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METHOD FOR TREATING GROUP III
NITRIDE SEMICONDUCTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a surface treating method, particu-
larly to a method for treating the group III nitride semicon-
ductor.

2. Description of the Prior Art

In the conventional semiconductor manufacturing process
technology, the heterogeneous epitaxy method is often
adopted to form the nitride semiconductor thin film or the
nitride semiconductor thick film. It means to form the nitride
semiconductor thin film (or thick film) on the non-nitride
semiconductor substrate, such as the sapphire substrate.
However, due to the difference of lattice constant exists
between the non-nitride semiconductor substrate and the
nitride semiconductor, thus 15% of lattice mismatch will be
generated, and the defects of threading dislocations will be
produced. These defects will influence the photoelectric char-
acteristics of the light emitting diode (LED). Not only the
power will be wasted, but also the surplus heat will be pro-
duced. Ifthe conventional technology is employed to form the
patterns on the nitride semiconductor, the method will be
quite complicated actually.

As for the method to reduce the above-mentioned defects
of threading dislocations at present, the Void-Assisted Sepa-
ration (VAS), the Facet-Controlled Epitaxial Lateral Over-
growth (FACELO), and the Epitaxial lateral overgrowth
(ELOG) are used to reduce the number of threading disloca-
tions, and in order to reduce the defect density. However, the
above-mentioned technologies need additional the semicon-
ductor manufacturing processes, such as the photolithogra-
phy process, and the dry etching process etc. These additional
semiconductor manufacturing processes will increase the
manufacturing cost.

In one of the prior art, such as Taiwan Patent No. 1271788,
the GaN single chip substrate, the nitride semiconductor sub-
strate, the nitride semiconductor device and the manufactur-
ing method had been proposed. This patent discusses the GaN
after grinding mainly. The scraiches on surface can be
annealed by ammonia+hydrogen (NH;+H,) to obtain smooth
surface. The ammonia (NH,) also can provide hydrogen atom
(H), but the total amount is insuflicient, thus it is necessary to
add hydrogen (H,) for the supplementation. The ammonia is
the main gas, and the hydrogen gas is the auxiliary gas. The
effect is to smoothen the surface, which is a result of the
surface atom migration.

In another prior art, such as U.S. Pat. No. 5,814,239 about
Gas-Phase Etching and Regrowth Method for Group 111—
Nitride Crystals, the gas is used to etch group III nitride
semiconductor surface mainly. The gas may be halogen gas
(Such as F,, Cl,, Br, and 1,) or hydrogen halide gas (Such as
HF, HCl, HBr and HI). The pressure is at 1 atm, and the
temperature is 500° C.~900° C. The smooth group I1I nitride
semiconductor surface is able be obtained under the condi-
tion, but the patterns are unable to be obtained on the group I11
nitride semiconductor surface.

Therefore, in order to make some specific patterns on the
group 111 nitride semiconductor surface, providing the better
semiconductor production technology to the industry, it is
necessary to research and develop innovative semiconductor
manufacturing process, in order to raise the production effi-
ciency and reduce the manufacturing cost.

SUMMARY OF THE INVENTION

The invention relates a method for treating the group II1
nitride semiconductor. The selective etching gas is used to
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2

make some specific patterns on the group 11 nitride semicon-
ductor surface under the certain temperature and the certain
pressure.

The invention relates to a method for treating the group 111
nitride semiconductor, which comprises the following steps:

Firstly, the method provides the group 111 nitride semicon-
ductor; raises to the certain temperature; maintain at that
temperature; introduce the selective etching gas and maintain
atthe certain pressure; maintain for the certain time to etch the
group I nitride semiconductor; stop the introduction of the
specific etching gas and reduce the temperature, in order to
form the etched group 111 nitride semiconductor.

The invention canuse the gas (such as hydrogen) to etch the
group I nitride semiconductor in a single epitaxy machine,
in order to form the patterns on the group I nitride semicon-
ductor surface and reduce the manufacturing cost signifi-
cantly.

After the treatment the patterned group I nitride semicon-
ductor produced by the invention can reduce the defect den-
sity of epatixy layer, release the stress, and produce the self-
separation effect when the thick epatixy layer is generated.

As for the technological characteristics of the invention,
there are simple and less steps, which can be finished in a
single machine without additional semiconductor manufac-
turing steps, thus the manufacturing cost can be reduced.

As for the technological characteristics of the invention,
due to there are many variations of patterns, the defect density
and internal stress can be reduced in the semiconductor.

Therefore, the advantage and spirit of the invention can be
understood further by the following detail description of
embodiments and attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a graph illustrating the patterns for the first
embodiment of the invention.

FIG. 2A to FIG. 2E show the processes for the patterns
formed on the nitride surface by the invention.

FIG. 3 shows the top view for the patterns of the first
embodiment by the scanning electron microscope.

FIG. 4 shows the oblique view for the patterns of the first
embodiment by the scanning electron microscope.

FIG. 5 shows the side view for the patterns of the first
embodiment by the scanning electron microscope.

FIG. 6 shows the top view for the patterns of the second
embodiment by the scanning electron microscope.

FIG. 7 shows the oblique view for the patterns of the
second embodiment by the scanning electron microscope.

FIG. 8 shows the side view for the patterns of the second
embodiment by the scanning electron microscope.

FIG. 9 shows the side view for the patterns of the third
embodiment by the scanning electron microscope.

FIG. 10 is a graph illustrating the patterns for the fourth
embodiment of the invention.

FIG. 11 shows the top view for the patterns of the fourth
embodiment by the scanning electron microscope.

FIG. 12 shows the oblique view for the patterns of the
fourth embodiment by the scanning electron microscope.

FIG. 13 shows the side view for the patterns of the fourth
embodiment by the scanning electron microscope.

FIG. 14 is a graph illustrating the patterns for the fifth
embodiment of the invention.
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FIG. 15 shows the top view for the patterns of the fifth
embodiment by the scanning electron microscope.

FIG. 16 shows the oblique view for the patterns of the fifth
embodiment by the scanning electron microscope.

FIG. 17 shows the side view for the patterns of the fifth
embodiment by the scanning electron microscope.

FIG. 18 shows SEM photo for the sample of the fifth
embodiment etched by the chemical.

FIG. 19 shows the hybrid patterns etched at low pressure
and high temperature first and then etched at the high pressure
and the high temperature.

FIG. 20 shows the hybrid patterns etched at the high pres-
sure and the high temperature first and then etched at low
pressure and high temperature.

FIG. 21 shows the hybrid patterns etched at high pressure
and high temperature first then followed by the low pressure
and the high temperature and finally etched at the high pres-
sure and the high temperature.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention relates a method for treating the group 111
nitride semiconductor layer by an etching method. The etch-
ing gas such as hydrogen is used to treat the group 111 nitride
semiconductor surface at the high temperature. Different pat-
terns can be formed on the group III nitride semiconductor
surface in the certain conditions. It is also called a method for
treating the group III nitride semiconductor. The invention
embodiments are described as follows:

First Embodiment

Heat the GaN template grown by Metal-organic Chemical
Vapor Deposition (MOCVD) in the Hydride Vapor Phase
Epitaxy (HVPE) reactor. When the temperature reaches about
1100° C. 1o 1000° C. (1050° C. is preferred and maintained at
1050° C.), introduce 3.95 standard liters per minute (slm) of
nitrogen and 1.95 slm ofhydrogen into the HVPE reactor. The
pressure is maintained at about 750 torr to 650 torr (700 torr
is preferred). The reaction time is about 5 minutes to 15
minutes (10 minutes is preferred). When the time is up, stop
10 supply hydrogen gas and reduce the temperature, the pat-
tern shown in FIG. 1 will be formed on GaN surface.

FIG. 1 shows the pattern etched by the invention. The
surface pattern of GaN is caused by the etching of hydrogen.
The nitrogen is only used as the environmental gas in the
invention. Other inert gases are able to be used, such as argon,
helium etc. Even when some equipments are used, only the
etching gas is required without using other environmental
gas.

Thehydrogen can make GaN to form pattern shown in FIG.
1, mainly because the main function of the hydrogen can
promote the decomposition of GaN. After the decomposition
of GaN, the hydrogen atom and nitrogen atom are combined
NH, or other gaseous N—H compound and the gallium atom
1s left to move on the surface. The high temperature will also
help the gallium atom to escape from the surface. There is
different plane polarity for the lattice of GaN. The GaN tem-
plate grown by the MOCVD has Ga-polarity on ¢-plane. The
N-polarity is formed near the substrate. The vertical plane has
nonpolar a-plane and m-plane. The inclined plane has N-po-
larity on (1-101) and (11-22) mainly. In these planes with
different polarity, due to the hydrogen etching will remove the
nitrogen atoms mainly, the plane with more nitrogen atoms
will be relatively unstable, thus the plane with Ga-polarity
becomes the most steady state, and the nonpolar plane with a
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half nitrogen atom and a half gallium atom is stable. The
inclined plane (1-101) and (11-22) with more nitrogen atoms
will become unstable, and the back plane with N-polarity will
be the most unstable plane.

FIG. 2A to FIG. 2E show the patterns formed on the nitride
surface by the invention.

AsshowninFIG. 2A, when the hydrogen gas reaches to the
GaN surface at the high temperature, due to the Ga-polar
surface is relatively stable, so itis difficult to be decomposed.

As shown in FIG. 2B, the hydrogen gas starts to etch the
weaker area, such as the dislocation area (the dashed line
shown in FIG. 2A), in order to become the vertical etching.

As shown in FIG. 2C, the nitrogen atoms are generated by
decomposition during the etching process. These decom-
posed nitrogen atoms make the nonpolar plane unstable.
Thus, after the hydrogen gas reaches to a certain depth, it
begins to carry out the horizontal etching and generates the
transverse etching as shown in the Figure.

As shown in FIG. 2D, after the side plane is etched, the
plane with N-polarity is exposed at back side. Due to the plane
is easier to be etched, thus the hydrogen gas begins to etch
from bottom to top vertically.

As shown in FIG. 2FE, the final etched patterns are illus-
trated. After these straight, T shape and F shape columns are
combined, the patterns shown in FIG. 1 will be formed.

As shown in FIG. 3, FIG. 4, and FIG. 5, the top view, the
oblique view, and the side view for the patterns of the first
embodiment are illustrated by the scanning electron micro-
scope (SEM), respectively.

Second Embodiment

Heat the GaN template grown by Metal-organic Chemical
Vapor Deposition (MOCVD) in the Hydride Vapor Phase
Epitaxy (HVPE) reactor. When the temperature reaches about
1150° C. to 1050° C. (1100° C. is preferred and maintained at
1100° C.), introduce 3.95 standard liters per minute (slm) of
hydrogen into the HVPE reactor. The pressure is maintained
at about 750 torr to 650 torr (700 torr is preferred). The
reaction time is about 5 minutes to 15 minutes (10 minutes is
preferred). When the time is up, stop to supply hydrogen gas
and reduce the temperature, the pattern shown in FIG. 1 will
be formed on GaN surface. However, the etching depth and
column size will be different from the results of the first
embodiment.

As shown in FIG. 6, FIG. 7, and FIG. 8, the top view, the
oblique view, and the side view for the patterns of the second
embodiment are illustrated by the scanning electron micro-
scope (SEM), respectively.

Third Embodiment

Heat the free-standing GaN substrate in the Hydride Vapor
Phase Epitaxy (HVPE) reactor. When the temperature
reaches about 1150° C. to 1050° C. (1100° C. is preferred and
maintained at 1100° C.), introduce 5.9 standard liters per
minute (slm) of hydrogen into the HVPE reactor. The pres-
sure is maintained at about 750 torr to 650 torr (700 torr is
preferred). The reaction time is about 25 minutes to 35 min-
utes (30 minutes is preferred). When the time is up, stop to
supply hydrogen gas and reduce the temperature, the pattern
shown in FIG. 1 will be formed on GaN surface. However, the
etching depth and column size will be different from the
results of the first embodiment and second embodiment. FIG.
9 shows the side view for the patterns of the third embodiment
by the scanning electron microscope (SEM).
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Fourth Embodiment

Heat the GaN template grown by Metal-organic Chemical
Vapor Deposition (MOCVD) in the Hydride Vapor Phase
Epitaxy (HVPE) reactor. When the temperature reaches about
1100° C.to 1000° C. (1050° C. is preferred and maintained at
1050° C.), introduce 4.9 standard liters per minute (slm) of
nitrogen and 1.0 slm of hydrogen into the HVPE reactor. The
pressure is maintained at about 450 torr to 350 torr (400 torr
is preferred). The reaction time is about 5 minutes to 15
minutes (10 minutes is preferred). When the time is up, stop
to supply hydrogen gas and reduce the temperature, the pat-
tern shown in FIG. 10 will be formed on GaN surface.

The reason for the generation of this pattern is, when the
pressure is reduced, there will be lesser nitrogen atoms due to
the slower etching speed. Thus the nonpolar plane becomes
comparatively stable. The deeper etched pits will be appeared
at this moment. This kind of pattern will be much different
from the pattern generated at high pressure in the first
embodiment, second embodiment, and third embodiment.

As shown in FIG. 11, FIG. 12, and FIG. 13, the top view,
the oblique view, and the side view for the patterns of the
fourth embodiment are illustrated by the scanning electron
microscope (SEM), respectively.

Fifth Embodiment

Heat the GaN template grown by Metal-organic Chemical
Vapor Deposition (MOCVD) in the Hydride Vapor Phase
Epitaxy (HVPE) reactor. When the temperature reaches about
1100° C.to 1000° C. (1050° C. 1s preferred and maintained at
1050° C.), introduce 4.9 standard liters per minute (slm) of
nitrogen and 1.0 slm of hydrogen into the HVPE reactor. The
pressure is maintained at about 150 torr to 50 torr (100 torr is
preferred). The reaction time is about 5 minutes to 15 minutes
(10 minutes is preferred). When the time is up, stop to supply
hydrogen gas and reduce the temperature, the pattern shown
in FIG. 14 will be formed on GaN surface.

The reason for the generation of this pattern is, when the
pressure is reduced, the nonpolar plane becomes compara-
tively stable. The deeper etched pits will be appeared at this
moment. The shape of pit is similar to the hexagonal lattice of
GaN.

As shown in FIG. 15, FIG. 16, and FIG. 17, the top view,
the oblique view, and the side view for the patterns of the fifth
embodiment are illustrated by the scanning electron micro-
scope (SEM), respectively.

The sample of the fifth embodiment is immersed in a 220°
C. acid solution (about 1:3 of phosphoric acid and sulfuric
acid) for 20 minutes, and FIG. 18 shows its SEM photo. It is
an Etch Pit Density (EPD) technique. The V-shape pit can be
etched from the area with dislocation. FIG. 18 shows that the
original small pits are etched to big pits, but there is no
V-shape pit. So the etching of hydrogen gas is started from the
area with dislocation. All areas with dislocation are etched
into the column pits.

In the first embodiment to the fifth embodiment, it is found
that the hydrogen gas can etch different patterns under differ-
ent conditions. These etching conditions can be matched each
other to produce various types of pattern.

As shown in FIG. 19, when the condition of low pressure
and high temperature is used first, the etched down columns
will be produced. Then, when the condition of high pressure
and high temperature is used, the transverse etching will be
produced. The pattern shown in FIG. 19 will be formed.

As shown in FIG. 20, when the condition of high pressure
and high temperature is used first, the wider columns will be

20

25

40

45

60

65

6

produced. Then, when the condition of low pressure and high
temperature is used, the deeper pit will be produced. The
pattern shown in FIG. 20 will be formed.

As shown in FIG. 21, the different hybrid conditions can
produce a plurality of patterns. For example, when the con-
dition of high pressure and high temperature is used first, then
the condition of low pressure and high temperature is used,
and finally the condition of high pressure and high tempera-
ture is used, the pattern shown in FIG. 21 will be formed.

In the first embodiment to the fifth embodiment, excepting
the hydrogen gas being used as the etching gas, other gases
can also be used, such the halogen gases of fluorine (F,),
chlorine (Cl,), bromine (Br, ), and iodine (I,), or the hydrogen
halide gas of hydrogen fluoride (HF), hydrogen chloride
(HC1), hydrogen bromide (HBr), and hydrogen iodide (HI),
or the halide gases, such as boron trichloride. The pattern with
different feature can be produced from the different etching
gas.

Thus, the invention can be suitable for various kinds of
high-temperature furnace tube with the introduction of gas,
such as the high-temperature furnace tube used in Chemical
Vapor Deposition (CVD), Metal-organic Chemical Vapor
Deposition (MOCVD), and Hydride Vapor Phase Epitaxy
(HVPE) etc. The group 1 nitride semiconductor can be pro-
duced on the sapphire substrate, silicon carbide (SiC) sub-
strate or silicon (Si) substrate by MOCVD or other processes,
in order to form the template or the free-standing nitride
semiconductor substrate. The group I nitride semiconductor
bulk made by other method also can be used as the group 111
nitride semiconductor in the invention.

The invention canuse the gas (such as hydrogen) to etch the
group III nitride semiconductor layer in a single machine. It
even can produce the patterned nitride semiconductor struc-
ture on the nitride semiconductor surface directly. The above-
mentioned machine can be the general epitaxy machine, such
as MOCVD machine or HYPE machine etc. The epitaxy can
be carried out the machine directly, thus the manufacturing
cost can be reduced in the simple process.

The group I1I nitride semiconductor of the invention can be
applied to the photoelectric semiconductor and the electronic
elements mainly. The invention produces various patterns on
the surface by using gases with ability to etch the group 111
nitride semiconductor in the certain conditions.

Under the etching condition of the invention, the etching
gas will not carry out the whole etching. It is begun from the
certain area, so that the nitride semiconductor surface is
etched to form the partially etched area on the pattern. The
shape of pattern can be adjusted by the etching condition. For
example, the hydrogen gas may produce shallower pit with
strong contour at the side and the back direction at the high
temperature and the high pressure. It may produce deeper pit
at the high temperature and the low pressure. Different hybrid
conditions can produce a plurality of patterns. These patterns
will make the group III nitride semiconductor to have better
quality, such as lower threading-dislocation density and less
stress accumulation. As for the manufacturing of group 111
nitride semiconductor substrate, the thick group III nitride
semiconductor film is grown on the heterogeneous substrate
(such as sapphire, silicon carbide or lithium aluminate) first,
then the thick group III nitride semiconductor film is sepa-
rated from the substrate by laser or chemical method. The
etching method of the invention can weaken the interface
between nitride semiconductor and the substrate, and pro-
duce the effect of self separation. The method of the invention
can achieve the effect of other complicated technology (such
as ELOG), thus it will be helpful for the manufacturing of
group 111 nitride semiconductor components.
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The invention discloses a treating method to produce vari-
ous patterns on the surface by using gases with ability to etch
the group 111 nitride semiconductor in certain conditions. The
selective etching makes some specific patterns on the group
111 nitride semiconductor surface, and different forms of the
patterns can be controlled by the etching conditions.

It is 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 invention.
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 encompass-
ing 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.

It is 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 invention.
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 encompass-
ing 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 treating GaN semiconductor, comprising:

Conducting 3.95 slm of nitrogen and 1.95 slm of hydrogen

etching gas on a GaN layer for about 5 minutes to 15
minutes to form a specific pattern on the GaN formed by
Metal-organic Chemical Vapor Deposition (MOCVD),
under about 1100° C. to 1000° C. and about 750 torrs to
650 torrs.

2. The method according to claim 1, wherein the specific
etching gas is selected from the group consisting of hydrogen
gas, halogen gas, hydrogen halide gas, and halide gas.

3. A method for treating GaN semiconductor, comprising:

conducting a3.95 slm of nitrogen and 1.95 slm of hydrogen

etching gas on a GaN layer for about 5 minutes to 15

8
minutes to form a specific pattern on the GaN formed by
Metal-organic Chemical Vapor Deposition (MOCVD),
under about 1150° C. to 1050° C. and about 750 torrs to
650 torrs.
5 4. The method according to claim 3, wherein the specific
etching gas is selected from the group consisting of hydrogen
gas, halogen gas, hydrogen halide gas, and halide gas.

5. A method for treating GaN semiconductor, comprising:

conducting a 5.9 slm of nitrogen and 1.95 slm of hydrogen

etching gas on a free-standing GaN substrate layer for
about 25 minutes to 35 minutes to form a specific pattern
on the GaN formed by Metal-organic Chemical Vapor
Deposition (MOCVD), under about 1150° C. to 1050°
C. and about 750 torrs to 650 torrs.

6. The method according to claim 5, wherein the specific
etching gas is selected from the group consisting of hydrogen
gas, halogen gas, hydrogen halide gas, and halide gas.

7. A method for treating GaN semiconductor, comprising:

conducting a 4.9 slm of nitrogen and 1.0 slm of hydrogen

etching gas on a GaN layer for about 5 minutes to 15
minutes to form a specific pattern on the GaN formed by
Metal-organic Chemical Vapor Deposition (MOCVD),
under about 1100° C. to 1000° C. and about 450 torrs to
350 torrs.

8. The method according to claim 7, wherein the specific
etching gas is selected from the group consisting of hydrogen
gas, halogen gas, hydrogen halide gas, and halide gas.

9. A method for treating GaN semiconductor, comprising;

conducting a 4.9 slm of nitrogen and 1.0 slm of hydrogen

etching gas on a GaN layer for about 5 minutes to 15
minutes to form a specific pattern on the GaN formed by
Metal-organic Chemical Vapor Deposition (MOCVD),
under about 1100° C. to 1000° C. and about 150 torrs to
50 torrs.

10. The method according to claim 9, wherein the specific
etching gas is selected from the group consisting of hydrogen
gas, halogen gas, hydrogen halide gas, and halide gas.
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