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57) ABSTRACT

Present invention is a method for lifting off GaN pseudo-
mask epitaxy layer using wafer bonding way, wherein GaN
epitaxy is obtained by way of selective area growth on a seed
and the growth is in a way of pseudomask growth over a
substrate. Owing to the different thermal expansion coeffi-
cients of the substrate and the GaN seed, by way of
annealing and wafer bonding, the GaN epitaxy layer and the
epitaxy substrate can be separated, or the GaN epitaxy
substrate can be transferred onto another substrate. Thereby,
the epitaxy substrate separated is not spoiled during the
transferring procedure and can be reused, which lowers the
cost; and high-quality GaN epitaxy layer can be transferred
to various kinds of substrates for various kinds of usage and
for solving the problems of difficulties in the production or
the utilization of the substrate (such as difficulties in the
cutting, the conductivity, the heat-sinking, and so on.)
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METHOD FOR LIFTING OFFGAN PSEUDOMASK
EPITAXY LAYERUSING WAFER BONDING WAY

RELATED APPLICATION

[0001] This application is a Continuation-In-Part of appli-
cation Ser. No. 10/781,892, filed on Feb. 20, 2004 and
currently pending.

FIELD OF THE INVENTION

[0002] Present invention relates to a method for lifting off
GaN pseudomask epitaxy layer using wafer bonding way;
more particularly, relates to a procedure improvement on
producing GaN epitaxy to promote application and com-
mercial mass production.

DESCRIPTION OF RELATED ARTS

[0003] According to the GaN technology, because GaN is
difficult to grow bulk material, there dose not exist a GaN
epitaxial substrate and GaN needs to epitaxy on the substrate
made by other material. Limited kinds of epitaxy substrates
limit possibilities for application. The techniques used in
separating GaN substrate include Laser Lift-Off and Smart
Cut, wherein both are limited in application and have some
defects. Besides, between the GaN epitaxy layer obtained
and the substrate transferred onto is a buffer layer with some
defects.

[0004] To sum up, the shortcomings of the related arts
include the followings:

[0005] 1. The epitaxy layer can be easily spoiled; the cost
is high; and only specific scale of size is suitable.

[0006] 2. The epitaxy substrate separated will be spoiled
during etching procedure and will not be reusable.

[0007] 3. The kinds of substrates for transference tend to
be limited by the epitaxy.

[0008] 4. The epitaxy layer transferred has dense defects
that, when applying to the components, the period of use can
not be prolonged and the efficiency can not be increased.

[0009] 5. Expansive equipments are required in the pro-
cesses of the related arts so that the production cost is
increased.

[0010] Accordingly, the methods of the related arts for
lifting off GaN epitaxy layer from the substrate do not fulfill
users’ requests.

BRIEF DESCRIPTION OF THE INVENTION

[0011] Therefore, the purpose of the present invention is to
obtain a good-quality GaN epitaxy layer and to transfer it to
a selective substrate, wherein different kinds of substrates
provide different kinds of usage. At the same time, the
present invention is to solve the problems of difficulties in
the cutting, the conductivity, the cost, the heat-sinking, and
so on, of the substrate.

[0012] Another purpose of the present invention is to
provide a method of combining the procedure of obtaining
GaN epitaxy layer by pseudomask overgrowth and the
procedure of wafer bonding, to transfer onto another sub-
strate and to gain more additional advantages by such a
combination. At the same time, the present invention is to
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solve the problems of difficulties in the cutting, the conduc-
tivity, the cost, the heat-sinking, and so on, of the GaN
epitaxy substrate.

[0013] The third purpose of the present invention is to
invent a new technique for substrate transference so that the
current techniques of Laser Lift-Off and Smart Cut can be
superseded and the product of large scale and the commer-
cial mass production are possible.

[0014] The fourth purpose of the present invention is that
the epitaxy layer lifted off can be used as a GaN epitaxy
substrate with better quality.

[0015] To achieve the above purposes, the present inven-
tion is a method for lifting off GaN pseudomask epitaxy
layer using wafer bonding way, comprising the following
steps: 1) to obtain a substrate and deposit a low-temperature
buffer layer on it; 2) to deposit a GaN layer after heating up
the buffer layer; 3) to deposit a layer of mask material on the
buffer layer; 4) to make an opening by way of lithography
technique on the layer of mask material; 5) to etch GaN for
obtaining a seed for GaN to grow upon; 6) to apply GaN
pendeoepitaxy lateral overgrowth to the sample etched; and,
7) through proper washing and proper plating with metal or
plating with glue, to obtain a substrate for transference and
then to apply direct or indirect wafer bonding to the above
sample. Accordingly, a method for lifting off GaN pseudo-
mask epitaxy layer using wafer bonding way is obtained.

DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a view of step 1 of the first preferred
embodiment according to the present invention;

[0017] FIG. 2 is a view of step 2 of the first preferred
embodiment according to the present invention;

[0018] FIG. 3 is a view of step 3 of the first preferred
embodiment according to the present invention;

[0019] FIG. 4 is a view of step 4 of the first preferred
embodiment according to the present invention;

[0020] FIG. 5 is a view of step 5 of the first preferred
embodiment according to the present invention;

[0021] FIG. 6 is a view of step 6 of the first preferred
embodiment according to the present invention;

[0022] FIG. 7 is a view of step 7 of the first preferred
embodiment according to the present invention;

[0023] FIG. 8 is a view of step 8 of the first preferred
embodiment according to the present invention;

[0024] FIG. 9 is a view of step 9 of the second preferred
embodiment according to the present invention;

[0025] FIG. 10is a view of step 10 of the second preferred
embodiment according to the present invention;

[0026] FIG. 11 is a view of step 11 of the second preferred
embodiment according to the present invention;

[0027] FIG.12isaview of step 12 of the second preferred
embodiment according to the present invention;

[0028] FIG. 13 isa view of step 13 of the second preferred
embodiment according to the present invention;

[0029] FIG. 14is a view of step 14 of the second preferred
embodiment according to the present invention;
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[0030] FIG. 15 is a view of step 15 of the third preferred
embodiment according to the present invention;

[0031] FIG. 16 is a view of step 16 of the third preferred
embodiment according to the present invention;

[0032] FIG. 17 is a view of step 17 of the third preferred
embodiment according to the present invention;

[0033] FIG. 18 is a view of step 18 of the third preferred
embodiment according to the present invention;

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0034] The following descriptions of the preferred
embodiment are provided to understand the features and the
structures of the present invention.

[0035] The present invention is a method for lifting off
GaN pseudomask epitaxy layer using wafer bonding way,
wherein the base substrate on which GaN is transferred and
separated will not be spoiled and is reusable; and wherein a
stress concentration is produced on the contact between the
substrate and the seed during wafer bonding to separate
them owing to different thermal expansion coefficients.

[0036] Please refer to FIG. 1 to FIG. 8, which are views
of step 1 to step 8 of the first preferred embodiment
according to the present invention. As shown in the figures,
the following steps are comprised:

[0037] Step 1: Obtain a base substrate 1 of sapphire, SiC,
or silicon, and so on, and deposit a 200-500 angstroms of
low-temperature buffer layer 2 of GaN or AIN on the base
substrate 1 on 600-700 Celsius degrees of temperature. (As
shown in FIG. 1)

[0038] Step 2: Deposit another 1.5 #m-thick GaN 3 after
the buffer layer 2 is heated up to 1000-1100 Celsius degrees
of temperature. (As shown in FIG. 2)

[0039] Step 3: Deposit a layer of mask material 4 of metal
or ceramic like Si02, Si3N4 or W on the low-temperature
buffer layer 2. (As shown in FIG. 3)

[0040] Step 4: Make an opening 41 in dot pattern or line
pattern on the layer of mask material 4 by way of lithogra-
phy technique. (As shown in FIG. 4)

[0041] Step 5: Etch the GaN 3 to obtain a seed 5 for GaN
to grow upon. (As shown in FIG. 5)

[0042] Step 6: Over the layer of mask material 4, apply
GaN penrdeoepitaxy lateral overgrowth to the sample etched
on 1000-1100 Celsius degrees of temperature. (As shown in
FIG. 6)

[0043] Step 7. Obtain a substrate for transference which
can be made of Si. Through proper washing and proper
plating with metal (such as gold, indium or palladium),
apply wafer bonding to the above sample, wherein the
temperature is determined by the material of the substrate
for transference and the planted material. (As shown in FIG.

7
[0044] Step 8: Separate the sample from the substrate for
transference. (As shown in FIG. 7)

[0045] Accordingly, a method for lifting off GaN pseudo-
mask epitaxy layer using wafer bonding way is obtained by
the above steps.
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[0046] Please refer to FIG. 9 to FIG. 14, which are views
of step 1 to step 6 of the second preferred embodiment
according to the present invention. As shown in the figures,
the following steps are comprised:

[0047] Step 1: Deposit a 1 um-thick GaN 3¢ upon the base
substrate 1a of sapphire, SiC or silicon. (As shown in FIG.

9
[0048] Step 2: Etch the GaN 3a of step 1 by way of

lithography technique to obtain a GaN seed 5a in dot pattern
or in line pattern. (As shown in FIG. 10)

[0049] Step 3: On the area out of the GaN seed 5a, deposit
a 100 angstroms of mask material 4a like SiN, W, or SiO2,
and so on, by way of lithography technique. (As shown in
FIG. 11)

[0050] Step 4: Apply GaN pendeoepitaxy lateral over-
growth to the sample obtained after step 3 on 1000-1100
Celsius degrees of temperature. (As shown in FIG. 12)

[0051] Step 5: Through proper washing and proper plating
with metal like gold, indium or palladium, and so on, or
plating with glue like epoxy and so on, apply wafer bonding
to the sample obtained after step 4 and the substrate 6a for
transference which is made of a material like Si, wherein the
temperature for bonding is determined by the materials
bonded and the planted material. (As shown in FIG. 13)

[0052] Step 6: Separate the sample obtained after step 5
from the substrate for transference. (As shown in FIG. 14)

[0053] Please refer to FIG. 15 to FIG. 18, which are step
1 to step 4 of the third preferred embodiment according to
the present invention. As shown in the figures, the following
steps are comprised:

[0054] Step 1: Make dot pattern or line pattern on the base
substrate 1 of sapphire, SiC or silicon by way of lithogra-
phy technique. (As shown in FIG. 15)

[0055] Step 2: Apply GaN 3b pendeoepitaxy lateral over-
growth to the sample of step 1 on 1000-1100 Celsius degrees
of temperature. (As shown in FIG. 16)

[0056] Step 3: Through proper washing and proper plating
with metal like gold, indium or palladium, and so on, or
plating with glue like epoxy and so on, apply wafer bonding
to the sample obtained after step 2 and the substrate 6b for
transference which is made of a material like Si, wherein the
temperature for bonding is determined by the materials
bonded and the planted material. (As shown in FIG. 17)

[0057] Step 4: Separate the sample obtained after step 3
from the substrate 6b for transference. (As shown in FIG.
18)

[0058] Accordingly, the present invention has the follow-
ing advantages:

[0059] By wafer bonding and the procedure of obtaining
GaN epitaxy layer through pseudomask epitaxy growth,
GaN epitaxy layer can be transferred onto some other kinds
of substrates.

[0060] The annealing of wafer bonding helps separate the
epitaxy layer and the epitaxy substrate.

[0061] The epitaxy layer will not be spoiled; the cost is
reduced; and large scale of size is suitable.
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[0062] The epitaxy substrate separated will not be spoiled
and is reusable.

[0063] There are various choices of handling substrate for
bonding, not limited by the epitaxial method.

[0064] The low defect density of the epitaxy transferred
can enhance the lifetime and efficiency of the devices.

[0065] No expansive equipment is required for the
improved processes and so the production cost is reduced.

[0066] The GaN layer obtained by overgrowth is not
directly connected with the layer of mask material, which
helps the separation from the epitaxy substrate.

[0067] The area of the contact between the seed obtained
by overgrowth and the layer of mask material is small, which
helps separate the epitaxy layer and the epitaxy substrate on
annealing.

[0068] The process for obtaining epitaxy by pseudomask
overgrowth requires no wet selective etching to acquire
midair structure.

[0069] The preferred embodiments herein disclosed are
not intended to unnecessarily limit the scope of the inven-
tion. Therefore, simple modifications or variations belong-
ing to the equivalent of the scope of the claims and the
instructions disclosed herein for a patent are all within the
scope of the present invention.

What is claimed is:
1. Amethod for lifting off GaN pseudomask epitaxy layer
using wafer bonding way, comprising the following steps:

Step 1: To deposit a low-temperature buffer layer on a
base substrate;

Step 2: To deposit a GaN layer after heating up said buffer
layer;

Step 3: To deposit a layer of mask material on said buffer
layer;

Step 4: To make an opening on said layer of mask material
by way of lithography technique;

Step 5: To etch GaN obtained after step 4 to acquire a seed
for GaN to grow upon;

Step 6: To apply GaN pendeoepitaxy lateral overgrowth to
the sample obtained after etching;

Step 7: By washing as well as plating with metal, to obtain
a substrate for transference to apply wafer bonding to
said sample; and
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Step 8: To separate said sample from said substrate for

transference.

2. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein said base substrate is
selected from a group consisting of Sapphire, SiC and Si.

3. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein a layer of 200-500
angstroms of low-temperature GaN or AIN is deposited on
said low-temperature buffer layer on 600-700 Celsius
degrees of temperature.

4. The method for lifting off GaN-pseudomask epitaxy
layer according to claim 1, wherein said step 2 is done by
depositing a 1.5 um-thick GaN after the temperature is
heated up to 1000-1100 Celsius degrees.

5. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein said layer of mask
material is selected from a group consisting of SiO,,
Si;N, and W.

6. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein said opening is in a
pattern selected from a group consisting of dot pattern and
line pattern.

7. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein said GaN is obtained by
pendeoepitaxy lateral overgrowth on said layer of mask
material on 1000-1100 Celsius degrees of temperature.

8. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein said substrate for
transference is made of Si.

9. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein the metal plated is
selected from a group consisting of gold, indium and pal-
ladium.

10. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein the temperature for
wafer bonding in said step 7 is determined by the material
of said substrate for transference and the metal plated.

11. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein said substrate for
transference is not spoiled and is reusable.

12. The method for lifting off GaN pseudomask epitaxy
layer according to claim 1, wherein, during said wafer
bonding in step 7, stress concentration is obtained on the
contact between said base substrate and said seed to separate
said base substrate and said seed owing to different thermal
expansion coefficients in between.
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