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(57) ABSTRACT

The invention is disclosed that pattern on semiconductor sub-
strate is fabricated by thermal reflow technique. Also, the
pattern on semiconductor substrate having different sub-mi-
cron spacings can be fabricated by using different time for the
thermal reflow technique process.
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METHOD FOR FORMING REQUIRED
PATTERN ON SEMICONDUCTOR
SUBSTRATE BY THERMAL REFLOW
TECHNIQUE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a method for forming
required pattern on semiconductor substrate, particularly to a
method for forming required pattern on semiconductor sub-
strate by thermal reflow technique.

[0003] 2. Description of the Prior Art

[0004] Conventionally, when the required pattern is formed
on the semiconductor substrate, the dry etching method will
be used to form the required pattern. Although the dry etching
method can form the required pattern with high density and
high aspect ratio, the dry etching method it is unable to etch
the pattern to form as tilt angle, and the etched contour cannot
1o be become as smooth, level and uniform cylinder pattern.

[0005] As conventional formation method for patterning of
semiconductor substrate, the prior art is shown in FIG. 1A,
FIG. 1B and FIG. 1C. As shown in FIG. 1A, the hard mask
102 is formed on the semiconductor substrate 101. And as
shown in FIG. 1B, the photo-resist layer 103 is formed on the
hard mask 102. Finally, as shown in FIG. 1C, the dry etching
method is used to etch the semiconductor substrate 101 by
removing the hard mask 102 through the photo-resist layer
103, in order to form the required pattern. The pattern of
semiconductor substrate etched by the prior art can not have
specific tilt angle and level contour.

[0006] When the semiconductor substrate has specific tilt
angle, such as the etched cylindrical pattern, if it is used to
LED component, it will increase the external extraction effi-
ciency of light, and raise the output power of the component.

[0007] In addition, although the wet etching method can
etch the pattern with tilt angle on semiconductor substrate, the
wet etching method cannot etch the pattern to become as
smooth, level and uniform cylinder pattern.

[0008] As prior art specified in Taiwan Patent No. 1236773,
the pattern formed on the semiconductor substrate is the
hole-shape pattern. Thus, the pattern density and aspect ratio
are pretty low, and there is no specific cylindrical and tilt
angle.

[0009] As prior art specified in Taiwan Patent No.
200601582, the formation method for the pattern of semicon-
ductor substrate is the same as above method. Thus, the pat-
tern density and aspect ratio are pretty low, and there is no
specific cylindrical and tilt angle.

[0010] Therefore in the published literature at present, the
dry etching method can not etch the pattern on semiconductor
substrate with tilt angle, high density, high aspect ratio, and it
is unable to etch the pattern as cylinder having smooth and
level contour. This result will influence the quality of epitaxy
grown on the semiconductor substrate and the characteristics
applied on the component seriously.

[0011] Thus, in order to respond the production require-
ment of pattern semiconductor substrate technology, it is
necessary to develop relevant manufacturing technology, and
save the manufacturing manpower and manufacturing time,
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and form various types of required pattern on semiconductor
substrates effectively, to achieve the goal of energy saving and
carbon reduction

SUMMARY OF THE INVENTION

[0012] The invention relates to a method for forming
required pattern on semiconductor substrate by thermal
reflow technique.

[0013] Compared to the pattern on semiconductor substrate
of the prior art, the invention can form the pattern having high
density, high aspect ratio, and tilt angle, and the cylinder
having smooth, level and uniform contour. Thus, it can
increase the characteristics of the component greatly.

[0014] The invention can form the semiconductor substrate
having different spacing of pattern, and form the semicon-
ductor substrate having extremely small line width by con-
trolling the time of thermal reflow treatment.

[0015] The invention can improve the photolithography
technique of semiconductor process, and improve the etched
pattern of semiconductor substrate, change the shape of
photo-resist by controlling the time of thermal reflow treat-
ment further, thus it can narrow down the spacing of pattern
on semiconductor substrate.

[0016] The invention can reduce the dislocation density of
epitaxy and raise the quality of epitaxy. As for the LED
component, the invention can increase the external extraction
efficiency of light, and raise the output power of the compo-
nent.

[0017] The advantage and spirit of the invention can be
understood further by the following detail description of
invention and attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] 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:

[0019] FIG. 1A to FIG. 1C show the diagram of the prior
art.

[0020] FIG.2A to FIG. 2D show the preferred embodiment
of the invention.

[0021] FIG. 3 shows the electron microscope diagram.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0022] The invention relates to a method for forming pat-
tern on semiconductor substrate by thermal reflow technique,
the detailed steps are described as follows:

[0023] Theinvention uses thermal reflow technique to form
circular pattern on semiconductor substrate. The process is
shown in FIG. 2A to FIG. 2D.

[0024] As shown in FIG. 2A, the hard mask 202 is formed
on the semiconductor substrate 201. The material of semi-
conductor substrate includes Sapphire, silicon (Si), and sili-
con carbide (SiC) etc.

[0025] As shown in FIG. 2B, the photoresist layer 203 is
formed on the hard mask 202.

[0026] As shown in FIG. 2C, the photoresist layer 203 is
treated by thermal reflow technique, so that the shape of
photoresist layer 203 is changed to become as a circular shape
for the photoresist layer 203. The temperature of thermal
reflow treatment is about 150° C. to 180° C. The time of
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thermal reflow treatment is controlled at 30 seconds to 120
seconds, in order to form the pattern as different drawn spac-
ing for photoresist layer 203.

[0027] As shown in FIG. 2D, the dry etching method in the
photolithography technique of semiconductor process, such
as the plasma etching method is used to etch the semiconduc-
tor substrate 201 by removing the hard mask 202 through the
photoresist layer 203, in order to form the circular pattern on
semiconductor substrate 201. Thus the pattern on semicon-
ductor substrate 201 is formed as high density, high aspect
ratio, and tilt angle, and the cylinder with smooth, level and
uniform contour. The line width of pattern can be minimized
10 0.3 um to 1 pm.

[0028] FIG. 3 shows the etched result of sapphire semicon-
ductor substrate observed under the electron microscope, and
the etching contour is like as level, uniform and tilt angle.
[0029] The invention is a technique to improve the photo-
lithography process. The dry etching method is used to etch
the semiconductor substrate to form the pattern with high
density, high aspectratio, and tilt angle, and the cylinder with
smooth, level and uniform contour. The invention can form
the semiconductor substrate having different drawn spacing
of pattern, and can form the semiconductor substrate having
extremely small line width by controlling the time of thermal
reflow treatment.

[0030] Compared to the pattern on semiconductor substrate
of the prior art, the invention can form the pattern with high
density, high aspectratio, and tilt angle, and the cylinder with
smooth, level and uniform contour. The invention can form
the semiconductor substrate having different drawn spacing
of pattern, and formed on the semiconductor substrate having
extremely small line width by controlling the time of thermal
reflow treatment.

[0031] 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.

What is claimed is:
1. A method for forming a specific pattern on semiconduc-
tor substrate using a thermal reflow technique, comprising:
forming a hard mask on a semiconductor substrate and the
hard mask having a photoresist layer thereon;
treating the photoresist layer by a thermal reflow technique
to form as a specific-shape photoresist layer; and
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etching the semiconductor substrate by removing the hard
mask through the photoresist layer in order to form the
specific pattern on the semiconductor substrate.

2. The method according to claim 1, wherein the semicon-
ductor substrate comprises sapphire.

3. The method according to claim 1, wherein the semicon-
ductor substrate comprises silicon.

4. The method according to claim 1, wherein the semicon-
ductor substrate comprises silicon carbide.

5. The method according to claim 1, wherein a temperature
for the thermal reflow treatment comprises about 150° C. to
180° C.

6. The method according to claim 1, wherein a time for the
thermal reflow treatment is controlled at 30 seconds 1o 120
seconds.

7. The method according to claim 1, wherein the dry etch-
ing method comprises plasma etching method.

8. The method according to claim 1, wherein the pattern
comprises a line width.

9. The method according to claim 8, wherein the line width
comprises about 0.3 um to 1 pm.

10. A method for forming a specific pattern on semicon-
ductor substrate using a thermal reflow technique, compris-
ing:

forming a hard mask on a semiconductor substrate;

forming a photoresist layer on the hard mask;

treating the photoresist layer by a thermal reflow technique

to form a specific-shape photoresist layer; and

etching the semiconductor substrate by removing the hard

mask through the photoresist layer in order to form the
specific pattern on semiconductor substrate.

11. The method according to claim 10, wherein the semi-
conductor substrate comprises sapphire.

12. The method according to claim 10, wherein the semi-
conductor substrate comprises silicon.

13. The method according to claim 10, wherein the semi-
conductor substrate comprises silicon carbide.

14. The method according to claim 10, wherein a tempera-
ture for the thermal reflow treatment comprises about 150° C.
to 180° C.

15. The method according to claim 10, wherein a time for
thethermal reflow treatment is controlled at 30 seconds to 120
seconds.

16. The method according to claim 10, wherein the dry
etching method comprises plasma etching method.

17. The method according to claim 10, wherein the specific
pattern comprises a line width.

18. The method according to claim 17, wherein the line
width comprises about 0.3 um to 1 um.
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