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(57) ABSTRACT

A method of manufacturing light-emitting diode device has
steps of isolating a light-emitting side of an LED chip from a
wire-bonding region by disposing partition panels on the
wire-bonding region and coating phosphors on the light-emit-
ting side of the LED chip in a phosphor-coating process. The

He Shan City (CN) method can be applied to manufacturing LED device having
a flip chip structure or a vertical chip structure. According to
. the method, a white LED device can be directly manufactured
(21) Appl. No: 12/351,668 without adopting a phosphor package technique, and thereby
a whole package process of the white LED device is simpli-
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METHOD OF MANUFACTURING LIGHT
EMITTING DIODE DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a light emitting
diode, especially to a method of manufacturing light emitting
diode device that isolates a light-emitting side from other
regions of the semi-manufactured LED device, such as a
wire-bonding region, for coating phosphors on the light-emit-
ting side alone.

[0003] 2. Description of the Related Art

[0004] Light-emitting diodes (LED) are forward-biased
P-N junction diodes made of semiconductor materials. When
terminals of the PN junction diodes are biased in a forward
direction, the recombination of non-equilibrium carriers
(electron-hole pairs) causes an emission of light. Foregoing
light-emitting process primarily corresponds to a spontane-
ous light-emitting process. Materials for manufacturing the
LED are heavily doped and therefore form a PN junction
wherein an n-type region has an excess of free electrons and
ap-type region an excess of holes under a thermal equilibrium
condition. A depletion region forms spontaneously across a
P-N junction and prevents electrons and holes from recom-
bining. When the p-n junction is forward-biased with a suf-
ficient voltage, the depletion region will be narrowed and
electrons can overcome a resistivity of the depletion region to
cross the PN junction and inject into a side of the PN junction
near the p-type region. Electrons then meet and recombine
with holes and the recombination thereby results in light
emission.

[0005] Generally, a conventional light-emitting diode
(LED) is manufactured by forming a laminated structure
mounted on a substrate wherein the laminated structure com-
prises an n-type semiconductor layer, a light-emitting layer
and a p-type semiconductor layer. The conventional LED
may adopt different materials and structures to meet different
desired wavelengths of emitted lights. For example, blue and
green LEDs usually use sapphire as a substrate and GalnN
epitaxial structure as a laminated structure. Because the sap-
phire is used as the substrate, an anode and a cathode of the
conventional light-emitting diode are formed at the same side
of the substrate. As reference to FIG. 1, an n-type GaN layer
(5), a light-emitting layer (4), a p-type GaN layer (3) and a
transparent electrode layer (2) are sequentially formed on a
sapphire substrate (6). An anode (1) and a cathode (7) are
respectively formed on the transparent electrode layer (2) and
the n-type GaN layer (5). However, the sapphire substrate (6)
is weak at heat dissipating and a heat-conductive structure is
disposed at a distance from the light-emitting layer (4).
Therefore the conventional LEDs are limited to be manufac-
tured into small-area ones with low power, such as one LED
having an area of 0.3 mmx0.3 mm with an operating current
at 20 mA.

[0006] Withthe requirements ofa higher lighting efficiency
and better illumination, a conventional LED device having a
flip chip structure gradually replaces foregoing conventional
LED device as a high power LED device. With reference to
FIG. 2, a back side of a flip-chip (8) functions as a light-
emitting side, and electrodes at a front side of the flip-chip (8)
is attached to a heat-sink side of a silicon substrate (9)
wherein the silicon substrate (9) functions as a heat-conduc-
tive structure. Since the flip-chip (8) are close to the silicon
substrate (9), a heat-dissipating efficiency is enhanced.
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Therefore, area of an LED device can be increased to 1 mmx1
mm, operating current can be achieved to 300 or 500 mA and
then the LED device can be provided with a power up to 1
Watt.

[0007] High power LED devices are mainly applied to
white light illumination. A technique of manufacturing white
LED devices usually requires a package technique of pack-
aging phosphors. However, during a process of manufactur-
ing white LED devices, phosphor coating is hard to control
and uneven white light illumination may occur to influence
color temperature and coordinate of emitted white lights, and
thereby lead to a package yield decrease. Such package defect
is particularly obvious to a high power white LED device.
[0008] To overcome the shortcomings, the present inven-
tion provides a method of manufacturing light-emitting diode
device to mitigate or obviate the aforementioned problems.

SUMMARY OF THE INVENTION

[0009] The main objective of the invention is to provide a
method of manufacturing light-emitting diode (LED) device.
The method in accordance with the present invention com-
prises steps of:

[0010] isolating an light-emitting side of an LED chip from
a wire-bonding region by disposing partition panels on the
wire-bonding region; and

[0011] coating phosphors on the light-emitting side of the
LED chip during a phosphor-coating process.

[0012] Preferably, the LED device is a high-power white
LED device.
[0013] Preferably, the LED device has a flip-chip structure

or a vertical chip structure.
[0014] Another objective of the invention is to provide a
method of manufacturing light-emitting diode device having
a flip-chip structure. The method in accordance with the
present invention comprises steps of:
[0015] mounting at least one flip-chip structure on a top of
abase wherein a wire-bonding region is disposed on the top of
the base and surrounding the at least one flip-chip structure,
each of the at least one flip-chip structure comprising
[0016] atransparent substrate having a back surface; and
[0017] a transparent electrode layer being as a light-
emitting side of the flip chip structure and being
mounted on the back surface of the transparent sub-
strate;
[0018] isolating the transparent electrode layer from the
wire-bonding region by disposing a partition panel on the
wire-bonding region;

[0019] coating a slurry of phosphors on the transparent
electrode layer;
[0020] evaporating solvents of the slurry by heating to

solidity the phosphors and thereby form a phosphor layer;
[0021] removing the partition panel; and

[0022] cutting the base into sections to form at least one
single-unit LED devices having a flip-chip structure.

[0023] Preferably, a roughened layer having a rough sur-
face is disposed between the transparent electrode layer and
the phosphor layer.

[0024] Preferably, the LED device is a high-power white
LED device.
[0025] Another objective of the invention is to provide a

method of manufacturing light-emitting diode device having
a flip chip structure. The method in accordance with the
present invention comprises steps of:
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[0026] mounting at least one flip chip structure on a top of
a base wherein a metal joint layer is disposed between the at
least one flip-chip structure and the top of the base, and a
periphery part of the metal joint layer surrounds the at least
one flip-chip structure, each of the at least one flip-chip struc-
ture comprising

[0027] a reflective metal layer being opposite to the

metal joint layer; and
[0028] a n-type semiconductor layer being as a light-
emitting side;

[0029] disposing a partition panel on the periphery part of
the metal joint layer to isolate the n-type semiconductor layer
from the periphery part of the metal joint layer;
[0030] coating a slurry of phosphors on the n-type semi-
conductor layer;
[0031] evaporating solvents of the slurry by heating to
solidity the phosphors and thereby form a phosphor layer;
[0032] removing the partition panel; and
[0033] cutting the base into sections to form at least one
single-unit LED device having a flip-chip structure.
[0034] Preferably, a roughened layer having a rough sur-
face is disposed between the n-type semiconductor layer and
the phosphor layer.

[0035] Preferably, the LED device is a high-power white
LED device.
[0036] The other objective of the invention is to provide a

method of manufacturing light-emitting diode device having
a vertical chip structure. The method in accordance with the
present invention comprises steps of:

[0037] mounting at least one vertical chip structure on a top
of a base and each of the at least one vertical chip structure
comprising a p side electrode, a p-type semiconductor layer,
a light-emitting layer, a n-type semiconductor layer and a
transparent electrode layer being sequentially disposed on the
base, wherein the transparent electrode layer functions as a
light-emitting side and a wire-bonding region is disposed on
a part of the transparent electrode layer;

[0038] disposing a partition panel on the wire-bonding
region to isolate the wire-bonding region from the rest of the
transparent electrode layer;

[0039] coating a slurry of phosphors on the transparent
electrode layer;
[0040] evaporating solvents of the slurry by heating to

solidity the phosphors to form a phosphor layer;
[0041]
[0042] cutting the base into sections to form at least one
single-unit LED device having a vertical chip structure.

[0043] Preferably, a roughened layer having a rough sur-

face is disposed between the transparent electrode layer and
the phosphor layer.

removing the partition panel; and

[0044] Preferably, the LED device is a high-power white
LED device.
[0045] The method of the present invention uses partition

panels to isolate the light-emitting side from other regions,
such as the wire-bonding region or the metal joint layer, for
coating phosphors on the light-emitting side alone. There-
fore, the white LED device can be directly manufactured
without using a phosphor package technique, and thereby the
whole manufacturing process of white LED device is simpli-
fied.
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[0046] Other objectives, advantages and novel features of
the invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 is a schematic cross sectional side view of a
conventional blue and green light-emitting diode in accor-
dance with the prior art;

[0048] FIG. 2 is a schematic cross sectional side view of a
conventional light-emitting diode device adopting a flip-chip
structure in accordance with the prior art;

[0049] FIG. 3 is a schematic plane view of a partition panel
that is used when applying a first embodiment of a method in
accordance with the present invention to manufacture a light-
emitting diode device having a flip chip structure;

[0050] FIG. 4 is a schematic cross sectional side view of
manufacturing the light-emitting diode device having a flip
chip structure with the partition panel shown in FI1G. 3 by the
first embodiment of the method;

[0051] FIG. 5 is a schematic plane view of a partition panel
that is used when applying a second embodiment of the
method in accordance with the present invention to manufac-
ture a light-emitting diode device having another flip chip
structure;

[0052] FIG. 6 is a schematic cross sectional side view of
manufacturing the light-emitting diode device having the
another flip chip structure with the partition panel shown in
FIG. 5 by the second embodiment of the method in accor-
dance with the present invention;

[0053] FIG. 7 is a schematic cross sectional side view of a
partition panel that is used when applying a third embodiment
of the method in accordance with the present invention to
manufacture a light-emitting diode device having a vertical
chip structure; and

[0054] FIG. 8 is a schematic cross sectional side view of
manufacturing the light-emitting diode device having a ver-
tical chip structure with the partition panel shown in FIG. 7 by
the third embodiment of the method in accordance with the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0055] According to the present invention, using a partition
panel to isolate a light-emitting side of a light-emitting diode
(LED) device from other regions like a wire-bonding region
and coating phosphors alone on the light-emitting side during
a phosphor-coating process can improve uniformity of the
phosphor coating and omit a phosphor package technique of
a package process. The present invention can be applied in
manufacturing LED device having a flip chip structure or a
vertical chip structure.

[0056] FIG. 3 is a schematic plane view of a partition panel
that is used when applying a first embodiment of a method in
accordance with the present invention to manufacture a light-
emitting diode device having a flip chip structure. F1IG. 4 is a
schematic cross sectional side view of manufacturing the
light-emitting diode device having a flip chip structure with
the partition panel shown in FIG. 3 by the first embodiment of
the method.

[0057] With reference to FIG. 4, at least one flip chip struc-
ture having a transparent substrate (8) is mounted on a top of
a base (9) with a topside of the at least one flip chip structure
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facing the base (9). The base (9) may be composed of mate-
rials selected from the group consisting of silicon, aluminum
nitride, copper, gallium nitride, zinc oxide and combinations.
The transparent substrate (8) is mounted on a backside of the
flip chip structure and may be made of sapphire. A transparent
electrode layer (10) functioning as a light-emitting side of the
at least one flip chip structure is disposed on a back surface of
the transparent substrate (8).

[0058] A roughened layer (14) having a rough surface may
be selectively disposed on the transparent electrode layer (10)
to enhance adhesion of phosphors when coating the phos-
phors to the at least one flip chip structure.

[0059] A wire-bonding region (13) is disposed on the top of
the base (9) and surrounds the flip chip structure. A partition
panel (12) is disposed on the wire-bonding region (13) to
isolate the transparent electrode layer (10) functioning as a
light-emitting side from the wire-bonding region (13). FIG. 3
shows a plane view of a partition panel (12) being applied in
multiple flip chip structures. The partition panel (12) has
multiple openings being respectively aligned to the multiple
flip chip structures. Each opening has a gauge corresponding
to a size of each flip chip structure.

[0060] Slurry of phosphors is directly coated on the trans-
parent electrode layer (10) and may be on the roughened layer
(14) by spin coating or instillation coating. Evaporating sol-
vents of the slurry by heating solidifies the phosphors and
thereby forms a phosphor layer (11). Through foregoing step,
the phosphors can be evenly coated and solidified on the
light-emitting side of the flip chip structure. Therefore adopt-
ing a phosphor package technique during a package process
can be avoided. After forming the phosphor layer (11), the
partition panel (12) will be removed and then the base (9) will
be cut into sections to form at least one single-unit LED
device having a flip chip structure.

[0061] Therefore, the first embodiment of the method in
accordance with the present invention comprises steps of:
[0062] mounting at least one flip chip structure on a top of
a base wherein each of the at least one flip chip structure
comprising a transparent substrate and a transparent electrode
layer being mounted on a back surface of the transparent
substrate;

[0063] disposing apartition panel on a wire-bonding region
being surrounding the flip chip structure;

[0064] coating a slurry of phosphors on the transparent
electrode layer;
[0065] evaporating solvents of the slurry by heating to

solidity the phosphors to form a phosphor layer;

[0066] removing the partition panel; and

[0067] cutting the base into sections to form at least one
single-unit LED device having a flip chip structure.

[0068] FIG.5 is aschematic plane view of a partition panel
that is used when applying a second embodiment of the
method in accordance with the present invention to manufac-
ture a light-emitting diode device having another flip chip
structure. FIG. 6 is a schematic cross sectional side view of
manufacturing the light-emitting diode device having the
another flip chip structure with the partition panel shown in
FIG. 5 by the second embodiment of the method in accor-
dance with the present invention.

[0069] With reference to FIG. 6, at least one flip chip struc-
ture is mounted on a top of a base (20) through a metal joint
layer (21). The base (20) may be composed of materials
selected from the group consisting of silicon, aluminum
nitride, copper, gallium nitride, zinc oxide and combinations.
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A periphery part of the metal joint layer (22) surrounds the at
least one flip chip structure. The atleast one flip chip structure
comprises a reflective metal layer (22) being opposite to the
metal joint layer (21) and a light-emitting laminated structure.
The light-emitting structure comprises a p-type semiconduc-
tor layer (23), a quantum-well emission layer (24) and an
n-type semiconductor layer (25) being sequentially disposed
on the reflective metal layer (22). The p-type semiconductor
layer (23) may be implemented as p-type gallium nitride. The
n-type semiconductor layer (25) may be implemented as
n-type gallium nitride.

[0070] The flip chip structure in FIG. 6 differs from the flip
chip structure in FIG. 4 by having the transparent substrate
removed. A roughened layer (28) having a rough surface may
be selectively disposed on the n-type semiconductor layer
(25) to enhance adhesion of phosphors when coating the
phosphors to the at least one flip chip structure.

[0071] A partition panel (27) is disposed on the periphery
part of the metal joint layer (22) to isolate the n-type semi-
conductor layer (25) functioning as a light-emitting side from
the periphery part of the metal joint layer (22). The partition
panel (27) has multiple openings being respectively aligned
to the atleast one flip chip structure. Each opening has a gauge
corresponding to a plane size of the n-type semiconductor
layer (25). Slurry of phosphors is directly coating on the
n-type semiconductor layer (25) and may be on the rough-
ened layer (28) by spin coating or instillation coating. Evapo-
rating solvents of the slurry by heating solidifies the phos-
phors and thereby forms a phosphor layer (26). After forming
the phosphor layer (26), the partition panel (27) will be
removed and then the base (20) will be cut into sections to
form at least one single-unit LED device having a flip chip
structure.

[0072] Through foregoing step, the phosphors can be
evenly coated and solidified on the light-emitting side of the
flip chip structure. Therefore adopting a phosphor package
technique during a package process can be avoided.

[0073] Hence, the second embodiment of the method in
accordance with the present invention comprises steps of:
[0074] mounting at least one flip chip structure on a top of
a base through a metal joint layer wherein each of the at least
one flip chip structure comprising a reflective metal layer
being opposite to the metal joint layer and a n-type semicon-
ductor layer being disposed on the reflective metal layer;
[0075] disposing a partition panel on a periphery part of the
metal joint layer to isolate the n-type semiconductor layer
from the periphery part of the metal joint layer;

[0076] coating a slurry of phosphors on the n-type semi-
conductor layer;

[0077] evaporating solvents of the slurry by heating to
solidity the phosphors to form a phosphor layer;

[0078] removing the partition panel; and

[0079] cutting the base into sections to form at least one
single-unit LED device having a flip chip structure.

[0080] FIG. 7 is a schematic cross sectional side view of a
partition panel that is used when applying a third embodiment
of the method in accordance with the present invention to
manufacture a light-emitting diode device having a vertical
chip structure. FIG. 8 is a schematic cross sectional side view
of manufacturing the light-emitting diode device having a
vertical chip structure with the partition panel shown in FIG.
7 by the third embodiment of the method in accordance with
the present invention.
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[0081] With reference to FIG. 8, at least one vertical chip
structure comprises a p side electrode (33), a p-type semicon-
ductor layer (34), a light-emitting layer (41), a n-type semi-
conductor layer (35) and a transparent electrode layer (36)
being disposed on a base (32) in sequence. The transparent
electrode layer (36) functions as a light-emitting side of the
vertical structure. A roughened layer (40) having a rough
surface may be selectively disposed on the transparent elec-
trode layer (36) to enhance adhesion of phosphors when
coating the phosphors to the at least one vertical chip struc-
ture. A wire-bonding region (39) is disposed on a part of the
transparent electrode layer (36) and may be on a part of the
rough surface of the roughened layer (40).

[0082] FIG. 7 shows a plane view of a partition panel (38)
being applied in multiple vertical chip structures mounted on
the base (32). The partition panel (38) differs from the parti-
tion panel (12, 27) by having extensions (A) for respectively
covering each wire-bonding region (39) to isolate each wire-
bonding region (39) from the rest of the transparent electrode
layer (36). The partition panel (38) has multiple openings
being respectively aligned to the multiple vertical chip struc-
tures. Each opening corresponds in shape and in size to the
light-emitting side of each flip chip structure.

[0083] Slurry of phosphors is directly coating on the light-
emitting side by spin coating or instillation coating. Evapo-
rating solvents of the slurry by heating solidifies the phos-
phors and thereby forms a phosphor layer (37). After forming
the phosphor layer (37), the partition panel (38) will be
removed and then the base (32) will be cut into sections to
form at least one single-unit LED device having a vertical
chip structure. Through foregoing step, the phosphors can be
evenly coated and solidified on the light-emitting side of the
vertical chip structure. Therefore adopting a phosphor pack-
age technique during a package process can be avoided.
[0084] Hence, the third embodiment of the method in
accordance with the present invention comprises steps of:
[0085] mounting at least one vertical chip structure on a top
of a base and each of the at least one vertical chip structure
comprising a p side electrode, a p-type semiconductor layer,
a light-emitting layer, a n-type semiconductor layer and a
transparent electrode layer being sequentially disposed on the
base, wherein a wire-bonding region is disposed on a part of
the transparent electrode layer;

[0086] disposing a partition panel on the wire-bonding
region to isolate the wire-bonding region from the rest of the
transparent electrode layer;

[0087] coating a slurry of phosphors on the transparent
electrode layer;
[0088] evaporating solvents of the slurry by heating to

solidity the phosphors to form a phosphor layer;

[0089] removing the partition panel; and

[0090] cutting the base into sections to form at least one
single-unit LED device having a vertical chip structure.
[0091] The present invention can also be applied in other
LED device having other kind of chip structure, especially
can be applied in high power LED device having a phosphor
layer.

[0092] According to the present invention, using a partition
panel to isolate a light-emitting side of a light-emitting diode
(LED) device from other regions like a wire-bonding region
and thereby coating phosphors alone on the light-emitting
side during a phosphor-coating process can improve unifor-
mity of the phosphors. For a white LED device, uniformity of
color temperature and coordinate of white lights can be effec-
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tively controlled. Therefore, the white LED devices can be
directly manufactured without adopting a phosphor package
technique, and thereby a package process of the white LED
device is simplified.

[0093] Even though numerous characteristics and advan-
tages of the present invention have been set forth in the
foregoing description, together with details of the structure
and features of the invention, the disclosure is illustrative
only. Changes may be made in the details, especially in mat-
ters of shape, size, and arrangement of parts within the prin-
ciples of the invention to the full extent indicated by the broad
general meaning of the terms in which the appended claims
are expressed.

What is claimed is:

1. A method of manufacturing light-emitting diode (LED)
device comprising steps of:

isolating an light-emitting side of an LED chip from a

wire-bonding region by disposing partition panels on the
wire-bonding region; and

coating phosphors on the light-emitting side of the LED

chip during a phosphor-coating process.

2. The method as claimed in claim 1, wherein the LED
device is a high-power white LED device.

3. The method as claimed in claim 1, wherein the LED
device has a flip-chip structure or a vertical structure.

4. The method as claimed in claim 2, wherein the LED
device has a flip-chip structure or a vertical structure.

5. A method of manufacturing light-emitting diode (LED)
device having a flip-chip structure comprising steps of:

mounting at least one flip-chip structure on a top of a base

wherein a wire-bonding region is disposed on the top of

the base and surrounding the at least one flip-chip struc-

ture, each of the at least one flip chip structure compris-

ing

a transparent substrate having a back surface; and

a transparent electrode layer being as a light-emitting
side of the flip chip structure and being mounted on
the back surface of the transparent substrate;

isolating the transparent electrode layer from the wire-

bonding region by disposing a partition panel on the

wire-bonding region;

coating a slurry of phosphors on the transparent electrode

layer;

evaporating solvents of the slurry by heating to solidify the

phosphors and thereby form a phosphor layer;
removing the partition panel; and

cutting the base into sections to form at least one single-

unit LED devices having a flip-chip structure.

6. The method as claimed in claim 5, wherein a roughened
layer having a rough surface is disposed between the trans-
parent electrode layer and the phosphor layer.

7. The method as claimed in claim 5, wherein the LED
device is a high-power white LED device.

8. The method as claimed in claim 6, wherein the LED
device is a high-power white LED device.

9. A method of manufacturing light-emitting diode (LED)
device having a flip-chip structure comprising steps of:

mounting at least one flip chip structure on a top of a base

wherein a metal joint layer is disposed between the at
least one flip-chip structure and the top of the base, and
a periphery part of the metal joint layer surrounds the at
least one flip-chip structure, each of the at least one
flip-chip structure comprising
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a reflective metal layer being opposite to the metal joint
layer; and
a n-type semiconductor layer being as a light-emitting
side;
disposing a partition panel on the periphery part of the
metal joint layer to isolate the n-type semiconductor
layer from the periphery part of the metal joint layer;

coating a slurry of phosphors on the n-type semiconductor
layer;

evaporating solvents of the slurry by heating to solidify the

phosphors and thereby form a phosphor layer;
removing the partition panel; and

cutting the base into sections to form at least one single-

unit LED device having a flip-chip structure.

10. The method as claimed in claim 9, wherein a roughened
layer having a rough surface is disposed between the n-type
semiconductor layer and the phosphor layer.

11. The method as claimed in claim 9, wherein the LED
device is a high-power white LED device.

12. The method as claimed in claim 10, wherein the LED
device is a high-power white LED device.

13. A method of manufacturing light-emitting diode (LED)
device having a vertical chip structure comprising steps of:

mounting at least one vertical chip structure on a top of a

base and each of the at least one vertical chip structure
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comprising a p side electrode, a p-type semiconductor
layer, a light-emitting layer, a n-type semiconductor
layer and a transparent electrode layer being sequen-
tially disposed on the base, wherein the transparent elec-
trode layer functions as a light-emitting side and a wire-
bonding region is disposed on a part of the transparent
electrode layer;

disposing a partition panel on the wire-bonding region to

isolate the wire-bonding region from the rest of the
transparent electrode layer;

coating a slurry of phosphors on the transparent electrode

layer;

evaporating solvents of the slurry by heating to solidify the

phosphors to form a phosphor layer;

removing the partition panel; and

cutting the base into sections to form at least one single-

unit LED device having a vertical chip structure.

14. The method as claimed in claim 13, wherein a rough-
ened layer having a rough surface is disposed between the
transparent electrode layer and the phosphor layer.

15. The method as claimed in claim 13, wherein the LED
device is a high-power white LED device.

16. The method as claimed in claim 14, wherein the LED
device is a high-power white LED device.
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