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device (2) includes a multilayer epitaxial structure (6) composed of a p-GaN layer
(12), an InGaN/GaN MQW light emitting layer (14) and an n-GaN layer (16). A
p-electrode (18) is formed on the p-GaN layer (12), and an n-electrode (20) is formed
on the n-GaN layer (16). An Au plating layer (4) is formed on the p-electrode (18).
The Au plating layer (4) supports the multilayer epitaxial structure (6) and conducts
heat generated in the light emitting layer (14). The Au plating layer (4) is electrically
divided into two portions by a polyimide member (10). One of the two portions (4A)
is connected to the p-electrode (18), to be constituted as an anode power supply termi-
nal, and the other portion (4K) is connected to the n-electrode (20) by a wiring (22),
to be constituted as a cathode power supply terminal.
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DESCRIPIION
SEMICONDUCTOR LIGHT EMITTING DEVICE, LIGHTING MODULE,
LIGHTINGAPPARATUS, ANDMANUFACTURINGMETHOD OF SEMICONDUCTOR
| LIGHT EMITTING DEVICE

Technical Field

The present invention.relates.t051semiconductor light
emitting’device such as a light emitting diode (LED) chip,
a lighting module and a lighting apparatus including a
semiconductor light emitting device, and a manufacturing

method of a semiconductor light emitting device.

Background Art

As white LEDs with higher luminance have recently been
developed, LEDs are increasingly used not only for display,
but also for lighting. |

‘ AA typical LED chip has the following construction. A

multilayer epitaxial structure including a light emitting
layeris formedonasingle-crystal substrate suchasasapphire
substrate. An anode electrode and a cathode electrode are
provided on a surface of the multilayer épitaxial structure
which faces away from the sapphire substrate. Such an LED
chip can not be used by itself, and therefore mounted on a
printed wiring board or the like.

Whenused fordisplay, this LED chip is generallymounted
.in such a manner that the multilayer epitaxial structure is
faced up (that is to say, the sapphire substrate is faced
down) . This mounting méthod is hereinafter referred to as

epitaxial-side-up bonding or up-~bonding. Power is supplied
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to the LED chip through metal wires connected to the anode
and cathode electrodes, so that the LED chip emits light.

| However,theup~bondingnmuntingnmthodposesa;uoblem
related ﬁolheat when this LED chip is used for lighting. To
use the LED chip for lighting, considerably larger amounts
ofcurrentsneedtobeappliedtoobtahnasignificantlylarger
luminous flux, when compared with a case of using the LED
‘chip for display. Therefofe, unless heat dissipation is
sufficienfly performed, a luminous efficiency i1s worsened
and a lifetime is shortened.

To solve this problem, when used for lighting, the LED
chip may be flip-chip ﬁounted to assure sufficient heat
dissipation. To be specific, the LED chip is mounted on a
highly heat-dissipative substrate having a bonding pad, by
means of a metal bump, for example, a gold (Au) bﬁmp, in such
a manner that the multilayer epitaxial structure is faced
down (that is to say, the sapphire substrate is faced up) .
In this way, the light emitting layer that mainly generates
heat is positioned closer to the highly heat-dissipative
substrate.Furthermore,theflip—chipmountingmethodenables
the heat to be conducted to the highly heat-dissipative
substrate through the metal bump. As a consequence, better
heat dissipation is achieved, sothat the LED chip is prevented
from being heated excessively.

In this case, however, light produced by the light
emitting layer is emitted outside through the sapphire
substrate. Therefore, a light extraction efficiency is
lowered, when compared with a case where the LED chip is

up-bonded and light.prodﬁced by the light. emitting layer is
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therefore emitted outside without going through the sapphire
substrate.Thisproblmnmaybeéolvedbyremovingthesapphire
substrate from the LED chip that is to be flip-chip mounted.
This solufion, however, makes it difficult to handle the LED
chip, since themultilayer epitaxial structure has athickness
of only'approximately 5 pm.

“D. Morita, etal., Jon. J. Appl. Phys. Vol. 41 (2002)pp.
'L1434-L1436” discloses an LED chip that improves heat

dissipation without lowering a light extraction efficiency.

According to this technique, a cathode electrode is formed

onpartofanupper surfaceof amultilayerepitaxial structure,
and an anode electrode is formed on the entire lower surface
of the multilayer epitaxial structure. Here, a metal layer
is formed so as to be in contact with the anode electrode.
In other words, the metal layer is provided as a replacement
for a sapphire substrate which has been removed (lift off),
for reinfércement. Hereinafter, this LED chip is referred
to as a lift-off LED chip.

The 1ift-off LED chip is mounted on a mounting substrate
in such a manner that the metal layer is faced down so as
to be connected to a bonding pad provided on the mounting
substratebyusingasolderorasilverpaste. Power is supplied
to the lift-off LED chip through a metal wire connected to
the cathodeelectrode and the bondingpad, tocausethelift-off
LED chip to emit light. The lift-off LED chip does not have
'a sapphire substrate on ér above the multilayer epitaxial
structure, more specifically, above a light extraction
surface<IEthenmltilayérepitaxialstructure.Thisimproves

a light extraction efficiency. Furthermore, the multilayer
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epitaxial structure is mounted on the substrate with the anode
electrode and the metal layei therebetween. This achieves
better heat dissipation.

According to the 1ift-off LED chip, however, shadow of
part of the metal wire which is positioned abdve the light
extraction surface appears at a light-irradiated surface when
light is emitted. This causes a serious problem when using
the lift-off LED chip for lighting. It should be noted that
the up-bonding mounting of the typical LED chip has the same
problem.

In light of this problem, an object of the present
inventionjjstoprovide21semiconductorlightemittingdevice
that can (i) achieve high heat dissipation without lowering
a light extraction efficiency and (ii) emit light that is
not 1likely to produce shadow of a metal wire on a
light-irradiated surface. The object also includes provision
of amanufacturing method of the semiconductor light emitting
device, and a lighting module and a lighting apparatus

including the semiconductor light emitting device.

Disclosure of the Invention

The above object canbe achieved by a semiconductor light
emitting device in which at least part of a metal layer is
constitutedase;fifstpowersupplyterminal.Here,thenmtal
layer supports a multilayer epitaxial structure including
a first conductive layer, a second conductive layer and a
light emitting layer between the first and sécond.conductive‘
layers, and conducts heat generated in the.light emitting

layer. When the semiconductor light emitting device ismounted
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on a printed wiring board or the like by connecting the first
power supply terminal to the ﬁrinted wiring board, the heat
generated in the light emitting layer can be efficiently
dissipated into the printed wiring board. Thus, excellent
heat dissipation can be achieved.

Furthermore, no single-crystal substrates such as a
sapphire substrateare provided ahead of the second conductive
layer, specifically speaking, a light extraction surface,
in a direction of light emission. Thus, the multilayer
epitaxial structure can attain an excellent light extraction
efficiency.

A second power supply terminal, as well as the first
power suppl? terminal, is positioned behind the light
extraction surface, in the direction of light emission. The
second power supply terminal is connectedtoa secondelectrode
by means of a conductive member which extends from the second
electrode in a direction pérallel to.a main surface of the
second conductive layer. Thus, light emitted from this
semiconductor light emitting device does not contain shadow.
Conventionally, on the other hand, a metal wire which is
provided ahead of a light extraction surface in a direction
of light emission produces shadow on a light-irradiated
surface.

The above object can be also achieved by a semiconductor
light emittingdevice comprising: (i) a light emittingelement
array formed in such amanner that apluralityof lightemitting
elemenfs are connected in séries, where each of the plurality
of light emittingelements includes (a) amultilayer epitaxial

structure including a first conductive layer, a second
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conductive layer and a light emitting layer between the first
conductive layer and thé second conductive layer, where a
main surface of the second conductive layer which faces away
from the light emitting layer is a light extraction surface,
(b) a first electrode formed on é main surface of the first
conductive layer which faces away from the light emitting‘
layer, and (c) a second electrode formed on the main surface
of the second conductive layer which faces away from the 1ight
emitting layer, where the first electrode and the second
electrode are positioned to each other in a same manner for
each light emitting element; and (ii) a metal layer on which
thelightemittingelementarrayisforméd,withaninsulating
layer therebetween, in such a manner that the first electrode
is positioned closer to the metal layer than the second
electrode is, where the metal layer connects and supports
the multilayér epitaxial structures and conducting heat
generated in the light emitting layer. Here, the metal layer
is electrically divided into at least two portions. At least
one of the portions is connected to a first electrode of a
light emitting element at one end of the light emitting element
array, to be constituted as a first power supply terminal,
and at least one of a rest of the portions is connected to
a second electrode of a light emitting element at the other
end of the light emitting element array, by means of a
conductive member which extends from the second electrode
inadirectionparallel toamainsurfaceof a second conductive
layer of the light emitting element, to be constituted as
a second'power supply terminal. This semicpnductor light

émitting device can produce the same effects as the
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above-described semiconductor light emitting device.

Theaboveobjectcanbealéoachievedbyalightingmodule
and a 1lighting apparatus including one of the above-described
semicondﬁctorlightemittingdevices.Thus,ahigherluminous}
efficiency and a longer lifetime can be achieved, and emitted
light does not include shadow which is created by a metal
wire.

The above object can be also achieved by amanufacturing
method of a semiconductor light emitting device that produces

the effects described above.

Brief Description Of The Drawings

Fig. 1 illustrates an LED chip relating to a first
embodiment, where Fig. 1A is a plan view illustrating the
LED chip by removing a'phosphor layer, Fig. 1B illustrates
a cross-section along a line AA shown in Fig. 1A, and Fig.
1C is a bottom plan view.

Fig. 2 illustrates part of a manufacturing process of
the LED chip relating to the first embodiment.

Fig. 3 illustrates part of the manufacturing process
of the LED chip relating to the first embodiment.

Fig. 4 illustrates part of the manufacturing process
of the LED chip relating to the first embodiment.

Fig. 5 illustrates part of the manufacturing process
of the LED chip relating to the first embodiment.

Fig. 6 illustrates part of the manufacturing process
of the LED chip relating to the first embodiment. |

Fig. 7 illustrates an LED chip relating to a second

embodiment, where Fig. 7A illustrates a cross-section along
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a line BB shown in Fig. 7C, Fig. 7B is a bottom plan view,

and Fig. 7C is a bottom plan view illustrating the LED chip

by .removing an Au plating layer.

Fig. 8 illustrates part of a manufacturing process of

the LED chip relating to

the second embodiment.

Fig. 9 illustrates part of the manufacturing

of the LED chip relating
Fig. 10 illustrates
of the LED chip relating
Fig.‘ll illustrates
of the LED chip relating
Fig. 12 illustrates
of the LED chip relating
Fig. 13 illustratés
of the LED chip relating

to the second embodiment.

part of the manufacturing

to the second embodiment.

part of the manufacturing

process

process

process

to the second embodiment.

part of the manufacturing

process

to the second embodiﬁent.

part of the manufacturing

pProcess

to the second embodiment.

Fig. 14 illustrates an LED array chip relating toa third
embodiment, where Fig. 14A is a plan view illustrating the
LED array chip by removing a phosphor layer, and Fig. 14B
is a bottom plan view.

Fig. 15 illustrates the LED array chip relating to the
third embodiment, where Fig. 15A illustrates a cross—section
along a line CC shown in Fig. 14A, and Fig. 15B illustrates
how LEDs are connected to each other in the LED array chip
relating to the third embodiment.

Fig. 16 illustrates part of a manufacturing process of
the LED array chip relating to the third embodiment.

- Fig. 17 illustrates part of the manufacturing process
of the LED array chip relating to the third embodiment.

Fig. 18 illustrates part of the manufacturing process
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of the LED array chip relating to the third embodiment.

Fig. 19 illustrates parf of the manufacturing process
of the LED array chip relating to the third embodiment.

Fig; 20 illustrates part of the manufacturing process
of the LED array chiprrelating to the third embodiment.

Fig. 2l illustratesanLEDarraychiprelatingtoa fourth
embodiment, where Fig. 21A is a plan view illustrating the
LED array chip by removing a phosphor layer, and Fig. 21B
is a bottom plan view.

Fig. 22 illustrates the LED array chip relating to the
fourthembodiment,WhereFig.22Aillustratesacmoss—section
along a line FF shown in Fig. 21A and Fig. 22B illustrates
how LEDs are connected to each other in the LED array chip
relating to the fourth embodiment.

Fig. 23 illustrates ?art of a manufacturing process of
the LED array chip relating to the fourth embodiment.

Fig. 24 illustrates part of the manufacturing process
of the LED array chip relating to the fourth embodiment..

Fig. 25 illustrates part of the manufacturing process
of the LED array chip relating to the fourth embodiment.

Fig. 26 illustrates part of the manufacturing process
of the LED array chip relating to the fourth embodiment.

Fig. 27 illustrates part of the manufacturing process
of the LED array chip relating to the fourth embodiment.

Fig. 28 illustrates part of the manufacturing process
of the LED array chip relating to the fourth embodiment.

Fig. 29 illustrates an LED chip relating to a fifth
embodiment, where Fig. 29A is a plan view illustrating the

LEDchipbyremovingagmosphorlayer,andFig.29Billustrates
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a cross—section along a ling SS shown in Fig. 29A.

Fig. 30 illustrates parf of a manufacturing process of
the LED chip relating to the fifth embodiment.

Fiq; 31 illustrates part of the manufacturing process
of the LED chip relating to the fifth embodiment.

Fig. 32 illustrates part of the manufacturing process
of theALED chip relating to the fifth embodiment.

Fig. 33 illustrates part of the manufacturing process
of the LED chip relating to the fifth embodiment.

Fig. 34 is a perspective view illustrating'a white LED
module relating to a sixth embodiment.

Fig.35AjjsaplanviewillustratiﬁgthewhiteLEDmodule
relating to the sixth embodiment, Fig. 35B illustrates a
cross—-section along a. line GG shown in Fig. 35A, and Fig.
35Cisanenlargement viewillustratingachipmountingportion
shown in Fig. 35B.

Fig. 36Aillustratesawiringpattern formed in the white
LED module, and Fig. 36B illustrates a pad pattern formed
onaceramics substrate whichconstitutes the white LEDmodule.

Fig. 37A is a perspective view illustrating a lighting
apparatus relating to the sixth embodiment, and Fig. 37B is
a bottom plan view illustrating the lighting apparatus.

Fig. 38 is a perspective exploded view illustrating the
lighting apparatus relating to the sixth embodiment.

Fig. 39 shows an emission spectrum of the lighting
apparatus relating to the sixth embodiment.

Fig. 40 illustrates amodification e%cample of the sixth
embodiment.

Fig. 41 is a perspective view illustrating a white LED

10
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module relating to a seventh embodiment.

Fig.42AiseaplanviewiliustratingthewhiteLEDnmdule
relating to the seventh embodiment, Fig. 42B illustrates a
cross—secfion along.a line HH shown in Fig. 42A, and Fig.
42C is an enlargement view illustrating a portion J (chip
mounting portion) shown in Fig. 42B.

Fig. 43Aillustratesawiringpattern formed inthe white
LED module, and Fig. 43B illustrates a pad pattern formed
onaceramics substratewhichconstitutesthewhite LEDmodule.

Fig. 44 is a perspective view illustrating a white LED
module relating to an eighth embodiment.

Fig.45AjseaplanviewillustrétingthewhiteLEDnmdule

- relating to the eighth embodiment, Fig. 45B illustrates a

cross—-section along a line MM shown in Fig. 45A, and Fig.
45C is an enlargement view illustrating a portion N (chip
mounting portion) shown in Fig. 45B.

Fig. 46Aillustratesawiringpattern formedinthewhite
LED module relating to the eighth embodiment, Fig. 46B
illustrates a pad pattern formed on a ceramics substrate which
constitutes the white LED module relating to the eighth
embodiment.

Fig. 47 shows an emission spectrum of a lighting
apparatus using the white LED module relating to the eighth

embodiment.

Best Mode for Carrying Out the Invention’
The following part describes embodiments of the present
invention with reference to the attached figures.

(FIRST EMBODIMENT)

11
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Fig. 1A is a plan view illustrating an LED chip 2 which

- is one type of a semiconductor light emitting device, Fig.

1B illustrates a cross-section along a line AA shown in Fig.
1A, and Fig. 1C is a bottom plan view illustrating the LED
chip 2. It should be noted that a phosphor layer 8 (shown
in Fig. 1B and mentioned later) is not shown in Fig. 1A.

As shown in Figs. 1A to 1C, the LED chip 2 is formed

‘in such a manner that a multilayer epitaxial structure 6 and

the phosphor layer 8 are provided on an Au plating layer 4,

which is ametal layer. The Auplating layer 4 is electrically

‘divided into two portions, by a polyimide member 10 which

is an insulator. One of the portions is constituted as an
anode power supply terfninal (4A) and the othér a cathode power
supply terminal (4K). The LED chip 2 is 350-pm-square, and
100 pm in thickness. In detail, a thickness of the Au plating |
layer 4 is 50 pm and a thickness of the phosphor layer 8 is
50 pm.
| The multilayer epitaxial structure 6 is composed of a
p-GaN layer 12 (having a thickness of 200 nm) which is a
conductive layer, an InGaN/GaN multiple quantum well (MQW)
light emitting layer 14 (having a thickness of 50 nm), and
an n-GaN layer 16 (having a thickness of 3pm) which is a
conductive layer, in the stated order. Here, the p-GaN layer
12 is positioned the closest to the Au plating layer 4. The
multilayer épitaxial structure 6 has a diode structure.
A highly-reflective Rh/Pt/Au p-electrode 18 is formed
on substantially the entire lower main surface of the p-GaN
layer 12. The p-GaN layer 12 is connected to the anode power
supply terminal 4A which is part of the Au plating layer 4,

12
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through the p-electrode 18.

A Ti/Pt/Au n-electrode 20 is formed on part of an upper
main surface of the n-GaN layer 16. Here, a conductive Ti/Pt/Au
wiring 22.éxtends from the n—electrbde-20. The n-GaN layer
16 is connected to the cathode power supply termingil 4K which
is part of the Au plating layer 4, by means of the Wiring
22. An end portion of the wiring 22 which is connected to
the n-electrode 20 extends from the n-electrode 20 in a
direction parallel to the upper main surface (a light
extraction surface) of the n-GaN layer 16.

A silicon nitride layer 24 which is an insulating‘layer
is formed on every surface of the multilayer epitaxial
structure 6, éxgept for an upper surface (i.e. the upper main
surface of the n-GaN layer 16) and an area in which the
p-electrode 18 is formed. The silicon nitride layer 24
insulates the multilayer epitaxial structure 6 and the Au
platinglayer4lfrmﬁeachother.Z&Contacthole25:hsprovided
ina porfion of the siliconnitride layer 24 whichis in contact
with the cathode pow.er supply terminal 4K. The wiring 22 goes
through the contact hole 25, to be connected to the cathode
power supply terminal 4K.

The phosphor layer 8 is made of a light—transmittiﬁg
resin such as silicone in which particles of a yellow phosphor
and fine particles of metal oxide are dispersed. The
light-transmitting resin may be instead an epoxy resin, a
polyimide resin or the like. The yellow phosphor may be (Sr,
Ba)28i04:Eu®*, (Y, Gd)3Als012:Ce® or the like, and the metal
oxide may be SiO,.

When power is supplied to this LED chip 2 through the

13
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anode power supply terminal 4A and the cathode power supply

terminal 4K, the light emitting layer 14 emits blue light

~ having a wavelength of 460 nm. Here, part of the blue light

is emitteQAfrom the light emitting layer 14 towards the Au
plating layer 4, but reflected by the highly-reflective

p-electrode 18 towards the phosphér layerA8. As a result,
the blue light emitted from the light emitting layer 14 is,

to a large extent, directed towards the phosphor layer 8.

‘Part of the blue light is absorbed by the phosphor layer 8,

to be converted into yellow l;ght. The blue light and the
yellow light mix together, to produce white light. The white
light is emitted through the phosphor layer 8.

In the LED chip 2 relating to the first embodiment, which
is one type of a semiconductor iight emitting device, the
highly—reflectivejp—eléctrode 18 is formed<nisubstantially
theentirelowersurfaceofthenmltilayerepitaxialstructure
6. Furthermore, a sapphiresubstrateorthe like isnotprovided
on or above the light extraction surface of the multilayer
epitaxial structure 6. For these reasons, the multilayer
epitaxial structure 6 achieves a significantly high light
extractionefficiency.Althoughap—GaNlayer(thep—GaNlayer
12) is generally difficult to be.éonfigured to have low
resistance, the p-electrode 18 is provided on substantially
the entire lower main surface of the p-GaN layer 12. This
énablesanelectriccurrenttobeevenlyinjectedtotheentire
multilayér epitaxial 'structure 6. As a result, the entire
semiconductor light emitting layer 14 evenly emits light,
and a lower operation voltage is achieved. Furthermore, heat

generatedmainly in the light emitting layer 14 is dissipated

14
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to a mounting substrate (a ceramics substrate 202 shown in

Fig. 34) through the power supply terminals 4A and 4K which

are formed b‘y the highly heat-conductive Au plating layer

4. In thi,é ‘way, the light emitting layer 14 can be prevented
from overheating, even when large amounts of electrié current
are applied. Consequently, the LED chip 2 (one type of a
semiconductor light emitting device) canachieve ahigh oﬁtput
and a long lifetime. In addition, the power supply terminals
4A and 4K are provide.d on the lower surface of the multilayer
épitaxial structure 6. This means that the power supply
terminals 4A and 4K are positioned behind the 1light extraction
surface of then-GaNlayer 16, inadirectionof light emission.
No components that block light, such as a bonding wire, exist
on or above the light extraction surface. Therefore, light
emitted fromthe LEDchip 2 doesnot containshadow. Furthermore,
since the LED chip 2 does not include an insulating substrate
such as a sapphire substrate, an ability to withstand static
electricity is improved.

The following part describes a manufacturing method of
this LED chip 2, with reference to.Figs. 2 to 6. In Figs.
2 to 6, a material to form each constituent of the LED chip
2 is identified by a four-digit number whose‘fi_rst digit is
one. The last two digits of the four-digit number represents
areference nu;rne:;al identifyingthecorresponding constituent
of the LED chip 2.

To start with, as shown in Fig. 2, an n-GaN layer 1016,
an InGaN/GaN MQW light emitting layer 1014 and a p—GaN layer
1012 are formed in this order on a sapphire substrate 24 which

is a single-crystal substrate, by epitaxial growth using-a

15
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metal organic chemical vapor deposition (MOCVD) method (step
Al). Here, the sapphire substfate 24 has a diameter of two
inches and a thickness of 300 pm. The layers 1016, 1014 and
1012 formAé multilayer epitaxial structure 1006.
Thémultilayerepitaxialstructure1006ispartlymasked,
and an unmasked area of the multilayer epitaxial structure
1006 is removed by dry etching to such a depth that the sapphire

substrate 24 is exposed. Thus, multilayer epitaxial

structureé6(seeFig.lB)areformed.Thenmltilayerepitaxial

structures 6 each constitute the LED chip 2. (step Bl)

After this, a silicon nitride film 1024 is deposited
on the entire resulting surface after the step Bl by
radio-frequency (RF) sputtering or the like for insulation
and surface protection;*Here, the silicon nitride film 1024
may be replaced with a silicon oxide film. Subsequently, the
silicon nitride film 1024 is partly removed by etching, so
that the p-GaN layer 12 is e%posed‘in aﬁ area in which the
p-electrode 18 (shown in Fig. 1B) is to be formed. In the
area where the p-GaN layer 12 is exposed, an Rh/Pt/Au film
1018 is formed by an eléctron.beamAevaporation.method or the
like (step Cl).

AftereaTi/Au.thin.filﬁlundercoating'(not shdwnjleig.
2) is formed by an electron beam evaporation method or the
like on the entire resulting surface after the step Cl, an
Au plating layer 1004 having a thickness of 50 pm is formed
on the undercoating (step D1). The Au plating layer 1004 is
then partly removed by etching with use bf iodine or the like,
to such a depth that the 'silicén nitride £film 1024 is exposed.

This creates a space 26 that divides (that is to say,

16
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electrically separates) the Au plating layer 1004 into a
portion to conétitute the ano&e power supply terminal 4A and
a portion to constitute the cathode power supply terminal
4K (step El). The space 26 is filled with a polyimide resin
1010 (step F1). The filling can be achieved in the following
manner.as an example. A polyimide organic solution is applied
to the entire resulting surface after the step E1, and dried.
‘After this, a polyimide resin formed on an upper surface of
the Au plating-layer 1004 is removed by plasma ashing. Here,
a polyamideimide resin may be used instead of a polyimide
resin. Furthermore, a silicon nitride film or a silicon oxide
film may be formed in the space 26, instead of a resin.

Alternatively,afteroﬁedfasilicoﬂnitridefilmandasilicbn
oxide film is applied to a side wall of the space 26 in the
Au pléting layer 1004,'the space 26 may be filled with one
of a polyimide resin and. a polyamideimide resin. Having

excellent heat-resistance, both a polyimide resin and a

" polyamideimide resin can resist heating performed in an LED

chip mounting step described in a sixth embodiment.

In a step Gl, the sapphire substrate 24 is separated.
To do this, a first macromolecule film 28 is adhered to the
Au plating layer 1004 by means of an adhesive layer (not shown
in Fig. '3). Here, the adhesive layer is made of polyester

or the like, and foams and loses adhesivity when heated. The

firstmacromolecule film28 supports themultilayer epitaxial

structure 6 and the Au plating layer 4 after the sapphire
substrate 24 is removéd. The first macromolecule film 28 is
also used as a supporting member to make handling of the LED

chip 2 easy in its manufacturing process. The first
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macromolecule film 28 may be a polyester film, polyimide film
or the like. l

Af‘;er the first macromolecule film 28 is adhered, a YAG
laser thifd harmonic beam LB having a wavelength of 355 nm
is irradiated to the sapphire substrate 24, from a side of

the sapphire substrate 24, in such a manner that the beam

scans the entire surface of the sapphire substrate 24. The

‘irradiated laserbeamisnot absorbedbythe sapphire substrate

24, but only by an interface between the sapphire substrate
24 and the n-GaN layef 16. Here,. heat is generéted locally
andbreaksGaNbondingaroundtheinterface.Asacmnsequence/
the sapphire substrate 24 is sépafated from the multilayer
epitaxial structure 6 in terms of epitaxial structuré (step
Gl). HoWever, the sapphire substrate 24 is still adhered to
the multilayer epitaxial structure 6 by a layer including
gallium (Ga) (a pyrolytic layer). To separate the sapphire
substrate 24 from the multilayer epitaxial structure 6

cbmpletely, the,sépphire substrate 24 and the multilayer.
epitaxial structure 6 are immefsed.into,hydrochloride or the
like to dissolve the interface portion (step H1). Here,:the
sapphire substrate 24 is also connected to the siliconnitride
film 1024. However, this connection is weak and made only
in a small area. Therefore, the éapphire substrate.24‘can
be easily separated from the silicon nitride film 1024 by
the procedures performed in the steps.Gl and H1. It should
benotedthattheYAGlaéerthirdharmonicbemncanbereplaced
with’ a KrF excimef laser having a wavelength of 248 nm or
a mercury emission line having a wavelength of 365 nm. In

addition, the sapphire substrate 24 maybe removedbygrinding.
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An additional semiconductor layer may be formed on the
nmltilayerepitaxialstructuré1006jjlthefbllowingnmnner.
After the step Al, a laser beam is irradiated as in the step
Gl. This férms a layer including Ga at an interface between
the sapphire substrate 24 and the multilayer epitaxial
structure 1006. Following this, epitaxial regrowth may be
conducted using an MOCVD method. Here, the layer including
Ga formed at the interface is not affected by a difference
in coefficient of thermal expansion between the sapphir¢
substrate 24 and the semiconductor liéht emitting layer 1014
whichisn@deofaﬂGaNsemiconductormaterial.Thiscanimprove
epitaxial structure and reduces cracking.

'. After the step H1, the silicon nitride film 1024 formed
on the Au plating layer 1004 is partly removed by etching,
to partly expose a pbrtion of the Au pléting layer 1004 which
is to be constituted as the cathode power supply terminal
4K (shown in Figs.1B and 1C) (step Il). A Ti/Pt/Au film 30
is then formed by an electron beam evaporation method or the
like, és shown in Fig. 4} so as to connect the n~GaN layer
16 and the exposed part created in the step Il (step J1).
The Ti/Pt/Au film 30 constitutes the n-electrode 20 and the |
wiring 22 (see Figs. 1A to 1C). .

Subsequently, a phosphor layér 1008 is formed. The
above~described silicone resin inwhich particles of a yellow
phosphor and fine particleé of metal oxide such as Si0; are
dispersed is applied to the entire resulting surface after
the stép J1l. After the silicone resin is heated to be cured,
the phosphor layer 1008 is ground so as to have a predetermined

thickness, for example, 50 pm (step K1). Here, it should be
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noted that a color of white light emitted from the LED chip
2isdeterminedbyfiratiobetweenbluelightandyellowlight.
This ratio can be adjusted by changing the percentage of the
phosphor . partlcles included in the silicone resin and the

thlckness of the phosphor layer 8. pelelcally speaklng,

'when the percentage of the phosphor partlcles is higher, or

the thickness of the phosphor layer 8 is larger, the ratio

'of the yellow light becomes higher. Here, a high ratio of

the yellow light means that the white light emitted from the

LED chip 2 has a low color temperature. According to the first

" embodiment, the silicone resin including the phosphor

particlesisfirstappliedatathickhesslargerthanadesigned

thickness of the phosphor layer 8. The applied resin is then
ground, to achieve the designed thickness. In this way, the
phosphor layer 8 can be formed at an even thickness. This
reduces unevenness of color, since the blue light‘and the
yellow light are well balanced.at a light extraction'Surface
of the phosphor layer 8. At the same time, the LED chip 2
can produce white light having exactly a predetermined color
temperature.

VA conventional LED chip (explained in the Background
Art seetion) recelves a power supply'through a metal wire
connectedtoanelectrodethafisprovidedonalightextraction
surface of the LED chip. In a manufacturing method for this
LED chip, a silicone resin is applied to forma phosphor layer.
Here, there is a risk that the metal wire may break due to
an inflow pressure generated by applying the silicene' resin.

Toavoidthisbreakage,thesiliconeresinneedsTx>beapplied

with a relatively low pressure. This makes it difficult to
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form the phosphor layer at an even thickness. Therefore, the
conventional LED chip has a pfoblenlof unevenness of color.
The first embodiment, however, does not have this problem.
Here, even if the;phosphor’layer'Qf’the conventional LED chip
is formed in such a manner that a cured resin is ground so
that the phosphor layer has-an even thickness, a risk of
breakage of the metal wire still exists, due to vibration
generated by a grindstone used for the grinding.

After the stép K1, the first macromolecule film 28 is

removed, and a second macromolecule film 32 is adhered tb

" the phosphor layer 1008 as a dicing sheet in order to divide

the Au plating layer 1004 for each LED chip 2 (step L1).

SubseQuently,theAuplatinglayer1004ispartlyremoved

" by etching. As a result of the etching, a plurality of grooves

34 (shown in Fig. 6)are‘created'verticallyeauihorizontally
when.the‘Au plating layer 1004 is seen from.above. Thus, the
Au plating layer 1004 is divided for each LED chip 2 (step
M1l). After this, the phosphor layer 1008 is divided for eacﬁ
LED chip 2 by inserting dicing blades DB (Fig. 6) into the
grooves 34. Thus, the LED chip 2 is completed (step N1).
In the LED chip 2 relating to the first embodiment, the
multilayer epitaxial structﬁre 6 is suppbrted (reinforced)
by ﬁhe Au platiné layer 4, which has a sufficiently large
thickness. In addition, the multilayer epitaxial structure
6 is also supported (reinforced) by the phosphor layer 8.
These layers 4 and 8 make it easy to handle the LED chip 2.
In detail, since a total thickness of the Au plating
layer 4 and the phosphor layer 8 is apbroximately 100 ypm,

the LEDchip 2 canbehandled inthe samemanner as a conventional
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LED chip including.a sapphire substrate (a single-crystal .
substrate) . If the total thickness of the Au plating layer
4 and the phosphor layer 8 is made remérkably small, it is
difficult to h;:mdle the LED chip 2. If such is the case, the

secondmacromolecule film 32 is adheredusing the same adhesive

agent used to adhere the first macromolecule f£ilm 28.

Furthermore, the second macromoledule film 32 is also divided

for each LED chip 2 when the phosphor layer 1008 is divided

for each LED chip 2 using the dicing blades DB. Here, if the

second macromolecule film 32 has a thickness of 100 um, éach
LED chip 2 can be thick (strong) enough to be handled. To
mount this LED chip 2 including the Aseconrlld macromolecule film
3A2, the LED chip 2 is suctioned by a vacuum collet, to be
bonded to a die bonding portJ:_on on a mounting substrate by
means of PbSn solder or the like. To be bonded, the LED chip
2 is heated to approximately 200°C. Here, the second
macromclecule film 32 'is adhered by means of the adhesive
layer which loses adhesivity when heated. Therefore, the
second macromolecule film 32 can be easily separated. Thus,
even when the LED chip 2 only has a small thickness, the LED
chip 2 can'be mounted with ease. Here, if an AuSn layer which
has a melting .point of approximately 280°C is plated on the
Au plating layer 4, the LED chip 2 can be directly mounted
without requiring PbSn solder.
(SECOND EMBODIMENT)

Fig. 7A is a crOSé—sectional view illustrating an LED
chip 40 relating to a second embodifnent which is one type
of a semiconductor light emitting device, Fig. 7B is a bottom

plan view illustrating the LED chip 40, and Fig. 7C is a bottom
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planviewillustrating the LED chip 40 by removing anAu plating
layer 42 and polyimide members 48. Here, Fig. 7A illustrates
a cross-section along a line BB shown in Fig. 7C.

As shown in Fig. 7, the LED chip 40 is.formed in such
amanner ’f:hat amultilayerepitaxial structure44and aphosiohor
layer 46 are formed on the Au plating layer 42. The Au plating
layer‘42 is electrically divided into five portions by the
'pOlyimi@e members 48 which are insulators. One of the portions
is constituted as an anode power supply terminal (42R), and

the other four portions are constitutedascathodepower supply

terminals. (42K). The LED chip 40 is l-mm-square, and 250 pm

in thickness (a thickness of the Au plating .layer 42 is 50
um and a thickn_esé of the phosphor iaye£ 46 is 200 pm) . The
multii’ayver epitaxial structure 44 includes a p-AlGaN layer
50 which is a conductive layer (having a thickness of 50 nm),
an InGaN/AlGaN MQW light emitting layer 52 (having a thickness
of 40 nmj , and an n-AlGaN layer 54 which is a conductive layer
(having a thickness of 300 nm). The layers 50, 52 and 54 are
formed in this order,‘ where the layer 50 is positioned the
closest to the Au plating layer 42. tThe layers 50, 52 and
54 form a diode structure. -

The p~AlGaN layer 50 is connected to the anode powér
supply terminal 42A which is part of the Au plating layer
42, by means of an Si0,/Ta0s multilayer dielectric.film 56
and a highly-reflective Rh/Pt/Au electrode 58. Themultilayer
dielectric £ilm 56 is formed by partly removing a sheet-1like
multilayer dielectric f£ilm by etching in a predetermined
pattern. The p-AlGaN layer 50 is electrically connected to
thé highly-reflective Rh/Pt/Au electrode .58 in areas which
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are not covered by the multilayer dielectric film 56.

A silicon nitride film 64 which is an insulating layer
is formed on every surface of the multilayer epitaxial |
s.tructure.‘él.él, except for an upper surface (i.e. an upper méin
surface of the n-AlGaN layer 54) and an area in which the
electrode 58 (the multilayer dielectric film 56) is formed.
The siliconnitride film 64 insulates themultilayer epitaxial
structure 44 and the Au plating layer 42 from each other.

An ITO transparent electrode 60 and an Si0,/Ta20s
multilayer dielectric £ilm 62 are formed on the n-AlGaN layer

54 . A Contact hole 66 is provided at each corner of the silicon

_nitride film 64, and the contact hole 66 is filled with Pt/Au

conductive member 68. The n-AlGaN layer 54 is electrically

‘connected to the cathode power supply te;minals 42K by means

of the ITO transparent electrode 60 and the conductive members‘
68. As shown in Fig. 7A, the ITO transparent electrode 60
is divided into a portion which covers (is in contact with)
the entire upper main surface (a light extraction su%:face) |
of the n-AlGaN layér 54 and a portion which is not in cohtact
with the upper main surface of the n-AlGaN layer 54. Here,
the portion of the ITO transparent electrode 60 which is in
contact with the n-AlGaN layer 54 (hefeinafter referred to

as an elecﬁrode unit 601) is constituted as an electrode.

- On the other hand, the portion (602) which is not in contact

with the upper main surface of the n-AlGaN layer 54 is
constituted as a wiring to build'a connection between the

n-=AlGaN layer 54 and the cathode power supply terminals 42K.

. In other words, the portion 602 and the conductive member

68 constitute a wiring 67, which connects the electrode unit
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601 to the cathode power supply terminals 42K. This means
that, as in the first embodimeﬁt, an end portion of thve wiring
67 which is connected to the electrode unit 601 extends from
the electr'ode‘unit 601 in a direction paj:allel to the upper
main surface (the light ex[traction surface) of the n-AlGaN
layer 54. A

The phosphor lajér 46 is made of a light-transmitting
resin such as silicone in which particles of phosphors of
four different colors and fine particles of métal oxide such
as 85i0; are dispefsed; ‘Such phosphors include a blue phosphor
which cgntains at l_east one of (Ba, Sr)MgAllool7:Eu2+, (Ba,
Sr, Ca, Mg)i10(P0O4)eCla :Eu®’ and the like, a green phosphor which

contains at least one of BaMgAl;oO17:Eu®'Mn?*, (Ba, Sr),S5i0s:Eu®

(>and the liké, a yellow phosphor which 'Qontains at least one

of (S, Ba)28i04:Eu2+, CaGa,S,:Eu?’ and the like, and a red
phosphor which contains at least one of LaZOZS:Eu3+, (Ca, Sr,

Ba) 3Si5N8:Eu2+ and the like. Instead of silicone, an epoxy resin

or a polyimide resin may be used as the light-transmitting

resin.

In the LED chip 40 relating to the second embodiment',
the multilayer epitaxial structure 44 is positioned between
mirror structures, i.e. the $i0,;/Ta0s multilayer dielectric. -
films 58 and 62. The mirror structure closer to fhe p-AlGaN
layer 50 has a reflectance of 99% or over, and the mirror

structure closer to the n-AlGaN layer 54 has a reflectance

‘0f 90% or over. Thus, a resonant LED structure is-formed.

Near-ultraviolet light having a wavelength of 390 nm emitted
from the light emitting layer 52 is emitted through the

multilayer dielectric £ilm 62, which is the mirror structure
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Aclo's‘er to the n-AlGaN layer 54 and has a lower reflectance,

rand absorbed by the phosphor ‘layer 46. The phosphor layer

46 converts the near-ultraviolet light into white lighﬁ.

Having a resonant LED structure, the LED chip 40 relating

to the second embodiment has a significantly higher light

extraction efficiency in a direction perpendicular to the

light emitting layer 52. Generally speaking, if the thickness

.'of the p~AlGaN layer 50 and that of the n-AlGaN layer 54 are

reduced, an electric current is likely to unevenly expand
in a horizontal direction. This may cause light fo be emitted
unevenly from the light emitting layer 52. The uneven light
emissién becomes more notable as a light emission area becomes
large. According to the second‘embodiment, powef is supplied
to the p—AlGaN layer 50 through the Rh/ Pf/Au highly-reflective -
electrode 58. Here, the electrode 58 is formed on substantially
the eﬁtire surface of the p-AlGaN layer 50 since themultilayer -
dielectric film 56 is formed by partly etching a sheét—like
multiiayer dielectric film. Furthermore, the n—AlGaN layer
54 is suppliedwithpower throughthe ITO transparent electrode
60, which is fdormed on substantiallly the entire surface of
the n-AlGaN layer 54. In addition, the cathode power supply
terminals 42K are provided at four corners of the LED chip
40. Thus, an electric current can be evenly injected to the
entire semiconducﬁor light emitting layer 52.‘ This enables
the entire light emiAtti‘ng layer 52 to evenly emit light, with
it being possible to achieve a lower operation voltage. In
addition, heat generated mainly in the light emitting layer
52 can be dissipated to a mounting substrate (mentioned later)

through the power supply terminals 42A and 42Kwhich are formed
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by the hiéhly heat-conductive Au plating layer 42. This can
reduce an increase in temperatlure of the light emitting layer
52 even when large amounts of electric current are injected.
Asaresult, the LEDchip 40, which is one type of a semiconductor
light emitting device, can achieve a high output and a long
lifetime. Additionally} thé power supply terminals 42A and

42K are provided on a lower surface of themultilayer epitaxial

‘structure 44. No components that block light emitted from

the light emitting layer 52 are provided on or above the upper

surface of the multilayer epitaxial structure 44. As a

.consequence,lightemittedfromtheLEDchip40doeSnot¢pntain

shadow. In addition, since the LEDuchip 40 does not include
an insulating substrate such as a sapphiré substrate, an
ability to withstand static eledtricity is improved.

The fOllowing'par£ describes a manufacturing method of
this LED chip 40 with reference to'FigS. 8 to 13. -

In Figs; 8 to 13, a material to form each constituent
of the LED chip 40 is identifiéciby'a four~-digit number whose
first digit is one. The last two digits of the four—digif
number represents a reference numeral identifying the
corresponding constituent of the LED chip 40.

Firstly, as shown in Fig. 8, a GaN layer (not shown in
Fig. 8), an n-AlGaN layer 1054, an InGaN/AlGaN MQW light
emitting layer 1052, and a p-AlGaN layer 1050 are formed by
epitaxial growth on a sapphire substrate 70 in the stated
order using‘an MOCVD method, to fornfa multilayer epitaxial
structure 1044 (step A2). Here, the sapphire sﬁbétrate 70
has a diameter of two inches and a thickness of 300 pm.

After this, amask is formed on themultilayer epitaxial
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structure 1044, and an unmasked area of the multilayer
epitaxial structure 1044 is‘femoved by dry etching to such
a depth that the sapphire substrate 70 is exposed. Thus,’
multilayer epitaxial structures 44 (shown in Fig. 7A), each
of which constitutes the LED chip 40 are formed on the sapphire
substrate 70 (step B2):

Aftér'this, a silicon nitride f£ilm.1064 is deposited
on the entire resulting surface after the step B2 by RF
sputteringorthe1ikeforinsulationahdsurfaceprofectién.
Hére, the silicon nitride film 1064 may be replaced with- a
silicon oxide film or the like. The silicon nitride f£film 1064
is removed by etching, except for a pottion formed on every
side surface of the multilayer.epitaxial struéture 44, In
thisway,thep—AlGaNlayerSOisexposéd(stepCZ);AnSiQyTaﬂ%\
multilayerdielectricfilm1056isthenformedbyRFspuEtering

or.the like in an area of the silicon ﬁitride-film 1064 in

‘which the p-AlGaN layer 50 is exposed. The multila&er

dielectric film 1056 is partly removed by etching to such

"a depth that the p-AlGaN layer 50 is exposed (step D2).
‘Subsequently, dh Rh/Pt/Au highly—reflecfive electrode 1058

is formed by anAelectron.beanlevaporation:method.or'thé like
(step E2). -

' After this, the silicon nitride film 1064 is partly
removed by etching, to provide the contact holes 66 (step
F2). The contact‘holes 66 are filled with Pt/Au, to form the

. conductive members 68,(step G2).

Subsequently, a resist or fhe like (not shown in Fig.
9) is formed in an érea'of the silicon nitride film 1064 in

which the polyimide members 48 are to be formed. A Ti/Au thin
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film undercoating knot shown in Fig. 9) is then formed on
the entire résulting surfacekﬁzan electron beam evaporation
method or the like. In addition, an Au platihg layer.1042
is formed,ét~a'thicknesé of 50 pm (step HZ) . Here, the résist4
or the like creates a space in the Au plating layer 1042.
After the resist is.removed, the space is filled with a

polyimide resin, to form the polyimide member 48 (step I2).

‘Instead of a polyimide resin, a polyamideimide resin may be

used. Having excellent heat resistance, a polyimide resin
andapolyamideimideresinareabletoendufeheatingperformed
in a mounting process of the LED chip 40. t |

In the next steps J2 and K2, the sapphire substrate 70
is separated. A method to separate the sapphife substrate
70 is the same as in the first embodiment, and therefore not
repeatedly described here. It should be noted that a first
macromolecule film 72 used in the steps J2-ahd K2 (shown in
Fig. 10) corresponds to the first macromolecule film 28 in
the first embodiment. .

Aftér the sapphire substrate 70 is separated, anAITO
transparent electrode 1060 is formedkanE‘sputteringcn:the
like on the entire surface which is created by separating
the sapphire substrate 70 (step L2). Alnultilayer‘dielectric'
filmv1062 is then formed on the ITO transparent electrode
1060 (step M2), Thus, the n-AlGaN layer 54 is electrically
connected to cathode power supply terminals 1042K which are

part of the Au plating layer 1042, by means of the ITO

transparent elettrode 1060 and the conductive. member 68.

To form a phosphéor layer 1046, the above-described

silicone resin in which particles of blue,.green, yellow and
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red phosphors and fine particles of metal oxide such as SiO,
are dispersed is applied to the entire resulting surface after
the step M2. After the silicone resin is heated to be cured,'
thephosphorlayer1046isgroundsozﬂstohavea;medetermined
thickness, for example, 200 pm. TﬁeAgrinding has a purpose

of reducing unevenness of color and achieving a predetermined

. color température (step N2).

After this, the Au plating layer 1042 is divided\for
each LED chip 40. To do thié, the first maéfomblecule film
72 is removed, énd‘a second macromolecule film 74 is adhered
to the phosphor layer 1046 as a dicing sheet (step 02).

A Subsequenfly,theAuplatinglayer1042ispartlyremoved
‘by etching, so that grooﬁes 76 are formed vertically and
hOrizontallywhentheAuplatinglayer1042iséeeﬁfromabove.
In this way, the Au plating layer 1042 is divided for .each
LED chip 40 (step P2). Then, dicing blades DB are inserted

into the grooves 76 to divide the phosphor layer 1046 for

each LED chip 40. Thus, the'LED chip 40 is completed (step
029 . , . :
(THIRD EMBODIMENT)

Fig. 14A is a plan view illustrating an LED array chip
80whichd§sonetypecﬁfasemiconductorlightemittingdeviée,
and Fig. 14B is a bottom plan view illustrating the LED array
chip 80. It should be noted that a phosphor layer 96 (shown
in Fig. 15A and mentioned later) is not shown in Eig.'i4A.

As shown in Fig. 14, the LED array chipl80 is formed
in such a manner that 35 LEDs (D1 to D35) are érranged in
a matrix of seven rows and five columns. A size of each of

the LEDs D1 to D35 is 285 pm x 400 um, and the LED array chip
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80 is 2-mm-sgaure. Each of the LEDs D1 to D35 basically has
the same construction as the LED chipZZreiating‘to the firs£
embodiment. In the LED array chip 80, the LEDs D1 to D35 are
connected in series in this order as shown in Fig. 15B. The
LED D1 is an LED en a higher.potential end of the LED array
chip 80, and the LED D35 is an LED on a lower potential end.
How the LEDs D1 to D35 are connected together is described
later. |

‘Fié; 15A illustrates a cross—-section of the LED array
chip 80 along a line CC shown in Fig. 14A. Fig. 15A therefore
illustrates the LED D35, and part of the LEDs D34 and DI.

Asn@ntionedabove,eadnofthelEDle1x>D35basically

has the sameqconstruction as the.LED chip 2 relating to the

. first embodiment. To be specific, each LED in the LED array

chip 80 includes amultilayer epitaxial structure 88jjﬁwhich
ap—GaNlayer82,anInGaN/GaNMQWlightemittinglayer84,and
an n-GaN layer 86 are formed in this order. Furthermore, an
Au plating layer 90 is formed on.the multilayer epitaxial
structure 88, where the p -GaN layer 82 is pOSltloned closer
to the Au platlng layer 90 than the n-GaN layer 86 1s in a
vertical direction. Here, the Au plating layer 90 and the

multilayer epitaxial structure 88 are insulated from each

’other'bylneans of a silicon nitride layer 92. The p-GaN layer

82 is connected to the Au plating.layer 90 by means of an
Rh/Pt/Au highly-reflective p-electrode 95. A Ti/Pt/Au-

n-electrode 94 is formed so as to be partly in contact with

the n-GaN layer 86. In addition, the phosphor layer 96 is
formed on the multilayer epitaxial structure 88, where the

n-GaN layer 86 is positioned closer to the phosphor layer
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96 than the p-GaN layer 82 is. Here, the phosphor layer 96
has the same composition as the phosphor layer 8 relating

to the first embodiment. In addition, each of the layers 82,

84 and 86 constituting the multilayer' epitaxial structure

88, the Au plating layer 90, and the phosphor layer 96 is

the same in thickness as the corresponding components in the
LED chip 2 relating to the first embodiment.

The Au plating layer 90 is electrically divided for each
of the LEDs D1 to D35, by means of polyimide members 98 that
run vertically and,hérizontally when‘the‘ Au plating layer

90 is.seen from above, as shown in Fig. 14B. Which is to say,’

- the Au plating layer 90 is divided into 35 portions. The

portions of the Au plating layer 90 are each identified by
addition of a number of a corresponding LED. In detail, an
Au plating layer of the LED D1 is represented by Aul, and
an Au plating layer of the LED D35 is represented by Au35.
Of the 35 Au plating layers (Aul to Au35) created by dividing
the Au plating layer 90, the Au plating layer Au3d o‘f the
LED D35 is fufther electrically divided inté two portions
by a polyimide member 100. As a consequence,Athe Au plating
layer 90 is divided into 36 portions in total. .One of the
two portions of! thé Au plating layer Au35 which is connected
to a p-electrode 95 of the LED 35 is identified as Au35-1,
and the other Au35-2.

The following part describes how the LEDs D1 to D35 are
connected together in the LED array chip 80. As each LED is
connected to an adjacent LED in substantially the same manner,
the following description is made using the LEDS D34 and D35

as.an example, with reference to Fig. 15A..A Ti/Pt/Au wiring
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102 horizontally‘extends from an n-electrode 94 of the LED
D34, td‘reaéh above the Au plating layer Au3541 of the LED
D35. Here, a contact hole 104 is provided at a location, in
the silicoﬁ nitride layer 92, which is close to an end of
the wirin§ 102. The contact hole 104 is fiiled with an Rh/Pt/Au
conductive member 106. Thus, the n—eledtrode 94 of the LED
D34 is electrically connected to the p-electrode 95 of the
LED D35; by means of the wiring,lOZ,.thé conductive memﬁer

106, and the Au plating Jlayer Au35-1l. In the same manner, .

the LEDs D33 to D1 are cbnnected together, so that the LEDs

D1 to D35 are connected in series in the manner shown in Fig. -
15B.

Furthermore,aTi/Pt/Auwiring107horizontallyextends
from an n-electrode 94 of the LED D35, to reach above the
Au plating layer Au35-2. A contact hole 108 is provided at
a location in the silicon nitride layer 92 which is close
to an end of the wiring 107. Here, the contact hole 108 is

filled with an Rh/Pt/Au conductive member 110. Thus,' the

n-electrode 94 of the LED D35 is electrically connected to

the Au plating'layer Au35-2, by means of the wiring 107 and

the conductive member 110. In other words, an end portion
of the wiring 107 which is connécted to the n—-electrode 94
extends from the n-electrode 94 in a direction parallel to
an upper main surface of the-n~GaN layer 86 (the light
extractioh surface), as in the first and second embodiments.
~In the LED array chip 8C in which the LEDS.Dl to D35
afe connected as described above, the Au platifhg layer Aul
of the LED D1 on a higher potential end of the LED array chip

80 is constituted as an anode power supply terminal of the
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LED érray chip 80, and the Au plating layer Au35-2 of the
LED D35 on a lower potential end is constituted as a cathode
power supply terminal.

When power is’ supplied to this LED array chip 80 through
the anode power supply terminal Aui and the cathode power

supply terminal Au35-2, the light emitting layer 84 in each

‘of the LEDs D1 to D35 emits blue light having a wavelength

of 460 nm.

| Part of theblue light isemitted fromthe light emitting
layer 84 towards the Au;platinghlayer 90, and reflected by
the highly-reflective p-electrode 95 towards the phosphor
layer 96. Accordingly, the blue light emitted by the light
emitfinglayer84is,toalargeextent,emittedoutsidethrough
the phosphor layer 96. Part of the light is absorbed by the
phosphor layer 96, to be converted into yellow*lighfi The
bluelightandtheyellowlightmixtogether,toproducewhite
light. The white light is emitted from an upper surface of
the phosphor layer 96.

A commercial power éource.of 100 V is equivalent to a
direct—current power source of approximately 140 V, when
converted. Té drive one LED with-this direct-current power
source, a voltage 5f.140 V needs. to be iowered to 3 V to 4
V by limiting resistance or the like. This causes a decrease
in circuit efficiency. However, the LED array chip 80 (one
type of a semiconduétor light emitting device) relating to
the third embodiment can achieve a high circuit efficiency
for the following reason. As ‘described above, the 35 LEDs
D1 to D35 are connected in series in the LED array chip 80.

This means that a driving voltage applied between the anode
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powersupplyterminalAulandthecathodepowersupplyterminal
Au35-2 is 35 times as.high as a driving voltage applied to
each LED, i.e. approximately 140 V. Therefore, the '
direct-current power source can be connected to the LED array
chip‘80 without adding limiting resistance of the like.
The third embodiment produces the same effecfs as the
first embodiment. Specifically speaking, having the Rh/Pt/Au
highly-reflective electrode 95 on a lower surface of each
multilayer epitaxial structure 88, the LED array chip 80 can
achieve a significantly higher light extraction efficiency.
Furthermore, the p-electrode 95 is formed onvsubstantiélly
the entire surface of the p-GaN layer 82 which is difficult
to be configured to have low resistance. This enables an
electric current to be evenly injected into. the entire

semiconductorlightemittinglayer84.Z&saresult,theentire

light emitting layer 84 emits light evenly, and a lower

operationvoltagebankxaachieved.Zuladdition,the]hlplating
layer 90, which is highlAy heat-conductive, is formed on é
lower side of the multilayer epitaxial structure 88. This
makes it easy to dissipate heat mainly generated by tl;_e light
emitting'layer’84tx>a1néunting'substraté (mentioned later).
Accordingly, an increase in temperature of the light emitting
layer 84 can be reduced even when large amounts of electric
current are injected. As a consequence, the LED array chip
80 can attain a high output and a long lifetime. Moreover,
the anode power supply terminal Au} and the cathode power
supply terminal Au35—2 are provided on the lower surface of
the multilayer epitaxiél structure 88. No components that

block light emitted from the light emitting layer 84 exist
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on or above the upper surface of the multilayer epitaxial
structure 88. As a result, light emitted from the LED array

chip 80 does not contain shadow. In addition, since the LED

~array chip 80 does not include an insulating substrate such

as a sapphire substrate., an ability to withstand static
electricity is improved.

| The following part describes a manufacturing method of
this LED array chip 80 with reference to Figs. 16 to 20. Figs.
16 to 20 each illustrate part of a cross-section along a line
EE shown in Fig. 14A. | |

" In Figs. 16 to 20, a material to form each constituent-

of the LED array chip 80 is identified by a four-digit numbe r
whose first digit is two. The last three digits of the
four-digit number repr.esents a reference numeral identifying
the corresponding.constituent of the LED array chip 80. The
manufacturing method of the LED array chip 80 is basically
the same as that of the LED chip 2 relating to the first
embodiment, except for a pattern of dividing the Au platihg
layer 90 and‘a unit for dicing. The following description
is therefore somewhat simplified.

To start with, an n-GaN layer 2086, an InGaN/GaN MQW

light emitting layer 2084 and a p—GaN layer 2082 are formed

in this order on a sapphire substrate 112 using a MOCVD method
as shown in Fig. 16 (step A3). The ;Layers 2082, 2684 and 2086
formamultilayer epitaxial structure 2088. Here, the sapphire
substrate 112 has a diameter of two inches and a thickness
of 300 pm as in the first embodiment.

Themultilayer epifaxial structure 2088 is partlymasked,

and an unmasked area of the multilayer epitaxial structure
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2088 is removed by dry etching to such a depth that the sapphire
substrate 112 is exposed. Thus, multilayer epitaxial

structures 88 (see Fig. 15A) each of which chstitutes an

"'LED in the LED array chip 80 are formed (step B3).

After this, a silicon nitride film 2092 is deposited
on the entire resulting surface after the step B3 by RF
sputtering or the like for insulation and surface protection.
Here, the silicon nitride f£ilm 2092 may be replaced with a
silicon éxide film or the like. Subsequently, the silicon
nitride film 2092 is partly removed by etching. As a result,
an area of the silicon nitride £film 2092 in which the
p-electrode 95 (shown in Fig. 15A)4is to be formed, and an
area of the silicon nitride film 2092 in which the contact
holes 104 and 108 are to be provided are removed. Thus, the
p-GaN layer 82 is exposed, and the contact holes 104 and 108
are provided (step C3). In these areas, Rh/Pt/Au is applied
by an electron beam evaporation method or the like (step D3).
In this way, the p-electrode 95 and the conductive members
106 and 110 aré formed.

After this, a Ti/Au thin film undercoating (not shown

in Fig. 17) is formed on the entire resulting surface after

- the step D3, by an electron beam-evaporation method or the

like. On-the undercoating, anzulplating'layer'2090 is formed
at a thickness of 50 ym (step E3) . Subsequently, the Auplating
laye£~2090 is partly removed by etching with use of iodine
or the like, to such a depth that the silicon nitride film

2092 is exposed. Thus, theAuplatinglayer2090iselectrically

divided into Au plating layers Aul to Au35, Au35-1 and Au35-2

(step F3). Furthermore, spaces created by the etching in the
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step F3are filledwithapolyimide resin, to formthe polyimide
members 98 and 100 (step G3).

After a first macromolecule film 114 is adhered to the
Auplatinglayer2090,thesapphiresubstrate]jjiisSeparated
using the same methodvas in the first embodiment (steps H3
and I3).

Afterthesapphire substrate 112 is separated, aTi/Pt/Au
filmis formed in a predetermined area, so that then-electrode
94 aﬁd the wirings 102 and 107 are formed (step J3).

Subsequently, to form a phosphor layer 2096, the
above—describedsiliconeresin:nlwhiChparticlesof51yellow'
phésphor and fine particles of metal oxide such as SiO, are
dispersed is applied'to the.eﬁtire resulting surface after
the step J3. AfteiAthe silicone resin is heated to be cﬁred,
the phosphor layer 2096 is ground so as to have a predetermined
thickness, for example, 50 pm (step K3). As described, the:
phosphor layer 2096 is first formed at a-'thickness larger
than the predetermined thickness, and then ground to have
the predetermined thickness. Thus, the third embodimeﬁt
produces the same effects as the first embodiment.

After this, the Au plating layer 2090 is divided for
each LED array chip 80. To do this, tﬁe first mécromolecule
film 114 is reﬁéved, and a second macromolecule film 116 is
adhered to the phosphor layer 2096 (step L3).

Subsequently; grooves 118 are created vertically and
horizontally when the Au plating layer 2090 seen from above
by removing part of the Au plating layer 2090 by etching.
As a result, the Au plafing layer 2090 is divided for each
LED array chip 80 (step M3). Then, dicing blades DB (in Fig.
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20) are inserted into the grooves 118, to divide the phosphor
layer 2096 for each LED array chip 80 (step N3). Thus, the
LED array chip 80 is completed.
(FOURTH EMBODIMENT)

Fig. 21A is a plan view illustrating an LED array chip
130 which is one type of a semiconductor light emitting device,
and Fig. 21B is a bottom plan view illustrating the LED array
chip 130. It should be noted that a phosphor. layer 148 (shown
in Fig. 22A and mentioned later) is not shown in Fig.21A.

As shown in Fig. 21A, the LED array chip 130 is formed
in such a manner that 35 LEDS (il to L35) are arranged in
a matrix of seven rows and five columns. A éize of each of
the LEDs L1 to L35 is 285 pm x 400 pm, and the LED array chip
130 1is 2-mm—sqﬁaré. The LED; L1l to L35 afe provided on an
Au plating layer 132 (mentioned later) with an insulating
layer 134 therebetween, and each LED is constituted as an
independent light emitting element. In the LED array chip

130, the LEDs L1 to L35 are connected in series in this order

‘as shown in Fig. 22B. The LED L1 is an LED on a higher potential

end of the LED array chip 130, and the LED L35 is an LED on
a lower potential end. How the LEDs L1 to L35 are connected
together is described later.

Fig. 22A illustrates a cross-section of the LED array
chip 130 aiong a line FF shown in Fig. 21A. In other words,
Fig. 22A shows the LED L35 and part of the LEDs L34 and Ll.
Here,itshouldbenotedfhateachoftheLEDsLltoL35basically
has the same construction. ’

The LEDs L1 to L35 are formed on the Au plating layer

132, by means of a silicon nitride layer 134, which is an
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insulating layer. Furthermore, each of the LAEDstLl to L35
has a multilayer epitaxial structure 142 formed by a p-AlGaN
layer 136 (having a thickne§s of 200 nm), an InGaN'/P;J_GaN MQW
light emitting layer 138 (having a thickness of 40 nm), and-
an n-AlGaN layer 140 (having a thickness of 2 pm). The layers
136, 138 and 140 are formed in this order, to have a diode
structure, where the layer 136 is positioned the closest to
the Au plating layer 132. An Rh/Pt/Au highly-reflective

p-electrode 144 is formed on the entire main surface of the
p-—AlGaNA layer 136 which faces away from the light eAmittiﬁg
layer 138. A Ti/Au transparent thin-film n-electrode 146 is

' formed on substantially the entiremain surface of the n-AlGaN

layer 140 which faces‘ away from the light emitting layer 138.

The phosphor layer 148 is formed on the LEDs L1 to L35.
The phosphor layer 148 is made of a light-transmitting resin
such as silicone in which particles of phosphoré.of'four
different colors and fine particlés of metal-oxide such as
Si0, are dispersed. Such phosphors Ainclude a.blue phosphor
which contains at least one of (Ba, Sr)MgAllooszu?‘L, (Ba,
Sr, Ca, Mg) 10 (PO4) 6C12:Euz+ and the like, a green phosphor which
contains at least one of BaMgAligO017:Eu®*Mn**, (Ba, Sr),Si0;:Eu®”
and the like, a yellow phosphor which contains, for example,
(Sr, Ba) ZSiO4:Eu2+, and a red phésphor which contains at least
one of LagozszEusf, CaS:Eu2+, (Ca, Sr, ]i’:a)g,Sig,Ng:Euz+ and the
like. Instead of silicone, an epoxy resin or a polyimide resin
may be used as the light-transmitting resin. The Au plating
layer 132 and the phosphoi‘ ’layer 148 each have a thickness
of approximately 50 pm.

The following part describes how the LEDs L1 to L35 are-
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connected tdgether. In the LED array chip 130, each of the
LEDs L1 to L35 is connected to an adjacent LED in the same
manner. Therefore, the following description is made using
the LEDs: L34 and L35 as an example, with reference to Fig.
22A. A silicon nitride film 150, which is an insulating film,
is formed on part of side surfaces of themultilayer epitaxial
structure 142 and.part of an upper surface of the Auplating.
layer 132.ATi/Pt/Aubridgingwire 152 is formedonthe silicon
nitride film 150. An end portion 152A of tﬂe bridging wire
152 is connected to an n-electrode 146 of the LED L34. The
other end:pbftion 152B of the bfidging'Wire 152 is connected
to a p-electrode 144 of thé LED L35, through a removed portion
150A which is created by rémoving part of the silicon nitride
film }50. Thus, ah n-electrode 146 of the LED L34 and &
p-electrode 144 of the LED L35 are electrically connected
to each other by the bridging wire 152. In this manner, the
LEDS~L33 to Ll are connected, so that the LEDs L1 to L35 are
connected in series as shéwn in Fig. 223.

| The n-electrode 146 of the LED L35 on the lower potential
end is electrically connected to the Au plating layer 132
by means of a bridging wire 156 formed 'o:h. the silicon nitride
film 154. An end portion of the bridging wire 156 which is
connected to the n-electrode 146 of the LED L35 eétends from
the n-electrode 146 in a direction“parallel to an upper main
surface of the n-AlGaN layer 140 (a light extraction surface).

| A p-electrode 144 of the LED L1 on the higher potential
end of thé LED array chip.130 is electrically éonnected to
the Auplating layer 132 by means of a bridging wire 160 formed

on a silicon nitride film 158.
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The Au plating layer 132 is electrically divided into
twoportions,byzapolyimidewalll62,betweehitscmnnectioﬁ
with the n-electrode 146 of the LED L35 and its connection
with the p-electrode 144 of the LED L1. Here, one of the two
portioné which is conﬁected to the p-electrode 144 of the
LED L1 is referred to as an'Au plating layer 132A, and the
other which is connected to the n-electrode 146 of the LED
135 is referred to as an Au plating layer 132K. In the LED
array chip. 130 formed by the LEDs L1 to L35, the Au plating
layérv132A.is constituted.asanlanode power supply terminal,
and the Au plating layer 132K is constituﬁed as a cathode
power supply terminal.

When power is supplied to this LED array chip 130 through
the anode and cathode power supply terminéls 132A‘énd 132K,
the light emitting layer 138 of eachlof the LEDs L1 to L35

emits near-ultraviolet light having a wavelength of 390 nm.

The near-ultraviolet light is reflected by the

‘ highly—reflective'p—electrode 144 towards the n—-AlGaN layer:

140, and absorbed by the phosphor layer 148. The phosphor
layer 148 converts the near-ultraviolet light into white
light. ' ‘

Having the Rh/Pt/mehighly—reflective p—electr@de 144
in_each LED, the LED array chip 130 relating to the fourth
embodiment has a significantly higher light extraction
efficiency. Furthermore, power is applied to each of the LEDs
L1 to L35 through the p-electrode 144 (highly-reflective
electrode) and the n-electrode 146 (transparent electrode)
which are respectively'formed on substéntially the entire

lower and upper surfaces of themultilayer epitaxial structure
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142. This enables an electric current to be eveniy injected'
tothe entire light' emitting layer 138. As a result, the entire
light emitfing layer 138 evenly emits light, and a lower
operationvoltage canbeachieved. Inaddition, heat generated
by the light emitting layer 138 can be dissipated to amounting
substrate (mentioned later) through the power supply
terminals 132A and 132K, which aré formed by the highly
heat—conductivé Au plating layer 132. Thisycan reduce an
increase in température‘of'the light emitting layer 138 even
when large amounts of electric current are injected. As a
result, the LED array cﬁip 130 can attain a high output and
a long lifetime. Furthermore, the power supply terminals 132A
and l3éK are provided on the lower surface of the multilayer
epitaxial structure 142. No components,fhat block light
emitted from the light emitting layer 138 exist on or above
the upper surface of the multilayer epitaxial structure 142.

As a consequence, light emitted from the LED array chip 130

.does not contain shadow. In addition, since the LED array

chip 130 does not include an insulating.substrate such as
a sapphire substrate, an abilifyAto withstand sfatic
electricity. is improved. ‘

The following part describes a manufacturing method
of the LED array chip 130 described above, with reference
to Figs. 23 to 28.

In Figs. 23 to 28, a.materiél to form each constituent
of the LED array chip 130 is identified by a four-digit number
whose first digit is two. The last three digits of the
four—digitnumberrepreéentseareferencenumeralidentifying'

the corresponding constituent of the LED array chip 130. Some
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of the steps explained in the following are the same as in

théfirsttothirdembodiments,andsuchstepsareonlybriefly

mentioned.

4 To start with, an n-AlGaN layer 2140, an InGaN/AlGaN
MQW lighﬁ emitting layer 2138 and a p-AlGaN layer 2136 are
formed in this order-on a sapphire substrate 164 using a MOCVD
method as shown in Fig. 23 (step A4). The layers 2140, 2138
and 2136 form a multilayer epitaxial structure 2142. Here,
the sapphire substrate 164 has a diameter of two inches and -
a thicknéss of 300 pm. |
After this, an Rh/Pt/Au layer 2144 is formed by an

electronbeamevaporationmethodorthelike, asiliconnitride
film_2134 is formed by RF sputtering or the like, a Ti/Au

thin film undercoating (not shown in Fig. 23) is formed by

an electron beam evapo:ation method or the like, and then

an Au platingﬂlayer 2132 is formed (step B4).

| The sapphire substrate 164 is separated’at‘this stage
in the féurthﬁembodiment (step C4) . A method to separate the
sapphire substrate 164 is the same as in the first to third
embodiments, and therefore not repeatedly described here.
It should be noted that a first macromolecule film 166 is

adhered to the Au plating layer 2132, prior to the separation‘

of the sapphire substrate 164.

After the sapphire substrate 164 is separated, the

multilayer epitaxial structure 2142 is partly masked, and

~an unmasked area of the multilayer epitaXial structure 2142

is removed by dry etching to such a depth that the p-AlGaN
layer 2136 is exposed. After this, the resulting surface is

again partly masked, and an unmasked area is removed to such
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a depth that the Rh/Pt/Au layer 2144 is exposed (step D4).
Following this, the resulting surface after the step D4 is
again partly masked in order to obtain individual light
emitting elements. An unmasked area of the Rh/Pt/Au layer
2144 and the silicon nitride film 2134 is then removed to
such a depth that the Au plating layer 2132 is exposed (step
E4) . ' ‘

After this, a silicon nitride film 2150 (2154, 2158)

- is deposited on the entire resulting surface after the step

E4, by RF sputtering or the like for insulation and surface

lprotection.Zﬂlareafof‘the silicon nitride £ilm 2150 in which

the n-electrode 146 (shown in Fig. 22A) is to'be formed is

'removedfby etching. As a result, a part of the n-AlGaN layer.

140 is exposed (step F4). A Ti/Au transparent thin film 2146
is formed by an electron beanlevaporationxmethod.or the like
on the n-AlGaN layer 140 in the exposed part (step G4).
Aportionof thesiliconnitride £i1m2150whichis formed
on the ﬁ—electrode 144 is partly reﬁoved to connect a
p-electrode 144 of an LED to an n-electrode 146 of another
LED (step H4). Subsequently, the bridging wire 152 is formed
byaTi/Pt/Authin film (stepI4).Atthe same time, thebridging
wire81156 and 160 are also formed by a Ti/Pt/Au thin film.
Afterthis,thefirstn@cromoleculefilm166isremoved/
and a second macromolecule film 168 is then adhered so as
to cover -the multilayer epitaxial structure 142, in order
todividethe]ﬂ1platinglayer2132(stepJ@).Z&predetermined
portion of the Au plating layer 2132 is rémoved by etching,
ﬁocreateaspace(stepK4).Thespaceisfilledwithapolyimide

resin, to form the polyimide wall 162 (step L4).
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Subsequently, a phosphor layer 2148 is formed. To do
this, the second macromolecule film 168 is removed, and a
third macromolecule film 170 is adhered to the Au plating
layer 2132 (step M4) ._The above-described silicone resin in
which partic»l-es of blue, green, yellow and red phosphors and
fine particles of metal oxide such as Si0O; are dispersed is
applied. After the silicone resin is heated to be cured, the
prhosphor layer 2148 is ground so as to have a predetermined
thickness, for example, 200 pm (step N4). The grinding has
a purpose of reducing uhevenness of color‘ and achieving a
predetermined color temperature.

After this, individual LED array chips 130 are obtained.
To do this, the third macromolecule film 170 is removed, ar‘ld
a fourth macromolecule film 172, which is a dicing sheet,
is adhered to the phosphor layer 2148 (step 04).

Subsequently, grooves 174 are created vertically and
horizontally when the Au plating layer 2132 seen from above,
by removing part of the Au plating layer 2132 by etching.
Thus, the Au plating layer 2132 is divided for each.LEDAar.ray.
chip 130 (step P4). Dicing blades DB (shown in Fig. 28) are
then inserted into the grqox}es 174, to divide the phosphor
layér 2148 for each LED array chip 130. Thus, the LED array
chip 130 is completed (step Q4).

(FIFTH EMBODIMENT)

According to the first to fourth embodiments, an Au
plating layer is divided into two or more portions, and one
of them is constituted as’ an anode power supply terminal and
the other (s) (a) cathode power supply terminal (s) . According

to a fifth embodiment, however, the entire Au plating layer
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is constitutedasan aﬁode power supply terminal, aﬁd a cathode
power supply terminal is se‘par‘ately provided.

Fig. 29 illustré'tés a white LED chip 500 relating to
the fifth embodiment (hereinafter simply referred to as an
LED chip 500) . Indetail, Fig. 29A is a plan view illustrating
the LED chip 500, and Fig. 29B illustrates a cross-—section
along a line SS shown in Fig. 29A. It should be noted-that

a phosphor layer 506 mentioned later is not shown in Fig.

29A. (The phosphor layer 506 is indicated by an alternate
short and long dash line.) ’

As shown in Fig. 29, the LED chip 500 is formed in the
following manner. A multilayér epitaxial structure 504 is
formed like a disk (a circular cylinder) on one of square
main surfaces of an Au plating layer 502 fhat is formed like
a rectangular solid. Furthermore, the phosphor layer 506 is
formed on the Auplating layer 502 so as to cover the multiiayer
e.pitaxial structure 504. The Au plating layer 502 ié
350-pm-square and has a thickness of 50 um. The phosphor layer
506 has a diameter of 330 pm and a thickness of 200 pum.

Themultilayer epitaxial structure 504 is formed in such
a manner that a p-GaN layer 508 (having a thickness of 200
nm) which isaconductive layer, an InGaN/GaNMQW light emitting
layer 510 (having a thickness of 50 nm), and an n-GaN layer
512 (having a thickness of 2 uym) which is a conductive layer
are provided in this order. Here, the p-GaN layer 508 is
positioned the closest to the Auplating layer 502. The layers
508, 510 and 512 form a diode structure.

AnRh/Pt/Auhighly-reflective p-electrode 514 is formed

on substantially the entire lower main surface of the p-GaN
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layer 508. The p—-GaN layer 508 is connected to the Au plating
layer 502 by means of the p-electrode 514. This means that
the Au plating layer 502 is constituted as an anode power
supply terﬁinal., :

An insuléting film 516 made of siliconnitride is formed
on the entire side surface of the multilayer epitaxial

structure 504, on part of an upper surface (a light extraction

_surface) of the multilayer epitaxial structure 504, and in

an area of the upper surface of the Au plating layer 502 in
which the multilayer epitaxial structure 504 is not formed.

A Ti/Pt/Au n-electrode 518 is formed like a ring along .
a periphery of a surface of the n-GaN layer 512 whichi faces
away from the light emifting layer 510.

A Ti/Pt/Au conductive film 520 is formed on the upper
main surface of the Au plating layer 502, with the insulating
film 516 therebetween. The conductive £ilm 520 is constitﬁted
as a cathode power supply terminal. The cathode power supply
terminal 520 is electrically connected to the n-electrode
518, by means of a wirincj 521 which is formed by a Ti/Pt/Au
conductive film. Here, an end portion of the wiring 521 which
is connected to the n-electrode 518 extends from the
n-electrode5l8inadirectionparallel toanuppermainsurface
(a light extraction surface) of the n-GaN layér 512. Here,‘.
the upper main surface of the n-GaN layer 512 (the light
extraction surface) is made uneven in such a manner that
cone-like protrusions 512A are provided. The protrusions 512A
improve a light extraction efficiency.

The phosphor layetr 506 is made of a light-transmitting

resin suchas silicone, inwhichparticles of a yellowphosphor

48



10

15

20

25

WO 2005/043631 A PCT/JP2004/016507

such as (Sr, Ba),SiO;:Eu?*, (Y, Gd)sAls012:Ce’* or the like, and
fine particles of metal oxide such as Si0; are dispersed.
Instead.of4silibone, an epoxy resin or a polyimide resin may
be used for the light-transmitting resin.

When power is supplied to this LED chip 500 through the
anodejpowef supply terminal 502 and the cathode power supply
terminal 520, the light emitting layer 510 emits blue light
havinga wavelength of 460 nm. Part of theblue light is emitted
towards the Au plating. layer 502, and reflected by the
highly-reflective p-electrode 514 towards the phosphor layer
506. Therefore, the blue light is, to a large extent, emitted
from the light emitting layer 510 towards the phosphor layer
506. Part of the blue light is absorbed by the phosphor layer
506, to be converted into yellow light. The blue light and

the yellow light mix together, to produce white light. The

white light is emitted from the phosphor layer 506.

In the LED chip 506 (one type of a semiconductor light
emitting device) relating to the fifth embodiment, the
highly-reflective p-electrode 514 is formed on substantially
the entire lower surfaceof themultilayer epitaxial structure
504,andnbcomponentssuchasasapphiresubstrateareprovided‘
on or above‘the light extraction.surface of the multilayer
epitaxial structure 504. Furthermore, the p—elecfrode 514
is formed on substantially the entire surface pf the p-GaN
layer 508. In addition, the LED chip 500 includes the highly
heat-conductive Au plating layer.502. Because of these
disfinctive features, the LED chip 500 prodqces the same
effects as the LED chip 2 relating to the fi;st embodiment.

Similarly to the LED chip 2, the LED.chip 500 can emit
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light that hardly contains shadow of a bonding wire, towards
an object. This effect is explained later.

In the LED chip 500, the multilayer epitaxial structure
504 including the light emitting layer 510 is formed like
a disk (a circular cylinder);’aﬁd the phosphor layer 506 is
applied on the multilayer epitaxial structure 504 at a
substantially even thickness. This means that a spot shape
oflightemittedfromtheLEDchipSOOissubstantiallycircular.
Havingthisfeatuie,theLEDchip500issuitableforlighting.

The following part explains a manufacturing method of
this LED chip 560 with reference to Figs. 30 to 33. In Figs.
30 to 33, a material to form each constituent of the LED chip
500 is identified by a four-digit number whose first digit
is three. The last three digits of the four-digit number
represents a reference numeral identifying the corresponding
constituent of the LED chip 500. |

To start with, an n—GéN layer 3512, an InGaN/GaN MQW
light emitting layer 3510 and a p—GaN layer 3508 are formed
in this order on’'a sapphire substrate 522 which is a
single—crystalsubstrate,knzepitaxialgrowth,usingzaMOCVD
method as shown in Fig. 30 (step A5) . Here, the sapphire
substrate 522 has a diameter of two inches and a thickness
of 300 pm. The layers 3508, 3510 and 3512 form a multilayer
epitaxial structure 3504.

An Rh/Pt/Au film is formed on’'a predetermined area of
the p—-GaN layer 3508, to form the p-electrode 514 (step BS3).

After this, a Ti/Au thin film undercoating (ndt sKown
in Fig. 30) is formed or the entire resulting surface after

the step B5 by an electron beam evaporation method or the
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like. On'the‘undercoaﬁing, an Au plating layer 3502 is formed
at a thickness of 50 pm (step C5).

Afterthis, the sapphire substrate 522 is separated (step
D5). To do this, a macromolecule film.524 is adhered to the
Au plating layer 3502. Here, thé macromolecule film 524 is
the same as the first macromolecule film 28 used in the first
embodiment, and has the same purpose. Inthe fifth embodiment,
the macromolecule film 524 is also used as a dicing éheet
(mentioned later) . After themacromolecule £ilm 524 is adhered,
the sapphire substrate 522 is separated (steps E5 and F5).
A method to separaté the sapphire substrate 522 is the same
as in the first embodiment, and therefore not repeatedly
described here. |

Themultilayerepitaxialstructure3504ispartlymasked,
and an unmasked area of the multilaye: epitaxial structurg-
3504 is removed by dry etching to such a depth that the Au
plating layer 3502 is exposed. Thus, multilayer epitaxial
structures 504 (see Fig. 29B) each of which constitutes the
LED chip 500 are created (step Gb5). 7

Subsequently, a mask is formed on the resﬁltin‘g surface
after the step G5, so as not to cover the upper surface of
themultilayer epitaxial structure 504 (the n-GaN layer 512) .
After this, aniéotropic etching is conducted, by immersing
the resulting surface into KOH solution or the like (step.
H5) . Thus, theunmaskedupper surface ismade uneven. Indetail,
thecorn—likeprbtrusibns512Aareformedontheuppersurface.
A shape of each protrusion 512AAcan be thanged by adjusting
a concentration or a temperature of the KOH splution, a time

period for which the surface is immersed, a level of anelectric

51



10

15

20

25

WO 2005/043631 PCT/JP2004/016507

current/a voltage, or the like. After the protrusions 512A
are formed, the mask is removed prior to the next step.

After this, a silicon nitride film is formed by RF
sputtering or the iike for insulation, to form the insulating
film 516 (step IS)..

Subsequently, a Ti/Pt/Al film is formed in a
predetermined area, to simultaneously form the n-electrode
518, the wiring 521, and the cathode power supply terminal
520 (step J5). ' '

After this, the phosphor layer 506. is formed by screen
printing (step K5). The Au plating layer 3502 is divided by
dicing blades DB for eachmultilayerepitaxial structure 504.
Thus, the LED chip 500 is completed (step LB) .

(SIXTH EMBODIMENT) ‘

Fig. 34 is an external perspective view illustrating
a white LED module 200,' which is a lighting module incluvd‘ing
the LED chip 2 relating fo the first embodiment (shown in
Fig. 1) (hereinafter simply referred to as an LEb module 200) .
The LEDmodule 200 is attachedtoa lightingunit 232 (mentioned
later and shown in Fig. 37). ‘

The LED module 200 includes a ceramics substrate 202
that is in a shape of a.circle having a diameter of 5 cm and
is made of ALIN and 217 resin lénées 204. A guiding cilepressioﬁ~
206 used to attach the LED module 200 to the lighting unit
232 and terminals 208 and 210 to receive a power supply from

the lighting unit 232 are provided in the ceramics substrate

202, ’

Fig. 35A is a plan view illustrating the LED module 200,
Fig. 35B illustrates a cross-section of the LED module 200
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along a line GG shown in Fig. 35A, and Fig. 35C is an enlargement
view illustrating a chip mounted area shown in Fig. 35B.

As shown in Fig. 35C, an Au plating 212 is applied to
abackmainsurfaceoftheceramicssubstrateZOZforimproving
heat dissipation. |

The LED éhip'2 is mounted at a location, on an upper
surface of the ceramics substrate 202, corresponding to a
center of each of the lenses 204 having a shape of a circle
as shown in Fig. 35A. In total,. 217 LED chips 2 are mounted
on the ceramics substrate 202. |

The ceramics substrate 202 is constituted by two

" ceramics substrates 214 and 216 each of which is 0.5 mm in

thicknessandnminlyn@decﬁfAlN.OtherthanAlN,theceramics
substrates 214 and 216 can be made of Al,03, BN, MgO, ZnO,
SiC or diamoﬁd.

The LED chips 2 are mounted on the lower ceramics
substrate 216. Taper fhrough holes 218 are provided in the
up@er ceramics substrate 214, so as to éreate spaces for
mounting the LED chips 2.

A cathode pad 220 and an anode pad 222 (shown in Fig.
36B) are provided at the location, on an upper surface of
the ceramics substrate 216, where each LED chip 2 is to be
mounted. Each of the cathode pad 220 and the anode pad 222
is made up of Au plating applied onlcopper (Cu). Here, the
cathode power supply terminal 4K and the anode power supply
terminal 4A of the LED chip 2 (shown in Fig. 1B), which are
made of Au plating, are respectively connected to the cathode
pad 220 and the anode pad 222 on which PbSn solder has been

formed.
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A step of férming the PbSn .solder on the cathode pad
220 and the énode pad 222 can be omitted, if AuSn solder is
plated beforehand on the cathode power supply terminal 4K
and.the anodé power supply terminal 4A. After all of the LED
chips 2 are mounted on pairs of the cathode pad 220 and the
anode pad 222, the ceramics substrate 202 is heated through
é reflow furnace to a temperature equal to a melting point
of the solder. Thus, the 217 LED chips 2 can be simultaneously
connected to the ceramics substrate 202. This reflow soldering
process can be condpcted if a shape of each of the cathode
pad220andtheanodepad222,anamountofthéappliedsolder,‘
a shape of the anode power supply terminal 4A and the cathode
power supply terminal 4K and the like are optimized. Here,
a silver paste or a bump may be used instead of the solder.

Before being mounted, the LED chips 2 have been tested \
for their optical performance, such as unevenness of cblor
and51colox'temperature} and have passed.the'test..Aécording
to the sixth embodiment, the LED chip 2 includes the phosphor
layer 8, and can emit whife light by itself. As described
above, this makes it possible to testAthe LED chip 2 for its
optical performanceﬁbefore mounting.,Consequehtly; it can
be prevented that the LED module 200 including the LED chips
2 is rejected due to poor optical performanée of the LED chips
2.In other words, the ratio of accepted finished products
(LED modules 200) is improved.

An aluminum reflection film 224 ié fofmed on a wall
of each through hole 218 provided in the upper ceramics
substrate 214 and on an upper surface of the ceramics substrate

214 as shown in Fig. 35C.
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After mounted on the ceramics substrate 216, the LED
chips 2 are covered by a first resin (e.g. a silicone resin
226) . Subsequently, the lenses 204 are formed by injection
molding'with.ﬁse of a second resin (e.g. an epoxy resin 228).

The 217 LED chips 2 are connected in series-parallel
(seven groups of 31 LEDs connected in series are connected
in parallel) by a wiring pattern 230 (shown in Fig. 36A) formed
on the upper main surfacé of the ceramics substrate 216.

Fig. 36A is a plan view illustrating the LED module
200 by removing the lenses 204 and the upper ceramics substrate
214. As described above, the anode pad 222 and the cathode
pad 220 (shown in Fig. 36B) are provided at the location,
ontheuppermainsurfaceoftheceramicssubstréte216,where
each LED chip 2 is to be mounted.

The anode pads 222 and the cathode pads 220 are connected
by the wi;ing pattern 230 in such a manner that seven grbups
of 31LED chips 2 connected in series are connected inparallel.
The wiring pattern 230 is connected at one end to the positive
terminal 208 (shown in Fig. 35A) by a throughﬁhole (not shown

in Fig. 36A), and connected at the other end to.the negative

" terminal 210 (shown in Fig. 35A) by another through hole (not

shown in Fig. 36A). .

This LED module 200 is attached to the lighting unit
232. The LED module 200 and the lighting unit 232 constitute
a lighting appafatus 234. |

Fig. 37A is a schematic perspective view illustrating

the lighting apparatus 234, and Fig. 37B is a bottom plan

~view illustrating the lighting apparatus 234.

The lightingunit 232 is, for example, fixedona ceiling

55



10

15

20

25

WO 2005/043631 PCT/JP2004/016507

of a room. The lightingunit 232 includes a power supply circuit
(not shown in Figs.‘37A and 37B) that converts‘
alternatlng—currentpower(e g. 100V, 50/60Hz) supplied from
acommer01alpowersource1ntod1rect current power required
for driving the LED module 200.

The following part deécribes a construction to attach
the LED module 200 to the lighting unit 232, with reference
to Fig. 38.

The lighting unit 232 has a circular depression 236 in
which the LED module 200 is to be fitted. A bottom surface
of the circular depression 236 is flat. An internal thread
(not shoWn in Fig. 38) is created, in the vicinity of an open
end.éf the circular depression 236, on an inside wall of the
01rculardepre551on236 Eiex1blepowersupplytermlnals238
and 240 and a guiding protrusion 242 protrude from the inside
wall of the circular depression 236, between the internal
thread and the bottbm surface of the circular depression 236.
The power supply terminals 238 and 240 are respectively
positive and negative.

An O-ring 244 made of silicon rubber and a ring screw
246 are used to attach the LED module 200 to the lighting
unit 232. The ring screw 246 has a shape of a ring that has
asubstantiallyrectangularcross—éection.Anexternalthread
(ﬁot shown in Fig. 38) is created on an outer surface of the
ring screw 246, and a depression 246A is provided.

The following part describes a procedure of attaching
the LED module 200 to the lighting unit 232.

Tostartwith, the LEDmodule 200 is fittedinthecircular

depression 236 inthe followingmanner. The ceramics substrate
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202 of the LED module 200 is positioned between the bottom
surface of the circular depression 236 and the power supply
terminals 238 and 240. The guiding protrusion 242 is fitted
in the guiding depression 206, so as to align the poéitive
terminal 208 and the negatiVe terminal 210 with the power
supply terminal 238 and the power supply terminal 240
respectively. |

After the LED module 200 is fitted in the circular
depression 236, the ring screw 246 to which the O-ring 244
has been attached is screwed into the circular depression
236 and fixed. Thus, the positive and negative terminals 208
and 210 are réspectively connected to the power supply
terminals 238 and 240, so that the terminals 208 and 210 are
electrically connected to the terminals 238 and 240 reliably.
In addition, substantially the entire lower surface of the
ceramicssubstrateZOZisconnectedtotheflatbottomsurface
of the circular depression 236. This enables heat generated
in the LED module 200 fo be efficiently conducted to the
lighting unit 232, thereby'improving'a cooling effect of the
LED module 200. Here, silicone grease may be applied to the
lower surface of the ceramics substrate 202 and the bottom
surface of the circular depression 236 to further imprbve
the heat conduction efficiency from the LED module 200 to
the lighting unit 232.

When power is supplied to this lighting apparatus 234
from a commercial power source, each LED chip 2 emits whité
light in themanner described above. The white light isemitted
through the lenses 204.

When an electric current of 350 mA is applied to the
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LED module 200, a total luminous flux of 1,000 1m, an on-axis
luminous intensrity of 2,000 cd, and an emission spectrum shown
in Fig.. 39 are observed.

In the above description, the LED chip 2 relating to
the first embodlment is used to constitute the LED module
200. However, the LED chip 500 relating to the fifth embodiment
may be instead used.

Fig. 40illustrates acasewherethe LEDchip 500, instead
of the LED chip 2, is mounted in the LED module 200. Fig.
40A and Fig. 40B respectively correspond to Fig. 35C and Fig.'
36B; A constructioﬁ of the LED module 200 is the same between
cases of using the LED chip 2 and the LED chip 500, except
for a sligh't increase in diameter of the through hole 218
due to a use of a bonding wire‘ to mount the LED chip 500.
In Figs. 40A and 40B, the same reference numerals are used
as in Figs. 35C and 36B to identify common constituents. ‘Such
constituents are not répeatedly explained in the following
part. ~

The LED chip 500 is mounted on the ceramics substrate
202 in such a manner that a bottom surface of the anode power
supply terminal 502 (shown in Fig. 29B) is connected to the
anode pad 222. The cathode power supply terminal 520 is
connected to the cathode pad 220 by means of a bonding wire
526.

As mentionéd, the bonding wire 526 is used to mount the
LED chip 500. Here, the bonding wire 526 extends from the
cathode power supply terminal 520 which is positioned behind
the light extraction surface of the n-GaN layer 512 (shown

in Fig. 29B) in a direction of light emission. In other words,
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the bonding wire 526 does not block light emitted from the
light extraction surface at all. As a result, shadow of the
bonding wire 526 is not likely to be produced on a light
irradiated surface. '

(SEVENTH EMBODIMENT)

Fig. 41 is an external perspective view illustrating

a white LED module 300, which is a lighting module including

the LED array chip 80 relating to the third embodiment (shown
in Fig. 14) (hereinafter simply referred to as an LED module
300) . Thé.LEDJnodule 300 is attached to a lighting unit which
is the same as the lighting unit 232 (éhown in Figs. 37 and
38) described in the sixth embodiment.

The LED module 300 includes a ceramics substrate 302
that is in a shape of a ciréle'having a diameter of 5 cm and
is made of AIN and three resin lenses 304, 306 and 308. A
guiding depressign 310 used to attach the LED module 300 to
the lighting unit and terminals 312 and 314 to réceive a power
supply from the lighting unit are provided in the ceramics
substrate 302.

Fig. 42A is a plan view illustrating the LED module 300,
Fig. 42B illustrétes a cross—section of -the LED module 300
along a line HH shown in Fig. 423, and Fig. 42C1is an enlargement
view illustrating a portion J shown in Fig. 42B.

As shown in Fig. 42C, an Au plating 316 is applied to
abackmain surface of the ceramics substrate 302 for improving
heat dissipation.

2 The LED array chip 80 is mounted at a location, on an
upper surface of the ceramics substrate 302, corresponding

to a center of each of the lenses 304, 306 and 308 having
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a shape of a circle as shown in Fig. 42A. In total, three
LED array chips 80 are mounted on the ceramics substrate 302.

The ceramics substrate 302 is constituted by two
ceramics substrates 318 and 320 each of which is 0.5 mm in
thickness and mainly made of AIN. Other than AIN, the ceramics
substrates 318 and 320 can be made of Al,03, BN, MgO, ZnO,
SiC or diamond.

TheLEDarraychipsSOarenmuntedcnlthelowerceramics
substrate 318. Taper through holes 322 are provided in the
upper ceramics substrate 320, so as to create spaces for
mounting the LED array chips 80. )

A cathode pad 324, an anode pad 326 and 34 island pads
328 (shown in Fig. 43B) are provided at the location, on an
upper surface of the ceramics substrate 318, where eéch'LED
array chip 80 is to be mounted. Each of thé cathode pad 324,

the anode pad 326 and the island pads 328 is made up of Au

plating applied on copper (Cu). The island pads 328 are

electrically independent from each other, and have a role
of connecting the LED array chip 80 and the ceramics substrate
318 .reliably and thereby improving heat dissipation.
Here, AuSn solder is plated on the Au plating layer
90 of the LED array chip 80. After all of the LED array chips
80 are mounted, the ceramics subsﬁrate 302 is heated through
a reflow furnace to a temperature equal to a melting point
of the solder. Thus, all of the three LED array chips 80 can
be simultaneously connected to the ceramics substrate 302.
This reflow soidering process can be conducted if a shape
of each of the'cathode‘péd 324, the anode pad 326 and the

island pads 328, an amount of the applied solder, a shape
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of the power supply terminals of the LED array éhip 80 and
the like are optimized. Here, a silver paste or a bump may
be used instead of the solder.

Before being mounted, the LED array chips 80 have been
tested for their optical performance, such as unevenness of
color and a color temperature, and have passed the test.
According to the seventh embodiment, the LED array chip 80

includes the phosphor layer 96, and can emit white light by

itself. As described above, this makes it possible to test

the LED array chip 80 for its optical performance before
mounting.Consequentiy,itcanbepreventedthattheLEandulé
300 including theALED array chips 80 is rejectéd‘due to poor
opticalperformanceof1jMaLEDarraychips80.anotherwords,
the ratio of accepted finished products (LED modules 300)
is improved.

' An aluminum reflection film 330 is formed on a wall
of each through hole 322 provided in the upper ceramics
substrate320andonanupﬁersﬁrfaceoftheceramicssubstrate
320 as shown in Fig. 42C. |

After mounted on the ceramics substrate 318, the LED
array chips 80 are covered by a first‘resin (e.g. a silicon
resin 332). Subsequently, the lenses 308 (304 and 306) are

formed by injection molding with use of a second resin (e.g.

an epoxy resin).

The three LED array chips 80 are connected in parallel
by a wiring pattern formed on the upper main surface of the
ceramics substrate 318.

Fig. 43A is a plan view illustrating the LED module
300 after removing the lenses 304, 306 and 308. The three
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LEDarraychips80aredistinguishedfromeachotherbyaddition
of marks A, B and C.

As described above, the anode pad 326 and the cathode
pad 324 (shown in Fig. 43B) are provided at the location,
on the upper main surface of the ceramics substrate 318, where
each of the LED array chips 80A, 80B and 80C is to be mounted.

The anode pads 326 are respectively connected to anode
power supply terminals Aul (see Fig. 14B) of the LED array
chips 80A, 80B and 80C, and electrically connected to each
other through a wiring pattern 334. One end of the wiring
pattern 334 is connected to the positive terminal 312 through .
a through hole 336. The cathode pads 324 are respectively
connected to cathode power supply terminals Au35-2 (see Fig.
148)oftheLEDarraychipsBOA,8OBandSOC,andeﬂectrically

connected to each other through a wiring pattern 336. One

end of the wiring pattern 336 is connected to the negative

terminal 314 through a throughihole 338. In other words, the

_LED array chips 804, 80B and 80C are connected in parallel:

by means of the wi;ings 334 and 336. Which is to say, three
groups of 35 LEDs connected in series are connected inparallel
in thé LED module 300.

The LED module 300 described above is attached to a
lightil‘lg unit which is the same as the lighting unit 232 shown
in Figs. 37 and 38. The LED module 300 and the lighting unit
constitute a lighting apparatus. A procedure to attach the
LED module 300 to the lighting unit is the same as in the
sixth embodiment, and therefofe not explained hete.

When an electric ‘current of 150 mA is applied to the

LED module 300, a total luminous flux of 500 1lm, an on-axis
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luminous intensity of 1,000 cd, and the same emission spectrum
as in the sixth embodiment (shoWn in Fig. 39) are observed.
(EIGHTH EMBODIMENT)

Fig. 44 is an external perspective view illustrating
a white LEDJnodule 400, which is a lighting module including
the LED array chip 130 relating to the fourth embodiment (shown
in Figs. 21 and 22) (hereinafter simply referred to as an
LED module 400). The LED module 400 is attached to a lighting
unit which is the same as the lighting unit 232 (shown in
Figs. 37 and 38) described in the sixth embodiment.

The LED module 400 includes-a ceramics substrate 402
that is in a shape of a circle having a diameter of 5 cm and
is made of AIN and seven resin lenses 404, 406, 408, 410,
412, 414 and 416. A guiding depression 418 used to attach
the LED module 400 to the lighting unit and terminals 420
and 422 to receive a power supply from the lighting unit are
provided in the ceramics substrate 402.~

Fig. 45A is a plah view illustrating the LED module 400,
Fig. 45B illustrates a cross-section of the LED module 400
along a line MM shown in Fig. 45A, andFig. 45C is anenlargement:
view illustrating a portion N (a chip mounted portion) shown
in Fig. 45B.

The LED array chip 130 is mounted at a location, on
anuppersurfaaaoftheceramicssubstrate402,corresponding
to a center of éach of the lenses 404 to 416 having a shape
of a circle as shown in Fig. 45A. In total, seven LED array
chips 130 are mounted on the ceramics substrate 402.

The ceramics substrate 402 is constituted by three

ceramics substrates 424, 426 and 428 each 6f which is 0.5
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mm in thickness and mainly made of ALN. Other than AlN, the
ceramics substrates 424, 426 and 428 can be made of Aly0s,
BN, MgO, ZnO, SiC or diamond. .

‘ TheLEDarraychips130aremountedonthemiddleceramics
substrate 426. Taper through holes 430 are provided in the
upper ceramics substrate 428, so as to create spaces for
mounting the LED array chips 130.

An anode pad 432 and a cathode pad 434 (shown in Fig.
46B) are provided at the location, Qn an upper surface of
the ceramics substrate 426, where each LED array chip 130
is to be mounted. Each of the anode pad 432 and the cathode
pad 434 is made up of Au plating applied on co?per (Cu) . The
LED array chip 130 is flip-chip mounted in such a manner that
the anode power supply terminal‘132A and the cathode power
supply terminal 132K (Fig. 21B) are respectively connected
to the anode pad 432 and the cathode pad 434.

Before being mounted, the LED array chips 130 have been
tested for their optical performance, such as unevenness of
color and a coldr‘temperature, andAhave,passed the test.
According to the eighth embodiment, the LED array chip 130
includes the phosphor layer 148, and can emit white light
by itself. As described above, this makes it possible to test
the LED array chip 130 for its optical performance before
mounting.Conseqpently,itcanbepreventedthattheLEDmodule
400 including the LED array chips 130 is rejected due to poor
opticalperformanceoftheLEDarraychips130.Inotherwords,
the ratio of accepted finished products (LED modules 400)
is improved.

After mounted on the ceramics substrate 402, the LED
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array chips 130 are covered by a first resin (e.g. a silicon
resin 436). Subsequently, the resin lenses 404 to 416 are
formed by injection molding with use of a second resin (e.qg.
an epoxy resin).

An aluminum reflection film 438 is formed on a wall
of each through hole 430 provided in the upper ceramics
substrate 428 and on an upper surface of the ceramics substrate
428. An Au plating 440 is applied on a back surface of the
lower ceramics substrate 424 for improving heat dissipation. -

The seven LED array chips i30 are connected in parallel
by a wiring pattern formed on the ceramics substrate 402.

.Fig. 461 is a plan view illustrating the LED module
400 after removing the lenses 404 to 416. As described above,
the anode pad 432 and the cathode pad 434 (shown in Fig. 46B)

are provided at the location, on the upper main surface of

.the ceramics substrate 426, where each LEDAarray chip 130

is to be mountéd..

The 'anode pads 432 connected to the LED array chips
130 are electrically connected to each other by means of a
wiring pattern 442 that is formed on an upper surface of the
middle ceramics substrate 426. One end of the wiring pattern
442 is connected to the positive te‘mrlminal 420 through a through
hole 444 (provided in the upper ceramics substrate 428). The
cathode pads 434 connected to the LED array chipsn 130 are
electrically connected to a wiring pattern 446 through a

through hole (not shown but provided in the middle ceramics

s substrate 426). Here, the wiring pattern 446 is formed on

the upper main surface of the lower ceramics substrate 424.

One end of the wiring pattern 446 is connected to the negative
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terminal 422 through a through hole 448 (provided so as to
run through the middle and upper ceramics substrates 426 and
428) . In other words, the LED array chips 130 are connected
in parallel by means of the wiring patterns 442 and 446. Which
.is to say, seven groups of 35 LEDs connected in series are
connected in parallel in the LED module 400.

The LED module 400 described above is attached to a
lighting unit which is the same as the lighting unit 232 shown
in Figs. 37 and 38. The LED module 400 and the lighting unit
consti‘oute a lighting apparatus. A procedure to attach the
LED module 400 to the lighting unit is the same as in the
sixth embodiment, and therefore not explained here.

When an electric current of 350 mA is applied to the’
LED module 400, a total luminous flux of 800 lm, an on-axis
luminous intensityof 1, 600 cd, and an emission spectrum shown
in Fig. 47 are observed. |

The present inventionisnot limitedthe above-described
embodiments. The present invention, for example, includes
the following modifications.

(1) A light extraction efficiency from a multilayer
epitaxial structure to a phosphor layer can be improved by
making a surface of the multilayer epitaxial structure which
isincontactwiththephosphor layeruneven. Theunevensurface
may be formed by conducting etching, epitaxial regrowth or
the like on the surface of themultilayer epitaxial structure.
Alternatively, a metal oxide filin or a dielectric film is |
formed on the surface and then partly etched. If such is the: A
case, ametal oxide filmor a dielectric film, which is formed

!

between the multilayer epitaxial structure and the phosphor
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layer, may be a gradient-index film. In detail, a refractive
index of the film provided between the multilayer epitaxial
structure and the phosphor layer gradually varies, from a
yaluéequaltx>arefractiveindexcﬁfthenmltilayerepitaxial
structure (e.g.'2.4) to a value équal to a refractive index
of a resin forming the phosphor layer (e.g. 1.5).

(2) Instead of a macromolecule film, a single-crystal
substrate,orasemiconduétorsubstratesuchasansisubstrate
can be used as a supporting member. If a single-crystal
substrate is, as a supporting member, adhered in reference
toacrystal axis inacleavagedirectionof the single-crystal
substrate and a multilayer epitaxial structure, the adhered
single-crystal substrate can be cleaved into portionms.
Depending on a constfuction of a semiconductor light emitting

device, the single-crystal substrate can be adhered to a

phosphor layer or a metal layer of the semiconductor light

emitting device.

(3) Instead'of a’ ceramics substrate, a semiconductor
light emitting device may be mounted on a cermet substrate,
a resin substrate such as a glass epoxy substrate or the like,
or a substrate méde of a composite material in which a resin
and particles of metal oxide are mixed. Furthermore, for
example,eadrivingcircuit:ﬂn:asemiconductorlightendtting
device may be also mounted on a mounting substrate.

(4) Alterﬁatively, a semiconductor light emitting
device can be mounted on a semiconductor substrate made of
Si, 8iC, GaAs or the like. In this case, circuits such as
a protection circuit and adriving circuit for a semiconductor

light emittingdevice canbe incorporated into a semiconductor
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substrate.

(5) The number of LEDs included in an LED array chip,
that is to say, the number of LEDs which are connected in
series is not limited to that mentioned in the embodiments.
Furthermore, LEDs are not necessariiy connected in series
in an LED array chip, and may be connécted in parallel or

series-parallel.

Industrial Applicability

As described above, a semiconductor light emitting
device relating to an embodiment of the present invention
is suitable for lighting apparatuses such as indporlighting

apparatuses and headlights of cars, projectors, and the like.
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CLATIMS

1. A semiconductor light emitting device comprising:

a multilayer epitaxial structure including a first
conductive layer, a second conductive layer, and a light
emitting layer between the first conductive layer and the
second conductive layer, a main surface of the second
conductive layer which faces away from the light emitting
layer being a light extraction surface;

a first electrode formed on a main surface of the first
cohductive layer wﬁich faces away from the light emitting
layer;

a second electrode formed on the main~sﬁrface of the
second conductive layer which faces away from the light
emitting layer; »

a first power supply terminal that is electricélly

.connected to the first electrode and forms at least part of

ametallayer,thenmltilayerepitaxialstructurebeingformed
on the metal layer in such a manner that the first conductive
layer is closer to the metal layer than the second conductive
layeris,thenetallayersupportingthenmltilayerepitaxial
structure,andconductingheatgeneratedjjlthelightemitting
layer; and

a second power supply terminal that is electrically
connected to the.second electrode by means of a conductive
member which extends from the second electrode in a direction

parallel to the main surface ofsthe second conductive layer.

2. Thesemiconductorlightemittingdeviceofélaiml,wherein
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the metal layer is electrically divided into at least
two portions, and

at least one of the portions is constituted as the first
powersupplyterminal,andatleastoneofarestoftheportions
is connected to the second eléctrode, to be constituted as

the second power supply terminal.

3. ThesemiconductorlightemittingaeviceofClaiml,wherein
thesecondpowersupplyterminalformsaconductivefilm
on a surface of the metal layer on which the multilayer
epitaxial structure is formed, andan insulating filmis formed
bétween the second power supply terminal and the surface of

the metal layer.

4. The semiconductor light emittingdevice of Claim3, wherein
thefirstpowersupplyterminalformstheentirenétal

layer.

5. The semiconductor light emitting device of Claim 3, wherein:
the conductive film is formed so as to surround the
multilayer epitaxial structure, and is also constituted as

a light-reflective film.

6. ThesemiconductorlighteﬁittingdeviceofClaiml,wherein

thefirsteiectrodeisformedonsubstantiallytheentire
main surface of the first conductive layer which faces away
from the light emitting layer, and reflects light emitted
from the light emitting layer.
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7. Thesemiconductorlightemittingdevicepf(ﬂiﬂmll,wheréin
the second electrode is a'transparent electrode which

transmits the light emitted from the light emitting layer.

8. The semiconductor light emittingdevice of Claim7, wherein
the second electrode is formed on substantially the
entiremain surface of the second conductive layer which faces

away from the light emitting layer.

9. The semiconductor light emitting device of Claim1l, further
comprising:

a phosphor layer formed on the multilayer epitaxial
structure so as to cover the main surface of the second
conductive layer which faces away from the light emitting
layer, the phosphor layer includingalight emitting substance
which is excited by the light emitted from the light emitfing

layer, to emit light.

10. The semiconductor light emitting device of Claim 1,
wherein ' -

each of the first conductive layer, the light emitting

layer, and the second conductive layer is made of a compound

semiconductor including nitrogen.

11. A semiconductor light emitting device comprising:

a light emitting element array formed in such a manner
that a plurality of light emitting elements are connected
in series, each of the plurality of light emitting elements

including: (a) a multilayer epitaxial structure including
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a first conductivé'layer, a second conductive layer and a
light emitting layer between the first conductive layer and
the second conductive layer, a mainvsurface 6f.the second
qonductive layer which faces away from the light emitting
layerBeingialightextractionsurfacep(b)zafirstelectrode
formed on a main surface of the first conductive layer which
faces away from the light emitting layer, and (c) a second
electrode formed on the main surface of the second con;iuctive
layer which faces away from fhe light emitting layer, the
first electrode and the second electrode are positioﬁed to
each other in a same manner for each light emitting element;
and

ametal layer on which the light emitting element array
is formed, with an insulating layer therebetween, in such
a manner that the first electrode is positioned closer to
the metal layer than the second electrode is;'thelnetal layer
cohnectingandsupportingthemultilayerepitaxialstructures
and conducting heat generated in the light emitting layer,
wherein

the metal layer is electrically divided into at least
two portions,

at least one of the portions is connectéd to a first
electrode of a light emitting element at one end of the light
emitting element array, to be constituted as a first power
supply terminal; and

at least one of a rest of the portions is connected to
a second electrode of a light emitting élement at the other
end of the light emitting element array, by means of a

conductive member which extends from the second electrode
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inaxﬁzectionparalleltoaﬁainsurféceofasecondcondudtive
layer of the light emitting element, to be constituted as

a second power supply terminal.

12. The semiconductor light emitting device of Claim 11,

. wherein

thefirstelectrodeisformedonsubstantiallytheenfire
main surface of the first conductive layer which faces away
from the light eﬁitting layer, and reflects light emitted

from the light -emitting layer.

13.. The semiconductor light emitting device of Claim 11,
wherein
- the second electrode is a transparent electrode which

transmits the light emitted from the light emitting layer.

14. The semiconductor light'emitting device of Claim 13,
wherein: A |

the second electrode is formed on substantially the
entiremainsUrfaceofthesecondconductivelayerwhichfaces

away from the light emitting layer.

i5. The semiconductor light emitting device of Claim 11,
further comprising:
a phosphor layer formed on the multilayer epitaxial

structure so as to. cover the main surface of the second

.conductive layer Which faces away from the light emitting

layer,thephosphorlayérincludingalightemittingsubstance

which is excited by the light emitted from the light emitting
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layer, to emit light.
16.The semiconductor light emitting device of Claim 11,

wherein

each of the first conductive layer, the light.emitting.

layer, and the second conductive layer is made of a compound

semiconductor including mitrogen.

17.A lighting module comprisin&_:;-:
| a printed wiring board includi‘ng a bonding pad; and
a semico‘nductor light emitﬁing device as defined in one
of Claims 1 to 16, the semiconductor light emitting device
being mounted on the printed wiring board by connecting a
metal layer included in the semiconductor light emitting

device to the bonding pad.

18. A lighting apparatus comprising a lighting ‘module as
defined in Claim 17.

1‘9 . Amanufacturing method of a semiconductojr light‘emitting
device, comprising steps of:

forming a mﬁltilayer epitaxial str.uctuire by epitaxial
growth on one of mainsurfaces of a single-crystal substrate,
the multilayer epitaxial structure including a first
conductive layer, a second conductive layef, and a light
emitting layer between the first conductive layer and the
decond conductive layer, the second conductive layer being
positionedclosexrto themain surface thanthe f;Lrst conductive

layer is;
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forming a first electrode on amain.surface of the first
conductive layer which faces away from the light emitting'
layezxs;

forming a metal layer so as to be closer to the first
electrode than to the second electrode,'the:metél layer
supporting the multilayer epifaxial structurey

separating the single-crystal substrate from the
multilayer epitaxial structures; . |

formlngasecondelectrodeonanmlnsurfaceofthesecond

conductlve layer whlch faces away from.the light emitting

layer; and |
dividing the metal layer electrically into at least two

portions.

20.. The manufacturing method of Claim 19, wherein
‘ in the metal layer forming step, the metal layer is
electrically connected to the first electrode, and
in the metal layer dividing_stép, 6ne or more of the
portions are insulated from the first electrode,
the manufact.uring methqd further comprising a step of:
electrically connecting the portions of themetal layer
which are insulated from the first electrode, to the second

electrode.

21. The manufacturing method of Claim 19, further comprising
steps of:

forming an insulating layer on a surface of the first
electrode which faces away from the first copductive layer;

and
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‘connecting at least one of the portions created in the
metal layer dividingstepelectricallytothe first electrode,
and connecting at least one of a rest of the portions
electrically to the second electrode, wherein

inthemetallayerfOrmingstép,themetallayerisformed

on the insulating layer.

22. The manufacturing method of Claim 19, further comprising
a step of:

forming a phosphor layer on the multilayer epitaxial

structure so as to cover the main surface of the second

conductive layer which faces away from the light emitting
iayer,thephosphorlayerincludingalightemittingsubstance
that isexcitedby light emitted fromthe light emitting layer,
to émit light.

23. The manufacturing method of Claim 19, wherein

in the separating step, a laser beam is irradiated to
the single-crystal substrate to weaken bonding between the
single—-crystal substrate and the multilayer epitaxial
ﬁtructure, and the single—crystal substrate is then

physically separated fromthemultilayerepitaxial structure.

24. The manufacturing method of Claim 19, wherein
in the separating step, the single-crystal substrate

is ground to be removed.

25. Amanufacturing method of a semiconductor light emitting

device, comprising steps of:
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forming a multilayer epitaxial structure by epitaxial
growth oﬁ one of main éurfaces of a single—crystal substrate,
the multilayer epitaxial structure including a first
conductive layer, a second conductive layer; and a light
emitting layer between the first conductive layer and the
second conductive layer, the second conductive layer being

positionedcloser tothemain surface thanthe first conductive

layer is;

dividing the muitilayer epitaxial structure into a
plurality of portions; |

forming a first electrode on a main surface of the first
conductive layer which faces away from the light emitting
layer, in each of the plurality of portions;

forming an insulatihg layer, in each portion, on a
surfaceofthefirstelectrodewhichfacesawayfrmnthefirst
conductive layer;

forming ametal layer on the insulating layer, themetal
layér supporting the multilayer epitaxial structure and
connecting the plurality of portions together;

‘ separating the sihgle—crystal‘substrate from the

multilayer epitaxial structure;

formingasecondelectrode onamain surface of the second
conductive layer which faces away from the light emitting
layer, in each portion; |

connecting the first electrode of each of the plurality
of portions to a second electrode of a different one of the

plurality of portions by means of a conductive ﬁember, in

- series;

dividing the metal layer electrically into at least two
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portions; and

electrically connecting a first electrode of one of the
plurality of portions of the multilayer epitaxial structure
at one end, to at least one of the portions of the metal layer,
and electrically connecting a second electrode of another
one of the plurality of portions of the multilayer epitaxial
structure at the other end, to at least one of a rest of‘the

portions of the metal: layer.

26. The manufacturing method of Claim 25 further comprising
a step'of: )

forming a phosphor layer on the multilayer epitaxial
structure so as to cover the main surface of the second
conductive layer whiéh faces away from the light emitting
layer, the phosphor layer includinga light emitting substance
that isexcitedby light emitted fromthe light emitting layer,
to emif light.

27. The manufacturing method of Claim 25, wherein

in.the separating step, a laser beam is irradiated to
the single-crystal substrate to weaken bonding between the
single-crystal substrate and the multilayer epitaxial
structure, and the single-crystal substrate is then

physicaliyseparatedfromthemultilayerepitaxialstructure.
28. The manufacturing method of Claim 25, wherein

in the separating step, thé single-crystal substrate

is ground to be removed.
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