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(54) Lighting Apparatus

(57) According to one embodiment, a lighting appa-
ratus includes a conductive main body (22) at a ground
potential, a light-emitting device (1) in the main body,
including an insulative substrate (2), a plurality of light-
emitting elements (3) mounted on a front side of the sub-

strate, a power feeding wiring (4) electrically connecting
the light-emitting elements, and a conductor layer (6) on
a backside of the substrate, electrically connected to the
power feeding wiring at a potential higher than a ground
potential, and a lighting control device configured to sup-
ply power to the light-emitting device.
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Description

FIELD

[0001] Embodiments described herein relate generally
to lighting apparatus using a light-emitting element such
as a light-emitting diode (LED).

BACKGROUND

[0002] A light-emitting diode has recently been used
as a light source of lighting apparatus. In such a light
source, a plurality of bare LED chips is mounted on a
substrate, and each LED chip is electrically connected
to a wiring pattern by a bonding wire. A plurality of such
substrates is housed in a main body made of metal such
as aluminum (Jpn. Pat. Appln. KOKAI Publication No.
2009-54989). Such lighting apparatus is usually powered
by a lighting control device connected to an alternating-
current source, and lighting of LED chips is controlled.
The metal main body is maintained at a ground potential.
[0003] However, in the above-mentioned lighting ap-
paratus, though a power switch (one-position) of the light-
ing control device is turned off, the LED chips may faintly
light dusky. This erroneous lighting of the LED chips is
caused by a noise superimposed on a power line. Stray
capacitance is generated between a conductor such as
the wiring pattern connected to the LED chips and the
metallic main body close to the conductor, and a minute
current as a leakage current flows in the LED chips.
[0004] As a method of preventing the erroneous light-
ing, a capacitor serving as a bypass element is connected
in parallel to each LED chip to form a bypass for the
minute current. However, with this method, the manufac-
turing cost is increased by adding the capacitors, and
reliability of the wiring connection deteriorates due to in-
creasing the number of parts to be soldered. Further,
when the capacitors are mounted on the surface of the
substrate, the reflectivity of the substrate surface is re-
duced, and an optical output of the light source is de-
creased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1 is a plan view of a light-emitting device in a
lighting apparatus according to a first embodiment;
FIG. 2 is a plan view of the backside of the light-
emitting device;
FIG. 3 is a plan view of a substrate of the light-emit-
ting device, before a fluorescent layer is applied;
FIG. 4 is a sectional view of the lighting apparatus
along line IV-IV in FIG. 1;
FIG. 5 is a connection diagram schematically show-
ing the lighting apparatus;
FIG. 6 is a plan view of a light-emitting device of a
lighting apparatus according to a second embodi-

ment;
FIG. 7 is a plan view of the backside of the light-
emitting device;
FIG. 8 is a plan view of the front side of the light-
emitting device;
FIG. 9 is a sectional view of the light-emitting device
along line IX-IX in FIG. 6; and
FIG. 10 is a plan view of an LED chip and power
feeding wiring of the light-emitting device.

DETAILED DESCRIPTION

[0006] In general, according to one embodiment, light-
ing apparatus comprises a conductive main body at a
ground potential; a light-emitting device in the main body,
comprising an insulative substrate, a plurality of light-
emitting elements mounted on a front side of the sub-
strate, a power feeding wiring electrically connecting the
light-emitting elements, and a conductor layer on a back-
side of the substrate, electrically connected to the power
feeding wiring at a potential higher than a ground poten-
tial; and a lighting control device configured to supply
power to the light-emitting device.
[0007] A substrate may be made of synthetic resin
such as glass epoxy resin, or may be composed of a
base plate made of metallic material such as aluminum
with an insulating layer formed on one side or both sides
of the base plate. A light-emitting element is a solid light-
emitting element such as a light-emitting diode (LED).
The number of light-emitting elements to be mounted on
a substrate is not limited. A method of mounting a light-
emitting diode on a substrate is not limited. For example,
a chip-on-board method directly inserts a bare chip into
a substrate, and a soldering method solders packaged
surface-mounted components.
[0008] A power feeding wiring means a conductor such
as a bonding wire and a wiring pattern to electrically con-
nect each light-emitting element. A conductor layer can
be made by forming a copper foil pattern layer, for ex-
ample. Material of a conductor layer is not limited as long
as conductivity is ensured. A lighting apparatus includes
a lighting fixture used indoor and outdoor, and a display.
[0009] According to an embodiment, in a lighting ap-
paratus, a power feeding wiring and conductor layer are
electrically connected by a conductive fixing means for
fixing a substrate to an apparatus main body, and are set
to substantially the same potential. A mounting screw
may be used as a fixing means or fixing tool, for example.
This makes it possible to use a means to fix a substrate
to an apparatus main body as a means of setting a power
feeding wiring and conductor layer at substantially the
same potential.
[0010] According to an embodiment, in a lighting ap-
paratus, a conductor layer is extended to the outside of
an area in which a power feeding wiring is formed. In this
configuration, the area of the conductor layer is in-
creased, and a stray capacitance between the conductor
layer and apparatus main body is increased, and a noise
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bypass effect is increased.
[0011] According to an embodiment, there is provided
a lighting apparatus, which prevents false lighting of a
light-emitting element by simple configuration. As a fixing
means to fix a substrate to an apparatus main body is
used as a means to set the same potential, the configu-
ration is simplified. A conductor layer area is increased,
and a stray capacitance between a conductor layer and
main body is increased.
[0012] Hereinafter, a lighting apparatus according to a
first embodiment will be explained with reference to
FIGS. 1 to 5. The same parts in the drawings are given
the same reference numbers, and an explanation thereof
is omitted.
[0013] As shown in FIGS. 1 to 4, a light-emitting device
1 of a lighting apparatus comprises a substrate 2, a plu-
rality of light-emitting elements 3 mounted on the front
side of the substrate 2, a power feeding wiring 4 to elec-
trically connect each light-emitting element 3, a fluores-
cent layer 5 to cover each light-emitting element 3, and
a conductor layer 6 formed on the backside of the sub-
strate 2.
[0014] The substrate 2 is formed substantially rectan-
gular. The substrate 2 is made of insulating material to
form an insulating layer, for example, synthetic resin such
as glass epoxy resin, and has an insulating layer. The
substrate 2 may be made of ceramics or other synthetic
resin materials.
[0015] On the front side of the substrate 2, a wiring
pattern 7 constituting a power feeding wiring 4 is formed.
The wiring pattern 7 has a plurality of mounting pads 7a,
on which the light-emitting elements 3 are mounted, and
a power supply conductor 7b of a predetermined pattern,
which electrically connects the mounting pads 7a. The
mounting pads 7a are arranged in matrix on the surface
of the substrate 2, and arranged in three lines, for exam-
ple, in the longitudinal direction of the substrate 2. Each
mounting pad 7a is shaped substantially rectangular, and
a thin connection conductor 7a1 for connecting a bonding
wire is extended from one short side in the direction or-
thogonal to this side.
[0016] The power supply conductor 7b has a negative
electrode 7d and positive electrode 7e, which are provid-
ed at one end and the other end of each line of the mount-
ing pad 7a, and a connector terminal 7c connected to
these positive and negative electrodes. The connector
terminal 7c is connected to a lead wire extended from a
lighting control device 15, and is powered from the light-
ing control device.
[0017] At both ends of the longitudinal direction of the
substrate 2, a screw through hole 8, through which a
screw for fixing the substrate 2 to an apparatus main
body 22 passes, is provided. Around one screw through
hole (right side in FIG. 1), a power supply conductor 7b
is formed on the substrate 2 and connected to the positive
electrode 7d and connecter terminal 7c.
[0018] The wiring pattern 7 has a three-layer structure.
A copper foil pattern is etched as a first layer on the sur-

face of the substrate 2. On the copper foil pattern layer,
an electroless nickel-plated layer is formed as a second
layer, and an electroless silver (Ag) plated layer is formed
on the electroless nickel-plated layer as a third layer. The
third silver-plated layer of the wiring pattern, that is, the
surface layer has a high total light reflectivity of 90%.
[0019] Each light-emitting layer 3 is made of a bare
LED chip. For example, a bare chip 3 uses material to
emit blue light, so that white light is emitted from a light-
emitting part. The LED bare chip is bonded on the mount-
ing pad 7a by using an insulative silicone resin adhesive.
A plurality of bare chips 3 is arranged in matrix, forming
lines of light-emitting elements, according to the array of
the mounting pads 7a. Specifically, the bare chips 3 are
mounted in 7 pieces by 3 rows, 21 pieces in total.
[0020] The bare chip 3 is an InGaN element, for ex-
ample, with a light-emitting layer formed on a transparent
sapphire element substrate. The light-emitting layer is
formed by sequentially laminating an n-type nitride sem-
iconductor layer, an InGaN light-emitting layer, and a p-
type nitride semiconductor layer. An electrode to flow a
current to a light-emitting layer comprises a positive elec-
trode formed by a p-type electrode pad on the p-type
nitride semiconductor layer, and a negative electrode
formed by a n-type electrode pad on the n-type nitride
semiconductor layer. The electrodes of the bare chip 3
are electrically connected to the wiring pattern 7 by a
bonding wire 9. The bonding wire 9 is a gold (Au) thin
wire, and is connected through a bump made mainly of
gold (Au), to increase the mounting strength and to pre-
vent damage of the bare chip 3. The power feeding wiring
4 is a means to electrically connect each light-emitting
element 3, and is provided with a wiring pattern 7 and a
bonding wire 9 in this embodiment.
[0021] The fluorescent layer 5 is made of transparent
synthetic resin such as transparent silicon resin, and con-
tains the right amount of fluorescent material. The fluo-
rescent layer 5 individually covers and seals each light-
emitting element 3 and bonding wire 9. The fluorescent
layer 5 is formed to have an arc-shaped projection in its
cross section. A fluorescent material is excited by the
light emitted from the bare chip 3, and emits light of the
color different from the light emitted from the bare chip
3. In this embodiment, as the bare chip 3 emits blue light,
a yellow fluorescent material to emit yellow light that is a
complementary color to the blue light is used, so that
white light is emitted from the light-emitting device 1. The
fluorescent layer 5 is applied to the bare chip 3 and bond-
ing wire 9 in the uncured state, and then hardened by
heating or leaving for a predetermined time.
[0022] As shown in FIG. 3, among the lines of light-
emitting elements, the positive and negative electrodes
of the bare chip 3 in each line of light-emitting element
are sequentially connected to the mounting pad 7a and
a connection conductor 7a1 of an adjacent mounting pad
7a by the bonding wire 9. Therefore, three series circuits,
in which a plurality of bare chips 3 is connected in series,
are formed and connected in parallel to the power supply.
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[0023] As shown in FIGS. 2 and 4, the conductor layer
6 is formed on the backside of the substrate 2. The con-
ductor layer 6 is a copper foil pattern layer shaped rec-
tangular, similar to the shape of the substrate 2, and is
formed inside the substrate 2 to be a little smaller than
the substrate 2. The conductor layer 6 is extended in the
longitudinal direction from the power feeding wiring 4 on
the front side of the substrate 2, that is, the area in which
the wiring pattern 7 is formed, and is formed in an area
larger than the power feeding wiring 4. The conductor
layer 6 may have a three-layer structure similar to the
wiring pattern 7, or may be made of other metallic mate-
rials.
[0024] Next, a lighting apparatus 10 comprising the
above light-emitting device 1 will be explained.
[0025] As shown in FIGS. 4 and 5, the light-emitting
device 1 is housed in a main body 22 of the lighting ap-
paratus 10, and installed in the main body. The main
body 22 is made of metal with conductivity such as alu-
minum, and is maintained at a ground potential. The main
body 22 has two bosses 20, which are made of insulative
synthetic resin and installed upright. Each boss 2 is elas-
tically pressed into a fixing hole provided in the main
body. Each boss 20 has a screw hole 20a.
[0026] The substrate 2 of the light-emitting device 1 is
fixed to the main body 22 by a mounting screw 13 as a
fixing means or fixing tool to be inserted into the screw
hole 20a of the boss 20 through the through hole 8 pro-
vided in the substrate 2. The substrate 2 is placed and
fixed, so that the backside or the conductor layer 6 is
faced to the main body 22, and the front side or the power
feeding wiring 4 is positioned opposite to the main body
22. The mounting screw 13 is made of metal, and serves
also as a conductive fixing means. A metallic washer 13a
is inserted between the boss 20 and the conductor layer
6 of the substrate 2.
[0027] In the above configuration, the power feeding
wiring 4 and conductor layer 6 are electrically connected
by the mounting screw 13, and kept at the same potential.
In particular, in FIG. 4, the head of the right-side mounting
screw 13 contacts the power supply conductor 7b of the
wiring pattern 7, and the shaft contacts the conductor
layer 6 through the through hole 8, and its electrical con-
tact with the conductor layer 6 is ensured by the washer
13a. Therefore, the power feeding wiring 4 and conductor
layer 6 are electrically connected by the mounting screw
13, and kept at the same potential.
[0028] As shown in FIG. 5, the lighting apparatus 10
comprises a lighting control device 15 connected to a
commercial alternating-current power supply AC through
a power switch SW, and the apparatus main body 22
housing a light-emitting device 1. The lighting control de-
vice 15 is constructed by connecting a smoothing capac-
itor between the output terminals of a full-wave rectifier
circuit, for example, and by connecting a direct-current
voltage converter circuit and a current detection means
to the smoothing capacitor. The lighting control device
15 is electrically connected to the connector terminal 7c

of the light-emitting device 1 through a lead wire 18. The
light-emitting device 1 is powered by a direct current from
the lighting control device 15, and lighting of the bare
chip 3 is controlled.
[0029] In the lighting apparatus 10 configured as
above, when the light-emitting device 1 is powered, the
bare chips 3 covered by the fluorescent layer 5 are si-
multaneously lit, and the light-emitting device 1 is used
as a sheet light source to emit white light. While the bare
chips 3 are lighting, the light advancing to the substrate
2 is reflected on the surfaces of the mounting pad 7a and
power supply conductor 7b, mainly in the direction of us-
ing the light.
[0030] As the temperature of the light-emitting element
such as an LED increases, the light output is lowered,
and the service life is reduced. Therefore, for a lighting
apparatus using a solid light-emitting element such as
an LED and EL element as a light source, it is necessary
to prevent a temperature increase in a light-emitting el-
ement for increasing the service life and improving the
light-emitting efficiency.
[0031] In this embodiment, while the bare chips 3 are
lighting, the mounting pad 7a functions as a heat spread-
er to spread the heat generated from each bare chip 3,
and accelerates heat radiation. The heat transmitted from
the front side to the backside of the substrate 2 is trans-
mitted to the conductor layer 6, and radiated to the out-
side through the conductor layer 6. This prevents a tem-
perature increase in the bare chip 3.
[0032] As shown in FIG. 5, when the main body 22 is
close to the power feeding wiring 4 connecting a plurality
of bare clips 3, a stray capacitance Cs may be generated.
Concerning a stray capacitance Cs, the main body 22 at
a ground potential forms one electrode, the power feed-
ing wiring 4 forms the other electrode, and the electrodes
are electrostatically coupled through a dielectric material.
Therefore, when a noise is superimposed on a power
supply line even while the power switch SW is being
turned on, a minute current flows in the bare chip 3 as a
leakage current, and may cause false lighting of a light-
emitting element.
[0033] In this embodiment, as the power feeding wiring
4 and conductor layer 6 are electrically connected and
kept at a ground potential, a noise superimposed on a
power supply line is bypassed to a path in the conductor
layer 6, and is prevented from flowing to the power feed-
ing wiring 4. Therefore, it is possible to prevent a micro
current from flowing into the bare chip 3 as a leakage
current, and to prevent false lighting of the bare chip 3.
[0034] In other words, the largeness of the stray ca-
pacitance Cs is inversely proportional to the distance be-
tween the electrodes, or the distance between the main
body 22 and the power feeding wiring 4 or conductor
layer 6, and proportional to the electrode area, or the
area of the main body 22 and power feeding wiring 4 or
conductor layer 6. In this case, as shown in FIG. 4, the
distance between the conductor and main body 22 is
shorter than the distance between the power feeding wir-
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ing 4 and main body 22. Concerning the electrode area,
the area of the main body 22 is the same, and the area
of the conductor layer 6 is larger than the area of the
power feeding wiring 4.
[0035] Therefore, the stray capacitance Cs2 generat-
ed between the conductor layer 6 and main body 22 is
relatively greater than the stray capacitance Cs1 gener-
ated between the power feeding wiring 4 and main body
22, that is, Cs1 < Cs2. Therefore, as the impedance be-
tween the conductor layer 6 and main body 22 is lower
than the impedance between the power feeding wiring 4
and main body 22, a noise is bypassed to a path in the
conductor layer 6, and is prevented from flowing into the
power feeding wiring 4.
[0036] As described above, according to this embod-
iment, false lighting of the light-emitting element 3 can
be prevented in a simple configuration, by forming the
conductor layer 5 on the backside of the substrate 2, and
setting the potential of the conductor layer 6 to the same
as the potential of the power feeding wiring 4 formed on
the front side of the substrate 2. Further, as the fixing
means to fix the substrate 2 to the main body 22 is also
used for electrically connecting the conductor layer 6 and
power feeding wiring 4 and setting them at the same po-
tential, a particular connection member is unnecessary,
and the structure is simplified. As the conductor layer 6
is formed outside the area in which the power feeding
wiring 4 of the front surface of the substrate 2 is formed,
the area of the conductor layer 6 can be increased, and
the stray capacitance Cs2 can be relatively increased.
[0037] Next, a lighting apparatus according to a sec-
ond embodiment will be explained.
[0038] FIGS. 6, 7, 8, and 10 show a light-emitting de-
vice in a lighting apparatus according to the second em-
bodiment.
[0039] The light-emitting device 1 is of a chip on board
(COB) type and includes a substrate 2, a plurality of LED
chips 131, which function as semiconductor light-emitting
elements, a frame component 16, a translucent seal com-
ponent 18, and the like, as shown in FIGS. 6 to 9.
[0040] The substrate 2 is a DCB (Direct Copper Bond-
ing) substrate and includes an insulating base 11, an
obverse metallic component 12, and a reverse metallic
component 14 as shown in FIG. 9. The insulating base
11 is a flat ceramic sheet composed of A1203, AIN, SiN,
and the like. As shown in FIG. 6, a mounting surface 11A
on which the LED chips 131 are mounted is defined as
a front surface of the insulating base 11 and a surface
opposite to the mounting surface 11A is defined as a
back surface 11B of the insulating base 11. The mounting
surface 11A and the back surface 11B of the insulating
base 11 are parallel to each other.
[0041] The obverse metallic component 12 is formed
on the front surface 11A side of the insulating base 11.
The obverse metallic component 12 includes pads 12p
and power supply portions 12q and constitutes a power
supply wiring. The pad 12p and the power supply portion
12q are directly bonded to the mounting surface 11A of

the insulating base 11 by a DCB method. The obverse
metallic component 12 radiates the heat of the LED chips
131 and reflects the light emitted by the LED chips 131.
The reverse metallic component 14 is disposed on the
back surface 11B side of the insulating base 11 and di-
rectly bonded thereto by the DCB method. The reverse
metallic component 14 constitutes a conductive layer.
Each of the obverse metallic component 12 and the re-
verse metallic component 14 is made of copper.
[0042] In the direct bonding by the DCB method, each
of the copper obverse metallic component 12 and the
copper reverse metallic component 14 has a surface on
which a copper oxide film is formed, and the copper oxide
film is faced the insulating base 11 made of ceramics.
An eutectic molten material is formed on a bond interface
between the copper obverse metallic component 12 and
the copper reverse metallic component 14 and the ce-
ramic insulating base 11 by heating them at a tempera-
ture lower than a melting temperature of copper and high-
er than a melting temperature of the copper oxide film,
by a heating furnace. The obverse metallic component
12 and the reverse metallic component 14 are bonded
to the mounting surface 11A or to the back surface 11B
of the insulating base 11 by the eutectic molten material.
[0043] The obverse metallic component 12, which is
directly bonded to the mounting surface 11A, is config-
ured of the pads 12p divided in a matrix state. As shown
in FIG. 10, the respective pads 12p are arranged squarely
at the same gaps in the matrix state corresponding to the
disposition of the LED chips 131.
[0044] The power supply portions 12q are disposed on
both the sides of a region of the pads 12p arranged in
away therefrom with predetermined gaps. The power
supply portions 12q in a range, which overlaps the mount-
ing surface 11A, are directly bonded to the mounting sur-
face 11A. Free end portions of the respective power sup-
ply portions 12q, which extend straightly along the mount-
ing surface 11A of the insulating base 11 to the outside,
are used as power supply terminals 12r. As shown in
FIG. 9, the power supply terminals 12r extend in parallel
with the mounting surface 11A in a thickness direction of
the insulating base 11 without changing their positions.
The power supply terminals 12r may be formed in a crank
shape so as to be bent in the thickness direction of the
insulating base 11 away from the mounting surface 11A
and further bent in a direction parallel with the mounting
surface 11A ahead of the above bent position.
[0045] The power supply portions 12q are formed sym-
metrically about a point with respect to a center of the
insulating base 11, and the power supply terminals 12r
of the power supply portions 12q are connected to power
supply insulation covered wires (not shown). One of the
power supply portions 12q includes a conductive portion
12c extending to one corner portion of the substrate 2.
[0046] The light-emitting device 1 includes LED series
circuits in each of which the LED chips 131 are connected
in series and which are arranged in parallel. The light-
emitting device 1 shown in FIG. 10 connects the five LED
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series circuits, in each of which the seven LED chips 131
are connected in series, to the power supply portions
12q. A pair of the power supply portions 12q that supply
power to the respective LED series circuits is arranged
on both the outsides of the region of the pads 12p. All
the LED chips 131 may be connected in series and sup-
plied with power. In this case, the power supply portions
12q are arranged adjacent to the pads 12p on both the
ends of the series circuits.
[0047] Surfaces of the pads 12p and the power supply
portions 12q which are the obverse metallic component
12 are laminated with metal layers which are greatly thin-
ner than the obverse metallic component 12. Each of the
metal layers is configured of a base plating layer plated
on a surface of the obverse metallic component 12 in a
thickness of about 3 Pm and a surface plating layer plated
to an outside of the base plating layer in a thickness of
about 0.3 Pm. The base plating layer is a nickel plating
layer, and the surface plating layer is a plating layer of
any of copper (Cu), silver (Ag), and gold (Au). When the
surface plating layer is formed of a silver plating layer, a
light reflection amount in the respective pads 12p that
form the obverse metallic component 12 is increased in
comparison with a case in which the plating layer is not
formed.
[0048] The pads 12p and the power supply portions
12q of the obverse metallic component 12 are formed in
a determined pattern on the front surface of the mounting
surface 11A of the insulating base 11 by the following
procedure. First, a metal sheet, a copper sheet in the fifth
embodiment, having a uniform thickness or is punched
to a predetermined pattern by a dies of a press machine.
The punched copper sheet is directly bonded to the
mounting surface 11A by interface bonding such as eu-
tectic bonding and diffusion bonding. After the cupper
sheet is subjected to a plating treatment, bridge portions,
which connect the pads 12p and the power supply por-
tions 12q of the copper sheet bonded to the mounting
surface 11A, are cut off and removed. With the operation,
the independent pads 12p and power supply portions
12q are formed.
[0049] The pads 12p and the power supply portions
12q may be formed by other method. That is, after a
copper sheet formed in a predetermined thickness and
size is directly bonded to the mounting surface 11A of
the insulating base 11, the copper sheet is etched to re-
move unnecessary portions and to have a desired pat-
tern. Remaining necessary portions, that is, the pads 12p
and the power supply portions 12q of the obverse metallic
component 12 are subjected to a plating treatment there-
after.
[0050] The reverse metallic component 14 is directly
bonded to the back surface 11B of the insulating base
11 by the DCB method. The reverse metallic component
14 is formed to prevent warping of the substrate 2 in a
manufacturing process and to radiate heat. The reverse
metallic component 14 covers an approximately entire
region of the back surface 11B of the insulating base 11

as shown in FIG. 7. The substrate 2 includes a plurality
of, e.g., two fastening portions 14C at two locations inte-
grally therewith as shown in FIGS. 6 to 8.
[0051] The fastening portions 14C include screw-
passing holes 14D. One of the screw passing holes 14D
penetrates the conductive portion 12c, insulating base
11, and reverse metallic component 14.
[0052] Thicknesses of the pads 12p and the power
supply portions 12q of the obverse metallic component
12 and a thickness of the reverse metallic component
14, which are directly bonded to the insulating base 11
as sheet metal materials, are selected in a range of 200
Pm to 500 Pm so that the pads 12p, the power supply
portions 12q and the reverse metallic component 14 have
target thickness when they are directly bonded to the
insulating base 11. Since the obverse metallic compo-
nent 12 and the reverse metallic component 14 are great-
ly thicker than the metal plating layers, the obverse me-
tallic component 12 and the reverse metallic component
14 have a mechanical strength.
[0053] The thickness of the reverse metallic compo-
nent 14 is thinner than the thickness of the power supply
portions 12q of the obverse metallic component 12.
When the substrate 2 is manufactured by the DCB meth-
od, if a temperature of the substrates 2 rises due to the
direct bond and then drops to a room temperature, there
is a tendency that the obverse metallic component 12
side becomes convex and the reverse metallic compo-
nent 14 side becomes concave. The thickness of the re-
verse metallic component 14 is determined according to
a pattern of the obverse metallic component 12 to sup-
press warping of the substrate 2.
[0054] The respective LED chips 131 may use semi-
conductor light-emitting elements that have various types
of emission color. In the fifth embodiment, LED chips that
emit blue light are employed. The LED chips 131 are
semiconductor bare chips, each of which is configured
by layering an element substrate 131a, a semiconductor
emission layer 131b, and an element electrode 131c as
shown in FIG. 9. The element substrate 131a is made of
an insulation material such as sapphire. The semicon-
ductor emission layer 131b is laminated on the element
substrate 131a and emit monochromatic blue light. The
element electrode 131c is configured of a pair of a pos-
itive electrode and a negative electrode is formed on the
semiconductor emission layer 131b.
[0055] Since the LED chips 131 are mounted on the
mounting surface 11A side of the insulating base 11, a
surface of the element substrate 131a on an opposite
side on which the semiconductor emission layer 131b is
laminated is fastened to each pad 12p by a die-bonding
material 17. The die-bonding material 17 is a silver paste
or a resin adhesive such as a transparent silicone resin.
[0056] The respective LED chips 131 are mounted in
an atmosphere heated to about 300°C. In this case, warp-
ing of the substrate 2 is controlled by adjusting a differ-
ence between an area occupied by the pads 12p and the
power supply portions 12q of the obverse metallic com-
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ponent 12 in the mounting surface 11A of the insulating
base 11 and an area occupied by the reverse metallic
component 14 in the back surface 11B of the insulating
base 11. That is, the warping of the insulating base 11
is suppressed based on a volume difference converted
based on respective areas and thicknesses of the ob-
verse metallic component 12 bonded to the front surface
of the insulating base 11 and the reverse metallic com-
ponent 14 bonded to the back surface 11B. Since the
obverse metallic component 12 is formed into a pattern
configured by the pads 12p and the power supply portions
12q, the obverse metallic component 12 has an area
smaller than that of the reverse metallic component 14.
When the obverse metallic component 12 and the re-
verse metallic component 14 have the same thickness,
it is predicted that the substrate 2 is warped so that the
mounting surface 11A side of the insulating base 11 be-
comes convex and the back surface 11B side thereof
becomes concave. Thus, the thickness of the reverse
metallic component 14 is made thinner than the thickness
of the obverse metallic component 12.
[0057] When the thickness of the reverse metallic com-
ponent 14 is not adjusted to the obverse metallic com-
ponent 12, unallowable warping may be generated in the
substrate 2 before a process in which the LED chips 131
are mounted. When warping is generated in the substrate
2, it is difficult to appropriately manage a thickness of the
die-bonding material 17. When the thickness of the die-
bonding material 17 is uneven, the LED chips 131 may
be defectively mounted. When the LED chips 131 are
insufficiently mounted, a capability of radiating the heat
generated while the LED chips 131 are lit to the pads 12p
through the die-bonding material 17 is lowered. Thus, a
light emission performance of the LED chips 131 is de-
teriorated and a life of the LED chips 131 is also reduced.
[0058] When warping is happened while the LED chips
131 are lit, a central portion of the substrate 2, which
should be in intimate contact with a radiation component,
may be away from the radiation component. A heat trans-
fer function of a portion exfoliated from the radiation com-
ponent is lowered, and a so-called heat spot is formed.
An emission performance of the LED chips 131 in a por-
tion in which the heat spot is formed is deteriorated and
a life is reduced. The light-emitting device 1 of the fifth
embodiment suppresses warping of the substrate 2 small
before the LED chips 131 are mounted on the substrate
2 and while the LED chips 131 are lit by making the thick-
ness of the reverse metallic component 14 smaller than
the thicknesses of the pads 12p and the power supply
portions 12q of the obverse metallic component 12. Since
a disadvantage that the substrate 2 of the light-emitting
device 1 is warped more than an allowable amount is
alleviated, quality of the light-emitting device 1 is im-
proved.
[0059] Since the lighting apparatus 10 includes the
light-emitting device 1 in which the thickness of the re-
verse metallic component 14 is smaller than the thick-
nesses of the pads 12p and the power supply portions

12q of the obverse metallic component 12, occurrence
of warping, in which the mounting surface 11A side of
the insulating base 11 becomes convex and the back
surface 11B side thereof becomes concave due to a vol-
ume ratio of the metal components formed on the front
surface and the back surface of the insulating base 11,
can be suppressed while the lighting apparatus 10 is lit.
Further, since the central portion of the substrate 2 is
unlikely to be exfoliated from the radiation component by
suppressing occurrence of warping in the substrate 2,
the heat spot is not formed in the substrate 2.
[0060] As shown in FIGS. 9 and 10, the element elec-
trodes 131c of the respective LED chips 131 are electri-
cally connected to the pads 12p and the power supply
portions 12q by bonding wires 9. In this case, the element
electrodes 131c of one electrode are connected to the
pads 12p on which the LED chips 131 are mounted by
bonding wires 9, and the element electrodes 131c of the
other electrode are connected to other pads 12p adjacent
to the pads 12p on which the LED chips 131 are mounted
by bonding wires 9. The LED chips 131, which are con-
nected through the bonding wires 9 and the pads 12p,
are connected to each other in series.
[0061] An element electrode 131c of an LED chip 131,
positioned at an end of a train of the LED chips connected
in series, is connected to a power supply portion 12q
adjacent to a pad 12p on which the LED chip 131 is
mounted by a bonding wire 9, and a pad 12p, on which
an LED chip 131 positioned at the other end of the train
of the LED chips is mounted, is connected to the other
power supply portion 12q by a bonding wire 9. Trains of
LED chips are connected in parallel between power sup-
ply portions 12q positioned on both sides in a direction
where the trains extend.
[0062] As shown in FIGS. 6 and 9, the light-emitting
device 1 includes a frame component 16 arranged par-
tially surrounding the pads 12p and the power supply
portions 12q. The frame component 16 has a height
enough to accommodate the respective LED chips 131
mounted on the pads 12p and the bonding wires 9 that
connect the respective LED chips 131 therein and is ad-
hered on the mounting surface 11A of the substrate 2.
[0063] The LED chips 131 and the bonding wires 9 are
buried by the seal component 18 filled in an inside sur-
rounded by the frame component 16. The seal compo-
nent 18 is made of a transparent resin or a transparent
silicone resin in the fifth embodiment and contains a flu-
orescent material therein. The fluorescent material radi-
ates specific color light when the fluorescent material is
excited by a part of blue light radiated by the LED chips
131. In the fifth embodiment, with respect to the blue light
radiated by the LED chips 131, a yellow fluorescent ma-
terial that excites and radiates yellow light, a red fluores-
cent material that excites and radiates red light, or a green
fluorescent material that excites and radiates green light
is blended with the seal component 18 at a preset blend
rate.
[0064] As shown in FIG. 9, the light-emitting device 1
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is housed in a main body 22 of the lighting apparatus 10,
and installed in the main body. The main body 22 is made
of metal with conductivity such as aluminum, and is main-
tained at a ground potential. The main body 22 has two
bosses 20, which are made of insulative synthetic resin
and installed upright. Each boss 2 is elastically pressed
into a fixing hole provided in the main body. Each boss
20 has a screw hole 20a.
[0065] The fastening portions 14C of the substrate 2
of the light-emitting device 1 is fixed to the main body 22
by mounting screws 13 as a fixing means to be inserted
into the screw hole 20a of the boss 20 through the through
hole 8 provided in the substrate 2. The substrate 2 is
placed and fixed, so that the backside or the reverse me-
tallic component 14 serving as a conductor layer is faced
to the main body 22, and the front side or the obverse
metallic component 12 serving as a power feeding wiring
is positioned opposite to the main body 22. The mounting
screw 13 is made of metal, and serves also as a conduc-
tive fixing means. A metallic washer 13a is inserted be-
tween the boss 20 and the reverse metallic component
14 of the substrate 2.
[0066] In the above configuration, the obverse metallic
component 12 and the reverse metallic component 14
are electrically connected to each other by the mounting
screw 13, and kept at the same potential. In particular,
in FIG. 49 the head of the left-side mounting screw 13
contacts the conductor portion 12c of the power supply
portion 12q, and the shaft passed through the through
hole contacts the reverse metallic component 14, and its
electrical contact with the reverse metallic component 14
is ensured by the washer 13a. Therefore, the obverse
metallic component 12 and the reverse metallic compo-
nent 14 are electrically connected to each other by the
mounting screw 13, and kept at the same potential.
[0067] As described above, according to this embod-
iment, false lighting of the light-emitting element 3 can
be prevented in a simple configuration, by forming the
reverse metallic component 14 on the backside of the
substrate 2, and setting the potential of the reverse me-
tallic component 14 to the same as the potential of the
observe metallic component 12 formed on the front side
of the substrate 2. Further, as the fixing means to fix the
substrate 2 to the main body 22 is also used for electrically
connecting the obverse metallic component 12 and the
reverse metallic component 14 and setting them at the
same potential, a particular connection member is un-
necessary, and the structure is simplified. As the reverse
metallic component 14 is formed to extend outside of the
area in which the obverse metallic component 12 on the
front surface of the substrate 2 is formed, the area of the
reverse metallic component 14 can be increased, and
the stray capacitance Cs2 can be relatively increased.
[0068] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other

forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.
[0069] For example, a power feeding wiring and con-
ductor layer may be connected through a resistive com-
ponent or capacitive component. A resistor element may
be used as a resistive component, and a capacitor may
be used as a capacitive component. In this case, when
a conductor layer and main body fall into electrically non-
conductive state due to any defect, an excessive current
is prevented from flowing into the main body.
[0070] A conductor layer and power feeding wiring may
be connected by means of a conductor such as a lead
wire, and may be set to the same potential. A means to
set the same potential is not limited.
[0071] A substrate may use a base plate made of me-
tallic material with excellent heat conductivity and heat
radiation. In this case, an insulating layer may be formed
on one side or both sides of a base plate.
[0072] A method of mounting a light-emitting element
on a substrate is not limited. For example, a chip-on-
board method directly inserts a bare chip into a substrate,
and a soldering method solders packaged surface-
mounted components.
[0073] A lighting apparatus with increased light inten-
sity may be connecting a plurality of light-emitting devices
in series or parallel. Further, a lighting apparatus is ap-
plicable to a lighting fixture used indoor and outdoor, and
a display.
[0074] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. Lighting apparatus characterized by comprising:

a conductive main body (22) at a ground poten-
tial;
a light-emitting device (1) in the main body, com-
prising an insulative substrate (2), a plurality of
light-emitting elements (3) mounted on a front
side of the substrate, a power feeding wiring (4)
electrically connecting the light-emitting ele-
ments, and a conductor layer (6) on a backside
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of the substrate, electrically connected to the
power feeding wiring at a potential higher than
a ground potential; and
a lighting control device (15) configured to sup-
ply power to the light-emitting device.

2. The lighting apparatus of claim 1, characterized in
that the power feeding wiring (4) and conductor layer
(6) are electrically connected to each other by a con-
ductive fixing tool (13) for fixing the substrate (2) to
the main body (22), and maintained at substantially
the same potential.

3. The lighting apparatus of claim 2, characterized in
that the fixing tool comprises a plurality of bosses
provided upright in the main body, and a conductive
mounting screw to fix the substrate to the bosses,
and the mounting screw electrically contact the pow-
er feeding wiring and conductor layer.

4. The lighting apparatus of any of claims 1 to 3, char-
acterized in that the conductor layer (6) is config-
ured to extend to an outside of an area in which the
power feeding wiring (4) is formed.

5. The lighting apparatus of claim 4, characterized in
that the conductor layer (6) has an area larger than
the power feeding wiring (4).

6. The lighting apparatus of claim 4 or 5, characterized
in that the power feeding wiring (4) comprises a wir-
ing pattern (7) on the surface of the substrate (2), on
the wiring pattern the light-emitting elements (3) are
mounted, and bonding wires (9) electrically connect-
ing the light-emitting elements.

7. The lighting apparatus of any of claims 1 to 6, char-
acterized in that the substrate (2) is arranged so
that the conductor layer (6) is positioned closer to
the main body than the power feeding wiring (4).

8. The lighting apparatus of any of claims 1 to 7, char-
acterized in that the light-emitting device (1) com-
prises a fluorescent layer (5) configured to cover the
light-emitting elements (3) and power feeding wiring
(4).
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