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(57) ABSTRACT

A method for manufacturing an LED package structure is
disclosed wherein a substrate with a first electrode, a second
electrode and a connecting layer is provided. A photoresist
coating is provided to cover the substrate, the first electrode,
the second electrode and the connecting layer. A portion of
the photoresist coating is removed to define a groove corre-
sponding to the connecting layer. A metal layer is formed in
the groove to join the connecting layer. A remaining portion
of'the photoresist coating is removed and a concave is formed
and surrounded by the metal layer. A reflective layer is formed
on an inside surface of the concave to join the metal layer to
form a reflective cup. An LED die is mounted in the reflective
cup and electrically connects with the first and second elec-
trodes.
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METHOD FOR MANUFACTURING LED
PACKAGE STRUTURE AND METHOD FOR
MANUFACTURING LEDS USING THE LED

PACKANGE STRUTURE

BACKGROUND
[0001] 1. Technical Field
[0002] The present disclosure relates to methods for manu-

facturing light emitting devices, and more particularly, to a
method for manufacturing an LED (light emitting diode)
package structure and a method for manufacturing LEDs
using the LED package structure, wherein reflective layers of
the LEDs are formed by photolithography and electroplating.
[0003] 2. Description of Related Art

[0004] As anew type of light source, LEDs are widely used
in various applications. An LED often includes a base, a pair
of'leads formed in the base, a light emitting chip mounted on
the base and electrically connected to the leads, a reflecting
cup surrounding the chip, and an encapsulant sealing the chip.
Generally, the reflecting cup is made of a base material such
as polymethylmethacrylate (PMMA), epoxy resin, silicone.
A reflecting film is formed on the base material for reflecting
light emitted from the chip. However, the materials for form-
ing the reflecting cup are deformable materials, especially at
a raised temperature. Thus, after use of the LED for a long
time, the reflecting cup may be deformed by the heat gener-
ated by the LED chip thereof, to thereby cause the reflecting
film to be deformed or even separated from the base material.
Such problem will unfavorably affect the light efficiency of
the LED.

[0005] Whatis needed, therefore, is a method for manufac-
turing an LED package structure and a method for manufac-
turing LEDs using the LED package structure which can
overcome the limitations described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Many aspects of the present disclosure can be better
understood with reference to the following drawings. The
components in the drawings are not necessarily drawn to
scale, the emphasis instead being placed upon clearly illus-
trating the principles of the present disclosure. Moreover, in
the drawings, like reference numerals designate correspond-
ing parts throughout the several views.

[0007] FIG. 1 shows a first step of a method for manufac-
turing an LED package structure in accordance with a first
embodiment of the present disclosure.

[0008] FIG. 2 shows a top view of FIG. 1.

[0009] FIG. 3 shows a second step of the method for manu-
facturing the LED package structure in accordance with the
first embodiment of the present disclosure.

[0010] FIG. 4 shows a third step of the method for manu-
facturing the LED package structure in accordance with the
first embodiment of the present disclosure.

[0011] FIGS. 5-6 show a fourth step of the method for
manufacturing the LED package structure in accordance with
the first embodiment of the present disclosure.

[0012] FIG. 7 shows a fifth step of the method for manu-
facturing the LED package structure in accordance with the
first embodiment of the present disclosure.

[0013] FIGS. 8-9 show a sixth step of the method for manu-
facturing the LED package structure in accordance with the
first embodiment of the present disclosure.
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[0014] FIG. 10 shows a seventh step of the method for
manufacturing the LED package structure in accordance with
the first embodiment of the present disclosure.

[0015] FIG. 11 shows an eighth step of the method for
manufacturing the LED package structure in accordance with
the first embodiment of the present disclosure.

[0016] FIG. 12 shows a step of severing the LED package
structure of FIG. 11 to obtain LEDs in accordance with a first
embodiment of the present disclosure.

[0017] FIG. 13 is atop view, showing a semi-finished prod-
uct of an LED package structure made by a method in accor-
dance with a second embodiment of the present disclosure.
[0018] FIG. 14 is similar to FIG. 12, showing a step of
severing the LED package structure obtained from the semi-
finished product of FIG. 13 to obtain LEDs in accordance
with a second embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0019] Referring to FIGS. 1-11, a method for manufactur-
ing an LED package structure 100 in accordance with a first
embodiment of the present disclosure is shown. The method
mainly includes several steps as discussed below.

[0020] Firstly, a substrate 10 is provided as shown in FIGS.
1-2. The substrate 10 is made of non-metallic materials such
as ceramics or silicon. A plurality of slots 11 are defined
throughout a top surface and a bottom surface of the substrate
10 by ways of mechanical drilling or etching, etc. A plating
layer 20 is formed on the top surface and the bottom surface
of the substrate 10. The plating layer 20 includes at least one
pair of a first electrode 21 and a second electrode 22. The
plating layer 20 further includes a connecting layer 23 spaced
from the first electrode 21 and the second electrode 22. The
plating layer 20 is made of metal materials such as copper or
aluminum. The first electrode 21 includes an upper section
located on the top surface of the substrate 10, a lower section
located on the bottom surface of the substrate 10, and a middle
section located within a corresponding slot and interconnect-
ing the upper section and the lower section. The second elec-
trode 22 has a structure similar to that of the first electrode 21.
The middle sections of the first electrode 21 and the second
electrode 22 fill the slots 11. The connecting layer 23 is
formed only on the top surface of the substrate 10. The con-
necting layer 23 surrounds each pair of the upper sections of
the first electrode 21 and the second electrode 22 on the top
surface of the substrate 10. The first electrode 21, the second
electrode 22 and the connecting layer 23 are separated and
electrically insulated from each other.

[0021] As shown in FIG. 3, a photoresist coating 30 is
provided to cover the substrate 10. The photoresist coating 30
covers the top surface of the substrate 10, the upper sections
of the first electrode 21 and the second electrode 22, and the
connecting layer 23 on the top surface of the substrate 10. In
this embodiment, the photoresist coating 30 is reverse photo-
resist for forming recesses with predetermined shapes in a
next lithography process.

[0022] AsshowninFIG. 4, amask 40 is provided above the
photoresist coating 30. The mask 40 does not wholly cover
the photoresist coating 30 in a manner that some portions of
the photoresist coating 30 corresponding to the connecting
layer 23 are covered, and the other portions of the photoresist
coating are exposed.

[0023] The exposed photoresist coating 30 is irradiated
with UV light. New polymer keys of the photoresist coating
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30 are generated after being irradiated, so that force between
the molecules of the photoresist coating 30 is strengthened,
resulting in that the irradiated portions of the photoresist
coating 30 are insoluble in developer. Due to covering of the
mask 40, the portions of the photoresist coating 30 immedi-
ately below the mask 40 are not irradiated by the UV light.
[0024] As shown in FIGS. 5-6, the mask 40 is removed. A
groove 31 is defined by further removing the non-irradiated
portions of the photoresist coating 30. The non-irradiated
portions of the photoresist coating 30 can be removed by
dipping the substrate 10 into a developing liquid. By control-
ling conditions of exposure and developing, the groove 31 can
be defined to have a predetermined size and shape. In this
embodiment, the connecting layer 23 is exposed through the
groove 31 by removing portions of the photoresist coating 30
covering the connecting layer 23. A cross-section of the
groove 31 has a trapezoidal shape with a bottom edge being
longer than a top edge thereof.

[0025] AsshowninFIG. 7, ametal layer 50 is formed in the
groove 31. The metal layer 50 directly connects the connect-
ing layer 23. In this embodiment, the metal layer 50 fully fills
the groove 31. The metal layer 50 partially covers a top face
of the connecting layer 23. A height of the metal layer 50 is
equal to a height ofthe photoresist coating 30. The metal layer
50 is electroplated on the connecting layer 23. Due to the
metal layer 50 and the connecting layer 23 are both made of
metal materials, the metal layer 50 and the connecting layer
23 can be combined together firmly and reliably.

[0026] As shown in FIGS. 8-9, a container containing a
kind of particular liquid 60 is provided. The remaining pho-
toresist coating 30 is dissolved by dipping the substrate 10 in
the liquid 60. After the remaining photoresist coating 30 is
totally dissolved in the liquid 60, the substrate 10 is brought
out of the liquid 60. Concaves 51 are defined at positions of
the dissolved photoresist coating 30. Each concave 51 is
surrounded by the metal layer 50. A pair of the first electrode
21 and the second electrode 22 is exposed in each concave 51.
Parts of the connecting layer 23 not covered by the metal layer
50, are exposed. The substrate 10 is further cleaned and dried
after being brought out of the liquid 60.

[0027] As shown in FIG. 10, a reflective cup 71 is formed
by plating a reflective layer 70 on an inside surface of each
concave 51. The reflective layer 70 covers the metal layer 50,
the first electrode 21, the second electrode 22 and the exposed
parts of the connecting layer 23. Preferably, the reflective
layer 70 is a silver layer.

[0028] Because of the metal layer 50 is formed on the
connecting layer 23 by electroplating, the metal layer 50 can
be made thin enough during the electroplating process.
Accordingly, a thickness of the package structure 100 can be
controlled to be small. Furthermore, the metal layer 50 is not
deformed due to a raised temperature, whereby the reflective
layer 70 can be reliably fixed on the metal layer 50. In addi-
tion, the joint between two metal materials by electroplating
is firm, whereby the joining reliability of the reflective layer
70 to the metal layer 50 is further enhanced.

[0029] Referring to FIG. 11, an LED chip 80 is attached on
the second electrode 22 and electrically connected to the first
electrode 21 and the second electrode 22 by two gold wires
81. A thickness of the chip 80 is smaller than depth of the
reflective cup 71. An encapsulant 90 is formed inside the
reflective cup 71 and covers the LED chip 80. The encapsu-
lant 90 is made of transparent materials such as epoxy, resin
and so on. The encapsulant 90 can be doped with phosphor.
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By the filling of the encapsulant 90 in the reflective cups 71,
the LED package structure 100 in accordance with the present
disclosure is completed.
[0030] As shown in FIG. 12, two LEDs 200 are manufac-
tured by cutting the LED package structure 100 of FIG. 11
through the metal layer 50, the connecting layer 23 and the
substrate 10 along a line between the two reflective cups 71.
In the first embodiment, the cutting line is at a middle of the
metal layer 50.
[0031] Referring to FIG. 13, an LED package structure 100
in accordance with a second embodiment of the present dis-
closure is shown. Different from the first embodiment, the
connecting layer 23 of the LED package structure 100 of the
second embodiment is divided into a plurality of individual
portions. Each individual portion of the connecting layer 23 is
an annulus surrounding a corresponding pair of the first elec-
trode 21 and the second electrode 22. The substrate 10 has a
band exposed between two neighboring edges of the indi-
vidual portions of the connecting layers 23. In the next pro-
cesses, a top surface of the substrate 10 including the band,
the first and second electrode 21, 22 and the connecting layer
23 are covered by the photoresist coating 30; the following
processing of the second embodiment is the similar to that of
the first embodiment, wherein the mask 40 which covers the
connecting layer 23 of the first embodiment does not cover
the band of the substrate 10 of the second embodiment; the
top surface of substrate 10 defining the band is exposed again
after exposure and developing of the photoresist coating 30.
Because metal layer 50 is formed only on the connecting layer
23, the exposed band of the substrate 10 is not covered by the
metal layer 50 during the process of electroplating the metal
layer 50. Thus, the metal layer 50 also has two individual
portions with a groove defined therebetween corresponding
to the exposed band of the top surface of the substrate 10.
[0032] As shown in FIG. 14, accordingly, the two indi-
vidual portions of the metal layer 50 can be conveniently
separated from each other, by cutting the LED package struc-
ture through two edges of the exposed band of the substrate
10, evading the metal layer 50. Accordingly two LEDs 200
are obtained.
[0033] It is believed that the present disclosure and its
advantages will be understood from the foregoing descrip-
tion, and it will be apparent that various changes may be made
thereto without departing from the spirit and scope of the
present disclosure or sacrificing all of its material advantages,
the examples hereinbefore described merely being preferred
or exemplary embodiments.
What is claimed is:
1. A method for manufacturing an LED (light emitting
diode) package structure, comprising:
providing a substrate with a first electrode, a second elec-
trode and a connecting layer formed on the substrate, the
first electrode, the second electrode and the connecting
layer being separated and electrically insulating from
each other;
forming a photoresist coating covering the substrate, the
first electrode, the second electrode and the connecting
layer;
removing a portion of the photoresist coating to define a
groove corresponding to the connecting layer;
forming a metal layer in the groove to join the connecting
layer;
removing a remaining portion of the photoresist coating to
form a concave surrounded by the metal layer;
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forming a reflective layer on an inside surface of the con-
cave to join the metal layer, the reflective layer and the
metal layer cooperatively forming a reflective cup; and

mounting an LED chip in the reflective cup and electrically
connecting the LED chip to the first and second elec-
trodes.

2. The method of claim 1, wherein the groove is defined by
using a developing liquid to remove the portion of the photo-
resist coating.

3. The method of claim 2, wherein the step of removing the
portion of the photoresist coating comprises:

providing a mask to shade the portion of the photoresist

coating;

irradiating the remaining portion of the photoresist coating

by ultraviolet light;

removing the mask; and

removing the portion of the photoresist coating by using

the developing liquid.

4. The method of claim 3, wherein the photoresist coating
is a reverse photoresist.

5. The method of claim 1, wherein the remaining portion of
the photoresist coating is removed by dipping the substrate in
a dissolving liquid.

6. The method of claim 1, wherein a cross-section of the
groove has a trapezoidal shape tapering from bottom to top.

7. The method of claim 1, wherein the metal layer fully fills
the groove.

8. The method of claim 1, wherein the reflective layer is
formed by electroplating.

9. The method of claim 8, wherein the reflective layer is a
silver layer.

10. The method of claim 1, wherein the substrate further
comprises another first electrode and another second elec-
trode on the substrate, the first electrode and the second
electrode, the another first electrode and the another second
electrode being surrounded by the connecting layer.

11. The method of claim 10, wherein connecting layer
comprises at least two individual portions, one individual
portions of the connecting layer surrounding the first elec-
trode, the second electrode, and another individual portion of
the connecting layer surrounding the another first electrode
and the another second electrode.

12. The method of claim 11, wherein the substrate has a
band exposed between two adjacent edges of the at least two
individual portions of the connecting layer.

13. The method of claim 1, wherein the substrate defines
slots throughout a top surface and a bottom surface thereof,
the first electrode and the second electrode each comprising
an upper section formed on the top surface of the substrate, a
lower section formed on the bottom surface of the substrate,
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and a middle section extending through a corresponding slot
to connect the upper section with the lower section.

14. The method of claim 13, wherein the slots are defined
by mechanical drilling or etching the substrate.

15. A method for manufacturing an LED (light emitting
diode), comprising:

providing a substrate with a first electrode, a second elec-

trode and a connecting layer formed on the substrate, the
first electrode, the second electrode and the connecting
layer being separated from each other;

forming a photoresist coating covering the substrate, the

first electrode, the second electrode and the connecting
layer;

removing a portion of the photoresist coating to expose the

connecting layer, a remaining portion of the photoresist
coating defining a groove corresponding to the removed
portion;

forming a metal layer in the groove to join the connecting

layer;

removing the remaining portion of the photoresist coating

to form a concave surrounded by the metal layer;
forming a reflective layer on an inside surface of the con-
cave to join the metal layer, the reflective layer and the
metal layer cooperatively forming a reflective cup;
attaching a chip in the reflective cup and electrically con-
necting the chip to the first electrode and the second
electrode; and

forming an encapsulant inside the reflective cup and cov-

ering the chip.

16. The method of claim 15, wherein the groove is defined
by using a developing liquid to remove the portion of the
photoresist coating.

17. The method of claim 16, wherein the step of removing
the portion of the photoresist coating comprises:

providing a mask to shade the portion of the photoresist

coating;

irradiating the remaining portion of the photoresist coating

by ultraviolet light;

removing the mask; and

removing the portion of the photoresist coating by using

the developing liquid.

18. The method of claim 15, the remaining portion of the
photoresist coating is removed by dipping the substrate in a
dissolving liquid.

19. The method of claim 15, wherein the metal layer fully
fills the groove.

20. The method of claim 15, wherein the reflective layer is
formed by electroplating.
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