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(57) Abstract: According to one embodiment, a semiconductor light emitting device includes: not less than three chips (3a, 3b),
each of the chips including a semiconductor layer (15) having a first face (15a), a second face formed on a side opposite to the first
face, and a light emitting layer (12a), a p-side electrode (16) provided on the second face in a region having the light emitting layer,
and an n-side electrode (17) provided on the second face in a region without having the light emitting layer; and tluorescent body
layers (31) of a same kind provided on the first faces of the chips. The chips include: a central chip (3a) centrally positioned in a plan
view, and at least two peripheral chips (3b) arranged symmetrically to each other sandwiching the central chip (3a) in the plan view.
A thickness of the fluorescent body layer (31) on the first face is same among the peripheral chips, and the fluorescent body layer
(31) on the first face of the central chip and the fluorescent body layers (31) on the first faces of the peripheral chips have thick-
nesses different from each other.
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Description

Title of Invention: SEMICONDUCTOR LIGHT EMITTING
DEVICE AND METHOD FOR MANUFACTURING SAME

[0001]

[0002]

[0003]

[0004]

Field

Embodiments of the invention relates to a semiconductor light emitting device, and a
method for manufacturing same.
Background

The reduction of chromaticity variation in the development of a white light emitting
diode (LED) is one of major problems. In particular, in a wafer-level packaging
technique which carries out formation of a wiring layer, protection resin, and a lu-
minescent layer collectively for a plurality of chips within a wafer without performing
a chip selection process, emission wavelength variation among the chips within the

walfer affects the chromaticity variation considerably.
Citation List

Patent Literature
PTL 1: JP-A 2011-517090
PTL 2: JP-A 2010-147318
Brief Description of Drawings

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

FIG. 2A is a schematic plan view of the semiconductor light emitting device of a first
embodiment, and FIG. 2B is a schematic plan view of one chip.

FIG. 3A-3C show layouts of a plurality of chips in a semiconductor light emitting
device of first embodiment.

FIG. 4 is a circuit diagram showing a connection relationship between a plurality of
chips in a semiconductor light emitting device of a first embodiment.

FIGs. 5A-7D show cross sections showing a manufacturing method of the semi-
conductor light emitting device of a first embodiment.

FIGs. 8A-8E show cross sections showing a manufacturing method of the semi-
conductor light emitting device of a second embodiment.

FIGs. 9A-9D show cross sections showing a manufacturing method of the semi-
conductor light emitting device of a third embodiment.

FIGs. 10A-11D show cross sections showing a manufacturing method of the semi-
conductor light emitting device of a fourth embodiment.

FIGs. 12A-12C show cross sections showing a manufacturing method of the semi-

conductor light emitting device of a fifth embodiment.
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[0005]

[0006]
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FIGs. 13A-13C show cross sections showing a manufacturing method of the semi-
conductor light emitting device of a sixth embodiment.

FIGs. 14A and 14B show cross sections showing a manufacturing method of the semi-
conductor light emitting device of a seventh embodiment.

FIG. 15 is a CIExy chromaticity diagram showing adjustable range of chromaticity of a
semiconductor light emitting device of a first embodiment.

FIG. 16A is a CIExy chromaticity diagram showing adjustable range of chromaticity
of semiconductor light emitting devices of a fourth and sixth embodiments, and FIG.
16B is a CIExy chromaticity diagram showing adjustable range of chromaticity of a
semiconductor light emitting device of a fifth embodiment.

Detailed Description

According to one embodiment, a semiconductor light emitting device includes: not
less than three chips, each of the chips including a semiconductor layer having a first
face, a second face formed on a side opposite to the first face, and a light emitting
layer, a p-side electrode provided on the second face in a region having the light
emitting layer, and an n-side electrode provided on the second face in a region without
having the light emitting layer; and fluorescent body layers of a same kind provided on
the first faces of the chips. The chips include: a central chip centrally positioned in a
plan view, and at least two peripheral chips arranged symmetrically to each other
sandwiching the central chip in the plan view. A thickness of the fluorescent body
layer on the first face is same among the peripheral chips, and the fluorescent body
layer on the first face of the central chip and the fluorescent body layers on the first
faces of the peripheral chips have thicknesses different from each other.

Embodiments of the invention will now be described with reference to the drawings.
In each of the drawings, like components are marked with like reference numerals.

(First embodiment)

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

FIG. 2A is a schematic plan view of the semiconductor light emitting device 10, and
FIG. 2B is a schematic plan view of one chip.

The semiconductor light emitting device 10 is a multi-tip device including a plurality
of chips 3a and 3b in a package structure body which is formed at a wafer level to be
described below. The plurality of chips 3a and 3b are separated from one another. Each
of the chips 3a and 3b has a semiconductor layer 15, a p-side electrode 16, and an n-
side electrode 17.

The plurality of chips are denoted by different numerals 3a and 3b depending on a
positional difference in the plan view shown in FIG. 2A. However, the chip 3a and the

chip 3b have the same structure, and are sometimes denoted simply by a numeral 3
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[0013]

[0014]

[0015]

[0016]

[0017]

representatively without discrimination between the chips 3a and 3b.

The semiconductor layer 15 has a first face (upper face in FIG. 1) 15a and a second
face formed on the side opposite thereto. The electrodes and wirings are provided on
the second face side. Light is emitted to the outside mainly from the first face 15a on
the side opposite to the second face.

Furthermore, the semiconductor layer 15 has a first semiconductor layer 11 and a
second semiconductor layer 12. The first semiconductor layer 11 and the second semi-
conductor layer 12 are made of material containing, for example, gallium nitride. The
first semiconductor layer 11 includes, for example, a foundation buffer layer, an n-type
layer, and the like, and the n-type layer functions as a lateral current pathway. The
second semiconductor layer 12 includes a p-type layer and a light emitting layer
(active layer) 12a.

The second face side of the semiconductor layer 15 is processed into a convex-
concave shape. The convex part formed on the second face side includes the light
emitting layer 12a. On the surface of the second semiconductor layer 12 being the
surface of the convex part thereof, a p-side electrode 16 is provided. That is, the p-side
electrode 16 is provided on a region having the light emitting layer 12a.

On the periphery of the convex part on the second face side of the semiconductor
layer 15, a region which does not have the second semiconductor layer 12 including
the light emitting layer 12a is provided, and, on the face of the first semiconductor
layer 11 in the region, an n-side electrode 17 is provided. That is, the n-side electrode
17 is provided on the region without including the light emitting layer 12a.

In the plan view of the second face shown in FIG. 2B, the n-side electrode 17
surrounds the periphery of the p-side electrode 16 continuously. The plan view layout
of the p-side electrode 16 and the n-side electrode 17 is not limited to the layout shown
in FIG. 2B and another layout can be used.

On the second face side, the area of the second semiconductor layer including the
light emitting layer 12a is larger than the area of the first semiconductor layer 11 which
does not include the light emitting layer 12a. Furthermore, the area of the p-side
electrode 16 is larger than the area of the n-side electrode 17. Accordingly, it is
possible to obtain a large light emitting region.

On a side face of the second semiconductor layer 12 including the light emitting
layer 12a, an insulating film 14 is provided. Moreover, the insulating film 14 is also
provided on the second face on which the p-side electrode 16 and the n-side electrode
17 are not provided. The insulating film 14 is an inorganic insulating film such as, for
example, a silicon oxide film and a silicon nitride film.

The second face side, on which the insulating film 14, the p-side electrode 16, and

the n-side electrode 17 are provided, is covered by a first insulating layer (hereinafter,
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simply referred to as insulating layer) 18. The first face 15a is not covered by the in-
sulating layer 18.

Furthermore, the insulating layer 18 fills a space between the chips 3a and 3b
separated from each other, and covers sides of the chips 3a and 3b. A side of the semi-
conductor layer 15 continuing from the first face 15a is covered by the insulating layer
18. The insulating layer 18 covering each side face of the chips 3a and 3b constitutes a
side face of the semiconductor light emitting device 10 together with a resin layer 25
covering a side of a wiring part which will be described below.

The insulating layer 18 is a resin such as polyimide or the like having a good
patterning properties for a fine opening, for example. Alternatively, an inorganic
material such as silicon oxide or silicon nitride may be used for the insulating layer 18.

In the insulating layer 18, a first via 18a reaching the p-side electrode 16 and a
second via 18b reaching the n-side electrode 17 are formed. Moreover, the insulating
layer 18 has a wiring face 18c on the side opposite to the first face 15a.

On the wiring face 18c, a p-side wiring layer 21 and an n-side wiring layer 22 are
provided apart from each other. For each one of the chips 3a and 3b, one p-side wiring
layer 21 and one n-side wiring layer 22 are provided.

The p-side wiring layer 21 is also provided within the first via 18a. The p-side wiring
layer 21 is electrically connected to the p-side electrode 16 through the plurality of first
vias 18a.

The n-side wiring layer 22 is also provided within the second via 18b. The n-side
wiring layer 22 is electrically connected to the n-side electrode 17 through one, for
example, second via 18b.

On the face of the p-side wiring layer 21 on the side opposite to the chips 3a and 3b,
a p-side metal pillar 23 is provided. The p-side metal pillar 23 has a thickness larger
than the thickness of the p-side wiring layer 21. The p-side wiring layer 21 and the p-
side metal pillar 23 constitute a p-side wiring part in the embodiment.

On the face of the n-side wiring layer 22 on the side opposite to the chips 3a and 3b,
an n-side metal pillar 24 is provided. The n-side metal pillar 24 has a thickness larger
than the thickness of the n-side wiring layer 22. The n-side wiring layer 22 and the n-
side metal pillar 24 constitute an n-side wiring part in the embodiment.

Furthermore, on the wiring face 18c of the insulating layer 18, a resin layer 25 is
provided as a second insulating layer. The resin layer 25 covers the periphery of the p-
side wiring part and the periphery of the n-side wiring part.

The face of the p-side wiring layer 21 except a connection face with the p-side metal
pillar 23 and the face of the n-side wiring layer 22 except a connection face with the n-
side metal pillar 24 are covered by the resin layer 25. Furthermore, the resin layer 25 is

provided between the p-side metal pillar 23 and the n-side metal pillar 24, and covers a
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side face of the p-side metal pillar 23 and a side face of the n-side metal pillar 24. The
resin layer 25 fills a space between the p-side metal pillar 23 and the n-side metal pillar
24.

The face of the p-side metal pillar 23 on the side opposite to the p-side wiring layer
21 is exposed without being covered by the resin layer 25, and functions as a p-side
external terminal 23a which is to be bonded to a mounting substrate. The face of the n-
side metal pillar 24 on the side opposite to the n-side wiring layer 22 is exposed
without being covered by the resin layer 25, and functions as an n-side external
terminal 24a which is to be bonded to the mounting substrate.

The respective thicknesses of the p-side wiring part, the n-side wiring part, and the
resin layer 25 are larger than each of the thickness of the chips 3a and 3b. The aspect
ratio (ration of a thickness to a planar size) of the p-side metal pillar 23 and the n-side
metal pillar 24 is not limited to a value not smaller than one and the ratio may be
smaller than one.

The p-side metal pillar 23, the n-side metal pillar 24, and the resin layer 25 which re-
inforces the metal pillars function as a support body for the chips 3a and 3b. Ac-
cordingly, even when a substrate used for forming the semiconductor layer 15 is
removed as will be described below, the support body including the p-side metal pillar
23, the n-side metal pillar 24, and the resin layer 25 supports the chips 3a and 3b
stably, and can increase the mechanical strength of the semiconductor light emitting
device 10.

Furthermore, in a state in which the semiconductor light emitting device 10 is
mounted on the mounting substrate, it is possible to reduce a stress applied to the semi-
conductor layer 15, by causing the p-side metal pillar 23 and the n-side metal pillar 24
to absorb the stress.

As the material for the p-side wiring layer 21, the n-side wiring layer 22, the p-side
metal pillar 23, and the n-side metal pillar 24, copper, gold, nickel, silver, or the like
can be used. When copper is used among these materials, it is possible to obtain a good
thermal conductivity, a high migration resistance and a distinguished adhesion to in-
sulating material.

As the resin layer 25, it is preferable to use a resin having a coefficient of thermal
expansion the same as or close to the coefficient of the mounting substrate. An
example of such resin can include, for example, epoxy resin, silicone resin, fluorine
resin, or the like.

Furthermore, the resin layer 25 may be caused to contain carbon black to be provided
with light-shielding properties for the light emitted from the light emitting layer 12a. In
addition, the resin layer 25 may be caused to contain powder having a reflectivity for

the light emitted from the light emitting layer 12a.
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The first semiconductor layer 11 is electrically connected to the n-side metal pillar 24
including the n-side external terminal 24a via the n-side electrode 17 and the n-side
wiring layer 22. The second semiconductor layer 12 including the light emitting layer
12a is electrically connected to the p-side metal pillar 23 including the p-side external
terminal 23a via the p-side electrode 16 and the p-side wiring layer 21.

A part of the n-side wiring layer 22 overlaps the insulating layer 18 on a light
emitting region including the light emitting layer 12a. The area of the n-side wiring
layer 22 is larger than the n-side electrode 17. Furthermore, the area of the n-side
wiring layer 22 expanded on the insulating layer 18 is larger than the area connecting
the n-side wiring layer to the n-side electrode 17 through the second via 18b.

It is possible to obtain a high light output by the light emitting layer 12a formed over
a region larger than the n-side electrode 17. And also, it is possible to realize a
structure in which the n-side electrode 17 provided in a region, which is smaller than
the light emitting region and does not include the light emitting layer 12a, is rearranged
on the mounting face side as the n-side wiring layer 22 having an area larger than the
area of this region.

The area connecting the p-side wiring layer 21 to the p-side electrode 16 through the
plurality of first vias 18a is larger than the area connecting the n-side wiring layer 22 to
the n-side electrode 17 through the second via 18b. Accordingly, it is possible to
improve current distribution to the light emitting layer 12a and also to improve
radiation properties of heat generated in the light emitting layer 12a.

On the first face 15a of the semiconductor layer 15, a fluorescent body layer 31 is
provided. The fluorescent body layer 31 contains phosphor particles capable of
absorbing the emitted light (excited light) from the light emitting layer 12a and capable
of emitting wavelength-converted light. The phosphor particles are dispersed in
transparent resin which is transparent to the light from the light emitting layer 12a and
the wavelength-converted light of the phosphor particles. The semiconductor light
emitting device 10 can emit mixed light of the light from the light emitting layer 12a
and the wavelength-converted light of the phosphor particles.

For example, when the phosphor particles are set to yellow phosphor particles
emitting yellow light, it is possible to obtain white color or light bulb color as a mixed
color between blue light from the light emitting layer 12a which is made of GaN-based
fluorescent material and yellow light which is the wavelength-converted light in the
fluorescent body layer 31.

For example, as shown in FIGS. 2A and 2B, the outer shape of the semiconductor
light emitting device 10 in the plan view is formed in a rectangular shape, and three
chips including one central chip 3a and two peripheral chips 3b are aligned in the lon-

gitudinal direction of the rectangle (one-dimensional direction).
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The central chip 3a is positioned at the center of the three chips in the one-
dimensional alignment direction. The two peripheral chips 3b are arranged sym-
metrically to each other sandwiching the central chip 3a in the one-dimensional
alignment direction.

On the central chip 3a and the peripheral chips 3b, the same kind of fluorescent body
layers 31 are provided. For example, the fluorescent body layers 31 containing the
same kind of yellow phosphor particles are provided on the central chip 3a and the pe-
ripheral chips 3b.

The thicknesses of the fluorescent body layers 31 provided on the first faces 15a of
the respective two peripheral chips 3b are the same.

The thickness of the fluorescent body layer 31 on the first face 15a in the central chip
3a is different from the thickness of the fluorescent body layers 31 on the first faces
15a in the peripheral chips 3b. In an example shown in FIG. 1, the fluorescent body
layer 31 on the central chip 3a has a thickness smaller than the thickness of the flu-
orescent body layers 31 on the peripheral chips 3b.

As will be described below, the process of forming the fluorescent body layer 31 has
a process of collectively supplying a liquid transparent resin in which phosphor
particles are dispersed, on a plurality of chips in a wafer state and a process of
performing thermal curing. Accordingly, the concentration (density) of the phosphor
particles is approximately uniform within the wafer face.

Accordingly, a relatively thin fluorescent body layer 31 contains a smaller amount of
the phosphor particles and a relatively thick fluorescent body layer 31 contains a larger
amount of the phosphor particles. By adjusting the thickness of the fluorescent body
layer 31, it is possible to adjust the chromaticity of the mixed light of the light emitted
from the chips 3a and 3b and the wavelength-converted light in the fluorescent body
layer 31.

FIG. 15 shows a CIExy chromaticity diagram. The coordinates A show the chro-
maticity of the blue light emitted from a GaN-based chip, and the coordinates B show
the chromaticity of the light emitted from a yellow fluorescent body layer alone.

By adjusting the thickness of the fluorescent body layer 31, it is possible to adjust
chromaticity along a straight line shown by the broken line between the coordinates A
and the coordinate B. The chromaticity can be adjusted toward the coordinates A side
when the fluorescent body layer 31 is relatively thin, and the chromaticity can be
adjusted toward the coordinates B side when the fluorescent body layer 31 is relatively
thick.

Furthermore, FIG. 4 is a circuit diagram showing a connection relationship between
the central chip 3a and the peripheral chip 3b.

The central chip 3a and the peripheral chips 3b are connected in parallel to a power
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supply 100. The two peripheral chips 3b are connected in series.

By adjusting power supplied from the power supply 100 to each of the central chip
3a and the peripheral chips 3b which are connected in parallel, it is possible to adjust a
ratio of light emission intensity between the central chip 3a and the peripheral chips
3b.

For example, by changing an input current amount relatively between the central
chip 3a and the peripheral chips 3b, it is possible to adjust the ratio of the light
emission intensity between the central chip 3a and the peripheral chips 3b. Alter-
natively, by adjusting a duty ratio of the input power between the central chip 3a and
the peripheral chips 3b, it is possible to adjust the ratio of the light emission intensity
between the central chip 3a and the peripheral chips 3b.

When the input power (current) is increased for the central chip 3a in which the flu-
orescent body layer 31 is relatively thin, the semiconductor light emitting device 10
emits mixed light having a larger amount of a blue component. When the input power
(current) for the peripheral chips 3b in which the fluorescent body layers 31 are
relatively thick, the semiconductor light emitting device 10 emits mixed light having a
larger amount of a yellow component.

That is, by changing the thickness of the fluorescent body layer 31 provided on the
first face 15a between the central chip 3a and the peripheral chips 3b and also by
adjusting the input power between the central chip 3a and the peripheral chips 3b
which are connected in parallel, it is possible to adjust the chromaticity of the mixed
light emitted from the semiconductor light emitting device 10.

Moreover, according to the embodiment, while the thickness of the fluorescent body
layer 31 is changed between the center and the periphery in the plan view from the
light emitting face side, the fluorescent body layers 31 which have the same thickness
and arranged symmetrically to each other with respect to the center are provided on the
periphery. Accordingly, when the semiconductor light emitting device 10 is viewed
from the fluorescent body layer 31 side in FIG. 1, a uniform color mixing effect and
light distribution can be obtained.

FIGS. 3A to 3C show other specific examples for the plan view layout of the central
chip 3a and the peripheral chip 3b.

The plurality of chips including the central chip 3a and the peripheral chip 3b may be
aligned in two-dimensional directions in a plane as shown in FIGS. 3A to 3C, not
limited to the one dimensional direction. The number of the central chips 3a is not
limited to one and may be not less than two. At least not less than two chips 3b are
arranged symmetrically to each other sandwiching the central chip 3a, on the periphery
of the central chip 3a.

FIG. 3A shows a layout in which four peripheral chips 3b are aligned in a cross
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shape on the periphery of one central chip 3a.

FIG. 3B show a layout in which eight peripheral chips 3b are aligned in a grid pattern
on the periphery of one central chip 3a.

FIG. 3C shows a layout in which 12 peripheral chips 3b are aligned in a grid pattern on
the periphery of four central chips 3a.

In any of the specific examples of FIGS 3A to 3C, the thickness of the fluorescent
body layer 31 provided on the first face 15a is changed between the central chip 3a and
the peripheral chip 3b, and also the fluorescent body layers 31 having the same
thickness are provided on the plurality of peripheral chips 3b. Accordingly, when the
semiconductor light emitting device is viewed from the light emitting face side, a
uniform color mixing effect and light distribution can be obtained.

Next, with reference to FIG. 5A to FIG. 7D, a manufacturing method of the semi-
conductor light emitting device 10 of the embodiment will be explained.

FIG. 5A shows a cross section of a wafer on which the semiconductor layer 15
including the first semiconductor layer 11 and the second semiconductor layer 12 is
formed on a major face of the substrate 5. The first semiconductor layer 11 is formed
on the major face of the substrate 5, and the second semiconductor layer 12 is formed
on this first semiconductor layer 11.

For example, the first semiconductor layer 11 and the second semiconductor layer 12
which are made of gallium nitride-based material can be grown epitaxially on a
sapphire substrate by an MOCVD (metal organic vapor deposition) method.

The first semiconductor layer 11 includes the foundation buffer layer and the n-type
GaN layer. The second semiconductor layer 12 includes the light emitting layer 12a
(shown in FIG. 1) and the p-type GaN layer. For the light emitting layer 12a, it is
possible to use material emitting light of blue, violet, blue violet, near ultraviolet, ul-
traviolet, or the like. The face contacting the substrate 5 in the first semiconductor
layer 11 is the first face 15a of the semiconductor layer 15.

After the semiconductor layer 15 has been formed on the substrate 5, the second
semiconductor layer 12 is selectively removed as shown in FIG. 5B by RIE (Reactive
Ion Etching) using a resist which is not shown in the drawing, and the first semi-
conductor layer 11 is exposed selectively. The region where the first semiconductor
layer 11 is exposed does not include the light emitting layer 12a.

Next, as shown FIG. 5C, the p-side electrode 16 is formed on the face of the second
semiconductor layer 12 and the n-side electrode 17 is formed on the face of the first
semiconductor layer 11. The p-side electrode 16 and the n-side electrode 17 are formed
by a sputter method, an evaporation method, or the like, for example. For the p-side
electrode 16 and the n-side electrode 17, either one may be formed first and both ones

may be formed with the same material at the same time.
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Here, while illustration will be omitted from the process cross-sectional views after
FIG. 5C, the insulating film 14 shown in FIG. 1 is formed on the second face side.

Next, a groove 6 reaching the substrate 5 is formed in the semiconductor layer 15 as
shown in FIG. 5C by RIE, for example, using a resist mask which is not shown in the
drawing. The grooves 6 are formed, for example, in a planar layout of a grid pattern,
on the substrate 5 in a wafer state. The semiconductor layer 15 is divided into the
plurality of chips 3 by the grooves 6.

The process dividing the semiconductor layer 15 into the plurality of chips 3 may be
performed in the step shown in FIG. 5B before the electrodes 16 and 17 are formed.

Next, the whole exposed part on the substrate 5 is covered by the insulating layer 18
shown in FIG. 6A. After that, the first via 18a and the second via 18b are formed in the
insulating layer 18 by etching using a resist mask which is not shown in the drawing.
The first via 18a reaches the p-side electrode 16 and the second via 18b reaches the n-
side electrode 17.

Next, a metal film, which is not shown in the drawing, functioning as a seed metal
for plating is formed on the wiring face 18c which is the upper face of the insulating
layer 18, the inner wall of the first via 18a, and the inner wall of the second via 18b.
Then, resist which is not shown in the drawing is formed selectively on the metal film,
and Cu electrolytic plating using the metal film as a current path is performed.

By this plating, on the wiring face 18c, as shown in FIG. 6B, the p-side wiring layer
21 and the n-side wiring layer 22 are formed selectively. The p-side wiring layer 21
and the n-side wiring layer 22 are made of copper materials, for example, which are
formed by plating at the same time.

The p-side wiring layer 21 is also formed within the first via 18a and electrically
connected to the p-side electrode 16 via the metal film of the seed metal. The n-side
wiring layer 22 is also formed within the second via 18b and electrically connected to
the n-side electrode 17 via the metal film of the seed metal.

Next, Cu electrolytic plating is performed using resist which is not shown in the
drawing as a mask and using the still remaining metal film as a current path. By this
plating, as shown in FIG. 6C, 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 wiring layer 21, and the
n-side metal pillar 24 is formed on the n-side wiring layer 22.

After the p-side metal pillar 23 and the n-side metal pillar 24 have been formed, the
exposed part of the metal film which has been used as the seed metal is removed. Ac-
cordingly, the metal film connecting the p-side wiring layer 21 and the n-side wiring
layer 22 is cut out.

Next, the resin layer 25 shown in FIG. 1 is formed. Then, in a state in which the chip

3 is supported by the support body including the p-side metal pillar 23, the n-side metal
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pillar 24, and the resin layer 25, the substrate 5 is removed by a laser lift-off method,
for example.

A laser beam is directed toward the first semiconductor layer 11 from the rear face
side of the substrate 5. The laser beam has a permeability to the substrate 5 and has a
wavelength in the absorption region of the first semiconductor layer 11.

When the laser beam reaches the boundary face between the substrate 5 and the first
semiconductor layer 11, the first semiconductor layer 11 near the boundary face
absorbs the laser beam energy and is decomposed. For example, the first semi-
conductor layer 11 of the GaN-based material is decomposed into gallium (Ga) and
nitrogen gas. By this decomposition reaction, a minute gap is formed between the
substrate 5 and the first semiconductor layer 11, and the substrate 5 and the first semi-
conductor layer 11 are separated from each other. The laser irradiation is performed
plural times for respective predetermined regions over the whole wafer and the
substrate 5 is removed.

Since the semiconductor layer 15 is supported by the support body thicker than the
semiconductor layer 15 and a wafer state can be kept even when the substrate 5 is
removed. Furthermore, the resin constituting the resin layer 25 and the metal con-
stituting the p-side metal pillar 23 and the n-side metal pillar 24 are soft material in
comparison with the semiconductor layer 15 of the GaN-based material. Accordingly,
even when a large internal stress generated in the epitaxial growth forming the semi-
conductor layer 15 on the substrate 5 is released in a single burst at the peeling of the
substrate 5, it is possible to avoid the breakage of the chip 3.

After the removal of the substrate 5, the first face 15a is cleaned and is subjected to
frost processing forming unevenness as needed. By forming the minute unevenness on
the first face 15a, it is possible to improve a light extraction efficiency. After that, as
shown in FIG. 7A, on the first face 15a, the fluorescent body layer 31 is formed.

The process of forming the fluorescent body layer 31 includes a process of supplying
liquid-state transparent resin in which the phosphor particles are dispersed onto the
first face 15a by a method of printing, potting, molding, compression molding, or the
like and a process of performing thermal curing of the transparent resin.

After the formation of the fluorescent body layer 31, the fluorescent body layer 31 is
cut to be thinned selectively by mechanical cutting work, for example. Therefore, as
shown in FIG. 7B, the variation in thickness of the fluorescent body layer 31 is given
within the wafer.

The cut amount of the fluorescent body layer 31, that is, the thickness of the flu-
orescent body layer 31 is set based on the measurement result of the wavelength of the
light obtained on the upper face side of the fluorescent body layer 31 when each of the

chips 3a and 3b are caused to emit light in a wafer state.
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After that, the wafer is cut at the position of the groove 6 and divided into pieces of
the plurality of the semiconductor light emitting devices 10. As shown in FIG. 7C, the
semiconductor light emitting device 10 is divided from the wafer as a unit including
one central chip 3a and two peripheral chips 3b arranged symmetrically to each other
sandwiching the central chip 3a.

As described above, the thicknesses of the fluorescent body layers 31 provided on the
two peripheral chips 3b are the same as each other and the fluorescent body layers 31
provided on the peripheral chips 3b is thicker than the fluorescent body layer 31
provided on the central chip 3a.

Alternatively, as shown in FIG. 7D, the fluorescent body layers 31 provided on the
peripheral chips 3b may be thinner than the fluorescent body layer 31 provided on the
central chip 3a. Also in this structure of FIG. 7D, a uniform color mixing effect and
light distribution can be obtained when the semiconductor light emitting device is
viewed from the light emitting face side.

In dicing, since the hard sapphire substrate 5 is already removed, it is not necessary
to cut the substrate 5 and it becomes easy to perform the dicing.

Furthermore, in the groove 6, the semiconductor layer 15 is not formed but the in-
sulating layer 18 of resin is provided. Moreover, in the lower part of the groove 6 in
FIG. 7B, the resin layer 25 is provided. Accordingly, in the dicing region, the semi-
conductor layer 15 is not provided but the resin which is softer than the semiconductor
layer 15 is provided. Therefore, it is possible to avoid a damage the semiconductor
layer 15 receives during the dicing. In addition, in the dicing region, also the wiring
layer or the metal pillar is not provided.

Each of the processes before the dicing is collectively performed in a wafer state. Ac-
cordingly, after the dicing, it is not necessary to form the support body and protect
chips by the insulating material, for each of the semiconductor light emitting devices
10, and thus it become possible to reduce production cost significantly. In a state of
being divided into pieces, the side faces of the chips 3a and 3b is already covered and
protected by the insulating layer 18.

(Second embodiment)

FIG. 8D is a schematic cross-sectional view of a semiconductor light emitting device
of a second embodiment.

This semiconductor light emitting device, as the first embodiment, also includes, for
example, one central chip 3a and two peripheral chips 3b arranged symmetrically to
each other sandwiching the central chip 3a. The configurations of the chip and a
support body supporting the chip are the same as the configurations in the first em-
bodiment.

Furthermore, the central chip 3a and the peripheral chips 3b are connected in parallel
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to a power supply, and by adjusting power supplied from the power supply to each of
the central chip 3a and the peripheral chips 3b, it is possible to adjust a ratio of light
emission intensity between the central chip 3a and the peripheral chips 3b.

The thicknesses of the fluorescent body layers 31 provided on the two peripheral
chips 3b are the same as each other. Moreover, the thickness of the fluorescent body
layer 31 on the central chip 3a and the thickness of the fluorescent body layers 31 on
the peripheral chips 3b are different from each other. In the second embodiment, the
fluorescent body layer 31 is not provided on the central chip 3a and the thickness of the
fluorescent body layer 31 on the central chip 3a is zero. That is, the expression in
which the thickness of the fluorescent body layer 31 is different between the central
chip 3a and the peripheral chips 3b includes the presence or absence of the fluorescent
body layer 31.

Also in the second embodiment, by varying the thickness of the fluorescent body
layer 31 between the central chip 3a and the peripheral chips 3b and also by adjusting
input power between the central chip 3a and the peripheral chips 3b which are
connected in parallel, it is possible to adjust the chromaticity of mixed light emitted
from the semiconductor light emitting device.

Moreover, the fluorescent body layers 31 which are arranged symmetrically to each
other with respect to the center and which have the same thickness are provided on the
peripheral. Accordingly, it is possible to obtain a uniform color mixing effect and light
distribution when the semiconductor light emitting device is viewed from the flu-
orescent body layer 31 side.

Furthermore, when the thickness of the fluorescent body layer 31 is varied between
the central chip 3a and the peripheral chips 3b, the thickness of the fluorescent body
layer 31 on the central chip 3a is set to zero, that is, the fluorescent body layer 31 is not
provided on the central chip 3a. Accordingly, the usage of the fluorescent body layer
31 can be reduced and cost reduction is realized.

Here, from the central chip 3a, light is emitted also in a direction oblique to the first
face 15a and the light can travel in the fluorescent body layers 31 on the peripheral
chips 3b. Accordingly, the fluorescent body layer 31 on the peripheral chip 3b can
perform wavelength conversion also by excitation of the light emitted from the central
chip 3a.

Next, with reference to FIGS. 8A to 8D, a manufacturing method of the semi-
conductor light emitting device of the second embodiment will be explained.

The process up to the removal of the substrate 5 is carried out as in the first em-
bodiment.

After a substrate 5 has been removed, as shown in 8A, a sacrifice layer 41 is formed

on the chip 3a selected from among the chips within the wafer.
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When the sacrifice layer 41 is a resin having photosensitivity, after the sacrifice layer
41 has been formed over the whole face of the wafer, the sacrifice layer 41 is exposed
selectively through the use of a photo-mask. After the exposure, the sacrifice layer 41
is removed selectively by development.

Alternatively, after an inorganic sacrifice layer 41 has been formed over the whole
face of the wafer, resist is formed on the sacrifice layer 41. Then, by exposure and de-
velopment of the resist, the resist is patterned. Then, through the use of the patterned
resist as a mask, the sacrifice layer 41 is etched selectively.

For example, the sacrifice layer 41 is formed on the plurality of chips within the
wafer every other chip in the one-dimensional alignment direction.

After the formation of the sacrifice layer 41, the fluorescent body layer 31 is formed
on the wafer. As shown in 8B, the fluorescent body layer 31 fills a space between the
sacrifice layer 41 and the sacrifice layer 41 and is formed on the chip 3b on which the
sacrifice layer 41 is not formed.

By forming the sacrifice layer 41 so as to cause the cross section thereof to have a
trapezoidal shape, the upper end opening of a space between the sacrifice layer 41 and
the sacrifice layer 41 becomes wider than the bottom part and embedding properties of
the fluorescent body layer 31 are improved.

After that, the fluorescent body layer 31 on the sacrifice layer 41 is removed by
cutting work, for example, and the upper face of the sacrifice layer 41 is exposed.
Then, as shown in FIG. 8C, the sacrifice layer 41 is removed selectively. The flu-
orescent body layer 31 is left on the chip 3b.

Then, as in the first embodiment, the wafer is cut at the position of a groove 6 and
divided into pieces of the semiconductor light emitting devices. As shown in FIG. 8D,
the semiconductor light emitting device is divided from the wafer in a unit including
one central chip 3a and two peripheral chips 3b arranged symmetrically to each other
sandwiching the central chip 3a.

As described above, the thicknesses of the fluorescent body layers 31 provided on the
two peripheral chips 3b are the same as each other and the fluorescent body layer 31 is
not provided on the central chip 3a.

Alternatively, as shown in FIG. 8E, the semiconductor light emitting device may
have a structure in which the fluorescent body layer 31 is provided on the central chip
3a and the fluorescent body layers 31 are not provided on the peripheral chips 3b. Also
in this structure of FIG. 8E, since the thickness of the fluorescent body layer 31 on the
periphery is varied (zero thickness) symmetrically with respect to the center, a uniform
color mixing effect and light distribution can be obtained when the semiconductor light
emitting device is viewed from the light emitting face side.

By the process using the sacrifice layer 41, it is possible easily to form the flu-
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orescent body layer 31 selectively in a wafer level.

(Third embodiment)

FIG. 9C is a schematic cross-sectional view of a semiconductor light emitting device
of a third embodiment.

This semiconductor light emitting device, as the first embodiment, also includes one
central chip 3a and two peripheral chips 3b arranged symmetrically to each other
sandwiching the central chip 3a, for example. The configurations of the chip and a
support body supporting the chip are the same as the configurations in the first em-
bodiment.

Furthermore, the central chip 3a and the peripheral chips 3b are connected in parallel
to a power supply, and, by adjusting power supplied from the power supply to each of
the central chip 3a and the peripheral chips 3b, it is possible to adjust a ratio of light
emission intensity between the central chip 3a and the peripheral chips 3b.

The thicknesses of the fluorescent body layers 31 provided on the two peripheral
chips are the same as each other. Furthermore, the thickness of the fluorescent body
layer 31 on the central chip 3a and the thickness of the fluorescent body layer 31 on the
peripheral chips 3b are different from each other. In the third embodiment, the flu-
orescent body layer 31 is not provided on the central chip 3a and the thickness of the
fluorescent body layer 31 on the central chip 3a is zero. Then, on the central chip 3a, a
transparent resin layer 42 which is transparent to light emitted from the light emission
layer is provided. By the transparent resin layer 42, the first face 15a of the central chip
3a can be protected.

Also in the third embodiment, by varying the thickness of the fluorescent body layer
31 between the central chip 3a and the peripheral chips 3b and also by adjusting input
power for each of the central chip 3a and the peripheral chips 3b which are connected
in parallel, it is possible to adjust the chromaticity of mixed light emitted from the
semiconductor light emitting device.

Moreover, the fluorescent body layers 31 which are arranged symmetrically to each
other with respect to the center and have the same thickness are provided on the pe-
ripheral. Accordingly, it is possible to obtain a uniform color mixing effect and light
distribution when the semiconductor light emitting device is viewed from the flu-
orescent body layer 31 side.

Furthermore, when the thickness of the fluorescent body layer 31 is varied between
the central chip 3a and the peripheral chip 3b, the thickness of the fluorescent body
layer 31 on the central chip 3a is set to zero, that is, the fluorescent body layer 31 is not
provided on the central chip 3a. Accordingly, the usage of the fluorescent body layer
31 can be reduced and cost reduction is realized.

Next, with reference to FIGS. 9A to 9C, a manufacturing method of the semi-
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conductor light emitting device of the third embodiment will be explained.

The process up to the removal of the substrate 5 is carried out as in the first em-
bodiment.

After the substrate 5 has been removed, as shown in 9A, the transparent resin layer
42 is formed on the chip 3a selected among the chips within the wafer.

When the transparent resin layer 42 is a resin having photosensitivity, after the
transparent resin layer 42 has been formed over the whole face of the wafer, the
transparent resin layer 42 is subjected to selective exposure by the use of a photo-
mask. After the exposure, the transparent resin layer 42 is removed selectively by de-
velopment.

Alternatively, after the transparent resin layer 42 has been formed over the whole
face of the wafer, resist is formed on the transparent resin layer 42. Then, by exposure
and development of the resist, the resist is patterned. After that, by the use of the
patterned resist as a mask, the transparent resin layer 42 is etched selectively.

For example, the transparent resin layer 42 is formed on the plurality of chips within
the wafer every other chip in the one-dimensional alignment direction.

After the formation of the transparent resin layer 42, the fluorescent body layer 31 is
formed on the wafer. As shown in 9B, the fluorescent body layer 31 fills a space
between the transparent resin layer 42 and the transparent resin layer 42 and is formed
on the chip 3b on which the transparent resin layer 42 is not formed.

After that, as in the first embodiment, the wafer is cut at the position of a groove 6
and divided into pieces of the semiconductor light emitting devices. As shown in FIG.
9C, the semiconductor light emitting device is divided from the wafer in a unit
including one central chip 3a and two peripheral chips 3b arranged symmetrically to
each other sandwiching the central chip 3a.

As described above, the thicknesses of the fluorescent body layers 31 provided on the
two peripheral chips 3b are the same as each other and on the central chip 3a, the flu-
orescent body layer 31 is not provided but the transparent resin layer 42 is provided.

Alternatively, as shown in FIG. 9D, the semiconductor light emitting device may
have a structure in which the fluorescent body layer 31 is provided on the central chip
3a and the transparent resin layers 42 are provided on the peripheral chips 3b instead of
the fluorescent body layers 31. Also in this structure of FIG. 9D, since the thickness of
the fluorescent body layer 31 on the periphery is varied (zero thickness) symmetrically
with respect to the center, a uniform color mixing effect and light distribution can be
obtained when the semiconductor light emitting device is viewed from the light
emitting face side.

(Fourth embodiment)

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

This semiconductor light emitting device also includes one central chip 3a and two
peripheral chips 3b and 3¢ arranged symmetrically to each other sandwiching the
central chip 3a, for example. The configurations of the chip and a support body
supporting the chip are the same as the configurations in the first embodiment.

Of the two peripheral chips 3b and 3c, a first fluorescent body layer 32 is provided
on one peripheral chip 3b and a second fluorescent body layer 33 is provided on the
other chip 3c.

The kinds of the first fluorescent body layer 32 and the second fluorescent body layer
33 are different from each other. The first fluorescent body layer 32 has a structure in
which green phosphor particles, emitting green light when receiving excitation light
from the chip, are dispersed in transparent resin. The second fluorescent body layer 33
has a structure in which red phosphor particles, emitting red light when receiving ex-
citation light form the chip, are dispersed in transparent resin.

The thickness of the first fluorescent body layer 32 provided on the peripheral chip
3b and the thickness of the second fluorescent body layer 33 provided on the peripheral
chip 3c are the same as each other. A fluorescent body layer is not provided on the
central chip 3a and the thickness of the fluorescent body layer on the central chip 3ais
Z€10.

The central chip 3a, the peripheral chip 3b, and the peripheral chip 3c have the same
configuration and emit blue light. Consequently, according to the semiconductor light
emitting device of the fourth embodiment, the blue light from each of the chips, the
green light from the first fluorescent body layer 32, and the red light from the second
fluorescent body layer 33 are mixed, and white color or light bulb color are obtained.

Furthermore, the central chip 3a, the peripheral chip 3b, and the peripheral chip 3¢
are connected in parallel to a power supply, and, by adjusting power supplied from the
power supply to each of the chips, it is possible to adjust ratios of emission intensity
among the chips, and it is possible to adjust the chromaticity of the mixed light emitted
from the semiconductor light emitting device.

Here, from the central chip 3a, light is emitted also in a direction oblique to the first
face 15a and the light can travel in the first fluorescent body layer 32 on the peripheral
chip 3b and in the second fluorescent body layer 33 on the peripheral chip 3c. Ac-
cordingly, the first fluorescent body layer 32 and the second fluorescent body layer 33
can perform wavelength conversion also by excitation of the light emitted from the
central chip 3a.

FIG. 16A shows a CIExy chromaticity diagram. The coordinates C show the chro-
maticity of the blue light emitted from the central chip 3a on which a fluorescent body

layer is not provided. The coordinates D show the chromaticity of mixed light of the
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emission light of the peripheral chip 3b and the emission light of the first fluorescent
body layer 32 thereon. The coordinates E show the chromaticity of mixed light of the
emission light of the peripheral chip 3c and the emission light of the second fluorescent
body layer 33 thereon.

By adjusting input power for each of the central chip 3a, the peripheral chip 3b, and
the peripheral chip 3c, it is possible to realize a chromaticity within a triangular range
having the coordinates C, D, and E as apexes.

Next, with reference to FIGS. 10A to 11D, a manufacturing method of the semi-
conductor light emitting device of the fourth embodiment will be explained.

The process up to the removal of the substrate 5 is carried out as in the first em-
bodiment.

After a substrate 5 has been removed, as shown in 10A, a first sacrifice layer 43 is
formed on the chip selected among the chips within the wafer. In a partial cross section
of the wafer shown in FIG 10A, the first sacrifice layer 43 is formed on the two chips
3a and 3c neighboring each other.

When the first sacrifice layer 43 is a resin having photosensitivity, after the first
sacrifice layer 43 has been formed over the whole face of the wafer, the first sacrifice
layer 43 is subjected to selective exposure through the use of a photo-mask. After the
exposure, the first sacrifice layer 43 is removed selectively by development.

Alternatively, after an inorganic first sacrifice layer 43 has been formed over the
whole face of the wafer, resist is formed on the first sacrifice layer 43. Then, by
exposure and development of the resist, the resist is patterned. After that, through the
use of the patterned resist as a mask, the first sacrifice layer 43 is etched selectively.

After the formation of the first sacrifice layer 43, as shown in FIG. 10B, the first flu-
orescent body layer 32 is formed on the wafer. The first fluorescent body layer 32 is
formed on the chip 3b on which the first sacrifice layer 43 is not formed.

After that, the first fluorescent body layer 32 on the first sacrifice layer 43 is removed
by cutting work, for example, and, as shown in FIG. 10C, the upper face of the first
sacrifice layer 43 is exposed. Then, as shown in FIG. 10D, the first sacrifice layer 43 is
removed selectively. The first fluorescent body layer 32 is left on the chip 3b.

Next, on one chip 3a of two neighboring chips 3a and 3c on which the first sacrifice
layers 43 are removed, as shown in FIG. 10E, a second sacrifice layer 44 is formed.
The second sacrifice layer 44 can be formed by the same method as the first sacrifice
layer 43.

After the formation of the second sacrifice layer 44, as shown in FIG. 11A, the
second fluorescent body layer 33 is formed on the wafer. The second fluorescent body
layer 33 is formed on the chip 3¢ on which the first fluorescent body layer 32 is not

formed or the second sacrifice layer 44 is not formed.
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After that, the second fluorescent body layers 33 on the first fluorescent body layer
32 and the second sacrifice layer 44 are removed by cutting work, for example, and as
shown in FIG. 11B, the upper face of the first fluorescent body layer 32 and the upper
face of the second sacrifice layer 44 are exposed.

Then, as shown in FIG. 11C, the second sacrifice layer 44 is removed selectively.
The first fluorescent body layer 32 is left on the chip 3b, and the second fluorescent
body layer 33 is left on the chip 3c.

After that, as in the first embodiment, the wafer is cut at the position of a groove 6
and divided into pieces of the semiconductor light emitting devices. As shown in FIG.
11D, the semiconductor light emitting device is divided from the wafer in a unit
including one central chip 3a and two peripheral chips 3b and 3c aligned sym-
metrically to each other sandwiching the central chip 3a.

By the process using the first sacrifice layer 43 and the second sacrifice layer 44, it is
possible easily to form the structure including, in one package, the central chip 3a on
which a fluorescent body layer is not provided, the peripheral chip 3b on which the
first fluorescent body layer 32 is provided, and the peripheral chip 3¢ on which the
second fluorescent body layer 33 of a kind different from the first fluorescent body
layer 32 is provided, in a wafer level.

(Fifth embodiment)

FIG. 12C is a schematic cross-sectional view of a semiconductor light emitting
device of a fifth embodiment.

This semiconductor light emitting device also includes one central chip 3a and two
peripheral chips 3b and 3¢ arranged symmetrically to each other sandwiching the
central chip 3a, for example. The configurations of the chip and a support body
supporting the chip are the same as the configurations in the first embodiment.

Of the two peripheral chips 3b and 3c, the first fluorescent body layer 32 is provided
on one peripheral chip 3b and the second fluorescent body layer 33 is provided on the
other chip 3c. On the central chip 3a, a third fluorescent body layer 34 is provided.

The kinds of the first fluorescent body layer 32, the second fluorescent body layer 33,
and the third fluorescent body layer 34 are different from one another. The first flu-
orescent body layer 32 has a structure in which green phosphor particles emitting green
light when receiving excitation light from the chip, are dispersed in transparent resin.
The second fluorescent body layer 33 has a structure in which red phosphor particles
emitting red light when receiving excitation light form the chip, are dispersed in
transparent resin. The third fluorescent body layer 34 has a structure in which blue
phosphor particles emitting blue light when receiving excitation light from the chip,
are dispersed in transparent resin.

The central chip 3a, the peripheral chip 3b, and the peripheral chip 3c have the same
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configuration and emit ultraviolet light or near-ultraviolet light. The ultraviolet light or
near-ultraviolet light emitted from the chips 3a and 3b is not a component directly con-
stituting white light.

That is, according to the semiconductor light emitting device of the fifth em-
bodiment, the green light from the first fluorescent body layer 32, the red light from
the second fluorescent body layer 33 and the blue light from the third fluorescent body
layer 34 are mixed, and white color or light bulb color is obtained.

Furthermore, the central chip 3a, the peripheral chip 3b, and the peripheral chip 3¢
are connected in parallel to a power supply, and, by adjusting power supplied from the
power supply to each of the chips, it is possible to adjust ratios of light emission
intensity among the chips, and it is possible to adjust the chromaticity of the mixed
light emitted from the semiconductor light emitting device.

FIG. 16B shows a CIExy chromaticity diagram. The coordinates H show the chro-
maticity of the emission light (blue light) of the third single fluorescent body layer 34.
The coordinates I show the chromaticity of the emission light (green light) of the first
single fluorescent body layer 32. The coordinates J show the chromaticity of the
emission light (red light) of the second single fluorescent body layer 33.

By adjusting input power for the central chip 3a, the peripheral chip 3b, and the pe-
ripheral chip 3c, it is possible to realize a chromaticity within a triangular range having
the coordinates H, I, and J as apexes.

Next, with reference to FIGS. 12A to 12C, a manufacturing method of the semi-
conductor light emitting device of the fifth embodiment will be explained.

The process up to the removal of the second sacrifice layer 44 shown in FIG. 11C is
carried out as in the fourth embodiment.

After the second sacrifice layer 44 has been removed, as shown in FIG. 12A, the
third fluorescent body layer 34 is formed on the wafer. The third fluorescent body
layer 34 is formed on the chip 3a on which the second sacrifice layer 44 is removed.

After that, the third fluorescent body layers 34 on the first fluorescent body layer 32
and the second fluorescent body layer 33 are removed by cutting work, for example,
and as shown in FIG. 12B, the upper face of the first fluorescent body layer 32 and the
upper face of the second fluorescent body layer 33 are exposed.

Then, the wafer is cut at the position of a groove 6 and divided into pieces of the
semiconductor light emitting devices. As shown in FIG. 12C, the semiconductor light
emitting device is divided from the wafer in a unit including one central chip 3a and
two peripheral chips 3b and 3c arranged symmetrically to each other sandwiching the
central chip 3a.

According to the fifth embodiment, by the process using the first sacrifice layer 43

and the second sacrifice layer 44, it is possible easily to form the structure including, in
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one package, the peripheral chip 3b on which the first fluorescent body layer 32 is
provided, the peripheral chip 3¢ on which the second fluorescent body layer 33 of a
kind different from the first fluorescent body layer 32 is provided, and the central chip
3a on which the third fluorescent body layer 34 of a kind different from the first flu-
orescent body layer 32 and the second fluorescent body layer 33 is provided, in a wafer
level.

(Sixth embodiment)

FIG. 13C is a schematic cross-sectional view of a semiconductor light emitting
device of a sixth embodiment.

This semiconductor light emitting device is different from the semiconductor light
emitting device of the fourth embodiment which is shown in FIG. 11D in the point that
optical filter films 51 are formed on the upper face of the first fluorescent body layer
32 and the upper face of the second fluorescent body layers 33.

The optical filter film 51 is a dielectric multilayer film, for example, and has a re-
flectivity for the blue light emitted from the chips 3a and 3b. The optical filter film 51
has a permeability to the green light emitted from the first fluorescent body layer 32
and the red light emitted from the second fluorescent body layer 33a.

FIG. 16A shows a CIExy chromaticity diagram. The coordinates C show the chro-
maticity of the blue light emitted from the central chip 3a on which a fluorescent body
layer is not provided. The coordinates F show the chromaticity of the emission light
(green light) from the first fluorescent body layer (green fluorescent body layer) 32 on
the upper face of which the optical filter film 51 is provided. The coordinates G show
the chromaticity of the emission light (red light) from the second fluorescent body
layer (red fluorescent body layer) 33 on the upper face of which the optical filter film
51 is provided.

According to the sixth embodiment, by adjusting input power for the central chip 3a,
the peripheral chip 3b, and the peripheral chip 3c, it is possible to realize a chro-
maticity within a triangular range having the coordinates C, F, and G as apexes.

In the sixth embodiment, on the upper face of the green fluorescent body layer and
the upper face of the red fluorescent body layer, the optical filter film 51 is provided
reflecting the blue light from the chip. Accordingly, it is possible to expand the chro-
maticity adjustable range in the sixth embodiment more than in the fourth embodiment
which can realize a chromaticity within the rectangular range having the coordinates C,
D, and E as apexes.

Next, with reference to FIGS. 13A to 13C, a manufacturing method of the semi-
conductor light emitting device of the sixth embodiment will be explained.

The process up to the formation of the second fluorescent body layer 33 shown in

FIG. 11B is carried out as in the fourth embodiment.



22

WO 2013/038579 PCT/JP2012/001803

[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

Then, after the second fluorescent body layer 33 has been formed, as shown in FIG
13A, the optical filter film 51 is formed on the upper face of the first fluorescent body
layer 32, the upper face of the second sacrifice layer 44, and the upper face of the
second fluorescent body layer 33 over the whole face of the wafer.

Next, as shown in FIG. 13B, the second sacrifice layer 44 is removed selectively.
The optical filter film 51 on the upper face of the second sacrifice layer 44 is removed
by lift-off together with the second sacrifice layer 44.

After that, the wafer is cut at the position of a groove 6 and divided into pieces of the
semiconductor light emitting devices. As shown in FIG. 13C, the semiconductor light
emitting device is divided from the wafer in a unit including one central chip 3a and
two peripheral chips 3b and 3c arranged symmetrically to each other sandwiching the
central chip 3a.

By the process using the first sacrifice layer 43 and the second sacrifice layer 44, it is
possible easily to form the structure including, in one package, the central chip 3a on
which a fluorescent body layer is not provided, the peripheral chip 3b on which the
optical filter film 51 and the first fluorescent body layer 32 are provided, and the pe-
ripheral chip 3¢ on which the optical filter film 51 and the second fluorescent body
layer 33 are provided, in a wafer level.

(Seventh embodiment)

FIG. 14B is a schematic cross-sectional view of a semiconductor light emitting
device of a seventh embodiment.

This semiconductor light emitting device is different from the semiconductor light
emitting device of the fourth embodiment which is shown in FIG. 11D in that a
transparent resin layer 52 is provided on the central chip 3a. The transparent resin layer
52 is transparent to the light emitted from the chips 3a and 3b. By the transparent resin
layer 52, the first face 15a of the central chip 3a can be protected.

Next, with reference to FIGS. 14A to 14B, a manufacturing method of the semi-
conductor light emitting device of the seventh embodiment will be explained.

The process up to the removal of second sacrifice layer 44 shown in FIG. 11C is
carried out as in the fourth embodiment.

Then, on the chip 3a on which the second sacrifice layer 44 is removed, as shown in
FIG. 14A, the transparent resin layer 52 is formed.

Then, the wafer is cut at the position of a groove 6 and divided into pieces of the
semiconductor light emitting devices. As shown in FIG. 14B, the semiconductor light
emitting device is divided from the wafer in a unit including one central chip 3a and
two peripheral chips 3b and 3c arranged symmetrically to each other sandwiching the
central chip 3a.

According to the seventh embodiment, by the process using the first sacrifice layer
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43 and the second sacrifice layer 44, it is possible to easily form the structure at a
walfer level, including, in one package, the peripheral chip 3b on which the first flu-
orescent body layer 32 is provided, the peripheral chip 3c on which the second flu-
orescent body layer 33 of a kind different from the first fluorescent body layer 32, and
the central chip 3a on which the transparent resin layer 52 is provided.

In each of the above described embodiments, after removing the substrate to expose
the first face 15 and before forming the fluorescent body layer, by forming an
inorganic film such as a silicon nitride film over the whole face, the protection of the
first face 15 and the improvement of the light extraction efficiency can be realized.

As the above described fluorescent body layer, a red fluorescent body layer, yellow
fluorescent body layer, a green fluorescent body layer, or a blue fluorescent body layer
to be illustrated below, can be used.

The red fluorescent body layer can contain, for example, a nitride-based fluorescent
body CaAlSiN;:Eu or a S1AION-based fluorescent body.

When the SiAION-based fluorescent body is used, in particular

(M5, Ry)a1AlS1,0c Ny; ... composition formula (1)

(Here, M is at least one kind of metal element excluding Si and Al, and in particular,
at least either one of Ca and Sr is desirable. R is a light emission center element and in
particular, Eu is desirable. X, al, b1, c1, and d1 satisty the following relationship. X is
larger than O 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 less than 0.45, and d1 is larger than 4 and
less than 5.7) can be used.

By using the SIAION-based fluorescent body expressed by composition formula (1),
it is possible to improve the temperature characteristics of the wavelength conversion
efficiency and further improve the efficiency in a large current density region.

The yellow fluorescent body layer can contain, for example, a silicate-based flu-
orescent body (Sr, Ca, Ba),Si0,:Eu.

The green fluorescent body layer can contain, for example, a halophosphoric acid-
based fluorescent body (Ba, Ca, Mg);o(PO,)¢Cl,:Eu or a SIAION-based fluorescent
body.

When the SiAION-based fluorescent body is used, in particular,

(M5, Ro)2AlS1:0,Ny; ... composition formula (2)

(Here, M is at least one kind of metal element excluding Si and Al, and in particular,
at least either one of Ca and Sr is desirable. R is a light emission center element and in
particular, Eu is desirable. X, a2, b2, c¢2, and d2 satisty the following relationship. 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, ¢2 is larger than 0.6 and less than 1, and d2 is larger than 6 and less

than 11) can be used.
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By using the S1AION-based fluorescent body represented by composition formula
(2), it is possible to improve the temperature characteristics of the wavelength
conversion efficiency and further improve the efficiency in a large current density
region.

The blue fluorescent body layer can contain, for example, an oxide-based fluorescent
body BaMgAl,,O,-: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:

not less than three chips, each of the chips including a semiconductor
layer having a first face, a second face formed on a side opposite to the
first face, and a light emitting layer, a p-side electrode provided on the
second face in a region having the light emitting layer, and an n-side
electrode provided on the second face in a region without having the
light emitting layer; and

fluorescent body layers of a same kind provided on the first faces of the
chips,

the chips including:

a central chip centrally positioned in a plan view, and

at least two peripheral chips arranged symmetrically to each other
sandwiching the central chip in the plan view,

a thickness of the fluorescent body layer on the first face being same
among the peripheral chips, and

the fluorescent body layer on the first face of the central chip and the
fluorescent body layers on the first faces of the peripheral chips having
thicknesses different from each other.

The device according to claim 1, further comprising:

a first insulating layer which is provided on the second face side and
which has a first via leading to the p-side electrode, a second via
leading to the n-side electrode, and a wiring face formed on a side
opposite to the first face,

a p-side wiring part which is provided on the wiring face on the first in-
sulating layer and which is electrically connected to the p-side
electrode through the first via, and

an n-side wiring part which is provided on the wiring face and which is
electrically connected to the n-side electrode through the second via.
The device according to claim 2, wherein the first insulating layer
covers a side face continuing from the first face of the chip.

The device according to claim 2, further comprising a second insulating
layer provided between the p-side wiring part and the n-side wiring
part.

The device according to claim 4, wherein the second insulating layer
covers a periphery of the p-side wiring part and a periphery of the n-

side wiring part.
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The device according to claim 2, wherein

the p-side wiring part has

a p-side wiring layer provided within the first via and on the wiring
face and

a p-side metal pillar which is provided on the p-side wiring layer and
has a thickness larger than the thickness of the p-side wiring layer, and
the n-side wiring part has

an n-side wiring layer provided within the second via and on the wiring
face and

an n-side metal pillar which is provided on the n-side wiring layer and
has a thickness larger than the thickness of the n-side wiring layer.

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

forming a sacrifice layer on a first face of a selected chip in a wafer
having a plurality of chips each including a semiconductor layer having
the first face, a second face formed on a side opposite thereto, and a
light emitting layer, a p-side electrode provided on the second face in a
region having the light emitting layer, and an n-side electrode provided
on the second face in a region which does not have the light emitting
layer;

forming a fluorescent body layer on the first face of the chip on which
the sacrifice layer is not formed; and

removing the sacrifice layer and selectively leaving the fluorescent
body layer on the wafer.

The method according to claim 7, wherein the sacrifice layers are
formed on the plurality of chips every other chip in a one-dimensional
alignment direction.

The method according to claim 8, wherein a semiconductor light
emitting device is divided at a wafer level, from the wafer in a unit
including the chip on which the sacrifice layer is removed and the flu-
orescent body layer is not formed on the first face, and the two chips on
each of which the fluorescent body layer is formed on the first face, the
two chips being arranged symmetrically to each other sandwiching the
chip on which the fluorescent body layer is not formed.

The method according to claim 8, wherein

a semiconductor light emitting device is divided from the wafer in a
unit including the a chip on which the fluorescent body layer is formed

on the first face, and the two chips on each of which the sacrifice layer
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is removed and the fluorescent body layer is not formed on the first
face, the two chips being arranged symmetrically to each other
sandwiching the chip on which the fluorescent body layer is formed.
The method according to claim 7, wherein

the forming the fluorescent body layer includes forming a first flu-
orescent body layer and forming a second fluorescent body layer of a
kind different from the first fluorescent body layer,

the forming the sacrifice layer includes forming a first sacrifice layer
and forming a second sacrifice layer,

the first sacrifice layer is formed on each of the two chips neighboring
each other,

the first sacrifice layer is removed after the first fluorescent body layer
has been formed on the first face on which the first sacrifice layer is not
formed,

the second sacrifice layer is formed on one chip of the two neighboring
chips on each of which the first sacrifice layer is removed, and the
second fluorescent body layer is formed on the other chip, and

the second sacrifice layer is removed on the one chip after the second
fluorescent body layer has been formed.

The method according to claim 11, wherein

a semiconductor light emitting device is divided from the wafer in a
unit including the chip on which the first fluorescent body layer and the
second fluorescent body layer are not formed on the first face, the chip
on which the first fluorescent body layer is formed on the first face, and
the chip on which the second fluorescent body layer is formed on the
first face, the latter two chips being arranged symmetrically to each
other sandwiching the chip on which the first fluorescent body layer
and the second fluorescent body layer are not formed.

The method according to claim 11, further comprising, after removing
the second sacrifice layer from on the one chip, forming a third flu-
orescent body layer of a kind different from the first fluorescent body
layer and the second fluorescent body layer on the one chip.

The method according to claim 13, wherein

a semiconductor light emitting device is divided from the wafer in a
unit including the chip on which the first fluorescent body layer is
formed on the first face, the chip on which the second fluorescent body
layer is formed on the first face, and the chip on which the third flu-

orescent body layer is formed on the first face.
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A manufacturing method of a semiconductor light emitting device,
comprising

forming a transparent resin layer transparent to light emitted form a
light emitting layer on a first face of a selected chip in a wafer having a
plurality of chips each including a semiconductor layer having the first
face, a second face formed on a side opposite thereto, and the light
emitting layer, a p-side electrode provided on the second face in a
region which does not have the light emitting layer, and an n-side
electrode provided on the second face in a region which does not have
the light emitting layer; and

forming a fluorescent body layer on the first face of the chip on which
the transparent resin layer is not formed.

The method according to claim 15, wherein

the transparent resin layers are formed on the plurality of chips every
other chip in a one-dimensional alignment direction.

The method according to claim 16, wherein a semiconductor light
emitting device is divided from the wafer in a unit including the chip on
which the transparent resin layer is formed on the first face and the two
chips on each of which the fluorescent body layer is formed on the first
face, the two chips being arranged symmetrically to each other
sandwiching the chip on which the transparent resin layer is formed.
The method according to claim 16, wherein a semiconductor light
emitting device is divided from the wafer in a unit including a chip on
which the fluorescent body layer is formed on the first face and two
chips on each of which the transparent resin layer is formed on the first
face, the two chips being arranged symmetrically to each other
sandwiching the chip on which the fluorescent body layer is formed.
The method according to claim 15, furthermore comprising

forming a sacrifice layer on each of the two chips neighboring each
other before the fluorescent body layer is formed, wherein

the forming the fluorescent body layer includes forming a first flu-
orescent body layer and forming a second fluorescent body layer of a
kind different from the first fluorescent body layer,

the sacrifice layer is removed after the first fluorescent body layer has
been formed on the first face on which the sacrifice layer is not formed,
the transparent layer is formed on one chip of the neighboring two
chips on each of which the sacrifice layer is removed and the second

fluorescent body layer is formed on the other chip.
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The method according to claim 19, wherein

a semiconductor light emitting device is divided from the wafer in a
unit including the chip on which the transparent resin layer is formed
on the first face, the chip on which the first fluorescent body layer is
formed on the first face, and the chip on which the second fluorescent
body layer is formed on the first face, the latter two chips being
arranged symmetrically to each other sandwiching the chip on which

the transparent resin layer is formed.
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This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-6
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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