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SEMICONDUCTOR LIGHT-EMITTING DEVICE,
METHOD FOR MANUFACTURING SAME AND
LIGHT-EMITTING APPARATUS USING SAME

TECHNICAL FIELD

[0001] The present invention relates to semiconductor
light-emitting devices, and particularly to a light-emitting
device including a nitride semiconductor containing nitro-
gen, and to a method for manufacturing the same. Specifi-
cally, the nitride semiconductor light emitting device
includes GaN, AIN; InN, and their mixed crystals, group
II1-V nitride semiconductors (In,Al.Ga,_,_N, 0=b, 0=d,
b+d<1), and is used in light-emitting apparatuses, projectors,
cluster lamps, illuminations, optical coupling devices, opti-
cal detectors, optical communication devices, light sources
of optical fiber modules, and so forth.

BACKGROUND ART

[0002] Light-emitting diodes including gallium nitride
compound semiconductors are increasingly used particu-
larly for relatively short wavelength regions, such as ultra-
violet region and the blue region, in recent years. Since the
gallium nitride semiconductor is of direct transition and has
a high luminous efficiency, the range of its applications is
expanding, accordingly.

[0003] For such light-emitting devices, various structures
have been proposed, particularly in the shape of the semi-
conductor composite and the structure and arrangement of
electrodes.

DISCLOSURE OF INVENTION

(First Aspect)

[0004] The object of the present invention is to provide a
high-power, reliable light-emitting device including a semi-
conductor composite or layered portion having a shape
ensuring high luminous efficiency and, particularly, superior
light extraction efficiency and heat radiation characteristics.
For example, the light-emitting device includes a structured
composite, or layered structure, including a luminescent
layer disposed between a first conductivity type layer and a
second conductivity type layer. The structured composite
includes a structured portion including the luminescent
layer, and has an inclined periphery at a junction (p-n
junction) of the first and second conductivity type layers, the
surface of the substrate, and an electrode-forming surface.
The lower surface of the inclined structured portion is
formed in a square or polygonal shape. The inclined periph-
ery includes inclined side surfaces so that the corners of the
lower surface of the structured portion are curved or cut off
in such a manner that the width of the side surfaces gradually
increase upward from the lower surface. In a light-emitting
device having a luminescent portion close to the upper
surface rather than the lower surface, this structure helps the
light emitted from the luminescent portion to reflect and
diffuse at the inclined side surfaces in the corners close to the
luminescent portion, thus efficiently extracting the light
outward.

[0005] Specifically, the light-emitting device has the fol-
lowing structure.

[0006] The semiconductor light-emitting device 10000
has a structure including a luminescent layer 4 disposed
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between a first conductivity type layer 2 and a second
conductivity type layer 3. At least part of the structure
defines a structured portion 10 which has a lower surface
10g with a width and an upper surface 10f with a smaller
width than that of the lower surface 10/ in sectional view,
and inclined opposing side surfaces: first side surfaces 10.x;
and second side surfaces 10y. The width of the first side
surfaces 10x increases from the lower surface 10g side
toward the upper surface 10f; the width of the second side
surfaces 10y increases from the upper surface 10f side
toward the lower surface 10g. More specifically, the struc-
tured portion 10 of the device has the lower surface 10a and
the upper surface 10f with a smaller area than that of the
lower surface 10g, and the side surfaces 10x between the
dotted chain lines 10x-1 and 10x-2 define the corners of the
structured portion 10 of the device and have a width increas-
ing toward the upper surface 10ffrom the lower surface 10g,
as shown in FIGS. 53A and 53C. On the other hand, the side
surfaces 10y are formed so as to have a width decreasing
toward the upper surface. Thus, the widths of the side
surfaces 10x and 10y are varied in reverse to each other in
the height direction (toward the upper surface) of the struc-
tured portion, that is, the width of the side surfaces 10x is
increased; the width of the side surfaces 10y is reduced.
Accordingly, the proportion of lengths of the sides defining
a plane at a certain height (a plane parallel to the upper
surface of the structured portion or a plane having a normal
in the height direction) varies, and the proportion of occu-
pancies of the side surfaces above the plane also varies.
Consequently, reflection of light emitted from the light-
emitting device, designated by the arrows in FIG. 53B, from
the side surfaces to the lower surface is diffused, as shown
in FIG. 53B. Thus, the light-emitting device exhibits supe-
rior uniformity and light extraction though, in light-emitting
devices, light is generally liable to be concentrated.

[0007] Inthe semiconductor light-emitting device, the first
side surfaces 10x are formed in the corners defined by the
sides 10g-1 and 10g-2 of the lower surface 10g. For
example, as shown in FIG. 53A showing a structured
portion 10, FIG. 53B being a fragmentally enlarged view of
FIG. 53A, and FIG. 53C showing another form of the
structured portion 10, the structured portion 10 is defined by
a lower surface 10g in a square or polygonal shape, an upper
surface, and an inclined periphery such that the width in
sectional view of the structured portion 10 decreases toward
the upper surface from the lower surface 10g, and the first
side surfaces 10x are each formed such that the corners of
the lower surface or upper surface are curved or cut off. The
side surfaces 10x can reflect light propagated in the light-
emitting device effectively toward the lower surface, or
allow the light to be extracted from the upper surface side.

[0008] In the semiconductor light-emitting device, the
luminescent layer is disposed inside the structured portion.
As designated by the dotted lines 4 in FIGS. 53A to 53D, the
luminescent layer functioning as the light source of the
light-emitting device is provided between the upper surface
and the lower surface of the structured portion having the
above-described shape. Consequently, light can be reflected
at the side surfaces and extracted at a short distance from the
light source, reducing undesirable propagation inside the
device. Thus, the light-emitting device can exhibit high
light-extraction efficiency.
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[0009] In the semiconductor light-emitting device, the
lower surface may have a square or polygonal shape, the
second side surfaces are formed on the sides of the lower
surface, and the first side surfaces are formed in the corners
of the lower surface. The corners 10x or first side surfaces
10x are formed in divergent shapes whose width increases
toward the upper surface, while the second side surfaces 10y
are formed in another divergent shape whose width
increases toward the lower surface and the bases of the
second surfaces 10y define the sides 10g-1 and 10g-2 of the
lower surface. Thus, the lower surface can be formed in a
desired shape, and the shape of the corners can be diverged
upward. Thus, the light-emitting device of the present inven-
tion can be achieved in various shapes.

[0010] The structured portion of the semiconductor light-
emitting device may be of frustum. By forming the struc-
tured portion in frustum, as in the below-described second
and third aspects, the degree of in-plane integration is
increased, and the resulting light-emitting device can exhibit
a high processing precision, advantageously.

[0011] Inthe semiconductor light-emitting device, the first
side surfaces may be curved to be convex outward. As
shown in FIG. 53B, by curving the first side surfaces and the
second side surfaces at different curvature radiuses, or by
curving the first side surfaces and forming the second side
surfaces flat, light can be diffused in various directions to be
reflected or extracted. Thus, the concentration of light is
reduced.

[0012] Inthe semiconductor light-emitting device, the first
side surfaces may define rounded sides of the lower surface
and the upper surface, and the curvature radius of the
rounded sides of the upper surface may be larger than that
of'the lower surface. For example, as shown in FIG. 53B, by
increasing the curvature radius upward, light propagation
characteristics in the direction of the normal of the upper
surface vary from those of the inclined surface (region
where the inclined surface is projected in the direction of the
normal), and light propagation in the in-plane direction can
be promoted. In addition, the curved surface whose curva-
ture radius increasing toward the upper surface, as shown in
FIG. 53B, leads to a high precision in forming a mask.
Accordingly, the precision in forming electrodes and a
protective layer on the inclined surfaces can be increased.
Thus, a precise device structure can be provided and the
resulting device can exhibit superior characteristics.

[0013] The light-emitting device may have a plurality of
the structured portion, and an electrode structure is provided
so that the structured portions substantially simultaneously
emit light.

[0014] The light-emitting device may have a pair of a
positive electrode and a negative electrode on the same
surface side over the upper surface of the structured portion.
This structure can lead to the same structure as in a second
aspect described later.

[0015] In the light-emitting device, one of the pair of the
electrodes may cover part of the periphery of the structured
portion.

[0016] Inthe light-emitting device, the structured portions
may be disposed separately on a substrate, and electrodes are
provided so that the structured portions substantially simul-
taneously emit light.
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[0017] The upper surface of the structured portion defines
a mounting surface which opposes a mounting base when
the light-emitting device is disposed on the mounting base.
One of the pair of the electrodes is disposed on the surface
of a substrate, and the other comprises a wiring structure
disposed on the mounting base side so as to be connected to
the upper surfaces of the separately disposed plurality of the
structured portions. Specifically, as shown in FIG. 16B, one
of the electrodes is disposed on the semiconductor multi-
layer board side; the other, on the mounting surface side.
Thus, this structure makes efficient use of space. For
example, various devices, such as a reflection film, a light-
extraction film, and a light-transforming member, can be
disposed in the spaces between the structured portions. In
addition, if the positive and negative electrodes are disposed
in a solid intersection separated by an insulating layer, on the
board side, leakage resulting from the solid intersection can
be overcome.

[0018] The light-emitting device according may have a
pair of electrodes disposed separately on the upper surface
side of the structured portion and on the lower surface side.
The pair of the electrodes are respectively disposed on the
surface of the first conductivity type layer and the surface of
the second conductivity type layer. This structure can be
applied to a light-emitting device in which electrodes oppose
each other, according to a third aspect described later.

[0019] The light-emitting device may further include a
light-transmissive insulating layer covering the periphery of
the structured portion, and a filling member around the
periphery with the light-transmissive insulating layer ther-
ebetween. When the periphery of the structured portion acts
as a reflector from which light reflect inward, as described
above, light leaked outward can be reflected at the light-
transmissive layer covering the periphery and the surface at
the structured portion side of, for example, a metal reflection
film. Thus, light-emitting device has several reflection struc-
tures in the outer region to enhance the light control and
emission efficiency.

[0020] The light-emitting device may have a plurality of
the structured portion, and the structured portions are sepa-
rated from one another by a protruding filling member. As in
the third aspect described later, the filling member, a metal
member 7 may be used as the filling member. Thus, the
resulting device can exhibit superior heat radiation, light
reflection, and mechanical strength.

[0021] The luminescent layer may be disposed inside the
structured portion, and the filling member protrudes below
the luminescent layer toward the lower surface side of the
structured portion. Thus, the filling member is positioned
close to the light-emitting device being a heat and light
source to provide an improved structure.

(Second Aspect)

[0022] Gallium nitride compound semiconductors are
generally deposited on an insulating sapphire substrate, and
this causes the following problems: First, both the n elec-
trode and the p electrode must be formed above a gallium
nitride semiconductor on the sapphire substrate, and par-
ticularly the n electrode is disposed in the non-luminescent
region. The n electrode repeatedly reflects and absorbs light
generated from the luminescent region while the light is
propagating in the GaN layer in the lateral direction. Thus,
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the extraction efficiency is undesirably reduced. Second,
although emitted light is generally extracted in the direction
perpendicular to the surface of the substrate, relatively high
proportion of light is emitted through the periphery of the
light-emitting diode. Consequently, emitted light cannot be
efficiently used, disadvantageously.

[0023] Accordingly, an object in the second aspect of the
present invention is to provide a nitride semiconductor
light-emitting device which prevents repetitive reflection
under the n electrode to reduce the absorption by the n
electrode, and thus exhibits a high extraction efficiency.
Another object is to provide a nitride semiconductor light-
emitting device in which emitted light is efficiently used.

[0024] Inview ofthe above-describe problems, the second
aspect of the present invention is directed to a nitride
semiconductor light-emitting device including: a substrate; a
layered portion emitting light disposed on the substrate; and
an n electrode. The layered portion includes an n-type
semiconductor layer, an active layer, and a p-type semicon-
ductor layer, and has an inclined periphery at which the
surface of the n-type semiconductor layer is exposed. The n
electrode is disposed on the surface of the n-type semicon-
ductor layer. The nitride semiconductor light-emitting
device having such a structure can increase the light extrac-
tion efficiency.

[0025] Preferably, the n electrode is formed so as to
surround the layered portion. Thus, current is efficiently
injected into the structured composite of the device even if
the surface in contact with the electrode (surface for current
injection into the semiconductor composite) has a small
area.

[0026] In the nitride semiconductor light-emitting device,
the n electrode may continuously extend to the lower surface
of the substrate through the side surfaces of the substrate.
When light is emitted through a light-transmissive p ohmic
electrode, the above-described structure allows light
reflected from the side surfaces and the lower surface of the
substrate to be emitted through the light-transmissive elec-
trode. Thus, the light extraction efficiency can be increased.

[0027] The nitride semiconductor light-emitting device
may have a plurality of the layered portion emitting light.
Thus, a large-area nitride semiconductor light-emitting
device having a high emission efficiency can be provided.

[0028] In the nitride semiconductor light-emitting device
having the plurality of layered portions, the respective
n-electrodes for the layered portions may be connected to
each other to define a common electrode. Thus, the layered
portions being luminescent regions can be readily connected
in parallel.

[0029] In the nitride semiconductor light-emitting device
having the plurality of layered portions, the layered portions
may have respective p ohmic electrodes in ohmic contact
with the respective p-type semiconductor layers, and the p
ohmic electrodes are connected to each other, in addition to
connecting the respective n-electrodes to each other to
define a common electrode. Thus, the resulting nitride
semiconductor light-emitting device has the layered portions
being the luminescent regions connected in parallel. Both
positive and negative wiring electrodes electrically connect-
ing the layered portions may be provided on the substrate
side. Alternatively, one (n-type layer being the first conduc-
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tivity type layer lying on the substrate side) of the electrodes
may be disposed on the substrate side, for example, on the
surface of the substrate or on the exposed surface (electrode-
forming surface) of the first conductivity type layer exposed
at the layered portion, and the other electrode (p-type layer
being the second conductivity type layer lying more distant
from the substrate than the first conductivity type layer) may
be disposed on the mounting side, that is, the side opposing
a mounting base on which the device is mounted, such as a
heat sink or a submount, or opposing a device-mounting
portion or a mounting lead of a light-emitting apparatus so
that the electrodes disposed above the plurality of layered
portions are connected to each other. Also, the electrode may
be disposed on the mounting base (mounting device) side or
mounting portion of the light-emitting apparatus, outside the
light-emitting device. This arrangement allows the plurality
of layered portions to be precisely connected to each other
even if the protruding layered portions have rough upper
surfaces and are difficult to wire precisely. Also, other
structures, such as a reflection layer, insulating layer, or a
protective layer can easily be formed, and thus an appro-
priate device structure can be provided.

[0030] If light is emitted through the substrate in the
nitride semiconductor light-emitting device, it is preferable
that the layered portion is covered with a reflection layer to
increase the light-extraction efficiency. In this instance, the
substrate is preferably transparent. The transparent substrate
is advantageous because of high transmission of light and
electromagnetic waves emitted from the light-emitting
device, and less self-reduction.

[0031] In the nitride semiconductor light-emitting device,
the metal layer serves as a connecting electrode for con-
necting the p ohmic electrodes of the p-type semiconductor
layers of the layered portions.

[0032] In the nitride semiconductor light-emitting device,
the reflection layer may be of a metal layer covering the
layered portion with an insulating layer therebetween, or of
a dielectric multilayer film. Alternatively, by appropriately
adjusting the refractive index of the semiconductor materials
of the light-emitting layered portion, a light and electromag-
netic wave-transmissive insulating film whose refractive
index is also adjusted may be used as the reflection layer.
This layer may be of a multilayer film. For example, a
dielectric multilayer film made of a distributed Bragg reflec-
tor (DBR), a light-reflection film, and an insulating film may
be used in combination.

[0033] In the nitride semiconductor light-emitting device,
the inclined periphery may have a convex surface protuber-
ating outward. By giving the periphery a convex surface, a
curved convex surface, protruding surfaces, a curved sur-
face, or polyhedral surfaces, and by combining the periphery
structure with the convex corners of the structured portion in
the first aspect, light reflection control, increase of the
light-extraction efficiency, and control of the light density
(particularly in the luminescent portion) can be achieved
more effectively.

[0034] According to the second aspect of the present
invention, the nitride semiconductor light-emitting device
has the inclined periphery, and the n electrode is disposed on
the surface of the n-type nitride semiconductor layer
exposed at the periphery, so that light absorption by the n
electrode can be prevented to increase the light-extraction
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efficiency. In particular, since the substrate and the layered
portion have different refractive indexes, and the electrode
of the first conductivity type layer (n electrode) is disposed
on the inclined periphery of the layered portion, light in the
light-emitting layered portion can be propagated to the
optically connected by the periphery. In since the electrode
extends from the periphery of the layered portion to the
substrate, the area of the electrode in contact with the device
can be reduced.

(Third Aspect)

[0035] Japanese Unexamined Patent Application Publica-
tion No. 2001-313422 (page 6, right column, line 8 to page
7, left column, line 42, FIGS. 8 and 9) has disclosed a
method is liable to result in a short circuit between the p
layer and the n layer at the cross-section between the devices
(side surfaces of the device after cutting), disadvanta-
geously. Accordingly, a second object (first and second
light-emitting devices) of the present invention is to provide
a nitride semiconductor light-emitting device having a struc-
ture capable of preventing a short circuit at the side surfaces,
and a method for manufacturing the same. Japanese Unex-
amined Patent Application Publication No. 3-330629 (FIGS.
1 to 3) has been known.

[0036] Inview ofthis object (second object), a first nitride
semiconductor light-emitting device is provided according
to the third aspect of the present invention. The nitride
semiconductor light-emitting device includes: an n-type
nitride semiconductor layer; p-type nitride semiconductor
layer; and a luminescent layer formed of a nitride semicon-
ductor between the n-type nitride semiconductor layer and
the p-type nitride semiconductor layer. At least the p-type
nitride semiconductor layer and the luminescent layer define
a frustum layered composite, and the layered composite is
embedded in a metal member so that the periphery of the
layered composite is isolated. By use of the metal member
being a filling member, the strength of the epitaxial layer
(growth layer) can be enhanced in a device having a plurality
of protruding layered composites on a wafer. Also, by
embedding the filling portion between the protruding lay-
ered composites (luminescent structured portions) or
recesses formed around the layered composites, the filling
member can be disposed relatively close to the operational
portion (luminescent portion) of the device to contribute to
radiation of heat generated from the operational portions
(composites). Thus, heat radiation of the device can be
enhanced, and the light-emitting device can exhibit high
power and large-current operation. By disposing the filling
member in the vicinity of the luminescent portion, it can
function as a reflection film or reflector, or the base of the
resulting structure.

[0037] A second nitride semiconductor light-emitting
device according to the third aspect of the present invention
includes: an n-type nitride semiconductor layer; p-type
nitride semiconductor layer; and a luminescent layer formed
of a nitride semiconductor between the n-type nitride semi-
conductor layer and the p-type nitride semiconductor layer,
wherein at least the p-type nitride semiconductor layer and
the luminescent layer define a frustum layered composite,
and the layered composite is supported by a metal member
opposing the surface of the layered composite.

[0038] In the nitride semiconductor light-emitting device
having such a structure, the layered composite is embedded
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in the metal member so that the periphery of the layered
composite is isolated, and the periphery does not damaged
during or after cutting. The reliability is therefore increased.

[0039] The nitride semiconductor light-emitting device
according to the present aspect can have electrodes on both
sides. Thus, the luminescent region can be increased in
comparison with the nitride semiconductor light-emitting
device having positive and negative electrodes on one side.

[0040] In the first and the second nitride semiconductor
light-emitting device, preferably, the surface of the metal
member opposite to the surface opposing to the layered
composite is flat.

[0041] Thus, the device can be readily mounted on a
mounting base in such a manner that the flat surface opposes
the mounting base.

[0042] The first and the second nitride semiconductor
light-emitting device may further include a transparent elec-
trode on one of two opposing surfaces of the n-type nitride
semiconductor layer, and the other surface has the layered
composite, so that light is emitted through the transparent
electrode. The transparent electrode transmits light and
electromagnetic waves in the device and diffuse injected
current in a plane of the device, thus functioning as a
transmissive current-diffusing conductor. The transparent
electrode may comprise a transparent conductive film or a
metal film having an opening or window for transmitting
light and electromagnetic waves, and is formed, for
example, in a grid, branch, or radial manner.

[0043] This structure allows uniform current injection to
the entire luminescent layer, and thus light can be uniformly
emitted. Preferably, the transparent electrode is made of ITO
because I'TO is highly light-transmissive and can reduce the
resistance. In addition, an oxide conductive film, an oxide
semiconductor, and a transparent conductive film may be
used as the transparent electrode.

[0044] Preferably, the first and the second nitride semi-
conductor light-emitting device further includes a p elec-
trode containing Rh, and the p electrode is disposed between
the layered composite and the metal member to establish an
ohmic contact with the p-type nitride semiconductor layer.
Thus, peel of the electrode can be prevented. The p electrode
may be formed of materials suitable as the electrode, such as
noble metals and elements of the platinum group, and Rh is
the most suitable from the viewpoint of reflectivity and
adhesion.

[0045] In the first and the second nitride semiconductor
light-emitting device, the layered composite may include a
part or the entirety of the n-type nitride semiconductor layer.

[0046] In the first and the second nitride semiconductor
light-emitting device, preferably, the metal member has a
thickness of 50 pm or more from the viewpoint of main-
taining the shape of the luminescent region with reliability.

[0047] The first and the second nitride semiconductor
light-emitting device may have a plurality of the layered
composite. Thus, a large-area light-emitting device can be
provided.

[0048] In the light-emitting device having the plurality of
layered composites, the n-type nitride semiconductor layer
may be common to the plurality of the layered composites
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and the plurality of the layered composites are disposed on
the common n-type nitride semiconductor layer.

[0049] According to the third aspect of the present inven-
tion, the nitride semiconductor light-emitting device, which
includes an n-type nitride semiconductor layer, p-type
nitride semiconductor layer, and a luminescent layer formed
of a nitride semiconductor between the n-type nitride semi-
conductor layer and the p-type nitride semiconductor layer,
has a frustum layered composite including at least the p-type
nitride semiconductor layer and the luminescent layer, and
the layered composite is embedded in a metal member so
that the periphery of the layered portion is isolated. There-
fore, the periphery of the layered composite can be pre-
vented from being damaged during and after cutting. Thus,
the reliability of the nitride semiconductor light-emitting
device of the present invention can be increased.

(Fourth Aspect)

[0050] According to a fourth aspect of the present inven-
tion, a light-emitting apparatus is provided which includes
the light-emitting device according to any one of the first to
third aspects. The structure of the apparatus is as follows:

[0051] The light-emitting apparatus includes the light-
emitting device and a mounting portion on which the
light-emitting device is placed. The light emitting device is
mounted on a support and then placed on the mounting
portion.

[0052] In another form, the light-emitting apparatus
includes the light-emitting device and a light-transforming
member for transforming part of light emitted from the
light-emitting device into light having a different wave-
length.

[0053] Preferably, the light-transforming member com-
prises an aluminum garnet phosphor containing Al; at least
one element selected from the group consisting of Y, Lu, Sc,
La, Gd, Tb, Eu, and Sm; one of Ga and In, and at least one
element selected from the rare earth elements.

[0054] Preferably, the light-transforming member com-
prises a phosphor expressed by (Re, ,R,);(Al,_Ga );0,,
(0<x<1 and 0=y=1, wherein Re represents at least one
element selected from the group consisting of Y, Gd, La, Lu,
Tb, and Sm; and R represents Ce or Ce and Pr).

[0055] Alternatively, the light-transforming member may
comprise a nitride phosphor containing N; at least one
element selected from the group consisting of Be, Mg, Ca,
Sr, Ba, and Zn; and at least one element selected from the
group consisting of C, Si, Ge, Sn, Ti, Zr, and Hf, and is
activated by at least one element selected from the rear earth
elements.

[0056] The nitride phosphor may be expressed by the
general formula LySiyN/3x,4/3vy: B0 or LSizO,N 555,/
3v-2/3z):Eu (L represents Sr, Ca, or Sr and Ca).

[0057] The features according to the first aspect include
those of the second and the third aspect, and can be applied
to them. For example, the second aspect leads to an embodi-
ment according to the first aspect which has a pair of a
positive electrode and a negative electrode, for example, the
electrode (p electrode) of the first conductivity type layer
(p-type layer) and the electrode (n electrode) of the second
conductivity type layer (n-type layer), on the same side of
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the substrate. The third aspect leads to an embodiment
according to the first aspect in which a pair of a positive
electrode and a negative electrode, for example, the elec-
trode (p electrode) of the first conductivity type layer (p-type
layer) and the electrode (n electrode) of the second conduc-
tivity type layer (n-type layer), oppose each other with the
structured composite of the light-emitting device therebe-
tween. In the second and the third aspect, light-emitting
devices using nitride semiconductors will be described as
the light-emitting device according to the first aspect. How-
ever, the invention (according to the first, the second, and the
third aspect) is not limited to the nitride semiconductor
device. In the second and the third aspect, the first conduc-
tivity type layer is the n-type nitride semiconductor layer;
the second conductivity type layer is the p-type nitride
semiconductor layer. However, the conductivity type layers
may be reversed. The same goes for the electrodes disposed
for the respective conductivity type layers (the first and the
second conductivity type player). The last two digits of the
reference numerals shown in the drawings and the specifi-
cation represent components used in the invention, embodi-
ments, examples, and the corresponding figures, and the
components having the same numeral in the last two digits
correspond to each other. For numerals whose last two digits
are “00”, the last three or four digits represent the same as
in the above-described last two digits. The second digit from
the right may represent a modification having the similar
structure. For example, for the layered structure 10 of the
light-emitting device, tens in the layered structure represent
specific layers; twenties, the electrode (n electrode) of the
first conductivity type layer (n-type layer); thirties, the
electrode (p electrode) of the second conductivity type layer
(p-type layer); and sixties, the connecting electrode (wiring
electrode). The figures are each a schematic illustration, and
may partially be exaggerated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1 is a plan view of a light-emitting device
according to Embodiment 1 of the present invention.

[0059]
FIG. 1.

[0060] FIG. 3 is a plan view of a light-emitting device of
a modification according to Embodiment 1 of the present
invention.

[0061]
FIG. 3.

FIG. 2 is a sectional view taken along line A-A' in

FIG. 4 is a sectional view taken along line B-B' in

[0062] FIG. 5 is a plan view of a light-emitting device
according to Embodiment 2 of the present invention.

[0063] FIG. 6 is a plan view of a light-emitting device
according to Embodiment 3 of the present invention.

[0064]
FIG. 6.

FIG. 7 is a sectional view taken along line C-C' in

[0065] FIG. 8 is a sectional view of a light-emitting device
according to a modification of Embodiment 3.

[0066] FIG. 9 is a plan view of a light-emitting device
according to Embodiment 4 of the present invention.

[0067] FIG. 10 is a plan view of a light-emitting device
according to a modification of Embodiment 4.
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[0068] FIG. 11 is a plan view of a light-emitting device
according to Embodiment 5 of the present invention, omit-
ting a p electrode.

[0069] FIG. 12 is a plan view (including the p electrode)
of the light-emitting device according to Embodiment 5 of
the present invention.

[0070] FIG. 13 is a sectional view taken along line D-D'
in FIG. 12.
[0071] FIG. 14 is a plan view of a light-emitting device

according to a first modification of Embodiment 5.

[0072] FIG. 15 is a plan view of a light-emitting device
according to a second modification of Embodiment 5.

[0073] FIG. 16A is a plan view of a light-emitting device
according to a third embodiment of Embodiment 5; and
FIG. 16B is a sectional view of the light-emitting device
mounted on a mounting base, taken along line G-G' in FIG.
16A.

[0074] FIG. 17 is a plan view of a light-emitting device
according to Embodiment 6 of the present invention.

[0075] FIG. 18 is an fragmentary enlarged plan view of
FIG. 17.

[0076] FIG. 19A is a sectional view taken along line E-E'
in FIG. 18; FIG. 19B is a sectional view taken along line
F-F' in FIG. 18.

[0077] FIGS. 20A to 20C show a process for forming a
layered portion having an inclined periphery of a nitride
semiconductor light-emitting device according to the
present invention.

[0078] FIG. 21 is a sectional view of a known light-
emitting device.
[0079] FIG. 22 is a schematic representation of a preferred

inclination angle of the inclined periphery of a nitride
semiconductor light-emitting device according to the
present invention.

[0080] FIGS. 23A to 23C show that layered portions and
their arrangement in a nitride semiconductor light-emitting
device according to the present invention prevent a (p)
electrode 731 from absorbing light.

[0081] FIG. 24 is a plan view of a light-emitting device
according to a fourth modification of Embodiment 5.

[0082] FIG. 25 is a plan view of a light-emitting device
used in the measurement of light-extraction efficiency in
Embodiment 6 of the present invention.

[0083] FIG. 26 is a plan view of a light-emitting device
used in the measurement of light-extraction efficiency in
Comparative Example (1) of Embodiment 6 of the present
invention.

[0084] FIG. 27 is a plan view of a light-emitting device
used in the measurement of light-extraction efficiency in
Comparative Example (2) of Embodiment 6 of the present
invention.

[0085] FIG. 28 is a plan view of a light-emitting device
used as a reference in the measurement of light-extraction
efficiency in Embodiment 6 of the present invention.
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[0086] FIGS. 29A and 29B are a plan view of a light-
emitting device used as a reference in the comparative
examples of Embodiment 6 of the present invention.

[0087] FIG. 30 is a schematic illustration showing the
method for measuring the extraction efficiency in Embodi-
ment 6 of the present invention.

[0088] FIG. 31 is a plan view of a light-emitting device
according to Embodiment 7 of the present invention.

[0089] FIG. 32 is a fragmentary enlarged plan view of the
light-emitting device according to Embodiment 7.

[0090] FIG. 33A is a plan view (transparent view of the
device structure) of a light-emitting device mounted on a
mounting base according to Embodiment 8 of the present
invention; and FIG. 33B is a side view of FIG. 33 A viewed
from the H direction.

[0091] FIG. 34 is a sectional view of a nitride semicon-
ductor light-emitting device according to Embodiment 9 of
the present invention.

[0092] FIG. 35 is a sectional view of a step after forming
a semiconductor layers on a sapphire substrate in a method
for manufacturing a nitride semiconductor light-emitting
device according to Embodiment 9 of the present invention.

[0093] FIG. 36 is a sectional view of a step after etching
the semiconductor layers on a sapphire substrate in the
method according to Embodiment 9.

[0094] FIG. 37 is a sectional view of a step after forming
(p) electrodes on layered composites in the method accord-
ing to Embodiment 9.

[0095] FIG. 38 is a sectional view of a step after forming
an insulating layer 5 in the method according to Embodi-
ment 9.

[0096] FIG. 39 is a sectional view of a step after forming
a reflection layer 6 in the method according to Embodiment
9.

[0097] FIG. 40 is a sectional view of a step after forming
a metal member 7 in the method according to Embodiment
9.

[0098] FIG. 41 is a sectional view of a step after removing
a substrate 1 used for depositing the layered composite 10 in
the method according to Embodiment 9.

[0099] FIG. 42 is a sectional view of a step after forming
a transparent electrode on n-type nitride semiconductor
layers (second conductivity type layers) 2 subsequent to the
removal of the substrate 1 for depositing the layered com-
posite 10, in the method according to Embodiment 9.

[0100] FIG. 43 is a sectional view of a step after forming
n pad electrodes and insulating layers 4 subsequent to the
formation of the transparent electrode, in the method accord-
ing to Embodiment 9.

[0101] FIGS. 44A to 44C are sectional views of steps for
forming a frustum layered composite according to Embodi-
ment 9.

[0102] FIG. 45 is a sectional view of a nitride semicon-
ductor light-emitting device according to a modification of
Embodiment 9.
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[0103] FIG. 46 is a sectional view of a nitride semicon-
ductor light-emitting device according to a modification of
Embodiment 9, different from the device shown in FIG. 45.

[0104] FIG. 47 is a sectional view of a nitride semicon-
ductor light-emitting device according to Embodiment 10.

[0105] FIG. 48 is a sectional view of a nitride semicon-
ductor light-emitting device according to modification 1 of
Embodiment 10.

[0106] FIG. 49 is a sectional view of a nitride semicon-
ductor light-emitting device according to modification 2 of
Embodiment 10.

[0107] FIG. 50 is a plan view of a nitride semiconductor
light-emitting device according to Embodiment 10.

[0108] FIG. 51 is a plan view of a nitride semiconductor
light-emitting device according to modification 3 of
Embodiment 10.

[0109] FIGS. 52A and 52B are schematic perspective
views of the shape of a structured composite 10 according to
the first aspect.

[0110] FIGS. 53A and 53C are schematic perspective
views of the shape of the structured composite 10 according
to the first aspect; FIG. 53B is an enlarged perspective view
of part (side surfaces 10x and 10y) of FIG. 53A; and FIG.
53D is a schematic top view of FIG. 53A provided with a
second electrode (n electrode) 21.

[0111] FIG. 54A is a schematic sectional view of a light-
emitting apparatus according to the fourth aspect (Embodi-
ment 10); and FIG. 54B is an equivalent circuit diagram of
the apparatus.

[0112] FIG. 55 is a schematic sectional view of a light-
emitting apparatus according to the fourth aspect (Embodi-
ment 11).

[0113] FIG. 56 is a schematic sectional view of a light-
emitting apparatus according to the fourth aspect (Embodi-
ment 11).

[0114] FIGS.57A to 57D are schematic sectional views of
irregular interfaces 600 of a light-emitting device according
to the present invention.

[0115] FIG. 58 is a schematic sectional view of a device
structure of the light-emitting device according to the
present invention.

[0116] FIGS.59A and 59B are schematic sectional views
for describing the removal of the substrate of the light-
emitting device according to the present invention.

[0117] FIGS. 60A to 60F are schematic perspective views
for describing the device structure and the electrode struc-
ture of the light-emitting device according to the present
invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

(First Aspect)

[0118] Inview of a first aspect of the present invention, the
light-emitting device of the present invention has a protrud-
ing structured portion disposed in at least part of the device,
and more preferably in an operational portion (current
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injection area of the device) of the device. The structured
portion may be used for a non-operational portion (current
non-injection area) of a device layered structure or other
members, such as a light-transmissive member in the light-
emitting device. Examples of the structured portion 10 are
shown in FIGS. 53A to 53D: A and C are schematic
perspective views of the examples, and the other figures are
a fragmentary enlarged view of FIG. 53 A and a plane view
showing the upper surface of the structured portion shown in
FIG. 53A.

[0119] For comparison with the first aspect, FIGS. 52A
and 52B show another form of the structured portion 10. In
FIG. 52A, the structured portion is formed in a frustum of
a pyramid having a square lower surface 10g. The corners of
the structured portion are cut off along dotted lines 10x-1 and
10x-2 to form a frustum of polygonal, as shown in FIG. 52B.
Consequently, each side surface defining the periphery of the
structured portion has a width decreasing toward the upper
surface from the lower surface 10g. Also, the sides defined
by the periphery and a cross section at a height of the
structured portion, having a normal in the height direction of
the structured portion have a constant length proportion at
any height. If such a protruding structured portion includes
a luminescent layer 4 inside, light reflects large from the
periphery at the sides of the luminescent layer and the other
area of the periphery slightly reflect the light. In addition, the
upper surface cannot control the reflection sufficiently, and
the intensity of the light is reduced in the direction of the
normal of the upper surface, accordingly. Also, the strength
of reflection from the vicinity of the luminescent layer 4 is
increased in comparison with the reflection from the other
areas of the periphery. Consequently, light is disproportion-
ately emitted in a ring shape.

[0120] In addition, when an electrode is provided accord-
ing to a second aspect described later in a manufacturing
process, the precision of the electrode shape tends to be
degraded, as designated by the dotted line 21m in FIG. 52B.
This is because if the width of the chamfers of the protrusion
10 is small on the upper surface side, a mask or other resist
does not sufficiently reach the side surfaces, and conse-
quently the mask often protrudes in the lateral direction at
the shoulders of the chamfers, as shown in the figure
illustrating a state where a mask M1 is formed on the
protrusion 10. In particular, if the length of the sides of the
upper surface 10f'is small, the mask protrudes notably, and
the electrode 21m is formed in an unstable shape accord-
ingly. The unstable shape of the electrode often brings about
a serious problem in the case where the second aspect is
applied, where the structure cannot ensure an area sufficient
to form the electrode.

[0121] Furthermore, if an electrode is formed on the upper
surface 10f; as shown in FIG. 52A, and current is injected
to the electrode, the current is liable to be nonuniform in the
regions around the corners and shorter sides of the upper
surface.

[0122] The present invention is intended to overcome the
above-described problems. Specifically, the invention pro-
vides a protruding structured portion 10 having an inclined
periphery which includes first side surfaces 10x, each having
a width or a curvature radius increasing upward. Thus, the
shape of the cross section at a height of the structured
portion, for example, the proportion of the lengths of the
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sides defining the cross section, is varied large depending on
the height to exhibit a variety of shapes of the periphery
viewed from above. As a result, nonuniformity in directivity
of light can be reduced in the regions in the periphery from
which light is reflected or extracted. Also, since the upper
surface has large areas sufficient for current injection in the
corners, nonuniformity of current can be reduced. Further-
more, since the upper base of the side surface is longer or
curved, the protrusion of the resist can be reduced and a
structured portion suitable for processing of devices or
elements, such as electrodes, can be provided. Thus, the
resulting light-emitting device can exhibit superior reliabil-
ity and mass-productivity.

[0123] The structured portion according to the first aspect
can be formed by appropriately selecting the shape or
thickness of the mask M1, for example, by varying the
thickness of the mask M1 or layering masks having different
shapes, as shown in FIGS. 20A to 20C and 44A to 44C.

[0124] Preferably, the periphery includes second side sur-
faces 10y having a width decreasing from the lower surface
10g toward the upper surface 10f; and the first side surfaces
10x having a width decreasing in the opposite direction. In
this instance, according to the shape of the upper surface, the
side surface 10y with a longer base (side 10g-1) on the lower
surface 10g side may be changed into such a shape as the
sides 10x-1 and 10x-2 being the boundaries between the first
and the second side surfaces disappear on the way from the
lower base to the upper base, as shown in FIG. 53C; hence,
the second side surface does not necessarily reach to the
upper surface. Thus, the upper surface 10f and the lower
surface 10g may have different shape, as defined by the
dotted line 10f'and 10g in FIG. 53C. The side surfaces may
be sufficiently curved at the upper surface side to be circular.
The upper surface 10f and the lower surface 10g are pro-
vided in desired vertical positions of the structured portion.
Preferably, the entirety of a protrusion corresponding to the
layered structure of a device defines the structured portion of
the present invention. More preferably, the divergent first
side surface having a width increasing toward the upper
surface may be curved outward to have a convex surface,
thereby ensuring superior reflection and diffusion of light
and precision of mask formation. The proportion of the
lengths of the upper bases or lower bases of the first side
surface 10x to the second side surface 10y is not particularly
limited. For forming a suitable shape of the protrusion,
however, it is preferable that both the upper base and the
lower base of the first side surface be shorter than those of
the second side surface.

[0125] FIG. 53D is a plan view of an electrode, which is
designated by the hatched area (electrode 21). The electrode
is formed such that the corners of the upper surface of the
electrode are curved larger than the curvature radius or the
width of the corners (first side surfaces) of the structured
portion, as designated by a dotted line (21g-x); Hence, the
surrounding electrode is curved larger than the corners 10f~x
at the lower side of the structured portion 10. Thus, current
concentration, which tends to occur in the corners of, for
example, the structured portion shown in FIG. 53C, can be
reduced.

[0126] Inthe light-emitting device of the present invention
(according to the first aspect, and the second and third
aspects based on the first aspect), the luminescent layer 4 is
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preferably disposed inside the structured portion 10, as
shown in FIGS. 53 A to 53D, so that light is well controlled.
More preferably, the luminescent layer 4 is disposed
between part of the first conductivity type layer 2 and the
second conductivity type layer 3. Still more preferably, a
second electrode (an electrode of the second conductivity
type layer 3 or p electrode of the p-type layer) is provided
on the upper surface. The periphery of the structured portion
in sectional view is not necessarily defined by straight lines
as shown in FIGS. 53A to 53D, and may be defined by a
curved line. Also, the periphery may have a step or terrace
2s, as shown in FIG. 58. The upper surface 2S of the jut of
the periphery may be provided with an electrode extending
over the periphery below the upper surface.

(Second Aspect)

[0127] Embodiments of a nitride semiconductor light-
emitting device according to the present invention (first
aspect) will now be described with reference to the draw-
ings.

Embodiment 1 (Second Aspect)

[0128] An nitride semiconductor light-emitting device
according to Embodiment 1 of the present invention
includes: a layered portion 10 defining a luminescent region
and having a periphery 10q inclined inward; and n electrode
21 in ohmic contact with an n-type contact layer 12 exposed
at the inclined periphery 10a, as shown in FIGS. 1 and 2.

[0129] The layered portion 10 of the nitride semiconductor
light-emitting device according to Embodiment 1 is formed
by depositing a buffer layer 11, an n-type contact layer 12,
an n-type cladding layer 13, a luminescent layer 14, a p-type
cladding layer 15, and a p-type contact layer 16, in that
order, on a sapphire substrate 1, to form a layered structure,
as shown in FIG. 2, and subsequently by etching the layered
structure to a shape (substantially square whose one corner
is cut to an arc shape) in sectional view shown in FIG. 1.

[0130] The layers constituted of the layered portion 10 are
formed of, for example:

[0131] Buffer layer 11: GaN or AlGaN layer deposited at
a low temperature of 400 to 600° C.

[0132] N-type contact layer 12: Si-doped GaN (having a
thickness of, for example, 6 um)

[0133] n-type cladding layer 13: n-type AlGaN

[0134] Luminescent layer 14: single- or multi-quantum
well structure including an undoped InGaN well layer
(having a thickness of, for example, about 30 A)

[0135] P-type cladding layer 15: p-type AlGaN

[0136] P-type contact layer 16: Mg-doped GaN (having a
thickness of, for example, about 1,200 A)

[0137] The etching for forming the layered portion 10 is
performed until the surface of the sapphire is exposed at the
arc-shaped corner, in order to form an n electrode 21 on the
exposed surface of the sapphire at the arc-shaped corner. In
the present Embodiment 1, the surface of the sapphire
substrate is exposed so as to surround the layered portion 10
continuously with the sapphire surface exposed at the arc-
shaped corner for the n-type electrode 21.
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[0138] In Embodiment 1, the n electrode 21 is continu-
ously formed from the surface of the sapphire substrate 1
exposed at the corner of the layered portion 10 to the
periphery 10a of the layered portion 10, and thus establishes
an ohmic contact with the n-type contact layer 12 exposed
at the periphery 10a, as shown in FIGS. 1 and 2.

[0139] On the other hand, the p electrode includes an
over-surface electrode 31 and a p pad electrode 32. The
over-surface electrode 31 is provided over substantially the
entire surface of the p-type contact layer 16, which is the
uppermost layer of the layered portion 10, and the p pad
electrode 32 is disposed on the over-surface electrode 31 in
a region opposing the n electrode 21 (opposing corner).

[0140] The n electrode 21 of the nitride semiconductor
light-emitting device of Embodiment 1 having the above-
described structure can extremely reduce light absorption.

Accordingly, the nitride semiconductor light-emitting
device can efficiently emit light.
[0141] In a known structure shown in FIG. 21, light

emitted from the luminescent region leaks to an n type
contact layer 512 between the substrate 1 and an n electrode
521, and the light repeatedly reflect from the upper surface
of the substrate 1 and the rear surface of the n electrode 121
(as schematically shown with reference numeral Y100 in
FIG. 21). Thus, most of the light is absorbed by the n
electrode 121 and cannot be extracted to the outside. On the
other hand, in the present invention, the ohmic contact of the
n electrode is established on the surface of the n-type contact
layer 12 exposed at the inclined periphery 10a, thus pre-
venting the n-type contact layer 12 from transmitting light
(as schematically shown with reference numeral Y1 in FIG.
2). Thus, the conventional problem is overcome.

[0142] If emitted light is emitted through the substrate,
light reflected from the inclined periphery 10a of the layered
portion 10 can also be emitted through the substrate. Thus,
the light-emission efficiency can be increased.

[0143] In order to reflect light efficiently at the inclined
periphery 10a for extraction of the light from the substrate,
the inclination angle o of the periphery 10a is, preferably, set
at 60° or less, more preferably 45° or less, taking it into
account that the inclined periphery 10q is generally covered
with a SiO, protective layer.

[0144] The inclination angle o herein is defined as shown
in FIG. 22, and is preferably set so that the critical angle 8¢
satisfies Sin Bc=ngy/ng (ng: refractive index of the active
layer; ng: reflective index of the SiO, protective layer).

[0145] For example, in a light-emitting device emitting
light having a wavelength of 380 nm, the refractive index of
Al Ga,_,N for the light having the wavelength of 380 nm is
2.15 to 2.80 when X lies in the range of 1 to 0. In this
instance, when the refractive index is 2.80, the critical angle
B¢ comes to a minimum of about 30°.

[0146] By setting the critical angle 8¢ at 30° or more, that
is, by setting the inclination angle o at 60° or less, at least
the strongest light propagated parallel to the semiconductor
layers can be reflected totally.

[0147] Asdescribed above, by setting the inclination angle
a at 60° or less, the strongest light propagated parallel to the
semiconductor layers is reflected totally, and consequently,
the light extraction efficiency can be increased. However,
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some rays of the light propagating in the semiconductor
layers do not run parallel to the layers. In order to totally
reflect light, including these rays, it is more preferable that
the inclination angle o be set at 45° or less.

[0148] In addition, the projected length W being the
inclination length L. of the inclined periphery 10a viewed
from above is preferably 10 um or more from the viewpoint
of the formation of the n electrode on the inclined periphery
10a.

[0149] Embodiment 1 has described the structure in which
the ohmic contact of the n electrode 21 with the n-type
contact layer 12 is established at a corner of the layered
portion. However, the n electrode preferably formed so as to
surround the layered portion 10, as shown in FIGS. 3 and
4, in which the n electrode is designated by reference
numeral 22. This structure allows uniform current injection
to the entire luminescent region, and thus light can be
efficiently emitted.

Embodiment 2 (Second Aspect)

[0150] A nitride semiconductor light-emitting device
according to Embodiment 2 of the present invention has a
circular layered portion 110 defining a luminescent region,
as shown in FIG. 5. In the nitride semiconductor light-
emitting device of Embodiment 2, the n electrode 23 is
brought into ohmic contact with the n-type contact layer 12
exposed at the periphery 110a inclined inward of the layered
portion 110, as in Embodiment 1.

[0151] In the nitride semiconductor light-emitting device
according to Embodiment 2, the layered structure (semicon-
ductor layers) of layered portion 110 is formed in the same
manner as the light-emitting device of Embodiment 1, and
the etching for forming the layered portion 110 is performed
until the sapphire surface is exposed.

[0152] The p electrode in Embodiment 2 includes an
over-surface electrode 33 and a p pad electrode 34. The
over-surface electrode 33 is provided over substantially the
entire circular surface of the p-type contact layer 16, which
is the uppermost layer of the layered portion 110, and the p
pad electrode 34 is disposed in the center of the over-surface
electrode 33.

[0153] The over-surface electrode 33, the p pad electrode
34, and the circular layered portion 110 are concentrically
disposed.

[0154] The nitride semiconductor light-emitting device of
Embodiment 2 having the above-described structure pro-
duces the same effect as the light-emitting device of
Embodiment 1.

[0155] Specifically, light absorption by the n electrode 23
can be extremely reduced, and accordingly, the device can
efficiently emit light. In addition, light reflected from the
inclined periphery 110a of the layered portion 110 can also
be emitted through the substrate, and thus the light-emission
efficiency can be increased.

[0156] Furthermore, since the n electrode 23 of Embodi-
ment 2 surrounds the layered portion 110, as shown in FIG.
5, current can be uniformly injected into the entire lumines-
cent region, and thus light can be efficiently emitted.

Embodiment 3 (Second Aspect)

[0157] A nitride semiconductor light-emitting device
according to Embodiment 3 of the present invention also has
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a layered portion 110 formed in a circular shape, but is
different from that of the nitride semiconductor light-emit-
ting device of Embodiment 2 in the following respects, as
shown in FIGS. 6 and 7.

[0158] Specifically, the p-type contact layer of the nitride
semiconductor light-emitting device of Embodiment 3 is
provided with a transparent light-transmissive ohmic elec-
trode 33a on its surface, and a p pad electrode 34 is formed
on the ohmic electrode 33a.

[0159] Also, in the nitride semiconductor light-emitting
device of Embodiment 3, an n electrode 24, which is to be
brought into ohmic contact with an n-type contact layer at an
inclined periphery 110a, is continuously formed on the side
surfaces and the rear surface of the substrate 1, as shown in
FIG. 7.

[0160] Other components than the light-transmissive
ohmic electrode 33a and the n electrode 24 are formed in the
same manner as in Embodiment 2.

[0161] The nitride semiconductor light-emitting device of
Embodiment 3 can transmit light emitted from the layered
portion 110 to the outside through the light-transmissive
electrode 334, consequently producing the following effects.

[0162] Specifically, light absorption by the n electrode 24
can be extremely reduced, and accordingly, the nitride
semiconductor light-emitting device can efficiently emit
light. The light is reflected from the n electrode 24 formed
on the side surfaces and rear surfaces of the substrate and
emitted through the light-transmissive ohmic electrode 33a.
Thus, the light-emission efficiency can be increased.

[0163] Furthermore, since the n electrode 24 of Embodi-
ment 3 surrounds the layered portion 110, as shown in FIG.
6, current can be uniformly injected into the entire lumines-
cent region, and thus light can be efficiently emitted.

[0164] Although, in the nitride semiconductor light-emit-
ting device of Embodiment 3, the entire substrate is covered
with the n electrode 24, the form of the present invention is
not limited to this. For example, as shown in FIG. 8, the
substrate 1 may be covered with another electrode 26
formed of a different metal from the n electrode 25.

[0165] Such a structure also produces the same effects as
Embodiment 3, and further produces the following effects.

[0166] Specifically, the n electrode 25 is made of a metal
capable of establishing a good ohmic contact with the n-type
contact layer, and the electrode 26 covering the substrate 1
is made of a suitable metal for desired functions.

[0167] For example, if the device is mounted by soldering
the rear surface of the substrate 1, the material of the
electrode 26 is selected from heat-resistant materials, or if
good light reflection is particularly required, a metal having
a high reflectance is selected.

Embodiment 4 (Second Aspect)

[0168] A nitride semiconductor light-emitting device
according to Embodiment 4 of the present invention has a
rectangular layered portion 111 defining a luminescent
region, as shown in FIG. 9.

[0169] Specifically, in the nitride semiconductor light-
emitting device of Embodiment 3, an over-surface electrode
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35 and a p pad electrode 36 are formed in that order on the
surface of the p-type contact layer.

[0170] As shown in FIG. 9, an n electrode 27 brought into
ohmic contact with the n-type contact layer at the inclined
periphery 111a of the rectangular layered portion 111
extends from the surface of the substrate to the n-type
contact layer (exposed at the inclined periphery 111a).

[0171] The layered portion in Embodiment 4 has the same
layered structure as that in Embodiments 1 to 3.

[0172] The nitride semiconductor light-emitting device of
Embodiment 4 having the above-described structure pro-
duces the same effect as the light-emitting devices of
Embodiments 1 to 3.

[0173] Although, the n electrode 27 of the nitride semi-
conductor light-emitting device shown in FIG. 9 is disposed
s0 as to establish an ohmic contact with the n contact layer
at a side of the layered portion 111, Embodiment 4 may
provide another form in which the n electrode, which is
designated by reference numeral 28 in FIG. 10, is disposed
s0 as to establish an ohmic contact with the n contact layer
at all the sides of the layered portion 111. Consequently,
current can be uniformly injected into the entire luminescent
region, and thus light can be efficiently emitted.

Embodiment 5 (Second Aspect)

[0174] A nitride semiconductor light-emitting device
according to Embodiment 5 includes a plurality of layered
portions 210 (18 layered portions in FIGS. 11 and 12), as
shown in FIGS. 11 and 12, to have a large luminescent area.
This structure can increase the occupancy of the luminescent
region in the entire area of the device, and thus light can be
uniformly emitted over entire area of the luminescent layer.

[0175] FIG. 11 is a plan view mainly showing a form of
the n electrode 221, omitting p bonding electrodes 251 and
p connecting electrodes 261; FIG. 12 is a plan view showing
another form of the n electrode, including the p bonding
electrodes 251 and the p connecting electrodes 261. FIG. 13
is a sectional view taken along line D-D' in FIG. 12.

[0176] The purpose in forming the luminescent region
with a plurality of portions is to eliminate the disadvantage
that a luminescent region constituted of a non-separated
portion with a large area reduces current in a region distant
from the electrode and degrades the luminous efficiency.
However, if the luminescent region is constituted of a
plurality of portions, the area of the electrodes connecting
the portions of the luminescent region is increased, and it
becomes difficult to secure the area required for the lumi-
nescent region. Also, if a plurality of the known devices
having the structure shown in FIG. 21 are arranged, light is
repeatedly reflected to be absorbed by the n electrode while
traveling through the n-type contact layer, and the luminous
efficiency is reduced. On the other hand, the nitride semi-
conductor light-emitting device of Embodiment 5 has the n
electrodes in ohmic contact with the n-type contact layers,
on the inclined peripheries. Thus, the area which the n
electrode requires can be reduced to secure the area of the
luminescent region, and the n electrode is prevented from
absorbing light.

[0177] The nitride semiconductor light-emitting device of
Embodiment 5 can more reduce the absorption by the
over-surface electrode on the p side than the known device.
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[0178] Specifically, in the known device having a large-
area luminescent region constituted of a single portion, as
shown in FIG. 23B, light coming into the p over-surface
electrode at the critical angle or more is repeatedly reflected
at the p over-surface electrode and the boundaries between
the semiconductor layer and the substrate, so that consider-
able part of the light is absorbed by the p over-surface
electrode.

[0179] Ifthe luminescent region is composed of a plurality
of portions but the peripheries of the portions are not
inclined, the light coming into the p over-surface electrode
at the critical angle or more is emitted from the peripheries
substantially perpendicular to the substrate to reenter the
adjacent portions of the luminescent region at a high prob-
ability, as shown in FIG. 23C. Consequently, the percentage
of absorption by the p over-surface electrode is increased.

[0180] In contrast, the portions of the luminescent region
of the nitride semiconductor light-emitting device of
Embodiment 5 each have the incline periphery. Therefore,
light can be emitted to the outside without reentering the
adjacent portions of the luminescent region (the probability
that the light reenters the adjacent portions can be reduced),
as designated by arrow A2 in FIG. 23B if light is emitted
through the substrate, or as designated by arrow A3 if light
comes out from the electrode side. Thus, the percentage of
absorption by the p over-surface electrode 31 can be
reduced.

[0181] In addition, the layered portions 210 constituting
the luminescent region, in the nitride semiconductor light-
emitting device of Embodiment 5, have a hexagonal shape,
and they are arranged such that the area between the layered
portions is a minimum (FIGS. 11 and 12). In Embodiment
5, the spaces between the adjacent layered portions 210 are
etched to such a depth as to reach the surface of the substrate
(FIG. 13), and thus the plurality of the layered portions 210
are completely separated from each other. The intervals
between the adjacent layered portions 210 are set at, for
example, 10 um.

[0182] Furthermore, in Embodiment 5, an n electrode 221
is provided so as to come into ohmic contact with n-type
contact layers exposed at the peripheries of the layered
portions 210, each of which has the same inclined periphery
210a as that of Embodiment 1 and other embodiments.

[0183] In Embodiment 5, the n electrode 221 is integrally
formed so as to surround each layered portion 210, as shown
in FIG. 11.

[0184] In Embodiment 5, the over-surface electrode 231 is
formed over substantially the entire surface of the p-type
contact layer of each layered portion 210, and the pad
electrode 232 is disposed in the center of the over-surface
electrode 231. Then, an insulating layer 271 having open-
ings over the p pad electrodes 232 covers the entire device.
Connecting electrodes 261 (whose one end is connected to
a p bonding portion) for connecting the p pad electrodes 232
are formed on the insulating layer 271. The insulating layer
271 also has openings for exposing the bonding portions 241
of the n electrode 221.

[0185] As described above, the nitride semiconductor
light-emitting device of Embodiment 5 includes the hexago-
nal layered portions 210 constituting the luminescent region,
arranged so that the area between the layered portions 210
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comes to a minimum, and the n electrode on the inclined
peripheries of the layered portions 210. Thus, the area of the
luminescent region can be increased.

[0186] This structure allows the luminescent region to be
divided into a suitable number of portions to emit light
efficiently while suppressing the increase of the area for
forming the n electrode. Consequently, the portions of the
luminescent region can emit light efficiently without reduc-
ing the area of the luminescent region, and thus a large-area
light-emitting device exhibiting a high luminance can be
achieved.

[0187] The nitride semiconductor light-emitting device of
Embodiment 5 may emit light through the substrate. Alter-
natively, a transparent electrode may be used as the over-
surface electrode to emit light through the semiconductor. In
either case, since the light emitted from the luminescent
layer propagates to both the substrate and the p-type semi-
conductor, it is preferable that a reflection layer be provided
on the side opposite to the light-emitting side. Thus, the
luminous efficiency can be increased.

[0188] FIG. 14 shows another nitride semiconductor
light-emitting device according to Embodiment 5, which
further includes a second connecting eclectrode 262 for
connecting the connecting electrodes 261. The second con-
necting electrodes 262 are intended to prevent current injec-
tion from decreasing in the layered portions 210 distant from
the p bonding electrodes 251, and to make the emission
intensities of the layered portions uniform.

[0189] If light is emitted through the semiconductor lay-
ers, however, the second connecting electrodes 262 block
the light. Therefore, the second electrodes are particularly
suitable for devices emitting light through the substrate.

[0190] FIG. 15 shows an modification of the connecting
electrodes suitable for the device emitting light through the
semiconductor layer side. In this modification, the first
connecting electrodes 263 connecting to the p bonding
electrodes 251 are disposed between the layered portions
210, on the n electrode with an insulating layer therebe-
tween, preventing continuity with the n electrode. Since the
first connecting electrodes 263 are not disposed over the
layered portions, light is not blocked by the layered portions.
The first connecting electrodes 263 are connected to the p
pad electrodes of the layered portions 210 with second
connecting electrodes 264. In this instance, each p pad
electrode 232 is connected to the first connecting electrode
263 with one second connecting electrode 264.

[0191] FIGS. 16A and 16B show preferred structures of
the electrodes when light is emitted through the substrate.

[0192] The nitride semiconductor light-emitting device
shown in FIG. 16A has an electrode layer 265 covering the
plurality of layered portions, separated by the insulating
layer 271, instead of the connecting electrodes 261 (includ-
ing the p bonding electrodes) used in Embodiment 5 (FIG.
12).

[0193] The electrode layer prevents the leakage of light
from the upper surfaces and inclined peripheries of the
layered portions (reflects light at the upper surface and
inclined peripheries), so that light can be efficiently emitted.
Alternatively, a connecting electrode 265 may be provided
on a mounting surface or mounting base 10300, so that the
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plurality of structured portions 210 (10) can simultaneously
emit light without solid intersection of the positive and
negative electrodes. Also, in this structure, a protective layer,
a reflection layer, a transmissive layer, a light-transforming
member, and so forth can be provided around the structured
portions to make efficient use of space. Furthermore, leakage
resulting from the solid intersection of the wiring can be
overcome. Thus, a highly reliable light-emitting device can
be achieved.

[0194] Although the nitride semiconductor light-emitting
device of Embodiment 5 has hexagonal layered portions
210, the layered portions may be of rectangular, square,
circular, or other shape.

[0195] FIG. 24 is a plan view of a modification in which
the layered portions 410 are of square. In this modification,
the p bonding portions 451 are disposed on the layered
portions 410 in two corners of the device, and the connecting
electrodes 461 connected to the p bonding portions 451
connect the p pad electrodes of the layered portions 410. In
order to prevent the continuity between the n electrode and
the connecting electrodes 461, an insulating layer is pro-
vided on the n electrode between the layered portions 410.

[0196] Also, the n electrode 421 is integrally formed so as
to surround each layered portion 410 and to come into ohmic
contact with the n-type contact layers exposed at the inclined
peripheries 410a of the layered portions 410. Part of the n
electrode 421 serves as an n pad electrode 441.

[0197] The device may be mounted on a mounting base
(protection element) 10300 by flip chip bonding in such a
manner that the electrode side of the device opposes the
board, as shown in FIGS. 33A and 33B showing a modi-
fication of FIG. 24. In FIG. 33A, the region of the mounting
base hidden by the substrate, as well as the exposed regions
is designated by solid lines. In this figure, the first side
surface and the second side surface of the structured portion
in the first aspect of the present invention described above
are provided. Specifically, the curvature radius of the corners
of the lower surface of the layered portion is smaller than
that of the upper surface (the surface of the p-type layer), and
the n electrode is formed so as to have larger curves around
the structured portions than the curvature radius of the
corners of the structured portions. The n electrode 721 (21)
covers some 710x of the plurality of structured portions 710
(10) up to the upper surfaces to serve as bonding surfaces for
bonding 11400qa, as shown in FIG. 33B. Thus, the device
can be mounted on a mounting base or the like in such a
manner that the vertical position of the bonding surfaces is
aligned with the vertical position of the p electrodes of the
other structured portions. The structured portion 710x can
serve for a non-operational portion which does not work as
the device.

Embodiment 6 (Second Aspect)

[0198] FIG. 17 is a plan view of the arrangement of a
nitride semiconductor light-emitting device according to
Embodiment 6, and FIG. 18 is a plan view of one of the
layered portions 310. FIG. 19A is a sectional view taken
along line E-E' in FIG. 18; FIG. 19B is a sectional view
taken along line F-F' in FIG. 18.

[0199] In the nitride semiconductor light-emitting device
of embodiment 6, the layered portions 310 are formed in a
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circular shape, and arranged such that their centers are
aligned in a matrix manner. The layered structure of each
layered portion 310 is the same as that of other embodi-
ments, and its periphery is inclined inward (inclined periph-
ery 310a), and the section of the layered portion has a
trapezoidal shape whose upper side is defined as the upper
base, as shown in FIGS. 19A and 19B.

[0200] The n ohmic electrode 321a of each layered portion
310 is formed on the entire circumference of the inclined
periphery 310q so as to come into ohmic contact with the n
contact layer exposed at the surface of the inclined periphery
310a. In addition, n connecting pad electrodes 3215 are
disposed on the substrate between the layered portions 310,
and the n ohmic electrode 321a of each layered portion 310
is connected to four adjacent n connecting pad electrodes
3215

[0201] Specifically, in the nitride semiconductor light-
emitting device of Embodiment 6, the n electrode 321
includes the n ohmic electrodes 321a and the n connecting
pad electrodes 3215.

[0202] Also, the over-surface electrode 331 is provided
over substantially the entire upper surface (upper surface of
the p contact layer) of each layered portion 310, and a
circular p pad electrode 332 is formed in the center of the
over-surface electrode 331.

[0203] After forming the n ohmic electrodes 321a, »
connecting pad electrodes 3215, over-surface electrodes
331, and p pad electrodes 332 as described above, an
insulating layer 371 is formed to cover the entire device
except the upper surfaces of the connecting pad electrodes
3215, their surroundings, and the p pad electrodes 332.
Then, p connecting electrodes 361 are formed to connect the
p pad electrodes 332 of the layered portions 310 to each
other. The p connecting electrode 361 includes a pad con-
necting portion 3615 connected to the upper surface of the
p pad electrode 332 and a connecting portion 361 connecting
the pad connecting portion 3615 to another pad connecting
portion.

[0204] The nitride semiconductor light-emitting device
having the above-described structure according to Embodi-
ment 6 can prevent the electrodes from absorbing light and
exhibit increased light extraction efficiency, as in Embodi-
ment 1.

[0205] In order to examine the light extraction efficiency
of the nitride semiconductor light-emitting device of
Embodiment 6, the following comparative examinations
were conducted.

[0206] Nine (3x3) layered portions 310 were formed to
constitute a nitride semiconductor light-emitting device of
Embodiment 6, as shown in a plan view FIG. 25, and the
extraction efficiency of the nitride semiconductor light-
emitting device was compared with that of a light-emitting
device having a single layered portion 310 (shown in a plan
view FIG. 28).

[0207] For the measurement of extraction efficiency, a test
piece of the light-emitting device was die-bonded in a cup
integrally having a negative terminal. The n pad electrode
was connected to the negative terminal T2 with a bonding
wire W21, and the p pad electrode was connected to a
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positive terminal T1 with a bonding wire W32. Then, the
quantity of extracted light was measured relative to the
quantity of emitted light.

[0208] As a result, the device having the nine layered
portions 310 of Embodiment 6 (FIG. 25) exhibited an
extraction efficiency of 86% when the extraction efficiency
of' the light-emitting device having the single layered portion
310 (FIG. 28) was assumed to be 100.

[0209] On the other hand, a light-emitting device (having
nine layered portions) shown in FIG. 26 prepared as a
comparative example exhibited a extraction efficiency of
71% when the extraction efficiency of a light-emitting
device having a single layered portion shown in FIG. 29A
was assumed to be 100.

[0210] In the measurements, the extraction efficiencies of
the light-emitting device having the single layered portion
310 (FIG. 28) and the light-emitting device having the
single layered portion shown in FIG. 29A were substantially
the same.

[0211] The layered portions of the light-emitting device of
the comparative example have the same layered structure as
in Embodiment 6, and are formed in a substantially square
shape in plan view. In each layered portion, the n electrode
521 is provided on the surface of the n-type contact layer
exposed at one corner of the layered portion. The p ohmic
electrode 531 is provided over substantially the entire sur-
face of the p-type contact layer, and the p pad electrode 532
is formed on the p ohmic electrode 531 in the corner
opposing the n electrode 521. In the device shown in FIG.
26, the spaces between the adjacent layered portions are
etched until the sapphire substrate is exposed so that the
layered portions are completely separated from each other.
The periphery of each layered portion is substantially per-
pendicular to the upper surface of the sapphire substrate.

[0212] As described above, it has been confirmed that the
nitride semiconductor light-emitting device having the plu-
rality of layered portions according to Embodiment 6 has a
higher extraction efficiency than the nitride semiconductor
light-emitting device of the comparative example, which is
also of cluster type.

[0213] FIG. 27 shows a device of another comparative
example in which the spaces between the layered portions
are not etched until the sapphire substrate is exposed and the
n-type contact layer remains. The light extraction efficiency
of'the device of this comparative example shown in FIG. 27
was 68% when the extraction efficiency of the light-emitting
device having the single layered portion shown in FIG. 29B
was assumed to be 100.

[0214] In the measurement, the extraction efficiencies of
the device shown in FIG. 29A and the device shown in FIG.
29B were substantially the same.

[0215] As described above, the light-emitting devices hav-
ing a plurality of layered portions of both the comparative
examples exhibited lower extraction efficiencies than the
extraction efficiency of the light-emitting device of Embodi-
ment 6.

[0216] The nitride semiconductor light-emitting device of
Embodiment 6 produces the same effects as the light-
emitting device of Embodiment 5, and further has the
following characteristic features.

Oct. 19, 2006

[0217] Since a device including a desired number of
layered portions can be cut out to a desired size from a wafer
having layered portions 310 on an as-needed basis, devices
with desired sizes can be produced using a single pattern.

[0218] In this instance, the n connecting pad electrode
3215 and the pad connecting portion 3615 in any position
may be used as the bonding electrodes.

[0219] The nitride semiconductor light-emitting devices
of'the above-described embodiments may emit light through
the substrate or through the semiconductor side. In either
case, it is preferable that a reflection layer be provided on the
side opposite to the light-emitting side. In the structures
shown in FIGS. 7, 8, 16A and 16B, the n electrode 24,
electrode 26, or electrode 265 can be used as a reflection
layer, as described above. In the other structures, it is
preferable that a reflection layer be additionally provided.
The reflection layer may be formed of a metal having a high
reflectance, or a dielectric multilayer film. If a dielectric
multilayer film is used, the insulating layer 271 in FIG. 13,
for example, is given reflectivity in addition to insulation
performance.

Embodiment 7 (Second Aspect)

[0220] FIG. 31 is a plan view of the arrangement of a
nitride semiconductor light-emitting device according to
Embodiment 7. In the nitride semiconductor light-emitting
device of embodiment 7, the layered portions 310 are
formed in a circular shape, and arranged on a substrate such
that their centers lie at vertices of hexagons to form a
hexagonal grid. The layered structure of the layered portions
610 is the same as in other embodiments, and the peripheries
are inclined inward.

[0221] The n ohmic electrode 621a of each layered portion
610 is formed on the entire circumference of the inclined
periphery so as to come into ohmic contact with the n
contact layer exposed at the surface of the inclined periph-
ery. In addition, an n connecting pad electrode 6215 is
disposed in the center of each hexagon defined by six
layered portions 610 of the hexagonal grid, and the n ohmic
electrode 621a of each layered portion 610 is connected to
three adjacent n connecting pad electrodes 3216.

[0222] Specifically, in the nitride semiconductor light-
emitting device of Embodiment 7, the n electrode includes
the n ohmic electrodes 621a and the n connecting pad
electrodes 6215.

[0223] Also, the over-surface electrode is provided over
substantially the entire upper surface (upper surface of the p
contact layer) of each layered portion 610, and a circular p
pad electrode 632 is formed in the center of the over-surface
electrode. The p pad electrodes 632 of the layered portions
610 are connected to each other with p connecting electrodes
361.

[0224] The n electrode including the n ohmic electrodes
621a and the n connecting pad electrodes 6215 is electrically
insulated from the p electrode including the over-surface
electrodes 631, the p pad electrodes 632, the p connecting
electrodes 361, as in Embodiment 6.

[0225] Inthe above-described nitride semiconductor light-
emitting device of Embodiment 7, two layered portions are
assigned for each n connecting pad electrode 6215. This
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structure can increase the area of the luminescent region as
a whole in comparison with the structure of Embodiment 6,
in which one layered portion is assigned for each n con-
necting pad electrode.

[0226] The layered portion arrangement as in Embodi-
ment 7 can be divided into portions having an outside shape
of triangle, hexagon, rhombus, parallelogram, or the like. In
this instance, the crystallographic axis of GaN crystals can
be aligned with the direction of scribing lines. Thus, the
yield in a step of dividing can be increased.

[0227] A process for forming the layered portion having
an inclined periphery of the nitride semiconductor light-
emitting devices of the above-described embodiments will
now be described.

[0228] In the process, the buffer layer 11, the n-type
contact layer 12, the n-type cladding layer 13, the lumines-
cent layer 14, the p-type cladding layer 15, and the p-type
contact layer 16 are deposited in that order on the sapphire
substrate 1 to form a layered structure, and a mask M1
having a trapezoidal shape in sectional view is formed on the
layered structure, as shown in FIG. 20A.

[0229] Then, the layered portion is etched from above the
mask M1 by reactive ion etching. Here the mask is also
gradually etched simultaneously with the etching of the
layered portion. The region designated by reference numeral
R1 between the broken line and the solid line in FIG. 20B
is removed.

[0230] The etching is continued until the surface of the
substrate is exposed around the layered portion 10 (FIG.
200).

[0231] Thus, the layered portion 10 having an inclined
periphery 10a and a shape according to the shape of the
mask M1 is formed.

[0232] In the process, the shape of the mask M1 is
determined in consideration of the RIE rates of the mask
material and the nitride semiconductor materials. Thus, the
layered portion having a desired, inclined periphery can be
formed.

[0233] For example, a mask M1 having a periphery pro-
tuberating outward leads to a layered portion having a
convex surface protuberating outward.

[0234] By forming the inclined periphery to a convex
protuberating outward, light can be concentrated to emit if
it is emitted through the substrate.

[0235] The above-described embodiments have been
described using devices which are etched around the layered
portion to such a depth as to reach the surface of the
substrate. However, the n-type semiconductor layer may
remain with a thickness capable of preventing the transmis-
sion of light because, in the present invention, it is important
to prevent light from being transmitted to the region around
the layered portion.

(Third Aspect)

[0236] Embodiments of a nitride semiconductor light-
emitting device according to a third aspect will now be
described with reference to the drawings.

Embodiment 8 (Third Aspect)

[0237] A nitride semiconductor light-emitting device
according to Embodiment 1 has nitride semiconductor layers
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defining the luminescent region which are partially embed-
ded into a metal member 7, and the metal member 7 supports
the entire light-emitting device.

[0238] In the nitride semiconductor light-emitting device
of Embodiment 8, a luminescent layer 4 is disposed between
a n-type nitride semiconductor layer 2 and a p-type semi-
conductor layer 3 to define a double heterostructure lumi-
nescent region. The p-type nitride semiconductor layer, the
luminescent layer, and part of the n-type nitride semicon-
ductor layer are formed in frustum shapes. In other words,
the third aspect of the present invention leads to a device
having a frustum layered composite including at least a
p-type nitride semiconductor layer and a luminescent layer.
A p-type ohmic electrode 36 is formed over substantially the
entire surface of the p-type nitride semiconductor layer 3 of
the layered composite 10, and an insulating layer 72(5)
covering the surroundings of the p-type ohmic electrode 36,
the inclined periphery 10a of the layered composite 10, and
the n-type semiconductor layer 2 continuing to the periphery
10a.

[0239] The layered composite 10 having this structure is
embedded into a metal member 7 to be supported. In this
structure, the insulating layer 72 separates the periphery of
the layered composite 10 from the metal member 7, and the
surface having the p-type ohmic electrode 36 of the layered
composite 10 opposes the metal member 7 with the p-type
ohmic electrode 36 therebetween. In addition, a transparent
electrode 21 is provided on one surface of the opposing two
surfaces of the p-type nitride semiconductor layer 2, oppo-
site to the layered composite 10, and an n pad electrode 29
is provided on part of the transparent electrode 21.

[0240] In the nitride semiconductor light-emitting device
of Embodiment 8 having the above-described structure, light
emitted from the luminescent layer 4 of the layered com-
posite 10 comes out through the transparent electrode 21 on
the opposite side of the metal member 7.

[0241] A process for manufacturing the nitride semicon-
ductor light-emitting device of Embodiment 8 will now be
described.

[0242] 1In the process, first, the n-type nitride semiconduc-
tor layer 2, the luminescent layer 4, and the p-type nitride
semiconductor layer 3 are deposited, in that order, on the
sapphire substrate 1 with, for example, a buffer layer (not
shown) between the sapphire substrate 1 and the n-type
semiconductor layer 2, as shown in FIG. 35.

[0243] Then, the frustum layered composites 10 are
formed by etching the layers until the n-type nitride semi-
conductor layer is exposed between the devices (FIG. 36).

[0244] The etching for the frustum layered composites 10
can be performed using a mask formed in a predetermined
frustum, and the layered composites are formed in a frustum
shape according to the shape of the mask.

[0245] More specifically, first, a mask M1 having a trap-
ezoidal shape in sectional view is formed on the p-type
nitride semiconductor layer 3, as shown in FIG. 44A. The
mask M1 is made of a material capable of being etched at a
constant rate by reactive ion etching.

[0246] Then, the semiconductor layers (p-type nitride
semiconductor layer 3, luminescent layer 4, and n-type
nitride semiconductor layer 2) on the sapphire substrate 1

EX1022, Page 60



US 2006/0231852 Al

are etched from above the mask M1. The mask M1 is
gradually removed together with the semiconductor layers in
this etching step. The region designated by reference
numeral R1 between the broken line and the solid line in
FIG. 44B is removed.

[0247] The etching is continued until the surface of the
n-type nitride semiconductor layer 2 is exposed around the
layered portions 10 (FIG. 44C).

[0248] Thus, the frustum layered portions 10 are formed
according to the shape of the mask M1.

[0249] In the process, the shape of the mask M1 is
determined in consideration of the RIE rates of the mask
material and the nitride semiconductor materials. Thus, the
layered portions 10 having a desired frustum shape can be
provided.

[0250] The layered composites 10 may be formed by other
dry etching than reactive ion etching, such as reactive ion
beam etching or ion milling.

[0251] For the formation of the frustum layered portions
10, isotropic etching, such as wet etching, may be adopted
to take an advantage of an undercut (side-etching) phenom-
enon. The undercut facilitates the formation of frustum, but
the processing precision is inferior to the processing by the
above-mentioned dry etching.

[0252] The inclination angle of the periphery 10a of the
layered composite 10 (angle formed with the main surface of
the sapphire substrate 1) is preferably set in the range of 30°
to 80°, and more preferably at 45°, from the viewpoint of
increasing the efficiency in extracting light emitted through
the n-type nitride semiconductor layer.

[0253] The frustum may be in a frustum of a cone, a
pyramid (tetragonal pyramid, hexagonal pyramid, or the
like), or other shape.

[0254] After forming the frustum layered portions 10 as
above, the p-type ohmic electrode 36 is formed over sub-
stantially the entire surface of the upper base (surface of the
p-type nitride semiconductor layer 3) of each layered portion
10.

[0255] The upper base herein refers to a surface with a
smaller width of the opposing parallel surfaces of the
frustum; the lower base of the layered composite 2, the other
surface with a larger width.

[0256] Although the p-type ohmic electrode 36 may be
made of Ni/Au, Ni/Pt, or Pd/Pt, the p-type ohmic electrode
36 is preferably constituted of, for example, Rh/Au or Rh/Pt
so that the Rh layer comes into contact with the p-type
nitride semiconductor layer 3. By providing the Rh layer as
a first layer in contact with the p-type nitride semiconductor
layer 3, the p-type ohmic electrode 36 is prevented from
separating from the p-type nitride semiconductor layer 3
after forming the metal member 7.

[0257] The combinations of the constituents using */”
mean that the metal antecedent to the “/” is the first layer in
contact with the p-type nitride semiconductor layer 3, and
that the metal following the “/”” is a second layer on the first
layer.

[0258] After the formation of the p-type ohmic electrode
36 on the p-type nitride semiconductor layer of each layered
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composite 10, the insulating layer 72(5) is formed over the
entire substrate except the central area (other than the
surroundings) of the p-type ohmic electrode 36, as shown in
FIG. 38.

[0259] While the insulating layers 72, 73, and 5 are
suitably formed of an inorganic insulating film, such as
Si0,, TiO,, Al,0;, SizN,, or ZrO,, an organic insulating
film may be used.

[0260] Then, wiring electrodes 65 are formed between the
layered portions 10 as required (FIG. 39).

[0261] Subsequently, a reflection later 65(6) is formed.
The reflection layer 6 is made of a light-reflective material,
such as Ag, Pt, Rh, or Al. For a light-emitting device
including a plurality of the layered portions, the reflection
layer 6 may double as the wiring electrode. In particular,
since the reflection layer is provided so as to oppose the
inclined peripheries of the frustum layered composites, the
efficiency in use of light can be dramatically increased.

[0262] The insulating layer 5 (72, 73) may double as the
reflection layer.

[0263] Materials of the insulating layer serving as the
reflection layer include SiO,, TiO,, Al,0;, Ta,05, ZrO,,
Nb,Os, and Y,0O;. Preferably, the insulating layer 5 has a
multilayer structure in which two materials having different
refractive indices selected from these materials are alter-
nately deposited. For example, 10 to 20 layers of a combi-
nation of TiO,/Si0, are deposited on top of one another to
define a multilayer reflection layer.

[0264] Then, the metal member 7 is formed over the entire
surface by, for example, plating (FIG. 40). In the present
invention, the metal member 7 is principally intended to
support the light-emitting device after the sapphire substrate
1 is removed in a subsequent step. The thickness of the metal
member 7 must be large (preferably 50 um or more, more
preferably in the range of 100 to 200 pm).

[0265] In the present invention, in order to achieve the
primary function of the metal member 7, it may be formed
of various metals, such as Ti, Ag, Al, Ni, Pt, Au, Rh, Cu, and
W.

[0266] In Embodiment 8, the metal member 7 needs to
have high adhesion to the reflection layer 6. If there is no
reflection layer 6, the metal member 7 is required to have
adhesion to the insulating layer 5 (73) and the p-type ohmic
electrode 36, particularly to the insulating layer 5 (73). For
such a case, materials having superior adhesion to the
insulating layer 5 (73) made of the above-described mate-
rials include Ti, W, Al, and Ni.

[0267] If the metal member 7 is formed of a reflective
material, the reflection layer 6 may be omitted. Such metals
include Ag, Al, Pt, and Rh.

[0268] In the present invention, the metal member 7 may
function to reflect light in addition to its primary function. In
this instance, the metal member 7 may be defined by a
plurality of layers having respective functions. For example,
the metal member 7 includes a first metal film as an
underlayer, having a high reflectance for emitted light and
superior adhesion to the insulating layer 5, p-type ohmic
electrode 36, and the like; and a second metal film capable
of having a large thickness on the first metal film.
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[0269] Since the metal member 7 needs to have a rela-
tively large thickness, it is preferably formed by electroless
plating having high deposition speed or electroplating.

[0270] Specifically, electroplating, such as of Ni, Cu, Al,
or Au, or electroless plating, such as of Ni or Cu, may be
applied.

[0271] In particular, electroless Ni plating is suitable
because it can give a higher strength than the strength of Au,
Cu, and Ag to reduce warpage of wafers, and because it does
not require any electrical contact. In addition, Ni is superior
in uniformity of the plating layer, deposition speed, solder
wettability, bump strength, and corrosion resistance.

[0272] Then, the sapphire substrate 1 is removed by
exposing the substrate 1 to a laser beam, as shown in FIG.
41. Since the relatively thick metal member 7 has been
provided up to this stage, the substrate 1 may be removed by
various techniques, such as grinding and etching, in addition
to laser beam exposure.

[0273] The surface of the n-type nitride semiconductor
layer 2 exposed by removal of the substrate is covered with
a n-type electrode 21 (8) (FIG. 42). The n-type electrode 21
(8) may be formed of W/Al, V/Al, W/Pt/Au, ZnO, 1TO, Mo,
or the like. ZnO and ITO are suitable for increasing the light
extraction efficiency, and ITO is also advantageous because
of its availability.

[0274] For an ITO transparent electrode 21 (8), heat
treatment is preferably applied to reduce the resistance.
Preferred heat treatment temperature is 100 to 500° C., and
more preferably 200 to 400° C.

[0275] Then, n pad electrode 29 is provided to each
layered composite 10, and an insulating layer 72 (5) is
formed to cover the peripheries of the n pad electrodes 29
and the transparent electrode 21 (8).

[0276] Subsequently, the wafer is divided between the
layered portions into light-emitting devices.

[0277] Inthe present invention, the division into devices is
performed away from the inclined peripheries 10a of the
layered composites 10 so that the inclined periphery 10a is
away from the periphery of the resulting device after divi-
sion.

[0278] Since the nitride semiconductor light-emitting
device according to Embodiment 8 of the present invention
is cut out along positions separate from the inclined periph-
ery 10q of the layered composite 10, the interface of the PN
junction at the inclined periphery of the layered composite
10 is not damaged.

[0279] Also, since the cutting position for dividing into
devices is away from the inclined periphery 10a of the
layered composite 10, short-circuiting at the interface of the
PN junction can be prevented, which is caused by chips
produced by cutting the metal member 7.

[0280] In the nitride semiconductor light-emitting device
according to Embodiment 8 of the present invention, the
electrodes are disposed so as to be separated by the layered
composite 10. It is therefore unnecessary to remove the
luminescent layer to form one of the electrodes, unlike a
device having the electrodes on one side. Thus, since the
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luminescent region can be secured without reducing the area
of the luminescent layer, the luminous efficiency can be
increased.

[0281] Also, in the nitride semiconductor light-emitting
device according to Embodiment 8 of the present invention,
the electrodes are disposed with the layered composite 10
therebetween. It is therefore easy to apply current to the
entire luminescent layer uniformly, and thus the entire
luminescent layer can uniformly and efficiently emit light.

[0282] In particular, if the light-emitting device includes a
plurality of layered portions, it can exhibit superior unifor-
mity in the light-emitting surface over a relatively large area.

[0283] Furthermore, since in the nitride semiconductor
light-emitting device according to Embodiment 8 of the
present invention, the transparent electrode 21 (8) is pro-
vided over substantially the entire surface of the n-type
nitride semiconductor layer, current can be uniformly
injected to the entire luminescent layer, and thus the entire
luminescent layer can uniformly emit light.

[0284] However, the invention is not limited to this, and an
n-type electrode in a network (grid) may be provided over
substantially the entire surface of the n-type nitride semi-
conductor layer so that light is emitted through the spaces
between the grids, or an n-type electrode may be provided
to part of the n-type nitride semiconductor layer.

[0285] Since the n-type semiconductor layer has a lower
resistance than the p-type nitride semiconductor layer, cur-
rent is easily diffused in the n-type nitride semiconductor
layer. Accordingly, even if a grid n-type electrode is used,
the grid (the area of regions where the electrode is not
formed) can be increased, so that the electrode does not
block emitted light much. Also, even if an n-type electrode
is provided to part of the n-type nitride semiconductor layer,
current can be injected to a luminescent layer having a
relatively large area.

Modification (Third Aspect, Modification of the
Eighth Embodiment)

[0286] In the above-described Embodiment 8, the n-type
nitride semiconductor layer 2 is etched partway in the
thickness direction, so that the layered composite includes at
least part of the n-type semiconductor layer. However, the
invention is not limited to this. Only the p-type nitride
semiconductor layer 3 and luminescent layer 4 may be
etched to define a layered portion 810-1, as shown in FIG.
45. Alternatively, after etching the p-type nitride semicon-
ductor layer 3 and the luminescent layer 4, the n-type nitride
semiconductor layer 2 is continuously etched until the
sapphire substrate is exposed so that the layered portion
810-2 include the p-type nitride semiconductor layer 3, the
luminescent layer 4, and the n-type nitride semiconductor
layer 2, as shown in FIG. 46.

Embodiment 9 (Third Aspect)

[0287] A nitride semiconductor light-emitting device
according to Embodiment 9 of the present invention has an
arrangement in which four layered composites are arrayed in
a line, as shown in FIG. 47.

[0288] Specifically, in the nitride semiconductor light-
emitting device of Embodiment 9, 16 layered portions 810-3
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(each composed of a p-type nitride semiconductor layer and
a luminescent layer) in frustum of tetragonal pyramid are
arrayed in a 4 by 4 matrix on one surface of an n-type nitride
semiconductor layer 2, as shown in FIG. 50. Thus, the
light-emitting device has a relatively large area.

[0289] The other surface of the n-type nitride semicon-
ductor layer 2 is entirely covered with a transparent elec-
trode 21 (8) shared by all the layered composites 810. The
transparent electrode 21 (8) is used as the n-type ohmic
electrode, and an n pad electrode 23 is formed in the center
of the transparent electrode.

[0290] The nitride semiconductor light-emitting device of
Embodiment 9 is cut out between the layered composites
away from the peripheries 10a of the layered composites 10
(810) such that 16 layered composites 810 are arrayed in a
light-emitting device.

[0291] Since the nitride semiconductor light-emitting
device according to Embodiment 9 of the present invention
is cut out along positions separate from the inclined periph-
eries 10a of the layered composites 10, the interfaces of the
PN junctions at the inclined peripheries 10a of the layered
composites 10 are not damaged, and short-circuiting at the
interfaces of the PN junctions can be prevented, which is
caused by chips produced by cutting the metal member 7.

[0292] Also, the nitride semiconductor light-emitting
device of Embodiment 9 can increase the luminous effi-
ciency for the same reason in the nitride semiconductor
light-emitting device of Embodiment 8, and thus the entire
luminescent layer can efficiently emit light.

[0293] In the nitride semiconductor light-emitting device
of Embodiment 9, the layered composite 810 is defined by
the p-type nitride semiconductor layer 3 and the luminescent
layer 4 without the n-type nitride semiconductor layer 2.
However, the invention is not limited to this, and the n-type
nitride semiconductor layer 2, the p-type nitride semicon-
ductor layer 3, and the luminescent layer 4 may define a
layered composite 810-4, as shown in FIG. 48.

[0294] In the nitride semiconductor light-emitting device
of Embodiment 9, the n-type nitride semiconductor layer 2
may be formed separately for each device on a wafer instead
of being formed separately for each layered composite in
one device (FIG. 49). Then, the wafer is divided into devices
in the spaces between the n-type nitride semiconductor
layers 2.

[0295] The layered composites 810 of the nitride semi-
conductor light-emitting device of Embodiment 9 are
formed in frustum of a tetragonal pyramid. However, it is not
limited to this, and corn frustum layered composites 810-4
may be used (FIG. 51).

(Other Constituents and Structures in the Present Invention)
[0296] (Light-Emitting Device 10000)

[0297] The constituents in the above-described embodi-
ments (light-emitting device 10000) will now be described
in detail. The constituents and structures may be applied in
combination to the embodiments.

[0298] (Device-Structured Composite 10100)

[0299] A device-structured composite 10100 used in the
light-emitting device 10000 of the present invention may be
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defined by a layered structure including a first conductivity
type layer 2, an active layer (luminescent layer 4), and a
second conductivity type layer 3 which are deposited in that
order on a substrate 1, as shown in FIGS. 59A and 59B.
Alternatively, the first conductive layer 2 and the second
conductivity type layer 3 may be horizontally joined to each
other. A combination of these structures may also be used.
For example, the cross section of the joined surface may
form a polygonal line (continuous line), an inverse V shape,
a V shape, or any other complex shape.

[0300] Specifically, the light-emitting device 10000
includes a layered structure 10100 as the device-structured
composite 10100. The device-structured composite 10100
includes the first conductivity type layer 2, the luminescent
layer (active layer) 3, and a second conductivity type layer
3 which are deposited in that order on the substrate 1, as
shown in FIGS. 59A and 59B. In this instance, a lumines-
cent structured portion 5110 includes the first and second
conductivity type layers separated by the luminescent layer,
as shown in the figure. Alternatively, the first and second
conductivity type layers may be horizontally joined to each
other, as described above, or the luminescent structured
portion may have complex joined surfaces in the vertical and
horizontal directions. The light-emitting device may have a
MIS structure, a p-n junction structure, a homojunction
structure, a heterojunction structure (double heterojunction
structure), or a PIN structure, or may be a unipolar device.
However, a preferred structure is such that the active layer
lies between an n-type layer and a p-type layer, like, for
example, a p-n junction structure in which the first and
second conductivity type layers have different conductivity
types from each other.

[0301] The semiconductive materials used in the layered
structure defining the structured device body 10000 include
InAlGaP, InP, and AlGaAs, mixtures of these materials, and
GaN nitride semiconductors. Exemplary GaN nitride semi-
conductors include GaN, AIN, InN, and their mixed crystals,
group II1-V nitride semiconductors (In,Al,Ga,_, ¢N, 0=,
0=@, a+p=1). In addition, other mixed crystals may be
used in which B is used as the entire or a part of the group
IIT element, or in which part of the N being a group V
element is replaced with P, As, or Sh. The following descrip-
tion uses nitride semiconductors, but other materials may be
used.

[0302] The luminescent layer may comprise an InGaN
semiconductor, and wide-bandgap luminescent layers may
emit green or blue light in visible regions, and violet light
and shorter-wavelength light in the ultraviolet region.

[0303] In the embodiments, the first conductivity type
layer 2 and the second conductivity type layer 3 are defined
as an n-type layer and a p-type layer, respectively, and they
may be reversed. The semiconductor layered structure
10100 may be deposited by MOVPE (metallorganic vapor
phase epitaxy), HVPE (hydride vapor phase epitaxy), MBE
(molecular beam epitaxy), or MOCVD (metallorganic
chemical vapor deposition). Preferably, MOCVD or MBE is
applied.

[0304] The substrate used for depositing the semiconduc-
tor layered structure 10100 of the present invention may be
made of a known non-nitride material different from nitride
semiconductors, capable of growing nitride semiconductors.
Such non-nitride substrates include: insulative substrates,
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such as C-plane, R-plane, or A-plane sapphire or spinel
(MgAl,0,); SiC (including 6H, 4H, 3C); ZnS; ZnO; GaAs;
Si; and oxide substrates lattice-matching with nitride semi-
conductors. Preferably, sapphire or spinel is used. Alterna-
tively, nitride semiconductor substrates may be used, such as
GaN and AIN. For other semiconductors, conventionally
known substrates based on the same constituents or non-
nitride substrates, such as Si, may be used.

[0305] (Semiconductor Layered Structure 10100)

[0306] The semiconductor layered structure 10100 of the
light-emitting device 10000 is deposited on the substrate 1
with an underlayer 500 or the like therebetween, as shown
in, for example, FIGS. 57A to 57D, 39, 59A, and 59B. The
underlayer 500 may be included in the structured device
body 10100 or operational portion, but is generally provided
to serve as a non-operational portion only for growing the
structured device body. If; in particular, a non-nitride semi-
conductor substrate is used, a low-temperature deposited
buffer layer is used as the underlayer for crystal-nucleation
or nuclear growth. Preferably, Al,Ga, N (0=X=1) is
deposited at a low temperature (200 to 900° C.) and,
subsequently, grown at a high temperature to a thickness
(single crystal, high-temperature deposited layer) of about
50 A to 0.1 um. A layer formed by a deposition known as
ELO (Epitaxial Lateral Overgrowth) may be used as the
underlayer 500 or in the device layered structure 10100, the
ELO in which growth portions, such as an island-shaped
portions (protrusions, openings in the mask), are deposited
prior to the other portions or selectively on a substrate or an
underlayer so that the portions grow in the horizontal
direction to join to each other and thus form a layer. Thus,
the resulting structured device body can have crystallinity,
and particularly crystal defects can be reduced.

[0307] N-type dopants used in the nitride semiconductors
include group IV elements, such as Si, Ge, Sn, S, O, Ti, and
Zr; and group VI elements. Among these preferred are Si,
Ge, and Sn. More preferably, Si is used. P-type dopants
include, but not limited to, Be, Zn, Mn, Cr, Mg, and Ca, and
preferably Mg is used. By implanting dopants as an accepter
or a donor, nitride semiconductor layers having respective
conductivity types are provided to define respective conduc-
tivity type layer described later. Nitride semiconductors can
be used as the n-type layer even if it is not doped. For other
materials, such as AlGaAs, a suitable dopant is used. The
first conductivity type layer and the second conductivity
type layer in the present invention may partially include an
undoped layer or a semi-insulative layer, or a portion par-
tially parasitic in the conductivity type layers may be formed
in an opposite conductivity-type embedding layer.

[0308] First Conductivity Type Layer 2)

[0309] Preferably, the first conductivity type layer 2 is
doped with an appropriate conductivity type dopant and
given a structure capable of supplying and diffusing carriers
into the surfaces of electrode-forming areas and the active
layer, as shown in the structured device body of the embodi-
ments. It is particularly preferable that a current-diffusing
conductor 8 (contact layer) supplying carriers from the
electrode portion 5200 to the luminescent structured portion
5110 to diffuse the carriers in planes is doped at a higher
concentration. In addition to such charge-supply, in-plane
diffusion layers (contact layer and its adjacent layers), an
interlayer for transferring or supplying charges to the lumi-
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nescent layer in the layering direction, or a cladding layer for
confining second conductivity type carriers in the lumines-
cent layer may be provided, preferably. In a nitride semi-
conductor device, the interlayer disposed between the lumi-
nescent layer 4 and the contact layer of the in-plane diffusion
layers (regions) preferably comprises a lightly doped layer
(undoped layer) which is undoped or doped at a lower
concentration than the in-plane diffusion layers (regions),
and/or a multilayer film. This is because the lightly doped
layer can recover crystallinity degraded by the heavily
doped layers (in-plane diffusion layers) so that the crystal-
linity of the cladding layer and luminescent layer provided
over the in-plane diffusion layers, and because the arrange-
ment of adjoining the heavily doped layer and the lightly
doped layer can promote in-plane diffusion and increases the
pressure resistance. The multilayer film preferably has a
periodic structure composed of at least two types of layers
alternately deposited. Specifically, the periodic structure
includes a nitride semiconductor layer containing In and a
layer having a different composition from that of the nitride
semiconductor layer, preferably In,Ga, ,N/In,Ga, N
(0=x<y<l) In particular, use of a In-containing nitride
semiconductor layer, preferably use of plurality of it as a
well layer, increases the crystallinity of the luminescent
layer. Alternatives to the multilayer film having a periodic
structure including layers having different compositions
may be a structure including layers whose compositions are
gradually varied, whose dopant concentrations are varied, or
whose thicknesses are varied. Preferably, a structure consti-
tuted of layers with thicknesses of 20 nm or less, more
preferably 10 nm or less, deposited on top of one another is
used from the viewpoint of increase of the crystallinity.

[0310] (Luminescent Layer [Active Layer]13)

[0311] The structured device body 10100 of the present
invention preferably includes the luminescent layer emitting
light between the first and second conductivity type layers.
More preferably, the luminescent layer comprises an In-
containing nitride semiconductor from the viewpoint of
obtaining an appropriate luminous efficiency in the range of
UV to visible light (red light). In particular, the use of an
InGaN layer allows the In ratio in the mixed crystal to be
varied so as to provide light having a desired wavelength.
Alternatively, GaN, AlGaN, and other nitride semiconduc-
tors having a higher bandgap than the InGaN may be used
for a luminescent layer for emitting UV light.

[0312] Still more preferably, the luminescent layer is of an
active layer having a quantum well structure, which may be
a single-quantum well structure with a single well layer, or
more preferably a multi-quantum well structure including a
plurality of well layers deposited on top of one another,
separated by barrier layers. The well layer preferably com-
prises InGaN, as in the above described luminescent layer.
The barrier layers preferably have larger bandgap energy
than the well layer. For example, InGaN or AlGaN is used.
The thicknesses of the well layer and the barrier layer are
preferably 30 nm or less, and more preferably 20 nm or less.
Still more preferably, the well layer is 10 nm or less. Thus,
the resulting luminescent layer can exhibit a high quantum
efficiency. The well layer and the barrier layer may be doped
according to the conductivity type. The number of the
barrier layer between a pair of the well layers may be one or
more.
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(Second Conductivity Type Layer 3)

[0313] The second conductivity type layer 3 preferably
includes a cladding layer for confining carriers in the lumi-
nescent layer, and a contact layer on which an electrode is
formed. Preferably, these two layers are separate from each
other, and the contact layer is more distant from the lumi-
nescent layer than the cladding layer and is heavily doped at
a high concentration. In the nitride semiconductor, the
cladding layer preferably comprises a nitride semiconductor
containing Al, and more preferably an AlGaN layer. More
preferably, the cladding layer is provided close to the
luminescent layer, and still more preferably adjoining the
luminescent layer. Thus, the luminous efficiency of the
luminescent layer can be enhanced. Preferably, a layer is
provided between the contact layer and the cladding layer at
a lower concentration than these two layers, so that the
resulting device can exhibit high pressure resistance. The
contact layer may be doped at a high concentration, thereby
enhancing the crystallinity advantageously. Since the con-
tact layer is provided in the luminescent portion 5110 inside
the electrode-forming surface, as shown in FIG. 58, it can
serve to diffuse carriers. In the present invention, however,
an upper electrode 2200 extending on a part of the electrode-
forming surface and a lower electrode 2100 having a larger
area, or a wider section, than that of the upper electrode are
provided to allow them to serve as a current diffusion layer
and a diffusion conductor, thus helping the diffusion of
p-type carriers, which transfers through a nitride semicon-
ductor at a low speed. Also, the contact layer is preferably
formed to a smaller thickness than the thicknesses of the
other layers (cladding layer, interlayer) and doped at a higher
concentration than the other layers to be a high carrier-
concentration layer. Thus, carriers can be well injected from
the electrode.

(Current-Diffusing Conductors 8, 9)

[0314] In the layered structure 1000100 of the present
invention, the current-diffusion conductor 8 may be pro-
vided inside the structured device body (in the first conduc-
tivity type layer 8) or on (the eclectrode 2100 on) the
structured device body. Specifically, as shown in FIG. 58, a
first electrode 1000 is provided for the first conductivity type
layer 2 on the exposed electrode-forming surface 5200, and
serves as a diffusing conductor 8 for diffusing current in the
lateral direction in the first conductivity type layer 2; an
electrode 2100 for ohmic contact, electrically coupled with
the connecting electrodes (wiring electrodes and wires) is
provided for the second conductivity type layer 3, and serves
as a diffusion conductor for widely diffuse current in the
plane through the partially provided wiring electrode. A
diffusion layer may be provided in the second conductivity
type layer 3, or an external diffusing conductor (electrode)
may be provided on the first conductivity type layer.

(In-Plane Structure of Light-Emitting Device)

[0315] The light-emitting device of the present invention
includes the structured portion 5700 including the lumines-
cent structured portion 5110 and the electrode portion 5200.
The structured portion 5700 of the device is formed on the
current-diffusing conductor 8 (first conductivity type layer
2). A single structured portion 5700 may have a luminescent
structured portion 5110 (FIGS. 1 to 10, 34, 45, and 46), or
have a plurality of the luminescent structured portions 5110
in a cluster. In other wards, a single device structure 5700
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includes at least one pair of the luminescent structured
portion 5110 and the electrode portion 5200. A plurality of
the structured portions 5700 of the device may be integrated
to define an integrated light-emitting device 10000.

[0316] For wiring the electrodes, each electrode preferably
has an ohmic contact portion where an ohmic contact is
established to supply current in the structure portion of the
device. Preferably the electrodes (wiring electrode and pads)
are formed corresponding to the ohmic contact portions.
Alternatively, the wiring electrode may be provided so that
separated ohmic contact portions electrically conduct to one
another. The wiring electrode may be provided to a device-
mounting base, as described later.

[0317] The electrodes of the structured device body are
provided on the electrode-forming surfaces of the conduc-
tivity type layers, depending on the shape or form of the
structured device body. Accordingly, the second conductiv-
ity type layer and the first conductivity type layer partially
exposed by removing part of the luminescent layer are used
as the electrode-forming surfaces, so that the second elec-
trode and the first electrode can be respectively provided
above and below the luminescent layer, over the substrate.
Alternatively, both electrodes may be formed on the same
side. In such a case, the electrode-forming surfaces are
disposed in a different manner.

(First Electrode 1000)

[0318] The first electrode 1000 is formed on at least part
of the exposed area 2s of the first conductivity type layer 2
being the electrode-forming region 5200. In the form
according to the second aspect, the first electrode is disposed
separately from the luminescent structured portion 5110 in
the plane, and serves to inject current into the first conduc-
tivity type layer 2 for establishing an ohmic contact. The
exposed area 2a of the first conductivity type layer 2 may be
provided in the outer region of the structured portion 10100
of the device so as to surround the luminescent structured
portion 5110, as shown in the figure. Alternatively, as shown
in FIG. 58, the substrate 1 may be exposed at the outer
region (exposed region 4s) of the device and the periphery
61104 of the first conductivity type layer 2 may be inclined
to serve as a light-reflection portion or a light-extraction
portion. In this instance, by setting the angles of the elec-
trode-forming surface at the inclined periphery with respect
to the normal of the surface of the substrate to be larger than
the angle of the periphery 5110a of the luminescent struc-
tured portion 5110, light propagating in the lateral direction
in the first conductivity type layer 2 can efficiently be
extracted advantageously. The exposed area 2s may be
provided to the luminescent structured portion 5110 in the
operational portion 57 of the device in such a manner as to
be exposed at the first electrode 1000 (5110a), thus func-
tioning as a light-extraction groove. In addition, a protrusion
may be provided as a nonluminescent structured portion into
which current is not injected (for example, electrode portion
5200 or non-operational portion 5800 of the device) in the
area exposed at the electrode 1000. The protrusion can
contribute to reflection or light extraction.

[0319] The first electrode 1000 functions to diffuse and
inject current into the luminescent structured portion 5110.
By adjusting the in-plane diffusion in the in-plane diffusing
layers (8 and 9) of the first conductivity type layer 2, the
second conductivity type layer 3, and the second electrode
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2000 (lower electrode layer 2100), more specifically, by
appropriately adjusting sheet resistances to control the inter-
val between the first electrode and the second electrode, a
desired width is given to the luminescent structured portion
5110 and a desired state in in-plane diffusion can be
achieved.

[0320] The first electrode 1000 includes a pad portion
1100 and a connecting electrode portion 1200. These por-
tions may be formed in the same electrode structure, or may
have different structures such that the electrode 1000 is
defined by an electrode for establishing an ohmic contact
and a pad electrode is formed only in the pad portion 1100.

(Second Electrode 2000)

[0321] The lower electrode 2100 is formed over substan-
tially the entire surface of the exposed area 2s of the second
conductivity type layer 3 in the luminescent structured
portion 5110, as described above, thus functioning as a
diffusion layer for diffusing current in the plane in the
luminescent structure portion 5110. If the second conduc-
tivity type layer 3 has a current diffusion layer inside, the
in-plane diffusing electrode 2100 is not necessary. However,
both the current diffusion layer in the structured portion and
the current diffusion electrode may be provided because the
device structure often makes it difficult to diffuse current. In
use of nitride semiconductors, in-plane diffusion in the
p-type layer often becomes insufficient. It is therefore pref-
erable that second electrode 2000 include a pad portion
2200p for external connection, an upper electrode 2200
extending from the pad electrode to diffuse current to the
luminescent structured portion 5110, a wiring electrode
2200a (22005), and a lower electrode 2100 having a larger
area than that of the wiring electrode 2200a (22005) to
expand the second electrode 2000 in the plane.

[0322] The lower electrode 2100 is preferably light trans-
missive, as described above. If light is extracted through the
substrate 1, as shown in FIGS. 16B, 33B, 54A, and 55, a
reflection layer may be provided on the light-transmissive
electrode or a light-transmissive insulating layer on the
light-transmissive electrode, or an electrode structure or a
reflective electrode may be provided which includes a
reflective electrode layer overlying a light-transmissive elec-
trode layer. In either case where light is extracted through
the substrate 1 or the second conductivity type layer, it is
preferable that the lower electrode layer 2100 of the second
electrode 2000 is provided with openings to be light trans-
missive, or that the lower electrode layer proper 2100q is
light transmissive, as well.

[0323] The first and second electrodes 1000 and 2000,
particularly the lower electrode 2100 of the p-type nitride
semiconductor layer, are formed of a metal, an alloy or an
composite containing at least one selected from the group
consisting of nickel (Ni), platinum (Pt), palladium (Pd),
rhodium (Rh), ruthenium (Ru), osmium (Os), iridium (Ir),
titanium (T1), zirconium (Zr), hathium (Hf), vanadium (V),
niobium (Nb), tantalum (Ta), cobalt (CO), iron (Fe), man-
ganese (Mn), molybdenum (MO), chromium (Cr), tungsten
(W), lanthanum (La), copper (Cu), silver (Ag), and yttrium
(Y). Compounds containing at least one of these metals may
be used, such as conductive oxides and nitrides. Among
these, preferred are conductive metal oxides (oxide semi-
conductors), such as indium oxide doped with tin (Indium
Tin Oxide, ITO) of 50 A to 10 um in thickness, ZnO, In, O,
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and SnO, because of their light transmittancy. Such an oxide
semiconductor functions intermediately between the con-
ductivity type layers 2 and 3 and their respective electrodes
1000 and 2000, and the conductivity of the conductivity type
layers 2 and 3 may be set to be the same as that of the metal
oxide. If oxide semiconductor layers having different con-
ductivity types are used as the eclectrodes, an interlayer
(opposite conductivity type layer, oxide semiconductor,
metal layer) may be disposed between the electrode and the
device-structured composite 10100. Since the oxide semi-
conductor or electrode material can serve as the diffusing
conductor 2100 (9), the diffusion conductor 8 on the first
conductivity type layer 2 side may be constituted of such a
semiconductor layer. If the lower electrode 2100 is of a
metal layer, the lower electrode can be formed to such a
small thickness as to ensure transmittance; if the lower
electrode layer 2100 having an openings 21005, a reflective
metal, such as Al, Ag, or Rh, may be used for the lower
electrode 2100.

[0324] FIGS. 60A to 60F show exemplary forms of the
second electrode 2000 including the lower electrode 2100
and the upper electrode 2200 (wiring portion 22004a). In the
second electrode, pad portions 2200p may be arranged in a
line 2200a (designated by dotted lines) to serve as the
connecting electrode portion 2200a (FIG. 58); the lower
electrode 2100 may be defined by the lower electrode proper
2100a having openings 21005 formed corresponding to
openings 600 of the structured portion 10100 of the device
(FIG. 60B); the lower electrode 2100 may partially have an
opening 21005, and an electrode 2200c. serving as the
wiring portion 2200a (pad portion 2200p) is formed on the
surface of the lower electrode 2100, across the opening
21005 (surface of the second conductivity type layer 3), as
shown in FIG. 60D. A compound electrode, such as an oxide
electrode, can enhance the adhesion in the second electrode.
The second electrode 2200a filling the opening 21005 may
be such that the second electrode 2000 is defined by elec-
trodes 2200c. (upper electrode pad portions 2200p-1, 2200p-
2) disposed on the electrode 2100, across the opening 21005
of the lower electrode together with recesses 600 formed in
the second conductivity type layer 3.

[0325] Since the electrode 2100 of the second electrode is
formed in the luminescent structured portion 5110, it is
necessary to be transmissive or reflective so that light can be
extracted or reflected effectively. It is therefore advanta-
geous for either light-extraction direction that the electrode
has a portion (electrode proper 2100a) with a high light-
transmissive property (light transmittance) (formed of a
material having a low light absorption), or that the light
transmittance (or absorption) of the electrode, the area ratio
of the openings 21005 determining the transmittance (total
area of the openings/area of the electrode proper [5300]),
and/or the proportion and distribution of the openings are
adjusted.

[0326] The surface 2s of the electrode from which light is
extracted may be formed into an irregular portion 600, as
shown in FIG. 60A; recesses 600a may be formed in the
second conductivity type layer 3, corresponding to the
openings 20004 in the electrode 2300 so that irregularities
600 are defined by the interface of different types of mate-
rial: the upper surfaces 600c¢ (interface with the electrode
material) of protrusions and the lower surface 600a (inter-
face with the protective film or insulating material) of
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recesses, as shown in FIGS. 60C and 60E. These structures
contribute to favorable light extraction or reflection. Also, by
setting the angle of the sidewall 6005 large, reflection at the
sidewall is increased to enhance the light-extraction effi-
ciency. The irregularities 600 may be provided at an end, a
side surface, an exposed surface, or an interface (between
layers, between a layer and the substrate, between a layer
and a metal, between a layer and a film, such as an insulating
layer) of the structured portion 10100 of the device. For
example, as shown in FIG. 57, in order to increase the
light-extraction efficiency by diffusing light propagating in
the direction designated by the arrow and controlling the
direction of the light, the irregularities 600 are formed in the
substrate 1, and the device-structured composite 10100 is
deposited to the irregularities so that an irregular interface is
formed between the substrate 1 and the semiconductor of the
unit. The irregular interface 600 may be formed at the
surface of the underlayer 500 exposed by removing the
substrate 1 in a removal region 700. By forming the irregular
interface 600, the light-extraction efficiency and power of
the light-emitting device are enhanced advantageously.

[0327] The irregularities 600 and the openings 21005
(electrode proper 2000a) of the lower electrode 2100 of the
periodic structure are formed in a pattern of protrusions
(upper surfaces) and openings 20005 or a pattern of recesses
(bottom surfaces) and electrode proper 2100a in a dot
manner, a grid, a honeycomb, a branch pattern, a rectangular
shape, a polygonal shape, a circular shape, or any other
shape. The size of the irregularities is set at A/(4n) or more
(n represents the refractive index of the material forming the
irregularities; A represents the emission wavelength of the
luminescent layer) so as to reflect, diffuse, or extract light.
More specifically, the intervals of the openings, protrusions
or recesses, the length of sides (rectangular or polygonal
shape), or the diameter (dot manner, circular shape) is set at
1 to 10 pm, and preferably 2 to 5 um. The shape in sectional
view is not particularly limited, and the side surface of the
recesses may be substantially vertical or inclined (in a mesa
manner or reversed mesa manner). The reflection layer in the
present invention is formed at the end surface, exposed
surface, or interface with the substrate of a device to which
reflection functions are given, so that desired light extraction
(for example, at the substrate 1 side) is achieved. Specifi-
cally, the reflection layer may be provided, as in the irregu-
larities 600, on the exposed surfaces 1s (5200) and 25 (5300)
of'the first and second conductivity type layers, the openings
2005 of the electrode, and the periphery 5110a of the
semiconductor layers (first and second conductivity type
layers, luminescent layer 5110), and further on a surface of
the substrate. The periphery may be inclined to reflect light
in a desired direction. A metal layer (for example, an
electrode) may be given reflectivity, and further, the reflec-
tion layer may be formed on the surfaces 6004 to 600c of the
irregularities 600. The reflection layer may comprise a metal
film, oxide film (insulating film), multilayer reflection film
(DBR), or the like. For visible light, particularly from a
luminescent layer formed of In Ga, N (0=x=1), Al or Ag
is used as a high reflection layer. A suitable material is
selected according to the position and material of the layer-
forming region (end of the device), emission wavelength, or
and the like.

[0328] The first electrode 1000 and the second electrode
2000 or the first electrode 1000, the second electrode 2000
and the upper electrode 2200 (pad portion 2200p, connect-
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ing electrode) may be formed of the same material in the
same structure at one time. For example, these electrodes
each comprise a multilayer film, such as Ti/Au or Ti/Al,
including a Ti layer (first layer) for establishing an ohmic
contact with the first conductivity type layer and enhancing
adhesion and a pad layer (second layer) of gold, Al, or a
platinum metal in that order from the exposed area 2s side.
A high-melting-point metal layer (W, Mo, a platinum metal)
may be provided as a barrier layer between a first layer for
ohmic contact (W, Mo, or Ti is suitable for establishing an
ohmic contact with the first conductivity type layer) and a
second layer or pad layer. Preferred structures include, for
example, W/Pt/Au and Ti/Rh (second layer a)/Pt (second
layer b)/Au, and these are particularly suitable for the first
electrode (for ohmic contact). It is particularly preferable
that Rh, which has high reflectivity and barrier properties, is
used as the second layer from the viewpoint of enhancing the
light extraction efficiency. The electrode 2300 for establish-
ing an ohmic contact with the second conductivity type layer
3 preferably comprises Ni/Au or Co/Au, in that order from
the exposed area 2s side, or a conductive oxide, such as ITO,
or platinum metals, such as Ri/In or Pt/Pd.

[0329] Among these, preferred material for the lower
electrode 2100 (electrode proper 2100q) is Ni/Au (light-
transmissive electrode material) or Rh/Ir (reflective elec-
trode material).

(Fourth Aspect)

[0330] According to a fourth aspect of the present inven-
tion, a light-emitting apparatus is provided which includes
the light-emitting device according to the first to third
embodiments. In particular, the light-emitting apparatus uses
a light-transforming member for a filler or a lens to trans-
form at least part of the light emitted from the light-emitting
device.

Embodiment 10

[0331] Embodiment 10 describes a device composite
10300 in which any one of the light-emitting devices 10000
of Embodiments 1 to 9 according to the first to third aspects
of the present invention is mounted and bonded onto a
multilayer board 10400 with the electrode surfaces of the
device therebetween. FIG. 54A shows a schematic sectional
view of the device composite. In another form, the light-
emitting devices 10000 may define the device composite
10300, and are mounted and bonded such that, as shown in
FIG. 54A, the first electrodes 21 (pad portions 29) (the
electrode and pad portion of the first conductivity type layer
2) separately provided in the device, as described above, are
connected to each other with an electrode 11200 of the board
10400 and the separately provided second electrodes 31 (pad
portions 32) (the electrode and pad portion of the second
conductivity type layer 3) are also connected to each other
on the board 10400 side. The electrodes 11200 of the board
10400 are isolated by an insulating film 11100 or the like
corresponding to the electrodes 21 (29) and 31 (32) on the
light-emitting device side, and additional electrodes 11300
are provided for external connection. The board may include
a device portion 11500. In the present embodiment, the
device portion includes a p-type layer (first conductivity
type layer) 11500a¢ and n-type layer (second conductivity
type layer) 115005 as a current-shielding and static-shield-
ing device (device-structured portion 11500). While, in the
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present embodiment, a single device portion 11500 is pro-
vided in the board 10400, two or more device portions may
be provided and connected with electrodes of external
device 10000 or mounting base 20100. The shielding device
may be incorporated in the light-emitting apparatus 20000
(mounted portion 22200) on the board 10400 and connected
to the light-emitting device with wire.

[0332] The electrodes 21 and 31 of the light-emitting
device 10000 and the electrode 11200 of the board 10400 are
connected to each other with a junction layer 11400. Alter-
natively, part of the electrode of the device 10000 or part of
the electrode 11200 of the board 10400 may be included in
the junction layer. For example, the junction layer may be
alternative to the pad portions 11 and 22p.

[0333] The board 10400 may be of a normal submount,
having no device-structure portion 11500. The board 10400
may be connected to the outside with connecting electrodes
11300 by wiring, or an electrode for the device-structured
portion of the board or an electrode layer electrically con-
necting the interior to the exterior may be formed on the
mounting side to be used as the electrodes 11300 and the
junction layer 11400.

(Support 900)

[0334] A support 900 may be prepared by removing the
substrate 1 used for depositing the device layered structure
10100 of the light-emitting device structure 10000. For
example, as shown in FIG. 59B, the removal portion 700 to
be removed may be defined by the substrate 400, the
substrate 400 and a part or the entirety of an interlayer 500
between the substrate and the layered structure 10100, or
part of the first conductivity type layer 1 in addition to these
layers. In other words, any unnecessary region can be
removed except the device layered structure 10100. Specifi-
cally, the removal portion 700 is separated from the device
layered structure 10100 bonded and mounted on a multilayer
board, such as a submount, as shown in FIG. 16B or bonded
to the support 1700 as shown in FIGS. 59A and 59B, by
grinding, deliquescence or fusion of part of the layered
portion on the substrate 1 through a chemical process (with
an etchant), or decomposition by laser exposure (laser
ablation). A stress or strain may be placed between the
substrate 1 and the device layered structure 10100 to break
layers by applying mechanical grinding or external force.
These methods may be combined to remove the removal
portion 700.

[0335] Preferably, the removal portion, such as the sub-
strate 1, is removed by transfer in which the device layered
structure is bonded to the support 900 with a junction layer
800 therebetween. In this instance, the support 700 is made
of a suitable material according to purpose. In order to
enhance the heat radiation of the device, AIN, BN, SiC,
GaAs, Si, or C (diamond) is preferably used as a heat-
radiating support. Other materials for the support include
semiconductor substrate constituted of semiconductors,
such as Si, SiC, GaAs, GaP, InP, ZnSe, ZnS and ZnO,
elemental metal substrates, and complex substrates consti-
tuted of at least two metals not dissolving with each other or
having low solubility limits. Such a metal material is, for
example, composed of at least one metal selected from
high-conductivity metals, such as Ag, Cu, Au and Pt, and at
least one metal selected from high-hardness metals, such as
W, Mo, Cr, and Ni. Preferably, the metal support is a Co—W
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or Cu—Mo complex. The material and the bonding method
of'the support 900 are selected in view of the adsorption and
loss by the support of light emitted from the light-emitting
decide, the adhesion to the device-structured composite
10100 (the difference in thermal expansion coefficient
between the device-structured composite 10100 and the
support 900 or the mounting material 20300), or other
factors. If light is extracted through the support 900, a
light-transmissive material is selected, and is bonded with a
light-transmissive adhesion layer 800, such as of silver
paste, or by a method using no adhesion layer so that light
loss is reduced. If light is extracted from the removal portion
700 side, a reflection layer of Al, Ag or the like is preferably
provided to the adhesion layer 800, the support 900, or part
of the layered structure 10100 to enhance the extraction
efficiency. It goes without saying that if the order of depos-
ited semiconductor layers is reversed by transfer, the first
conductivity type layer 2 and the second conductivity type
layer 3 in the device structure are interchanged, as desig-
nated by the double-headed arrow shown in FIG. 59B.

(Junction Layer 800, Junction Layer 11400, Adhesion Mem-
ber 20400)

[0336] For adhesion between the support 900 and the
device-structured composite 10100; adhesion between the
device-structured composite 10100 (10000) and the multi-
layer board 10300; and adhesion or junction between the
light-emitting device 10000, the support 900, or the multi-
layer board 10300 and the mounting base 20100 (housing
20200), a junction layer 800 (11400) or an adhesion member
20400 may be used. For forming them, a mixed or complex
composition (organic) or a solder, such as Ag paste, carbon
paste, or ITO paste is used. In view of the heat radiation from
the light-emitting device 10000, heat-resistant material, such
as Au, Sn, Pd, and In, is effective for large-area, high-
current-driven, highly exothermic devices. These metals
may be formed in a single layer, a composite, or an alloy.
Preferred combinations of a first and a second eutectic-
forming layer include Au—Sn, Sn—Pd, and In—Pd. More
preferably, the first eutectic-forming layer is formed of Sn
and the second eutectic-forming layer is formed of Au. A
metal bump or a metal-metal junction, such as a Au—Au
junction, may be used.

[0337] Such a junction layer may be formed on an under-
layer, such as an adhesive metallizing layer, provided over
the base (substrate 400, surface of the device-structured
composite 10100, support 900, mounting base 20100, or
multilayer board 10100), or on a reflection layer for reflect-
ing light from the light-emitting device, thus forming an
adhesion layer (junction layer) of a eutectic, a multilayer
eutectic, an alloy, or the like. An antioxidant surface pro-
tection layer may be provided on the surface of the junction
layer. In addition, an adhesive metallizing layer (adhesive
layer), a surface protection layer, and an adhesion layer
(junction layer) may be provided on the mounting side
where an adhesion is established, and these layers on both
sides may be bonded and joined.

[0338] For example, the junction layer 20400 is disposed
between the substrate (sapphire) 10 of the light-emitting
device 10000 and the mounting region 20200 (whose sur-
face is coated with, for example, Ag), as shown in FIG. 56.
The junction layer 20400 is formed by depositing Al (0.2
um, reflection layer)/W (0.2 um)/Pt (0.2 pm), seven pairs of
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Au (0.3 um)/Sn (0.2 um), and a Au (10 nm) layer, in that
order, from the substrate side, by depositing a Au layer on
the mounting region 20200, and by heating and compressing
the layers to bond the light-emitting device with the adhe-
sion layer 20400. As for the junction layer 800 for bonding
the device-structured composite 10100 to the support 1700,
for example, a Ni—Pt—Au—Sn—Au multilayer film is
deposited on the p electrode of the second conductivity type
layer (p type layer) at respective thicknesses 0f 0.2, 0.3, 0.3,
3.0, and 0.1 pm, and a Ti adhesion layer, a Pt barrier layer,
and a Au second eutectic-forming layer are deposited in that
order at respective thicknesses 0f 0.2, 0.3, and 1.2 pm on the
surface of a 200 um thick metal substrate 1700 made of a
complex of 30% of Cu and 70% of W. These layers are
heat-compressed.

(Device Composite 10300)

[0339] For installing the light-emitting device into the
light-emitting apparatus 20000, the light-emitting device
10000 may be mounted on the multilayer board 10400, such
as a heat sink or a submount, to prepare a device composite
10300 which is a mounting composite including the device,
as shown in FIGS. 16B, 33B, 54A, and 55. In this instance,
the material of the board 10400 on which the light-emitting
device 10000 is mounted is selected, as well as the above-
described support, according to purpose. For example, it is
selected in view of heat radiation properties or the light-
extraction structure. The device composite 10300 is bonded
to the mounting region 20200 of the light-emitting apparatus
20000, at the surface opposing the surface joining to the
light-emitting device 10000.

[0340] If the multilayer board 10400 in the present inven-
tion is bonded opposing the electrodes of the light-emitting
device 10000, electrode structures 11200a and 112005 are
provided to the board 10400 corresponding to the electrodes
21 (29) and 31 (32) of the light-emitting device 10000. If the
board 10400 is bonded opposing the opposite side (substrate
400) to the electrodes of the light-emitting device 10000, an
adhesion layer or the like for bonding is provided instead of
the electrodes, but another type of electrode may be pro-
vided for connecting the board to the light-emitting device
10000 by wiring. The electrodes 11200 of the board 10400
may be provided only on the surface bonding to the light-
emitting device 10000, as shown in the figures. Alterna-
tively, the electrodes may be provided, as a mounting-
surface electrodes 11400, on the mounting surface opposing
the bonding surface of the board 10400 such as to extend
from the bonding surface to the mounting surface, to lie on
the bonding surface, or to be communicated or electrically
coupled from the bonding surface of the light-emitting
device to the mounting surface through a through hole or via
hole.

[0341] Although the figures shows an example in which a
single light-emitting device 10100 is mounted on a single
multilayer board 10400, a plurality of light emitting devices
10100 may be integrated and connected to the board 10400
in parallel, series or their combination with wiring elec-
trodes of the board 10400 to define the composite 10300
including the mounted device. A single light-emitting device
10100 may be mounted on a plurality of multilayer boards
10400, another type of board comprising a differently func-
tioning device, or their combination. Either a plurality of
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light-emitting devices 10100 or layered boards (devices)
10300 may be arranged in the vertical direction to define a
device composite 10300.

[0342] The light-emitting device 10000 may be covered,
as shown in FIG. 55, with a coating 10500 formed of a
light-transmissive inorganic compound, such as SiO,,
Al,O;, or MSiO, (M represents, for example, Zn, Ca, Mg,
Ba, Sr, Zr, Y, Sn, or Pb). The coating 10500 may contain a
phosphor (light-transforming member 10600). The light-
transmissive material helps phosphor molecules combine to
each other, so that the phosphor deposits to form a layer and
adheres on the LED 10000 or the support 10400. The coating
serves as an insulating protection layer coating the device
structure 10000. Alternatively, a reflection layer (reflective
metal layer, such as Al or Ag layer) may be provided as the
coating. A DBR may be used as the reflection layer.

(Light-Transforming Member 10600, Light-Transforming
Layer 23100)

[0343] A light-transforming member 10600 and a light-
transforming layer 23100 in the light-emitting apparatus
20000 absorb part of the light from the light-emitting device
10000 and emit light having a different wavelength. A
material containing a phosphor may be used as the light-
transforming member or layer. The light-emitting transform-
ing member 10600 and the light-transforming layer 23100
may be formed as the coating 10500 by coating the entirety
or a part of the light-emitting device 100000, or by coating
part of the multilayer board 10400 together with the light-
emitting device. In the above-described first to third aspect,
the light-transmissive member or layer may be formed not
only in the light-transmissive protection layer coating the
structured composite or the like, but also in an optical path
running from the light-emitting device, for example, in a
light-transmissive member (lens or filler). Binders of the
phosphor include: oxides and hydroxide containing at least
one element selected from the group consisting of Si, Al, Ga,
Ti, Ge, P, B, Zr, Y, Sn, Pb, and alkaline-earth metals; and
organic metal compounds (preferably containing oxygen)
containing at least one element selected from the group
consisting of Si, Al, Ga, Ti, Ge, P, B, Zr, Y, Sn, Pb, and
alkaline-earth metals. The organic metal compounds include
compounds having an alkyl group or an aryl group, such as
metal alkoxides, metal diketonates, metal diketonate com-
plexes, and metal carboxylates.

[0344] The light-transforming member or layer may be
formed as part of a sealing member 23000 of the light-
emitting apparatus 20000, or formed as an additional layer
23100 on a sealing member 23000a or between the sealing
member 23000a and a sealing member 230005, separate
from the light-emitting device 10000, as shown in FIG. 56.
The light-transforming member may be dispersed in the
sealing member 23000, or the light-transforming layer
23100 may serve as the sealing member 23000. Also, the
light-transforming member or layer may be formed in a
layer sedimented in a apparatus base 22000, the mounting
base 20100, or the housing recess 20200.

[0345] The phosphor used in the light-transforming mem-
ber of the present invention transforms visible or ultraviolet
light emitted from the light-emitting device into light having
a different wavelength, and is excited by the light from the
semiconductor luminescent layer of the device-structured
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composite 10100 to emit light. The phosphor may be excited
by ultraviolet light or visible light to emit light having a
predetermined color.

[0346] Exemplary phosphors include cadmium zinc sul-
fide activated by copper and yttrium aluminum garnet phos-
phors (hereinafter referred to as YAG phosphors) activated
by cerium. For long-time use at a high luminance, (Re,_
x8m,),(Al,_ Ga );0,,:Ce (0=x<1, 0=y=1, Re is at least
one element selected from the group consisting of Y, Gd, and
La) is particularly preferable. This phosphor is resistant to
heat, light and water because of the garnet structure, and its
excitation spectrum can have a peak at about 470 nm. Also,
the peak luminescence can be observed at about 530 nm, and
the luminescence spectrum can be so broad as to extend to
720 nm. In the present invention, the phosphor may be a
mixture of at least two types of phosphor. For example, at
least two (Re,_,Sm,);(Al,_,Ga,);0,,:Ce phosphors having
different proportions of Al, Ga, Y, La, Gd, and Sm are
compounded to increase the number of RGB wavelength
components. For some semiconductor-light-emitting
devices exhibiting variation in emission wavelength, at least
two types of phosphor may be compounded to obtain desired
white-mixed light. Specifically, by compounding phosphors
having different chromaticities, with their amount adjusted
according the emission wavelength of the light-emitting
device, light can be emitted at a desired point in a chroma-
ticity diagram defined by the chromaticities of the phosphors
and light-emitting device. Al least two types of phosphor
may be contained in a single coating 10500, light-transform-
ing layer 22100, or light transforming member 10600, or a
single phosphor or at least two types of phosphor may be
contained in each layer of a double-layer coating. Thus,
colors of light emitted from different types of phosphor are
mixed to produce white light. In this instance, in order to
sufficiently mix colors of light from phosphors and to reduce
nonuniform browning, it is preferable that the average grain
sizes and shaped of the phosphors are similar. An aluminum
garnet phosphor, which is represented by YAG phosphors,
may be combined with a phosphor capable of emitting red
light, particularly a nitride phosphor. The YAG phosphor and
the nitride phosphor may be mixed in a single-layer coating,
or may be separately contained in respective layers of a
multilayer coating. The phosphors will now be described in
detail.

[0347] The aluminum garnet phosphor used in the present
invention contains Al; at least one element selected from the
group consisting of Y, Lu, Sc, La, Gd, Tb, Eu, and Sm; and
one of Ga and In, and is activated by at least one element
selected from the rare earth elements. This phosphor is
excited by visible light or ultraviolet light emitted from an
LED chip 10100 to emit light. Such phosphors include
Th, 05Ce 05ALsO1 5, Y5.00Ce0 05Tho 05 AL Oy,
Y5 04Ce0,05Pro.01 AL O, and Y, 56Cep osPro 0sALsO, in
addition to the above-cited YAG phosphors. Among these
used in the present embodiment are at least two yttrium
aluminum oxide phosphors having different compositions,
containing Y, and activated by Ce or Pr.

[0348] By emitting on a display light generated by mixing
blue light emitted from a light-emitting device including a
luminescent layer made of a nitride compound semiconduc-
tor with green and red light emitted from a phosphor having
a yellow body color for absorbing the blue light, or with
yellow light tinged with green and red, a desired white
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luminescent color can appear on a display. In order to
produce such a color mixture in the light-emitting apparatus,
the powder or bulk of the phosphor may be contained in a
resin, such as epoxy, acrylic, or silicone resin, or in a
light-transmissive inorganic material, such as silicon oxide
or aluminum oxide. The material containing the phosphor is
formed to such a thickness as to transmit light from the LED
chip in various shapes, such as dots or a film, according to
how the phosphor is used. By adjusting the ratio of the
phosphor to the light-transmissive inorganic material, the
amount of phosphor application, or the phosphor content,
and appropriately selecting emission wavelength, a desired
color of light, including white can be produced.

[0349] Also, by arranging at least two types of phosphor
separately for incident light from the light-emitting device,
the resulting light-emitting apparatus can efficiently emit
light. For example, a light-emitting device including a
reflection member is provided thereon with a color-trans-
forming member containing a phosphor absorbing long-
wavelength light and emitting long-wavelength light and
another color-transforming member containing a phosphor
absorbing longer-wavelength light and emitting longer-
wavelength light are layered one on top of the other, so that
reflected light can be used effectively. Also, the peak lumi-
nescence Ap is observed at about 510 nm, and the lumines-
cence spectrum is so broad as to extend to about 700 nm.
YAG phosphors capable of emitting red light, which are
included in yttrium aluminum oxide phosphors activated by
cerium, are also resistant to heat, light and water because of
the garnet structure, and exhibits excitation and absorption
spectra with a peak wavelength in the range of about 420 to
470 nm. Also, the peak luminescence Ap is observed at about
600 nm, and the luminescence spectrum is so broad as to
extend to about 750 nm.

[0350] By substituting Ga for part of the Al in an YAG
phosphor having the garnet structure, the emission spectrum
is shifted to the shorter wavelength side; by substituting Gd
and/or La for part of the Y in the composition, the emission
spectrum is shifted to the longer wavelength side. Thus,
emission color can be continuously adjusted by changing the
composition. For example, the intensity in the long wave-
length region can be continuously changed depending on the
Gd content. Thus, the YAG phosphor provides ideal condi-
tions for transforming blue light emitted from nitride semi-
conductors into white light.

(Nitride Phosphor)

[0351] In the present invention, nitride phosphors may be
used which contain N; at least one element selected from the
group consisting of Be, Mg, Ca, Sr, Ba, and Zn; and at least
one element selected from the group consisting of C, Si, Ge,
Sn, Ti, Zr, and Hf, and which are activated by at least one
element selected from the rare earth elements. The nitride
phosphor used in the present invention absorbs visible light
and ultraviolet light emitted from the LED chip 10100 and
light emitted from the YAG phosphor to be excited, thus
emitting light. Exemplarily nitride phosphors include
Ca—Ge—N:Eu, 7Z; Sr—Ge—N:Eu, Z; Sr—Ca—Ge—
N:Eu, Z; Ca—Ge—0O—N:Eu, 7Z; Sr—Ge—0O—N:Eu, Z;
Sr—Ca—Ge—0O—N:Eu, Z; Ba—Si—N:Eu, Z; Sr—Ba—
Si—N:Eu, 7Z; Ba—Si—O—N:Eu, Z; Sr—Ba—Si—0O—
N:Eu, Z; Ca—Si—C—N:Eu, Z; Sr—Si—C—N:Eu, Z;
Sr—Ca—Si—C—N:Eu, Z; Ca—Si—C—O—N:Eu, Z;
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Sr—Si—C—0O—N:Eu, Z; Sr—Ca—Si—C—0O—N:Eu, Z;
Mg—Si—N:Eu, Z, Mg—Ca—Sr—Si—N:Fu, Z,
Sr—Mg—Si—N:Eu, Z; Mg—Si—0O—N:Eu, Z; Mg—Ca—
Sr—Si—O—N:FEu, Z; Sr—Mg—Si—O—N:Eu, 7;
Ca—7Zn—Si—C—N:Eu, Z; Sr—7Zn—Si—C—N:Eu, Z;
Sr—Ca—7Zn—Si—C—N:Eu, 7Z; Ca—Zn—Si—C—0O—
N:Eu, Z; Sr—Zn—Si—C—O—N:Eu, Z; Sr—Ca—Z7n—
Si—C—0O—N:Eu, Z; Mg—7n—Si—N:Fu, Z; Mg—Ca—
Zn—Sr—Si—N:Eu, Z; Sr—Zn—Mg—Si—N:Eu, Z;
Mg—7n—Si—O—N:Eu, Z; Mg—Ca—7Zn—Sr—Si—O—
N:Eu, Z; Sr—Mg-Z n—Si—O—N:Eu, Z; Ca—7n—Si—
Sn—C—N:Eu, Z; Sr—Zn—Si—Sn—C—N:Eu, Z;
Sr—Ca—7Zn—Si—Sn—C—N:Eu, 7Z; Ca—Zn—Si—Sn—
C—O—NEu, Z7Z; Sr—Z7Zn—Si—Sn—C—O—N:Eu, Z;
Sr—Ca—7n—Si—Sn—C—0O—N:Eu, 7; Mg—7n—Si—
Sn—N:Eu, 7; Mg—Ca—Z7n—Sr—Si—Sn—N:Eu, Z;
Sr—Z7Zn—Mg—Si—Sn—N:Eu, 7Z; Mg—7n—Si—Sn—
O—N:Eu, 7Z; Mg—Ca—Zn—Sr—Si—Sn—O—N:Fu, Z;
and Sr—Mg—7n—Si—Sn—O—N:Eu, Z. Z represents a
rare earth element, and preferably contains at least one
selected from the group consisting of Y, La, Ce, Pr, Nd, Gd,
Tb, Dy, Ho, Er, and Lu. In addition, Sc, Sm, Tm, or Yb may
be contained. These rare earth elements are present in an
element, oxide, imide, or amide form in a mixture of
materials. While most rare earth elements have trivalent
electron configurations, Yb and Sm have divalent configu-
rations, and Ce, Pr and Tb have tetravalent configurations. If
an oxide of a rare earth metal is used, the oxygen affects the
emission characteristics of the phosphor. Specifically, the
presence of oxygen may undesirably degrade the luminance
of emitted light, but reduces afterglow advantageously. In
use of Mn, the grain size can be increased by the flux effect
of Mn and O, and accordingly the emission luminance is
enhanced. In the present invention, preferably, silicon nitride
phosphors containing Mn are used, which include Sr—Ca—
Si—N:Eu, Ca—Si—N:EFu, Sr—Si—N:Eu, Sr—Ca—Si—
O—N:Eu, Ca—Si—O—N:Eu, and Sr—Si—O—N:Eu.
Such phosphors are expressed by the general formula
LySiyNeoaxiamvyBu or LySivO N ax 45y 2nzyBu (L
represents Sr, Ca, or Sr and Ca). X and Y are arbitrarily
selected, but preferably X=2 and Y=5 or X=1 and Y=7.
Specifically, preferred phosphors include (SryCa,_
x),S1sNg:Eu,  Sr,SisNg:Eu,  Ca,SisNg:Eu,  Sr,Ca,_
xS1,N| ,Eu, SrSi-N,,:Eu, and CaSi,N,,:Eu which contain
Mn. These phosphors may further contain at least one
selected from the group consisting of Mg, Sr, Ca, Ba, Zn, B,
Al, Cu, Mn, Cr, and Ni. However, the present invention is
not limited to the form of the present embodiment and
examples.

[0352] L represents Sr, Ca, Sr, or Ca. The Sr content and
the Ca content may be varied if necessary.

[0353] Use of Si in the phosphor composition can provide
a highly crystalline, inexpensive phosphor. Europium Eu
being a rare earth element is used in the center of emission.
Europium is mainly divalent or trivalent. Examples of such
a phosphor composition include, but not limited to,
Sr,SisNg:Eu, Pr; Ba,Si;Ng:Eu, Pr; Mg,SisNg:Eu, Pr;
Zn,Si;Ng:Eu, Pr; SrSi,N,,:Eu, Pr; BaSi,N,,Eu, Ce;
MgSi,N,,:Eu, Ce; ZnSi,N,,:Eu, Ce; Sr,GesNg:Eu, Ce;
Ba,Ge,Ng:Eu, Pr; Mg,Ge,Ng:Eu, Pr; Zn,Ge;Ng:Eu, Pr;
SrGe,N,,:Eu, Ce; BaGe,N,,:Eu, Pr; MgGe,N,,:Eu, Pr;
ZnGe,N,,:Eu, Ce; Sr, ¢Ca, ,SisNg:Fu, Pr;
Ba, ;Ca,,SisNg:Eu,  Ce; Mg, ¢Ca, ,SisNg:Eu,  Pr;
Zn, 4Ca,,SisNg:Eu,  Ce;  Sr,3Ca,,Si,N,:Eu, La;
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Ba, ;Ca, ,Si,N,:Eu, La; Mg, sCa,,Si,N,,:Eu, Nd;
Zn, 4Ca, ,Si,N,:Eu, Nd;  Sr, ;Ca, ,Ge, N :Eu, Tb;
Ba, ;Ca, ,Ge N, :Eu, Tb; Mg, Ca,,Ge,N,,: Eu, Pr;
Zn, Ca, ,Ge,N,,: Eu, Pr; Sr, Ca,,Si;GeN,,:Eu, Pr;
Ba, ;Ca, ,SiGeN,,:Eu, Pr; Mg, ;Ca, ,SisGeN,:Eu, Y;
Zn, ;Ca, ,81,GeN,:Eu, Y; Sr,SisNg:Pr; Ba,SisNg:Pr;
Sr,S1;Ng:Th; and BaGe N, ,:Ce.

[0354] The nitride phosphor absorbs part of the blue light
emitted from the LED chip 10000 and emits light in a region
from yellow to red. By using the nitride phosphor together
with the YAG phosphor in the above-described light-emit-
ting apparatus 20000, blue light emitted from the LED chip
10000 is mixed with yellow to red light from the nitride
phosphor. Thus, the light-emitting apparatus emits warm
white light. In addition to the nitride phosphor, an yttrium
aluminum oxide phosphor activated cerium is preferably
added. By adding the yttrium aluminum oxide phosphor, a
desired color can be prepared. The yttrium aluminum oxide
phosphor activated cerium absorbs part of the blue light
emitted from the LED chip 10100 and emits light in a yellow
region. Then, the blue light emitted from the LED chip
10000 and the yellow light of the yttrium aluminum oxide
phosphor are mixed to produce bluish white light. Hence, by
mixing the yttrium aluminum oxide phosphor and a phos-
phor emitting red light into the light-transmissive coating
10500 so that light emitted from the LED chip is combined
with blue light, the light-emitting apparatus can emit mixed
white light. Particularly preferably, white light of the light-
emitting apparatus has a chromaticity lying on the locus of
blackbody radiation in the chromaticity diagram. In order to
provide a light-emitting apparatus producing a desired color
temperature, the amount of yttrium aluminum oxide phos-
phor and the amount of phosphor emitting red light may be
appropriately adjusted. The special color rendering index R9
of the resulting light-emitting apparatus emitting mixed
white light is improved. Known white light-emitting appa-
ratuses including a combination of a known blue light-
emitting device and a yttrium aluminum oxide phosphor
activated by cerium has a special color rendering index R9
of about 0 at a color temperature Tcp of about 4600 K, and
hence it does not ensure sufficient red components. Accord-
ingly, to increase the special color rendering index R9 has
been a challenge. In the present invention, a phosphor
emitting red light is used in combination with the yttrium
aluminum oxide phosphor, and thus the special color ren-
dering index R9 can be increased to about 40 at a color
temperature Tcp of about 4600 K.

(Light-Emitting Apparatus 20000)

[0355] FIG. 55 shows a light-emitting apparatus including
the light-emitting device 10000 and composite 10300
mounted on the mounting base 20100 according to Embodi-
ment 11 of the present invention. In the light-emitting
apparatus 20000, a lead 21000 is fixed by an apparatus base
22000 so that one side of the lead serves as a mount lead or
mounting base 20100. The light-emitting device 10000
(device composite 10400) is placed in the housing recess of
the mounting base 20100, with a junction layer 11400
(adhesion layer 20400) between the device 10000 and the
bottom surface of the housing recess. The sidewalls of the
recess (and opening 22500) may be used as a reflector
20300, and the mounting base 20100 may have a function as
a heat radiator and be connected to an external radiator. The
opening 22500 of the apparatus base 20200 is formed in the
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light-extracting region 22300. The mounting base 20100
may have terraces 222000 for mounting other devices, such
as a shielding device, in its outer regions. The recess 20200
and the opening of the apparatus base 22000 are closed with
a light-transmissive sealing member 23000. In addition, a
reflector 20300 is provided outside the recess. The lead
electrode 21000 includes an internal lead 21100 in the base
22000 and an external lead 21200 extending to the outside
of the base 22000, and connects to the outside. The light-
emitting device 10000 (device composite 10300) is electri-
cally connected to the leads 21000 with a wire 25000 and an
electrical junction 20400.

[0356] Embodiment 11 is involved in the light-emitting
apparatus 20000 in which the light-emitting device 10000 is
mounted in the mounting base 21000 isolated from the lead
21000, using the adhesion member 20400, as shown in FIG.
55. The housing recess 20100 of the light-emitting device
10000 is provided with the reflector 20300, and may be
connected to an external heat radiator to serves as a heat
radiator 20500. The light-emitting device 10000 is electri-
cally connected to the internal lead 21100 with a wire 25000,
and the lead 21000 is extended to the outside to establish
electrical connection. By separating the mounting base
20100 from the lead 21000, the light-emitting apparatus
comes to ease of thermal design. The recess 20200, the
reflector 22100 of the base 22000, and the terrace 22200 are
sealed with the light-transmissive sealing member 23000.
By providing an optical lens to the sealing member 23000,
or by forming the sealing member 23000 into a lens, light
emission having a desired directivity can be obtained.

[0357] The internal surfaces 22100 and 22200 of the
recess of the package 22000 may be embossed to increase
the adhesion area, or subjected to plasma treatment to
enhance the adhesion to the molding member 23000. The
sidewall of the recess of the package 22000 is preferably
diverged in the open side tapered (tapered). Since such a
shape allows light emitted from the light-emitting device to
reflect from the sidewall of the recess to the front side of the
package, the light-extraction efficiency can be increased.
The package 22000 may be integrally formed together with
the external electrode 21200, or a plurality of portions of the
package 22000 may be assembled. The package 22000 is
easily formed by, for example, insert molding. Exemplary
materials of the package include resins, such as polycarbon-
ate resin, polyphenylene sulfide (PPS), liquid crystal poly-
mer (LCP), ABS resin, epoxy resin, phenol resin, acrylic
resin, and PBT resin, ceramics, and metals. In use at high
power of a light-emitting apparatus emitting light including
ultraviolet light, it is expected that the ultraviolet light
degrades the resin to discolor the resin color into yellow.
Thus, the emission efficiency is reduced, and the mechanical
strength of the resin is degraded to shorten the lifetime. It is
therefore preferable that the package is made of a metal. A
metal package is not degraded in contrast to the resin
package even if the LED chip emitting light including
ultraviolet light is used at high power.

[0358] Various types of colorant may be used to color the
package 22000 dark. For example, Cr,O4, MnO, Fe,O;, and
carbon black are suitable.

[0359] A thermosetting resin may be used for bonding the
LED chip 10000 and the package 22000. Examples of such
a resin include epoxy resin, acrylic resin, and imide resin.
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The external electrode 21200 is preferably formed by plating
the surface of a copper or phosphor bronze plate with a
metal, such as palladium or gold, or a solder. If the external
electrode 21200 is disposed on an apparatus base 22000
made of glass epoxy resin or ceramic, a copper foil or a
tungsten film may be used as the external electrode 21200.

[0360] The conductive wire 25000 has a diameter in the
range of 10 to 70 um. Examples of the conductive wire
25000 include gold, copper, platinum, and aluminum wires
and their alloy wires. The conductive wire 25000 can easily
establish connection between the electrode of the LED chip
10000 and the internal lead and mount lead, using a wire
bonding apparatus.

[0361] In order to protect the LED chip 10000, the con-
ductive wire 25000, and the coating 22100 or 10500 con-
taining the phosphor, according to the applications of the
light emitting apparatus, or in order to enhance the light-
extraction efficiency, the molding member 23000 may be
provided. The molding member 23000 is formed of a resin
or glass. Preferred materials of the molding member 23000
include transparent weather-resistant resins and glass, such
as epoxy resin, urea resin, silicone resin, and fluorocarbon
resin. By mixing a diffusing agent into the molding member,
the directivity of the LED chip 10000 can be reduced to
increase the viewing angle. The molding member 23000
may be made of the same material as the binder of the
coating layer or a different material.

[0362] Ifthe LED chip 10000 is airtightly sealed together
with nitrogen gas in a metal package, the molding member
23000 is not necessary. If an LED chip emitting ultraviolet
light is used in the light-emitting device, an ultraviolet-
resistant resin, such as fluorocarbon resin, may be used for
the molding member.

[0363] For another form of the light-emitting apparatus
20000, a metal base 22000 is combined with a mounting
base 20100 (recess 20200) or a mount lead provided on one
side of the lead, and the light-emitting device 10000 (device
composite 10300) is mounted in the mounting base or mount
lead. The base 22000 is provided with an isolated lead
21000, and is airtightly sealed with a sealant or cap (made
of, for example, a metal) having a window, with an inert gas,
such as nitrogen, oxygen, or their mixture, filling the base.
The light-emitting device 10000 may be directly placed in at
least one recess 20200 in a metal substrate, and an optical
member, such as a lens, may be provided over the corre-
sponding recess.

[0364] A plurality of the light-emitting devices 10000
(device composites 10300) may be integrally mounted in a
single housing 20200 (mounting base 20100), or a plurality
of mounting bases (or a plurality housing 20200 in the base
2010), each having the light-emitting device 10000 (com-
posite 10300) are provided in a single apparatus base 22000.
Various modifications may be made according to required
characteristics.

INDUSTRIAL APPLICABILITY

[0365] The semiconductor light-emitting device according
to the present invention allows active and efficient light
extraction in a desired direction. The light-emitting device
exhibits high light-extraction efficiency and high power. The
light-emitting apparatus including the light-emitting device
also exhibits superior characteristics in, for example, power.
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1. A nitride semiconductor light-emitting device compris-
ing: a substrate; a layered portion emitting light disposed on
the substrate, the layered portion including an n-type semi-
conductor layer, an active layer, and a p-type semiconductor
layer; and an n electrode,

wherein the layered portion has an inclined periphery at
which the surface of the n-type semiconductor layer is
exposed, and the n electrode is disposed on the surface
of the n-type semiconductor layer.

2. The nitride semiconductor light-emitting device
according to claim 1, wherein the n electrode surrounds the
layered portion.

3. The nitride semiconductor light-emitting device
according to claim 1, wherein the n electrode continuously
extends to the lower surface of the substrate through the side
surfaces of the substrate.

4. The nitride semiconductor light-emitting device
according to claim 1, wherein the layered portion has a
circular shape.

5. The nitride semiconductor light-emitting device
according to claim 1, wherein the layered portion has a
hexagonal shape.

6. The nitride semiconductor light-emitting device
according to claim 1, wherein the nitride semiconductor
light-emitting device has a plurality of the layered portion
emitting light.

7. The nitride semiconductor light-emitting device
according to claim 6, wherein the respective n-electrodes for
the layered portions are connected to each other to define a
common electrode.

8. The nitride semiconductor light-emitting device
according to claim 7, wherein the layered portions have
respective p ohmic electrodes in ohmic contact with the
respective p-type semiconductor layers, and the p ohmic
electrodes are connected to each other.

9. The nitride semiconductor light-emitting device
according to claim 1, further comprising a reflection layer
covering the layered portion.

10. The nitride semiconductor light-emitting device
according to claim 9, wherein the reflection layer is of a
metal layer covering the layered portion with an insulating
layer therebetween.

11. The nitride semiconductor light-emitting device
according to claim 10, wherein the metal layer serves as a
connecting electrode for connecting the p ohmic electrodes
of the p-type semiconductor layers of the layered portions.

12. The nitride semiconductor light-emitting device
according to claim 9, wherein the reflection layer comprises
a dielectric multilayer film.

13. The nitride semiconductor light-emitting device
according to claim 1, wherein the inclined periphery has a
convex surface protuberating outward.

14. A nitride semiconductor light-emitting device com-
prising: an n-type nitride semiconductor layer; p-type nitride
semiconductor layer; and a luminescent layer formed of a
nitride semiconductor between the n-type nitride semicon-
ductor layer and the p-type nitride semiconductor layer,

wherein at least the p-type nitride semiconductor layer
and the luminescent layer define a frustum layered
composite, and the layered composite is embedded in a
metal member so that the periphery of the layered
composite is isolated.
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15. A nitride semiconductor light-emitting device com-
prising: an n-type nitride semiconductor layer; p-type nitride
semiconductor layer; and a luminescent layer formed of a
nitride semiconductor between the n-type nitride semicon-
ductor layer and the p-type nitride semiconductor layer,

wherein at least the p-type nitride semiconductor layer
and the luminescent layer define a frustum layered
composite, and the layered composite is supported by
a metal member opposing the surface of the layered
composite.

16. The nitride semiconductor light-emitting device
according to claim 1, wherein the surface of the metal
member opposite to the surface opposing to the layered
composite is flat.

17. The nitride semiconductor light-emitting device
according to claim 1, further comprising a transparent elec-
trode on one of two opposing surfaces of the n-type nitride
semiconductor layer, and the other surface has the layered
composite.

18. The nitride semiconductor light-emitting device
according to claim 4, wherein the transparent electrode
comprises 1TO.

19. The nitride semiconductor light-emitting device
according to claim 1, further comprising a p electrode
containing Rh, the p electrode being disposed between the
layered composite and the metal member to establish an
ohmic contact with the p-type nitride semiconductor layer.

20. The nitride semiconductor light-emitting device
according to claim 1, wherein the layered composite
includes part of the n-type nitride semiconductor layer.

21. The nitride semiconductor light-emitting device
according to claim 1, wherein the layered composite
includes the entire n-type nitride semiconductor layer.

22. The nitride semiconductor light-emitting device
according to claim 1, wherein the metal member has a
thickness of 50 pm or more.

23. The nitride semiconductor light-emitting device
according to claim 1, wherein the nitride semiconductor
light-emitting device has a plurality of the layered compos-
ite.

24. The nitride semiconductor light-emitting device
according to claim 10, wherein the n-type nitride semicon-
ductor layer is common to the plurality of the layered
composites and the layered composites are disposed on the
common n-type nitride semiconductor layer.

25. The nitride semiconductor light-emitting device
according to claim 10, wherein the layered composites have
the respective n-type nitride semiconductor layers.

26. The nitride semiconductor light-emitting device
according to claim 1, wherein the metal member comprises
a metal or an alloy containing the metal, the metal being
selected from the group including Ti, Ag, Al, Ni, Pt, Au, Rh,
Cu, and W.

27. A method for manufacturing a light-emitting device,
comprising:

the first step of forming an n-type semiconductor layer, a
luminescent layer, and a p-type semiconductor layer on
a substrate;

the second step of forming frustum luminescent regions
including the p-type semiconductor layer and the lumi-
nescent layer;
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the third step of forming a metal member so as to cover
the luminescent layer;

the fourth step of removing the substrate; and

the fifth step of cutting the metal member between the
luminescent regions to separate light-emitting devices
from one another.

28. The method for manufacturing a light emitting device
according to claim 14, wherein in the third step, the metal
member is formed by plating.

29. A semiconductor light-emitting device comprising a
structure including a first conductivity type layer; a second
conductivity type layer; and a luminescent layer between the
first and second conductivity type layers,

wherein at least part of the structure defines a structured
portion having a lower surface with a width in sectional
view, an upper surface with a smaller width than the
width of the lower surface in sectional view, and a
inclined periphery, and

wherein the periphery is defined by first side surfaces,
each having a width increasing from the lower surface
side toward the upper surface side, and second side
surfaces, each having a width increasing from the upper
surface side toward the lower surface side.

30. The semiconductor light-emitting device according to
claim 29, wherein the first side surfaces are formed in the
corners defined by the sides of the lower surface.

31. The semiconductor light-emitting device according to
claim 29, wherein the luminescent layer is disposed inside
the structured portion.

32. The semiconductor light-emitting device according to
claim 29, wherein the lower surface has a square or polygo-
nal shape, the second side surfaces are formed on the sides
of the lower surface, and the first side surfaces are formed
in the corners of the lower surface.

33. The semiconductor light-emitting device according to
claim 29, wherein the structured portion is of frustum.

34. The semiconductor light-emitting device according to
claim 29, wherein the first side surfaces are curved to be
convex outward.

35. The semiconductor light-emitting device according to
claim 29, wherein the first side surfaces define rounded sides
of the lower surface and the upper surface, and the curvature
radius of the rounded sides of the upper surface is larger than
that of the lower surface.

36. The light-emitting device according to claim 29,
further including an electrode structure, wherein the light-
emitting device has a plurality of the structured portion, and
the electrode structure is provided so that the structured
portions substantially simultaneously emit light.

37. The light-emitting device according to claim 29,
further comprising a pair of a positive electrode and a
negative electrode on the same surface side over the upper
surface of the structured portion.

38. The light-emitting device according to claim 37,
wherein one of the pair of the electrodes covers part of the
periphery of the structured portion.

39. The light-emitting device according to claim 29,
wherein the light-emitting device has a plurality of the
structured portion separately disposed on a substrate, and
further includes electrodes disposed so that the structured
portions substantially simultaneously emit light.
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40. The light-emitting device according to claim 37,
wherein the upper surface of the structured portion defines
a mounting surface which opposes a mounting base when
the light-emitting device is disposed on the mounting base,
and wherein one of the pair of the electrodes is disposed on
a substrate, and the other comprises a wiring structure
disposed on the mounting base side so as to be connected to
the upper surfaces of the separately disposed plurality of the
structured portions.

41. The light-emitting device according to claim 29,
further comprising a pair of electrodes disposed separately
on the upper surface side of the structured portion and on the
lower surface side, wherein the pair of the electrodes are
respectively disposed on the surface of the first conductivity
type layer and the surface of the second conductivity type
layer.

42. The light-emitting device according to claim 41,
further comprising a light-transmissive insulating layer cov-
ering the periphery of the structured portion; and a filling
member around the periphery with the light-transmissive
insulating layer therebetween.

43. The light-emitting device according to claim 41,
wherein the light-emitting device has a plurality of the
structured portion, and the structured portions are separated
from one another by a protruding filling member.

44. The light-emitting device according to claim 42,
wherein the luminescent layer is disposed inside the struc-
tured portion, and the filling member protrudes below the
luminescent layer toward the lower surface side of the
structured portion.

45. A light-emitting apparatus comprising: a light-emit-
ting device comprising a structure including a first conduc-
tivity type layer; a second conductivity type layer; and a
luminescent layer between the first and second conductivity

type layers,

wherein at least part of the structure defines a structured
portion having a lower surface with a width in sectional
view, an upper surface with a smaller width than the
width of the lower surface in sectional view, and a
inclined periphery, and

wherein the periphery is defined by first side surfaces,
each having a width increasing from the lower surface
side toward the upper surface side, and second side
surfaces, each having a width increasing from the upper
surface side toward the lower surface side, and

a mounting portion on which the light-emitting device is
placed, wherein the light emitting device is mounted on
a support and then placed on the mounting portion.
46. The light-emitting apparatus comprising: a light-
emitting device comprising a structure including a first
conductivity type layer; a second conductivity type layer;
and a luminescent layer between the first and second con-
ductivity type layers,

wherein at least part of the structure defines a structured
portion having a lower surface with a width in sectional
view, an upper surface with a smaller width than the
width of the lower surface in sectional view, and a
inclined periphery, and

wherein the periphery is defined by first side surfaces,
each having a width increasing from the lower surface
side toward the upper surface side, and second side
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surfaces, each having a width increasing from the upper
surface side toward the lower surface side, and

a light-transforming member for transforming part of light
emitted from the light-emitting device into light having
a different wavelength.

47. The light-emitting apparatus according to claim 45,
wherein the light-transforming member comprises an alu-
minum garnet phosphor containing Al; at least one element
selected from the group consisting of Y, Lu, Sc, La, Gd, Tb,
Eu, and Sm; one of Ga and In, and at least one element
selected from the rare earth elements.

48. The light-emitting apparatus according to claim 45,
wherein the light-transforming member comprises a phos-
phor expressed by (Re, ,R,);(Al,_,Ga );0,, (O<x<l and
0=y=1, wherein Re represents at least one element selected
from the group consisting of Y, Gd, La, Lu, Tb, and Sm; and
R represents Ce or Ce and Pr).

49. The light-emitting apparatus according to claim 45,
wherein the light-transforming member comprises a nitride
phosphor containing Nj; at least one element selected from
the group consisting of Be, Mg, Ca, Sr, Ba, and Zn; and at
least one element selected from the group consisting of C,
Si, Ge, Sn, Ti, Zr, and Hf, and is activated by at least one
element selected from the rear earth elements.

50. The light-emitting apparatus according to claim 45,
wherein the nitride phosphor is expressed by the general
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formula LySiyNosxasyyEu or LiSivONiaxiasy-a
3zy:Bu (L represents Sr, Ca, or Sr and Ca).

51. The light-emitting apparatus according to claim 46,
wherein the light-transforming member comprises an alu-
minum garnet phosphor containing Al; at least one element
selected from the group consisting of Y, Lu, Sc, La, Gd, Tb,
Eu, and Sm; one of Ga and In, and at least one element
selected from the rare earth elements.

52. The light-emitting apparatus according to claim 46,
wherein the light-transforming member comprises a phos-
phor expressed by (Re, R );(Al,_ Ga );O,, (0<x<l and
0=y=1, wherein Re represents at least one element selected
from the group consisting of Y, Gd, La, Lu, Tb, and Sm; and
R represents Ce or Ce and Pr).

53. The light-emitting apparatus according to claim 46,
wherein the light-transforming member comprises a nitride
phosphor containing N; at least one element selected from
the group consisting of Be, Mg, Ca, Sr, Ba, and Zn; and at
least one element selected from the group consisting of C,
Si, Ge, Sn, Ti, Zr, and Hf, and is activated by at least one
element selected from the rear earth elements.

54. The light-emitting apparatus according to claim 46,
wherein the nitride phosphor is expressed by the general
formula LySiyNosxasyyEu or LiSivONiaxiasy-a
3zy:Bu (L represents Sr, Ca, or Sr and Ca).

#* #* #* #* #*
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