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(57) Abstract: The present invention relates to a light emitting diode and a method for fabricating the same. According to the
present invention, there is provided a method for fabricating a light emitting diode, which comprises preparing a sapphire substrate;
growing a first n-type semiconductor layer on one surface of the sapphire substrate; growing a bowing prevention layer including
o AlIn N (x > 0.82) on the first n-type semiconductor layer; growing a second n-type semiconductor layer on the bowing prevention
layer; and growing an active layer and a p-type semiconductor layer on the second n-type semiconductor layer.
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Description

Title of Invention: LIGHT EMITTING DIODE AND METHOD
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FOR FABRICATING THE SAME
Technical Field

The present invention relates to a light emitting diode and a method for fabricating

the same.

Background Art

A light emitting diode is basically a PN junction diode having a junction of a p-type
semiconductor and an n-type semiconductor.

In the light emitting diode, if the p-type and n-type semiconductors are joined
together and then supplied with voltage so that current flows through the p-type and n-
type semiconductors, holes of the p-type semiconductor move toward the n-type semi-
conductor while electrons of the n-type semiconductor move toward the p-type semi-
conductor, whereby the electrons and the holes move toward the PN junction.

The electrons moving toward the PN junction are coupled with the holes while
falling from a conduction band to a valence band. In this case, energy corresponding to
a potential difference between the conduction band and the valence band, i.e., an
energy difference, is emitted in the form of light.

The light emitting diode which is a semiconductor device emitting light has charac-
teristics of environmental-friendliness, low voltage, long lifespan, low price, and the
like. Conventionally, the light emitting diode was frequently used in a lamp for display
or a display for simple information such as numbers. However, with the development
of industrial technologies, particularly with the development of information display
and semiconductor technologies, the light emitting diode has recently used in various
fields including displays, car headlamps, projectors, and the like.

The light emitting diode may be fabricated by growing epitaxial layers including a p-
type semiconductor layer, an active layer and an n-type semiconductor layer on a
sapphire substrate.

Here, in the method for growing the epitaxial layer on the sapphire substrate, the
epitaxial layer is grown by loading the sapphire substrate into a growth apparatus such
as a MOCVD (Metal Organic Chemical Vapor Deposition) apparatus, heating the
sapphire substrate at a high temperature, and then introducing gases necessary for
growth of the epitaxial layer.

If the growth of the epitaxial layer is completed, the sapphire substrate is cooled and
then extracted to the outside.

In this case, if the epitaxial layer is grown and then cooled, there is a problem in that
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a bowing phenomenon that the sapphire substrate is bowed due to a difference in
lattice constant between the sapphire substrate and the epitaxial layer, a high growth

temperature, and the like.
In order to solve the bowing phenomenon, conventionally, the thickness of the

growth substrate was made thick, or an AIN or AlGaN layer was formed during the
growth of the epitaxial layer.

However, using a thick growth substrate causes a problem of increasing fabrication
cost. In addition, there is a problem in that internal defects occur in the epitaxial layer
since the AIN or AlGaN layer has a lattice constant different from that of GaN that is a

material constituting the epitaxial layer.
Disclosure of Invention

Technical Problem

An object of the present invention is to provide a light emitting diode, in which a
bowing phenomenon is minimized and internal defects are also minimized in an
epitaxial layer when the epitaxial layer is grown on a sapphire substrate, and a method
for fabricating the light emitting diode.

Solution to Problem

According to an aspect of the present invention for achieving the object, there is
provided a method for fabricating a light emitting diode, which comprises preparing a
sapphire substrate; growing a first n-type semiconductor layer on one surface of the
sapphire substrate; growing a bowing prevention layer including Al In, N (x > 0.82)
on the first n-type semiconductor layer; growing a second n-type semiconductor layer
on the bowing prevention layer; and growing an active layer and a p-type semi-
conductor layer on the second n-type semiconductor layer.

The method may further comprise growing a defect propagation prevention layer
comprising AlIn; N (x = 0.82) on the bowing prevention layer, before growing the
second n-type semiconductor layer.

The growth of the bowing prevention layer may be performed during cooling from a
growth temperature of the first n-type semiconductor layer to a growth temperature of
the defect propagation prevention layer.

The growth temperature of the defect propagation prevention layer may be 740 to
840°C.

The bowing prevention layer and the defect propagation prevention layer may be
grown by supplying a source gas containing N, a source gas containing trimethyl
indium (TMIn) and a source gas containing trimethyl aluminum (TMALI), and the
source gas containing TMIn and the source gas containing TMAI may be supplied by

130 to 230 wmol and 15 to 25 umol, respectively.
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According to another aspect of the present invention, there is provided a light
emitting diode, comprising: a sapphire substrate; a first n-type semiconductor layer
formed on one surface of the sapphire substrate; a bowing prevention layer formed on
the first n-type semiconductor layer, the bowing prevention layer including Al,In, N
(x > 0.82); a second n-type semiconductor layer formed on the bowing prevention
layer; and an active layer and a p-type semiconductor layer, formed on the second n-

type semiconductor layer.
The light emitting diode may further comprise a defect propagation prevention layer

comprising AlIn; N (x = 0.82), and formed between the second n-type semiconductor
layer and the bowing prevention layer.

The bowing prevention layer may be formed to have a thickness of 10 to 30A

Advantageous Effects of Invention

According to the present invention there is provided a light emitting diode, in which
a bowing phenomenon is minimized and internal defects are also minimized in an
epitaxial layer when the epitaxial layer is grown on a sapphire substrate, and a method
for fabricating the light emitting diode.
Brief Description of Drawings

Fig. 1 is a sectional view of a light emitting diode according to an embodiment of the
present invention.

Fig. 2 is a sectional view of a light emitting diode device according to an em-
bodiment of the present invention.

Fig. 3 is a sectional view of a light emitting diode device according to another em-

bodiment of the present invention.

Mode for the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. The invention, however, is not
limited to these embodiments and applications or to the manner in which the em-
bodiments and applications operate or are described herein. Moreover, the drawings
may show simplified or partial views, and the dimensions of elements in the Figures
may be exaggerated or otherwise not in proportion for clarity. In addition, as the terms
"on" is used herein, one object (e.g., a material, a layer, a substrate, etc.) can be "on"
another object regardless of whether the one object is directly on the other object or
there are one or more intervening objects between the one object and the other object.

Fig. 1 is a sectional view of a light emitting diode according to an embodiment of the
present invention.

Hereinafter, a method for fabricating the light emitting diode according to the em-

bodiment of the present invention will be described with reference to Fig. 1.



WO 2013/066057 PCT/KR2012/009092

[28]
[29]

[30]

[31]
[32]

[33]
[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

First, a growth substrate 100 is prepared.

The growth substrate 100 may be any substrate, on which epitaxial layers described
later can be grown, i.e., a sapphire substrate, a silicon carbide substrate, a silicon
substrate, or the like. However, the growth substrate 100 may be preferably a sapphire
substrate.

In this case, the epitaxial layers may comprise a buffer layer 210, a first n-type semi-
conductor layer 222, a second n-type semiconductor layer 224, a bowing prevention
layer 232, a defect propagation prevention layer 234, a superlattice layer 240, an active
layer 250, an electron blocking layer 260 and a p-type semiconductor layer 270.

The buffer layer 210 may be grown on the growth substrate 100.

The buffer layer 210 may be provided in order to reduce lattice mismatch between
the growth substrate 100 and the first n-type semiconductor layer 222 described later.
The buffer layer 210 may also be single- or multi-layered. In a case where the buffer
layer is multi-layered, the buffer layer may comprise a low-temperature buffer layer
and a high-temperature buffer layer. Such a buffer layer (not shown) may be made of
AIN. In this case, the buffer layer 210 may be omitted.

Then, the first n-type semiconductor layer 222 may be grown on the buffer layer 210.

The first n-type semiconductor layer 222 may be a Group III-N based compound
semiconductor layer doped with an n-type impurity, e.g., an (Al, Ga, In)N-based Group
III nitride semiconductor layer.

The first n-type semiconductor layer 222 may be a GaN layer doped with an n-type
impurity, i.e., an N-GaN layer, and/or may be an N-AlGaN layer that is an N-GaN
layer doped with aluminum. The n-type impurity may be Si. The n-type semiconductor
layer 222 may also be single- or multi-layered. For example, in the case where the n-
type semiconductor layer 222 is multi-layered, the n-type semiconductor layer may be
formed to have a superlattice structure.

Subsequently, the bowing prevention layer 232 may be grown on the first n-type
semiconductor layer 222.

The bowing prevention layer 232 may comprise Al,In; N (x > 0.82). The bowing
prevention layer 232 may be grown to a thickness of 10 to 30A

Subsequently, the defect propagation prevention layer 234 may be grown on the
bowing prevention layer 232. In this case, the defect propagation prevention layer 234
may be omitted if necessary.

The defect propagation prevention layer 234 may comprise AliIn, N (x = 0.82).

Then, the second n-type semiconductor layer 224 may be grown on the defect
propagation prevention layer 234.

The second n-type semiconductor layer 224 may be grown in the same manner as the

first n-type semiconductor layer 222, and therefore, its detailed description will be
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omitted.

As described above, the bowing prevention layer 232 is preferably grown between
the n-type semiconductors 222 and 224.

If the epitaxial layer is grown at a high temperature on the growth substrate such as
the sapphire substrate, particularly, a growth substrate having a large diameter of 4
inches or more as described above (particularly, the n-type semiconductor layers 222
and 224 are grown at a high temperature for the purpose of smooth impurity doping), a
bowing phenomenon occurs so that the growth substrate such as the sapphire substrate
is bowed due to a difference in lattice constants between the growth substrate such as
the sapphire substrate and the epitaxial layers, and/or a high growth temperature, and
the like. The bowing prevention layer 323 can reduce and minimize the bowing
phenomenon of the growth substrate such as the sapphire substrate, particularly, the
growth substrate having a large diameter of 4 inches or more.

This is not only because the lattice constant of the bowing prevention layer 232 is
large but also because the bowing prevention layer 232 is grown at a growth tem-
perature lower than a temperature at which the n-type semiconductor layers 222 and
224 are grown. Thus, it is possible to reduce and minimize the bowing phenomenon.

In this case, the bowing prevention layer 232 is grown to be formed of a material
with a large lattice constant, i.e., a material comprising AlIn, (N (x > 0.82) so as to
minimize the bowing phenomenon, and accordingly, there is a difference in lattice
constant between the bowing prevention layer 232 and the n-type semiconductor layers
222 and 224. Therefore, if the second n-type semiconductor layer 224 is directly grown
on the bowing prevention layer 232, many defects may occur in the second n-type
semiconductor layer 224.

Here, the defects in the second n-type semiconductor layer 224 can be reduced by
growing the defect propagation prevention layer 234, which is formed of the same
composition material as the bowing prevention layer 232 but has a different compo-
sitional ratio therefrom, on the bowing prevention layer 232, i.e., between the bowing
prevention layer 232 and the second n-type semiconductor layer 224. That is, the
defects in the second n-type semiconductor layer 224 can be reduced by growing the
defect propagation prevention layer 234 being formed of the same composition
material as the bowing prevention layer 232, and having the same lattice constant as
the n-type semiconductor layers 222 and 224. For example, the defect propagation
prevention layer 234 may comprise AlIn; N (x = 0.82).

The process of growing the first n-type semiconductor layer 222, the bowing
prevention layer 232, the defect propagation prevention layer 234 and the second n-
type semiconductor layer 224 will be described in detail. After the first n-type semi-

conductor layer 222 is grown, the bowing prevention layer 232 is grown while the
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growth temperature is lowered to a predetermined temperature. Then, the defect
propagation prevention layer 234 is grown at the predetermined temperature. Sub-
sequently, the growth temperature is again raised by heating, and the second n-type
semiconductor layer 224 is then grown.

Here, the predetermined temperature, at which the defect propagation prevention
layer 234, i.e., the layer formed of the material comprising Al In; N (x = 0.82) is
grown, is within a temperature range of 740 to 840°C.The first and second n-type semi-
conductor layers 222 and 224 are grown in a temperature range of 1000°C or so.

After the first n-type semiconductor layer 222 is grown, a source gas containing N, a
source gas containing trimethyl indium (TMIn) and a source gas containing trimethyl
aluminum (TMAL) are supplied, and the bowing prevention layer 232 and the defect
propagation prevention layer 234 are grown while lowering the growth temperature. In
this case, the bowing prevention layer 232 is grown while lowering the growth tem-
perature, and the defect propagation prevention layer 234 is grown while maintaining a
predetermined temperature.

Here, for the growth, the source gas containing TMIn is introduced by 130 to 230
umol, and the source gas containing TMAL is introduced by 15 to 20 pmol.

The reason why the bowing prevention layer 232 is grown while lowering the growth
temperature is that AlyIn;.\N containing In with a relatively low content is grown when
the Aln, N is grown at a relatively high growth temperature and AlIn, (N containing
In with a relatively high content is grown when the AlIn, N is grown at a relatively
low growth temperature.

The lattice constant of the bowing prevention layer 232 comprising AlIn, N where
the content of In is lower than 18% is greater than that of the n-type semiconductor
layers 222 and 224, and the lattice constant of the defect propagation prevention layer
234 comprising Al,In; N where the content of In is 18% is equal to that of the n-type
semiconductor layers 222 and 224.

Subsequently, the superlattice layer 240 may be grown on the second n-type semi-
conductor layer 224. The superlattice layer 240 may be a stacked structure which is
formed by stacking Group III-N based compound semiconductor layers(e.g., an (Al,
Ga, In)N semiconductor layers), e.g. repetitively stacking InN and InGaN layers, or
InGaN and GaN layers.

The superlattice layer 240 is grown before the active layer 250 which will be
described later is formed, so that it may prevent dislocations or defects from being
transferred into the active layer 250. Thus, the superlattice layer can serve to reduce the
formation of the dislocations or defects in the active layer 250 and to improve crys-
tallinity of the active layer 250. The superlattice layer 240 may be omitted if necessary.

The active layer 250 may be grown on the superlattice layer 240.
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The active layer 250 may be formed of a Group III-N based compound semi-
conductor, e.g., an (Al, Ga, In)N semiconductor. The active layer 250 may be single-
or multi-layered and emit light of at least a predetermined wavelength. The active layer
250 may be formed to have a single quantum well structure including one well layer
(not shown) or a multiple quantum well structure in which well and barrier layers (not
shown) are alternately stacked. In this case, any one or both of the well and barrier
layers (not shown) may be formed to have a superlattice structure.

Subsequently, the electron blocking layer 260 may be grown on the active layer 250.

The electron blocking layer 260 may be formed between the active layer 250 and the
p-type semiconductor layer 270 which will described later. The electron blocking layer
may be provided in order to improve recombination efficiency between electrons and
holes and formed of a material having a relatively wide bandgap.

The electron blocking layer 260 may be formed of an (Al, In, Ga)N-based Group III
nitride semiconductor, or include a p-AlGaN layer doped with an impurity, par-
ticularly, a p-AlGaN layer doped with Mg.

Next, the p-type semiconductor layer 270 may be grown on the electron blocking
layer 260.

The p-type semiconductor layer 270 may be formed of a Group III-N based
compound semiconductor doped with a p-type impurity, e.g., an (Al, In, Ga)N-based
Group III nitride semiconductor. The p-type semiconductor layer 270 may be a GaN
layer doped with a p-type impurity, i.e., a p-GaN layer. The p-type semiconductor
layer 270 may be single- or multiple-layered. For example, the p-type semiconductor
layer 270 may be formed to have a superlattice structure.

Thus, in the light emitting diode according to one embodiment of the present
invention, the bowing prevention layer is grown to reduce and minimize the bowing
phenomenon during the process of growing the epitaxial layer, particularly, the n-type
semiconductor layer on the growth substrate such as the sapphire substrate and the
defect propagation prevention layer is grown to prevent the transfer, diffusion or
propagation of lattice defects occurring in the bowing prevention layer, so that it may
reduce and minimize the bowing phenomenon of the sapphire substrate on which the
light emitting diode is grown. Thus, the fabrication yield of light emitting diode
devices, which will be described later, can be improved. Further, it is possible to
minimize the lattice defects in the epitaxial layer, particularly, the active layer, thereby
fabricating a light emitting diode device with excellent light emitting efficiency.

Fig. 2 is a sectional view of a light emitting diode device according to an em-
bodiment of the present invention.

Referring to Fig. 2, the light emitting diode device 1000 according to the em-

bodiment of the present invention may comprise the light emitting diode according to
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the embodiment of the present invention described with reference to Fig. 1.

That is, the epitaxial layers comprising the buffer layer 210, the first n-type semi-
conductor layer 222, the bowing prevention layer 232, the defect propagation
prevention layer 234, the second n-type semiconductor layer 224, the superlattice layer
240, the active layer 250, the electron blocking layer 260 and the p-type semiconductor
layer 270 are grown on the growth substrate 100 such as the sapphire substrate.

Subsequently, a partial surface of the second n-type semiconductor layer 224 is
exposed by partially mesa-etching the p-type semiconductor layer 270, the electron
blocking layer 260, the active layer 250 and the superlattice layer 240.

In this case, the second n-type semiconductor layer 224 may also be partially etched
in the mesa-etching process. The reason why the mesa-etching process is performed to
expose the surface of the second n-type semiconductor layer 224 is that the bowing
prevention layer 232 or the defect propagation prevention layer 234 formed under the
second n-type semiconductor layer 224 has no influence on an n-type contact. As con-
sidering the mesa-etching process, the bowing prevention layer 232 or the defect
propagation prevention layer 234 may be grown to be spaced apart from the active
layer 250 by a spacing interval of 1.5 to 2 um.

Subsequently, the n-type contact is formed by forming an n-type electrode 310 on the
partial surface of the second n-type semiconductor layer 224 that is exposed by the
mesa-etching process.

A p-type electrode 320 is formed on the p-type semiconductor layer 270, thereby
forming the light emitting diode device 1000, particularly, a horizontal light emitting
diode device. Although not shown in Fig. 2, a transparent electrode such as ITO may
be further formed between the p-type semiconductor layer 270 and the p-type electrode
320.

Fig. 3 is a sectional view of a light emitting diode device according to another em-
bodiment of the present invention.

Referring to Fig. 3, a light emitting diode device 2000 according to the embodiment
of the present invention may be formed using the light emitting diode according to the
embodiment of the present invention described with reference to Fig. 1.

That is, the epitaxial layers comprising the buffer layer 210, the first n-type semi-
conductor layer 222, the bowing prevention layer 232, the defect propagation
prevention layer 234, the second n-type semiconductor layer 224, the superlattice layer
240, the active layer 250, the electron blocking layer 260 and the p-type semiconductor
layer 270 are grown on the growth substrate 100 such as the sapphire substrate.

Subsequently, a conductive substrate 330 is formed on the p-type semiconductor
layer 270. In this case, the conductive substrate 330 may be formed on the p-type semi-

conductor layer 270 by depositing process such as physical vapor deposition, chemical
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vapor deposition, or the like. The conductive substrate 330 may be formed by adhering
to the p-type semiconductor layer using a conductive adhesive layer 340.

Then, a process of removing the growth substrate 100 is performed, and an n-type
electrode 360 electrically contacting the n-type semiconductor layer is formed, thereby
forming the light emitting diode device 2000, particularly, a vertical light emitting
diode device.

In this case, the process of removing the growth substrate 100 may be a process of si-
multaneously removing at least one of the buffer layer 210, the first n-type semi-
conductor layer 222, the bowing prevention layer 232 and the defect propagation
prevention layer 234, as well as the growth substrate 100. Preferably, all the buffer
layer 210, the first n-type semiconductor layer 222, the bowing prevention layer 232
and the defect propagation prevention layer 234 may simultaneously removed while
removing the growth substrate 100.

Although the present invention has been described in connection with the preferred
embodiments, the present invention is not limited thereto. It will be understood by
those skilled in the art that various modifications and changes can be made thereto

without departing from the spirit and scope of the invention.
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Claims
A method for fabricating a light emitting diode, the method comprising:

preparing a sapphire substrate;

growing a first n-type semiconductor layer on one surface of the
sapphire substrate;

growing a bowing prevention layer comprising Aln;. N (x > 0.82) on
the first n-type semiconductor layer;

growing a second n-type semiconductor layer on the bowing prevention
layer; and

growing an active layer and a p-type semiconductor layer on the second
n-type semiconductor layer.

The method of claim 1, further comprising growing a defect
propagation prevention layer comprising Al In, N (x = 0.82) on the
bowing prevention layer, before growing the second n-type semi-
conductor layer.

The method of claim 2, wherein the growth of the bowing prevention
layer is performed during cooling from a growth temperature of the
first n-type semiconductor layer to a growth temperature of the defect
propagation prevention layer.

The method of claim 2, wherein the growth temperature of the defect
propagation prevention layer is 740 to 840°C.

The method of claim 2, wherein the bowing prevention layer and the
defect propagation prevention layer are grown by supplying a source
gas containing N, a source gas containing trimethyl indium (TMIn) and
a source gas containing trimethyl aluminum (TMALI), and the source
gas containing TMIn and the source gas containing TMALI are supplied
by 130 to 230 wmol and 15 to 25 wmol, respectively.

A light emitting diode, comprising:

a sapphire substrate;

a first n-type semiconductor layer formed on one surface of the
sapphire substrate;

a bowing prevention layer formed on the first n-type semiconductor
layer, and comprising Al,In, N (x > 0.82);

a second n-type semiconductor layer formed on the bowing prevention
layer; and

an active layer and a p-type semiconductor layer formed on the second

n-type semiconductor layer.
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The light emitting diode of claim 6, further comprising a defect
propagation prevention layer comprising Al In; N (x = 0.82),

wherein the defect propagation prevention layer is formed between the
second n-type semiconductor layer and the bowing prevention layer.
The light emitting diode of claim 6, wherein the bowing prevention

layer is formed to have a thickness of 10 to 30 A



WO 2013/066057

[Fig. 1]

11

T™270

T™260

250

T™—240

I~—224

T~—234

I~—232

T™—222

[Fig. 2]
320

)

024

T™—234

I~—232

T™-222

T™210

[Fig. 3]

2000

~—330

™340

T™270

T™260

~—250

T~240

T™~—224

T~350

360

PCT/KR2012/009092



INTERNATIONAL SEARCH REPORT

International application No.

PCT/KR2012/009092

A. CLASSIFICATION OF SUBJECT MATTER

HOIL 33/14(2010.01)i, HOIL 33/30(2010.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1L 33/14; HO1S 5/323; HO1S 5/343; HO1L 33/00; HO1L 27/15

Minimum documentation searched (classification system followed by classification symbols)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: LED, bowing, prevention layer, defect propagation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See abstract, claim 1, and figure 1.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2000-261099 A (FUJI ELECTRIC CO,. LTD.) 22 September 2000 1-8
See paragraph [0015], claim 1, and figure 1.
A KR 10-0399005 B1 (NICHIA CHEMICAL INDUSTRIES, LTD.) 22 September 2003 1-8
See paragraph [0149], claim 2, and figure 2.
A US 6388275 B1 (TAKASHI KANO) 14 May 2002 1-8
See abstract, column 4, lines 12-17, claim 1, and figure 1.
A US 2006-0081860 Al (ATSUSHI WATANABE et al.) 20 April 2006 1-8
See abstract, claim 1, and figure 1.
A JP 2002-094190 A (SANYO ELECTRIC CO,. LTD.) 29 March 2002 1-8

|:| Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

e

e

ey

ng"

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

28 March 2013 (28.03.2013)

Date of mailing of the international search report

29 March 2013 (29.03.2013)

Name and mailing address of the ISA/KR

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer

Telephone No.

PARK, Hye Lyun

82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2012/009092

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 2000-261099 A 22.09.2000 None

KR 10-0399005 B1 22.09.2003 AU 1998-53420 B2 20.09.2001
AU 1998-53420 C 03.08. 1998
AU 738480 C 22.08.2002
CA 2276335 A1 16.07.1998
CA 2276335 C 11.04.2006
CA 2529996 A1 16.07.1998
CN 100485984 C 06.05.2009
CN 100485985 C 06.05.2009
CN 100530719 C 19.08. 2009
CN 1249853 AO 05.04.2000
CN 1297016 CO 24.01.2007
CN 1832213 AO 13.09. 2006
CN 1832214 AO 13.09. 2006
CN 1832215 AO 13.09. 2006
CN 1964093 A 16.05.2007
CN 1964093 CO 16.05.2007
CN 1964094 A 16.05.2007
CN 1964094 B 14.03.2012
CN 1964094 CO 16.05.2007
EP 1017113 A1 05.07.2000
EP 1017113 B1 22.08.2012
EP 2264794 A2 22.12.2010
EP 2264794 A3 23.02.2011
JP 03374737 B2 29.11.2002
JP 03478090 B2 03.10.2003
JP 03835384 B2 18.10.2006
JP 04378070 B2 18.09.2009
JP 04438274 B2 15.01.2010
JP 04816434 B2 09.09.2011
JP 04947035 B2 16.03.2012
JP 10-335757 A 18.12.1998
JP 11177175 A 02.07.1999
JP 2003-017746 A 17.01.2003
JP 2003-101154 A 04.04.2003
JP 2003-101160 A 04.04.2003
JP 2007-067454 A 15.03.2007
JP 2009-027201 A 05.02.2009
JP 3374737 B2 10.02.2003
JP 3478090 B2 10.12.2003
JP 4378070 B2 02.12.2009
JP 4438274 B2 24.03.2010
JP 4816434 B2 16.11.2011
KR 10-0398514 B1 19.09.2003
KR 10-0398516 BT 19.09.2003
KR 10-0491482 B1 27.05.2005
KR 10-0527349 B1 09.11.2005
KR 10-0530317 BT 22.11.2005

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2012/009092
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR 10-0538313 BT 21.12.2005
KR 10-0545999 B1 25.01.2006
KR 10-0625835 B1 20.09. 2006
KR 10-0644933 B1 15.11.2006
KR 10-0660152 B1 21.12.2006
KR 10-0688240 B1 02.03.2007
US 2004-0004223 A1 08.01.2004
US 2005-0121679 A1 09.06.2005
US 2005-0127394 A1 16.06. 2005
US 2010-0025657 A1 04.02.2010
US 6172382 B1 09.01.2001
US 6677619 B1 13.01.2004
US 6849864 B2 01.02.2005
US 7211822 B2 01.05.2007
US 7615804 B2 10.11.2009
WO 98-31055 A1 16.07.1998
US 6388275 BT 14.05.2002 EP 1018770 A1 12.07.2000
EP 1018770 A4 26.07.2006
JP 11-068158 A 09.03. 1999
KR 10-2001-0023092 A 26.03.2001
WO 99-09602 A1 25.02. 1999
US 2006-0081860 A1 20.04.2006 AU 2003-266674 A1 04.05.2004
CN 1689205 A 26.10.2005
EP 1553669 A1 13.07.2005
EP 1553669 A4 23.09.2009
JP 03909694 B2 25.04.2007
JP 2004-140008 A 13.05.2004
KR 10-0737339 B1 10.07.2007
KR 10-2005-0057659 A 16.06. 2005
TW 1240429 B 21.09.2005
WO 2004-036708 A1 29.04.2004
JP 2002-094190 A 29.03.2002 JP 03813472 B2 23.08.2006
US 2002-0003234 A1 10.01.2002
US 6914922 B2 05.07.2005

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - wo-search-report
	Page 15 - wo-search-report
	Page 16 - wo-search-report

