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method of manufacturing the semiconductor light emitting device. In the semiconductor light
emitting device manufacturing method of the present invention, a surface of a substrate (300),
on which the semiconductor light emitting device is to be manufactured, is etched, thus form-
ing a plurality of deep trenches (320, 321 and 322) . A plurality of semiconductor films is
sequentially grown on the surface of the substrate in which the deep trenches are formed. The
deep trenches are formed to have predetermined depth, so that, even if the semiconductor films
are grown on the surface of the substrate, a plurality of voids (350, 351 and 352) is formed in
regions of the substrate in which the trenches are formed, and the voids are used as reflectors
for light generated by the semiconductor light emitting device.



WO 2007/001141 A1 {NI0A!0 A0 000 0 0000 0 00O

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report ance Notes on Codes and Abbreviations” appearing at the begin-
—  before the expiration of the time limit for amending the ning of each regular issue of the PCT Gazette.

claims and to be republished in the event of receipt of

amendments



WO 2007/001141 PCT/KR2006/002468

10

15

20

[DESCRIPTION]

[Invention Titlel

SEMICONDUCTOR LIGHT EMITTING DEVICE HAVING IMPROVED

LUMINANCE AND METHOD THEREOF

[Technical Field]

The present invention relates, in general, to a
semiconductor light emitting device having improved
luminance and a method of manufacturing the semiconductor
light emitting device and, more particularly, to a
semiconductor light emitting device and a method of
manufacturing the semiconductor light emitting device,
which increase scattering efficiency while reducing crystal

defects, thus improving luminance.

[Background Art]

Generally, a Light Emitting Diode (LED), which is a
semiconductor light emitting device, is formed by
sequentially stacking an n-type semiconductor layer, an
active layer, and a p-type semiconductor layer. Electrodes
are formed on the n-type semiconductor layer and the p-type
semiconductor layer. The LED formed to have the above
structure acts as a light emitting device by emitting
light, generated from the active layer, to the outside of

the LED. Factors determining the luminance of the LED
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having such characteristics are internal quantum efficiency
and external quantum efficiency.

Meanwhile, part of the light generated in the LED
cannot be emitted to the outside, but is attenuated after
being repeatedly reflected within the active layer. The
remaining light 1is emitted to the outside of the LED.
However, in an LED using Gallium Nitride (GaN), since
external quantum efficiency, meaning internally generated
light emitted to the outside of the LED, is very low,
various methods for improving the luminance of the GaN LED
have been proposed.

One of the methods proposed to improve the luminance
of an LED is the method disclosed in Japanese Patent Laid-
Open No. 11-274568. The method disclosed in the patent is
constructed so that a depressed part or a protruding part
is formed on the surface of a substrate and an LED is
manufactured on the depressed or protruding part, thus
scattering light generated from an active layer (a light
emitting region), and consequentially improving external
quantum efficiency.

FIG. 1 is a sectional view showing an example of a
conventional substrate having a surface on which patterns

having uneven parts are formed to improve the luminance of

an LED. The patterns shown in FIG. 1 are formed on the
surface of the substrate, so that light extraction
efficiency (that 1is, external quantum efficiency) 1is
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increased, and consequently the manufacture of a high
luminance LED is possible.

However, when patterns are formed on the substrate in
this way, 1light extraction efficiency 1s improved, but
several problems may occur.

First, if a GaN semiconductor film is grown on the
substrate having patterns formed thereon, the growth of the
GaN semiconductor film occurs both in the part of the
substrate, on which patterns are formed (that is, an etched
part) and in the other part of the substrate, on which
patterns are not formed (that is, a non-etched part), or
occurs only on a surface parallel to the substrate. In this
case, surfaces grown from different seed crystals meet each
other. However, there is a problem in that a new crystal
defect, such as dislocation, occurs at the interface
between the grown surfaces. As shown in FIG. 1, crystal
defects, such as dislocation or stacking faults, occur at
the interfaces between patterns (regions ‘a’, '‘b’, ‘c¢’, and
‘d’ in FIG. 1). As shown in FIG. 1, when the surfaces used
for the growth of the semiconductor film have different
heights, a plurality of defects occurs at the interfaces on
which GaN islands beginning to grow on respective surfaces
meet each other.

Such a problem may greatly decrease yield in the case
of a large-sized device having a large semiconductor chip.

Meanwhile, when a GaN semiconductor film is grown on
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a substrate having a patterned surface made of height
differences between adjacent regions, that 1s, uneven
parts, height differences similar to those of uneven parts,
also occur on the top surface of the grown GalN
semiconductor film. Accordingly, a process of planarizing
such uneven surfaces must be additionally conducted. In
this case, 1in order to planarize the top surface of the
grown GaN semiconductor film, the GaN semiconductor film
must be grown very thick, thus greatly increasing the loss

of time and materials.

[Disclosure]

[Technical Problem])

Accordingly, the present invention has been made
keeping in mind the above problems, and an object of the
present invention is to provide a high luminance
semiconductor light emitting device, which improves light
extraction efficiency while reducing crystal defects.

Another object of the present invention is to provide
a substrate on which the high luminance semiconductor light

emitting device can be manufactured.

[Technical Solution]

In accordance with an aspect of the present invention
to accomplish the above objects, there is provided a method

of manufacturing a semiconductor 1light emitting device,
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comprising the steps of (a) etching a surface of a
substrate, on which the semiconductor light emitting device
1s to be manufactured, thus forming a plurality of deep
trenches, and (b) sequentially growing a plurality of
semiconductor films, constituting the semiconductor 1light
emitting device, on the surface of the substrate in which
the deep trenches are formed, wherein the deep trenches are
formed to have predetermined depth, so that, even if the
semiconductor films are grown on the surface of the
substrate, a plurality of voids is formed in regions of the
substrate in which the trenches are formed, and the voids,
formed in the substrate, are used as reflectors for light
generated by the semiconductor light emitting device.

Preferably, in the semiconductor 1light emitting
device manufacturing method, step (a) may comprise the
steps of (al) forming a sacrificial layer on the substrate,
(a2) patterning the sacrificial layer wusing a photo
lithography process, (a3) etching the substrate using the
patterned sacrificial layer as a mask, thus forming the
plurality of deep trenches, and (ad) removing the
sacrificial layer.

In accordance with another aspect of the present
invention to accomplish the above objects, there is
provided a semiconductor light emitting device, the
semiconductor light emitting device including a substrate

and a plurality of semiconductor: films sequentially formed
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on the substrate, wherein a surface of the substrate, on
which the semiconductor films are formed, comprises a
plurality of voids formed therein, the voids being used as
reflectors for light generated from the semiconductor light

emitting device.

[Advantageous Effects]

A method of manufacturing a semiconductor light
emitting device according to the present invention 1is
constructed so that deep trenches are formed in the surface
of a substrate and function as voids within the 1light
emitting device, so that the voids act as reflectors for
light rays generated within the device, thus increasing the
external quantum efficiency of the semiconductor light
emitting device, and consequently improving luminance.

A method of manufacturing a semiconductor 1light
emitting device according to the present invention 1is
constructed so that voids are formed in the surface of a
substrate to improve luminance, so that crystal defects
seldom occur on a semiconductor film (GaN) grown on the
substrate, unlike the prior art, in which luminance is
improved by forming patterns, such as uneven parts, on the
surface of a substrate. As a result, the internal quantum
efficiency of the semiconductor light emitting device is
also increased through the manufacturing method according

to the present invention.
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Further, in the method of manufacturing a
semiconductor light emitting device according to the
present invention, patterns, such as uneven parts, are not
formed on the surface of a substrate, so that the top
surface of a semiconductor film (GaN) grown on the
substrate is almost completely planarized, thus minimizing
the growth of an additional GaN semiconductor film required
in order to obtain a planarized surface. As a result, the
use of materials and time required to grow the additional
GaN semiconductor film can be minimized. As described
above, the growth of the GaN semiconductor film on the
substrate 1is minimized, so that the bending of the
substrate can be reduced, thus yield can be improved.

Further, in the method of manufacturing a
semiconductor light emitting device according to the
present invention, the area of the interface between a
substrate and a semiconductor light emitting device on the
substrate 1is reduced due to voids formed in the surface of
the substrate when the substrate and the semiconductor
light emitting device are separated, thus easily separating

the substrate and the semiconductor light emitting device.

[Description of Drawingsl
FIG. 1 is a sectional view showing an example of
defects occurring in a conventional semiconductor light

emitting device having typical patterns;
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FIG. 2 illustrates sectional views showing examples
of the shapes of trenches formed in the substrate of a
semiconductor light emitting device according to an
embodiment of the present invention;

FIG. 3 1illustrates sectional views sequentially
showing a method of manufacturing a semiconductor 1light
emitting device according to an embodiment of the present
invention; and

FIG. 4 illustrates a Scanning Electron Microscope
(SEM) photograph showing a section of a device manufactured
through the method of manufacturing a semiconductor light
emitting device according to an embodiment of the present

invention.

[Best Mode]

Hereinafter, a method of manufacturing a
semiconductor light emitting device according to
embodiments of the present invention will be described in
detail with reference to the attached drawings. The
semiconductor light emitting device manufactured according
to the present invention may be a Light Emitting Diode
(LED), etc.

FIG. 2 illustrates sectional views showing examples of
the shapes of deep trenches formed in a substrate
manufactured using the method of manufacturing a

semiconductor light emitting device according to an
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embodiment of the present invention. FIG. 2(a) illustrates
‘W' -shaped deep trenches, and FIG. 2(b) illustrates ‘U’—
shaped deep trenches.,

FIG. 3 illustrates sectional views sequentially
showing the method of manufacturing a semiconductor light
emitting device according to an embodiment of the present
invention. As shown in FIG. 3(a), a sacrificial layer 310,
such as an oxide film or a nitride film, is formed on a
sapphire substrate 300. Thereafter, a mask having
predetermined patterns is formed on the sacrificial layer
using a photo lithography process. The sacrificial layer
310 is etched using the mask, and thus it is patterned.
Meanwhile, in an embodiment of the present invention, a
sapphire substrate 1s exemplified and described as a
substrate, but any material that can be used as the
substrate of a nitride semiconductor light emitting device,
such as GaN, SiC, Si or ZrB,;, can be variously applied to
the substrate.

Next, as shown in FIG. 3(b), the surface of the
substrate 300 is etched using the patterned sacrificial
layer 310 as a mask, so that a plurality of deep trenches
320, 321 and 322 is formed in the surface of the substrate.
In this case, the surface of the substrate is etched as
deeply as possible to cause the trenches to be formed as
deeply as possible, thus forming voids that prevent a GaN

semiconductor film from being grown in the trenches even if
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the GaN semiconductor film is grown on the substrate in a
subsequent manufacturing process.

Meanwhile, the sides of the trenches are preferably
etched in the direction of crystal surfaces, in which the
semiconductor film to be grown on the surface of the
substrate does not easily grow thereon. Therefore, the
slope of the sides of the trenches is determined according
to the etching method or condition for a substrate, or the
type of semiconductor film to be grown on the surface of
the substrate.

Further, when the bottom surfaces of the trenches are
parallel to the surface of the substrate, the trenches must
be formed deeply to the extent that GaN crystals grown on
the bottom surfaces of the trenches cannot merge with GaN
crystals grown on the top surface of the substrate.

In particular, when a GaN semiconductor film is grown
on a sapphire substrate, the GaN semiconductor film is
grown in a C-plane, parallel to the sapphire substrate.
Therefore, it is preferable that the sides of the trenches
according to the present invention be etched in a direction
in which GaN crystals are not easily grown, or at least be
etched in a direction that is not parallel to the C-plane.

Next, as shown in FIG. 3(c), the sacrificial layer
310 is removed.

As shown in FIGS. 3(d) to 3(f), after the GaN

semiconductor film is grown on the substrate in which the

10
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deep trenches are formed, the surface of the GaN

semiconductor film is planarized. As shown in FIG. 3(d),

- GaN crystals are grown only on the surface of the

substrate, in which the trenches are not formed, and are
not grown in the trenches at an initial stage. The grown
GaN crystals 330 are used as seeds, and GaN crystals are
grown in the lateral direction of the grown GaN crystals.
As a result, GaN crystals, grown in adjacent regions meet
and merge with each other, so that a GaN semiconductor film
340 is formed on the substrate. Therefore, GaN crystals are
not grown in the trenches of the substrate, and thus voids
350, 351 and 352 are formed in the surface of the substrate
on which the GaN semiconductor film 340 is grown. Next,
after the GaN semiconductor film 340 has been formed on the
substrate, the surface thereof is planarized. FIG. 4
illustrates a Scanning Electron Microscope (SEM) photograph
showing the state in which a GaN semiconductor film is
formed on a sapphire substrate having voids according to an
embodiment of the present invention.

Next, a plurality of semiconductor films 360, 370 and
380, constituting the semiconductor light emitting device,
is sequentially formed on the substrate in which the voids
are formed, thus the semiconductor light emitting device is
manufactured.

The semiconductor light emitting device manufactured

through the method according to the present invention has a

11
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plurality of voids formed in the surface of the substrate.
The voids act as reflectors for reflecting 1light rays
generated by the semiconductor light emitting device. That
is, as the light rays generated from the active layer of
the semiconductor light emitting device are incident on the
voids, and are diffracted or scattered to be emitted to the
outside of the device, the 1light extraction efficiency
(that is, external quantum efficiency) of the semiconductor
light emitting device is improved, and thus the luminance
of the corresponding device can be improved.

Meanwhile, a method of manufacturing a semiconductor
light emitting device according to another embodiment of
the present invention further includes the step of
separating the substrate from the semiconductor light
emitting device after completing the semiconductor 1light
emitting device through the manufacturing process according
to the preferred embodiment of the present invention.

The manufacturing method according to the embodiment
of the present invention reduces the area of the interface
between the substrate and the semiconductor film formed on
the substrate due to the voids formed in the surface of the
substrate when separating the substrate, thus facilitating
the separation of the substrate and the semiconductor light
emitting device.

Although the preferred embodiments of the present

invention have been disclosed for illustrative purposes, the

12
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empbodiments are only exemplified, but do not limit the
present invention. Those skilled in the art will appreciate
that various modifications and applications are possible,
without departing from the scope and spirit of the invention
as disclosed in the accompanying claims. For example, in
embodiments of the present invention, the type of
substrate, the depth of trenches, the slope of the sides of
trenches, an etching method, etc. can be variously modified
and implemented so as to improve the performance of a
semiconductor light emitting device, such as luminance.
Further, differences related to such modifications and
applications should be interpreted as being included in the
scope of the present invention defined by the accompanying

claims.

[Industrial Applicability]

As described above, a manufacturing method according
to the present invention can be widely used in the fields
of a Light Emitting Diode (LED) having high luminance

characteristics.

13
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[craTMs]
[Claim 1]

A method of manufacturing a semiconductor light
emitting device, comprising the steps of

(a) etching a surface of a substrate, on which the
semiconductor light emitting device is to be manufactured,
thus forming a plurality of deep trenches; and

(b) sequentially growing a plurality of semiconductor
films, constituting the semiconductor 1light emitting
device, on the surface of the substrate in which the deep
trenches are formed,

wherein the deep trenches are formed to have
predetermined depth, so that, even if the semiconductor
films are grown on the surface of the substrate, a
plurality of voids is formed in regions of the substrate in
which the trenches are formed, and the voids, formed in the
substrate, are used as reflectors for light generated by

the semiconductor light emitting device.

[claim 2]

The semiconductor light emitting device manufacturing
method according to claim 1, wherein step (a) comprises the
Steps of:

(al) forming a sacrificial layer on the substrate;

(a2) patterning the sacrificial layer using a photo

lithography process;

14
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(a3) etching the substrate wusing the patterned
sacrificial layer as a mask, thus forming the plurality of
deep trenches; and

(a4) removing the sacrificial layer.

[claim 3]
The semiconductor light emitting device manufacturing
method according to claim 1, wherein sides of the trenches
are etched in a direction of crystals in which a material

to be grown on the substrate does not easily grow thereon.

[Claim 4]

The semiconductor light emitting device manufacturing
method according to any of claims 1 +to 3, further
comprising the step of (c) separating the substrate from
the  semiconductor light emitting device after the

semiconductor light emitting device has been completed.

[Claim 5]

A semiconductor light emitting device, the
semiconductor light emitting device including a substrate
and a plurality of semiconductor films sequentially formed
on the substrate, wherein:

a surface of the substrate, on which the
semiconductor films are formed, comprises a plurality of

voids formed therein, the voids being used as reflectors

15
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for light generated from the semiconductor light emitting

device.

16



WO 2007/001141 PCT/KR2006/002468

1/4

FIG. 1

GaN
~t- Semiconductor
Layer

n
PO sl
St
Wy

w Substrate




WO 2007/001141 PCT/KR2006/002468

GaN
Semiconductor
Layer

L

7 GaN
7 A Semiconductor
Layer

w Substrate




WO 2007/001141

PCT/KR2006/002468

321 322

\. \

PMW@ "




WO 2007/001141 PCT/KR2006/002468

e

o

‘,;q;«am. i G e

e
| .
e o 'x . 3 . 0 . e
"\\\,“w L . o \“4‘«\{\\ ‘, i
L . Lo . o \‘1 u\,,,’ - o ”;‘g:»;,g;:;‘:,'
‘ . . .
e . L

-

L
. ,,,.m N
. (,

.

.
L
L

\‘?».»,,‘y,x\\;:‘}‘,\,,gﬁ\&

.s.\ ”:!’\v‘”‘
\

.
au

.
Lo

;m»«,

N

I,

«4@:;4

L

. M 0
Ll . . : .
e L 4
. ‘»\ \

.

| .

-

i

L
. \ .
- e
- \\\ k\ \, .
“*\\.‘,»,4 ”«u‘w«» ’
g ‘W“‘ N G "
\ ’,3‘\'15‘f*“:&‘:w.,z;w,@,, i,fi""‘{ wf o ,\\\\,,'\

~\*\‘¥:t‘“ “,\,\,‘.m:,\ i li

o \“:«w
%\\%&"‘ .,A;n(‘\s‘.\(

=
=
” -
.

—
-

,I::‘" .
L
.

o

W =v‘l.z"{?‘:~z!
. »\J\,“‘\, .
- e
L . ‘\\ .
L ‘\ \\é e

M?}}:?z‘lw::s.

-

b

<2’4

-

§§ \
.

_

3 .

. .
o "N:,s::s‘?» L
o .

,‘,w\!w L
}\:,3:;\.411;«,;‘ L

i L
W .
L . L
0 u\\« L .

il o e \'
. . . . v n‘;‘sif?tiaf:v.ww .
. e L | L : e ""E‘}::ari‘"’;"“ | i . . ‘:;;.:::‘.’:"v L
. . a ‘ | . . . . . G
". o ,\, o & . . O {\, . L . .
u\»’ ' . - . L

o

i

L A,m,,w.mu, e
. ,;.«m.m ,‘, L

o twr
.

i ; . L vl L
mw o | i Gl <. .
I o L L L e
. o o "n‘“,.\.s,.:..,‘, . . . . .M\ o
. . g .

AW

.

.

*‘z w . !\"“.

L \‘
L Lo _.“;,.A,\;,w
L L i

.
M\
L
.

L
e O

Al
L B

i
Ly

I
B L | il e H«‘ K A e U
‘\%\\ . . . an o . - u,z,g;{\w;: o
L e | - - - e ,\,\,myc

i o i i . o i % r 4 e L
, . < .

e \\ i
:

-

o u‘%“'
..qwm,g:r\‘:», i
L \"‘l
"f‘«;,l‘?;@,\’,;@‘
,.\\\w

\\x .

o

\

G ~3,<

.

,u;'-\g:¢ v
L

o

. .
L . L L 1 |
. L e T S . " "
. 45“‘:1:;1'n,“ o L y M\' L e e
| o e “\J"“nﬁm\"" A i

. . | .

.

\\

i . .
i . . L - .
o L ) ,»u,'u

. . e .

i . \f:«‘%“\ G o ,y».:‘('»v w ",:u" u, L
'\v - m:\cx‘\}; o o
.
.
W

[

WDQl 1mm 15.0kV xS Gk 10u;m

\«\\ .
.
. L
s\‘] e .‘M,

L

. .
. ‘\\,z .
L
. ‘“«7

-~

.
15\::* .

i L
o L "‘,“m
o .

Hf\“\& . f L \A\»‘”"
’é“‘\’(’f\h L
AR i

‘é)
.

L




International application No.
PCT/KR2006/002468

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

HOI1L 33/00(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC8 HO1L33/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Patents and applications for inventions since 1975

Korean Utility models and applictions for Utility models since 1975

Japanese Utility models and application for Utility models since 1975

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used)
e-KIPASS : "substrate", "cavity", "light emitting diode"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 11-103090 A (HITACHI CABLE LTD.) 13 April 1999 1,5
A See the abstract, figure 1, and [0008]-[00010] of specifications 2-4
X JP 08-316526 A (HITACHI CABLE LTD.) 29 November 1996 1,5
A See the abstract, figures 1, 5, and [0010]-[0011] of specifications 2-4
A US 6,870,191 B2 (Nichia Corporation) 22 Mars 2005 1-5

See column 16, line49 - column 17, line 56 and figure 4

A US 5,491,191 B2 (HITACHI CABLE LTD.) 13 February 1996 1-5
See column 7, line52 - column 8, line 10 and figure 3

A US 6,562, 644 B2 (MATSUSHTA Electric Industrial Co.) 13 May 2003 1-5
See column 13, line44 - column 14, line 25 and figure 5

|:| Further documents are listed in the continuation of Box C. % See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
26 OCTOBER 2006 (26.10.2006) 26 OCTOBER 2006 (26.102006)
Name and mailing address of the ISA/KR Authorized officer o
' Korean Intellectual Property Office ‘
920 Dunsan-dong, Seo-gu, Daejeon 302-701, KIM, JONG KWON
Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  481-5741

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/KR2006/002468
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 11-103090 A 13.04.1999 NONE
JP 08-316526 A 29.11.1996 NONE
US 06870191 B2 22.03.2005 NONE
US 05491350 13.02. 1996 CN1054470G 12.07.2000
CN1103512A 07.06. 1995
JPO7193275 28.07.1995
JP3158869B2 23.04.2001
JP7193275A2 28.07.1995
KR1019850002088 04.01.1995
US 06562644 B2 13.05.2003 EPO1180725A2 20.02.2002
JP14141283 17.05.2002
KR1020020013438 20.02.2002
TW512546B 01.12.2002

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

