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(57) Abstract: According to one embodiment, a semiconduct-
or light emitting device includes a semiconductor layer (4), an
insulating film (17), a p-side contact electrode (13), an n-side
contact electrode (14), a p-side metal protective film (17), and
an n-side metal protective film. The semiconductor layer in-
cludes a light emitting layer (13). A second surface of the
semiconductor layer is formed on a side opposite to the first
surface. The second surface has a light emitting portion in-
cluding the light emitting layer and a non- light emitting por -
tion not including the light emitting layer. The p-side contact
electrode is provided in contact with the light emitting portion
inside a first opening of the insulating film. The n-side con-
tact electrode is provided in contact with the non- light emit-
ting portion inside a second opening of the insulating film.
The p-side metal protective film covers a top surface and a
side surface of the p-side contact electrode. The n-side metal
protective tilm covers a top surface and a side surtace of the
n-side contact electrode.
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Description

Title of Invention: CORROSION RESISTANT ELECTRODE
FOR A SEMICONDUCTOR LIGHT EMITTING LIGHT DEVICE
AND METHOD FOR MANUFACTURING THE SAME

[0001]

[0002]

[0003]

[0004]

[0005]

Field

Embodiments described herein relate generally to a semiconductor light emitting
device and a method for manufacturing the same.
Background

In wafer-level LED (Light Emitting Diode) packaging technology in which the
packaging process is performed collectively in the wafer state, processes of forming a
semiconductor layer including a light emitting layer, etc., and contact electrodes
having ohmic contact with the semiconductor layer are performed; and subsequently,
processes of forming interconnect layers, a resin layer, a phosphor layer, etc., are
performed. In the case where there are many processes after the forming of the contact
electrodes or in the case where such processes are many steps, chemical liquids, etc.,

used in such processes may corrode the contact electrodes.
Citation List

Patent Literature
PTL 1: JP-A 2010-141176
PTL 2: JP-A 2004-103975
Brief Description of Drawings

FIG. 1 is a schematic cross-sectional view of a semiconductor light emitting device
of an embodiment.

FIGS. 2A to 9B are schematic cross-sectional views illustrating a method for manu-
facturing the semiconductor light emitting device of the embodiment.

FIG. 10 is a schematic cross-sectional view of a semiconductor light emitting device
of another embodiment.

FIG. 11 is a schematic cross-sectional view of a semiconductor light emitting device
of yet another embodiment.

FIG. 12 is a schematic cross-sectional view of a semiconductor light emitting device
of still yet another embodiment.

FIGS. 13A and 13B are schematic views illustrating the planar layout of the main
components of the semiconductor light emitting device of the embodiment.
Detailed Description

According to one embodiment, a semiconductor light emitting device includes a
semiconductor layer, an insulating film, a p-side contact electrode, an n-side contact

electrode, a p-side metal protective film, and an n-side metal protective film.
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The semiconductor layer includes a light emitting layer, a first surface, and a second
surface. The second surface is formed on a side opposite to the first surface. The
second surface has a light emitting portion including the light emitting layer and a non-
light emitting portion not including the light emitting layer. The insulating film is
provided on the second surface. The insulating film has a first opening connecting with
the light emitting portion and a second opening connecting with the non-light emitting
portion. The p-side contact electrode is provided in contact with the light emitting
portion inside the first opening. The n-side contact electrode is provided in contact
with the non-light emitting portion inside the second opening. The p-side metal
protective film covers a top surface and a side surface of the p-side contact electrode.
The n-side metal protective film covers a top surface and a side surface of the n-side
contact electrode.

Embodiments will now be described with reference to the drawings. Similar
components in the drawings are marked with like reference numerals.

FIG. 1 is a schematic cross-sectional view of a semiconductor light emitting device
10 of the embodiment.

The semiconductor light emitting device 10 includes a semiconductor layer 4. The
semiconductor layer 4 includes a first surface 4a and a second surface formed in an
uneven configuration on a side opposite to the first surface 4a. Electrodes, interconnect
layers, and resin layers are provided on the second surface side. Light is emitted to the
outside mainly from the first surface 4a on the side opposite to the second surface.

The semiconductor layer 4 includes a first semiconductor layer 1 and a second semi-
conductor layer 2. Both the first semiconductor layer 1 and the second semiconductor
layer 2 include, for example, I1I-V nitride semiconductor. The first semiconductor
layer 1 includes, for example, a foundation buffer layer, an n-type layer, etc.; and the
n-type layer functions as a lateral-direction path of current. The second semiconductor
layer 2 has a stacked structure in which a light emitting layer (an active layer) 3 is in-
terposed between an n-type layer and a p-type layer.

The second surface of the semiconductor layer 4 is patterned into an uneven con-
figuration. The second surface includes a light emitting portion 5 formed in a
protruding configuration that includes the light emitting layer 3, and a non-light
emitting portion 6 that does not include the light emitting layer 3.

A p-side contact electrode 13 is provided on the top surface of the second semi-
conductor layer 2 which is the top surface of the light emitting portion 5. An n-side
contact electrode 14 is provided on the top surface of the first semiconductor layer 1
which is the top surface of the non-light emitting portion 6.

The p-side contact electrode 13 includes, for example, a first nickel (Ni) film

provided on the top surface of the second semiconductor layer 2, a silver (Ag) film
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provided on the first nickel film, and a second nickel film provided on the silver film.

The first nickel film has ohmic contact with the top surface of the second semi-
conductor layer 2 which is, for example, a I1I-V nitride semiconductor. The reflectance
of the silver is 98% with respect to light of 600 nm or more, 98% with respect to light
near 500 to 600 nm, and 97% with respect to light near 450 to 500 nm; and the silver
has high reflectance for wavelengths in the visible region. The second nickel film
prevents sulfidization of the silver film during the plating and the wet etching
described below.

The n-side contact electrode 14 includes, for example, a first titanium (T1) film
provided on the top surface of the first semiconductor layer 1, an aluminum (Al) film
provided on the first titanium film, a tantalum (Ta) film provided on the aluminum
film, a second titanium film provided on the tantalum film, and a platinum (Pt) film
provided on the second titanium film.

The first titanium film has ohmic contact with the top surface of the first semi-
conductor layer 1 which is, for example, III-V nitride semiconductor. The tantalum
film functions as a barrier metal that prevents the alloying of the metals thereon and
thereunder.

There are cases where the area of the light emitting portion 5 is larger than the area of
the non-light emitting portion 6; and there are cases where the surface area of the light
emitting portion 5 is less than the surface area of the non-light emitting portion 6.
There are cases where the area of the p-side contact electrode 13 provided in the light
emitting portion 5 is larger than the area of the n-side contact electrode 14 provided in
the non-light emitting portion 6; and there are cases where the area of the p-side
contact electrode 13 provided in the light emitting portion 5 is less than the area of the
n-side contact electrode 14 provided in the non-light emitting portion 6. In the semi-
conductor light emitting device 10 illustrated in FIG. 1, the area of the light emitting
portion 5 is larger than the area of the non-light emitting portion 6.

An insulating film 17 is provided on the second surface of the semiconductor layer 4.
The insulating film 17 is an inorganic film such as, for example, a silicon oxide film.
The insulating film 17 covers a portion of the top surface of the light emitting portion 5
and a portion of the top surface of the non-light emitting portion 6. The insulating film
17 also covers the side surface of the light emitting portion 5 having the protruding
configuration.

The insulating film 17 has a first opening 17a and a second opening 17b. The first
opening 17a connects with the top surface of the light emitting portion 5; and the
second opening 17b connects with the top surface of the non-light emitting portion 6.

An inner wall of the first opening 17a is tilted with respect to the top surface of the

light emitting portion 5. Specifically, the opening area of the first opening 17a
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increases from the top surface side of the light emitting portion 5 toward the top
surface side of the insulating film 17. In other words, the cross section of the first
opening 17a in FIG. 1 is formed in a trapezoidal configuration.

Similarly, an inner wall of the second opening 17b is tilted with respect to the top
surface of the non-light emitting portion 6. Specifically, the opening area of the second
opening 17b increases from the top surface side of the non-light emitting portion 6
toward the top surface side of the insulating film 17. In other words, the cross section
of the second opening 17b in FIG. 1 is formed in a trapezoidal configuration.

The p-side contact electrode 13 has ohmic contact with the top surface of the light
emitting portion 5 (the top surface of the second semiconductor layer 2) inside the first
opening 17a. The n-side contact electrode 14 has ohmic contact with the top surface of
the non-light emitting portion 6 (the top surface of the first semiconductor layer 1)
inside the second opening 17b.

The planar size of the bottom face of the first opening 17a on the light emitting
portion 5 side is larger than the planar size of the p-side contact electrode 13; and the
inner wall of the first opening 17a is separate from the side surface of the p-side
contact electrode 13.

The planar size of the bottom face of the second opening 17b on the non-light
emitting portion 6 side is larger than the planar size of the n-side contact electrode 14;
and the inner wall of the second opening 17b is separate from the side surface of the n-
side contact electrode 14.

The insulating film 17 is thicker than the p-side contact electrode 13; and the depth
of the first opening 17a is larger than the thickness of the p-side contact electrode 13.
The insulating film 17 is thicker than the n-side contact electrode 14; and the depth of
the second opening 17b is larger than the thickness of the n-side contact electrode 14.

A p-side metal protective film 15 is provided on the top surface and the side surface
of the p-side contact electrode 13. The p-side metal protective film 15 is provided also
on the top surface of the light emitting portion 5 in the gap between the inner wall of
the first opening 17a and the side surface of the p-side contact electrode 13. The p-side
metal protective film 15 is provided also on the inner wall of the first opening 17a to
fill the gap. A portion of the p-side metal protective film 15 also is provided to rise
onto the top surface of the insulating film 17 around the first opening 17a.

In other words, the p-side metal protective film 15 has a planar size larger than those
of the p-side contact electrode 13 and the first opening 17a, and covers the top surface
and the side surface of the p-side contact electrode 13.

FIG. 13A illustrates an example of the planar layout of the main components of the
semiconductor light emitting device 10. FIG. 13B illustrates another specific example

of the planar layout.
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As illustrated in FIGS. 13A and 13B, the p-side metal protective film 15 covers all
around the p-side contact electrode 13 or the entire side surface of the p-side contact
electrode 13.

In FIG. 1, the p-side metal protective film 15 includes, for example, a first titanium
(Ti) film, a platinum (Pt) film provided on the first titanium film, a gold (Au) film
provided on the platinum film, and a second titanium film provided on the gold film in
order from the p-side contact electrode 13 side.

Of these films, the gold film, which does not undergo reactions such as oxidization
and sulfidization, is thickest. The second titanium film has excellent adhesion with an
insulating layer (e.g., polyimide) 18 described below. A nickel (Ni) film or a
molybdenum (Mo) film may be used instead of the second titanium film.

An n-side metal protective film 16 is provided on the top surface and the side surface
of the n-side contact electrode 14. The n-side metal protective film 16 is provided also
on the top surface of the non-light emitting portion 6 in the gap between the inner wall
of the second opening 17b and the side surface of the n-side contact electrode 14. The
n-side metal protective film 16 is provided also on the inner wall of the second opening
17b to fill the gap. A portion of the n-side metal protective film 16 is also provided to
rise onto the top surface of the insulating film 17 around the second opening 17b.

In other words, the n-side metal protective film 16 has a planar size larger than those
of the n-side contact electrode 14 and the second opening 17b, and covers the top
surface and the side surface of the n-side contact electrode 14. As illustrated in FIGS.
13A and 13B, the n-side metal protective film 16 covers the entire side surface of the
n-side contact electrode 14. The n-side metal protective film 16 is thicker than the n-
side contact electrode 14.

In FIG. 1, the n-side metal protective film 16 includes, for example, a first titanium
(Ti) film, a platinum (Pt) film provided on the first titanium film, a gold (Au) film
provided on the platinum film, and a second titanium film provided on the gold film in
order from the n-side contact electrode 14 side.

Of these films, the gold film, which does not undergo reactions such as oxidization
and sulfidization, is thickest. The second titanium film has excellent adhesion with the
insulating layer (e.g., polyimide) 18 described below. A nickel (Ni) film or a
molybdenum (Mo) film may be used instead of the second titanium film.

A portion of the p-side metal protective film 15 and a portion of the n-side metal
protective film 16 are covered with the insulating layer 18. The insulating layer 18 also
covers the insulating film 17 and the side surface of the first semiconductor layer 1.
The insulating layer 18 is, for example, a resin such as polyimide having excellent pat-
ternability of ultra-fine openings. Alternatively, an inorganic substance such as silicon

oxide, silicon nitride, etc., may be used as the insulating layer 18.
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The insulating layer 18 has a first via 18a that reaches the p-side metal protective
film 15 and a second via 18b that reaches the n-side metal protective film 16. The in-
sulating layer 18 includes an interconnect surface 18c on the side opposite to the p-side
metal protective film 15 and the n-side metal protective film 16. A p-side re-
interconnect layer 21 and an n-side re-interconnect layer 22 are provided apart from
each other on the interconnect surface 18c.

The p-side re-interconnect layer 21 is provided also inside the first via 18a and is
electrically connected to the p-side metal protective film 15 and the p-side contact
electrode 13. The n-side re-interconnect layer 22 is provided also inside the second via
18b and is electrically connected to the n-side metal protective film 16 and the n-side
contact electrode 14. The p-side re-interconnect layer 21 and the n-side re-interconnect
layer 22 are made of, for example, copper (Cu).

A metal film 19 is provided between the p-side re-interconnect layer 21 and the p-
side metal protective film 15, and between the p-side re-interconnect layer 21 and the
insulating layer 18. The metal film 19 includes a copper (Cu) film and a titanium (T1)
film provided in order from the p-side re-interconnect layer 21 side. The metal film 19
is provided also between the n-side re-interconnect layer 22 and the n-side metal
protective film 16, and between the n-side re-interconnect layer 22 and the insulating
layer 18.

A p-side metal pillar 23 is provided on the surface of the p-side re-interconnect layer
21 on the side opposite to the p-side metal protective film 15. The metal film 19, the p-
side re-interconnect layer 21, and the p-side metal pillar 23 are included in the p-side
interconnect layer of the embodiment.

An n-side metal pillar 24 is provided on the surface of the n-side re-interconnect
layer 22 on the side opposite to the n-side metal protective film 16. The metal film 19,
the n-side re-interconnect layer 22, and the n-side metal pillar 24 are included in the n-
side interconnect layer of the embodiment.

A resin layer 25 is provided as a second insulating layer on the interconnect surface
18c of the insulating layer 18, between the p-side re-interconnect layer 21 and the n-
side re-interconnect layer 22, and between the p-side metal pillar 23 and the n-side
metal pillar 24.

The surface of the p-side metal pillar 23 on the side opposite to the p-side re-
interconnect layer 21 is exposed from the resin layer 25 and functions as the p-side
external terminal for the mounting. The surface of the n-side metal pillar 24 on the side
opposite to the n-side re-interconnect layer 22 is exposed from the resin layer 25 and
functions as the n-side external terminal for the mounting. The p-side external terminal
and the n-side external terminal are bonded with a bonding agent such as solder,

another metal, electrically conductive material, etc., to pads formed in the mounting
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substrate. The p-side external terminal and the n-side external terminal are formed in
the same surface; and the mounting surface of the semiconductor light emitting device
10 is a substantially flat surface.

It is possible to supply current with a more uniform distribution to the light emitting
portion 5 as the area of the p-side contact electrode 13 increases. The current dis-
tribution of the light emitting portion 5 depends on the positions and the number of the
first vias 18a. The first via 18a may be connected to the p-side metal protective film 15
at a position away from the region where the p-side metal pillar 23 spreads.

The p-side re-interconnect layer 21 and the p-side metal pillar 23 can be formed
using a low-resistance metal such as, for example, copper. The heat conduction and the
heat dissipation of the p-side re-interconnect layer 21 and the p-side metal pillar 23
increase and it is possible to efficiently release the heat of the light emitting portion 5
as the planar sizes of the p-side re-interconnect layer 21 and the p-side metal pillar 23
increase.

The area of the surface of the n-side re-interconnect layer 22 on the side opposite to
the n-side metal protective film 16 is larger than the area of the n-side contact electrode
14. Thereby, an electrode structure drawn out to a wider region can be realized via the
n-side re-interconnect layer 22 for the n-side contact electrode 14 provided in the non-
light emitting portion 6 which is narrower than the light emitting portion 5.

The first semiconductor layer 1 is electrically connected to the n-side metal pillar 24
via the n-side contact electrode 14, the n-side metal protective film 16, the metal film
19, and the n-side re-interconnect layer 22. The second semiconductor layer 2 that
includes the light emitting layer 3 is electrically connected to the p-side metal pillar 23
via the p-side contact electrode 13, the p-side metal protective film 15, the metal film
19, and the p-side re-interconnect layer 21.

The p-side interconnect layer which includes the p-side re-interconnect layer 21 and
the p-side metal pillar 23 is thicker than the p-side contact electrode 13. The n-side in-
terconnect layer which includes the n-side re-interconnect layer 22 and the n-side metal
pillar 24 is thicker than the n-side contact electrode 14. The p-side metal pillar 23 is
thicker than the p-side re-interconnect layer 21; and the n-side metal pillar 24 is thicker
than the n-side re-interconnect layer 22. The p-side metal pillar 23, the n-side metal
pillar 24, and the resin layer 25 filled between the p-side metal pillar 23 and the n-side
metal pillar 24 increase the mechanical strength of the semiconductor light emitting
device 10.

Copper, gold, nickel, silver, etc., can be used as the materials of the p-side re-
interconnect layer 21, the n-side re-interconnect layer 22, the p-side metal pillar 23,
and the n-side metal pillar 24. Of these, good thermal conductivity, high migration re-

sistance, and excellent adhesion with the insulating materials are obtained when copper
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It may be desirable for the resin layer 25 to have a coefficient of thermal expansion
near to or the same as that of the mounting substrate. Examples of such a resin layer 25
include, for example, an epoxy resin, a silicone resin, a fluorocarbon resin, etc.

According to the embodiment, it is possible to maintain the mechanical strength by
the p-side metal pillar 23, the n-side metal pillar 24, and the resin layer 25 being thick
even in the case where the semiconductor layer 4 is thin and there is no substrate to
support the semiconductor layer 4.

Stress applied to the semiconductor layer 4 via the solder, etc., in the state in which
the semiconductor light emitting device 10 is mounted to the mounting substrate can
be mitigated by being absorbed by the p-side metal pillar 23 and the n-side metal pillar
24.

A lens 26 and a phosphor layer 27 are provided on the first surface 4a of the semi-
conductor layer 4 as a transparent body which is transparent to the light emitted from
the light emitting layer 3. The lens 26 is provided on the phosphor layer 27. Alter-
natively, the phosphor layer 27 may be provided on the lens 26. A structure may be
used in which only the phosphor layer 27 or only the lens 26 is provided on the first
surface 4a.

The phosphor layer 27 includes a transparent resin and a phosphor dispersed in the
transparent resin. The phosphor layer 27 is capable of absorbing the light emitted from
the light emitting layer 3 and emitting a wavelength-converted light. Therefore, the
semiconductor light emitting device 10 is capable of emitting a mixed light of the light
from the light emitting layer 3 and the wavelength-converted light of the phosphor
layer 27.

For example, white, lamp, etc., can be obtained as the mixed color of a blue light
from the light emitting layer 3 and a yellow light which is the wavelength-converted
light of the phosphor layer 27 in the case where the light emitting layer 3 is I1I-V
nitride semiconductor and the phosphor is a yellow phosphor configured to emit the
yellow light. The phosphor layer 27 may have a configuration including multiple types
of phosphors (e.g., a red phosphor configured to emit red light and a green phosphor
configured to emit green light).

The light emitted from the light emitting layer 3 is emitted to the outside mainly from
the first surface 4a via the phosphor layer 27 and the lens 26.

In the semiconductor light emitting device 10 of the embodiment, the surfaces of the
p-side contact electrode 13 other than the surface contacting the second semiconductor
layer 2 are covered with the p-side metal protective film 15. Similarly, the surfaces of

the n-side contact electrode 14 other than the surface contacting the first semiconductor
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layer 1 are covered with the n-side metal protective film 16.

The p-side metal protective film 15 and the n-side metal protective film 16 protect
the p-side contact electrode 13 and the n-side contact electrode 14 from the chemical
liquids, etc., used in the processes described below performed after the formation of
these contact electrodes. The p-side metal protective film 15 and the n-side metal
protective film 16 include mainly, for example, gold (Au) which does not undergo
reactions such as oxidization and sulfidization.

The lower surface of the p-side metal protective film 15 (the surface on the p-side re-
interconnect layer 21 side) has a dish-like configuration; and the edge portion is raised
higher than the central portion. The lower surface of the p-side metal protective film 15
has a concave configuration. Therefore, it is easier to protect the p-side contact
electrode 13 because the distance of the interface along which chemical liquids, etc.,
are conveyed is long. Because the lower surface of the p-side metal protective film 15
has a concave configuration, the chemical liquids do not easily overflow outside the
portion having the concave configuration.

The lower surface of the n-side metal protective film 16 (the surface on the n-side re-
interconnect layer 22 side) has a dish-like configuration; and the edge portion is raised
higher than the central portion. The lower surface of the n-side metal protective film 16
has a concave configuration. Therefore, it is easier to protect the n-side contact
electrode 14 because the distance of the interface along which the chemical liquids,
etc., are conveyed is long. Because the lower surface of the n-side metal protective
film 16 has a concave configuration, the chemical liquids do not easily overflow
outside the portion having the concave configuration.

The edges of the p-side metal protective film 15 and the n-side metal protective film
16 are raised because the peripheries of the edges of the p-side metal protective film 15
and the n-side metal protective film 16 go up (extend) onto the insulating film 17.

Gold does not easily form an ohmic contact with the semiconductor layer 4 which is,
for example, III-V nitride semiconductor. Accordingly, the p-side contact electrode 13
and the n-side contact electrode 14 include a metal that has good ohmic contact with
the semiconductor layer 4. Even in the case where such a metal easily undergoes a
reaction such as oxidization, sulfidization, etc., degradation of the p-side contact
electrode 13 and the n-side contact electrode 14 and an increase of the resistance of the
p-side contact electrode 13 and the n-side contact electrode 14 can be prevented
because the top surface and the side surface of the p-side contact electrode 13 are
covered with the p-side metal protective film 15 and the top surface and the side
surface of the n-side contact electrode 14 are covered with the n-side metal protective
film 16. As a result, a deterioration of the characteristics of the semiconductor light

emitting device 10 can be prevented.
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A method for manufacturing the semiconductor light emitting device 10 of the em-
bodiment will now be described with reference to FIG. 2A to FIG. 9B. In the drawings
illustrating the processes described below, a region of a portion of the wafer state is il-
lustrated.

FIG. 2A illustrates a stacked body in which the semiconductor layer 4 including the
first semiconductor layer 1 and the second semiconductor layer 2 is formed on a major
surface of a substrate 8. The first semiconductor layer 1 is formed on the major surface
of the substrate 8; and the second semiconductor layer 2 that includes the light emitting
layer 3 is formed on the first semiconductor layer 1. The surface of the first semi-
conductor layer 1 contacting the substrate 8 becomes the first surface 4a of the semi-
conductor layer 4.

In the case where the first semiconductor layer 1 and the second semiconductor layer
2 are, for example, III-V nitride semiconductors, these can be deposited on, for
example, a sapphire substrate, a Si substrate using MOCVD (Metal Organic Chemical
Vapor Deposition).

The first semiconductor layer 1 includes, for example, a foundation buffer layer and
an n-type GaN layer. The second semiconductor layer 2 includes the light emitting
layer (the active layer) 3 and a p-type GaN layer. The light emitting layer 3 may be
configured to emit blue, violet, bluish-violet, ultraviolet light, etc.

Then, a portion of the first semiconductor layer 1 is exposed by removing a portion
of the second semiconductor layer 2 as illustrated in FIG. 2B by, for example, RIE
using a not-illustrated resist. The portion where the first semiconductor layer 1 is
exposed becomes the non-light emitting portion 6 which does not include the light
emitting layer 3. The second semiconductor layer 2 that remains in the protruding con-
figuration becomes the light emitting portion 5 which includes the light emitting layer
3.

Continuing as illustrated in FIG. 3A, the insulating film 17 is formed on the entire
surface of the second surface of the semiconductor layer 4 which includes the light
emitting portion 5 and the non-light emitting portion 6. The insulating film 17 is, for
example, a silicon oxide film.

Then, as illustrated in FIG. 3B, a resist mask 51 is formed on the insulating film 17;
and the insulating film 17 is selectively etched using the resist mask 51 as a mask. An
opening 51a is made in the resist mask 51. The first opening 17a is made in the in-
sulating film 17 below the opening 51a. The first opening 17a reaches the top surface
of the light emitting portion 5 (the top surface of the second semiconductor layer 2).

Continuing, the p-side contact electrode 13 is formed on the top surface of the light
emitting portion 5 inside the first opening 17a. At this time, the resist mask 51 used

during the etching that made the first opening 17a remains; and the p-side contact
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electrode 13 is formed by, for example, vapor deposition using the resist mask 51 as a
mask.

The etching of the insulating film 17 progresses not only in the film thickness
direction but also in the surface direction. Accordingly, the width of the first opening
17a made in the insulating film 17 becomes larger than the width of the opening 51a of
the resist mask 51. The portion of the insulating film 17 facing the first opening 17a
has a tapered configuration. The p-side contact electrode 13 is formed substantially
directly under the opening 51a of the resist mask 51. Accordingly, a gap is made
between the inner wall of the first opening 17a and the side surface of the p-side
contact electrode 13.

Then, as illustrated in FIG. 4A, a resist mask 61 is formed on the insulating film 17
and the p-side contact electrode 13; and the insulating film 17 is selectively etched
using the resist mask 61 as a mask. An opening 61a is made in the resist mask 61. The
second opening 17b is made in the insulating film 17 below the opening 61a. The
second opening 17b reaches the front surface of the non-light emitting portion 6 (the
front surface of the first semiconductor layer 1).

Continuing, the n-side contact electrode 14 is formed on the front surface of the non-
light emitting portion 6 inside the second opening 17b. At this time, the resist mask 61
used during the etching that made the second opening 17b remains; and the n-side
contact electrode 14 is formed by, for example, vapor deposition using the resist mask
61 as a mask.

The etching of the insulating film 17 progresses not only in the film thickness
direction but also in the surface direction. Accordingly, the width of the second
opening 17b made in the insulating film 17 becomes larger than the width of the
opening 61a of the resist mask 61. The portion of the insulating film 17 facing the
second opening 17b has a tapered configuration. The n-side contact electrode 14 is
formed substantially directly under the opening 61a of the resist mask 61. Accordingly,
a gap is made between the inner wall of the second opening 17b and the side surface of
the n-side contact electrode 14.

The second opening 17b may be made first; and the n-side contact electrode 14 may
be formed before the p-side contact electrode 13.

The number of processes can be reduced by using the same resist mask 51 for the
etching of the first opening 17a and the formation of the p-side contact electrode 13.
Similarly, the number of processes can be reduced by using the same resist mask 61 for
the etching of the second opening 17b and the formation of the n-side contact electrode
14.

It is conceivable to simultaneously make the first opening 17a and the second

opening 17b. Then, in the case where the materials of the p-side contact electrode 13
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and the n-side contact electrode 14 are different, one selected from the first opening
17a and the second opening 17b may be covered with a resist mask; and in this state,
the p-side contact electrode 13 or the n-side contact electrode 14 is formed in the other
opening. However, in the case where the opening is made and subsequently covered
with the resist mask, an organic film may undesirably remain on the bottom face of the
opening. This may lead to an increase of the contact resistance between the contact
electrodes and the semiconductor layer.

In the embodiment, the contact electrode is formed continuing from the etching of
the opening using the same resist mask. Therefore, the bottom face of the opening is
not covered with the resist mask. Therefore, the contact electrode can be formed on the
exposed surface as-is after the etching; and the increase of the contact resistance can be
suppressed.

The first opening 17a and the second opening 17b may be made simultaneously; the
resist mask used in the etching of these openings may remain as-is; and the p-side
contact electrode 13 and the n-side contact electrode 14 may be formed simultaneously
from the same material continuing from the etching.

Then, after removing the resist mask used for the etching of the insulating film 17
and the formation of the contact electrode, a resist mask 52 is formed on the insulating
film 17 as illustrated in FIG. 4B. An opening 52a and an opening 52b are made in the
resist mask 52.

The resist mask 52 is formed such that a portion of the insulating film 17 is exposed
from the opening 52a and the opening 52b of the resist mask 52. In FIG. 4B, the resist
mask 52 is formed such that the inner wall of the first opening 17a, the inner wall of
the second opening 17b, and the flat portion (the top surface) of the insulating film 17
are exposed.

Then, the p-side metal protective film 15 and the n-side metal protective film 16 are
formed using the resist mask 52 as a mask. The p-side metal protective film 15 and the
n-side metal protective film 16 are formed simultaneously using, for example, vapor
deposition.

One opening 52a made in the resist mask 52 is made over the first opening 17a made
in the insulating film 17; and the width of the opening 52a is wider than the width of
the first opening 17a. The top surface of the p-side contact electrode 13 is exposed at
the bottom portion of the opening 52a. The p-side metal protective film 15 is formed
on the bottom portion of the opening 52a. Accordingly, the p-side metal protective film
15 covers the top surface of the p-side contact electrode 13.

As described above, a gap is made between the inner wall of the first opening 17a
and the side surface of the p-side contact electrode 13. The gap also is exposed at the

bottom portion of the opening 52a. Accordingly, the p-side metal protective film 15



13

WO 2012/107973 PCT/JP2011/004536

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

fills the gap and covers the side surface of the p-side contact electrode 13.

The p-side metal protective film 15 covers the step-like portion that extends from the
inner wall of the first opening 17a over the top surface of the insulating film 17; and
the planar size of the p-side metal protective film 15 is larger than the planar size of the
p-side contact electrode 13. The inner wall of the first opening 17a is separate from the
side surface of the p-side contact electrode 13. Therefore, the entire side surface of the
p-side contact electrode 13 in the thickness direction is exposed in the state prior to the
forming of the p-side metal protective film 15. Accordingly, the p-side metal protective
film 15 can reliably cover all of the exposed surfaces of the p-side contact electrode 13.
At this time, the p-side metal protective film 15 has a concave configuration.

One other opening 52b made in the resist mask 52 is made on the second opening
17b made in the insulating film 17; and the width of the opening 52b is wider than the
width of the second opening 17b. The top surface of the n-side contact electrode 14 is
exposed at the bottom portion of the opening 52b. The n-side metal protective film 16
is formed on the bottom portion of the opening 52b. Accordingly, the n-side metal
protective film 16 covers the top surface of the n-side contact electrode 14.

As described above, a gap is made between the inner wall of the second opening 17b
and the side surface of the n-side contact electrode 14. The gap also is exposed at the
bottom portion of the opening 52b. Accordingly, the n-side metal protective film 16
fills the gap and covers the side surface of the n-side contact electrode 14.

The n-side metal protective film 16 covers the step-like portion that extends from the
inner wall of the second opening 17b over the top surface of the insulating film 17; and
the planar size of the n-side metal protective film 16 is larger than the planar size of the
n-side contact electrode 14. The inner wall of the second opening 17b is separate from
the side surface of the n-side contact electrode 14. Therefore, the entire side surface of
the n-side contact electrode 14 in the thickness direction is exposed in the state prior to
the forming of the n-side metal protective film 16. Accordingly, the n-side metal
protective film 16 can reliably cover all of the exposed surfaces of the n-side contact
electrode 14. At this time, the n-side metal protective film 16 has a concave con-
figuration.

Then, the resist mask 52 used for the formation of the p-side metal protective film 15
and the n-side metal protective film 16 is removed (FIG. 5A).

Continuing as illustrated in FIG. 5B, a trench 62 piercing the first semiconductor
layer 1 is made to reach the substrate 8 by, for example, Reactive lon Etching (RIE)
using a resist mask 53. An opening 53a is made in the resist mask 53; and the trench 62
is made under the opening 53a.

The trench 62 is made in the dicing region formed in, for example, a lattice con-

figuration on the substrate 8 in the wafer state. The trench 62 also is made in, for
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example, a lattice configuration and separates the semiconductor layer 4 into multiple
chips on the substrate 8.

The resist used when forming the p-side contact electrode 13, the n-side contact
electrode 14, the p-side metal protective film 15, and the n-side metal protective film
16 can be easily coated onto the second surface side which has no large unevenness in
the case where the trench 62 is made after forming the p-side contact electrode 13, the
n-side contact electrode 14, the p-side metal protective film 15, and the n-side metal
protective film 16.

Prior to the forming of the resist mask 53, the insulating film 17 of the dicing region
is removed as illustrated in FIG. SA. During the etching that makes the trench 62, the
resist mask 53 is consumed also in the surface direction. In other words, the width of
the opening 53a widens from the position illustrated by the solid line to the position il-
lustrated by the double dot-dash line. The insulating film 17 of the dicing region is
removed beforehand such that the insulating film 17 is not exposed by the widening of
the opening 53a at this time.

In the case where the insulating film 17 of the dicing region is undesirably exposed
by the consumption of the resist mask 53, the insulating film 17 substantially becomes
the etching mask thereafter; and as illustrated by the broken line in FIG. 5B, a step
easily forms undesirably in the side wall of the trench 62 (the side surface of the first
semiconductor layer 1). This step may cause cracks to occur in the semiconductor layer
4 when removing the substrate 8 described below by laser lift-off or chemical wet
etching off.

The problem recited above can be avoided by removing the insulating film 17 be-
forehand such that the insulating film 17 is not exposed inside the opening 53a of the
resist mask 53 that was widened during the etching.

The trench 62 may be made prior to the forming of the p-side contact electrode 13,
the n-side contact electrode 14, the p-side metal protective film 15, and the n-side
metal protective film 16.

Then, the resist mask 53 is removed (FIG. 6A).

Continuing as illustrated in FIG. 6B, all of the exposed portions on the second
surface side are covered with the insulating layer 18; and the first via 18a and the
second via 18b are made in the insulating layer 18. The first via 18a reaches the p-side
metal protective film 15. The second via 18b reaches the n-side metal protective film
16. The insulating layer 18 is filled into the trench 62.

An organic material such as, for example, photosensitive polyimide, benzocy-
clobutene, etc., can be used as the insulating layer 18. In such a case, it is possible to
directly perform the exposure and the development of the insulating layer 18 without

using a resist. Alternatively, an inorganic film such as a silicon nitride film, a silicon
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oxide film, etc., may be used as the insulating layer 18. In the case of an inorganic
film, the first via 18a and the second via 18b are obtained by etching after the resist is
patterned.

The outermost surfaces of the p-side metal protective film 15 and the n-side metal
protective film 16 are films such as, for example, titanium (Ti), nickel (Ni),
molybdenum (Mo), etc., which have good adhesion with polyimide.

Then, the metal film 19 is formed on the top surface of the insulating layer 18 (the in-
terconnect surface 18c) as illustrated in FIG. 7A. The metal film 19 is formed also on
the inner wall and the bottom portion of the first via 18a and the inner wall and the
bottom portion of the second via 18b. The metal film 19 functions as a power supply
layer for the plating to be performed next.

As the metal film 19, for example, a titanium (Ti) film is formed first by sputtering;
and subsequently, a copper (Cu) film is formed on the titanium film by sputtering.

Sputter etching or milling is performed on the top surface of the p-side metal
protective film 15 exposed at the first via 18a and the top surface of the n-side metal
protective film 16 exposed at the second via 18b prior to the formation of the metal
film 19. Thereby, insulating film residue and oxides on the top surfaces of the metal
protective films 15 and 16, which cause the contact resistance between the metal
protective films 15 and 16, and the interconnect layers provided thereon to increase,
are removed.

By forming the titanium (Ti) film, the nickel (Ni) film, or the molybdenum (Mo) film
of the outermost surface of the metal protective films 15 and 16 thinly with, for
example, 1 - 20 nm, the removal of the film of the outermost surface of the metal
protective films 15 and 16 by the sputter etching or the milling recited above is easy.

A clean surface of the gold (Au) is exposed at the outermost surface of the p-side
metal protective film 15 and the outermost surface of the n-side metal protective film
16 by the sputter etching or the milling recited above. The metal film 19 is formed by
forming a titanium (Ti) film, which has excellent adhesion with gold, on the clean
surface of the gold (Au) and by forming a copper (Cu) film on the titanium film.
Thereby, the adhesion can be improved between the metal film 19, which is the power
supply layer for the plating, and the metal protective films 15 and 16. The metal film
19 is unnecessary in the case where the interconnect layers are not formed using
plating.

Then, a resist (not illustrated) is formed selectively on the metal film 19; and Cu
electroplating is performed using the metal film 19 as the power supply layer.

Thereby, the p-side re-interconnect layer 21 and the n-side re-interconnect layer 22
are formed as illustrated in FIG. 7B. The p-side re-interconnect layer 21 and the n-side

re-interconnect layer 22 are made of, for example, a copper material formed simul-
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taneously using plating. Or, the p-side re-interconnect layer 21 and the n-side re-
interconnect layer 22 may be formed by forming a metal film using sputtering and/or
vapor deposition and subsequently patterning the unnecessary portions by etching or
lift-off using a resist.

The p-side re-interconnect layer 21 is formed inside the first via 18a and on the metal
film 19 around the first via 18a, and is electrically connected to the p-side metal
protective film 15 via the metal film 19. The n-side re-interconnect layer 22 is formed
inside the second via 18b and on the metal film 19 around the second via 18b and is
electrically connected to the n-side metal protective film 16 via the metal film 19.

Then, as illustrated in FIG. 7B, a resist 54 is formed selectively; and Cu elec-
troplating is performed using the metal film 19 as the power supply layer. Thereby, the
p-side metal pillar 23 and the n-side metal pillar 24 are formed. The p-side metal pillar
23 is formed on the p-side re-interconnect layer 21; and the n-side metal pillar 24 is
formed on the n-side re-interconnect layer 22.

The p-side metal pillar 23 and the n-side metal pillar 24 are made of a copper
material formed simultaneously using plating. Or, the p-side metal pillar 23 and the n-
side metal pillar 24 may be formed by forming a metal film using sputtering and/or
vapor deposition and subsequently patterning the unnecessary portions by etching or
lift-off using a resist.

When forming the metal film 19 described above, the coverability of differences in
levels degrades easily at the portions where the difference in levels of the underlying
insulating layer 18 (portions 80 and 90 enclosed with the broken line in FIG. 7A) is
large; and breakage of the metal film 19 occurs easily at the portions 80 and 90.

In the case where breakage occurs in the metal film 19, permeation of the plating
liquid is allowed from the location of such breakage. In FIG. 7B, the permeation path
of the plating liquid is illustrated by a thick line 100.

In the embodiment, the top surface and the side surface of the p-side contact
electrode 13 are covered with the p-side metal protective film 15; and the top surface
and the side surface of the n-side contact electrode 14 are covered with the n-side
metal protective film 16. The p-side metal protective film 15 and the n-side metal
protective film 16 include mainly gold (Au) which has poor reactivity such as oxi-
dization and sulfidization. Accordingly, even in the case where the permeation of the
plating liquid is allowed, the permeating plating liquid is blocked by the p-side metal
protective film 15 and the n-side metal protective film 16 and does not reach the p-side
contact electrode 13 and the n-side contact electrode 14. As a result, corrosion of the p-
side contact electrode 13 and the n-side contact electrode 14 can be prevented.

As described above, the inner wall of the first opening 17a and the inner wall of the

second opening 17b made in the insulating film 17 are tapered surfaces that are not
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perpendicular to the second surface but tilted with respect to the second surface.
Therefore, the coverability of differences in levels of the inner wall of the first opening
17a by the p-side metal protective film 15 and the coverability of differences in levels
of the inner wall of the second opening 17b by the n-side metal protective film 16 can
be good. As a result, the p-side contact electrode 13 and the n-side contact electrode 14
can be reliably protected from the plating liquid by avoiding the breakage of the p-side
metal protective film 15 and the breakage of the n-side metal protective film 16.

By the p-side metal protective film 15 being thicker than the p-side contact electrode
13, the breakage of the p-side metal protective film 15 occurs less easily. Similarly, by
the n-side metal protective film 16 being thicker than the n-side contact electrode 14,
the breakage of the n-side metal protective film 16 occurs less easily.

The resist 54 used as the plating mask of the p-side metal pillar 23 and the n-side
metal pillar 24 is removed using, for example, a chemical liquid. Then, as illustrated in
FIG. 8A, the exposed portions of the metal film 19 are removed by wet etching using
the p-side re-interconnect layer 21, the n-side re-interconnect layer 22, the p-side metal
pillar 23, and the n-side metal pillar 24 as a mask. Thereby, the electrical connection
between the p-side re-interconnect layer 21 and the n-side re-interconnect layer 22 via
the metal film 19 is divided.

At this time, even in the case where permeation of the chemical liquid used for the
removal of the resist 54 and the wet etching of the metal film 19 is allowed, the
permeating chemical liquid is blocked by the p-side metal protective film 15 and the n-
side metal protective film 16 and does not reach the p-side contact electrode 13 and the
n-side contact electrode 14. As a result, the corrosion of the p-side contact electrode 13
and the n-side contact electrode 14 can be prevented.

Then, as illustrated in FIG. 8B, the resin layer 25 is formed as a second insulating
layer on the insulating layer 18. The resin layer 25 covers the side surface of the p-side
re-interconnect layer 21 and the side surface of the n-side re-interconnect layer 22 and
fills between the p-side re-interconnect layer 21 and the n-side re-interconnect layer
22. Also, the resin layer 25 covers the side surface of the p-side metal pillar 23 and the
side surface of the n-side metal pillar 24 and fills between the p-side metal pillar 23
and the n-side metal pillar 24.

The p-side metal pillar 23 and the n-side metal pillar 24, which function as the
external terminals, are separated by a distance such that the p-side metal pillar 23 and
the n-side metal pillar 24 are not shorted to each other by the solder, etc., when
mounting to the mounting substrate.

Then, the substrate 8 is removed (FIG. 9A). The substrate 8 may be removed using,
for example, laser lift-off, chemical wet etching. Specifically, laser light is irradiated

from the back surface side of the substrate 8 toward the first semiconductor layer 1.
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The laser light has a wavelength that is transmissive with respect to the substrate 8 and
in the absorption region of the first semiconductor layer 1.

When the laser light reaches the interface between the substrate 8 and the first semi-
conductor layer 1, the first semiconductor layer 1 proximal to the interface decomposes
by absorbing the energy of the laser light. For example, in the case where the first
semiconductor layer 1 is GaN, the first semiconductor layer 1 decomposes into gallium
(Ga) and nitrogen gas. By this decomposition reaction, a micro gap is made between
the substrate 8 and the first semiconductor layer 1; and the substrate 8 and the first
semiconductor layer 1 separate.

The irradiation of the laser light is performed over the entire wafer by performing
multiply for every set region; and the substrate 8 is removed.

Because the stacked body described above formed on the major surface of the
substrate 8 is reinforced by the p-side metal pillar 23, the n-side metal pillar 24, and the
resin layer 25 which are thicker than the semiconductor layer 4, it is possible to
maintain the wafer state even in the case where there is no substrate 8.

The first surface 4a of the semiconductor layer 4 from which the substrate 8 is
removed is cleaned. The gallium (Ga) adhered to the first surface 4a is removed using,
for example, hydrochloric acid, etc.

If necessary, the first surface 4a is etched using, for example, a KOH (potassium
hydroxide) aqueous solution, TMAH (tetramethylammonium hydroxide), etc. Thereby,
an unevenness (frost) is formed in the first surface 4a due to the difference of the
etching rates that depend on the crystal plane orientation. Alternatively, the unevenness
may be formed in the first surface 4a by performing the etching after the patterning
using the resist. The light extraction efficiency can be increased by the unevenness
being formed in the first surface 4a.

Then, as illustrated in FIG. 9B, the phosphor layer 27 and the lens 26 are formed on
the first surface 4a and on the insulating layer 18 of the dicing region.

The process of forming the phosphor layer 27 includes, for example, a process of
supplying a liquid transparent resin having dispersed phosphor particles using a
method such as printing, potting, molding, compression molding, etc., and a
subsequent process of thermal curing. The transparent resin is transmissive to the light
emitted from the light emitting layer 3 and the light emitted by the phosphor; and, for
example, a material such as a silicone resin, an acrylic resin, liquid glass, etc., may be
used.

The lens 26 is transparent to the light emitted from the light emitting layer 3; and, for
example, a silicone resin, an acrylic resin, glass, etc., may be used.

Then, the resin layer 25, the insulating layer 18, the phosphor layer 27, and the lens

26 are cut at the position of the trench 62 to singulate into the multiple semiconductor
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light emitting device 10. For example, the cutting is performed using a dicing blade.
Alternatively, the cutting may be performed using laser irradiation.

When dicing, the substrate 8 is already removed. Further, damage to the semi-
conductor layer 4 during the dicing can be avoided because the semiconductor layer 4
does not exist in the trench 62 which is the dicing region.

The singulated semiconductor light emitting device 10 may have a single-chip
structure including one semiconductor layer 4 or a multi-chip structure including
multiple semiconductor layers 4.

It is unnecessary to perform the interconnect and the packaging for every singulated
individual device and it becomes possible to drastically reduce the production costs
because each of the processes described above up to prior to the dicing is performed
collectively in the wafer state. The interconnect and the packaging are already
completed in the singulated state. Therefore, the productivity can be increased; and as
a result, price reductions become easy.

According to the embodiment, the p-side metal protective film 15 and the n-side
metal protective film 16 protect the p-side contact electrode 13 and the n-side contact
electrode 14 from the chemical liquids, etc., used in the processes performed after the
formation of these contact electrodes. The p-side metal protective film 15 and the n-
side metal protective film 16 also protect the p-side contact electrode 13 and the n-side
contact electrode 14 from the sulfur, etc., in the air that permeates into the insulating
layer 18. As a result, the corrosion and the increased resistance of the p-side contact
electrode 13 and the n-side contact electrode 14 can be prevented.

As illustrated in FIG. 10, it is unnecessary for the inner wall of the bottom portion of
the first opening 17a on the second semiconductor layer 2 side to be separate from the
side surface of the p-side contact electrode 13. Similarly, it is unnecessary for the inner
wall of the bottom portion of the second opening 17b on the first semiconductor layer
1 side to be separate from the side surface of the n-side contact electrode 14.

In such a case as well, a gap can be made between the inner wall of the first opening
17a and the side surface of the p-side contact electrode 13 by forming the inner wall of
the first opening 17a as a tapered surface. The side surface of the p-side contact
electrode 13 can be covered with the p-side metal protective film 15 by filling the p-
side metal protective film 15 into the gap.

Similarly, a gap can be made between the inner wall of the second opening 17b and
the side surface of the n-side contact electrode 14 by forming the inner wall of the
second opening 17b as a tapered surface. The side surface of the n-side contact
electrode 14 can be covered with the n-side metal protective film 16 by filling the n-
side metal protective film 16 into the gap.

As illustrated in FIG. 1, the entire side surface of the p-side contact electrode 13 can
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be reliably covered with the p-side metal protective film 15 by the inner wall of the
bottom portion of the first opening 17a on the second semiconductor layer 2 side being
separate from the side surface of the p-side contact electrode 13.

Similarly, the entire side surface of the n-side contact electrode 14 can be reliably
covered with the n-side metal protective film 16 by the inner wall of the bottom
portion of the second opening 17b on the first semiconductor layer 1 side being
separate from the side surface of the n-side contact electrode 14.

Also, as illustrated in FIG. 11, the substrate 8 may thinly remain on the first surface
4a. The substrate 8 can be polished using, for example, a grinder for polishing a semi-
conductor wafer back face, etc.

The substrate 8 is, for example, a sapphire substrate and is transmissive to the light
emitted from the nitride semiconductor-type light emitting layer. In such a case,
because there is no phosphor layer, light having the same wavelength as the light
emitted from the light emitting layer is emitted to the outside from the semiconductor
light emitting device. The mechanical strength can be increased and a structure having
high reliability is possible by leaving the substrate 8.

Further, as illustrated in FIG. 12, the phosphor layer 27 may be formed on the
substrate 8. By leaving the substrate 8, it is possible to stably maintain the semi-
conductor layer 4 without providing the p-side interconnect layer, the n-side in-
terconnect layer, and the resin layer. In such a case, the p-side metal protective film 15
functions as the p-side external terminal; and the n-side metal protective film 16
functions as the n-side external terminal. In other words, the p-side metal protective
film 15 and the n-side metal protective film 16 are bonded to pads of the mounting
substrate with solder, etc.

It is not always necessary for any of the substrate 8, the lens 26, and the phosphor
layer 27 to be on the first surface 4a.

The red phosphor layer, the yellow phosphor layer, the green phosphor layer, and the
blue phosphor layer described below can be used as the phosphor layer described
above.

The red phosphor layer can contain, for example, a nitride-based phosphor of
CaAlSiN;:Eu or a SiAION-based phosphor.

In the case where a SIAION-based phosphor is used,

(M5, Ry).1AlS1, O Ny; Compositional Formula (1)

can be used (where M is at least one type of metal element excluding Si and Al, and
it may be desirable for M to be at least one selected from Ca and Sr; R is a light
emission center element, and it may be desirable for R to be Eu; and x, al, b1, cl1, and
d1 satisty the following relationships: x is larger than 0 and 1 or less, al is larger than
0.6 and less than 0.95, b1 is larger than 2 and less than 3.9, c1 is larger than 0.25 and
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[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

less than 0.45, and d1 is larger than 4 and less than 5.7).

By using the S1AION-based phosphor of Compositional Formula (1), the temperature
characteristics of the wavelength conversion efficiency can be improved; and the ef-
ficiency in the high current density region can be increased further.

The yellow phosphor layer can contain, for example, a silicate-based phosphor of
(Sr, Ca, Ba),SiO,:Eu.

The green phosphor layer can contain, for example, a halophosphate-based phosphor
of (Ba, Ca, Mg)o(PO,)¢Cl,:Eu or a StAION-based phosphor.

In the case where a SIAION-based phosphor is used,

(M5, Ry)2AlS1,,0, Ny, Compositional Formula (2)

can be used (where M is at least one type of metal element excluding Si and Al, and
it may be desirable for M to be at least one selected from Ca and Sr; R is a light
emission center element, and it may be desirable for R to be Eu; and x, a2, b2, ¢2, and
d2 satisty the following relationships: x is larger than O and 1 or less, a2 is larger than
0.93 and less than 1.3, b2 is larger than 4.0 and less than 5.8, c2 is larger than 0.6 and
less than 1, and d2 is larger than 6 and less than 11).

By using the S1AION-based phosphor of Compositional Formula (2), the temperature
characteristics of the wavelength conversion efficiency can be improved; and the ef-
ficiency in the high current density region can be increased further.

The blue phosphor layer can contain, for example, an oxide-based phosphor of
BaMgAl,,0,7:Eu.

While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the in-
ventions. Indeed, the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions, substitutions and changes in the
form of the embodiments described herein may be made without departing from the
spirit of the inventions. The accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the scope and spirit of the

invention.
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Claims

A semiconductor light emitting device, comprising:

a semiconductor layer including a light emitting layer, a first surface,
and a second surface, the second surface being formed on a side
opposite to the first surface, the second surface having a light emitting
portion including the light emitting layer and a non-light emitting
portion not including the light emitting layer;

an insulating film provided on the second surface, the insulating film
having a first opening connecting with the light emitting portion and a
second opening connecting with the non-light emitting portion;

a p-side contact electrode provided in contact with the light emitting
portion inside the first opening;

an n-side contact electrode provided in contact with the non-light
emitting portion inside the second opening;

a p-side metal protective film covering a top surface and a side surface
of the p-side contact electrode; and

an n-side metal protective film covering a top surface and a side surface
of the n-side contact electrode.

The device of claim 1, wherein the p-side metal protective film is
thicker than the p-side contact electrode.

The device of claim 1, wherein the n-side metal protective film is
thicker than the n-side contact electrode.

The device of claim 1, wherein the p-side metal protective film
oxidizes or sulfidizes less easily than the p-side contact electrode.

The device of claim 1, wherein the n-side metal protective film
oxidizes or sulfidizes less easily than the n-side contact electrode.

The device of claim 1, wherein

the p-side metal protective film covers an exposed surface including the
top surface and the side surface of the p-side contact electrode, and
the n-side metal protective film covers an exposed surface including the
top surface and the side surface of the n-side contact electrode.

The device of claim 1, wherein

the p-side metal protective film has a planar size larger than a planar
size of the first opening, and

the n-side metal protective film has a planar size larger than a planar
size of the second opening.

The device of claim 1, wherein an inner wall of the first opening is
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tilted with respect to a top surface of the light emitting portion to cause
an opening surface area of the first opening to increase from the top
surface side of the light emitting portion toward a top surface side of
the insulating film.

The device of claim 1, wherein an inner wall of the second opening is
tilted with respect to a top surface of the non-light emitting portion to
cause an opening area of the second opening to increase from the top
surface side of the non-light emitting portion toward a top surface side
of the insulating film.

The device of claim 1, wherein

a gap is made between an inner wall of the first opening and the side
surface of the p-side contact electrode, and

the p-side metal protective film is provided also on a bottom face of the
first opening in the gap.

The device of claim 1, wherein

a gap is made between an inner wall of the second opening and the side
surface of the n-side contact electrode, and

the n-side metal protective film is provided also on a bottom face of the
second opening in the gap.

The device of claim 1, further comprising:

a first insulating layer provided on the insulating film, the p-side metal
protective film, and the n-side metal protective film, the first insulating
layer having a first via communicating with the p-side metal protective
film and a second via communicating with the n-side metal protective
film;

a p-side interconnect layer provided inside the first via and on a surface
of the first insulating layer on a side opposite to the p-side metal
protective film, the p-side interconnect layer being electrically
connected to the p-side metal protective film;

an n-side interconnect layer provided inside the second via and on a
surface of the first insulating layer on a side opposite to the n-side
metal protective film, the n-side interconnect layer being electrically
connected to the n-side metal protective film; and

a second insulating layer provided at least between the p-side in-
terconnect layer and the n-side interconnect layer.

The device of claim 12, wherein

the p-side interconnect layer includes a p-side re-interconnect layer

provided on the first insulating layer side and a p-side metal pillar
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provided on a top surface of the p-side re-interconnect layer, the p-side
metal pillar being thicker than the p-side re-interconnect layer, and

the n-side interconnect layer includes an n-side re-interconnect layer
provided on the first insulating layer side and an n-side metal pillar
provided on a top surface of the n-side re-interconnect layer, the n-side
metal pillar being thicker than the n-side re-interconnect layer.

The device of claim 12, wherein a area of a surface of the n-side in-
terconnect layer on a side opposite to the n-side metal protective film is
greater than a area of the n-side contact electrode.

The device of claim 12, wherein the p-side interconnect layer is thicker
than the p-side contact electrode.

The device of claim 12, wherein the n-side interconnect layer is thicker
than the n-side contact electrode.

The device of claim 1, further comprising a transparent body provided
on the first surface, the transparent body being transparent to light
emitted from the light emitting layer.

A semiconductor light emitting device, comprising:

a semiconductor layer including a light emitting layer, a first surface,
and a second surface, the second surface being formed on a side
opposite to the first surface, the second surface having a light emitting
portion including the light emitting layer and a non-light emitting
portion not including the light emitting layer;

an insulating film provided on the second surface, the insulating film
having a first opening connecting with the light emitting portion and a
second opening connecting with the non-light emitting portion;

a p-side contact electrode provided in contact with the light emitting
portion inside the first opening;

an n-side contact electrode provided in contact with the non-light
emitting portion inside the second opening;

a p-side metal protective film covering a top surface and a side surface
of the p-side contact electrode, a portion of the p-side metal protective
film being provided on the insulating film, a top surface of the p-side
metal protective film having a concave configuration, the p-side metal
protective film being configured to oxidize or sulfidize less easily than
the p-side contact electrode; and

an n-side metal protective film covering a top surface and a side surface
of the n-side contact electrode, a portion of the n-side metal protective

film being provided on the insulating film, a top surface of the n-side
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metal protective film having a concave configuration, the n-side metal
protective film being configured to oxidize or sulfidize less easily than
the n-side contact electrode,

an inner wall of the first opening of the insulating film and an inner
wall of the second opening of the insulating film having tapered config-
urations narrower toward the semiconductor layer.

A method for manufacturing a semiconductor light emitting device,
comprising:

forming an insulating film on a second surface of a semiconductor
layer, the insulating film having a first opening and a second opening,
the semiconductor layer including a light emitting layer, a first surface,
and the second surface, the second surface being formed on a side
opposite to the first surface, the second surface having a light emitting
portion including the light emitting layer and a non-light emitting
portion not including the light emitting layer, the first opening
connecting with the light emitting portion, the second opening
connecting with the non-light emitting portion;

forming a p-side contact electrode on a top surface of the light emitting
portion inside the first opening;

forming an n-side contact electrode on a top surface of the non-light
emitting portion inside the second opening;

forming a p-side metal protective film on a top surface and a side
surface of the p-side contact electrode; and

forming an n-side metal protective film on a top surface and a side
surface of the n-side contact electrode.

The method of claim 19, wherein the first opening and the second
opening are made by selective etching of the insulating film using a
resist mask, and the p-side contact electrode and the n-side contact
electrode are formed subsequently using the same resist mask.

The method of claim 19, further comprising:

forming a first insulating layer on the insulating film, the p-side metal
protective film, and the n-side metal protective film, the first insulating
layer having a first via communicating with the p-side metal protective
film and a second via communicating with the n-side metal protective
film;

forming a p-side interconnect layer inside the first via and on a surface
of the first insulating layer on a side opposite to the p-side metal

protective film; and
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forming an n-side interconnect layer inside the second via and on a
surface of the first insulating layer on a side opposite to the n-side

metal protective film.
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Box No. IV  Text of the abstract (Continuation of item 5 of the first sheet)

According to one embodiment, a semiconductor light emitting device includes a

semiconductor layer (4), an insulating film (17), a p-side contact electrode
(13), an n-side contact electrode (14), a p-side metal protective film (17), and
an n-side metal protective film. The semiconductor layer includes a light
emitting layer (13). A second surface of the semiconductor layer is formed on a

side opposite to the first surface. The second surface has a light emitting
portion including the light emitting layer and a non-light emitting portion not
including the light emitting layer. The p-side contact electrode is provided in
contact with the light emitting portion inside a first opening of the insulating
film. The n-side contact electrode is provided in contact with the non-light
emitting portion inside a second opening of the insulating film. The p-side
metal protective film covers a top surface and a side surface of the p-side
contact electrode. The n-side metal protective film covers a top surface and a
side surface of the n-side contact electrode.
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