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GAN BASED GROUP III-V NITRIDE
SEMICONDUCTOR LIGHT-EMITTING
DIODE AND METHOD FOR FABRICATING
THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a semiconductor
light-emitting device and a method for fabricating the same,
and more particularly, to a GaN based Group III-V nitride
semiconductor light-emitting device and a method for fabri-
cating the same.

[0003] 2. Description of the Related Art

[0004] Compound semiconductor based light-emitting
diodes or laser diodes capable of emitting short-wavelength
visible light are widely known. In particular, a light-emitting
device (light-emitting diode) or laser diode fabricated using a
Group III nitride semiconductor has received considerable
attention because the Group III nitride semiconductor is a
direct transition type material (direct bandgap material) emit-
ting blue light at high efficiencies by the recombination of
electrons and holes.

[0005] Referring to FIG. 1, a conventional light-emitting
diode (LED) based on GaN based III-V nitrides includes an
n-type GaN layer 12 on a sapphire substrate 10. The n-type
GaN layer 12 is divided into first and second regions R1 and
R2. The first region R1 has a larger width then the second
region R2 and is not affected by etching after having been
formed. Meanwhile, the second region R2 is thinner than the
first region R1 because it is affected by etching after having
been formed. As a result, there exists a step between the first
and second regions R1 and R2 of the n-type GaN layer 12. An
active layer 16, a p-type GaN layer 18, and a light-transmit-
ting p-type electrode 20 are sequentially formed on the first
region R1 in the n-type GaN layer 12. A pad layer 22 for use
in bonding in a packaging process is formed on the light-
transmitting p-type electrode 20. An n-type electrode 14 is
formed in the second region R2 of the n-type GaN layer 12.
[0006] In FIG. 2, a conventional GaN based III-V nitride
semiconductor laser diode in which n-type and p-type elec-
trodes are arranged to face the same direction, and a ridge is
formed in a region where the p-type electrode is formed, is
shown. In the semiconductor laser diode, In particular, refer-
ring to FIG. 2, an n-type GaN layer 12, which is divided into
first and second regions R1 and R2, is formed on a sapphire
substrate 10. The first region R1 is wider and thicker than
second region R2 so that there exists a step between the first
and second regions R1 and R2. An n-type electrode 14 is
formed in the second region R2 of the n-type GaN layer 12.
An n-type AlGaN/GaN layer 24, an n-type GaN layer 26, and
an InGaN layer 28 acting as an active layer, for which the
refractive index increasingly higher in the upward direction,
are sequentially formed on the first region R1 of the n-type
GaN layer 12. A p-type GaN layer 30, a p-type AlGaN/GaN
layer 32, and a p-type GaN layer 36, for which the refractive
index is increasingly lower in the upward direction, are
sequentially formed on the InGaN layer 28. The p-type
AlGaN/GaN layer 32 has a ridge (or rib) at the center thereof,
and the p-type GaN layer 36 is formed on the ridge of the
p-type AlGaN/GaN layer 32. The entire surface of the p-type
AlGaN/GaN layer 32 is covered with a passivation layer 34.
Here, the passivation layer 34 extends to the p-type GaN layer
36 such that the current threshold is reduced. That is, the
passivation layer 34 covers both edges of the p-type GaN
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layer 36. A p-type electrode 38 is formed on the passivation
layer 34 in contact with a top surface of the p-type GaN layer
36, which is not covered by the passivation layer 34.

[0007] For a conventional light-emitting diode or laser
diode based on a GaN based I1I-V nitride semiconductor in
which the n-type and p-type electrodes are arranged to face
the same direction, a bonding process with two wires should
be performed on the same plan in a packaging process. Thus,
the packaging process is complex and increases time con-
sumption. The n-type electrode is formed in a deeply etched
region so that a large step exists between the n-type and p-type
electrodes, thereby increasing failure in packaging processes.
As described with reference to FIGS. 1 and 2, in terms of the
structure of the second region R2 of the n-type GaN layer 12,
the n-type GaN layer 12 is etched to form the second region
R2, for the light-emitting diode of FIG. 1, after the formation
of'the p-type electrode 20 or the p-type GaN layer 18, and for
the laser diode of FIG. 2, after the formation of the p-type
AlGaN/GaN layer 32. In other words, to form the n-type
electrode 14 on the second region R2, an additional photoli-
thography process is required, thereby increasing the manu-
facturing time of light-emitting devices.

[0008] FIG. 3 shows another conventional GaN based I11-V
nitride semiconductor laser diode in which an n-type elec-
trode and a p-type electrode are arranged to face opposite
directions with an active layer therebetween. An n-type GaN
layer 12, an n-type AlGaN/GaN layer 24, an n-type GaN layer
26, an InGaN layer 28 acting as an active layer, a p-type GaN
layer 30, a p-type AlGaN/GaN layer 32, and a p-type GaN
layer 36, a passivation layer 34, and a p-type electrode 38 are
sequentially formed on a silicon carbide (SiC) substrate 10a
(or a gallium nitride (GaN) substrate). An n-type electrode
14a is formed on the bottom of the SiC substrate 10a.
[0009] Ingeneral, the current threshold and the lasing mode
stability for laser emission in semiconductor laser diodes are
closely associated with temperature, and all quantal proper-
ties degrade as the temperature rises. Therefore, there is a
need to dissipate heat generated in an active layer during laser
emission to prevent a temperature rise in the laser diode. For
the conventional GaN based III-V semiconductor laser diode,
the substrate has a very low thermal conductivity (about 0.5
W/CmK for sapphire) so that the heat is dissipated mostly
through the ridge. However, heat dissipation through the
ridge is limited so that a temperature rise in laser diodes
cannot be prevented effectively, thereby lowering the proper-
ties of devices.

[0010] For the conventional semiconductor laser diode
shown in FIG. 2, it has been intended to dissipate heat gen-
erated in the active layer by applying a flip chip bonding
technique, as illustrated in FIG. 4.

[0011] Inparticular, referring to FIG. 4, reference character
A denotes the inverted conventional GaN based III-V semi-
conductor laser diode shown in FIG. 2. Reference numeral 40
denotes a submount, reference numerals 42a and 425 denote
pad layers, reference numerals 44a and 445 denote first and
second thermal conductive layers connected to an n-type
electrode 14 and a p-type electrode 38, respectively, of the
semiconductor laser diode A. Reference character M denotes
a stack of material layers corresponding to the material layers
24 through 34 of FIGS. 2 and 3 stacked between the n-type
GaN layer 12 and the p-type electrode 38.

[0012] As described above, heat dissipation efficiency can
be improved by bonding a semiconductor laser diode to a
separate heat dissipating assembly. However, bonding
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between the laser diode and the heat dissipating assembly
increases the overall processing time. In addition, such a
bonding process needs to follow a fine alignment between the
semiconductor laser diode and the heat dissipating assembly,
so that failure is more likely to occur, thereby lowering yield.
[0013] For example, assuming that the yield is 70%, about
4,000 pieces of laser diodes per wafer are obtained. A bonding
time required for flip-chip bonding of all the laser diodes
amounts about 20 hours (about 0.3 minutes each).

SUMMARY OF THE INVENTION

[0014] To solve the above-described problems, it is a first
object of the present invention to provide a GaN based I11-V
nitride semiconductor light-emitting device which a photoli-
thography process applied to form electrodes and a package
process are simplified with reduced manufacturing time and
low failure.

[0015] It is a second object of the present invention to
provide a method for fabricating a GaN based III-V nitride
semiconductor light-emitting device.

[0016] To achieve the first object of the present invention,
there is provided a light-emitting device comprising: an active
layer in which light is emitted; first and second electrodes
arranged facing each other around the active layer; a first
compound semiconductor layer formed between the active
layer and the first electrode; a second compound semiconduc-
tor layer, opposite to the first compound semiconductor layer,
formed between the active layer and the second electrode; and
a high-resistant substrate formed on the bottom of the first
compound semiconductor layer while being partially
removed to allow an electrical contact between the first com-
pound semiconductor layer and the first electrode.

[0017] Itispreferable thatavia hole exposing the bottom of
the first compound semiconductor layer is formed in the
high-resistant substrate, and the first electrode contacts the
first compound semiconductor layer through the via hole. The
first electrode is comprised of an ohmic contact layer cover-
ing a region of the first compound semiconductor layer
exposed through the via hole of the high-resistant substrate,
and a thermal conductive layer formed on the ohmic contact
layer.

[0018] Itis preferable that the high-resistant substrate cov-
ers only a portion of the bottom of the first compound semi-
conductor layer, and the first electrode contacts a part of or the
entire first compound semiconductor layer. Preferably, the
high-resistant substrate is a sapphire substrate. Preferably,
both the first and second electrodes are formed of a light-
transmitting material. Preferably, the first (or second) elec-
trode is formed of a light-reflecting material and the second
(or first) electrode is formed of a light-transmitting material.
It is preferable that the light-emitting device further com-
prises a pad layer partially or fully covering the second elec-
trode. It is preferable that the light-emitting device further
comprises a pad layer partially or fully covering the first
electrode. It is preferable that the first compound semicon-
ductor layer is an n-type or undoped GaN based I1I-V nitride
compound semiconductor layer. It is preferable that the sec-
ond compound semiconductor layer is a p-type GaN based
III-V nitride compound semiconductor layer. The active layer
is preferably an InAl Ga, N layer having, more preferably,
a multi-quantum well (MQW) structure, where 0#01, O#y#1,
and x+y#1.

[0019] In another embodiment, the present invention pro-
vides a light-emitting device comprising: a high-resistant
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substrate; first and second electrodes arranged with the high-
resistant substrate therebetween; and a material layer formed
for lasing between the high-resistant substrate and the second
electrode, wherein a region of the high-resistant substrate is
removed, and the first electrode contacts the material layer
through the removed region of the high-resistant substrate.

[0020] It is preferable that the material layer for lasing
comprises: a resonator layer; first and second cladding layers
arranged with the resonator layer therebetween; first and sec-
ond compound semiconductor layers arranged on the respec-
tive first and second cladding layers; and a passivation layer
formed between the second cladding layer and the second
electrode in contact with a region of the second compound
semiconductor layer in a symmetrical manner, wherein the
bottom of the first compound semiconductor layer contacts
the first electrode through the removed region of the high-
resistant substrate. It is preferable that the resonator layer
comprises: an active layer in which lasing occurs; a first
waveguide layer formed between the active layer and the first
cladding layer; and a second waveguide layer formed
between the active layer and the second cladding layer. It is
preferable that a via hole exposing the bottom of the first
compound semiconductor layer is formed in the high-resis-
tant substrate, and the first electrode contacts the first semi-
conductor compound layer through the via hole. It is prefer-
able that the high-resistant substrate covers only a region of
the bottom of'the first compound semiconductor layer, and the
first electrode contacts a part of or the entire of the first
compound semiconductor layer. The active layer is prefer-
ably an InAl Ga,_, N layer having, more preferably,a MQW
structure, where O#x#1, O#y#1, and x+y#1.

[0021] In another embodiment, the present invention pro-
vides a light-emitting device comprising: an active layer in
which light is emitted; first and second material layers with
the active layer therebetween, the first and second material
layers are for inducing laser emission in the active laser by
lasing; a first electrode formed in contact with the lowermost
layer of the first material layers; a second electrode formed in
contact with the uppermost layer ofthe second material layers
in a restricted manner; and a heat-dissipating element dis-
placed in contact with the lowermost layer of the first material
layers for effective heat dissipation.

[0022] Itis preferable that the heat-dissipating element is a
thermal conductive layer, and the thermal conductive layer
contacts a region of the lowermost layer of the first material
layers while a substrate is present on the remaining region of
the lowermost layer of the first material layers. It is preferable
that the thermal conductive layer contacts the region of the
lower most layer of the first material layers through a via hole
formed in the substrate. In this case, a dent extending into the
lowermost layer of the first material layers may be formed
along with the via hole in the substrate. The via hole may be
formed in a region of the substrate aligned with the first
electrode. A plurality of via holes may be formed in the
substrate. It is preferable that the via hole extends past the
lowermost layer of the first material layers. It is preferable
that a region of the lowermost layer of the first material layers
is etched by a predetermined thickness so that there exists a
step between the region of the lowermost layer of the first
material layers on which the substrate is present and the
etched region of the lowermost layer where the substrate is
not present. Preferably, a portion of the thermal conductive
layer indirectly contacts the lowermost layer of the first mate-
rial layers by the dent. In this case, a plurality of dents may be



US 2013/0087764 Al

formed in the substrate, and a via hole extending past the
lowermost material layer may be additionally formed in the
substrate.

[0023] It is preferable that the thermal conductive layer
comprises at least one selected from the group consisting of
gold (Au), silver (Ag), copper (Cu), nickel (Ni), and indium
(In).

[0024] To achieve the second object of the present inven-
tion, there is provided a method for fabricating a light-emit-
ting device, the method comprising: (a) sequentially forming
a first compound semiconductor layer, an active layer, and a
second compound semiconductor layer, which are for induc-
ing light emission, on a high-resistant substrate; (b) forming
a light-transmitting conductive layer on the second com-
pound semiconductor layer; (c) etching a region of the high-
resistant substrate to expose the first compound semiconduc-
tor layer; and (d) forming a high-shielding conductive layer to
cover the exposed region of the first compound semiconduc-
tor layer. Preferably, step (c) comprises: polishing the bottom
of'the high-resistant substrate; and exposing the bottom of the
first compound semiconductor layer by etching the region of
the high-resistant substrate. Preferably, the high-resistant
substrate is a sapphire substrate. Preferably, the bottom of the
high-resistant substrate is polished by grinding or lapping.
Preferably, the high-resistant substrate is dry etched. In this
case, a predetermined region to be a via hole or the remaining
region of the high-resistant substrate may be etched. Prefer-
ably, the light-emitting device fabrication method further
comprises forming a pad layer on the light-transmitting con-
ductive layer.

[0025] Inoneembodiment, the present invention provides a
method for fabricating a light-emitting device, the method
comprising: (a) sequentially forming a first compound semi-
conductor layer, an active layer, and a second compound
semiconductor layer, which are for inducing light emission,
on a high-resistant substrate; (b) forming a light-reflecting
conductive layer on the second compound semiconductor
layer; (c) etching a region of the high-resistant substrate to
expose the first compound semiconductor layer; and (d)
forming a light-transmitting conductive layer to cover the
exposed region of the first compound semiconductor layer. It
is preferable that step (¢) comprises: polishing the bottom of
the high-resistant substrate; and exposing the bottom of the
first compound semiconductor layer by etching the region of
the high-resistant substrate.

[0026] In another embodiment, the present invention pro-
vides a method for fabricating a light-emitting device, the
method comprising: (a) forming a material layer for lasing on
a high-resistant substrate; (b) forming a first electrode on the
material layer; (c) etching a region of the high-resistant sub-
strate to expose a region of the material layer; and (d) forming
a second electrode on the bottom of the high-resistant sub-
strate to cover partially or fully the exposed region of the
material layer. It is preferable that step (a) comprises: sequen-
tially forming a first compound semiconductor layer, a first
cladding layer, a resonator layer, a second cladding layer, and
a second compound semiconductor layer on the high-resis-
tant substrate; forming a mask pattern on the second com-
pound semiconductor layer to cover a predetermined region
of the second compound semiconductor layer; sequentially
patterning the second compound semiconductor layer and the
second cladding layer using the mask pattern as an etch mask,
the second cladding layer into a rigid form; removing the
mask pattern; and forming a passivation layer on the second
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cladding layer patterned into the ridge form, in contact with a
region of the patterned second compound semiconductor
layer. It is preferable that step (c) comprises: polishing the
bottom of the high-resistant substrate; and exposing the bot-
tom of the first compound semiconductor layer by etching the
region of the high-resistant substrate. It is preferable that the
high-resistant substrate is a sapphire substrate. Preferably, the
high-resistant substrate is dry etched. It is preferable that the
high-resistant substrate is etched to form a via hole through
which the bottom of the first compound semiconductor layer
is exposed. [tis preferable that step (d) comprises: forming an
ohmic contact layer on the bottom of the high-resistant sub-
strate to cover partially or fully the exposed region of the
material layer; and forming a thermal conductive layer on the
ohmic contact layer.

[0027] According to the light-emitting device and the
method for fabricating the same according to the present
invention, the simplified bonding process reduces bonding
failure, and the simplified photo and etching process makes
the overall manufacture of devices easier and reduces the
manufacturing time consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above objects and advantages of the present
invention will become more apparent by describing preferred
embodiments thereof in detail with reference to the attached
drawings in which:

[0029] FIG. 1 is a sectional view of a conventional light-
emitting diode (LED) based on GaN based I1I-V nitride semi-
conductor;

[0030] FIG. 2 is a sectional view of a conventional GaN
based III-V nitride semiconductor laser diode having a
waveguide ridge, in which n-type and p-type electrodes are
arranged to face the same direction;

[0031] FIG. 3 is a sectional view of another conventional
GaN based II1I-V nitride semiconductor laser diode having a
waveguide ridge, in which n-type and p-type electrodes are
vertically arranged to face opposite directions with an active
layer therebetween;

[0032] FIG. 4 is a sectional view illustrating the semicon-
ductor laser diode of FIG. 2 bonded to a heat dissipating
assembly;

[0033] FIGS. 5 through 8 are sectional views of Embodi-
ments 1 through 4 for GaN based III-V nitride semiconductor
light-emitting diodes according to the present invention;
[0034] FIGS. 9 through 22 are sectional views of Embodi-
ments 5 through 18 for GaN based III-V nitride semiconduc-
tor light-emitting diodes according to the present invention;
[0035] FIGS. 23 through 27 are sectional views of Embodi-
ment 1 for a method for fabricating a GaN based I1I-V nitride
semiconductor light-emitting device according to the present
invention;

[0036] FIGS. 28 and 29 are sectional views of Embodiment
2 for the method for fabricating a GaN based I1I-V nitride
semiconductor light-emitting device according to the present
invention;

[0037] FIGS. 30 through 32 are sectional views of Embodi-
ment 3 for the method for fabricating a GaN based III-V
nitride semiconductor light-emitting device according to the
present invention;

[0038] FIGS. 33 and 34 are sectional views of Embodiment
4 for the method for fabricating a GaN based I1I-V nitride
semiconductor light-emitting device according to the present
invention;
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[0039] FIGS. 35 through 40 are sectional views illustrating
a method for fabricating the GaN based III-V nitride semi-
conductor laser diode shown in FIG. 17,

[0040] FIGS. 41 through 43 are sectional views illustrating
a method for fabricating the GaN based III-V nitride semi-
conductor laser diode shown in FIG. 18 according to the
present invention; and

[0041] FIG. 44 is a sectional view illustrating one common
step in the manufacture of GaN based I1I-V nitride semicon-
ductor light-emitting devices according to the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0042] A GaN based III-V nitride semiconductor light-
emitting devices and a method for fabricating the same will be
described more fully with reference to the accompanying
drawings, in which preferred embodiments of the invention
are shown. In the drawings, the thickness of layers and
regions are exaggerated for clarity. Embodiments 1 through 4
are for light-emitting diodes (LEDs), and Embodiments 5 and
6 are for laser diodes (L.Ds).

Embodiment 1

[0043] Referring to FIG. 5, reference numeral 50 denotes a
light-transmitting conductive layer. The light-transmitting
conductive layer 50 is used as a first electrode. A pad layer 52
for use in bonding of the light-transmitting conductive layer
50 is formed on the light-transmitting conductive layer 50.
Although not illustrated in FIG. 5, an insulating layer such as
a silicon oxide (SiO,) or silicon nitride (SiN) layer may be
partially interposed to improve adhesion between the light-
transmitting conductive layer 50 and the pad layer 52. A
second compound semiconductor layer 54 is formed under-
neath the light-transmitting conductive layer 50. The second
compound semiconductor layer 54 is a GaN based III-V
nitride compound semiconductor layer. Preferably, the sec-
ond compound semiconductor layer 54 is formed of a direct
transition type (direct band-gap) material doped with p-type
conductive impurity, and more preferably, p-GaN layer.
[0044] The second compound semiconductor layer 54 may
be an undoped material layer. For example, the second com-
pound semiconductor layer 54 may be a GaN layer or an
AlGaN or InGaN layer in which Al or In is contained in a
predetermined ratio.

[0045] An active layer 56 is formed underneath the second
compound semiconductor layer 54. The active layer 56 is a
material layer in which lasing occurs by the recombination of
carriers such as holes and electrons. Preferably, the active
layer 56 is a GaN serious III-V nitride compound semicon-
ductor layer having a multi-quantum well (MWQ) structure,
and more preferably, an In, Al Ga, N layer (where O#x#1,
O#y#1, and x+y#1). A first compound semiconductor layer 58
is formed underneath the active layer 56 doped with an oppo-
site type of impurities to the second compound semiconduc-
tor layer 54. The first compound semiconductor layer 58 is
formed of a GaN based I1I-V nitride compound semiconduc-
tor layer, and preferably a direct transition type material. [fthe
first compound semiconductor layer 58 is doped with con-
ductive impurities, an n-type GaN layer is preferred. If the
first compound semiconductor layer 58 is not doped with
conductive impurities, the first compound semiconductor
layer 58 is formed of the same material layer as the second
compound semiconductor layer 54. A high-resistant substrate
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60 is present underneath the first compound semiconductor
layer 58. A via hole 62 through which the bottom of the first
compound semiconductor layer 58 is exposed is formed in the
high-resistant substrate 60. The high-resistant substrate 60 is
an etch-resistant substrate, for example, a sapphire substrate.
A conductive layer 64 is formed on the bottom of the high-
resistant substrate 60 in contact with the first compound semi-
conductor layer 58 through the via hole 62. The conductive
layer 64 is a light-reflecting material layer acting as a second
electrode. Therefore, light generated in the active layer 56 is
emitted upwards through the light-transmitting conductive
layer 50. The conductive layer 64 may comprise an ohmic
contact layer covering a region of the first compound semi-
conductor layer exposed through the via hole 62 of the high-
resistant substrate, and a thermal conductive layer formed on
the ohmic contact layer.

Embodiment 2

[0046] The same elements as in Embodiment 1 will be
denoted by the same reference numerals as in Embodiment 1,
and descriptions thereof will be omitted.

[0047] In particular, referring to FIG. 6, a light-reflecting
conductive layer 70 acting as a first electrode is formed on the
second compound semiconductor layer 54. A light-transmit-
ting conductive layer 72 acting as a second electrode is
formed on the bottom of the high-resistant substrate 60 in
contact with the first compound semiconductor layer 58
through the via hole 62. A pad layer 74 is formed in a flat
region of the conductive layer 72 covering the bottom of the
high-resistant substrate 60. The pad layer 74 is used for bond-
ing the light-transmitting conductive layer 72 in a package
process.

Embodiment 3

[0048] Referring to FIG. 7, a high-resistant substrate pat-
tern 60a is present on the bottom of the first compound semi-
conductor layer 58. The high-resistant substrate pattern 60a is
present at the center of the first compound semiconductor
layer 58, exposing the other portion of the bottom of the first
compound semiconductor layer 58. The bottom of the high-
resistant substrate pattern 60qa is narrower than a top of the
high-resistant substrate pattern 60a in contact with the first
compound semiconductor layer 58. The sidewall of the high-
resistant substrate pattern 60a has a gentle slope to ensure a
material layer to be deposited thereon with excellent step
coverage. A conductive layer 80 is formed to cover the high-
resistant substrate pattern 60a and the exposed portion of the
first compound semiconductor layer 58. The conductive layer
80 is used as a second electrode and shields light.

Embodiment 4

[0049] Referring to FIG. 8, a conductive layer 70 acting as
a first electrode is formed on the second compound semicon-
ductor layer 54. The same high-resistant substrate pattern 60a
as in Embodiment 3 is formed on the bottom of the first
compound semiconductor layer 58. A light-transmitting con-
ductive layer 82 is formed to cover the high-resistant substrate
pattern 60a and an exposed portion of the first compound
semiconductor layer 58. A pad layer 84 is formed on the
bottom of the high-resistant substrate pattern 60a. The pad
layer 84 is used for bonding of the light-transmitting conduc-
tive layer 82 in a package process.
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Embodiment 5

[0050] The present embodiment relates to a semiconductor
laser diode characterized in that n-type and p-type electrodes
are arranged to face the same direction and a thermal conduc-
tive layer is deposited to face in the opposite direction.

[0051] Referring to FIG. 9, a first compound semiconduc-
tor layer 152 is formed on a substrate 150. The substrate 150
is a high-resistant substrate such as a sapphire substrate or a
III-V compound semiconductor such as a GaN or silicon
carbide (SiC) substrate. Preferably, the first compound semi-
conductor layer 152 is an n-type or undoped GaN based I1I-V
nitride compound semiconductor layer, and more preferably,
an n-type GaN layer or a GaN layer. Alternatively, the first
compound semiconductor layer 152 may be an AlGaN or
InGaN layer containing Al or In in a predetermined ratio. The
first compound semiconductor layer 152 is divided into first
and second regions R1 and R2. The first region R1 is wider
and thicker than the second region R2. There exists a step
between the first and second regions R1 and R2. A first
electrode 154, n-type electrode, is formed in the second
region R2. A first dent h1 is formed indent from the bottom of
the substrate 150 not to expose the first compound semicon-
ductor layer 152, with a gap t from the interface between the
substrate 150 and the first compound semiconductor layer
152. The gap t between the bottom of the first dent h1 and the
first compound semiconductor layer 152 may be varied
depending to the material used for the substrate 150. For
example, the thermal conductivity of a sapphire substrate, a
kind of high-resistant substrate, is very less than that of a GaN
or SiC substrate. Thus, denoting the gap t for sapphire sub-
strates as t1 and the gap t for GaN or SiC substrates as t2, a
relationship of t2>t1 is established. However, irrespective of
the type of substrates, it is preferable that the gap between the
bottom of the first dent h1 and the first compound semicon-
ductor layer 152 is determined such that heat is sufficiently
dissipated through the first compound semiconductor layer
152 to lower a thermal resistance value.

[0052] Asindicated by dashed lines in FIG. 9, asecond dent
h2 may be additionally formed in the substrate 150 to make
heat-dissipating efficiency double. More dents may be
formed in the substrate 150 if necessary.

[0053] A first thermal conductive layer 156 having excel-
lent thermal conductivity is formed to cover the bottom of the
first dent h1 on the substrate 150. The first thermal conductive
layer 156 acts as a heat-dissipating material layer through
which heat from the first compound semiconductor layer 152
is dissipated. The first thermal conductive layer 156 extends
over the bottom of the substrate 150 covering the sidewall as
well as the bottom of the first dent hi. The first thermal
conductive layer 156 is formed of a material selected from the
group consisting of gold (Au), silver (Ag), platinum (Pt),
copper (Cu), nickel (Ni), indium (In), or an alloy of these
materials. Any material having excellent thermal conductiv-
ity or an alloy thereof, other than the materials listed above,
can be used for the first thermal conductive layer 156.

[0054] As described above, because the first thermal con-
ductive layer 156 is formed in contact with a portion of the
substrate 150 whose thickness is reduced to lower its thermal
resistance such that heat transferred from the first compound
semiconductor layer 152 is sufficiently dissipated through the
portion, heat generated in the active layer during laser emis-
sion can be removed effectively. As a result, rising of the
current threshold due to the temperature rise by laser emis-
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sion and unstabilization of transverse laser mode are pre-
vented, thereby improving the properties of the laser diode.
[0055] A first cladding layer 158 and a resonator layer 160
are sequentially formed on the first region R1 of the first
compound semiconductor layer 152. The first cladding layer
158 is an n-type Al/GaN/GaN layer. The resonator layer 160
includes a waveguide layer 160a, an active layer 1605, and a
second waveguide layer 160c, which are sequentially depos-
ited on the first cladding layer 158. The first compound semi-
conductor layer 152, the first cladding layer 158, and the first
waveguide layer 160a form a first material layer used to
induce laser emission in the active layer 1605. The first com-
pound semiconductor layer 152 is the lowermost layer of the
first material layer. The active layer 1605 is a material layer in
which lasing occurs by the recombination of carriers such as
holes and electrons, more preferably, a GaN based III-nitride
compound semiconductor layer having a MQW structure,
and most preferably, an In, Al Ga, ., N layer (where O#x#1,
O#y#1, and x+y#1). Alternatively, the active layer 1605 may
be formed of an InGaN layer in which In is contained in a
predetermined ratio. The first and second waveguide layers
1604 and 160c have a refractive index smaller than the active
layer 1605 but greater than the first cladding layer 158 and a
second cladding layer described below. The first and second
waveguide layers 160a and 160c¢ are formed of GaN based
III-V nitride compound semiconductor layers, and prefer-
ably, an n-type GaN layer and a p-type GaN layer, respec-
tively. A second cladding layer 162 and a second compound
semiconductor layer 164 are sequentially formed on the reso-
nator layer 160. The second waveguide layer 160c, the second
cladding layer 162, and the second compound semiconductor
layer 164 form a second material layer used for inducing laser
emission in the active layer 16056. The second compound
semiconductor layer 164 is the uppermost layer of the second
material layer.

[0056] The descriptions of the first and second material
layers are applied to the following embodiments.

[0057] The second cladding layer 162 includes a ridge por-
tion 1625 formed at the center of the resonator layer 160 and
aperipheral portion 162 formed to be symmetrical around the
ridge portion 1625 with a thickness smaller than the ridge
portion 1624. The second compound semiconductor layer
164, the uppermost layer of the second material layer, is
formed on the top of the ridge portion 1625 of the second
cladding layer 162. The second cladding layer 162 is formed
of the same material layer of the first cladding layer 158 but
doped with p-type impurity. The second compound semicon-
ductor layer 164 is formed of a direct transition type material
such as a p-type GaN based I1I-V nitride compound semicon-
ductor layer, and preferably a p-type GaN layer. Like the first
compound semiconductor layer 152, the second compound
semiconductor layer 164 may be formed of a GaN layer, or an
AlGaN or InGaN layer in which Al or In is contained in a
predetermined ratio. The entire surface of the second clad-
ding layer 162 is covered with a passivation layer 166. Here,
the passivation layer 166 extends to an edge portion of the
second compound material layer 164. A second electrode 168
is formed on the passivaation layer 166 in contact with a
portion of the second compound semiconductor layer 164,
which is exposed through the passivation layer 166. The
second electrode 168 is a p-type electrode.

[0058] The semiconductor laser diodes described in the
above embodiments of the present invention ensure sufficient
heat-dissipating efficiency without need for fine alignment to
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be connected with a separate heat dissipating assembly as in
conventional laser diodes. Thus, the semiconductor laser
diodes according to the present invention can be manufac-
tured at lower cost with increased yield, compared to the
conventional structure.

Embodiment 6

[0059] Referring to FIG. 10, a first via hole h3 may be
formed by extending the first dent hi to the first compound
semiconductor layer 152 through the substrate 150. Although
not illustrated in FIG. 10, a plurality of first via holes h3 may
be formed, alternatively along with the second dent h2 shown
in FIG. 9. The first via hole h3 extends past the surface of the
first compound semiconductor layer 152 not to expose the
bottom surface of the first compound semiconductor layer
152. The first thermal conductive layer 156 is formed not only
in contact with the first compound semiconductor layer 152
exposed through the first via hole h3 but also covering the
sidewall and bottom of the substrate 150 exposed through the
first via hole h3.

[0060] Because the first thermal conductive layer 156 is
formed in contact with the first compound semiconductor
layer 152 through the first via hole h3, heat generated in the
active layer 1605 during laser emission can be removed much
effectively.

Embodiment 7

[0061] The semiconductor laser diode shown in FIG. 11 is
the same as in FIG. 9 except that a second via hole h4 is
formed in the substrate 150 to expose the bottom of the first
compound semiconductor layer 152. The second via hole h4
may be aligned with the n-type electrode 154, as shown in
FIG. 12, or a plurality of second via holes h4 may be formed
in the substrate 150. Alternatively, the second via hole h4 may
be formed in the substrate 150 along with the first dent hi or
the first via hole h3 extending to the first compound semicon-
ductor layer 152, or both of them. The first thermal conductive
layer 156 is formed to cover the second via hole h4 or any type
of via holes described above and the bottom of the substrate
150.

Embodiment 8

[0062] The semiconductor laser diode shown in FIG. 12 is
the same as in Embodiment 7 shown in FIG. 11, except that
the second via hole h4 is formed in the substrate 150 to expose
a portion of the second compound semiconductor layer 152
aligned with the n-type electrode 154.

Embodiment 9

[0063] The semiconductor laser diode shown in FIG. 13 is
the same as in Embodiment 5 shown in FIG. 9, except that the
substrate 150 remains only on a portion of the bottom of the
first compound semiconductor layer 152 aligned with the
ridge portion 162 of the second cladding layer 162, and the
bottom of the first compound semiconductor layer 152 sur-
rounding the substrate 150 is etched by a predetermined
thickness with a step between the etched portion of the first
compound semiconductor layer 152 and the non-etched por-
tion protected by the substrate 150. The first thermal conduc-
tive layer 156 is formed to cover the substrate 150 and the first
compound semiconductor layer 152.
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Embodiment 10

[0064] The semiconductor laser diode shown in FIG. 14 is
the same as in Embodiment 9 shown in FIG. 13, except that no
step exits on the bottom of the first compound semiconductor
layer 152 because the bottom of the first compound semicon-
ductor layer 152 is not etched.

Embodiment 11

[0065] Unlike the semiconductor laser diode shown in FIG.
13 in which the substrate 150 remains on the bottom center of
the first compound semiconductor layer 152, the substrate
150 is biased to a side of the first compound semiconductor
layer 152 in the semiconductor laser diode shown in FIG. 15.
Also, the first compound semiconductor layer 152 shown in
FIG. 15 has a step between a portion protected by the sub-
strate 150 and a portion exposed. The first thermal conductive
layer is formed to cover the bottom of the first compound
semiconductor layer 152 and the substrate 150.

Embodiment 12

[0066] The semiconductor laser diode shown in FIG. 16 is
the same as in Embodiment 11 shown in FIG. 15, except that
no step exits on the bottom of the first compound semicon-
ductor layer 152.

[0067] Semiconductor laser diodes in which n-type and
p-type electrodes are vertically arranged with an active layer
therebetween according to the present invention will be
described in Embodiments 13 through 18 as follows.

Embodiment 13

[0068] In FIG. 17, reference numeral 150 denotes a high-
resistant substrate. The high-resistant substrate 150 is an etch-
resistant sapphire substrate. Material layers for lasing are
formed on the high-resistant substrate 150, and electrode
material layers are formed in contact with material layers for
lasing.

[0069] In particular, a first compound semiconductor layer
152 is formed on the high-resistant substrate 150. The first
compound semiconductor layer 152 is formed of a GaN based
III-V nitride compound semiconductor layer, which is a
direct transition type, and preferably, an n-type GaN layer. A
portion in the bottom of the first compound semiconductor
layer 152 is exposed through a first via hole h3 formed in the
high-resistant substrate 150, and a conductive layer 175 is
formed on the bottom of the high-resistant substrate 150 in
contact with the exposed portion of the first compound semi-
conductor layer 152. The conductive layer 175 is used as a
lower electrode. A first cladding layer 158, an n-type AlGaN/
GaN layer, is formed on the first compound semiconductor
layer 152. A first waveguide layer 160q, an active layer 1605,
and a second waveguide layer 160¢, which form a resonator
layer 160, are sequentially formed on the first cladding layer
158. The first and second waveguide layers 160a and 160c are
formed of GaN based I1I-V nitride compound semiconductor
layers, and preferably an n-type GaN layer and a p-type GaN
layer, respectively. The first and second waveguide layers
160a and 160c¢ have a refractive index greater than the first
cladding layer 152. The active layer 16054 is formed of a GaN
based III-V nitride compound semiconductor layer contain-
ing In in a predetermined ratio, for example, an InGaN layer.
The active layer 1605 has a refractive index greater than the
first and second waveguide layers 160a and 160c. Because the
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resonator layer 160 has a refractive index profile that has a
peak refractive index in the center region and decreases out-
wards therefrom, as a described above, the laser emission
efficiency in the active layer 1605 is improved with reduced
optical loss. The second cladding layer 162 is formed on the
second waveguide layer 160c¢. The second cladding layer 162
is formed of the same material layer as the first cladding layer
158 but doped with p-type impurity. The second cladding
layer 162 has a ridge portion 162a at its center and a periph-
eral portion 162a surrounding the ridge portion 1624 to be
parallel to the active layer 1605 with a thickness smaller than
the ridge portion 162a. A second compound semiconductor
layer 164 is formed on the top of the ridge portion 1625 of the
second cladding layer 162. The second compound semicon-
ductor layer 164 is formed of the same material layer as the
first compound semiconductor layer 152 but doped with
p-type impurity. The entire surface of the second cladding
layer 162 is covered with a passivation layer 166. The passi-
vation layer 166 contacts symmetrically both sides of the
second compound semiconductor layer 164. A conductive
layer 168 is formed on the passivation layer 166 in contact
with a portion of the second compound semiconductor layer
164 exposed through the passivation layer 166. The conduc-
tive layer 168 is used as an upper electrode.

Embodiment 14

[0070] The semiconductor laser diode shown in FIG. 18 is
the same as in Embodiment 13 shown in FIG. 17, except that
a high-resistant substrate pattern 150a remains on the bottom
center of the first compound semiconductor layer 152, and a
conductive layer 175 is formed to cover the bottom of the first
compound semiconductor layer 152 and the high-resistant
substrate pattern 150a.

Embodiment 15

[0071] Referring to FIG. 19, the first compound semicon-
ductor layer 152, the first cladding layer 158, the resonator
layer 160, the second cladding layer 162, and the second
compound semiconductor layer 164, the passivation layer
166, and a second electrode 168 are sequentially formed on
the substrate 150. A first via hole h3 is formed through the
substrate 150 to expose the first compound semiconductor
layer 152. Preferably, the first via hole h3 is formed aligned
with the second electrode 168. Alternatively, the first via hole
h3 may be biased to any side with respect to the second
electrode 168.

[0072] As indicated by dashed lines, the first via hole h3
may be formed in the substrate 50 along with a first dent hi.
Due to the presence of the first dent hi, heat-dissipating effi-
ciency is further improved.

[0073] A conductive layer 175 is formed to cover fully the
portion exposed through the first via hole h3 and the bottom of
the substrate 150. The conductive layer 175 includes an
ohmic contact layer 180 in contact with the portion exposed
through the first via hole h3 and the bottom of the substrate
150, and a second thermal conductive layer 176 formed on the
ohmic contact layer 180. The second thermal conductive
layer 176 not only acts to dissipate heat generated in the active
layer 1605 but also is used as a first (n-type) electrode. The
ohmic contact layer 180 acts to match potential barriers
between the second thermal conductive layer 176 and the
second compound semiconductor layer 152.
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[0074] Inthe present embodiment, the n-type electrode also
acts as a thermal conductive layer.

Embodiment 16

[0075] Inthe semiconductor laser diode shown in FIG. 20,
a high-resistant substrate pattern 150a remains on a bottom
portion of the first compound semiconductor layer 152
aligned with the ridge portion 1625 of the second cladding
layer 162. An ohmic contact layer 180 is formed to cover the
bottom of the first semiconductor layer 152 and the high-
resistant substrate pattern 150q, and a second thermal con-
ductive layer 176 is formed on the ohmic contact layer 180.
As indicated by dashed lines, a portion of the first compound
semiconductor layer 152 exposed by the high-resistant sub-
strate pattern 150a may be etched by a predetermined thick-
ness. In this case, there exists a step between the etched
portion of the first compound semiconductor layer 152 and
the portion protected by the high-resistance semiconductor
pattern 150a.

Embodiment 17

[0076] The semiconductor laser diode shown in FIG. 21 is
the same as in Embodiment 15 shown in FIG. 19, except that
a second via hole h4 is formed in the substrate 150 to expose
a portion of the bottom of the first compound semiconductor
layer 152. An ohmic contact layer 180 is formed to cover the
substrate 150 and the exposed portion of the first compound
semiconductor layer 152, and a second thermal conductive
layer to be used as an n-type electrode is formed on the ohmic
contact layer 180. It is preferable that the second via hole h4
is formed aligned with the second electrode 168. The second
via hole h4 may be biased to a side from the position aligned
with the second electrode 168.

[0077] A plurality of second via holes h4 may be formed in
the substrate 150. In this case, only one of the second viaholes
h4 is coated with an ohmic contact layer to be used as a current
flow path, and the remaining second via holes h4 are used
only for improving heat-dissipating efficiency.

[0078] Alternatively, a first dent hl can be additionally
formed in the substrate 150 together with the second via hole
h4.

Embodiment 18

[0079] In the semiconductor laser diode shown in FIG. 22,
a substrate 150 is biased to a side at the bottom of the first
compound semiconductor layer 152 from the bottom center.
An ohmic contact layer 180 is formed to cover the bottom of
the first compound semiconductor layer 152 and the substrate
pattern 150, and a first thermal conductive layer 176 to be
used as an n-type electrode is formed on the ohmic contact
layer 180. Although not illustrated in FIG. 12, a portion of the
bottom of the first compound semiconductor layer 152 on
which the substrate pattern 150 is not present may be etched
by a predetermined thickness so that a step exists on the
bottom of the first compound semiconductor layer 152.

[0080] Based on a variety of heat-dissipating elements
described in the embodiments above in which the first or
second thermal conductive layer 156 or 176 directly or indi-
rectly in contact with the lowermost material layer of the first
compound semiconductor layer 152 is formed, alternative
laser diodes can be constructed. For example, the first thermal
conductive layer 156 may be formed in contact with the
bottom ofthe first compound semiconductor layer 152, which
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is the lowermost first material layer, by removing the sub-
strate 150, or the second thermal conductive layer 176 may be
formed on the ohmic contact layer 180 in contact with the
bottom of the first compound semiconductor layer 152 by
removing the substrate 150.

[0081] In particular, after the p-type electrode 168 is
formed, the substrate is fully removed in a subsequent etching
process such that the substrate 150 does not remain. Next, the
first thermal conductive layer 156 is formed in contact with
the bottom of the first compound semiconductor layer 152.
Alternatively, the ohmic contact layer 180 is formed in con-
tact with the bottom surface of the first compound semicon-
ductor layer 152 and then the second thermal conductive layer
176 to be used as an n-type electrode is formed on the ohmic
contact layer 180.

[0082] A method for fabricating a light-emitting device
according to the present invention will be described with
reference to the following embodiments.

Embodiment 1

[0083] Referring to FIG. 23, a first compound semiconduc-
tor layer 202 is formed on a high-resistant substrate 200. The
high-resistant substrate 200 is formed of an etch-resistant
substrate, and preferably a sapphire substrate. The first com-
pound semiconductor layer 202 is formed of a GaN based
1II-V nitride compound semiconductor layer, and preferably
a direct transition type compound semiconductor layer. An
indirect transition type compound semiconductor layer can
be used for the first compound semiconductor layer 202. The
direct transition type compound semiconductor layer is pref-
erably an n-type GaN layer. The first compound semiconduc-
tor layer 202 may be formed of an updoped GaN based
compound semiconductor layer, for example, an undoped
GaN layer, InGaN, or AlGaN layer. The active layer 204 is
formed of, preferably, a GaN based II1I-V nitride compound
semiconductor layer having, more preferably, a MQW struc-
ture. Most preferably, the active layer 204 is formed of an
InAlLGa, . N layer (where O#x#1, O#y#1, and x+y#1). A
second compound semiconductor layer 206 and a light-trans-
mitting conductive layer 208 through which light generated in
the active layer 204 passes are sequentially formed on the
active layer 204. The second compound semiconductor layer
206 is preferably formed of the same material layer as the first
compound semiconductor layer but doped with p-type impu-
rities. The second compound semiconductor layer 206 is
formed of, for example, a p-type GaN layer. Like the first
compound semiconductor layer 202, the second compound
semiconductor layer 206 may be formed of an updoped mate-
rial layer. In this case, the second compound semiconductor
layer 206 is formed of the same material layer as the first
compound semiconductor layer 202. The light-transmitting
conductive layer 208 is used as an upper electrode.

[0084] A photosensitive layer (not shown) is deposited on
the light-transmitting conductive layer 208 and patterned into
a photosensitive pattern 212 through which a region of the
light-transmitting conductive layer 208 in which a pad layeris
to be formed is exposed. The photosensitive pattern 212 is
formed of a photoresist pattern. A pad conductive layer 210 is
formed onthe photosensitive pattern 212 to cover the exposed
region of the light-transmitting conductive layer 208. Next,
the photosensitive pattern 212 is removed. During removal of
the photosensitive pattern 212, the pad conductive layer 212
on the photosensitive pattern 212 is also removed. Chemicals
used to ash and strip the photosensitive pattern 212 do not
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affect the pad conductive layer 210 formed on the light-
transmitting layer 208. After the removal of the photosensi-
tive pattern 212, only a pad conductive pattern 210a remain
on the light-transmitting conductive layer 208, as shown in
FIG. 24. Hereinafter, the pad conductive pattern 210q will be
referred to as a pad layer 201a. The pad layer 2104 is used for
bonding the light-transmitting conductive layer 208 in a pack-
age process.

[0085] Referring to FIG. 25, the resultant structure on
which the pad layer 201q is formed is inverted such that the
bottom of the high-resistant substrate 200 faces up. The entire
bottom surface of the high-resistant substrate 200 is subjected
to grinding, lapping, and polishing. Next, a mask layer (not
shown) is formed on the bottom of the high-resistant substrate
200. The mask layer may be a soft or hard mask layer. Pref-
erably, the soft mask is formed of a photoresist layer, and the
hard mask layer is formed of a silicon oxide layer or a metal
layer such as a nickel (Ni) layer. The mask layer is patterned
into a mask pattern 214 through which a region to be a via hole
at the bottom of the high-resistant substrate 200 is exposed.
The exposed region of the bottom of the high-resistant sub-
strate 200 is etched using the mask pattern 214 as an etch
mask until the first compound semiconductor layer 202 is
exposed. In this case, the high-resistant substrate 200 is dry
etched using Cl, or BCl; gases as a reactant gas. The reactant
gas used in the dry etching process may additionally include
argon (Ar) gas.

[0086] In the following embodiments, a description of dry
etching applied to a high-resistant substrate will be omitted.
[0087] Referring to FIG. 26, by etching the high-resistant
substrate 200, a via hole 216 through which the bottom of the
first compound semiconductor layer 202 is exposed is formed
in the high-resistant substrate 200. Next, the mask pattern 214
is removed.

[0088] Referring to FIG. 27, a conductive layer 218 is
formed on the bottom of the high-resistant substrate 200 in
which the via hole 216 is formed, and preferably, in contact
with the bottom of the first compound semiconductor layer
202 which is exposed through the via hole 216. The conduc-
tive layer 216 is used as a lower electrode. Because the high-
resistant substrate 200 is resistant against etching, the via hole
261 formed by etching has a gently slopping sidewall, thereby
improving step coverage with the conductive layer 218. As a
result, the conductive layer 218 is formed to have a uniform
thickness.

[0089] As aresult, a top-emitting type light-emitting diode
is obtained in which the via hole 216 exposing the bottom of
the first compound semiconductor layer 202 is formed in the
high-resistant substrate 200 on which the light-transmitting
conductive layer 208 used as the upper electrode, the conduc-
tive layer 218 used as the lower electrode, the active layer 204,
the first and second compound semiconductor layers 202 and
206, and the pad layer 210q are formed.

Embodiment 2

[0090] Referring to FIG. 28, a first compound semiconduc-
tor layer 202, an active layer 204, and a second compound
semiconductor layer 206 are sequentially formed on a high-
resistant substrate 200. Descriptions of the first compound
semiconductor layer 202, the active layer 204, and the second
compound semiconductor layer 206 are omitted here,
because they are the same as those described in Embodiment
1. A conductive layer 220 is formed on the second compound
semiconductor layer 206. Here, the conductive layer 220 is
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used as an upper electrode and preferably has a thickness
sufficient to shield light generated in the active layer 204.
[0091] As described in Embodiment 1, the resultant struc-
ture is inverted such that the bottom of the high-resistant
substrate 200 faces up, as shown in FIG. 29. Next, a via hole
216 is formed in the high-resistant substrate 200 so that the
bottom of the first compound semiconductor layer 202 is
exposed through the via hole 216. Next, a light-transmitting
conductive layer 222 is formed on, and preferably fully, the
bottom of the high-resistant substrate 200 in contact with the
exposed portion of the first compound semiconductor layer
202. The light-transmitting conductive layer 222 is used as a
lower electrode. A pad conductive layer (not shown) is
formed on the light-transmitting conductive layer 222 and
patterned into a pad layer 224. The pad layer 224 is used for
bonding of the light-transmitting conductive layer 222 in a
package process.

[0092] As a result, a light-emitting diode is obtained in
which the via hole 216 exposing the bottom of the first com-
pound semiconductor layer 202 is formed in the high-resis-
tant substrate 200 as in Embodiment 1. Unlike the light-
emitting diode of Embodiment 1, the light-emitting diode of
Embodiment 2 is a bottom-emitting type in which the lower
electrode formed on the bottom of the high-resistant substrate
200 in contact with the bottom of the first compound semi-
conductor layer 202 is transparent, and the pad layer 224 is
formed on the bottom of the lower electrode.

Embodiment 3

[0093] The present embodiment relates to a method for
fabricating a top-emitting type light-emitting diode as in
Embodiment 1. However, the processes following the etching
of'the high-resistant substrate 200 differ from Embodiment 1.
The processes up to grinding, lapping, and polishing of the
bottom of the high-resistant substrate 200 are performed
according to Embodiment 1.

[0094] Next, as shown in FIG. 30, a mask pattern 226,
which covers only a predetermined region of the high-resis-
tant substrate 200 and exposes the remaining portion, is
formed on the bottom of the high-resistant substrate 200. It is
preferable that the mask pattern 226 is formed at the bottom
center of the high-resistant substrate 200. The entire exposed
region of the high-resistant substrate 200 is etched using the
mask pattern 226 as an etch mask until the bottom of the first
compound semiconductor layer 202 is exposed.

[0095] Referring to FIG. 31, as a result of etching to the
bottom of the high-resistant substrate 200, but not the center
region thereof, a high-resistant substrate pattern 200a
remains on the bottom center of the first compound semicon-
ductor layer 202 so that the bottom of the first compound
semiconductor layer 202, except for a region protected by the
high-resistant substrate pattern 200q, is exposed. The
exposed region of the first compound semiconductor layer
202 is removed by a predetermined thickness during the
etching process. Due to the etch-resistance of the high-resis-
tant substrate 200, the sidewall of the high-resistant substrate
pattern 200 has a positive slope. In other words, the area of
a region of the high-resistant substrate pattern 200a covered
by the mask pattern 226 is smaller than that of a region of the
high-resistant substrate pattern 200q in contact with the first
compound semiconductor layer 202.

[0096] After removing the mask pattern 226, a conductive
layer 118 is formed on the bottom of the first compound
semiconductor layer 220, which is exposed by etching, to
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cover the high-resistant substrate pattern 2004, as shown in
FIG. 32. The conductive layer 228 is used as a lower elec-
trode.

[0097] As aresult, a top-emitting type light-emitting diode
is obtained in which the high-resistant substrate pattern 200a
is in contact with the bottom center of the first compound
semiconductor layer 202, and the light-reflecting lower elec-
trode 228 is formed in contact with the bottom of the first
compound semiconductor layer 202 surrounding the high-
resistant substrate pattern 200a.

Embodiment 4

[0098] The present embodiment is a combination of the
features of the light-emitting diode fabrication methods
according to Embodiments 2 and 3.

[0099] In particular, the processes up to polishing the bot-
tom of the high-resistant substrate 200 are performed accord-
ing to the method of Embodiment 2. Next, as shown in FIG.
33, a mask pattern 230 for use in forming a high-resistant
substrate pattern 200a shown in FIG. 34 is formed on the
bottom of the high-resistant substrate 200. The bottom of the
high-resistant substrate 200, which is exposed through the
mask pattern 240, is etched using the mask pattern 230 as an
etch mask, and the mask pattern 230 is removed. As a result,
the high-resistant substrate pattern 220a, as described in
Embodiment 3, remains on the bottom center of the first
compound semiconductor layer 202. A light-transmitting
conductive layer 232 that is transparent with respect to light
emitted from in the active layer 204 is formed on the bottom
of the first compound semiconductor layer 202 to cover the
high-resistant substrate pattern 220a. The light-transmitting
conductive layer 232 is used as a lower electrode. A pad
conductive layer (not shown) is formed over the light-trans-
mitting conductive layer 232 and patterned into a pad layer
234. The pad layer 234 can be formed in any region of the
light-transmitting conductive layer 232, but preferably in a
region on the bottom of the high-resistant substrate pattern
200q in consideration of convenience in bonding.

[0100] As a result, a bottom-emitting type light-emitting
diode is obtained in which the high-resistant substrate pattern
2004 is in contact with the bottom center of the first com-
pound semiconductor layer 202, and the light-transmitting
lower electrode 232 is formed in contact with the bottom of
the first compound semiconductor layer 202 surrounding the
high-resistant substrate pattern 200a.

Embodiment 5

[0101] The present embodiment relates to a method for
fabricating the semiconductor laser diode of Embodiment 13.
FIG. 35 illustrates a process of sequentially forming material
layers for lasing in a high-resistant substrate.

[0102] In particular, referring to FIG. 35, a first compound
semiconductor layer 302, a first cladding layer 304, a first
waveguide layer 106, an active layer 308, a second waveguide
layer 310, a second cladding layer 312, and a second com-
pound semiconductor layer 314 are sequentially formed on a
high-resistant substrate 300. The active layer 308 and the first
and second waveguide layers 306 and 310 form a resonator
layer for lasing. It is preferable that the high-resistant sub-
strate 300 is an etch-resistant sapphire substrate. Both the first
and second compound semiconductor layers 302 and 314 are
formed of a GaN based III-V nitride compound semiconduc-
tor layer, preferably a direct transition type compound layer,
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and most preferably an n-type GaN layer and p-type GaN
layer, respectively. An indirect transition type GaN based
III-V nitride compound semiconductor layer can be used for
the first and second compound semiconductor layers 302 and
314 without limitation to the type of transition. Alternatively,
the first and second compound semiconductor layers 302 and
314 may be formed of an undoped GaN layer or an InGaN or
AlGaN layer in which Al or Inis contained in a predetermined
ratio. The materials for the first and second compound semi-
conductor layers 302 and 304 are not limited to GaN based
materials and nitrides.

[0103] The active layer 308 is formed of, preferably, a GaN
based III-V nitride compound semiconductor layer having,
more preferably, a MQW structure. Most preferably, the
active layer 308 is formed of an InAl Ga, , N layer (where
O#xi#1, O#y#1, and x+y#1). The first and second cladding
layers 304 and 314 have refractive indexes smaller than the
first and second waveguide layers 306 and 310, respectively,
and also smaller than the active layer 308. Preferably, the first
cladding layer 304 is formed of an n-type AlGaN/GaN layer,
and the second cladding layer 310 is formed of a p-type
AlGaN/GaN layer. The first and second waveguide layers 106
and 310 are formed of material layers whose refractive
indexes are greater than the first and second cladding layers
304 and 312, respectively, and preferably GaN based I11-V
nitride compound semiconductor layers. More preferably, the
first and second waveguide layers 306 and 310 are formed of
ann-type GaN layer and a p-type GaN layer, respectively. The
first and second waveguide layers 306 and 310 fully reflect
only a light emitted from the active layer 308 in a direction
perpendicular to the axis of the resonator layer towards the
active layer 308 along with the first and second cladding
layers 304 and 312, respectively, to confine the light to the
active layer 308. To this end, preferably, the active layer 308
is formed of a material whose refractive index is greater than
the first and second waveguide layers 306 and 310. The active
layer 308 is a material layer in which substantial lasing
occurs. The active layer 308 is formed of, preferably, a GaN
based I1I-V nitride compound semiconductor layer, and more
preferably, an InGaN layer in which In is contained in a
predetermined ratio. The active layer 308 may be formed of
any I1I-V compound semiconductor material layer other than
GaN based material layers. In this case, the first and second
waveguide layers 306 and 310, the first and second cladding
layers 304 and 312, and the first and second compound semi-
conductor layers 302 and 314 are formed of other material
layers having properties matching well with the active layer
308.

[0104] Next, a photosensitive layer (not shown) is depos-
ited on the second compound semiconductor layer 314 and
patterned into a photosensitive pattern 316 covering a prede-
termined region of the second compound semiconductor
layer 314. The photosensitive pattern 316 is a mask pattern for
use in patterning the second clad layer 312 into a ridge form.

[0105] Referring to FIG. 36, using the photosensitive pat-
tern 316 as an etch mask, an exposed region of the second
compound semiconductor layer 314 is etched and then an
exposed region of the second cladding layer is etched by a
predetermined thickness. As a result, the second cladding
layer 312 becomes to have a ridge (or rib) structure in which
the center of the second cladding layer 312 above which the
photosensitive pattern 316 is formed is relatively thick, and
the peripheral region other than the center of the second
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cladding layer 312 is relatively thin. A second compound
semiconductor pattern 314a remains on the ridge of the sec-
ond cladding layer 312.

[0106] After removing the photosensitive pattern 316, as
shown in FIG. 37, a passivation layer 318 is formed over the
cladding layer 312 having the ridge structure and patterned to
expose a region, preferably the center, of the second com-
pound semiconductor pattern 314a. As a result, the passiva-
tion layer 318 is formed on the second cladding layer 312
symmetrically around and in contact with the second com-
pound semiconductor pattern 314a. A conductive layer 320 is
formed on the passivation layer 318 in contact with the
exposed region of the second compound semiconductor pat-
tern 314a. The conductive layer 3120 is used as an upper
electrode.

[0107] Referring to FIG. 38, after forming the conductive
layer 320, the resultant structure is inverted such that the
bottom of the high-resistant substrate 300 faces up. Next, the
bottom of the high-resistant substrate 300 is subjected to
grinding, lapping, and polishing to reduce the thickness of the
high-resistant substrate 300 to an extent where the device can
still be supported. A mask layer (not shown) is formed on the
polished bottom of the high-resistant substrate 300. The mask
layer is formed of a photoresist layer, a silicon oxide layer, or
a metal layer such as a nickel layer. The mask layer is pat-
terned into a mask pattern 322 exposing a region to be a via
hole at the bottom of the high-resistant substrate 300. The
exposed region of the high-resistant substrate 300 is etched
using the mask pattern 322 as an etch mask until the bottom of
the first compound semiconductor layer 302 is exposed.

[0108] As aresult, a via hole 324 exposing a region of the
bottom of the first compound semiconductor layer 302 is
formed in the high-resistant substrate 300, as shown in FIG.
39. After removing the mask pattern 322 (this removal of the
mask pattern 322 is not necessary if the mask pattern 322 is a
hard mask pattern such as a silicon oxide pattern or metal
patter), as shown in FIG. 40, a conductive layer 326 is formed
on the bottom of the high-resistant substrate 300, and prefer-
ably the entire region of the high-resistance substrate 300
exposed through the via hole 324, in contact with the bottom
of the first compound semiconductor layer 302 exposed
through the via hole 324. Although not illustrated in FIG. 40,
the conductive layer 326 may be formed of multiple layers.
For example, an ohmic contact layer (denoted by reference
numeral 80 in FIG. 19 or 21) may be formed on the bottom of
the high-resistant substrate 300 in contact with the bottom of
the first compound semiconductor layer 302 exposed through
the via hole 324 and then a thermal conductive layer (denoted
by reference numeral 76 in FIG. 19 or 21) may be formed on
the ohmic contact layer. The conductive layer 326 is used as
a lower electrode. If there is no need to consider heat gener-
ated during a lasing process, the conductive layer 326 can be
formed to fill the via hole 324.

[0109] As a result, a laser diode is obtained in which the
material layers for lasing are formed between electrodes fac-
ing each other and the lower electrode is formed in contact
with the material layer for lasing through the via hole formed
in the high-resistant substrate.

Embodiment 6

[0110] The present embodiment relates to a method for
fabricating the semiconductor laser diode of Embodiment 14.
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In the present embodiment, the processes up to polishing the
bottom of the high-resistant substrate 300 are performed
according to Embodiment 5.

[0111] Referring to FIG. 41, a mask pattern 328 is formed
on the bottom of the high-resistant substrate 300 to cover a
predetermined region, preferably, the center, of the bottom of
the high-resistant substrate 300 and expose the remaining
region. The exposed region ofthe high-resistant substrate 300
is etched using the mask pattern 328 as an etch mask until the
bottom of the first compound semiconductor layer 302 is
exposed. As a result, a high-resistant substrate pattern 300a
covering a predetermined region, preferably, the center, of the
bottom of the first compound semiconductor layer 302
remains, and the bottom of the first compound semiconductor
layer 302 is exposed around the high-resistant substrate pat-
tern 300a, as shown in FIG. 42.

[0112] After removing the mask pattern 328, a conductive
layer 330 is formed on the exposed region of the first com-
pound semiconductor layer 302 to cover fully the high-resis-
tant substrate pattern 300q, as shown in FI1G. 43. The conduc-
tive layer 330 is used as an upper electrode. Because the
sidewall of the high-resistant substrate pattern 300a has a
positive slope, the conductive layer 300 having an even thick-
ness can be formed. The conductive layer 330 may be formed
of multiple layers, as in Embodiment 5 relating to the laser
diode fabricating method.

[0113] As a result, a laser diode is obtained in which the
material layers for lasing are formed between the electrodes
facing each other, and the lower electrode is formed in contact
with the material layers for lasing and to cover the high-
resistant substrate pattern.

[0114] Alternatively, in forming the via hole 332 in the
high-resistant substrate 300 to expose the bottom of the first
compound semiconductor layer 302, separation of the light-
emitting device also can be performed. This etching process
can be applied in the embodiments of light-emitting device
fabrication where a via hole is formed in the high-resistant
substrate 300.

[0115] Inparticular, as shown in FIG. 44, in forming the via
hole 332 in the high-resistant substrate 300, at the same time
a trench 334 for device isolation can be formed in the bound-
ary region between light-emitting devices. By doing so, a
separate diamond cutting process for device isolation is not
necessary, and the light-emitting devices can be separated by
pushing the opposite side to the side where the trench 334 is
formed. In FIG. 44, reference character A denotes a region
where a light-emitting diode is formed.

[0116] While this invention has been particularly shown
and described with reference to preferred embodiments
thereof, the preferred embodiments described above are
merely illustrative and are not intended to limit the scope of
the invention. For example, it will be appreciated by one
skilled in the art that a protective layer for the structure
formed on the high-resistant substrate may be formed prior to
polishing the bottom of the high-resistant substrate. Also, the
structure of a light emitting material layer or material layers
for lasing may be varied. For a laser diode, the structure
between the active layer and the upper electrode may have a
shape other than the ridge. The sprit of the present invention
can be extended to refractive index-adjusted waveguiding
laser diodes as well as gain-adjusted waveguiding laser
diodes. It will be understood by those skilled in the art that
various changes in form and details may be made therein
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without departing from the spirit and scope of the invention as
defined by the appended claims.

[0117] As described above, the two electrodes in a light-
emitting device according to the present invention are
arranged to face each other around the light-emitting region.
For example, the two electrodes are aligned vertically with
the light emitting region therebetween. Therefore, bonding
with only wire is enough in a packaging step, thereby simpli-
fying the process with reduced time consumption. In addi-
tion, one electrode is not formed in a deeply etched region as
in the conventional art so that bonding failure is reduced with
increased yield. Unlike the conventional art in which forma-
tion of an electrode pattern is followed by deep etching to
expose an n-type GaN layer, an electrode is formed on the
bottom of the substrate, thereby simplifying the photolithog-
raphy and the overall device fabricating process. The laser
diode according to the present invention includes on the bot-
tom of the substrate a material layer having excellent thermal
conductivity in contact with the n-type material layer so that
heat generated in the active layer during laser emission can be
dissipated effectively without performing the conventional
flip-chip bonding process. Therefore, according to the present
invention, degradation in device characteristics can be pre-
vented with reduced processing time (Y4 reduction with
respect to the conventional method) and increased yield.

What is claimed is:

1. A light-emitting device comprising:

an active layer in which light is emitted;

first and second electrodes arranged facing each other
around the active layer;

a first compound semiconductor layer formed between the
active layer and the first electrode;

a second compound semiconductor layer, opposite to the
first compound semiconductor layer, formed between
the active layer and the second electrode; and

a high-resistant substrate formed on the bottom of the first
compound semiconductor layer while being partially
removed to allow an electrical contact between the first
compound semiconductor layer and the first electrode.

2. The light-emitting device of claim 1, wherein a via hole
exposing the bottom of the first compound semiconductor
layer is formed in the high-resistant substrate, and the first
electrode contacts the first compound semiconductor layer
through the via hole.

3. The light-emitting device of claim 1, wherein the high-
resistant substrate covers only a portion of the bottom of the
first compound semiconductor layer, and the first electrode
contacts a part of or the entire first compound semiconductor
layer.

4. The light-emitting device of claim 1, wherein the high-
resistant substrate is a sapphire substrate.

5. The light-emitting device of claim 1, wherein the first
and second electrodes are formed of a light-transmitting
material.

6. The light-emitting device of claim 5, further comprising
a pad layer partially or fully covering the second electrode.

7. The light-emitting device of claim 1, wherein the first
electrode is formed of a light-reflecting material and the sec-
ond electrode is formed of a light-transmitting material.

8. The light-emitting device of claim 7, further comprising
a pad layer partially or fully covering the second electrode.

9. The light-emitting device of claim 1, wherein the first
electrode is formed of a light-transmitting material and the
second electrode is formed of a light-reflecting material.
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10. The light-emitting device of claim 9, further compris-
ing a pad layer partially or fully covering the first electrode.

11. The light-emitting device of claim 1, wherein the first
compound semiconductor layer is an n-type or undoped GaN
based I1I-V nitride compound semiconductor layer.

12. The light-emitting device of claim 1, wherein the sec-
ond compound semiconductor layer is a p-type GaN based
III-V nitride compound semiconductor layer.

13. The light-emitting device of claim 1, wherein the active
layer is an In Al Ga, . N layer, where O#x#1, O#y#1, and
X+y#1.

14. The light-emitting device of claim 1, wherein the active
layer is an In, Al Ga,_, N layer having a multi-quantum well
(MQW) structure, where 0#x#1, O#y#1, and x+y#1.

15. The light-emitting device of claim 1, wherein the first
electrode comprises an ohmic contact layer covering a region
of the first compound semiconductor layer exposed through
the removed region of the high-resistant substrate, and a
thermal conductive layer formed on the ohmic contact layer.

16. A light-emitting device comprising:

a high-resistant substrate;

first and second electrodes arranged with the high-resistant

substrate therebetween; and

a material layer formed for lasing between the high-resis-

tant substrate and the second electrode,

wherein a region of the high-resistant substrate is removed,

and the first electrode contacts the material layer through
the removed region of the high-resistant substrate.

17. The light-emitting device of claim 16, wherein the
material layer for lasing comprises:

a resonator layer;

first and second cladding layers arranged with the resona-

tor layer therebetween;

first and second compound semiconductor layers arranged

on the respective first and second cladding layers; and

a passivation layer formed between the second cladding

layer and the second electrode in contact with a region of
the second compound semiconductor layer in a sym-
metrical manner,

wherein the bottom of the first compound semiconductor

layer contacts the first electrode through the removed
region of the high-resistant substrate.

18. The light-emitting device of claim 17, wherein the
resonator layer comprises:

an active layer in which lasing occurs;

afirst waveguide layer formed between the active layer and

the first cladding layer; and

a second waveguide layer formed between the active layer

and the second cladding layer.

19. The light-emitting device of claim 17, wherein a via
hole exposing the bottom of the first compound semiconduc-
tor layer is formed in the high-resistant substrate, and the first
electrode contacts the first semiconductor compound layer
through the via hole.

20. The light-emitting device of claim 17, wherein the
high-resistant substrate covers only a region of the bottom of
the first compound semiconductor layer, and the first elec-
trode contacts a part of or the entire of the first compound
semiconductor layer.

21. The light-emitting device of claims 16, wherein the
high-resistant substrate is a sapphire substrate.

22. The light-emitting device of claims 17, wherein the first
compound semiconductor layer is an n-type or undoped GaN
based I1I-V nitride compound semiconductor layer.
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23. The light-emitting device of claim 17, wherein the
second compound semiconductor layer is a p-type GaN based
1I1-V nitride compound semiconductor layer.

24. The light-emitting device of claim 17, wherein the
active layer is an In, Al Ga, , N layer, where O#x#1, O#y#1,
and x+y#1.

25. The light-emitting device of claim 17, wherein the
active layer is an In,Al Ga, , N layer having a multi-quan-
tum well (MQW) structure, where O#x#1, O#ty#1, and x+y#1.

26. The light-emitting device of claim 17, wherein the first
electrode comprises an ohmic contact layer covering a region
of the first compound semiconductor layer exposed through
the removed region of the high-resistant substrate, and a
thermal conductive layer formed on the ohmic contact layer.

27. A light-emitting device comprising:

an active layer in which light is emitted;

first and second material layers with the active layer ther-
ebetween, the first and second material layers are for
inducing laser emission in the active laser by lasing;

a first electrode formed in contact with the lowermost layer
of the first material layers;

a second electrode formed in contact with the uppermost
layer of the second material layers in a restricted man-
ner; and

a heat-dissipating element displaced in contact with the
lowermost layer of the first material layers for effective
heat dissipation.

28. The light-emitting device of claim 27, wherein the
heat-dissipating element is a thermal conductive layer, and
the thermal conductive layer contacts a region of the lower-
most layer of the first material layers while a substrate is
present on the remaining region of the lowermost layer of the
first material layers.

29. The light-emitting device of claim 28, wherein the
thermal conductive layer contacts the region of the lower
most layer of the first material layers through a via hole
formed in the substrate.

30. The light-emitting device of claim 29, wherein a dent
extending into the lowermost layer of the first material layers
is formed along with the via hole in the substrate.

31. The light-emitting device of claim 29, wherein the via
holeis formed in a region of the substrate aligned with the first
electrode.

32. The light-emitting device of claim 29, wherein a plu-
rality of via holes are formed in the substrate.

33. The light-emitting device of claims 29, wherein the via
hole extends past the lowermost layer of the first material
layers.

34. The light-emitting device of claim 28, wherein a region
of'the lowermost layer of the first material layers is etched by
a predetermined thickness so that there exists a step between
the region ofthe lowermost layer of the first material layers on
which the substrate is present and the etched region of the
lowermost layer where the substrate is not present.

35. The light-emitting device of claim 30, wherein a por-
tion of the thermal conductive layer indirectly contacts the
lowermost layer of the first material layers by the dent.

36. The light-emitting device of claim 35, wherein a plu-
rality of dents are formed in the substrate.

37. The light-emitting device of claim 35, wherein a via
hole extending past the lowermost material layer are addi-
tionally formed in the substrate.
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38. The light-emitting device of claims 27, wherein the
thermal conductive layer comprises at least one selected from
the group consisting of gold (Au), silver (Ag), copper (Cw),
nickel (Ni), and indium (In).

39. The light-emitting device of claims 28, wherein the
substrate is a high-resistant substrate, a silicon carbide (SiC)
substrate, or a III-V compound semiconductor substrate.

#* #* #* #* #*
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