three groups in each of which five laterally
arranged LED elements are serally connected are connected
longitudinally 1n parallel (5 series-3 parallel group), and the
LED elements 531b mounted in the block B are similarly
mounted in three groups in each of which five laterally
arranged LED elements are serially connected are connected
longitudinally 1in parallel (5 series-3 parallel group), totally
thirty (30) LED elements are mounted.

Meanwhile, the number of the LED elements 1s not
limited to the aforementioned embodiment, and the number
1s decided based on specifications of an optical device.

On the other hand, three dummy elements 52 are mounted
longitudinally at each of right and left ends of the block A,
as shown i FIG. 13, and three dummy elements 52 are
mounted longitudinally at each of right and leit ends of the
block B. Each of the dummy elements 42 1s preferably 1s
made of a transparent material having thermal conductivity,
for example, sapphire, silicon-carbide, or the like, and has a
s1ze similar to the LED elements 51a and 31b.

Next, a, electrical connection of the LED elements and the
dummy elements 1s explained.

Here, the LED elements 51a of the block A mounted 1n the
base-mounting area 56 are arranged so that anode terminals
(not shown) are disposed 1 a left side in FIG. 12 and
cathode terminals (not shown) are disposed 1n a right side 1n
FIG. 12, as an example, and the LED elements 51b of the
block B mounted 1n the base-mounting area 56 are arranged
so that anode terminals (not shown) are disposed 1n a right
side mm FIG. 12 and cathode terminals (not shown) are
disposed 1n a left side 1n FIG. 12, as an example. All the LED
clements 51a, 51b and the dummy elements 352 are electri-
cally connected through wires 19 which are, for example,
metallic thin lines by a wire bonder (not shown).
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Here, the three dummy elements 52 are mounted longi-
tudinally at the left side of the block A m FIG. 12 as
mentioned above, and each of the dummy elements 52 1s
clectrically connected at a left side thereof through a wire 19
to the electrode 32b and at a rnight side thereof through the
wire 19 to the anode terminal of each of three LED elements
51a mounted at the leftmost side of the block A 1n FIG. 12.
The cathode terminal of the LED element 51a 1s directly
connected through the wire 19 to the anode terminal of the
right adjacent LED element 1n FIG. 12.

Similarly, the cathode terminal of the right adjacent LED
clement 51a 1s sequentially connected through the wire 19 to
the anode terminal of the turther right adjacent LED 51a
clement 1n FIG. 12. The cathode terminal of the LED
clement 51a mounted on the rghtmost side of the group A2
in FIG. 12 1s electrically connected through the wire 19 to
the dummy element 52 mounted at a right side of the group
A2 1 FIG. 12, and the dummy element 52 1s connected
through the wire 19 to the electrode 32c¢. In this way, the
LED elements 51a of the 5 series-3 parallel group of the
block A are connected between the electrodes 32b and 32c
through the dummy elements 52 mounted on the right and
left ends of the block A.

The LED elements 51b of the block B also are connected
similarly to the block A. Therefore, the LED elements 51b
of the 5 series-3 parallel group of the block B are connected
between the electrodes 32b and 32a through the dummy
clements 52 mounted at the right and left sides of the block
B.

In this way, the LED elements 51a of the 5 series-3
parallel group of the block A are connected between the
electrodes 32b and 32c, and the LED elements 51b of the 5
series-3 parallel group of the block B are connected between
the electrodes 32b and 32a. With the connection, the LED
clement groups of the block A and the LED element groups
of the block B are serially connected through the electrode
32b between the electrodes 32¢ and 32a, that 1s to say, the
clectrode terminals 12a and 12b (see FIG. 12). Thereby,
when a predetermined drive voltage 1s applied to the elec-
trode terminals 12a and 12b, approximately a half of the
drive voltage 1s dividedly applied to each of the blocks A and
B, all the LED elements 51a and 51b can be lighted.

ESD elements 22a and 22b are connected between the
clectrodes 32b and 32c¢, and electrodes 32b and 32a, respec-
tively, to protect the LED elements 51a and 51b of each
block from static electricity, similarly to that in the second
embodiment.

Next, a function of the dummy elements 52 1n the fourth
embodiment 1s explained.

An object of the present invention 1s to achieve an LED
apparatus having a high lumen-density by mounting a large
number of LED elements on as small light-emitting area as
possible. However, 1n the LED apparatus, a requested light
intensity often differs depending on purpose of use. In this
case, by preparing packages of LED apparatuses 1in which
several types of substrates having base-mounting areas of
different sizes are manufactured, the number of LED ele-
ments 1n LED apparatuses differs, 1t i1s considered to
exchange an appropriate package of the prepared packages
depending on requested specifications. However, preparing
several packages and exchanging a package cause some
problems such as reduction of manufacturing efliciency of
LED apparatuses, complication of stock management of
LED apparatuses, and increment 1n manufacturing costs of
LED apparatuses.

When the dummy elements 52 as shown in the fourth
embodiment are used, because the mounted number of the
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LED elements in the blocks A and B can be adjusted without
exchanging the package, it 1s possible to achieve easily an
LED apparatus emitting light intensity depending on
requested specifications. For example, 11 an LED apparatus
having light intensity higher than that of the LED apparatus
in the fourth embodiment 1s manufactured, LED elements
may be substituted for the dummy elements 52 mounted at
the right and left ends of each of the blocks A and B. In this
case, 1n the blocks A and B, LED elements of a seven-series-
three parallel group can be mounted, thereby 1t 1s possible to
increase light intensity of the LED apparatus depending on
specifications without exchanging the package (changing a
s1ze of the base-mounting area 56). Alternatively, 1f an LED
apparatus having light intensity lower than that of the LED
apparatus 1n the fourth embodiment 1s manufactured, the
number of dummy elements 32 may be increased, for
example, to be double, totally, twenty four (24) by substi-
tuting them for the LED elements 51a and 51b mounted on
the rightmost and leftmost sides of the blocks A and B. That
1s to say, two dummy elements 52 are serially connected at
right and left ends of each of the senally arranged LED
clements 1n each of the blocks A and B, by wiring. Thereby,
because the blocks A and B together have LED elements of
a three-series-three parallel group, it 1s possible to reduce
light itensity of the LED apparatus depending on specifi-
cations without exchanging the package.

In this way, because the LED apparatus in the fourth
embodiment can accomplish easily an LED apparatus
capable of emitting different light intensity by changing the
mounted number of the dummy elements, 1t 1s possible to
provide eflectively an LED apparatus capable of corre-
sponding to different requested specifications.
<Fifth Embodiment>

Next, an LED apparatus according to a fifth embodiment
of the present invention 1s schematically described with
reference to FIG. 14.

Because a basic structure of the LED apparatus 60 1n the
fifth embodiment 1s similar to that in the first and second
embodiments, identical reference numbers are attached to
similar parts to that in the first and second embodiments, a
duplicative description 1s partially omuitted.

The LED apparatus 60 in the fifth embodiment includes a
conductive base 2 (see FIG. 2), an insulative substrate 10
including a surface on which three electrodes 63a, 63b and
63c are provided, and a light-emitting area 61 provided on
the substrate. A base-mounting area having approximately a
square shape 1s provided inside the light-emitting area 61.
The base-mounting area 62 1s formed by a pass-through hole
64 which 1s provided to pass through the electrodes 63a, 63b
and 63c and the substrate 10 and configured to expose a
surface of the base 2, similarly to the first to fourth embodi-
ments. The pass-through hole 64 has, for example, a rect-
angular shape. A plurality of LED elements 65 are arranged
in the base-mounting area 62. These LED elements 65 are
mounted 1n a series set and a parallel set. The series set
comprises two arrays in each of which ten (10) laterally
arranged LED elements, and thereby twenty (20) LED
clements are totally arranged in the two arrays. The LED
clements 1n the two arrays are serially connected, as shown
in FIG. 14. The parallel set comprises four series sets which
are longitudinally arranged. The four series sets are con-
nected to the electrodes 63b and 63c, 63b and 63a, thereby
the four series set are connected parallel.

FIG. 15 illustrates a detail of a connection circuit of the
LED elements in the fifth embodiment.

Forty (40) LED elements 63a are arranged in a block A,
and forty (40) LED elements 65b are arranged 1n a block B,
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thereby totally eighty (80) LED elements are mounted 1n the
blocks A and B. More specifically, in the block A, two
groups 1n each of which the twenty (20) LED elements 65a
are serially connected are connected parallel between the
clectrodes 63b and 63c. In the block B, two groups 1n each
of which the twenty (20) LED eclements 65b are serially

connected are connected parallel between the electrodes 63b
and 63a.

With the connection, the LED element groups in the
blocks A and B are serially connected between the electrodes
63c and 63a, that 1s to say, electrode terminals 12a and 12b,

through the electrode 63b.

Thereby, when a predetermined drive voltage 1s applied to
the electrode terminals 12a and 12b, about a half of the

applied drive voltage 1s separately applied to the blocks A
and B, all the LED elements 65a and 65b can be lighted.
Moreover, because a large number of LED elements are
serially connected i each of the blocks A and B, 1t 1s
possible absorb variation in characteristic of individual LED
clements 65a and 65b. Furthermore, because the groups 1n
cach block are connected parallel, 1t 1s possible to prevent
the drive voltage from becoming a high pressure.

In addition, because the blocks A and B are serially
connected, an equal drive current tlow 1n each of the blocks,
and therefore equal light intensity 1s emitted from the blocks
A and B. Thereby, even if a large number of LED elements
are mounted, 1t 1s possible to provide an LED apparatus
having less variation in light intensity every the LED
clement.
<Si1xth Embodiment>

Next, an LED apparatus according to a sixth embodiment
of the present invention 1s schematically described with
reference to FIG. 16.

Because a basic structure of the LED apparatus 70 1n the
sixth embodiment i1s similar to that in the aforementioned
first and second embodiments, identical reference numbers
are attached to similar parts to that 1n the first and second
embodiments, a duplicative description 1s partially omitted.
The plurality of elongate pass-through holes of this embodi-
ment provided parallel with each other with an interval
disposed between a pair of the pass-through holes that are
juxtaposed to each other. Of the electrodes, one being
disposed independently between the pair of the elongate
pass-through holes that are juxtaposed to each other and
extended 1n a length direction of the elongate pass-through
holes that are parallel with each other. Of the plurality of
light-emitting diode elements, at least two of the light-
emitting diode elements are lined in the length direction of
cach of the elongate pass-through holes as a unit of the
light-emitting diode elements 1n series. A plurality of the
units of the light-emitting elements are provided 1n each of
the elongate pass-through holes, and the at least two of the
light-emitting diode elements in each of the units are elec-
trically 1n series to the two electrodes that are disposed at
opposite sides of the each corresponding pass-through hole.

The LED apparatus 70 1n the sixth embodiment includes
a conductive base 2 (see FIG. 2), an insulative substrate 10
mounted on the base 2, and a light-emitting area 72 provided
on the substrate 10. Four electrodes 71a, 71b, 71¢ and 71d
are provided on a surface of the substrate 10. For example,
three base-mounting areas 73a, 73b and 73c are provided
inside the light-emitting area 72. Each of the base-mounting
arecas 73a, 73b and 73c has, for example, an clongate
rectangular shape and formed by a pass-through hole pro-
vided to pass through the substrate 10 to expose a surface of
the base 2, similarly to the first to fourth embodiments.
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Electrodes 71a, 71b, 71c and 71d are respectively disposed
along opposite sides of each pass-through hole.

A plurality of LED elements 74 are arranged 1n each of the
base-mounting areas 73a, 73b and 73c. Three sets of LED
clements are arranged 1n each of the base-mounting areas
73a, 73b and 73c along a length direction of the pass-
through hole. Each of the three sets constitutes a unit in
which four LED elements are serially connected. Conse-
quently, totally twelve LED elements are arranged in each of
the base-mounting areas. The units in each of which the four
LED elements are serially are connected to the correspond-
ing both electrodes, thereby the units are connected parallel.
More specifically, the plurality of units of the LED elements
in the base-mounting area 73a are connected between the
clectrodes 71a and 71b, the plurality of units of the LED
clements in the base-mounting area 73b are connected
between the electrodes 71b and 71c, and the plurality of
units of the LED elements 1n the base-mounting area 73¢ are
connected between the electrodes 71c and 71d. With the
connection, the three units of LED elements connected
parallel 1n each base-mounting area are connected parallel
among the base-mounting areas 73a, 73b and 73c. Here,
reference number 75 shows an ESD element.

FIG. 17 illustrates a detail of a connection circuit of the
LED elements in the sixth embodiment.

The LED apparatus includes three blocks A, B and C, as
shown 1n FIG. 17. Twelve LED elements 74a are arranged
in the block A between the electrodes 71a and 71b, the
twelve LED elements 74b are arranged in the block B
between the electrodes 71b and 71c and the twelve LED
clements 74c are arranged in the block C between the
clectrodes 71c¢ and 71d. Each of the twelve LED elements
74a, 74b and 74c¢ constitutes a series set in which four (4)
LED eclements are serially connected and a parallel set 1n
which three (3) series sets are connected parallel. Conse-
quently, thirty six (36) LED elements are totally mounted 1n
the blocks A, B and C.

With the connection, the LED element groups in the
blocks A, B and C are senally connected between the
clectrodes 71a and 71d, that 1s to say, electrode terminals 12a
and 12b, through the electrodes 71b and 71c.

Thereby, when a predetermined drive voltage 1s applied to
the electrode terminals 12a and 12b, about ¥4 of the applied
drive voltage 1s separately applied to the blocks A, B and C,
all the LED eclements 74a, 74b and 74c¢ can be lighted.
Moreover, because the three series sets in each of which the
tour (4) LED elements are senally connected are connected
parallel, in each of the blocks A, B and C, 1t 1s possible to
absorb variation in characteristic of mdividual LED ele-
ments 74a, 74b and 74c. In addition, because the blocks A,
B and C are serially connected, an equal drive current tlow
in each of the blocks, and therefore equal light intensity 1s
emitted from each of the LED elements in the blocks A, B
and C. Thereby, even if a large number of LED elements are
mounted, it 1s possible to provide an LED apparatus having
less varniation 1n light mtensity every the LED element.

As mentioned above, 1n the LED apparatus according to
each of the first to sixth embodiments, because LED ele-
ments can be mounted 1n a high density, 1t 1s possible to
reduces a size of a light-emitting area, and provide an LED
apparatus having high lumen-density. In addition, because
more large number of LED elements can be mounted even
in the light-emitting area of the same size, it 1s possible to
provide an LED apparatus having high output and high
brightness. Furthermore, because the light-emitting area has
approximately a circular shape, light emitted from the LED
clements mounted in the light-emitting area 1s reflected 1n




US RE47,530 E

25

the light-emitting area and emitted with approximately a
circular light-emitting pattern from the LED apparatus.
Thereby, 1t 1s possible to accomplish a compact LED appa-
ratus having good directionality of emitted light, easy opti-
cal design of a lens to gather emitted light, and high
performance.

In addition, because a large number of LED elements can
be mounted 1n a light-emitting area of a narrow area, an LED
apparatus having high lumen-density can be provided.
Thereby, because 1t 1s possible to accomplish a compact
LED apparatus having good directionality of emitted light,
casy optical design for a lens to gather emitted light, and
high output and brightness, the LED apparatus can be
applied to illumination devices of various uses.

Moreover, because the light-emitting area has approxi-
mately a circular shape and 1s surrounded by a frame, light
emitted from the LED elements mounted in the light-
emitting arca 1s reflected 1n the light-emitting area and
emitted with approximately a circular light-emitting pattern
from the LED apparatus. Thereby, 1t 1s possible to accom-
plish a compact LED apparatus having good directionality
of emitted light, easy optical design for a lens to gather
emitted light, and high performance.

Furthermore, by grouping a large number of LED ele-
ments 1 a predetermined number and mixing a series
connection and a parallel connection, 1t 1s possible to prevent
a drive voltage from becoming a high pressure and inhibait-
ing variation in light-emission of mdividual LED elements.
In addition, because LED elements are directly mounted on
a base having excellent thermal conductivity and the base
can be attached easily to an outer radiator, a light source
device having excellent heat-release efliciency can be
achieved, thereby it 1s possible to provide an LED apparatus
capable of mlibiting temperature elevation and having a
long service life and excellent reliability.

Although the preferred embodiments of the present inven-
tion have been described, 1t should be understood that the
present 1nvention 1s not limited to these embodiments,
vartous changes and modifications can be made to the
embodiments.

Meanwhile, because the present invention makes 1t pos-
sible to provide an LED apparatus having high lumen-
density by an easy design, it 1s possible to widely apply to
usual light sources fir illumination, backlights, in-vehicle
light sources or the like as light sources for illumination.

What 1s claimed 1s:

[1. A light-emitting diode apparatus, comprising:

a base including an upper surface, a lower surface oppo-
site the upper surface and a peripheral edge side surface
provided between the upper surface and the lower
surface and having thermal conductivity;

an insulative substrate including an upper surface pro-
vided with electrodes, a lower surface opposite the
upper surface and a pass-through hole provided to pass
through the upper surface and the lower surface, the
lower surface of the insulative substrate being attached
to the upper surface of the base, and the electrodes
being along opposite sides of the pass-through hole;

at least one base-mounting area that 1s exposed part of the
upper surface of the base, exposed within the pass-
through hole of the substrate;

a plurality of light-emitting diode elements mounted on
the base-mounting area and electrically connected to
the electrodes which are provided along opposite sides
of the pass-through hole; and

a frame disposed to surround the base-mounting area and
configured to form a light-emitting area.]
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2. A light-emitting diode apparatus, comprising:

a base including an upper surface, a lower surface oppo-
site the upper surface and a peripheral edge side surface
provided between the upper surface and the lower
surface and having thermal conductivity;

an isulative substrate including an upper surface pro-
vided with electrodes, a lower surface opposite the
upper surface and a plurality of elongate pass-through
holes provided parallel with each other to pass through
the upper surface and the lower surface, the lower
surface of the isulative substrate being attached to the
upper surface of the base, and the electrodes being
along opposite sides of each of the elongated pass-
through holes;

a plurality of base-mounting areas that are exposed parts
of the upper surface of the base, exposed within the
plurality of pass-through holes of the substrate;

a plurality of light-emitting diode elements mounted on
cach of the plurality of base-mounting areas;

a Trame disposed to surround the plurality of base-mount-
ing areas and configured to form a light-emitting area;
and

the plurality of elongate pass-through holes of the sub-
strate being extended parallel with each other with an
interval disposed between a pair of the pass-through
holes that are juxtaposed to each other, one of the
clectrodes being disposed independently between the
pair of the elongate pass-through holes that are juxta-
posed to each other and extended 1n a length direction
of the elongate pass-through holes that are parallel with
each other,

wherein the frame includes a matervial in which silicone is
mixed with oxide titan.

[3. The light-emitting diode apparatus according to claim

2, wherein the electrodes are disposed at opposite outer sides
of the parallel elongate pass-through holes, respectively, the
opposite outer sides positioned in a width direction perpen-
dicular to the length direction of the parallel elongate
pass-through holes,

wherein, of the light-emitting diode elements, at least two
light-emitting diode elements that are arranged in the
width direction of each of the elongate pass-through
holes and electrically connected 1n series to two elec-
trodes that are disposed at opposite sides of the corre-
sponding elongate pass-through hole, and the at least
two light-emitting diode elements are electrically con-
nected 1n series as a unit of the light-emitting diode
elements in series.]

[4. The light-emitting diode apparatus according to claim

3, wherein a plurality of the units of the light-emitting diode
clements that are electrically connected in series are pro-
vided in each of the elongate pass-through holes, and the
units are disposed parallel with each other in a length
direction of the corresponding elongate pass-through hole
and electrically connected 1n parallel to the two electrodes
that are disposed at opposite sides of the corresponding
elongate pass-through hole.}

[5. The light-emitting diode apparatus according to claim

3, wherein, 1n the unit of the light-emitting diode elements
in series, the light-emitting diode elements are directly wired
by a metallic thin line.]

[6. The light-emitting diode apparatus according to claim

2, wherein the electrodes are disposed at opposite outer sides
of the parallel elongate pass-through holes, respectively, and
the opposite outer sides are positioned 1n a width direction
perpendicular to the length direction of the parallel elongate
pass-through holes,
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wherein, of the plurality of light-emitting diode elements,
at least two of the light-emitting diode elements are
lined 1n the length direction of each of the elongate
pass-through holes as a unit of the light-emitting diode
elements 1n series,
wherein a plurality of the units of the light-emitting diode
clements are provided 1n each of the elongate pass-
through holes, and the at least two of the light-emitting
diode elements 1n each of the units are electrically 1n
series connected to the two electrodes that are disposed
at opposite sides of the each corresponding pass-
through hole.]
[7. The light-emitting diode apparatus according to claim
6, wherein a connection among the plurality of units 1s made
through the electrodes.]
[8. The light-emitting diode apparatus according to claim
6, wherein a connection among the plurality of light-emiat-
ting diode elements in each unit 1s directed wired by a
metallic thin line.}
[9. The light-emitting diode apparatus according to claim
1, wherein some of the plurality of light-emitting diodes are
connected to conductive dummy elements.}
[10. The light-emitting diode apparatus according to
claiam 2, wherein some of the plurality of light-emitting
diodes are connected to conductive dummy elements.]
[11. The light-emitting diode apparatus according to claim
1, wherein the base-mounting area has a shape selected
among a rectangular shape, a square shape and a circular
shape.]
[12. The light-emitting diode apparatus according to
claiam 2, wherein each of the base-mounting arecas has a
shape selected among an elongate rectangular shape and an
elongate circular shape.}
[13. The light-emitting diode apparatus according to
claim 1, wherein the light-emitting area inside the frame 1s
sealed by a light-transmitting sealing member.}
[14. The light-emitting diode apparatus according to
claim 2, wherein the light-emitting area inside the frame 1s
sealed by a light-transmitting sealing member.}
[15. The light-emitting diode apparatus according to
claiam 1, wherein a radiator configured to increase heat-
release efliciency 1s attached to the lower surface of the
base.]
[16. The light-emitting diode apparatus according to
claiam 2, wherein a radiator configured to increase heat-
release efliciency 1s attached to the lower surface of the
base.]
[17. The light-emitting diode apparatus according to
claam 1, wherein, in the plurality of light-emitting diode
clements, at least two light-emitting diode elements that are
extended 1n a line between the electrodes that are provided
along opposite sides of the pass-through hole, and electri-
cally connected 1n series as a unit of light-emitting diode
elements 1n series,
wherein a plurality of the units of light-emitting diode
clements 1n series are arranged parallel with each other
in a direction perpendicular to the line of the at least
two light-emitting diode elements as the unit,

wherein the units are electrically connected to the elec-
trodes in parallel ]

18. The light-emitting diode apparatus according to claim
2, wherein a connection among the plurality of units is made
through the electrodes.

19. The light-emitting diode apparatus according to claim
2, wherein a connection among the plurality of light-emit-
ting diode elements in each unit is directly wired by a
metallic thin line.
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20. The light-emitting diode apparatus according to claim
2, wherein each of the base-mounting areas has a shape
selected among an elongate vectangular shape and an
elongate circular shape.

21. The light-emitting diode apparatus accovding to claim
2, wherein the light-emitting area inside the frame is sealed
by a light-transmitting sealing member.

22. A light-emitting diode apparatus, comprising:

a base including an upper surface, a lower surface
opposite the upper surface and a peripheral edge side
surface provided between the upper surface and the
lower surface and having thermal conductivity;

an insulative substrate including an upper surface pro-
vided with electrodes, a lower surface opposite the
upper surface and a plurality of elongate pass-through
holes provided parallel with each other to pass through
the upper surface and the lower surface, the lower
surface of the insulative substrate being attached to the
upper surface of the base, and the electrodes being
along opposite sides of each of the elongated pass-
through holes;

a plurality of base-mounting areas that ave exposed parts
of the upper surface of the base, exposed within the
plurality of pass-through holes of the substrate;

a plurality of light-emitting diode elements mounted on
each of the plurality of base-mounting areas;

a frame disposed to surround the plurality of base-
mounting aveas and configured to form a light-emitting
area; and

the plurality of elongate pass-through holes of the sub-
strate being extended parallel with each other with an
interval disposed between a pair of the pass-through
holes that arve juxtaposed to each other, one of the
electrodes being disposed independently between the
pair of the elongate pass-through holes that are juxta-
posed to each other and extended in a length divection
of the elongate pass-through holes that are parallel
with each other

wherein the plurality of light-emitting diodes ave divided
into a plurality of units, each of units includes a
plurality of light-emitting diode elements electrically
connected in series, and the plurality of units are
electrically connected between the electrodes so that
the plurality of units arve arranged parallel.

23. The light-emitting diode apparatus accovding to claim
22, wherein a connection among the plurality of units is
made through the electrodes.

24. The light-emitting diode apparatus accovding to claim
22, wherein a connection among the plurality of light-
emitting diode elements in each unit is divectly wired by a
metallic thin line.

25. The light-emitting diode apparatus accorvding to claim
22, wherein each of the base-mounting areas has a shape
selected among an elongate vectangular shape and an
elongate circular shape.

26. The light-emitting diode apparatus according to claim
22, wherein the light-emitting area inside the frame is sealed
by a light-transmitting sealing member.

27. A light-emitting diode apparatus, comprising:

a base including an upper surface, a lower surface
opposite the upper surface and a peripheral edge side
surface provided between the upper surface and the
lower surface and having thermal conductivity;

an insulative substrate including an upper surface pro-
vided with electrodes, a lower surface opposite the
upper surface and a plurality of elongate pass-through
holes provided parallel with each other to pass through
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the upper surface and the lower surface, the lower
surface of the insulative substvate being attached to the
upper surface of the base, and the electrodes being
along opposite sides of each of the elongated pass-
through holes;

a plurality of base-mounting arveas that ave exposed parts
of the upper surface of the base, exposed within the
plurality of pass-through holes of the substrate;

a plurality of light-emitting diode elements mounted on
each of the plurality of base-mounting areas;

a frame disposed to surround the plurality of base-
mounting aveas and configured to form a light-emitting
area; and

the plurality of elongate pass-through holes of the sub-
strate being extended parallel with each other with an
interval disposed between a pair of the pass-through
holes that are juxtaposed to each other, one of the
electrodes being disposed independently between the

pair of the elongate pass-through holes that are juxta-
posed to each other and extended in a length direction
of the elongate pass-through holes that ave parallel
with each other
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wherein the frame includes a material in which silicone is
mixed with oxide titan, and
wherein the plurality of light-emitting diodes ave divided
into a plurality of units, each of units includes a
plurality of light-emitting diode elements electrically
connected in series, and the plurality of units are
electrically connected between the electrodes so that
the plurality of units ave arranged parallel.
28. The light-emitting diode apparatus accovding to claim
27, wherein a comnnection among the plurality of units is

made through the electrodes.

29. The light-emitting diode apparatus accovding to claim
27, wherein a connection among the plurality of light-
emitting diode elements in each unit is divectly wired by a
metallic thin line.

30. The light-emitting diode apparatus accorvding to claim
27, wherein each of the base-mounting areas has a shape
selected among an elongate vectangulav shape and an
elongate circular shape.

31. The light-emitting diode apparatus accorvding to claim
27, wherein the light-emitting area inside the frame is sealed
by a light-transmitting sealing member.
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