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Providing a growing substrate 1 ~__~ Sl

4

Forming a semiconductor substrate 2 on the ~__~~_ S12
growing substrate 1

A 4
Patterning the semiconductor substrate 2, forming

. N s13
a first structure 22 with plural grooves to reduce .
the contact area between the growing substrate 1
and the semiconductor substrate 2.

v

Forming semiconductor elements 3 on the U S14
semiconductor substrate 2.

4
Heating the growing substrate 1 and the
semiconductor substrate 2 such that the growing N_~ 515
substrate 1 lifts off from the semiconductor
substrate 2.

Fig. 1
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S21

Providing a growing substrate 1. N~

¥

Forming a dielectric layer 2a in the growing
substrate, and forming a second structure 2al with
plural grooves on the dielectric layer 2a.

S22

4

Forming the semiconductor substrate 31 on the 523
second structure 2al.

A

Removing the second structure 2al and forming
the first structure 33 corresponding to the second
structure 2al to reduce a contact area between the
upper surface and the growing substrate 1.

N 824

A 4
Processing the following element fabrication and
the wafer bonding process, and heating the
growing substrate 1 and the semiconductor
substrate 31 such that the growing substrate 1 lifts
off from the semiconductor substrate 31.
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Fig. 6
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METHOD OF SEMICONDUCTOR
MANUFACTURING PROCESS

FIELD OF THE INVENTION

[0001] The present invention relates to a semiconductor
manufacturing process, and more particularly to a lift-off
method in a semiconductor manufacturing process.

BACKGROUND OF THE INVENTION

[0002] In the conventional process of the light-emitting
diode (LED), a sapphire (AL,O;) substrate, whose crystal
structure is similar to that of Gallium Nitride (GaN), is gen-
erally chosen to be a growing substrate. However, the sap-
phire substrate has the worse electrical conductivity and ther-
mal conductivity, and thus, the GaN LED has the defect that
thermal dissipation is poor, the reliability of LED is bad, and
the emitting area and efficiency of the LED chip are affected
under high-current, high-power and long-time operations.
Therefore, the manufacture of LEDs and the raising for the
emitting efficiency are hindered.

[0003] In order to improve the above-mentioned defects, a
conventional method is to remove the sapphire substrate. In
the prior art, the nitride semiconductor elements are shifted
from the sapphire growing substrate to a bonding substrate by
a wafer bonding technique so as to raise the characteristics of
the LEDs. Namely, the GaN epitaxial layer is lifted off from
the sapphire substrate, and is shifted to a substrate with high
electric conductivity and high thermal conductivity. In the
above-mentioned process, the laser lift-off technique is usu-
ally applied to remove the sapphire growing substrate. How-
ever. the laser lift off technique degrades the characteristics of
the LED elements and affects the yield thereof. Besides, the
laser lift-off technique is high cost. Therefore, if the nitride
semiconductor elements can be lifted off from the growing
substrate during the wafer bonding process without applying
the laser lift-off technique, the manufacturing costs would be
highly reduced.

[0004] Therefore the applicant attempts to deal with the
above situation encountered in the prior art.

SUMMARY OF THE INVENTION

[0005] 1In view of the prior art, in the present invention, a
novel process technology is provided, in which technology
the contact area between the growing substrate and the nitride
semiconductor substrate is reduced. In the process of the
temperature change due to the heating during the wafer bond-
ing step, since the growing substrate has the expansion coef-
ficient different from that of the nitride semiconductor sub-
strate, the stress become concentrated such that the growing
substrate and the nitride semiconductor substrate can lift off
from each other. Accordingly, the laser lift-off technique is
not demanded in the processing for removing the growing
substrate, and thus the cost is effectively reduced.

[0006] In accordance with the first aspect of the present
invention, a method for forming a capacitor device is pro-
vided. The method includes steps of: providing a substrate;
forming a first metal layer on the substrate; forming a dielec-
tric on the first metal layer; applying a laser-annealing to the
dielectric; and forming a second metal layer on the dielectric.
[0007] In accordance with the first aspect of the present
invention, a method for manufacturing a semiconductor is
provided. The method includes steps of: providing a growing
substrate; forming a semiconductor substrate on the growing
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substrate; forming a first structure with plural grooves and
between the growing substrate and the semiconductor sub-
strate; and changing the temperature of the growing substrate
and the semiconductor substrate.

[0008] Preferably, the changing step further comprises
steps of heating the growing substrate and the semiconductor
substrate, and applying a pressure to bond the semiconductor
substrate to a bonding substrate.

[0009] Preferably, the bonding substrate has a material
being one selected from a group consisting of a copper (Cu)
material, an aluminum (Al) material, a silicon (Si) material, a
diamond material, a copper alloy material and an aluminum
alloy material.

[0010] Preferably, the method, before the changing step,
further includes a step of forming a semiconductor element
on the semiconductor substrate.

[0011] Preferably, the semiconductor substrate is a nitride
semiconductor substrate, and the growing substrate has a
material being one selected from a group consisting of an
alumina (A1203) material, a sapphire matetial, a silicon car-
bide (SiC) material and a silicon (Si) material.

[0012] Preferably, the first structure is made through pat-
terning the semiconductor substrate by one of a chemistry wet
etching and a dry etching to reduce the contact area between
the growing substrate and the semiconductor substrate.
[0013] Preferably, the chemistry wet etching is performed
by a potassium hydroxide (KOH) solution.

[0014] Preferably, the method, before the semiconductor
substrate forming step, further includes steps of: forming a
dielectric layer in the growing substrate; and forming a sec-
ond structure with plural grooves on the dielectric layer by an
exposing, developing and etching method.

[0015] Preferably, the method, before the first structure
forming step, further includes steps of: forming the semicon-
ductor substrate on the second structure; and removing the
dielectric layer to form the first structure by a wet etching.
[0016] Preferably, the wet etching is performed by a hydro-
gen-fluoride (HF) solution.

[0017] Preferably, the dielectric layer has a Silicon dioxide
(5102) material.

[0018] Preferably, the second structure reveals the growing
substrate and is a continuous groove structure.

[0019] Inaccordance with the second aspect of the present
invention, a method for manufacturing a semiconductor is
provided. The method includes steps of: providing a first
substrate having an upper surface; providing a second sub-
strate having a lower surface; and reducing a contact area
between the upper surface and the lower surface.

[0020] Preferably, the method further includes a step of
heating the first and the second substrates.

[0021] In accordance with the third aspect of the present
invention, a method for manufacturing a semiconductor is
provided. The method includes steps of: providing a first
substrate having an upper surface; providing a second sub-
strate having a lower surface contacting the upper surface;
and heating the first and the second substrates to separate the
first and the second substrates.

[0022] Preferably, the method further includes before the
heating step a step of reducing a contact area between the
upper surface and the lower surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The foregoing and other features and advantages of
the present invention will be more clearly understood through
the following descriptions with reference to the drawings,
wherein:
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[0024] FIG. 1 is a flowchart in accordance with the first
embodiment of the present application;

[0025] FIGS. 2-5 are the structures for illustrating the first
embodiment of the present application;

[0026] FIG. 6 is the flowchart in accordance with the sec-
ond embodiment of the present application; and

[0027] FIGS. 7-10 illustrate the structures of the second
embodiment.

DETAIL DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0028] The present invention will now be described more
specifically with reference to the following embodiments. It
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for the
purposes ofillustration and description only; it is not intended
to be exhaustive or to be limited to the precise form disclosed.
[0029] Please refer to FIGS. 1-5, wherein FIG. 1 is a flow-
chart in accordance with the first embodiment of the present
application, and FIGS. 2-5 are the structures for illustrating
the first embodiment of the present application. The first
embodiment of the present application includes steps S11-
S15, which are explained as follows.

[0030] Step S11: A first substrate, such as a growing sub-
strate 1, is provided. The growing substrate 1 preferably has a
material being one selected from a group consisting of an
alumina (Al,0,) material, a sapphire material, a silicon car-
bide (SiC) material and a silicon (Si) material.

[0031] Step S12: As shown in FIG. 2, a second substrate,
such as a semiconductor substrate 2, is formed on the growing
substrate 1. The semiconductor substrate 2 is preferably a
nitride semiconductor substrate, such as Gallium Nitride
(GaN). The growing substrate 1 and the semiconductor sub-
strate 2 can be formed by conventional semiconductor pro-
cessing method.

[0032] Step S13: The semiconductor substrate 2 is pat-
terned by one of a chemistry wet etching and dry etching, and
a first structure 22 with plural grooves and between the grow-
ing substrate 1 and the semiconductor substrate 2 is formed,
as shown in FIG. 3, to reduce a contact area between the
growing substrate 1 and the semiconductor substrate 2. It can
be understood by one skilled in the art that the first structure
22 can be preferably formed through patterning the semicon-
ductor substrate 2 by a chemistry wet etching (such as being
performed by a potassium hydroxide (KOH)) solution or a
dry etching.

[0033] Step S14: The subsequent element fabrication is
proceeded, and semiconductor elements 3 are formed on the
semiconductor substrate 2.

[0034] Step S15: As shown in FIG. 4, the wafer bonding is
proceeded, and the temperature of the growing substrate 1
and the semiconductor substrate 2 is changed during the
process of the wafer bonding. The growing substrate 1 and the
semiconductor substrate 2 are heated, and receive a pressure
such that the semiconductor substrate 2 bonds to the bonding
substrate 4, wherein the bonding substrate preferably has a
material being one selected from a group consisting of a
copper (Cu) material, an aluminum (Al) material, a silicon
(Si) material, a diamond material, a copper alloy material and
an aluminum alloy material.

[0035] AsshowninFIG. 5, the temperatures of the growing
substrate 1 and the semiconductor substrate 2 are changed
during the wafer bonding process. Since the expansion coef-
ficient of the growing substrate is different from that of the
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nitride semiconductor substrate, the stress is concentrated
such that the growing substrate 1 and the semiconductor
substrate 2 lift off from each other.

[0036] It would be understood for one skilled in the art that
the first structure 22 is used for reducing the contact area
between the growing substrate 1 and the semiconductor sub-
strate 2, and thus the first structure 22 can be formed in any
step before the wafer bonding step and after the semiconduc-
tor 2 forming step. In addition, the first structure 22 is not
limited to the regular arrangement in FIGS. 2-5, but all the
structures causing the contact area between the growing sub-
strate 1 and the semiconductor substrate 2 reduced can reach
the affect of the present application.

[0037] However, the method for forming the above men-
tioned first structure 22 is not limited to the flowchart pro-
vided in the first embodiment. Please refer to FIGS. 6-10,
wherein FIG. 6 is the flowchart in accordance with the second
embodiment of the present application, and FIGS. 7-10 illus-
trate the structures of the second embodiment. Similar to the
first embodiment, in the second embodiment, a first structure
33 with plural grooves is formed at the place where the
semiconductor substrate 31 is adjacent to the growing sub-
strate 1 in order to reduce the contact area between the semi-
conductor substrate 31 and growing substrate 1. However, the
method of forming the first structure 33 of the second embodi-
ment is different from that ofthe first embodiment, and whose
steps are as follows.

[0038] Step S21: A growing substrate 1 is provided. As
illustrated in the first embodiment, the growing substrate 1
preferably has a material being one selected from a group
consisting of an alumina (Al,0,) material, a sapphire mate-
rial, a silicon carbide (SiC) material and a silicon (Si) mate-
rial.

[0039] Step S22: Asshownin FIG. 7, a dielectric layer 2ais
formed on the growing substrate 1, and a second structure 2al
with plural grooves is formed on the dielectric layer 2a by
exposing, developing and etching method. The dielectric
layer preferably has a Silicon dioxide (Si02) material.
[0040] FIG. 8(b) shows a cross section that the second
structure 2al has been formed on the growing substrate 1, and
FIG. 8(a) is a top view corresponding to FIG. 8(5). As shown
in FIGS. 8(a) and FIG. 8(&), the second structure 2al reveals
the growing substrate 1 and is preferably a continuous groove
structure.

[0041] Step S23: As shown in FIG. 9, a semiconductor
substrate 31 is formed on the second structure 2a1. As illus-
trated in the first embodiment, the semiconductor substrate 31
is preferably a nitride semiconductor substrate, such as GaN,
etc.

[0042] Step S24: The second structure 241 formed by the
dielectric layer 2s is removed by the wet etching method, and
the first structure 33 with plural grooves corresponding to the
second structure 2al with plural grooves is formed on the
lower surface of the semiconductor substrate 31. The afore-
mentioned wet etching method is performed by a hydrogen-
fluoride (HF) solution.

[0043] Step S25: After the first structure 33 with plural
grooves is formed, the subsequent element fabrication and the
wafer bonding process are continuously proceeded. Similar
to the first embodiment, the growing substrate 1 and the
semiconductor substrate 31 are heated during the wafer bond-
ing process so that the temperatures of the growing substrate
1 and the semiconductor substrate 31 are changed. Since the
expansion coefficient of the growing substrate is different
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from that of the nitride semiconductor substrate, the stress can
be concentrated such that the growing substrate 1 lifts off
from the semiconductor substrate 31.

[0044] Similarto the first embodiment, the second structure
2al with plural grooves in the second embodiment is not
limited to the arrangement in FIGS. 8(a) and 8(5) but an
arbitrary arrangement, such that the correspondingly formed
first structure 33 with plural grooves is not limited to the
regular arranged groove structure shown in FIG. 10. All the
structures which renders the contact area between the grow-
ing substrate 1 and the semiconductor substrate 31 decreased
can reach the affect of the present application.

[0045] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion needs not be limited to the disclosed embodiments. On
the contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims, which are to be accorded with the
broadest interpretation so as to encompass all such modifica-
tions and similar structures.

What is claimed is:

1. A method for manufacturing a semiconductor, compris-
ing steps of:

providing a growing substrate;

forming a semiconductor substrate on the growing sub-

strate;

forming a first structure with plural grooves and between

the growing substrate and the semiconductor substrate;
and

changing the temperature of the growing substrate and the

semiconductor substrate.

2. The method as claimed in claim 1, wherein the changing
step further comprises steps of heating the growing substrate
and the semiconductor substrate, and applying a pressure to
bond the semiconductor substrate to a bonding substrate.

3. The method as claimed in claim 2, wherein the bonding
substrate has a material being one selected from a group
consisting of a copper (Cu) material, an aluminum (Al) mate-
rial, a silicon (Si) material, a diamond material, a copper alloy
material and an aluminum alloy material.

4. The method as claimed in claim 1, before the changing
step, further comprising a step of forming a semiconductor
element on the semiconductor substrate.

5. The method as claimed in claim 1, wherein the semicon-
ductor substrate is a nitride semiconductor substrate, and the
growing substrate has a material being one selected from a
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group consisting of an alumina (Al,0;) material, a sapphire
material, a silicon carbide (SiC) material and a silicon (Si)
material.

6. The method as claimed in claim 1, wherein the first
structure is made through patterning the semiconductor sub-
strate by one of a chemistry wet etching and a dry etching to
reduce the contact area between the growing substrate and the
semiconductor substrate.

7. The method as claimed in claim 6, wherein the chemistry
wet etching is performed by a potassium hydroxide (KOH)
solution.

8. The method as claimed in claim 1, before the semicon-
ductor substrate forming step, further comprising steps of:

forming a dielectric layer in the growing substrate; and

forming a second structure with plural grooves on the
dielectric layer by an exposing, developing and etching
method.

9. The method as claimed in ¢laim 8, before the first struc-
ture forming step, further comprising steps of:

forming the semiconductor substrate on the second struc-

ture; and

removing the dielectric layer to form the first structure by

a wet etching.

10. The method as claimed in claim 9, wherein the wet
etching is performed by a hydrogen-fluoride (HF) solution.

11. The method as claimed in claim 8, wherein the dielec-
tric layer has a Silicon dioxide (Si0,) material.

12. The method as claimed in claim 8, wherein the second
structure reveals the growing substrate and is a continuous
groove structure.

13. A method for manufacturing a semiconductor, com-
prising steps of:

providing a first substrate having an upper surface;

providing a second substrate having a lower surface; and

reducing a contact area between the upper surface and the
lower surface.

14. The method as claimed in claim 13 further comprising
a step of heating the first and the second substrates.

15. A method for manufacturing a semiconductor, com-
prising steps of:

providing a first substrate having an upper surface;

providing a second substrate having a lower surface con-

tacting the upper surface; and

heating the first and the second substrates to separate the

first and the second substrates.

16. The method as claimed in claim 15 further comprising
before the heating step a step of reducing a contact area
between the upper surface and the lower surface.
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