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ohmic contact, and p-element epitaxy growth layer, and cov-
ered portion of the gate structure.
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ENHANCED GAN TRANSISTOR AND THE
FORMING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention related to a GaN transistor,
particularly an enhanced GaN transistor with the P-N junc-
tion.

[0003] 2. Description of the Prior Art

[0004] Because the gallium nitride high electron mobility
transistor (GaN-HEMT) possesses higher output power,
higher breakdown voltage and high-temperature resistance
etc., the GaN-HEMT has been widely used in high power
circuit in recent years.

[0005] As for the conventional GaN transistor, because the
gallium nitride/aluminum nitride in its structure possesses a
great amount of polar charge to form two dimension electron
gas (2DEG), so that the transistor should be operated under
the depletion mode. Under this mode, the transistor is called
the normal on transistor. Because the threshold voltage of the
normal on transistor is negative, the transistor will still be able
to conduct the current, which may cause extra power con-
sumption.

[0006] Inthe prior art, the recessed gate or carbon tetrafluo-
ride (CF,) plasma or P-type gallium nitride gate has been
proposed to make the enhanced GaN transistor. [n the tran-
sistor with conventional AlGaN/GaN heterostructure, its
AlGaN buffer layer has some problems, such as mismatch
lattice constant, thermal expansion variance and tensile
strength etc. Thus, the maximum output current will be con-
strained.

SUMMARY OF THE INVENTION

[0007] According to the defects of the prior art, the main
purpose of present invention is to use the Inx Al,  N/AIN with
better lattice matched (LM) heterostructure to reduce the
tensile strength and keep high polarized charge density for
two dimension electron gas, in order to raise the output cur-
rent. Thus in the present invention, the epitaxy growth het-
erostructure of Inx Al1-xN/AIN is used. The P-N junction is
formed on the top layer by doping the p-Inx Al1-xN, in order
to make the enhanced GaN transistor device with higher
output current.

[0008] According to the abovementioned description,
another purpose of present invention is to design the normal-
off GaN transistor with higher output current, which is also
able to be operated under the enhancement mode, in order to
improve the defects of the prior art and can further be applied
in high power circuit.

[0009] One more purpose of present invention is to use the
P-N semiconductor junction and the heterostructure of
InxAl1-xN/AIN to make the enhanced GaN transistor. The
purpose of using the P-N semiconductor junction is to use its
built-in voltage to raise the threshold voltage of the transistor,
so that the transistor will be able to be operated under the
enhancement mode.

[0010] A further purpose of present invention is to use the
heterostructure of Inx Al1-xN/AIN to raise the output current,
in order to improve the drain output current and the transcon-
ductance of transistor. It will be suitable for the application in
high-performance and high voltage driver and control circuit
system of next generation.
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[0011] According to the abovementioned purpose, an
enhanced GaN transistor is provided. The structure comprises
a substrate, a heterostructure, a p-element epitaxy growth
layer, a drain ohmic contact and a source ohmic contact
disposed on the heterostructure and on two sides of the p-el-
ement epitaxy growth layer, a gate structure disposed on the
p-element epitaxy growth layer, and is separated from the
drain ohmic contact and the source ohmic ¢ontact, a surface
passivation layer covered the drain ohmic contact, source
ohmic contact, and p-element epitaxy growth layer, and cov-
ered portion of the gate structure, so that the P-N junction can
be formed under the gate structure by the p-element epitaxy
growth layer and heterostructure to form an enhanced GaN
transistor with higher output current.

[0012] According to the abovementioned enhanced GaN
transistor, the present invention also discloses the forming
method of the enhanced GaN transistor, comprising; provid-
ing a substrate, forming a heterostructure on the substrate,
forming a p-element epitaxy growth layer on the heterostruc-
ture, forming a first photoresist layer on the p-element epitaxy
growth layer and forming a drain region and a source region
on two sides of the p-element epitaxy growth layer, etching to
remove portion of the p-element epitaxy growth layer, depos-
iting a first metal layer on two sides of the p-element epitaxy
growth layer to form a drain ohmic contact and a source
ohmic contact, forming a second photoresist layer on the
p-element epitaxy growth layet, and forming a gate region on
the p-element epitaxy growth layer, depositing a second metal
layer on the p-element epitaxy growth layer, etching to
remove portion of the second metal layer to form a gate
structure on the p-element epitaxy growth layer, separating
the gate structure from the drain ohmic contact and the source
ohmic contact, depositing a surface passivation layer to cover
the drain ohmic contact, source ohmic contact, p-element
epitaxy growth layer and portion of the gate structure, in order
to form an enhanced GaN transistor with higher output cur-
rent. The leakage current of gate can be reduced through the
surface passivation layer to improve the performance of the
transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] 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:

[0014] FIG. 1 illustrates the cross-sectional view of the
GaN epitaxy structure.

[0015] FIG. 2 illustrates the cross-sectional view of form-
ing the drain ohmic contact and the source ohmic contact on
two sides of the p-element epitaxy growth layer.

[0016] FIG. 3 illustrates the cross-sectional view of form-
ing the gate structure on the p-element epitaxy growth layer.
[0017] FIG. 4 illustrates the cross-sectional view of form-
ing the surface passivation layer on the structure shown in
FIG. 3.

[0018] FIG. 5 illustrates the flow chart of forming the
enhanced GaN transistor disclosed by the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0019] Please refer to FIG. 1 firstly, FIG. 1 illustrates the
cross-sectional view of the GaN epitaxy structure. In FIG. 1,
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the GaN epitaxy structure comprises a substrate 10, a hetero-
structure 12 and a p-element epitaxy growth layer 14.
[0020] Ithas to describe that the substrate 10 shown in FIG.
1 may be sapphire, silicon carbide (SiC) and silicon (Si)
substrate. The heterostructure 12 may be composed of the
In,Al,  AN/AIN. In another embodiment, the heterostructure
12 may be composed of the AlGaN/GaN. Then, a p-element
epitaxy growth layer 14 is disposed on the heterostructure 12,
wherein the p-element epitaxy growth layer 14 may be the
p-InxAl1-xN. In addition, the GaN epitaxy structure shown in
FIG. 1 may also comprises a buffer layer (not shown in
Figure) disposed between the substrate 10 and the hetero-
structure 12.

[0021] Please refer to FIG. 2 continuously. FIG. 2 illus-
trates the cross-sectional view of forming the drain ohmic
contact and the source ohmic contact on two sides of the
p-element epitaxy growth layer. In FIG. 2, a first photoresist
layer (not shown in Figure) is disposed on the p-element
epitaxy growth layer 14 firstly. Then, a drain region (not
shown in Figure) and a source region (not shown in Figure)
are defined on the p-element epitaxy growth layer 14 accord-
ing to the pattern of the first photoresist layer. The etching step
is used to remove portion of the p-element epitaxy growth
layer 14. Then the depositing step is used to a first metal layer
(not shown in Figure) to form a drain ohmic contact 16 and a
source ohmic contact 18 on two sides of the p-element epitaxy
growth layer 14.

[0022] Please refer to FIG. 3 then. FIG. 3 illustrates the
cross-sectional view of forming the gate structure on the
p-element epitaxy growth layer. In FIG. 3, a second photore-
sist layer (not shown in Figure) is disposed on the p-element
epitaxy growth layer 14 firstly. Then, the second photoresist
layer is used to define a gate region (not shown in Figure) on
the p-element epitaxy growth layer 14.

[0023] Still as FIG. 3, then, a second metal layer (not shown
in Figure) is deposited on the p-element epitaxy growth layer
14, drain ohmic contact 16 and source ohmic contact 18.
According to the gate region defined by the second photore-
sist layer, the etching step is used to remove the second metal
layer other than the gate region, in order to form a gate
structure 20 on the p-element epitaxy growth layer 14. The
gate structure 20 is separated from the drain ohmic contact 16
and the source ohmic contact 18. In this embodiment, the
inductively coupled plasma (ICP) is used to remove the sec-
ond metal layer other than the gate region.

[0024] Inaddition, in the embodiment of the present inven-
tion, the abovementioned p-element epitaxy growth layer 14
may be the p-InxAll1-xN. The InxAll-xN possesses n-ele-
ment property of electron carriers, when the p-element, such
as 1A Group element, is doped, the p-InxAll-xN will be
formed to generate the P-N junction on the gate structure 20
shown in FIG. 3. Because the built-in voltage of the P-N
Junction is about 0.7V, the transistor can be operated under the
depletion mode to form a normally-off transistor or an
enhanced transistor.

[0025] Please refer to FIG. 4 continuously. FIG. 4 illus-
trates the cross-sectional view of forming the surface passi-
vation layer on the structure shown in FIG. 3. In FIG. 4, the
surface passivation layer 22 made by silicon nitride (SiN) is
deposited and covered the drain ohmic contact 16 and source
ohmic contact 18 on the heterostructure 12, and covered the
p-element epitaxy growth layer 14 and portion of the gate
structure 22 to complete the enhanced GaN transistor dis-
closed by the present invention. In this embodiment, the
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plasma enhanced chemical vapor deposition (PECVD) is
used to deposit the surface passivation layer 22.

[0026] As shown in FIG. 4, the surface passivation layer 22
can reduce the defect of surface state effectively, in order to
achieve the device protection effect.

[0027] Please refer to FIG. 5. FIG. 5 illustrates the flow
chart of forming the enhanced GaN transistor disclosed by the
present invention. In FIG. 5, in Step 30, a substrate is pro-
vided. In Step 32, a heterostructure is disposed on the sub-
strate. In Step 34, a p-element epitaxy growth layer is dis-
posed on the heterostructure. In Step 36, a first photoresist
layer is disposed on the p-element epitaxy growth layer, and
a drain region and a source region are defined on two sides of
the p-element epitaxy growth layer region. In Step 38, the
etching way is used to remove portion of the p-element epit-
axy growthlayer. In Step 40, a first metal layer is deposited on
the drain region and the source region defined on two sides of
the p-element epitaxy growth layer, in order to form a drain
ohmic contact and a source ochmic contact.

[0028] Then in Step 42, a second photoresist layer is dis-
posed on the p-element epitaxy growth layer, and a gate
region is defined on the p-element epitaxy growth layer. In
Step 44, a second metal layer is deposited on the p-element
epitaxy growth layer. In Step 46, the etching way is used to
remove portion of the second metal layer to form a gate
structure on the p-element epitaxy growth layer. The gate
structure is separated from the drain ohmic contact and the
source ohmic contact. In this Step, the inductively coupled
plasma (ICP) is used for etching. Then in Step 48, a surface
passivation layer is formed to cover the drain ohmic contact,
source ohmic contact, p-element epitaxy growth layer and
portion of gate structure to complete the enhanced GaN tran-
sistor.

[0029] According to the abovementioned description. the
main purpose of present invention is to make an enhanced
GaN transistor with higher output current. The recessed gate
structure made by the existing technique can be used to pro-
duce the enhanced GaN transistor for the enhanced operation.
Its maximum output current is unable to be raised due to the
epitaxy structure. In the enhanced GaN transistor disclosed
by the present invention, the InxAl1-xN/AIN heterostructure
is used to substitute the conventional AlGaN/GaN hetero-
structure. The P-type InxAl1-xN layer is formed on the top
layer to form the P-N junction, in order to make an enhanced
GaN transistor with higher output current. The leakage cur-
rent of gate can be reduced through the surface passivation
layer to improve the performance of the GaN transistor
applied under high voltage.

[0030] Ttis 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.

What is claimed is:
1. An enhanced GaN transistor, comprising:
a substrate;

aheterostructure, the heterostructure being disposed on the
substrate;
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a p-element epitaxy growth layer, the p-element epitaxy
growth layer being disposed on the heterostructure;

a drain ohmic contact and a source ohmic contact, the drain
ohmic contact and the source ohmic contact being dis-
posed on the heterostructure and formed on two sides of
the p-element epitaxy growth layer;

a gate structure, the gate structure being disposed on the
p-element epitaxy growth layer and separated from the
drain ohmic contact and the source ohmic contact; and

a surface passivation layer, the surface passivation layer
covers the drain ohmic contact, the source ohmic con-
tact, the p-element epitaxy growth layer and a portion of
the gate structure.

2. The enhanced GaN transistor according to claim 1,
wherein the substrate is selected from the group consisting of
sapphire, silicon carbide (SiC) and silicon.

3. The enhanced GaN transistor according to claim 1,
wherein heterostructure is selected from the group consisting
of In, Al, _N/AIN and AlGaN/GaN.

4. The enhanced GaN transistor according to claim 1, fur-
ther comprises a buffer layer disposed between the substrate
and the heterostructure.

5. The enhanced GaN transistor according to claim 1,
wherein the p-element epitaxy growth layer is the p-In Al .
)CN.

6. The enhanced GaN transistor according to claim 1,
wherein the p-element epitaxy growth layer comprises dop-
ing doped the ITA Group element.

7. A forming method for the enhanced GaN transistor,
comprising:

providing a substrate;

forming a heterostructure on the substrate;
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forming a p-element epitaxy growth layer on the hetero-
structure;
forming a first photoresist layer on the p-element epitaxy
growth layer and forming a drain region and a source
region on two sides of the p-element epitaxy growth
layer;
etching to remove a portion of the p-element epitaxy
growth layer;
depositing a first metal layer on two sides of the p-element
epitaxy growth layer to form a drain ohmic contact and
a source ohmic contact;
forming a second photoresist layer on the p-element epit-
axy growth layer, and defining a gate region on the
p-element epitaxy growth layer;
depositing a second metal layer on the p-element epitaxy
growth layer;
etching to remove a portion of the second metal layer to
form a gate structure on the p-element epitaxy growth
layer, separating the gate structure from the drain ohmic
contact and the source ohmic contact; and
depositing a surface passivation layer to cover the drain
ohmic contact, the source ohmic contact, the p-element
epitaxy growth layer and a portion of the gate structure.
8. The method according to claim 7, wherein the induc-
tively coupled plasma (ICP) is used to remove a portion of the
second metal layer.
9. The method according to claim 7, wherein the p-element
epitaxy growth layer is the p-In, Al; N.
10. The method according to claim 7, wherein the plasma
enhanced chemical vapor deposition (PECVD) is used to
deposit the surface passivation layer.
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