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NITRIDE-BASED WHITE LIGHT EMITTING
DEVICE AND MANUFACTURING METHOD
THEREOF

[0001] This Application claims priority to Korean patent
application number 10-2005-0074593, filed on Aug. 14, 2005
and all the benefits accruing therefrom under 35 U.S.C. §119,
and the contents of which in its entirety are herein incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a white light emit-
ting device and a manufacturing method thereof, and, in par-
ticular, to a top-emission nitride-based white light emitting
device and a manufacturing method thereof.

[0004] (b) Description of the Related Art

[0005] Generally, a top-emission nitride-based light emit-
ting device includes a p-type nitride-based cladding layer, an
n-type nitride-based cladding layer, and a nitride-based active
layer interposed therebetween. In the nitride-based light
emitting device, light generated in the active layer passes
through the n-type or p-type cladding layer and is emitted.
[0006] The p-type nitride-based cladding layer has a low
hole concentration to have high sheet resistance. In order to
compensate for the high sheet resistance, a thin ohmic contact
layer including a nickel (Ni) thin film and a gold (Au) thin
film is suggested to be employed.

[0007] However, when the light passes through the p-type
cladding layer, the light emitting device has low emission
efficiency due to the poor transmittance of the Ni—Au thin
films and is thermally unstable due to the small thickness of
the Ni—Au thin films.

[0008] Therefore, transparent conductive oxides such as
indium-tin oxide (ITO) and zinc oxide (ZnO) are introduced
as the material of the ohmic contact layer.

[0009] However, ITO or ZnO forms a schottky contact at an
interface to cause great voltage drop and has large sheet
resistance such that the operating voltage of the light emitting
device is increased.

[0010] In the meantime, a structure for emitting light
through the n-type nitride-based cladding layer is suggested.
The structure includes a reflective p-type ohmic contact layer
under the active layer and an n-type ohmic contact layer along
with an electrode pad having a small contact area on the active
layer so that the emission efficiency may be increased and
heat generated during the operation of the light emitting
device may be easily dissipated. However, the surface of the
n-type nitride-based cladding layer in the above-described
light emitting device may be apt to be oxidized due to the heat
generated during the operation of the light emitting device,
thereby degrading the reliability of the light emitting device.
Accordingly, transparent conductive materials that are hardly
oxidized are introduced as the material of the ohmic contact
layer for the n-type nitride-based cladding layer.

[0011] Examples of transparent conductive materials
include transparent conductive oxides such as 1TO, In,Oj,
Sn0O,, and ZnO and transparent conductive nitrides such as
titanium nitride (TiN).

[0012] However, when the above-described transparent
conductive oxides and nitrides are deposited by processes
including chemical vapor deposition (“CVD”) and physical
vapor deposition such as sputtering, electron beam deposition
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and thermal deposition, deposited thin films have large sheet
resistance. In addition, the transparent conductive oxides and
nitrides have workfunction that is small and difficult to be
adjusted, thereby forming high contact barrier and resistance.
[0013] Moreover, the transparent conductive thin films
have high reflectance and absorbance for the light generated
in the active layer and have refractive indices higher than air
and two-dimensional flat interfaces, thereby further decreas-
ing the emission efficiency of the light emitting device.
[0014] In the meantime, a nitride-based light emitting
device emitting white light may include a light emitting mem-
ber emitting ultraviolet light, near ultraviolet light, blue light,
or green light and a phosphor, or may include a plurality of
laminated light emitting members. However, the phosphor
may cause environmental pollution and heat generation and
may absorb significant amount of light to decrease the effi-
ciency of the light emitting device. In addition, the lamination
of light emitting members for manufacturing a light emitting
device having high efficiency may be difficult.

BRIEF SUMMARY OF THE INVENTION

[0015] An exemplary embodiment of a white light emitting
device according the present invention includes an n-type
cladding layer, a p-type cladding layer, an active layer inter-
posed between the n-type cladding layer and the p-type clad-
ding layer and an ohmic contact layer contacting the p-type
cladding layer or the n-type cladding layer. The ohmic contact
layer includes a first film that includes a transparent conduc-
tive zinc oxide doped with a rare earth metal and having a
one-dimensional nano structure. The one-dimensional nano
structure is one of a nano-column, a nano rod, and a nano
wire.

[0016] In an exemplary embodiment, the one rare earth
metal may include Er, Sm, Ce, Pr, Pm, Eu, Gd, Tb, Dy, Ho,
Tm, Yb, Lu, Th, Pa, U, Np, Pu, Am, Bk, Cf, Es, Fm, Md, No,
Lr, and CmAn amount of the rare earth metal may be equal to
or smaller than about 20 weight %.

[0017] In an exemplary embodiment, the n-type cladding
layer, the p-type cladding layer, and the active layer may
include nitrogen. The n-type cladding layer, the p-type clad-
ding layer, and the active layer may include a group III
nitride-based compound such as a compound having Al -
In,Ga,N, where x, y and z are integers.

[0018] In an exemplary embodiment, the first film further
may include an additional ingredient including one of alumi-
num (Al), chromium (Cr), silicon (Si), germanium (Ge),
indium (In), lithium (Li), gallium (Ga), magnesium (Mg),
zine (Zn), beryllium (Be), molybdenum (Mo), vanadium (V),
copper (Cu), iridium (Ir), rhodium (Rh), ruthenium (Ru),
tungsten (W), cobalt (Co), nickel (Ni), manganese (Mn),
titanium (T1), tantalum (Ta), cadmium (Cd), lanthanum (La),
and oxides thereof. An amount of the additional ingredient
may be from about 0.1 weight % to about 49 weight %.
[0019] In an exemplary embodiment, the first film may
have a thickness equal to or greater than about five nanom-
eters.

[0020] In an exemplary embodiment, the ohmic contact
layer may further include a second film disposed between the
first film and the p-type cladding layer or the n-type cladding
layer. The second film may include a metal including Ni, Pd,
Pt, Rh, Zn, In, Sn, Zn, Ag, and Au, transparent conductive
oxides including ITO, SnO,, ZnO, In,0;, Ga,0;, RhO,, NiO,
Co0, PdO, PtO, CuAlO,, CdO, and CuGa0,, and transparent
conductive nitrides including TiN, TaN, and SiNx.
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[0021] In an exemplary embodiment, the white light emit-
ting device may further include a first electrode pad contact-
ing the ohmic contact layer and a second electrode pad elec-
trically connected to the p-type cladding layer or the n-type
cladding layer and disconnected from the first electrode pad.
[0022] In an exemplary embodiment, the white light emit-
ting device may further include a substrate, a bonding layer
disposed on the substrate, a reflective layer disposed on the
bonding layer and disposed under the p-type cladding layer or
the n-type cladding layer and an electrode pad contacting the
ohmic contact layer.

[0023] An exemplary embodiment of a method of manu-
facturing a white light emitting device includes forming an
n-type cladding layer, an active layer, and a p-type cladding
layer on a substrate, forming a transparent conductive zinc
oxide film of an ohmic contact layer, the zinc oxide film
doped with a rare earth metal and having a nano structure and
heat treating the zinc oxide film.

[0024] In an exemplary embodiment, the rare earth metal
may include one of Er, Sm, Ce, Pr, Pm, Eu, Gd, Tb, Dy, Ho,
Tm, Yb, Lu, Th, Pa, U, Np, Pu, Am, Bk, Cf, Es, Fm, Md, No,
Lr, and Cm. An amount of the rare earth metal may be equal
to or smaller than about 20 weight %.

[0025] In an exemplary embodiment, the formation of the
zinc oxide film may include depositing a two-dimensional
thin film of zinc oxide, and etching and re-growing the two-
dimensional thin film under an atmosphere including a hydro-
gen gas.

[0026] In an exemplary embodiment, the zinc oxide film
may include one of aluminum

[0027] (Al), chromium (Cr), silicon (Si), germanium (Ge),
indium (In), lithium (Li), gallium (Ga), magnesium (Mg),
zine (Zn), beryllium (Be), molybdenum (Mo), vanadium (V),
copper (Cu), iridium (Ir), rhodium (Rh), ruthenium (Ru),
tungsten (W), cobalt (Co), nickel (Ni), manganese (Mn),
titanium (T1), tantalum (Ta), cadmium (Cd), lanthanum (La),
and oxides thereof.

[0028] In an exemplary embodiment, the method may fur-
ther include forming an ohmic interlayer under the zinc oxide
film. The ohmic interlayer may include a metal including Ni,
Pd, Pt, Rh, Zn, In, Sn, Ag, Au, Cd, Mg, Be, Mo, V, Cu, Ti, Ir,
Ru, W, Co, Mn, and La, transparent conductive oxides includ-
ing ITO, SnO,, ZnO, In,0;, Ga,0,, RhO,, NiO, CoO, PdO,
PtO, CuAlO,, CdO, and CuGaO,, and transparent conductive
nitrides including TiN, TaN, and SiNx.

[0029] In an exemplary embodiment, the method may fur-
ther include performing heat treatment after the formation of
the ohmic interlayer and before the formation of the zinc
oxide film. The heat treatment before the formation of the zinc
oxide film may be performed at a temperature equal to or
lower than about 800° C. and under a vacuum or under an
atmosphere of oxygen (O,), nitrogen (N, ), argon (Ar), hydro-
gen (H,), or air.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 11is a sectional view of an exemplary embodi-
ment of a top-emission nitride-based white light emitting
device having a mesa structure according to the present inven-
tion.

[0031] FIG. 2 is a sectional view of an exemplary embodi-
ment of a top-emission nitride-based white light emitting
device having a vertical structure according to the present
invention.
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[0032] FIG. 3 is a sectional view of another exemplary
embodiment of a top-emission nitride-based white light emit-
ting device having a vertical structure according to the present
invention.

[0033] FIG. 4 is a sectional view of another exemplary
embodiment of a top-emission nitride-based white light emit-
ting device having a vertical structure according to the present
invention.

[0034] FIG. 5A, FIG. 5B, and FIG. 5C show exemplary
embodiments of shapes of grown zinc oxides (ZnO) having
one-dimensional nano structure for forming the ohmic con-
tact layer shown in FIG. 1 to FIG. 4.

[0035] FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D show
exemplary embodiments of various shapes made by etching
zinc oxides (ZnO) doped with a rare earth metal to have
one-dimensional nano structure for forming the ohmic con-
tact layer shown in FIG. 1 to FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

[0036] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein. In the drawings, the
thickness of layers, films, panels, regions, etc. are exagger-
ated for clarity. Like numerals refer to like elements through-
out. It will be understood that when an element such as a layer,
film, region or substrate is referred to as being “on” another
element, it can be directly on the other element or intervening
elements may also be present. In contrast, when an element is
referred to as being “directly on” another element, there are
no intervening elements present. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items.

[0037] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0038] Spatially relative terms, such as “lower,” “upper”
and the like, may be used herein for ease of description to
describe the relationship of one element or feature to another
element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms are intended to
encompass different orientations of the device in use or
operation, in addition to the orientation depicted in the fig-
ures. For example, if the device in the figures is turned over,
elements described as “lower” relative to other elements or
features would then be oriented “upper” the other elements or
features. Thus, the exemplary term “lower” can encompass
both an orientation of above and below. The device may be
otherwise oriented (rotated 90 degrees or at other orienta-
tions) and the spatially relative descriptors used herein inter-
preted accordingly.

[0039] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular

[TPR LI

forms “a”, “an” and “the” are intended to include the plural
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forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0040] Embodiments of the invention are described herein
with reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing.

[0041] For example, an implanted region illustrated as a
rectangle will, typically, have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implantation
takes place. Thus, the regions illustrated in the figures are
schematic in nature and their shapes are not intended to illus-
trate the actual shape of a region of a device and are not
intended to limit the scope of the invention.

[0042] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0043] Hereinafter, the present invention will be described
in detail with reference to the accompanying drawings.
[0044] Now, exemplary embodiments of white light emit-
ting devices according to the present invention are described
in detail with reference to FIG. 1, FIG. 2, FIG. 3 and FIG. 4.
[0045] FIG. 11is a sectional view of an exemplary embodi-
ment of a top-emission nitride-based white light emitting
device having a mesa structure according to the present inven-
tion.

[0046] Referring to FIG. 1, anitride-based buffer layer 120,
an n-type nitride-based cladding layer 130, a nitride-based
active layer 140, a p-type nitride-based cladding layer 150,
and an ohmic contact layer 160 are sequentially formed on a
substrate 110. A p-type electrode pad 170 is formed at a side
of the ohmic contact layer 160. An n-type electrode pad 180
is formed on a side on the n-type cladding layer 130 and is
disconnected from the p-type electrode pad 170.

[0047] Inanexemplary embodiment, the substrate 110 may
be made of an insulating material such as sapphire (Al,O;),
and the nitride-based buffer layer 120 may be omitted.
[0048] In exemplary embodiments, each layer from the
buffer layer 120 to the p-type cladding layer 150 includes a
group III nitride-based compound, e.g., a compound having
Al In,Ga,N (where x, y and z are integers). In one exemplary
embodiment, the n-type cladding layer 130 may further
include an n-type dopant as well as the group I1I nitride-based
compound and the p-type cladding layer 150 may further
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include a p-type dopant as well as the group 111 nitride-based
compound. The active layer 140 generates light and may be
single crystalline. The active layer 140 may have a single-
layer structure or a multi-quantum well (“MQW”) structure.
[0049] In one exemplary embodiment, when employing a
gallium nitride (GaN) compound, the nitride-based buffer
layer 120 may be made of GaN, and the n-type cladding layer
130 may be made of GaN doped with n-type dopant such as
Si, Ge, Se or Te. The active layer 140 may have a MQW
structure of InGaN and GaN or a MQW structure of AlGaN
and GaN The p-type cladding layer 150 may be made of GaN
doped with p-type dopant such as Mg, Zn, Ca, Sr or Ba.
[0050] Referring to FIG. 1, the n-type cladding layer 130
includes a thick portion and a thin portion taken in a direction
perpendicular to the substrate 100. The active layer 140, the
p-type cladding layer 150 and the ohmic contact layer 160 are
disposed on the thick portion of the n-type cladding layer 130,
and the n-type electrode pad 180 on the thin portion thereof.
This structure can be obtained by sequentially depositing the
n-type cladding layer 130, the active layer 140, the p-type
cladding layer 150 and the ohmic contact layer 160 and then
removing a portion of these layers, such as by etching them.
[0051] Inanexemplary embodiment, an n-type ohmic con-
tact layer (not shown) may be interposed between the n-type
cladding layer 130, such as on the thin portion of the n-type
cladding layer 130, and the n-type electrode pad 180. In one
exemplary embodiment, the n-type ohmic contact layer may
have various structures, e.g. a sequentially deposited struc-
ture of a titanium thin film and an aluminum thin film.
[0052] In an exemplary embodiment, the p-type electrode
pad 170 may have a sequentially deposited structure of a Ni
thin film and an Au thin film, or of an Ag thin film and an Au
thin film

[0053] The ohmic contact layer 160 includes a lower film
160p, an intermediate film 160q, and an upper film 1607 In an
alternative embodiment, one of the lower film 160p and the
intermediate film 160¢g may be omitted.

[0054] In an exemplary embodiment, the upper film 1607
includes a one-dimensional nano structure such as nano-col-
umns, nano-rods, or nano-wires. In addition, the upper film
1607 may have a two-dimensional lattice structure.

[0055] In exemplary embodiments, the upper film 1607
may be made of a transparent conductive zinc oxide (ZnO)
doped with a rare earth metal. The rare earth metal may
include, but is not limited to, Er, Sm, Ce, Pr, Pm, Eu, Gd, Tb,
Dy, Ho, Tm, Yb, Lu, Th, Pa, U, Np, Pu, Am, Bk, Cf, Es, Fm,
Md, No, Lr, and Cm. In one exemplary embodiment, the
amount of the rare earth metal may be equal to or lower than
20 weight percent (wt %).

[0056] In exemplary embodiments where the upper film
1607 may only include zinc, oxide, and at least one rare metal,
the upper film 1607 may further include an additional ingre-
dient for adjusting electron concentration, energy bandgap, or
refractive index of the zinc oxide. The additional ingredient
may be a metal or an oxide thereof including, but not limited
to, aluminum (Al), chromium (Cr), silicon (Si), germanium
(Ge), indium (In), lithium (Li), gallium (Ga), magnesium
(Mg), zinc (Zn), beryllium (Be), molybdenum (Mo), vana-
dium (V), copper (Cu), iridium (Ir), thodium (Rh), ruthenium
(Ru), tungsten (W), cobalt (Co), nickel (Ni), manganese
(Mn), titanium (Ti), tantalum (Ta), cadmium (Cd), and lan-
thanum (La). That is, the upper film 1607 may include at least
one of the above-listed metals and oxides thereof as the addi-
tional ingredients.
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[0057] In an exemplary embodiment, the amount of the
additional ingredient may be from about 0.1 weight % to
about 49 weight %.

[0058] In an exemplary embodiment, the thickness of the
upper film 1607 may be equal to or greater than about 5
nanometers (nm). In one exemplary embodiment, the thick-
ness of the upper film 1607 may be equal to or greater than
about 10 nanometers.

[0059] In an exemplary embodiment, the upper film 1607
may be directly grown to have the one-dimensional nano
structure. In an alternative embodiment, the upper film 160~
may be formed by depositing a two-dimensional thin film of
zinc oxide and by etching and re-growing the two-dimen-
sional thin film with heat treatment under an atmosphere
including hydrogen gas (H,).

[0060] In an exemplary embodiment, the lower film 160p
and the intermediate film 1604 may be an ohmic interlayer for
improving the ohmic contact characteristic between the
p-type nitride-based cladding layer 150 and the upper film
1607

[0061] In exemplary embodiments, the lower film 160p
and/or the intermediate film 160 may be made of a metal
including, but not limited to, Ni, Pd, Pt, Rh, Zn, In, Sn, Ag,
Au, Cd, Mg, Be, Mo, V, Cu, Ti, Ir, Ru, W, Co, and Mn,
transparent conductive oxides including I1TO, SnO,, ZnO,
In,0;, Ga,0;, RhO,, NiO, CoO, PO, PtO, CuAlO,, CdO,
and CuGaO,, and transparent conductive nitrides including
TiN, TaN, and SiNx.

[0062] In an exemplary embodiment of a method of form-
ing the ohmic contact layer 160, after the lower film 160p and
the intermediate film 160¢ are deposited, and before or after
the upper film 1607 is deposited, heat treatment may be per-
formed at a temperature equal to or lower than about 800° C.
and under a vacuum or under an atmosphere of various gases
such as oxygen (O,), nitrogen (N,), argon (Ar), hydrogen
(H,), or air. The heat treatment may improve light transmit-
tance and conductivity of the ohmic contact layer 160. Fur-
thermore, plasma treatment may be performed by using ions
of such as oxygen (O,), nitrogen (N,), hydrogen (H,), or
argon (Ar) for improving optical and electrical characteristics
of the upper film 160

[0063] In an exemplary embodiment, each layer may be
formed by chemical vapor deposition (“CVD”) or physical
vapor deposition (“PVD”).

[0064] The CVD may include, but is not limited to, meta-
lorganic chemical vapor deposition (“MOCVD”).

[0065] The PVD may include, but is not limited to, evapo-
ration, laser deposition, and sputtering. The evaporation
includes, but is not limited to, thermal evaporation and elec-
tron beam evaporation. The laser deposition may include, but
it not limited to, a laser beam having high energy. The sput-
tering may include, but is not limited to, ions of oxygen (O,),
nitrogen (N,), or argon (Ar), and the sputtering may use two
or more sputtering guns, which is referred to as co-sputtering.
[0066] The active layer 140 of the white light emitting
device may emit ultraviolet light, near ultraviolet light, blue
light, or green light. The ohmic contact layer 160 containing
the rare earth metal can adjust the wavelength of the light
emitted by the active layer 140, supplies charge carriers to the
active layer 140, and spreads the current. Since the ohmic
contact layer 160 is transparent, the luminous efficiency of the
light emitting device increases.

[0067] Inthelightemittingdevice shown inFIG. 1, the light
generated in the active layer 140 passes through the p-type
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cladding layer 150 and is emitted Advantageously, the light
emitting device may be used for small emitting area, low
capacity, and low luminance.

[0068] FIG. 2 is a sectional view of an exemplary embodi-
ment of a top-emission nitride-based white light emitting
device having a vertical structure according to the present
invention.

[0069] The layered structure of a light emitting device
shown in FIG. 2 is similar to that shown in FIG. 1.

[0070] That is, a nitride-based buffer layer 220, an n-type
nitride-based cladding layer 230, a nitride-based active layer
240, a p-type nitride-based cladding layer 250, and an ohmic
contact layer 260 are sequentially formed on a substrate 210.
The ohmic contact layer 260 includes a lower film 260p, an
intermediate film 260¢, and an upper film 260z

[0071] Unlike the light emitting device shownin FIG. 1, the
substrate 210 of the light emitting device shown in FIG. 2 may
be made of conductive silicon carbide (SiC). An n-type elec-
trode pad 280 is disposed opposite to the buffer layer 220 with
respect to the substrate 210 and covers an entire surface of the
substrate 210. A p-type electrode pad 270 is formed on the
ohmic contact layer 260 and may be disposed substantially
near the middle of the ohmic contact layer 260.

[0072] In an exemplary embodiment, the n-type electrode
pad 280 is an ohmic electrode pad and may be made of'a metal
including, but not limited to, rhodium, or silver having high
reflectance. The n-type electrode pad 280 may have various
layered structures.

[0073] The n-type cladding layer 230 has a substantially
uniform thickness and thus no etching may be needed.
[0074] Since the light emitting device shown in FIG. 2 use
the conductive substrate 210, heat is effectively dissipated
from the light emitting device. Advantageously, the light
emitting device may be used for large area, large capacity, and
high luminance.

[0075] Many features of the light emitting device shown in
FIG. 1 may be applicable to the light emitting device shown in
FIG. 2.

[0076] FIG. 3 is a sectional view of another exemplary
embodiment of a top-emission nitride-based white light emit-
ting device having a vertical structure according to the present
invention.

[0077] The layered structure of a light emitting device
shown in FIG. 3 is similar to that shown in FIG. 2.

[0078] That is, an n-type nitride-based cladding layer 330,
a nitride-based active layer 340, a p-type nitride-based clad-
ding layer 350, an ohmic contact layer 360, and a p-type
electrode pad 370 are sequentially formed on a substrate 310.
The ohmic contact layer 360 includes a lower film 360p, an
intermediate film 360q, and an upper film 360z

[0079] Unlike the light emitting device shown in FIG. 2, the
light emitting device shown in FIG. 3 includes no n-type
electrode pad, and includes a bonding layer 320 instead of the
buffer layer. The substrate 310 may be made of a conductive
semiconductor, a metal, etc.

[0080] A reflective layer 390 is formed between the bond-
ing layer 320 and the n-type cladding layer 330 and the
reflective layer 390 reflects the light from the active layer 340.
[0081] In an exemplary embodiment of manufacturing the
light emitting device shown in FIG. 3, a structure including at
least one of the reflective layer 390, the n-type nitride-based
cladding layer 330, the nitride-based active layer 340, the
p-type nitride-based cladding layer 350, the ohmic contact
layer 360, and the p-type electrode pad 370 is formed on an
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insulation substrate (not shown) made of sapphire, etc. The
structure is separated from the insulation substrate, such as
using laser lift off, and bonded onto the conductive substrate
310 via the bonding layer 320.

[0082] The light emitting device shown in FIG. 3 also has
excellent heat dissipation and may advantageously used for
large area, large capacity, and high luminance.

[0083] Many features of the light emitting device shown in
FIG. 2may be applicable to the light emitting device shown in
FIG. 3.

[0084] FIG. 4 is a sectional view of another exemplary
embodiment of a top-emission nitride-based white light emit-
ting device having a vertical structure according to the present
invention.

[0085] The layered structure of a light emitting device
shown in FIG. 4 is similar to that shown in FIG. 3.

[0086] That is, a bonding layer 420 and a reflective layer
490 are sequentially formed on a substrate 410, and an n-type
nitride-based cladding layer 430, a nitride-based active layer
440, a p-type nitride-based cladding layer 450, and an ohmic
contact layer 460 are formed thereon. The ohmic contact
layer 460 includes a lower film 460p, an intermediate film
460q, and an upper film 460~

[0087] However, the relative positions of the n-type nitride-
based cladding layer 430 and the p-type nitride-based clad-
ding layer 450 in the light emitting device shown in FIG. 4 are
exchanged as compared with those shown in FIG. 3. In addi-
tion, an n-type electrode pad 480 are formed instead of the
p-type electrode pad 370.

[0088] Many features of the light emitting device shown in
FIG. 3 may be applicable to the light emitting device shown in
FIG. 4.

[0089] The white light emitting device as in the illustrated
exemplary embodiment including the nano-structured ohmic
contact layer improves the interface characteristic of the
ohmic contact layer to show improved current-voltage char-
acteristics and increases emission efficiency.

[0090] FIG. 5A, FIG. 5B, and FIG. 5C show exemplary
embodiment of shapes of grown zinc oxides (ZnO) doped
with a rare earth metal and having a one-dimensional nano
structure for forming the ohmic contact layer shown in FIG. 1
to FIG. 4.

[0091] The zinc oxides doped with a rare earth metal shown
in FIG. 5A, FIG. 5B, and FIG. 5C are formed under different
process conditions, e.g., at different temperatures and for
different process times.

[0092] FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6D show
exemplary embodiments of various shapes made by etching
zinc oxides (ZnO) doped with a rare earth metal to have
one-dimensional nano structure for forming the ohmic con-
tact layer shown in FIG. 1 to FIG. 4.

[0093] FIG. 6A shows a two-dimensional thin film formed
by depositing zinc oxide (ZnO). FIG. 6B, FIG. 6C, and FIG.
6D show zinc oxides made by etching the zinc oxide thin film
shown in FIG. 6A under an atmosphere of hydrogen gas or
ions, which have slightly different shapes depending on the
process temperature and the process time for the etching.
[0094] In order to improve the optical and electrical char-
acteristics of the nano-structured zinc oxide, in one exem-
plary embodiment, the zinc oxide is subjected to plasma
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treatment using ions of oxygen (O,), nitrogen (N,), hydrogen
(H,), and at a temperature equal to or lower than about 800°
C

[0095] Although preferred embodiments of the present
invention have been described in detail hereinabove, it should
be clearly understood that many variations and/or modifica-
tions of the basic inventive concepts herein taught which may
appear to those skilled in the present art will still fall within
the spirit and scope of the present invention, as defined in the
appended claims.

What is claimed is:

1. A method of manufacturing a white light emitting
device, the method comprising:

forming an n-type cladding layer, an active layer, and a

p-type cladding layer on a substrate, the active layer
being interposed between the n-type cladding layer and
the p-type cladding layer;

forming a transparent conductive zinc oxide film of an

ohmic contact layer, the zinc oxide film being doped
with at least one rare earth metal and including a nano
structure;

and

heat treating the zinc oxide film.

2. The method of claim 1, wherein the rare earth metal
comprises one of Er, Sm, Ce, Pr, Pm, Eu, Gd, Tb, Dy, Ho, Tm,
Yb, Lu, Th, Pa, U, Np, Pu, Am, Bk, Cf, Es, Fm, Md, No, Lr,
and Cm.

3. The method of claim 2, wherein an amount of the rare
earth metal is equal to or smaller than about 20 weight %.

4. The method of claim 1, wherein the formation of the zinc
oxide film comprising:

depositing a two-dimensional thin film of zinc oxide; and

etching and re-growing the two-dimensional thin film

under an atmosphere including a hydrogen gas.

5. The method of claim 1, wherein the zinc oxide film
comprises one of aluminum (Al), chromium (Cr), silicon (Si),
germanium (Ge), indium (In), lithium (Li), gallium (Ga),
magnesium (Mg), zinc (Zn), beryllium (Be), molybdenum
(Mo), vanadium (V), copper (Cu), iridium (Ir), rhodium (Rh),
ruthenium (Ru), tungsten (W), cobalt (Co), nickel (Ni), man-
ganese (Mn), titanium (Ti), tantalum (Ta), cadmium (Cd),
lanthanum (La), and oxides thereof.

6. The method of claim 2, further comprising:

forming an ohmic interlayer under the zinc oxide film,

wherein the ohmic interlayer comprises one of metals

including Ni, Pd, Pt, Rh, Zn, In, Sn, Ag, Au, Cd, Mg, Be,
Mo, V, Cu, Ti, Ir, Ru, W, Co, Mn, and La, transparent
conductive oxides including 1TO, SnO,, ZnO, In,0;,
Ga,0;, RhO,, NiO, CoO, PdO, PtO, CuAlO,, CdO, and
CuGaO,, and transparent conductive nitrides including
TiN, TaN, and SiNx.

7. The method of claim 6, further comprising:

performing a heat treatment after the formation of the

ohmic interlayer and before the formation of the zinc
oxide film.

8. The method of claim 7, wherein the heat treatment
before the formation of the zinc oxide film is performed at a
temperature equal to or lower than about 800° C. and under a
vacuum or under an atmosphere of oxygen (O,), nitrogen
(N,), argon (Ar), hydrogen (H,), or air.
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