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(54) LIGHT EMITTING DIODE LAMP

(57) The present invention relates to an LED lamp
including a pair of lead terminals 2 and 3, a cup portion
8 formed at an end of one of the lead terminals by denting
the end and having a conical inner peripheral surface
serving as a light-reflective surface 9, an LED chip 4, a
transparent synthetic resin member 6 covering the ends
of the paired lead terminals 2 and 3. The LED chip 4
includes an upper surface provided with an n-electrode
4d or a p-electrode 4e and a lower surface provided with
a p-electrode 4e or an n-electrode 4d. An n-type semi-

conductor layer 4a and a p-type semiconductor layer 4b
are provided between the n-electrode 4d and the p-elec-
trode 4e and laminated to each other via a light emitting
layer 4c interposed therebetween. The side surface of
the LED chip 4 except for the n-electrode 4d and the p-
electrode 4e is coated with light-transmitting synthetic
resin 10 containing powder of a fluorescent material. The
LED chip 4 is die-bonded to an inner bottom surface of
the cup portion 8 with the n-electrode 4d or the p-elec-
trode 4e oriented downward whereas the p-electrode 4e
or the n-electrode 4d oriented upward.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an LED lamp
provided by die-bonding an LED chip on an inner bottom
surface of a cup portion formed at an end of a lead ter-
minal made of metal and covering the end of the lead
terminal by a transparent synthetic resin member or load-
ing transparent synthetic rein into the cup portion, or an
LED lamp provided by forming a light-reflective electrode
film on an inner surface of a cup portion formed at an
insulating member by denting, die-bonding an LED chip
on an inner bottom surface of the cup portion and loading
transparent synthetic resin into the cup portion.

BACKGROUND ART

[0002] Recently, a GaN-based LED chip which emits
blue light has been developed, and it is well known that
this type of LED chip which emits blue light has a high
luminance.
[0003] Further, recently, by utilizing the fact that such
an LED chip which emits blue light has a high luminance,
a surface of the LED chip is coated with light-transmitting
synthetic resin containing a fluorescent material so that
the light in the blue wavelength range is partially changed
into yellow light by the fluorescent material contained in
the coating. With this arrangement, white light with a high
intensity can be generated by the color mixture.
[0004] Fig. 5 of the Patent Document 1 as a prior art
shows such an LED lamp. In this LED lamp, an end of
one of two lead terminals, which are made of metal, is
dented to form a cup portion having an inner peripheral
surface serving as a light-reflective surface. A blue LED
chip is die-bonded at the inner bottom surface of the cup
portion, and the LED chip is connected to the other one
of the two lead terminals via a thin metal wire. The ends
of the two lead terminals are covered by a transparent
synthetic resin member. The blue light is changed into
white light by loading, in advance, light-transmitting syn-
thetic resin containing powder of a fluorescent material
into the cup portion so that the entirety of the LED chip
is embedded in the resin.
[0005] In another prior-art LED lamp, a cup portion
having an inner peripheral surface flaring outward is
formed at an end surface of an insulating member by
denting, and a light-reflective electrode film is formed on
the inner surface of the cup portion. A blue LED chip is
die-bonded at the inner bottom surface of the cup portion,
and light-transmitting synthetic resin containing powder
of a fluorescent material is loaded into the cup portion so
that the entirety of the LED chip is embedded. With this
arrangement, the blue light is changed into white light.
[0006] Patent Document 1: JP-A-H11-40848

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] In the prior-art structures described above, after
the LED chip is die-bonded in the cup portion, light-trans-
mitting synthetic resin containing powder of a fluorescent
material is loaded, in a liquid state, into the entire cup
portion to embed the LED chip. In the process in which
the light emitted from the LED chip travels through the
light-transmitting synthetic resin loaded in the cup portion
and containing powder of a fluorescent material, the
wavelength of the light changes. Further, in this process,
the direction in which the light exits the cup portion is
changed by the light-reflective surface provided on the
inner surface of the cup portion. Since the light travels
through a long path within the light-transmitting synthetic
resin in which the fluorescent material is dispersed before
and after reaching the light-reflective surface, the atten-
uation of light in traveling through the light-transmitting
synthetic resin is considerably large, whereby the lumi-
nance of the light is reduced.
[0008] Further, in loading the light-transmitting syn-
thetic resin into the cup portion, the amount of resin load-
ed in the cup portion may vary in each of LED lamps.
Therefore, the amount of the fluorescent material varies
correspondingly, which results in variation in the color
tone.
[0009] A technical object of the present invention is to
provide an LED lamp which is designed to change the
color tone of light emitted from the LED chip by light-
transmitting synthetic resin containing powder of a fluo-
rescent material and which is free from the above-de-
scribed problems.

MEANS FOR SOLVING THE PROBLEMS

[0010] To attain the above object, according to claim
1 of the present invention, there is provided a light emit-
ting diode lamp comprising: a pair of lead terminals; a
cup portion formed at an end of one of the lead terminals
and including a dented inner peripheral surface flaring
outward to serve as a light-reflective surface; an LED
chip; and a transparent synthetic resin member for cov-
ering ends of the lead terminals or for filling the cup por-
tion to cover the LED chip. The LED chip includes an
upper surface provided with an n-electrode or a p-elec-
trode and a lower surface provided with a p-electrode or
an n-electrode. The LED chip also includes an n-type
semiconductor layer and a p-type semiconductor layer
both provided between the n-electrode and the p-elec-
trode and laminated to each other via a light emitting
layer interposed therebetween. The LED chip further in-
cludes a side surface covered by a light-transmitting syn-
thetic resin coating containing powder of a fluorescent
material, the resin coating being arranged not to cover
the n-electrode and the p-electrode. The LED chip is ar-
ranged in the cup portion with the n-electrode or p-elec-
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trode oriented downward and the p-electrode or n-elec-
trode oriented upward. The LED chip is die-bonded so
that the downward n- or p-electrode is electrically con-
nected to an inner bottom surface of the cup portion.
[0011] According to claim 2 of the present invention,
there is provided a light emitting diode lamp comprising:
an insulating member; a dented cup portion formed at
the insulating member and having an inner peripheral
surface flaring outward; a light reflective electrode film
formed inside of the cup portion; an LED chip; and a
transparent synthetic resin member filling the cup portion
to cover the LED chip. The LED chip includes an upper
surface provided with an n-electrode or a p-electrode and
a lower surface provided with a p-electrode or an n-elec-
trode. The LED chip also includes an n-type semicon-
ductor layer and a p-type semiconductor layer both pro-
vided between the n-electrode and the p-electrode and
laminated to each other via a light emitting layer inter-
posed therebetween. The LED chip further includes a
side surface covered by a light-transmitting synthetic res-
in coating containing powder of a fluorescent material,
the resin coating being arranged not to cover the n-elec-
trode and the p-electrode. The LED chip is arranged in
the cup portion with the n-electrode or p-electrode ori-
ented downward and the p-electrode or n-electrode ori-
ented upward. The LED chip is die-bonded so that the
downward n- or p-electrode is electrically connected to
the electrode film at an inner bottom surface of the cup
portion.
[0012] According to claim 3 of the present invention,
in the LED lamp of claim 1, the cup portion is in the form
of a rectangle elongated horizontally in plan view, and
the transparent synthetic resin member is in the form of
a plate. This resin member covers the lead terminals so
that the lead terminals are partially exposed at a surface
of the transparent synthetic resin member to serve as a
connection terminal.
[0013] According to claim 4 of the present invention,
in the LED lamp of claim 2, the insulating member is in
the form of a plate, and the cup portion is in the form of
a rectangle elongated horizontally in plan view.
[0014] According to claim 5 of the present invention,
in the LED lamp of any one of claims 1 to 4, the p-elec-
trode or the n-electrode of the LED chip which is oriented
upward is covered by a light-transmitting synthetic resin
coating containing powder of a fluorescent material.

ADVANTAGES OF THE INVENTION

[0015] The LED chip according to the present invention
includes an upper surface provided with an n-electrode
or a p-electrode and a lower surface provided with a p-
electrode or an n-electrode, and an n-type semiconductor
layer and a p-type semiconductor layer which are pro-
vided between the n-electrode and the p-electrode and
laminated to each other via a light emitting layer inter-
posed therebetween. Further, the side surface of the LED
chip, but not the n-electrode and the p-electrode, is coat-

ed with light-transmitting synthetic resin containing pow-
der of a fluorescent material. With this structure, the light
generated at the light emitting layer of the LED chip is
mainly emitted laterally from the side surface between
the n-electrode and the p-electrode by passing through
the light-transmitting synthetic resin covering the side
surface.
[0016] The LED chip is arranged in the cup portion
formed by denting a lead terminal or an insulating mem-
ber with the n-electrode or the p-electrode oriented down-
ward while the p-electrode or the n-electrode oriented
upward and die-bonded so that the n-electrode or the p-
electrode which is oriented downward is electrically con-
nected to an inner bottom surface of the cup portion or
an electrode film in the inner bottom surface. Thus, the
wavelength of the light emitted laterally is changed in
passing through the light-transmitting synthetic resin
formed at the side surface. The light after the wavelength
is changed is reflected at the light-reflective surface at
the inner peripheral surface of the cup portion to exit the
cup portion.
[0017] In this way, differing from the prior art structure
in which both the wavelength change and the reflection
of light occur in the process of passing through the light-
transmitting synthetic resin containing powder of a fluo-
rescent material, the wavelength is first changed by the
light-transmitting synthetic resin containing a fluorescent
material, and the light reflection is performed after the
wavelength change in the present invention. Accordingly,
as compared with the prior art structure, attenuation of
light is considerably small, which contributes to consid-
erable enhancement of the luminance of the LED lamp.
[0018] Further, unlike the prior art structure, the light-
transmitting synthetic resin containing powder of a fluo-
rescent material is not loaded so as to fill the entirety of
the cup portion. Therefore, as compared with the prior
art structure, variation in the color of the light after the
wavelength is changed by the light-transmitting synthetic
resin containing powder of a fluorescent material is small.
[0019] As set forth in claim 3, the cup portion may be
in the form of a rectangle elongated horizontally in plan
view, and the transparent synthetic resin member may
be in the form of a plate and cover the lead terminals so
that the lead terminals are partially exposed at a surface
of the transparent synthetic resin member to serve as a
connection terminal. With this arrangement, a surface-
mount LED lamp with a high luminance and small varia-
tion in color can be provided. Such an LED lamp can be
suitably used as a backlight source of e.g. a liquid crystal
display.
[0020] As set forth in claim 4, the insulating member
may be in the form of a plate, and the cup portion may
be in the form of a rectangle elongated horizontally in
plan view. With this arrangement, similarly to the struc-
ture of claim 3 described above, a surface-mount LED
lamp with a high luminance and small variation in color
can be provided. Particularly, with the structure of claim
4, the entirety of the lamp is in the form of a plate, and a
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lead terminal made of metal is not used. Therefore, a
light-weight surface-mount LED lamp can be provided.
[0021] By claim 5, in the LED lamp according to any
one of claims 1-4, the color of the light leaking through
the p-electrode or the n-electrode of the LED chip which
is oriented upward can be changed by the light-transmit-
ting synthetic resin applied to the p-electrode or the n-
electrode and containing powder of a fluorescent material
similarly to the color change by the light-transmitting syn-
thetic resin applied to the side surface of the LED chip.
Further, by applying the light-transmitting synthetic resin
containing powder of a fluorescent material to the side
surface and upper surface of the LED chip, the color tone
can be adjusted delicately.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 shows a principal portion of an LED lamp ac-
cording to a first embodiment.
Fig. 2 is a sectional view, partially cut away, showing
an LED chip according to the present invention.
Fig. 3 is a plan view of Fig. 2.
Fig. 4 shows a principal portion of an LED lamp ac-
cording to a second embodiment.
Fig. 5 shows a principal portion of an LED lamp ac-
cording to a third embodiment.
Fig. 6 shows a principal portion of an LED lamp ac-
cording to a fourth embodiment.
Fig. 7 is a vertical sectional view showing an LED
lamp according to a fifth embodiment.
Fig. 8 is a sectional view taken along lines VIII-VIII
in Fig. 7.
Fig. 9 is a vertical sectional view showing an LED
lamp according to a sixth embodiment.
Fig. 10 is a sectional view taken along lines X-X in
Fig. 9.

DESCRIPTION OF SIGNS

[0023]

1, 11, 21, 31, 41, 51 LED lamp
2, 2’ lead terminal
3, 3’ lead terminal
2" electrode film
3" electrode film
4 LED chip
4a n-type semiconductor layer
4b p-type semiconductor layer
4c light emitting layer
4d n-electrode
4e p-electrode
5, 5’, 5’’ metal wire
6, 6’, 6" transparent synthetic resin member
8, 8’, 8" cup portion
9 light-reflective surface

10 light-transmitting synthetic resin
12, 32 light-transmitting synthetic resin
52 insulating member

BEST MODE FOR CARRYING OUT THE INVENTION

[0024] Preferred embodiments of the present inven-
tion will be described below in detail with reference to the
accompanying drawings.
[0025] Fig. 1 shows a light emitting diode lamp 1 ac-
cording to a first embodiment of the present invention.
[0026] The LED lamp 1 includes a pair of lead terminals
2 and 3 made of a metal plate, an LED chip 4 die-bonded
to an end of one of the led terminal 2 and 3, e.g. the lead
terminal 2 and having the structure described below, a
metal wire 5 connecting the LED chip 4 and the other
lead terminal 3 by wire bonding, and a molded portion 6
made of a transparent synthetic resin and covering the
ends of the lead terminals 2 and 3.
[0027] An end of the molded portion 6 serves as a lens
7 focusing on the LED chip 4 or the neighboring portions.
[0028] The end of the lead terminal to which the LED
chip 4 is die-bonded is formed with a cup portion 8 by
denting. The inner peripheral surface of the cup portion
8 is a conical light-reflective surface 9.
[0029] In the case where the two lead terminals 2 and
3 are made of a metal which does not reflect light, of the
surfaces of the lead terminals 2 and 3, at least the inner
surface of the cup portion 8 is plated with a metal which
reflects light such as silver, for example.
[0030] Next, with reference to Figs. 2 and 3, the LED
chip 4 will be described in detail.
[0031] The LED chip 4 comprises a thick transparent
n-type semiconductor layer 4a made of e.g. an n-type
SiC crystal substrate, a p-type semiconductor layer 4b
laminated on the lower surface of the n-type semicon-
ductor layer via a light-emitting layer 4c for emitting blue
light. The upper surface of the n-type semiconductor lay-
er 4a is provided with an n-electrode 4d, whereas the
lower surface of the p-type semiconductor layer 4b is
provided with a p-electrode 4e. That is, the LED chip is
provided by laminating the n-type semiconductor layer
4a and the p-type semiconductor layer 4b with the light
emitting layer 4c for emitting blue light interposed there-
between and forming the n-electrode 4d to be connected
to the n-type semiconductor layer 4a on the upper surface
of the laminated structure while forming the p-electrode
4e to be connected to the p-type semiconductor layer 4b
on the lower surface of the laminated structure.
[0032] The side surface of the LED chip 4 includes an
inclined surface 4’ so that the width W1 of the portion
above the inclined surface is smaller than the width W2
of the portion below the inclined surface.
[0033] The side surface of the LED chip 4 except for
the n-electrode 4d on the upper surface and the p-elec-
trode 4e on the lower surface is coated with light-trans-
mitting synthetic resin 10 containing a fluorescent mate-
rial for changing blue light to white light in a powder state.

5 6 



EP 1 791 188 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0034] The LED chip 4 having the above-described
structure is arranged in the cup portion 8 of the lead ter-
minal 2, with the p-electrode 4e oriented downward while
the n-electrode 4d oriented upward. The LED chip is die-
bonded to the inner bottom surface of the cup portion 8
via conductive paste or solder so that the p-electrode 4e
is electrically connected thereto. The n-electrode 4d of
the LED chip 4 which is oriented upward is connected to
the lead terminal 3 by the metal wire 5.
[0035] The transparent synthetic resin member 6,
which includes a lens portion at the end thereof, covers
the ends of the two lead terminals 2 and 3 so that each
of the lead terminals 2 and 3 partially projects downward
from the lower surface of the transparent synthetic resin
member 6.
[0036] With this structure, blue light generated at the
light-emitting layer 4c of the LED chip 4 by applying a
current across the two lead terminals 2 and 3 is emitted
laterally from the side surface of the LED chip 4 toward
the light-reflective surface 9 of the inner periphery of the
cup portion 8 by passing through the light-transmitting
synthetic resin 10 covering the side surface. Thus, the
blue light is changed into white light by the fluorescent
material contained in the light-transmitting synthetic resin
10 and then reflected by the light-reflective surface 9 to
exit the cup portion 8.
[0037] With the above-described structure, part of the
blue light generated at the light emitting layer 4c of the
LED chip 4 may be emitted upward through the n-elec-
trode 4d on the upper surface. In this case, like the LED
lamp 11 according to the second embodiment shown in
Fig. 4, the n-electrode 4d on the upper surface is also
coated with light-transmitting synthetic resin 12 contain-
ing a fluorescent material in a powder state after the metal
wire 5 for wire bonding is connected to the electrode.
With this structure, the blue light generated at the light
emitting layer 4c of the LED chip 4 can be entirely
changed into white light.
[0038] In the first and the second embodiments, the
LED chip 4 is die-bonded in the cup portion 8 of the lead
terminal 2 with the n-electrode 4d oriented upward while
the p-electrode 4e oriented downward, and the n-elec-
trode 4d oriented upward is connected to the lead termi-
nal 3 via the metal wire 5. However, the present invention
is not limited to this structure. Like the LED lamp 21 ac-
cording to a third embodiment shown in Fig. 5, the LED
chip 4 may be die-bonded in the cup portion 8 of the lead
terminal 2 with the p-electrode 4e oriented upward while
the n-electrode 4d oriented downward, and the p-elec-
trode 4e oriented upward may be connected to the lead
terminal 3 via the metal wire 5. With this structure, the
same advantages as those of the first embodiment can
be obtained.
[0039] In the structure shown in Fig. 5, part of blue light
may be emitted upward through the p-electrode 4e pro-
vided on the upper surface. In this case, like the LED
lamp 31 according to the fourth embodiment shown in
Fig. 6, the p-electrode 4e is also coated with light-trans-

mitting synthetic resin 32 containing a fluorescent mate-
rial in a powder state after the metal wire 5 for wire bond-
ing is connected to the electrode. With this structure, the
blue light generated at the light emitting layer 4c of the
LED chip 4 can be entirely changed into white light.
[0040] Figs. 7 and 8 show an LED lamp 41 according
to a fifth embodiment.
[0041] In this LED lamp 41, one of a pair of lead ter-
minals 2’ and 3’ made of a metal plate, e.g. the lead ter-
minal 2’ has an end formed with a cup portion 8’ by dent-
ing so that the inner peripheral surface flares outward
and serves as a light-reflective surface 9. An LED chip 4
having the structure shown in Figs. 2 and 3 is arranged
in the cup portion 8’ , with the p-electrode 4e oriented
downward while the n-electrode 4d oriented upward. The
LED chip is die-bonded via conductive paste or solder
so that the p-electrode 4e is electrically connected to the
inner bottom surface of the cup portion 8’ , and the up-
wardly oriented n-electrode 4d of the LED chip 4 is con-
nected to the other lead terminal 3’ via a metal wire 5’ .
[0042] The two lead terminals 2’ and 3’ are covered by
a transparent synthetic resin member 6’ in the form of a
plate so that the lead terminals 2’ and 3’ are partially
exposed at a surface 6a’ of the transparent synthetic resin
member 6’ to serve as connection terminals 2a’ and 3a’.
[0043] With this structure, the LED lamp is in the form
of a plate at one surface of which connection terminals
2a’ and 3a’ for soldering are provided. Therefore, in ad-
dition the above-described advantages of the foregoing
embodiments, the LED lamp 41 can be suitably consti-
tuted as a surface-mount LED lamp.
[0044] Figs. 9 and 10 show an LED lamp 51 according
to a sixth embodiment.
[0045] In this LED lamp 51, an end surface of an insu-
lating member 52 which is in the form of a plate is dented
to form a cup portion 8" having an inner peripheral sur-
face flaring outward. A light-reflective electrode film 2"
made of a metal such as silver is formed on the inner
surface of the cup portion 8’’. An LED chip 4 having the
structure shown in Figs. 2 and 3 is arranged in the cup
portion 8’ with the p-electrode 4e oriented downward
while the n-electrode 4d oriented upward. The LED chip
is die-bonded via conductive paste or solder so that the
p-electrode 4e is electrically connected to the electrode
film 2" in the cup portion 8", and the n-electrode 4d of the
LED chip 4 which is oriented upward is connected, via a
metal wire 5", to another electrode film 3" formed on a
surface of the insulating member 52.
[0046] The LED chip 4 and the metal wire 5" are cov-
ered by a transparent synthetic resin member 6" provided
in the cup portion 8".
[0047] The entirety of the LED lamp 51 having the
above-described structure is in the form of a thin plate
and does not include a lead terminal made of metal.
Therefore, the LED lamp can be suitably constituted as
a light-weight surface-mount LED lamp.
[0048] In both of the fifth and sixth embodiments, the
cup portion 8’ , 8" is elongated horizontally for use as a
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backlight source of e.g. a liquid crystal display. However,
the second embodiment shown in Fig. 4, the third em-
bodiment shown in Fig. 5 and the fourth embodiment
shown in Fig. 6 can be applied to both of the fifth and the
sixth embodiments.

Claims

1. A light emitting diode lamp comprising: a pair of lead
terminals; a cup portion formed at an end of one of
the lead terminals and including a dented inner pe-
ripheral surface flaring outward to serve as a light-
reflective surface; an LED chip; and a transparent
synthetic resin member for covering ends of the lead
terminals or for filling the cup portion to cover the
LED chip;
wherein the LED chip includes an upper surface pro-
vided with an n-electrode or a p-electrode and a low-
er surface provided with a p-electrode or an n-elec-
trode, the LED chip also including an n-type semi-
conductor layer and a p-type semiconductor layer
both provided between the n-electrode and the p-
electrode and laminated to each other via a light emit-
ting layer interposed therebetween, the LED chip fur-
ther including a side surface covered by a light-trans-
mitting synthetic resin coating containing powder of
a fluorescent material, the resin coating being ar-
ranged not to cover the n-electrode and the p-elec-
trode, the LED chip being arranged in the cup portion
with the n-electrode or p-electrode oriented down-
ward and the p-electrode or n-electrode oriented up-
ward, the LED chip being die-bonded so that the
downward n- or p-electrode is electrically connected
to an inner bottom surface of the cup portion.

2. A light emitting diode lamp comprising: an insulating
member; a dented cup portion formed at the insulat-
ing member and having an inner peripheral surface
flaring outward; a light reflective electrode film
formed inside of the cup portion; an LED chip; and
a transparent synthetic resin member filling the cup
portion to cover the LED chip;
wherein the LED chip includes an upper surface pro-
vided with an n-electrode or a p-electrode and a low-
er surface provided with a p-electrode or an n-elec-
trode, the LED chip also including an n-type semi-
conductor layer and a p-type semiconductor layer
both provided between the n-electrode and the p-
electrode and laminated to each other via a light emit-
ting layer interposed therebetween, the LED chip fur-
ther including a side surface covered by a light-trans-
mitting synthetic resin coating containing powder of
a fluorescent material, the resin coating being ar-
ranged not to cover the n-electrode and the p-elec-
trode, the LED chip being arranged in the cup portion
with the n-electrode or p-electrode oriented down-
ward and the p-electrode or n-electrode oriented up-

ward, the LED chip being die-bonded so that the
downward n- or p-electrode is electrically connected
to the electrode film at an inner bottom surface of
the cup portion.

3. The light emitting diode lamp according to claim 1,
wherein the cup portion is in a form of a rectangle
elongated horizontally in plan view, and wherein the
transparent synthetic resin member is in a form of a
plate and covers the lead terminals so that the lead
terminals are partially exposed at a surface of the
transparent synthetic resin member to serve as a
connection terminal.

4. The light emitting diode lamp according to claim 2,
wherein the insulating member is in a form of a plate,
and wherein the cup portion is in a form of a rectangle
elongated horizontally in plan view.

5. The light emitting diode lamp according to any one
of claims 1-4, wherein the downward p- or n-elec-
trode of the LED chip is covered by a light-transmit-
ting synthetic resin coating containing powder of a
fluorescent material.
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