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(57) ABSTRACT

A method for forming a GaN-containing semiconductor
structure is provided. The method comprises a substrate is
provided, a nucleation layer is formed above the substrate, a
diffusion blocking layer is formed above the nucleation layer,
a strain relief layer is formed above the diffusion blocking
layer, and a semiconductor layer is formed above the strain
relief layer, in which the diffusion blocking layer is deposited
on the nucleation layer such that the diffusion blocking layer
can prevent the impurities out-diffusion from the substrate.
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a substrate is provided T~—"12

;

a nucleation layer is formed above |
the substrate

;

a diffusion blocking layer is formed
above the nucleation layer 4+~ 16

;

a strain relief layer is formed above
the diffusion blocking layer ~ +—__ 18

;

a semiconductor layer is formed
above the strain relief layer to
complete the GaN-containing —~~____ 20

semiconductor structure

Figure 1
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the GaN layer

the strain relief
layer (defective GaN)

the diffusion
blocking layer (AIN,
rough surface)

the nucleation layer
(AIN)

the sapphire
substrate

Figure 3
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GAN-CONTAINING SEMICONDUCTOR
STRUCTURE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a GaN-containing
semiconductor structure, more particularly to a GaN-contain-
ing semiconductor structure for GaN electronic device and
the manufacturing method thereof.

[0003] 2. Description of the Prior Art

[0004] Generally speaking, as for the manufacturing pro-
cess of GaN-containing electronic device, high quality alu-
minum nitride (AIN) buffer layer is required to reduce the
current leakage problem of electronic device. The AIN buffer
layer can prevent the oxygen out-diffusion from the substrate,
particularly from the sapphire substrate. In addition, the AIN
buffer layer can also prevent the silicon (Si) diffusing from the
silicon substrate or silicon carbide substrate into the GaN
material.

[0005] However, due to the rough surface of AIN buffer and
the large lattice constant mismatch between AIN and GaN
material, GaN layer grown on AIN buffer will also suffer from
having rough surface morphology.

[0006] In the prior art, during the growth process of AIN,
the ammonia (NH3) is adjusted by entering the growth cham-
ber periodically. The diffusion distance of aluminum atom on
material surface can be increased by the method, and the
surface of formed AIN will be a smooth surface. However,
this method is complex and the growth control of AIN is
difficult. In addition, this method will also reduce the growth
rate of AIN. There is another problem that the quick and rapid
on/off operation will cause the failure of the mass flow con-
troller of metal organic chemical vapor deposition (MOCVD)
or the mechanical shutter of molecular beam epitaxy (MBE).
[0007] In another prior art, other approaches comprise
using extreme growth conditions in the MOCVD such as a
very high growth temperature (>1200° C.) or a very low
group V to group I1I gases flow ratio (V/1II ratio, <10). How-
ever, most of the growth reactors cannot provide such high
temperature and low V/I1] ratio. The extreme growth param-
eters may beyond the optimized range of growth conditions
designed for most of the MOCVD reactors. As a conse-
quence, the gas flow dynamics in the reactor will be signifi-
cantly affected.

[0008] Sometime, an AlGaN buffer layer is also used to
prevent the out-diffusion problem. However, it may not as
effective as the AIN, because the AlGaN has lower bandgap.
Thus, the impurity such as oxygen atom in this material will
tend to form shallow donor and thus reduce the resistivity of
the material. Its capability to trap impurities is also poorer as
compared to AIN. Thus, the impurities may still diffuse into
the GaN layer.

SUMMARY OF THE INVENTION

[0009] According to the shortcoming of known art, the
main purpose of the present invention is to disclose a GaN-
containing semiconductor structure with composite buffer
layer, high resistive and smooth surface morphology.

[0010] Another purpose of the present invention is to utilize
low leakage current electronic device process to form a GaN-
containing semiconductor structure.

[0011] According to the abovementioned purposes, a
method for forming a GaN-containing semiconductor struc-
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ture is provided by the present invention. The method
includes a substrate is provided, a nucleation layer is formed
above the substrate, a diffusion blocking layer is formed
above the nucleation layer, a strain relief layer is formed
above the diffusion blocking layer, and a semiconductor layer
is formed above the strain relief layer, in which the diffusion
blocking layer is deposited on the nucleation layer such that
the diffusion blocking layer can prevent the impurities out-
diffusion from the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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:

[0013] FIG.1illustrates the block flow diagram for forming
the GaN-containing semiconductor structure according to the
technology disclosed by the present invention.

[0014] FIG. 2 illustrates the cross-sectional view of GaN-
containing semiconductor structure according to the technol-
ogy disclosed by the present invention.

[0015] FIG. 3 illustrates the transmission electron micro-
scope (TEM) diagram of GaN-containing semiconductor
structure according to the technology disclosed by the present
invention.

[0016] FIG. 4(a) and FIG. 4(b) illustrates the optical image
diagram of the GaN growth structure with the diffusion
blocking layer and the strain relief layer as the buffer layers as
well as the GaN growth structure with a single buffer layer
according to the technology disclosed by the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0017] Please refer to FIG. 1. FIG. 1 illustrates the block
flow diagram for forming the GaN-containing semiconductor
structure according to the technology disclosed by the present
invention. In FIG. 1, a substrate is provided in Step 12 first. A
nucleation layer is formed above the substrate in Step 14. A
diffusion blocking layer is formed above the nucleation layer
in Step 16. Then, a strain relief layer is formed above the
diffusion blocking layer in Step 18. Finally, a semiconductor
layer is formed above the strain relief layer in Step 20 to
complete the GaN-containing semiconductor structure. The
GaN-containing semiconductor structure is suitable for high
electron mobility transistor (HEMT) or Schottky barrier
diode (SBD). In addition, the metal organic chemical vapor
deposition (MOCVD)is used as the deposition method in the
embodiment.

[0018] Then, please refer to FIG. 2. FIG. 2 illustrates the
cross-sectional view of GaN-containing semiconductor
structure according to the technology disclosed by the present
invention. In FIG. 2, the GaN-containing semiconductor
structure 3 comprises a substrate 30, a nucleation layer 32, a
buffer layer 34 and a GaN semiconductor layer 36 from
bottom to top.

[0019] Inthe present invention, the substrate 30 may be the
silicon substrate, the silicon carbide substrate or the sapphire
substrate. The nucleation layer 32 is grown on the substrate 30
by the metal organic chemical vapor deposition (MOCVD).
In the embodiment, the deposition temperature of nucleation
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layer 32 is from 500° C. to 800° C. and the deposition thick-
nessis smaller than 50 nm. In addition, the nucleation layer 32
may be AIN or AlGaN.

[0020] Please referto F1G. 2 again. In the present invention,
the buffer layer 34 comprises a diffusion blocking layer 342
and a strain relief layer 344, in which the diffusion blocking
layer 342 is deposited on the nucleation layer 32 and the strain
relief layer 344 is deposited on the diffusion blocking layer
342. In an embodiment of the present invention, the deposi-
tion temperature of the diffusion blocking layer 342 on the
nucleation layer 32 is from 950° C. to 1200° C., and the
deposition thickness is from 100 nm to 2000 nm. In this
embodiment, the diffusion blocking layer 342 may be AIN,
and single AlGaN layer or AIN and multiple AlGaN.

[0021] It has to stated that the III-nitride layers are depos-
ited on the substrate 30 at high temperature (up to 1200° C.).
The oxygen or silicon out-diffusion phenomenon will be
occurred at this high temperature condition. If the substrate
30 is the sapphire substrate, due to the sapphire substrate 30
includes Al203, the oxygen will diffuse from the sapphire
substrate into the GaN semiconductor layer 36, while the
silicon diffuses from the silicon substrate or the silicon car-
bide substrate into the GaN semiconductor layer 36. Then, the
diffusion blocking layer 342 formed in the present invention
can prevent the impurities, such as oxygen or silicon diffusing
from the substrate 30 into the GaN semiconductor layer 36, so
as to increase the reliability of the semiconductor structure.
[0022] 1InFIG. 2, the strain relief layer 344 is deposited on
the diffusion blocking layer 342 at low temperature, such as
from450° C.to 600° C., and the better deposition temperature
is 500° C. In the embodiment, the strain relief layer 344 is
GaN, the deposition thickness on the diffusion blocking layer
342 is from 30 nm to 100 nm.

[0023] Then, due to the deposition temperature of the GaN
semiconductor layer 344 is lower, the GaN semiconductor
layer 344 can be considered as the defective layer. When the
GaN semiconductor layer 36 is deposited, due to higher
growth temperature is required, then the growth temperature
is raised to about 1050° C. When the growth temperature is
increased continuously, the recrystallization of the previous
formed GaN strain relief layer 344 will be started, and the
strain of lattice constant mismatch between AIN and GaN will
be released, then the GaN semiconductor layer 36 can obtain
high quality and smooth surface. Because the diffusion block-
ing layer 342 traps or blocks the impurities diffused from the
substrate 30 to the GaN semiconductor layer 36, so that the
GaN semiconductor layer 36 has high resistive. In the
embodiment, the deposition temperature of the GaN semi-
conductor layer 36 is from 950° C. to 1200° C., and the
deposition thickness is 1 um to 5 um.

[0024] Then, please refer to FIG. 3. FIG. 3 illustrates the
transmission electron microscope (TEM) diagram of GaN-
containing semiconductor structure according to the technol-
ogy disclosed by the present invention. In FIG. 3, it is obvi-
ously shown that the strain relief layer 344 of the buffer layer
34 has a structure with multiple defects.

[0025] Then, please refer to FIG. 4(a) and FIG. 4(5). FIG.
4(a) and FIG. 4(b) illustrates the optical image diagram of the
GaN growth structure with the diffusion blocking layer and
the strain relief layer as the buffer layers as well as the GaN
growth structure with a single buffer layer. FIG. 4(a) shows
GaN growth structure with the diffusion blocking layer 342
and the strain relieflayer 344 as the buffer layer 34. F1G. 4(5)
shows the GaN growth structure with a single AIN buffer
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layer. It is obvious that FIG. 4(a) shows smooth surface of
GaN growth structure and FIG. 4(4) shows rough surface of
GaN growth structure.

[0026] Therefore, according to the abovementioned
description, the high resistive GaN-containing semiconduc-
tor structure for the GaN electronic device includes a buffer
layer 34 composed of the diffusion blocking layer 342 and the
strain relief layer 344. The material of diffusion blocking
layer 342 may be one single AIN layer, or one single AIN layer
with one single AlGaN layer, or one single AIN layer with
multiple AlGaN layers. The material of strain relief layer 344
is the GaN grown at low temperature. Although the strain
relieflayer 344 grown at low temperature has many defects, it
can mitigate the strain of lattice constant mismatch between
AIN and GaN. When the temperature of the substrate 30 is
increased, the strainrelief layer 344 grown at low temperature
will recrystallize. The recrystallization will increase the qual-
ity of GaN layer 36 effectively. The GaN material with
smooth surface can be grown on the diffusion blocking layer
342 with rough surface by this growth mode. Meantime, due
to the combination of the diffusion blocking layer, the impu-
rities in the GaN can be reduced to minimum, in order to
increase the material resistive significantly. By using this high
resistive GaN material as the buffer layer for high electron
mobility transistor or Schottky barrier diode, the leakage
current of electronic device can be reduced effectively, and
the power conversion efficiency of device can be increased.
[0027] Itis 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 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.

1. A method for forming a GaN-containing semiconductor
structure by using metal-organic chemical vapor deposition
(MOCVD), comprising:

providing a substrate;

providing a nucleation layer on the substrate by using

metal-organic chemical vapor deposition (MOCVD),
wherein a forming temperature of the nucleation layer is
from 500° C. to 800° C.;

providing a diffusion blocking layer on the nucleation

layer;

providing a strain relief layer on the diffusion blocking

layer; and

providing a semiconductor layer on the strain relief layer.

2. The method according to claim 1, wherein the nucleation
layer, the diffusion blocking layer, the strain relief layer and
the semiconductor layer are achieved by using metal-organic
chemical vapor deposition (MOCVD).

3. (canceled)

4. The method according to claim 1, wherein the forming
temperature of the diffusion blocking layer is from 950° C. to
1200° C.

5. The method according to claim 1, wherein the forming
temperature of the strain relief layer is from 450° C. to 600°
C.

6. The method according to claim 1, wherein the forming
temperature of the semiconductor layer is from 950° C. to
1200° C.
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7. A GaN-containing semiconductor structure formed by
using metal-organic chemical vapor deposition (MOCVD),
comprising:

a substrate;

a nucleation layer on the substrate;

a diffusion blocking layer on the nucleation layer, wherein
the diffusion blocking layer is selected from the group
consisting of a single AIN layer, the single AIN laver
with a single AlGaN layer, the single AIN layer with
multiple AlGaN layers;

a strain relief layer on the diffusion blocking layer; and

a semiconductor layer on the strain relief layer.

8. The structure according to claim 7, wherein the nucle-
ation layer is the AIN nucleation layer.

9. (canceled)

10. The structure according to claim 7, wherein the strain
relief layer is the GaN, and a thickness is from 30 nm to 100
nm.
11. The method according to claim 2, wherein the forming
temperature of the diffusion blocking layer is from 950° C.to
1200° C,;

the forming temperature of the strain relief layer is from
450° C.t0 600° C.; and wherein the forming temperature
of the semiconductor layer is from 950° C. to 1200° C.

12. The structure according to claim 7, wherein the nucle-
ation layer is the AIN nucleation layer and the strain relief
layer is the GaN, and a thickness is from 30 nm to 100 nm.
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