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(57) ABSTRACT

A substrate used for III-V-nitride growth and a manufactur-
ing method thereof, the manufacturing method comprising
the following steps: 1) providing a growth substrate, and
forming on the surface of the growth substrate a buffer layer
used for subsequent growth of a luminescent epitaxial
structure; 2) forming a semiconductor dielectric layer on the
surface of the buffer layer; 3) by means of a photolithogra-
phy process, etching a plurality of semiconductor dielectric
protrusions arranged at intervals on the semiconductor
dielectric layer, and exposing the buffer layer between the
semiconductor dielectric protrusions. This method ensures
the crystal quality of the grown luminescent epitaxial struc-
ture and also raises the luminescent efficiency of a light-
emitting diode. The process is simple, advantageous for
reducing cost of manufacture, and suitable for use in indus-
trial production.
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SUBSTRATE USED FOR GROUP III-V
NITRIDE GROWTH AND METHOD FOR
PREPARATION THEREOF

BACKGROUND OF THE PRESENT

INVENTION
[0001] Field of Invention
[0002] The invention relates to the field of semiconductor

illumination, and particularly relates to a substrate used for
an [I-V-nitride growth and a manufacturing method thereof.
[0003] Description of Related Arts

[0004] As a new highly-effective solid light source, the
semiconductor illumination has advantages of long lifetime,
energy saving, environmental protection and safety, etc., and
the application area thereof is rapidly broadening. A core of
the semiconductor illumination is a light-emitting diode
(LED), that is a PN junction structurally formed by a
III-V-compound such as GaAs (gallium arsenide), GaP
(gallium phosphide), GaAsP (gallium arsenide phosphide),
GaN (gallium nitride) semiconductor and the like. There-
fore, the LED has an I-V characteristic of a general PN
junction, i.e., forward-conductive, reverse-blocking and
breakdown characteristics. In addition, the LED has a lumi-
nescence characteristic under certain conditions. Under for-
ward voltages, electrons are implanted from an N region to
a Pregion, while holes are implanted from the P region to the
N region. A part of minority carriers entering a counterpart
region are recombined with majority carriers for lumines-
cence.

[0005] In order to improve luminous efficiency of the
LED, generally, an active region of a quantum well is added
between an n-type layer and a p-type layer of the PN
junction, a luminous wavelength of the LED depends on the
material of the quantum well and the PN junction of the LED
and the width of the quantum well, while a GaN based
III-V-nitride, comprising InGaN, AlGaN and the like, is an
optimal material for preparing a visible LED. Most LEDs
are prepared by using an epitaxial growth method, with a
specific structure of successively grown N-type layer, active
region, P-type layer on a substrate. Due to the lack of a cheap
GaN homogeneous substrate, a GaN-based LED is generally
grown on a foreign substrate, e.g., a Si, SiC or sapphirine
substrate, etc., wherein the sapphirine substrate is most
widely used.

[0006] It is very difficult to grow a high quality crystal
material on a foreign substrate, let alone growing a device
level GaN crystal material on the sapphirine substrate, until
in the earlier 1990s, Japanese developed a two-step grown
method to grow a device level GaN epitaxial layer by using
a metal organic compound vapor deposition (MOCVD)
method. Wherein, the so-called two-step grown method is
that: firstly growing a GaN or AlGaN buffer layer with a
thickness of about 30 nm on a surface of the sapphirine
substrate at a growth temperature of about 500° C., then
raising the growth temperature over 1000° C. to grow a high
quality GaN epitaxial layer. A device prepared by such
method has a large amount of dislocations, while the higher
the dislocation density is, the lower luminous efficiency of
the device is.

[0007] Currently, the most widely used so-called patterned
sapphirine substrate (PSS) technology may reduce the dis-
location density in the epitaxial layer, improve internal
quantum efficiency of the LED, as well as improve light-
extraction efficiency of the LED by diffuse scattering of the
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PPS patterns. A conventional PSS technology is to form
various microscopic patterns on the surface of the sapphirine
by using a photolithography process or an etching process.
For example, a (0001) oriented surface of the sapphirine is
formed with cone-shaped projections of a certain periodic
structure, wherein the cone-shaped projections is still made
of the sapphirine material, and there remains a certain area
of (0001) crystal plane between the cone-shaped projections.
Since there is a certain selective growth mechanism between
the surface of the cone-shaped projections and the (0001)
crystal plane between the cone-shaped projections, that is,
during the epitaxial growth, the nucleation probability on the
(0001) crystal plane between the cone-shaped projections is
larger than that on the surfaces of the cone-shaped projec-
tions, and the epitaxial layer on the cone-shaped projection
is generally formed by lateral growth, as a result, the
epitaxial growth on the PSS substrate has a lateral growth
effect, which may reduce the dislocation density in the
epitaxial layer and improve the internal quantum efficiency
of the LED using the PSS substrate. On the other hand, the
microscopic structure of the surface of the PSS substrate has
a certain diffuse scattering effect on emitted light by the
LED, which is destructive to total reflection, and accord-
ingly, the PSS substrate enables to improve the light-extrac-
tion efficiency of the LED. The foregoing two-step method
is also available for growing a LED epitaxial structure on a
conventional PSS substrate.

[0008] The conventional PSS technology has many dis-
advantages. Firstly, the sapphirine has great difficulty in
manufacturing no matter by using a wet method or a dry
method, thereby not only affecting production yield of the
conventional PPS, but also increasing manufacturing cost;
secondly, since the growth selectivity is not apparent
between the surface of the cone-shaped projections of the
sapphirine and the (0001) crystal plane between cone-
shaped projections, the surface of the cone-shaped projec-
tion will nucleate if the area of the (0001) crystal plane
between cone-shaped projections is too small, besides, since
the crystal orientation of the crystal nucleus formed on the
surface of the cone-shaped projection differs from the crystal
orientation of the crystal nucleus formed on the (0001)
crystal plane between cone-shaped projections, generation
of polycrystal is easily caused; thirdly, since the sapphirine
substrate has a relative large refractive index, which is about
1.8, even if a protrusion structure is formed on the its
surface, it is not optimal for the diffuse scattering effect of
the emitted light by the LED, and the improvement of the
light-extraction efficiency is also limited.

[0009] An epitaxial lateral overgrowth (ELO) technology
is to form a dielectric mask on a high quality GaN epitaxial
layer with a thickness of the order of micrometers, followed
by a second epitaxial growth to obtain GaN with relative low
dislocation density. The high quality GaN epitaxial layer has
a single crystal structure and incurs high production cost.
Moreover, the GaN between the dielectric pattern and the
sapphirine surface having a thickness larger than 1 micron
may affect the diffuse scattering effect, and the GaN with a
thickness larger than 1 micron may also affect consistency
and reproducibility of the device.

[0010] It has been reported in articles to directly form a
dielectric layer pattern on the surface of the sapphirine
substrate for epitaxial growth, but the growth window is
very small, and thus there is no value of mass production.
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[0011] Currently, there is a technology to sputter a layer of
aluminium nitride (AIN) with a certain crystal orientation on
a conventional PSS, which is different from the above
technology and the price/performance ratio of which is also
lower than that of the above technology.

[0012] Therefore, it is desirable to provide a novel pattern
substrate and a manufacturing method thereof to effectively
improve the crystalline quality of the GaN based epitaxial
layer and the LED epitaxial structure, e.g., reducing the
dislocation density, and to improve various performance
indexes of the LED, especially the luminous efficiency of the
LED.

SUMMARY OF THE PRESENT INVENTION

[0013] In view of the above disadvantages in the prior art,
an object of the invention is to provide a substrate used for
II1-V-nitride growth and a manufacturing method thereof; to
solve the problem that the growth quality and the luminous
flux of the light emitting diode are low in the prior art.
[0014] The invention provides a substrate used for III-V-
nitride growth, at least comprising:

[0015] a growth substrate;

[0016] a buffer layer used for growing a subsequent lumi-
nescent epitaxial structure, wherein a lower surface of the
buffer layer is combined with a surface of the growth
substrate; and

[0017] a plurality of semiconductor dielectric protrusions
arranged at intervals on an upper surface of the buffer layer,
bottom surfaces of the protrusions are combined with the
upper surface of the buffer layer, and the buffer layer is
exposed between protrusions.

[0018] The invention further provides a manufacturing
method of the substrate used for II1I-V-nitride growth, at least
comprising the following steps of:

[0019] 1) providing a growth substrate, and forming on a
surface of the growth substrate a buffer layer used for
subsequent growth of a luminescent epitaxial structure;
[0020] 2) forming a semiconductor dielectric layer on the
surface of the buffer layer;

[0021] 3) by means of a photolithography process, etching
a plurality of protrusions arranged at intervals on the semi-
conductor dielectric layer, and exposing the buffer layer
between the protrusions.

[0022] From the above, the invention provides a substrate
used for III-V-nitride growth and a manufacturing method
thereof. Because the novel patterned substrate uses a semi-
conductor dielectric layer as a mask, the effect of the
selective growth is apparent, and thus it may enhance the
quality of the epitaxial layer, reduce the dislocation density,
improve the performance of the LED chip and enhance the
internal quantum efficiency of the LED. Besides, the inven-
tion chooses the semiconductor dielectric layer with a rela-
tive small refractive index to manufacture the periodically
arranged protrusion structure, which may enhance the
reflection and scattering effects of the emitted light by the
LED, as well as improve the luminescent efficiency of the
LED.

[0023] Moreover, it is not necessary for the novel pat-
terned substrate to adopt the two-step grown method to grow
the LED epitaxial structure, but directly perform a high
temperature growth, as a result, it may decrease the growth
time of the LED epitaxial structure and reduce the epitaxial
cost.
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[0024] The manufacturing method of the invention is
simple, advantageous for reducing cost of manufacture, and
suitable for use in industrial production. To be specific, since
the process of the semiconductor dielectric layer is a very
common and conventional technology in the semiconductor
technology, the process of the semiconductor dielectric layer
is much easier than that of the sapphirine, the method is very
compatible with the LED chip technology, easy for mass
production and the preparation process window thereof is
wider than that of a conventional PSS substrate, the pho-
toetching and the product yield is high as well. The tech-
nology may increase capacity of the patterned substrate and
reduce cost of the patterned substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIGS. 1 to 2 show schematic diagrams represented
in step 1) of a substrate used for the III-V-nitride growth of
the invention.

[0026] FIG. 3 shows a schematic diagram represented in
step 2) of a manufacturing method of the substrate used for
the II1I-V-nitride growth of the invention.

[0027] FIGS. 4 to 7 show schematic diagrams represented
in step 3) of the manufacturing method of the substrate used
for the III-V-nitride growth of the invention.

DESCRIPTION OF COMPONENT REFERENCE

SIGNS

[0028] 101 growth substrate
[0029] 102 buffer layer
[0030] 103 semiconductor dielectric layer
[0031] 104 photoresist layer
[0032] 105 photoresist piece
[0033] 106 bump-shaped photoresist piece
[0034] 107 semiconductor dielectric protrusion

DETAILED DESCRIPTION OF THE

PREFERRED EMBODIMENTS

[0035] As a preferable solution of the substrate used for

the III-V-nitride growth of the invention, the material of the
growth substrate is one of sapphirine, SiC, Si and ZnO.
[0036] As a preferable solution of the substrate used for
the I1I-V-nitride growth of the invention, the buffer layer has
a thickness of 50-600 angstroms, preferably 100-500 ang-
stroms, more preferably 200-400 angstroms. An excessively
thin buffer layer cannot satisfy the nucleation requirement in
the subsequent epitaxial growth, which causes the reduce of
the growth quality of the epitaxial layer; an excessively thick
buffer layer may cause an insufficient recrystallization of the
buffer layer in the subsequent annealing process, which
further affects the quality of the epitaxial layer; an exces-
sively thick buffer layer may also affect the luminescent
efficiency of the LED prepared on the substrate.

[0037] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the buffer layer is
any of amorphous or polycrystalline materials of a hexago-
nal symmetrical structure crystal formed by anneal and
recrystallization, and preferably selected from: Al Ga, N
prepared by a metal-organic chemical vapor deposition
method with 0=X=0.5, preferably and a 0=X=<0.2 and a
preparation temperature range of 450-700 © C., preferably
500-600 ° C.; AIN prepared by the metal-organic chemical
vapor deposition method with a preparation temperature
range of 700-1000° C.; an AIN layer prepared by a sputter-
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ing method with a (0001) crystal orientation; BN; or ZnO.
The manufacturing method of the buffer layer is well-known
by those skilled in the art, and is not further described herein.
[0038] Because the preparation temperature of the buffer
layer is relative low, and the required thickness is relative
small as well, it may effectively reduce the production cost
while guaranteeing the nucleation growth of the subsequent
luminescent epitaxial structure (especially the GaN based
luminescent epitaxial structure). As compared to the low
temperature Al Ga, N layer, the preparation of the AIN
layer by the sputtering method has the advantages of strong
controllability of thickness, relative high degree of crystal-
lographic orientation, and is advantageous for the nucleation
growth of the luminescent epitaxial structure (especially the
GaN based luminescent epitaxial structure).

[0039] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the semiconductor
dielectric protrusion is at least one of SiO,, SiN or SiON,
and preferably SiO,.

[0040] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the semiconductor
dielectric protrusion has a height of 0.2-3 um, and preferably
0.5-2 pm.

[0041] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the plurality of
semiconductor dielectric protrusions are periodically
arranged at intervals, the semiconductor dielectric protru-
sion has a bottom width of 0.3-4 um and an interval of 0.1-2
um. In principle, the smaller the bottom width of the
semiconductor dielectric protrusion is, the smaller the inter-
val is.

[0042] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the semiconductor
dielectric protrusion is a semiconductor dielectric bump-
shaped protrusion, semiconductor dielectric conoid-shaped
protrusion or semiconductor dielectric pyramid-shaped pro-
trusion. The bump-shaped protrusion with a relative flat
surface may effectively improve the growth quality of the
subsequent luminous epitaxial structure (especially the GaN
based luminescent epitaxial structure), and is therefore pre-
ferred.

[0043] As a preferable solution of the substrate used for
the II-V-nitride growth of the invention, the protrusion has
a bottom surface connected with the upper surface of the
buffer layer, a shape of the bottom surface is one of a
polygon, triangle or circle or a combination thereof.
[0044] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the protrusion
further has a top surface paralleling to the bottom surface,
the top surface is one of a polygon, triangle or circle or a
combination thereof.

[0045] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the top surface has
a same shape with the bottom surface but a smaller area than
the bottom surface.

[0046] As a preferable solution of the substrate used for
the III-V-nitride growth of the invention, the top surface has
a different shape with the bottom surface and a smaller area
than the bottom surface.

[0047] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, the material of the growth substrate is one of
the sapphirine, SiC, Si and ZnO.
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[0048] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, the buffer layer has a thickness of 50-600
angstroms, preferably 100-500 angstroms, more preferably
200-400 angstroms.

[0049] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, the buffer layer is any of amorphous or
polycrystalline materials of a hexagonal symmetrical struc-
ture crystal formed by anneal and recrystallization, and more
preferably selected from: Al Ga, N prepared by the metal-
organic chemical vapor deposition method with 0=X=<0.5,
preferably 0=X=<0.2 and a preparation temperature range of
450-700° C., preferably 500-600° C.; AIN prepared by the
metal-organic chemical vapor deposition method with a
preparation temperature range of 700-1000° C.; an AIN
layer prepared by the sputtering method with a (0001)
crystal orientation; BN; or ZnO.

[0050] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, in step 2), a plasma enhanced chemical vapor
deposition (PECVD) method is adopted to form a semicon-
ductor dielectric layer on the buffer layer, wherein the
dielectric material is at least one of SiO,, SiN or SiON, and
preferably SiO,. In a preferable solution, the SiO, semicon-
ductor dielectric layer is grown by using SiH, and N,O ata
temperature range of 250-350° C. and under the plasma
reaction environment by adopting the PECVD method.

[0051] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, the semiconductor dielectric layer in step 2)
has a thickness of 0.2-3 um, and preferably 0.5-2 pm.

[0052] As for the manufacturing method of the substrate
used for the I1I-V-nitride growth of the invention, etching the
dielectric layer to a plurality of protrusions arranged at
intervals in step 3) is a very common and conventional
technology in the semiconductor process, and is well-known
by those skilled in the art, and thus is not further described
herein.

[0053] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, the plurality of semiconductor dielectric pro-
trusions are periodically arranged at intervals, the semicon-
ductor dielectric protrusion has a bottom width of 0.3-4 um
and an interval of 0.1-2 um. In principle, the smaller the
bottom width of the semiconductor dielectric protrusion is,
the smaller the interval is.

[0054] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, the semiconductor dielectric protrusion in step
3) is a semiconductor dielectric bump-shaped protrusion,
semiconductor dielectric conoid-shaped protrusion or semi-
conductor dielectric pyramid-shaped protrusion, and prefer-
ably a semiconductor dielectric bump-shaped protrusion.

[0055] As a preferable solution of the manufacturing
method of the substrate used for the III-V-nitride growth of
the invention, the protrusion has a bottom surface connected
with the upper surface of the buffer layer, the bottom surface
is one of a polygon, triangle or circle or a combination
thereof.

[0056] Further, the semiconductor dielectric protrusion is
the semiconductor dielectric bump-shaped protrusion, and
the step 3) comprises steps of:
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[0057] 3-1) forming a photoresist layer on a surface of the
semiconductor dielectric layer, making the photoresist layer
into a plurality of photoresist pieces arranged at intervals;
[0058] 3-2) reflowing the plurality of photoresist pieces
into a plurality of bump-shaped photoresist pieces by using
a heating-reflow process;

[0059] 3-3) transferring the shape of each bump-shaped
photoresist piece to the semiconductor dielectric layer by
using an inductively coupled plasma etching method, to
form a plurality of semiconductor dielectric bump-shaped
protrusions and to expose the buffer layer between the
semiconductor dielectric bump-shaped protrusions for the
subsequent growth of the GaN based luminescent epitaxial
structure.

[0060] Preferably, in the step 3-1), the photoresist layer
may be made into a plurality of photoresist pieces arranged
at intervals by using the exposure process or nano-imprint
process, and the exposure process may be a stepper exposure
or contact exposure.

EMBODIMENT

[0061] The embodiment modes of the present invention
are described hereunder through specific examples, and
persons skilled in the art may easily understand other
advantages and efficacies of the present invention from the
contents disclosed in the present description. The present
invention may be further implemented or applied through
other different specific embodiment modes, and various
modifications or amendments may also be made to each of
the details in the present description based on different
perspectives and applications without departing from the
spirit of the present invention.

[0062] Please refer to FIG. 1to FIG. 7. It is to be noted that
the drawings provided in the present embodiment only
explain the basic conception of the present invention in an
illustrative manner, so the drawings only display the com-
ponents relevant to the present invention rather than being
drawn according to the number, shape, size of the compo-
nents and manufacturing method, process window during
actual implementation, the shape, number and scale of each
component may be randomly changed during its actual
implementation, and the layout of the components thereof
might also be more complicated. In the embodiments, the
involved process conditions may be reasonably changed in
the effective window to achieve the effect disclosed in the
invention.

Embodiment 1

[0063] As shown in FIGS. 1 to 7, the embodiment pro-
vides a substrate used for GaN growth, and the manufac-
turing method thereof comprises the following steps of:

[0064] 1. As shown in FIG. 1, in the embodiment, the
growth substrate 101 is a commercially available flat type
sapphirine substrate, wherein a surface thereof has a crystal
orientation of (0001), and has an atomistic flatness. In the
embodiment, a cleaning-free substrate is adopted without
extra cleaning processes and can be used directly. The above
substrate is placed on a graphite tray with a SiC protection
layer and is sent to a MOCVD (metal organic chemical
vapor phase deposition method) reaction chamber; the above
substrate is heated to 1100° C. under an atmosphere of
hydrogen, and kept for 10 minutes; after that, the tempera-
ture of the substrate is reduced to 550° C., the chamber is
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introduced with ammonia gas, trimethylaluminium (TMAL)
and trimethyl gallium (TMGa) at the same time, wherein a
normal flow rate of the ammonia gas is 56 L/minute, molar
flow rates of the TMAL and TMGa are 3.25x10-5 and
2.47x10-4 mol/minute, respectively, a pressure of the reac-
tion chamber is 500 torr, and the introduction time is 215
seconds. As shown in FIG. 2, the Al,Ga, N buffer layer,
with a thickness of 300 angstroms, is formed on the growth
substrate 101 under the above conditions, wherein x=0.2.
[0065] 2. Asshown in FIG. 3, after the growth of the buffer
layer 102, a SiO, layer 103 with a thickness of 1 um is
formed on the buffer layer 102 by using the PECVD (plasma
enhanced chemical vapor deposition) method. The PECVD
reaction chamber has a temperature of 350° C. and a
pressure of 1 torr (a standard atmospheric pressure is 760
torr), flow rates of the SiH, and N,O are 10 sccm and 300
sccm, respectively, radio frequency power is 30 W.

[0066] 3. Formation of the medium layer pattern. As
shown in FIGS. 4 to 7, the formed pattern is formed by
periodically and spatially arranged SiO, protrusions, with an
arrangement manner of hexagonal close-packed structure
and a period of 3 um, the SiO, protrusion has a bottom width
of 2 um and an interval of 1 um.

[0067] To be specific, the step 3) comprises the following
steps of:
[0068] As shown in FIGS. 4 and 5, firstly performing step

3-1), wherein a surface of the SiO, layer 103 is coated with
a photoresist layer 104 of 1 pum, which is made into a
photoresist cylinder 105 of a hexagonal close-packed
arrangement manner by using an exposure process, the
hexagonal close-packed structure has a period of 3 um, the
photoresist cylinder has a diameter of 2 pm and an interval
of 1 um.

[0069] As shown in FIG. 6, then performing step 3-2),
wherein the plurality of photoresist cylinders are reflown
into a half ball by using a heating-reflow process, wherein a
reflux temperature thereof is 130° C., and a reflux time
thereof is 120 seconds.

[0070] After that, as shown in FIG. 7, performing step
3-3): the half ball shaped photoresist patterns are transferred
to the Si0, layer 103 by using an inductively coupled plasma
(ICP) etching method, to form a plurality of SiO, bump-
shape protrusions and expose the buffer layer 102 between
the SiO, bump-shape protrusions, for the following epitaxial
growth of the GaN epitaxial material. Processing conditions
of the above ICP etching method is that: an etching gas is
CHF; (fluoroform), and a normal flow rate thereof is 50
ml/min; the ICP has an upper electrode power of 1000 w and
a lower electrode power of 50 w.

[0071] 4. Finally, use acetone to clean residual photoresist
on the SiO, surface, and use diluted hydrochloric acid to
clean other contaminants on the surfaces of the SiO, pro-
trusions and the exposed surface of the buffer layer for
further epitaxial growth of the GaN.

[0072] By using the same MOCVD equipment, the GaN
epitaxial layer with a thickness of 6 microns is respectively
epitaxially grown on a patterned sapphirine substrate (PSS)
and the novel patterned substrate prepared by the above
steps of the invention. The specific growth conditions of the
MOCVD is that: the growth temperature is 1050 degree, the
heating and annealing time from the room temperature to the
growth temperature is 15 minutes; the pressure of the
reaction chamber is 500 torr, the normal flow rate of the
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ammonia gas is 56 L/min; the molar flow rate of the TMGa
is 1.5e-3 mol/min, and the growth time is 150 minutes.
[0073] AXRD (X-ray double-crystal diffraction) spectrum
is used to characterize the crystalline epitaxial layer quality,
the smaller the half-width of the XRD spectrum is, the
smaller the dislocation density of the crystalline epitaxial
layer represents, and the higher the crystalline quality is. The
testing results indicate that, the half-widths of the XRD
(002) and (102) diffraction peaks of the GaN epitaxial layer
grown on the conventional PSS substrate are 280 arc sec-
onds and 302 arc seconds respectively, while the half-widths
of the XRD (002) and (102) diffraction peaks of the GaN
epitaxial layer grown on the prepared novel patterned sub-
strate of the invention are 243 arc seconds and 258 arc
seconds respectively. From the above experiments, it is
apparent that the GaN epitaxial layer grown on the prepared
novel patterned substrate by the above steps has better
quality than the GaN epitaxial layer grown on the conven-
tional PSS substrate.

[0074] Moreover, a measurement of the luminescent effi-
ciency is performed on the LED devices grown on the two
substrates. As compared to the conventional PSS substrate,
the luminous efficiency of the LED prepared on the substrate
of the invention is greatly improved. Average luminous flux
of the packaged 3528 LED chip on the conventional PSS
substrate is 18.30 Im; while the average luminous flux of the
LED chip prepared on the substrate of the invention is 19.23
Im, the luminous efficiency thereof is improved by 5% or
more.

Embodiment 2

[0075] As shown in FIGS. 1 to 7, the embodiment pro-
vides a manufacturing method of the substrate used for the
GaN growth, and the basic steps are same as that in the
embodiment 1, except that in the second step: the semicon-
ductor medium layer 103 is a SiN layer prepared by using a
PECVD method, wherein raw material for growing the SiN
layer is NH; (ammonia gas) and SiH, (silane), the growth
temperature is 400° C., the flow rate of SiH, is 20 sccm, the
flow rate of NH, is 17 sccm, the flow rate of N, is 980 sccm,
and the pressure is 0.8 torr.

[0076] By using the same MOCVD equipment, a GaN
epitaxial layer with a thickness of 6 microns is respectively
epitaxially grown on the conventional PSS substrate and the
novel patterned substrate prepared by the above steps by
using substantially same conditions. In the above experi-
ments, the half-widths of the XRD (002) and (102) diffrac-
tion peaks of the GaN epitaxial layer grown on the conven-
tional PSS substrate are 280 arc seconds and 302 arc seconds
respectively, while the half-widths of the XRD (002) and
(102) diffraction peaks of the GaN epitaxial layer grown on
the prepared novel patterned substrate of the invention are
270 arc seconds and 283 arc seconds respectively. From the
above experiments, it is apparent that the prepared novel
patterned substrate in the invention has further advantage
over the conventional PSS substrate.

Embodiment 3

[0077] As shown in FIGS. 1 to 6, the embodiment pro-
vides a manufacturing method of the substrate used for the
GaN growth, with substantially same steps as in embodi-
ment 1, wherein, the buffer layer 102 is an AIN layer with
a thickness of 200 angstroms prepared by using the physical
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vapor deposition (PVD) method, an adopted target is Al
target, sputtering gas is N,, a substrate temperature is 600°
C., and a sputtering power is 600 W. The obtained AIN is a
columnar polycrystal with a prominent crystal orientation
arrangement of (0001).

[0078] By using the same MOCVD equipment, a GaN
epitaxial layer with a thickness 6 microns is respectively
epitaxially grown on the conventional PSS substrate and the
novel patterned substrate prepared by the above steps by
using substantially same conditions. In the above experi-
ments, the half-widths of the XRD (002) and (102) diffrac-
tion peaks of the GaN epitaxial layer grown on the conven-
tional PSS substrate are 280 arc seconds and 302 arc seconds
respectively, while the half-widths of the XRD (002) and
(102) diffraction peaks of the GaN epitaxial layer grown on
the prepared novel patterned substrate of the invention are
237 arc seconds and 253 arc seconds respectively. From the
above experiments, it is apparent that the prepared novel
patterned substrate in the invention has further advantage
over the conventional PSS substrate.

[0079] The abovementioned embodiments only illustra-
tively describe the principle and efficacy of the present
invention, rather than being used to limit the present inven-
tion. Any person skilled in the art may modify or amend the
abovementioned embodiments without departing from the
spirit and scope of the present invention. Thus, all equivalent
modifications or amendments accomplished by persons hav-
ing common knowledge in the technical field concerned
without departing from the spirit and technical thoughts
revealed by the present invention shall still be covered by the
claims of the present invention.

1. A substrate used for III-V-nitride growth at least com-

prising:

a growth substrate;

a buffer layer used for growing a subsequent luminescent
epitaxial structure, wherein a lower surface of the
buffer layer is combined with a surface of the growth
substrate; and

a plurality of semiconductor dielectric protrusions
arranged at intervals on an upper surface of the buffer
layer, bottom surfaces of the protrusions are combined
with the upper surface of the buffer layer, and the buffer
layer is exposed between protrusions.

2. The substrate used for I1I-V-nitride growth as in claim

1, wherein:
material of the growth substrate is one of a sapphirine,
SiC, Si and ZnO.
3. The substrate used for I1I-V-nitride growth as in claim
1, wherein:

the buffer layer has a thickness of 50-600 angstroms.

4. The substrate used for I1I-V-nitride growth as in claim
1, wherein:

the buffer layer is amorphous or polycrystalline material
selected from: Al Ga, N prepared by a metal-organic
chemical vapor deposition method with 00.5 and a
preparation temperature range of 450-700° C.; AN
prepared by a metal-organic chemical vapor deposition
method with a preparation temperature range of 700-
1000° C.; an AIN layer prepared by a sputtering method
with a (0001) crystal orientation; BN; or ZnO.

5. The substrate used for III-V-nitride growth as in claim

1, wherein:
the protrusion is at least one of SiO,, SiN or SiON.
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6. The substrate used for III-V-nitride growth as in claim
1, wherein:

the protrusion has a height of 0.2-3 um.

7. The substrate used for I1I-V-nitride growth as in claim
1, wherein:

the plurality of protrusions are periodically arranged at
intervals, the protrusion has a width of 0.3-4 um and an
interval of 0.1-2 pum.

8. The substrate used for I1I-V-nitride growth as in claim

1, wherein:

the semiconductor dielectric protrusion is a semiconduc-
tor dielectric bump-shaped protrusion, semiconductor
dielectric conoid-shaped protrusion or semiconductor
dielectric pyramid-shaped protrusion.

9. The substrate used for I1I-V-nitride growth as in claim

1, wherein:

the protrusion has a bottom surface connected with the
upper surface of the buffer layer, a shape of the bottom
surface is one of a polygon, triangle or circle or a
combination thereof.

10. The substrate used for 1II-V-nitride growth as in claim

9, wherein:

the protrusion further has a top surface paralleling to the
bottom surface, the top surface is one of a polygon,
triangle or circle or a combination thereof.

11. The substrate used for I1I-V-nitride growth as in claim

9, the top surface has a same shape with the bottom surface
but a smaller area than the bottom surface.

12. The substrate used for 11I-V-nitride growth as in claim
9, the top surface has a different shape with the bottom
surface and a smaller area than the bottom surface.

13. A manufacturing method for a substrate used for
III-V-nitride growth, at least comprising steps of:

1) providing a growth substrate, and forming on a surface
of the growth substrate a buffer layer used for subse-
quent growth of a luminescent epitaxial structure;

2) forming a semiconductor dielectric layer on the surface
of the buffer layer;

3) by means of a photolithography process, etching a
plurality of protrusions arranged at intervals on the
dielectric layer, and exposing the buffer layer between
the protrusions.

14. The manufacturing method for the substrate used for
III-V-nitride growth as in claim 13, wherein: a material of
the growth substrate is one of a sapphirine, SiC, Si and ZnO.

15. The manufacturing method for the substrate used for
III-V-nitride growth as in claim 13, wherein: the buffer layer
has a thickness of 50-600 angstroms.

16. The manufacturing method for the substrate used for
III-V-nitride growth as in claim 13, wherein: the buffer layer
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is amorphous or polycrystalline material selected from at
least one of: Al Ga, N prepared by a metal-organic chemi-
cal vapor deposition method with 00.5 and a preparation
temperature range of 450-700° C.; AN prepared by a metal-
organic chemical vapor deposition method with a prepara-
tion temperature range of 700-1000° C.; an AIN layer
prepared by a sputtering method with a (0001) crystal
orientation; BN; or ZnO.

17. The manufacturing method for the substrate used for
II1-V-nitride growth as in claim 13, wherein: in step 2), a
plasma enhanced chemical vapor deposition method is
adopted to form a dielectric layer on the buffer layer, the
dielectric material is at least one of SiO,, SiN or SiON.

18. The manufacturing method for the substrate used for
II1-V-nitride growth as in claim 13, wherein: the dielectric
layer in step 2) has a thickness of 0.2-3 pm.

19. The manufacturing method for the substrate used for
1I1-V-nitride growth as in claim 13, wherein: the plurality of
protrusions are periodically arranged at intervals, the pro-
trusion has a width of 0.3-4 um and an interval of 0.1-2 pm.

20. The manufacturing method for the substrate used for
II1-V-nitride growth as in claim 13, wherein: the protrusion
in step 3) is a bump-shaped protrusion, a conoid-shaped
protrusion or a pyramid-shaped protrusion.

21. The manufacturing method for the substrate used for
II1-V-nitride growth as in claim 20, wherein: the protrusion
has a bottom surface connected with the upper surface of the
buffer layer, the bottom surface is one of a polygon, triangle
or circle or a combination thereof.

22. The manufacturing method for the substrate used for
II1-V-nitride growth as in claim 13, wherein: the protrusion
is semiconductor dielectric bump-shaped protrusion, and the
step 3) comprises steps of:

3-1) forming a photoresist layer on a surface of the
semiconductor medium layer, making the photoresist
layer into a plurality of photoresist pieces by an expo-
sure process or nano-imprint process;

3-2) reflowing the plurality of photoresist pieces into a
plurality of bump-shaped photoresist pieces by using a
heating-reflow process;

3-3) transferring the shape of the bump-shaped photore-
sist piece to the semiconductor dielectric layer by using
an inductively coupled plasma etching method, to form
a plurality of semiconductor dielectric bump-shaped
protrusions and to expose the buffer layer between SiO,
bump-shape protrusions for the growth of a subsequent
luminescent epitaxial structure.
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