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57 ABSTRACT

Method for the light emitting diode (LED) having the nano-
rods-like structure is provided. The LED employs the nano-
rods are subsequently formed in a longitudinal direction by
the etching method and the PEC method. In addition, the
plurality of the nanorods is arranged in an array so that pro-
vide the LED having much greater brightness and higher light
emission efficiency than the conventional LED.
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FIGURE 1B
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METHOD FOR PROMOTING LIGHT
EMISSION EFFICIENCY OF LED USING
NANORODS STRUCTURE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Theinventionrelates to alight emitting diode (LED)
structure, more particularly to a LED structure by employing
the nanorods-like structure to raise the light emission effi-
ciency.

[0003] 2. Description of the Prior Art

[0004] Due to the one of the character light emitting diode
(LED) is the high light emission efficiency, thus there is the
higher potential to become the illumination equipment of the
new generation. However, if the present illumination equip-
ments are going to be totally substituted, the light emission
efficiency of LED will be highly raised, so that the high
brightness LED brightness can be made. One of the best
solutions is to produce the nanorods-like structure for LED.
[0005] In the prior art, the nanorods-like structure formed
in LED can be used to release the stress, and reduce the
piezoelectric effect. The formation ofthe nanorods-like struc-
ture can also increase the sidewall-surface area to raise the
light emission efficiency.

[0006] However, most of the nanorods-like structure is
formed directly by the crystal growth in materials science. For
example, The hydride vapor phase epitaxy (HVPE) or the
formation of GaN-nano-rod can be used. In addition, the
etching technology can also be used to produce the nanorods-
like structure, such as using E-Beam and Inductively Coupled
Plasma (ICP) method to produce the nanorods-like structure.
However these methods can not produce the nanorods-like
structure in which the electric current can be injected to
generate the light emitting component with nanorods-like
structure.

[0007] For the technology disclosed in the previous litera-
ture, there is a U.S. Pat. No. 7,132,677B2 about “Super bright
light emitting diode of nanorods array structure having
InGaN quantum well and method for manufacturing the
same”. The GaN-based nano-rod having quantum well struc-
ture is used in this patent. The gap among nano-rod is filled by
Spin-On Glass (SOG), and only p-type semiconductor is
exposed at the top. The metal layer is coated to form ohm
contact and to get light emitting element. Though the nano-
rods-like structure generated by the structure can be used to
excite the LED, the epitaxy is utilized to form the mechanism
of nanorods-like structure. The hydride vapor phase epitaxy
(HVPE) is different from the metal organic chemical vapor
deposition (MOCVD) for the formation of LED, there will be
have technical problem in future application.

[0008] In addition, the conventional light emitting compo-
nent with nanorods-like structure can not be formed as good
LED, because the etching surface of nanorods-like structure
high resistance value.

SUMMARY OF THE INVENTION

[0009] The invention relates to a process employing the
photoelectric chemistry (PEC) method to manufacture the
LED with the nanorods-like structure. In the process firstly, a
mask layer is formed on a primary layer, and the annealing
way is used to form as the mask layer distributed on the
primary layer with the plurality of nano level particle masks.
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[0010] The etching technology is used to etch the part
which is not shielded by the particle mask. After etching, the
residual particle mask is removed to form the nanorods-like
structure on the original primary layer. Then the PEC tech-
nology is used. Sequentially the nanorods-like structure is put
in the photoelectric oxidization solution, a constant potential
is applied and is irradiated by a halogen lamp. The area
irradiated by the ray will be to form the oxide layer. Finally, a
metal layer is coated to conduct the original primary layer
without oxidation.

[0011] The feature of the invention is the nanorods-like
structure formed in the LED is different from the nanorods-
like structure formed by the conventional epitaxy technology.
The semiconductor process is used to produce the nanorods-
like structure on the surface of epitaxy to raise the light
emission efficiency of LED.

[0012] Further more, the conventional light emitting com-
ponent with nanorods-like structure can not be formed as the
good and useful LED products, due to the etching surface of
nanorods-like structure has high resistance value. The inven-
tion employs the PEC and etching technology to form the
LED element which can be excited by the electricity.

[0013] Inthe invention, under the condition of direct elec-
trical current, the electrical current will not leak from side-
wall, so that the leakage current will not be generated.
[0014] Due to the semiconductor process of LED is quite
mature, the invention is not only nuch suitable for the mass
production, but also can reduce the manufacturing cost of
LED with high brightness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0016] FIG. 1 is the diagram schematically illustrating the
embodiment of the invention;

[0017] FIG. 2 is the diagram schematically illustrating the
magnification of the invention by the Scanning Electronic
Microscope (SEM);

[0018] FIG. 3 is the measuring data of the invention; and
[0019] FIG. 4 is the measuring data of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] The following is a description of the present inven-
tion. The invention will firstly be described with reference to
one exemplary structure. Some variations will then be
described as well as advantages of the present invention. A
preferred method of fabrication will then be discussed. An
alternate, asymmetric embodiment will then be described
along with the variations in the process flow to fabricate this
embodiment.

[0021] The invention is a method to use the nanorods-like
structure to raise the light emission efficiency of LED. Firstly,
the PEC technology is used to oxidize the exposed multiple
quantum well in nanorods and n-type semiconductor materi-
als. Thus the nanorods are insulated except the p-type semi-
conductor at the top. Then the conductive material is coated
on un-oxidation p-type semiconductor to be formed ohm
contact, in order to produce the LED element which can be
excited by the electricity.
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[0022] The invention particularly uses the nanorods-like
structure formed on the LED, and employs the PEC technol-
ogy to form an oxide layer around the nanorods, in order to get
the LED element which can be excited by the electricity. The
process for the method to use the nanorods-like structure to
raise the light emission efficiency of LED is described as the
followings.

[0023] AsshowninFIG. 1A, the invention provides a LED
structure, which comprises a sapphire substrate 101, a n-type
GaN 102 formed on the sapphire substrate 101, a multiple
quantum well (MQVV) 103 formed on the n-type GaN 102,
and a p-type GaN 104 formed on the multiple quantum well
103.

[0024] Stll as shown in FIG. 1B, the metal coating tech-
nology is used to coat a thin nickel layer 105 on the p-type
GaN 104 of LED structure. The preferred thickness is about
50 A to 150 A, and about 100 A will be better for the inven-
tion.

[0025] AsshowninFIG. 1C, the rapid heat treatment (RTA)
is conducted for the LED structure coated with nickel. The
preferred temperature is about 7500 to 9500, and about
85000 will be better the invention. The preferred time is about
30 seconds to 120 seconds, and about 60 seconds in the
invention. Therefore the plurality of nickel nano level par-
ticles 105 can be formed.

[0026] Again, as shown in FIG. 1D, the plurality of nickel
nano level particles 105 is used as the mask. The inductively
coupled plasma-reactive ion etching (ICP-RIE) technology
(dry etching) is used to etch the p-type GaN 104 and the
multiple quantum well 103. The plurality of nickel nano level
particles 105 can be used as the mask to form the plurality of
the nanorods-like structure. The nanorods-like structure
would comprise the metal particle 105, the p-type GaN 104
and the multiple quantum well 103. The etching conditions
are as follows: the gas flow rate CL/Ar=50/20 sccm, the
applied power of plasma and bias is 400 W and 100 W,
respectively, the pressure is 5 mTorr in the chamber, and the
etching time is 2 minutes. After the nanorods-like structure is
formed, it is immersed in the etching solution of nitric acid at
1007 for 5 minutes, in order to remove the residual nickel
particle. And part of the nanorods-like structure is removed as
the electrode.

[0027] As shown in FIG. 1E, the Photo-electrochemical
(PEC) process is conducted. At first, the LED with the nano-
rods-like structure is fixed on the cathode of a circuit, there
putinto the photoelectric chemical oxidization solution (such
as deionized water). Then, 20V of voltage is introduced. 300
W of mercury lamp is used to conduct the oxidization reac-
tion. After 10 minutes, except the part of p-type semiconduc-
tor, all area irradiated by the mercury lamp is to form an oxide
layer (Ga,05) 106.

[0028] Finally, as shown in FIG. 1F, a nickel/gold layer 107
is coated, which forms the ohm contact having the exposed
p-type semiconductor layer (p-type GaN) 104. Meantime, the
chromium/gold is coated on the electrode to form the elec-
trode metal 108, in order to form the LED having the nano-
rods-like structure.

[0029] The invention uses the photoelectric chemical oxi-
dization technology to form the LED with the nanorods-like
structure which can be excited by the electricity. In the pro-
cess, the thickness of nickel can be altered to change the size
of metal nano level particles, in order to determine the diam-
eter of nanorods after the etching process.
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[0030] During the ICP-RIE, the etching time can be altered
to change the depth of nanorods. The oxidization time,
applied voltage, and light strength of PEC can also be altered
to change the thickness of oxidization layer.

[0031] The invention is verified by the experiment, and
FIG. 2 shows the magnification of the invention by the Scan-
ning Electronic Microscope (SEM), which reveals the filling
of nanorods after the PEC oxidization. As shown in FIG. 3,
the measuring data of the invention is revealed. It described
the spectrum of photo-excited light for as-grown LED, nano-
rods LED with PEC and nanorods LED without PEC.
[0032] AsshowninFIG. 4, the measuring data of the inven-
tion is revealed. It described the spectrum of electro-excited
light for as-grown LED and nanorods LED with PEC.
[0033] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains. If the line pattern is used as the shape of
mask, the triangular tunnel will be formed first in the etching
process, then the side wall of tunnel will be closed to separate
the gallium nitride from the semiconductor substrate. If the
dot pattern or random pattern is used as the shape of mask, the
hexagonal cone will be formed first in the etching process,
then the thick gallium nitride film will separate from the
semiconductor substrate.

[0034] Itis understood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable novelty that reside in the
present invention, including all features that would be treated
as equivalents thereof by those skilled in the art to which this
invention pertains.

What is claimed is:
1. A method for raising the light emission efficiency of the
LED using the nanorods-like structure, comprising:

providing a LED structure having a sapphire substrate, a
p-type GaN layer formed on the sapphire substrate, a
multiple quantum well layer formed on the p-type GaN
layer, and a n-type GaN layer formed on the multiple
quantum well layer, forming a thin metal layer on the
surface of n-type GaN layer and rapid heat treating the
thin metal layer to form a plurality of metal particle;

etching the n-type GaN layer and the multiple quantum
well layer, the plurality of metal particle being used as
the mask to form a plurality of nanorods, the plurality of
the nanorods-like structure comprises the plurality of
metal particle, the n-type GaN layer and the multiple
quantum well layer, removing the residual plurality of
metal particle being removed, the nanorods-like struc-
ture being used as the electrode;

processing a photo-electrochemical process to form an
oxide layer to encapsulate the plurality of the nanorods-
like structure; and
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coating a metal layer on the oxide layer as an ohm contact
between the electrode and the p-type GaN layer to form
the LED having the nanorods-like structure.

2. The method according to claim 1, wherein the thin metal
layer comprises the nickel metal.

3. The method according to claim 1, wherein the metal
coating technology is used to form the thin metal layer.

4. The method according to claim 1, wherein the tempera-
ture for rapid heat treating is about 7501 to 950.

5. The method according to claim 1, wherein the time for
the rapid heat treatment is about 30 s to 120 s.

6. The method according to claim 1, wherein the etching
method comprises the dry etching,

7. The method according to claim 1, wherein the PEC
process comprises using the mercury lamp to conduct the
oxidization reaction.

8. The method according to claim 1, wherein coating a
metal layer on the oxide layer, the metal layer comprises
nickel (Ni)/gold (Au) and chromium (Cr)/platinum (Pt).

9. A method for raising the light emission efficiency of the
LED using the nanorods-like structure, comprising;

providing a sapphire substrate, a p-type GaN layer formed

on the sapphire substrate, a multiple quantum well layer
formed on the p-type GaN layer, and a n-type GaN laver
formed on the multiple quantum well layer

forming a thin metal layer on the surface of n-type GaN

layer;

processing a rapid heat treatment to form a plurality of

metal particle;

etching the n-type GaN layer and the multiple quantum

well layer, using the plurality of metal particle as a mask
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to form a plurality of nanorods, the plurality of the
nanorods-like structure comprises the plurality of metal
particle, the n-type GaN layer and the multiple quantum
well layer, removing the residual plurality of metal par-
ticle, the removed nanorods-like structure being used as
an electrode;

processing the photo-electrochemical process for forming

a metal layer to encapsulate the plurality of nanorods-
like structure; and

coating a metal layer on the oxide layer as an ohm contact

between the electrode and the p-type GaN layer to form
the LED having the nanorods-like structure.

10. The method according to claim 9, wherein the thin
metal layer comprises nickel metal.

11. The method according to claim 9, wherein the metal
coating technology is used to form the thin metal layer.

12. The method according to claim 9, wherein the tempera-
ture for rapid heat treating is about 750° C. to 950° C.

13. The method according to claim 9, wherein the time of
the rapid heat treatment is about 30 s to 120 s.

14. The method according to claim 9, wherein the etching
method comprises the dry etching.

15. The method according to claim 9, wherein the PEC
process comprises using the mercury lamp to conduct the
oxidization reaction.

16. The method according to claim 9, wherein a coating
metal layer on the oxide layer, the metal layer comprises
nickel (Ni)/gold (Au) and chromium (Cr)/platinum (Pt).
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