woO 2009/0318:56 A2 |00 00 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O RO O

International Bureau

(43) International Publication Date
12 March 2009 (12.03.2009)

(10) International Publication Number

WO 2009/031856 A2

(51) International Patent Classification:
HOIL 33/00 (2006.01)

(21) International Application Number:
PCT/KR2008/005264

(22) International Filing Date:
5 September 2008 (05.09.2008)

(25) Filing Language: Korean

(26) Publication Language: English
(30) Priority Data:
10-2007-0090321
6 September 2007 (06.09.2007) KR
(71) Applicant (for all designated States except US): LG
INNOTEK CO., LTD [KR/KR]; 33Fl., LG Twin Tower
West, 20 Yeouido-dong, Yeongdeungpo-gu, Seoul 150-721
(KR).

(72) Inventors; and

(75) Inventors/Applicants (for US ornly): CHO, Bum
Chul [KR/KR]; 744-152, Wooadong 3-ga, Deokjin-gu,
Jeonju-si, Jeollabuk-do 561-223 (KR). KIM, Geun Ho
[KR/KR]; 3-402, Saerom Apt., 164-12 Poi-dong, Gang-
nam-gu, Seoul 135-960 (KR). SON, Sung Jin [KR/KR];
602-506, Lain 6-cha, Wolgye-dong, Gwangsan-gu,

Gwangju 506-302 (KR). PARK, Jin Soo [KR/KR];

112-906, Jungheung Apt., Docheon-dong, Gwangsan-gu,

Gwangju 506-301 (KR).
(74) Agent: HAW, Yong Noke; 6th Fl., Hyun Juk Bldg., 832-41
Yeoksam-dong, Gangnam-gu, Seoul 135-080 (KR).
(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP,KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

(54) Title: LIGHTING EMITTING DEVICE PACKAGE AND METHOD OF FABRICATING THE SAME

[Fig. 1]

100

(57) Abstract: Provided is a light emit-
ting device package and a method of fab-
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on the seed layer, a mirror layer on the
conductive layer, and a light emitting de-
vice in the cavity.
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Description

LIGHTING EMITTING DEVICE PACKAGE AND METHOD OF

[1]

[2]

[3]

[4]

[5]

[6]

[7]

FABRICATING THE SAME
Technical Field

Embodiments relate to a light emitting device package and a method of fabricating
the same.
Background Art

A light emitting diode (LED) constitutes a light emitting source using GaAs series,
AlGaAs series, GaN series, InGaN series, or InGaAlP series compound semiconductor
materials.

This LED is packaged and used as a light emitting device for emitting various colors,
and the light emitting device is used as a light source in various fields such as an on/off
display for displaying colors, an alphanumeric display, and an image display.
Disclosure of Invention

Technical Problem

Embodiments provide a light emitting device package capable of improving the
soldering characteristic and light intensity of a package and a method of fabricating the
same.

Embodiments also provide a light emitting device package capable of preventing
resin material from overflowing toward the outside through an upper projection of a
package body such that work yield deterioration due to the resin material can be

avoided, and a method of fabricating the same.

Technical Solution

An embodiment provides a light emitting device package comprising: a package
body comprising a cavity; a seed layer on a surface of the package body; a conductive
layer on the seed layer; a mirror layer on the conductive layer; and a light emitting
device in the cavity.

An embodiment, a method of fabricating a light emitting device package comprising:
forming a cavity with a predetermined depth in a package body; forming a seed layer
on a surface of the package body; forming a plated layer on the seed layer at an outer
circumference of the package body; forming a conductive layer on the seed layer in the
cavity of the package body; electrically separating the seed layer, the plated layer, and
the conductive layer by partially etching them; forming a mirror layer on the

conductive layer; and mounting a light emitting device in the cavity.

Advantageous Effects



WO 2009/031856 PCT/KR2008/005264

[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Embodiments improve the soldering characteristic of a package.

Embodiments prevent resin material from overflowing through an upper projection
of a package body and also prevent work yield deterioration due to resin material
during soldering.

Embodiments improve the light intensity of a package.

Brief Description of the Drawings

Fig. 1 is a cross-sectional view of a light emitting device package according to an
embodiment.

Figs. 2 to 8 are views illustrating a method of fabricating a light emitting device
package according to an embodiment.

Fig. 9 is a flowchart illustrating a process of forming a metal layer on a package body
according to an embodiment.

Best Mode for Carrying Out the Invention

Hereinafter, embodiments will be described with reference to the accompanying
drawings. In description of the embodiments, the thickness of each layer is merely one
example and is not limited to that in the accompanying drawings.

Fig. 1 is a cross-sectional view of a light emitting device package according to an
embodiment.

Referring to Fig. 1, a light emitting device package 100 is a silicon-based wafer level
package (WLP) and uses a polyhedral (e.g., rectangular parallelepiped) package frame
110.

A cavity 111 is formed in the top of the package body 110. The cavity 111 may be
realized with any one of a tube with an inner space, a polygonal groove, and a circular
groove.

An inner side 114 of the cavity 111 is formed slanted at a predetermined angle or
with a predetermined curvature.

A top 115 of the package body 110 is formed on the outside of the cavity 111, and a
body side 116 is curved at a predetermined angle to be slanted toward the top and
bottom directions but is not limited thereto.

Additionally, at least one body side 116 of the package body 110 is formed slanted
toward the top and bottom directions, and the other body side (not shown) may be per-
pendicularly formed.

A seed layer 122 is formed on an entire surface of the package body 110 except for
open regions 131 and 132. The seed layer 122 comprises a sequentially-stacked Ti
layer/Cu layer or a sequentially-stacked Ti layer/Cu layer/Ti layer. The seed layer 122
improves adhesiveness with respect to the package body 110, and also between other

metal layers (e.g., comprising a conductive layer and a plated layer). The seed layer
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122 may be formed with a thickness of 1000 Ato 7000 A.

A plated layer 124 is formed on the seed layer 122 at the outer circumference of the
package body 110. The outer circumference of the package body 110 comprises the
outers of a portion of the rear 118, the side 116, and the top 115 of the package body
110.

The plated layer 124 is formed with a thick layer through a plating method (e.g., an
electrolytic or electroless plating method), such that soldering characteristic during a
surface mount technology (SMT) process can be improved. The plated layer 124 is
formed with a thickness of 1.5 um to 2.0 um, for example.

The plated layer 124 can be formed with a multilayer comprising Cu, Ni, Au, and Ti
on the seed layer 122 and, for example, comprises a sequentially-stacked Cu layer/Ni
layer/Au layer or a sequentially-stacked Ti layer/Cu layer/Ni layer/Au layer.

Here, end portions 124a and 124b of the plated layer 124 are formed extending to the
top 115 of the package body 110.

The conductive layer 126 is formed on the seed layer 122 at the cavity 111 of the
package body 110. The conductive layer 126 is formed extending to a bottom 112, the
inner side 114, and the body top 115 of the cavity 111. The conductive layer 126 is
formed with a multilayer comprising Cu, Ni, Au, and Ti and, for example, comprises a
sequentially-stacked Cu layer/Ni layer/Au layer or a sequentially-stacked Ti layer/Cu
layer/Ni layer/Au layer.

Here, end portions 126a and 126b of the conductive layer 126 extends on the end
portions 124a and 124b at the body top 115 and protrudes with a projection form. The
end portions 126a and 126b of the conductive layer 126 prevents resin material 150
molded in the cavity 111 from overflowing, and also foreign materials from inflowing
through the body side 116. Because the resin material 150 is prevented from
overflowing toward the outside of the package body 110, work yield deterioration due
to the resin material 150 can be avoided during the soldering of the light emitting
device package 100.

The conductive layer 126 is formed thicker than other layers, for example, with a
thickness of 1000 A to 7000 A. The conductive layer 126 can improve electrical char-
acteristic.

A mirror layer 128 is formed on the conductive layer 126. The mirror layer 128 se-
lectively comprises a sequentially-stacked Ti layer/Ag layer, a sequentially-stacked Ti
layer/Al layer, an alloy of Ti and Ag, and an alloy of Ti and Al, on the conductive
layer 126. The mirror layer 128 is formed with a thickness of 1000 A to 4000 A, for
example. Additionally, because the mirror layer 128 is formed on the conductive layer
126, metal materials can be prevented from peeling off.

The mirror layer 128 improves a reflected amount of the light generated from a light
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emitting device 140 such that the light intensity of the light emitting device package
100 can be improved.

The seed layer 122, the conductive layer 126, and the mirror layer 128 of the package
body 110 may be deposited using an electron beam deposition method or/and a
sputtering method.

At least one light emitting device 140 is mounted in the cavity 111 of the package
body 110, and the light emitting device 140 may comprise colored LED chips such as a
blue LED chip, a green LED chip, and a red LED chip, or a UV LED chip. The light
emitting device 140 is mounted on an electrode terminal of the cavity 111.

The mirror layer 128 and the conductive layer 126 formed on the bottom 112 of the
cavity 111 may be used as an electrode terminal. The electrode terminal in the cavity
111 is electrically connected to a portion of the rear 118 along the side 116 of the
package body 110. The first open region 131 is formed in the cavity 111 and the first
open region 131 divides the seed layer 122, the conductive layer 126, and the mirror
layer 128 into a plurality of areas. The second open region 132 is formed at the rear
118 of the package body 110, and the second open region 132 divides the seed layer
122 and the plated layer 124 into a plurality of regions. That is, the first and second
open regions 131 and 132 divide the electrode terminal into a plurality of electrode
terminals.

Here, the light emitting device 140 can be connected to the electrode terminal
through a wire 142 or a flip chip method, but is not limited thereto. An arrangement
structure of the electrode terminal may vary based on the number of LED chips and a
design method, but is not limited thereto.

The resin material 150 of a transparent resin material is molded in the cavity 111 and
protects the light emitting device 140. The resin material 150 is formed of transparent
epoxy or silicon material and at least one of red, green blue fluorescent substances may
be added to the resin material 150, but is not limited thereto.

Figs. 2 to 8 are views illustrating a method of fabricating a light emitting device
package according to an embodiment. Fig. 9 is a flowchart illustrating a process of
forming a metal layer on a package body according to an embodiment.

Referring to Figs. 2 and 3, the cavity 111 is formed with a predetermined depth in the
top of the package body 110. The cavity 111 may be formed with a predetermined
depth by etching the middle top of the package body 110. Here, the package body 110
is a silicon wafer.

The seed layer 122 is deposited on the entire surfaces 112, 114, 116, and 118 of the
package body 110 in operation S101 of Fig. 9. The seed layer 122 improves ad-
hesiveness with respect to the package body 110, and also between other metal layers.
The seed layer 122 may be formed with a thickness of 1000 Ato 7000 A, for example.
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Referring to Figs. 3 and 4, a first mask pattern M1 is formed on the seed layer 122 on
top of the package body 110 in operation S103 of Fig. 9. Here, the first mask pattern
M1 is formed on the bottom 112 and the inner side 114 of the cavity 111 and a portion
of the body top 115 through a photo-lithography method.

In operation S105 of Fig. 9, the plated layer 124 is deposited on the seed layer 122 at
the outer circumference of the package body 110, i.e., an area except for the first mask
pattern M1.

The plated layer 124 may be formed with a multilayer comprising Cu, Ni, Au, and Ti
on the seed layer 122, and, for example, comprises a sequentially-stacked Cu layer/Ni
layer/Au layer or a sequentially-stacked Ti layer/Cu layer/Ni layer/Au layer. The
plated layer 124 is formed with a thickness of 1.5 um to 2.0 um, for example. If the
upper most layer of the seed layer 122 is a Ti layer, a Cu layer of the plated layer 124
may be formed after etching it. The plated layer 124 is formed with a thick layer
through a plating method such that soldering characteristic can be improved during a
SMT process.

Referring to Figs. 4 and 5, the first mask pattern M1 is removed in operation S107 of
Fig. 9 and a second mask pattern M2 is formed in operation S109 of Fig. 9. The second
mask pattern M2 is formed at the outer circumference of the package body 110, i.e.,
the outers of the body top 115, the body side 116, and the rear 118, through a photo-
lithography method.

The conductive layer 126 is formed on the seed layer 122 in an area except for the
second mask pattern M2 in operation S111 of Fig. 9. The conductive layer 126 extends
from the inner circumference of the cavity 111 to the body top 115. Here, the end
portions 126a and 126b of the conductive layer 126 on the body top 115 are formed on
the end portions 124a and 124b of the plated layer 124.

The conductive layer 126 comprises a sequentially-stacked Cu layer/Ni layer/Au
layer or a sequentially-stacked Ti layer/Cu layer/Ni layer/Au layer, on the seed layer
122. The conductive layer 126 is formed with a thickness of 1000 A t0 7000 A, and the
Ni layer or the Au layer may be formed with a thickness of 100 A t0 3000 A. The Au
layer prevents the conductive layer 126 from being damaged by an impact or friction.

Because the conductive layer 126 is formed with a multi-metal layer, it can improve
electrical characteristics. Moreover, since the end portions 126a and 126b of the
conductive layer 126 protrude with a projection form on the body top 115, the resin
material 150 filled in the cavity 111 can be prevented from overflowing. The resin
material 150 may be molded into the cavity 111 through a dispensing process after
mounting a light emitting device.

Referring to Figs. 5 and 6, the second mask pattern M2 is removed in operation S113

of Fig. 9, and then the first open region 131 is formed by etching the inner cir-
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cumference of the cavity 111 and the second open region 132 is formed by etching the
body rear 118 in operation S115 of Fig. 9. Because the first and second open regions
131 and 132 are etched up to the seed layer 122, at least two electrode terminals are
disposed with an open structure on the both sides of the cavity 111.

Referring to Fig. 7, when the first and second open regions 131 and 132 are formed,
a third mask pattern M3 can be formed on the outer circumference of the package body
110 in operation S117 of Fig. 9. The third mask pattern M3 can be formed through a
photo-lithography method. The third mask pattern M3 is formed on a upper portion of
the plated layer 124, the end portions 126a and 126b of the conductive layer 126. Also,
The third mask pattern M3 can be formed in a part among the end portions 126a and
126b of the conductive layer 126, on the plated layer 124, the first open region 131 of
the cavity bottom 112, and the second open region 132 of the body rear 118 at least.

The mirror layer 128 is formed on the conductive layer 126 where no third mask
pattern M3 is formed in operation S119 of Fig. 9. The mirror 128 comprises a se-
quentially-stacked Ti layer/ Ag layer, a sequentially stacked Ti layer/ Al layer, or an
alloy of Ti and Al, on the conductive layer 126. The mirror layer 128 is formed with a
thickness of 1000 A to 4000 A. Here, because the mirror layer 128 is formed on the
conductive layer 126, a luminous efficiency of LED chip can increase.

Moreover, an end portion of the mirror layer 128 can be formed on an end portion of
the conductive layer 126 but is not limited thereto. A process for forming the mirror
layer 128 can be performed before forming the first and second open regions 131 and
132.

Referring to Figs. 7 and 8, the third mask pattern M3 is removed in operation S121 of
Fig. 9. Moreover, the light emitting device 140 is attached to the mirror layer 128
through an adhesive and then is electrically connected to the mirror layer 128 and the
conductive layer 126 through the wire 142. Here, the light emitting device 140 may be
connected through a flip method or a die attachment method. The light emitting device
140 may comprise colored LED chips such as a blue LED chip, a green LED chip, and
ared LED chip, or a UV LED chip.

The resin material 150 that light transmits or the resin material 150 to which at least
one kind of a fluorescent substance is added is molded in the cavity 111. Additionally,
a convex lens can be attached on the resin material 150.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-

rangements of the subject combination arrangement within the scope of the disclosure,
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the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
Industrial Applicability
Embodiments are used as a light emitting device package comprising an LED.
Embodiments are used as a light emitting device package of a silicon wafer.
Embodiments are used as a light source in various fields such as an on/off display, an

alphanumeric display, and an image display by the use of a wafer level package
(WLP).
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Claims
A light emitting device package comprising:
a package body comprising a cavity;
a seed layer on a surface of the package body;
a conductive layer on the seed layer;
a mirror layer on the conductive layer; and
a light emitting device in the cavity.
The light emitting device package according to claim 1, wherein the cavity is
formed in a tubular shape, a circular shape, or a polygonal shape having a pre-
determined groove.
The light emitting device package according to claim 1, comprising a plated
layer on the seed layer at an outer circumference of the package body.
The light emitting device package according to claim 3, wherein an end portion
of the conductive layer extends on a top of the package body and is formed with
a projection form on the plated layer.
The light emitting device package according to claim 3, wherein the seed layer,
the conductive layer, and the plated layer are electrically separated at the cavity
and a rear of the package body.
The light emitting device package according to claim 1, wherein the seed layer
comprises at least one of a titanium (T1) layer and a copper (Cu) layer.
The light emitting device package according to claim 3, wherein the conductive
layer and the plated layer comprises at least one of a Ti layer, a Cu layer, a Ni
layer, and an Au layer.
The light emitting device package according to claim 1, wherein the mirror layer
comprises at least one of Ti, Ag, Al, and an alloy thereof.
The light emitting device package according to claim 1, wherein at least one of
the seed layer and the conductive layer is formed with a thickness of 1000 Ato
7000 A, and the mirror layer is formed with a thickness of 1000 A to 4000 A.
The light emitting device package according to claim 1, wherein the light
emitting device comprises a light emitting device (LED) chip that is electrically
connected to the mirror layer and the conductive layer, and comprises resin
material or fluorescence added resin material in the cavity.
The light emitting device package according to claim 1, wherein the conductive
layer and the mirror layer are formed from a cavity bottom to a top of the
package body,
the package body is a silicon wafer.

A method of fabricating a light emitting device package, the method comprising:
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forming a cavity with a predetermined depth in a package body;

forming a seed layer on a surface of the package body;

forming a plated layer on the seed layer at an outer circumference of the package
body;

forming a conductive layer on the seed layer in the cavity of the package body;
electrically separating the seed layer, the plated layer, and the conductive layer
by partially etching them;

forming a mirror layer on the conductive layer; and

mounting a light emitting device in the cavity.

The method according to claim 12, wherein an end portion of the conductive
layer extends on a top of the package body and is formed with a projection form
on the plated layer.

The method according to claim 12, wherein the forming of the plated layer
comprises:

forming a first mask pattern on an inner circumference of the cavity on the seed
layer and a top of the package body;

forming the plated layer on an outer circumference of the package body where no
first mask pattern is formed; and

removing the first mask pattern,

wherein the plated layer comprises a sequentially-stacked Cu/Ni/Au layer or a
sequentially-stacked Ti/Cu/Ni/Au layer.

The method according to claim 12, wherein the seed layer is formed with a se-
quentially-stacked Ti and Cu layer,

the conductive layer is formed with a sequentially-stacked Cu/Ni/Au layer or a
sequentially-stacked Ti/Cu/Ni/Au layer, and

the mirror layer is formed with one of Ti/Ag, Ti/Al, and an alloy thereof.
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