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Description

Technical Field

[0001] The present invention relates to a compound
semiconductor device suitable for a high electron mobility
transistor (HEMT) and so on and a manufacturing meth-
od thereof.

Background Art

[0002] In recent years, a development of an electronic
device (a compound semiconductor device) is vigorous
in which a GaN layer and an AlGaN layer are formed
sequentially on a substrate composed of sapphire, SiC,
GaN, Si, or the like, and the GaN layer is used as an
electron transit layer. A bandgap of GaN is 3.4 eV, and
it is larger than that of GaAs of 1.4 eV. Accordingly, an
operation in high withstand voltage is expected for the
compound semiconductor device.
[0003] A high-voltage operation is required for a base
station amplifier of a cellular phone system, and a high
withstand voltage is essential requirement thereof. At
present, a value over 300 V is reported as a withstand
voltage when current is turned off. There is a case when
a change in on-resistance during operation called as a
current collapse occurs in the above-stated compound
semiconductor device. This phenomenon can be avoid-
ed by disposing a GaN protective layer on an AlGaN elec-
tron supply layer, and further forming an SiN protective
film. The structure as stated above is described in, for
example, Patent Document 1.
[0004] Fig. 16 is a sectional view showing a structure
of a conventional compound semiconductor device. An
AlN layer 102, a GaN layer 103, an n-type AlGaN layer
104a, an n-type AlGaN layer 104b and an n-type GaN
layer 105 are sequentially formed on an SiC substrate
101. A thickness of the AlN layer 102 is 150 Pm. A total
thickness of the n-type AlGaN layer 104b and the n-type
GaN layer 105 is approximately 30 nm. Further, an SiN
layer 107 is formed on the n-type GaN layer 105. Plural
openings are formed at the SiN layer 107, and a source
electrode 108a, a drain electrode 108b and a gate elec-
trode 109 are evaporated in these openings.
[0005] But, this compound semiconductor device is a
normally-on type. There is a case when a compound
semiconductor device is used for automobile parts. Cur-
rent continues to flow in the automobile parts when a car
goes out of order resulting from a traffic accident and so
on when the compound semiconductor device is the nor-
mally-on type. Accordingly, a demand for a normally-off
type compound semiconductor device becomes high in
recent times.
[0006] It is necessary to make a threshold voltage pos-
itive to realize the normally-off type compound semicon-
ductor device. Accordingly, a recess gate structure is pro-
posed. However, it is difficult to manufacture a compound
semiconductor device in the recess gate structure with

high accuracy. This is because a selective etching suit-
able for processing each semiconductor layer constitut-
ing the compound semiconductor device has not been
found, and instead, a time-controlled dry etching is per-
formed.
[0007] Besides, in the conventional compound semi-
conductor device shown in Fig. 16, a positive gate leak-
age current flows in a saturation region as input power
is made large. This is because the gate electrode 109
and the n-type GaN layer 105 are in contact directly. It
is difficult to continue to use in a saturation power state
if the gate leak current as stated above flows, and it is
hard to say that it is suitable for the base station amplifier
of the cellular phone.
[0008] Accordingly, a structure in which an insulator
layer is sandwiched between the n-type GaN layer 105
and the gate electrode 109 is proposed. However, when
the insulator layer exists, the gate leak current decreas-
es, but the threshold voltage becomes deep. Accordingly,
it is considered that the threshold voltage cannot be made
positive with this structure. Further, the withstand voltage
decreases though the gate leak current is reduced. This
is caused by an influence of a trap between the insulator
layer and the n-type GaN layer 105.
[0009] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. 2002-359256

Patent Document 2: Japanese Patent Application
Laid-open No. 2004-342907

[0010] US 2003 02 0092 dicloses on fig.4 an Al-
GaN/GaN HEMT with a multilayer insultation film com-
prising an AlN layer (52) and a SiN layer (54).

Summary of the Invention

[0011] The aforementioned prolems are solved by a
compound semiconductior device according to claim 1.

Brief Description of the Drawings

[0012]

Fig. 1 is a sectional view showing a structure of a
compound semiconductor device according to a first
example not forming part of the present invention;
Fig. 2A is a sectional view showing a manufacturing
method of the compound semiconductor device ac-
cording to the first example not forming part of the
present invention;
Fig. 2B is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 2A;
Fig. 2C is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 2B;
Fig. 2D is a sectional view showing the manufactur-
ing method of the compound semiconductor device
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subsequent to Fig. 2C;
Fig. 2E is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 2D;
Fig. 2F is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 2E;
Fig. 2G is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 2F;
Fig. 3 is a graphic chart showing a device character-
istic of the compound semiconductor device accord-
ing to the first example not forming part of the present
invention;
Fig. 4 is a sectional view showing a structure of a
compound semiconductor device according to a sec-
ond example not forming part of the present inven-
tion;
Fig. 5A is a sectional view showing a manufacturing
method of the compound semiconductor device ac-
cording to the second example not forming part of
the present invention;
Fig. 5B is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 5A;
Fig. 5C is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 5B;
Fig. 6 is a graphic chart showing a device character-
istic of the compound semiconductor device accord-
ing to the second example not forming part of the
present invention;
Fig. 7 is a sectional view showing a structure of a
compound semiconductor device according to a
third example not forming part of the present inven-
tion;
Fig. 8A is a sectional view showing a manufacturing
method of the compound semiconductor device ac-
cording to the third example not forming part of the
present invention;
Fig. 8B is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 8A;
Fig. 8C is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 8B;
Fig. 8D is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 8C;
Fig. 8E is a sectional view showing the manufactur-
ing method of the compound semiconductor device
subsequent to Fig. 8D;
Fig. 9 is a graphic chart showing a device character-
istic of the compound semiconductor device accord-
ing to the third example not forming part of the
present invention;
Fig. 10 is a sectional view showing a structure of a
compound semiconductor device according to a pre-

ferred embodiment of the present invention;
Fig. 11 is a graphic chart showing a test data of re-
liability of the compound semiconductor device ac-
cording to the preferred embodiment of the present
invention;
Fig. 12 is a sectional view showing a structure of a
compound semiconductor device according to a
fourth example not forming part of the present inven-
tion;
Fig. 13 is a sectional view showing a structure of a
compound semiconductor device according to a fifth
of the present invention;
Fig. 14 is a sectional view showing a structure of a
compound semiconductor device according to a
sixth example not forming part of the present inven-
tion;
Fig. 15 is a sectional view showing a modification
example of the first example not forming part of the
present invention; and
Fig. 16 is a sectional view showing a structure of a
conventional compound semiconductor device.

Detailed Description of the Preferred Embodiments

[0013] Hereinafter, examples not forming part of the
present invention as well as the preferred embodiment
of the present invention are concretely described with
reference to the attached drawings.
[0014] -First example not forming part of the present
invention
First, a first example not forming part of the present in-
vention is described. Fig. 1 is a sectional view showing
a structure of a compound semiconductor device accord-
ing to the first example not forming part of the present
invention.
[0015] In the first example not forming part of the
present invention, an AlN layer 2 with a thickness of ap-
proximately 150 nm to 300 nm is formed on an SiC sub-
strate 1. A GaN buffer layer 3 (a carrier transit layer) with
a thickness of approximately 3 Pm is formed on the AlN
layer 2. A non-doped AlGaN layer 4a with a thickness of
approximately 5 nm is formed on the GaN buffer layer 3.
An n-type AlGaN layer 4b (a carrier supply layer) with a
thickness of approximately 15 nm to 20 nm is formed on
the non-doped AlGaN layer 4a. The n-type AlGaN layer
4b is doped with Si at approximately 4x1018 cm-3. Further,
an n-type GaN layer 5 (a protective layer) with a thickness
of approximately 7 nm is formed on the n-type AlGaN
layer 4b. The n-type GaN layer 5 is doped with Si at ap-
proximately 5x1018 cm-3. A non-doped AlN layer 6 with
a thickness of approximately 3 nm and an SiN layer 7
with a thickness of approximately 20 nm are sequentially
formed on the n-type GaN layer 5. A semiconductor-in-
sulator junction exists between the non-doped AlN layer
6 and the SiN layer 7. At least three openings (for a source
electrode, for a drain electrode and for a gate electrode)
are formed in the non-doped AlN layer 6 and the SiN
layer 7, and a source electrode 8a, a drain electrode 8b
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and a gate electrode 19 are evaporated in these open-
ings. A semiconductor-metal junction exists between the
non-doped AlN layer 6 and the gate electrode 19. Be-
sides, a metal-semiconductor junction exists between
the gate electrode 19 and the n-type GaN layer 5. The
source electrode 8a and the drain electrode 8b may be
composed of, for example, a Ta film with a thickness of
approximately 10 nm and an Al film with a thickness of
approximately 300 nm formed thereon. Besides, the gate
electrode 19 may be composed of, for example, an Ni
film and an Au film formed thereon.
[0016] In the first example not forming part of the
present invention as stated above, a piezoelectric effect
resulting from a lattice mismatch occurs in a vicinity of
an interface of the non-doped AlGaN layer 4a with the
GaN buffer layer 3. Accordingly, positive polarization
charges appear, and electrons are induced in the vicinity
of the interface of the GaN buffer layer 3 with the non-
doped AlGaN layer 4a. As a result, a two-dimensional
electron gas (2DEG) appears.
[0017] Besides, the SiN layer 7 exists at a periphery
of the gate electrode 19 as an insulator layer, and there-
fore, it is possible to prevent a gate leak current from a
side surface. Accordingly, a high withstand voltage is re-
alized.
[0018] Further, the non-doped AlN layer 6 exists be-
tween the SiN layer 7 and the n-type GaN layer 5, and
therefore, electrons exist at an interface between the
non-doped AlN layer 6 and the n-type GaN layer 5. Ac-
cordingly, a lot of two-dimensional electron gas exists at
an electron transit region between the gate electrode 19
and the source electrode 8a and the drain electrode 8b.
Consequently, a transconductance (Gm) improves, and
on-resistance is suppressed to be low. Beside, a thresh-
old voltage approximates to "0" (zero) V more closely
because a gate recess structure is adopted. Namely, it
becomes possible to secure the enough current while
approximating the threshold voltage to "0" (zero) V owing
to these interactions.
[0019] Next, a manufacturing method of the compound
semiconductor device according to the first example not
forming part of the present invention is described. Fig.
2A to Fig. 2G are sectional views showing the manufac-
turing method of the compound semiconductor device
according to the first example not forming part of the
present invention in process sequence.
[0020] First, the AlN layer 2 is formed on the SiC sub-
strate 1, as shown in Fig. 2A. Next, the GaN buffer layer
3 is formed on the AlN layer 2. Subsequently, the non-
doped AlGaN layer 4a is formed on the GaN buffer layer
3. After that, the n-type AlGaN layer 4b is formed on the
non-doped AlGaN layer 4a. Subsequently, the n-type
GaN layer 5 is formed on the n-type AlGaN layer 4b.
Next, the non-doped AlN layer 6 is formed on the n-type
GaN layer 5. Next, the SiN layer 7 is formed on the non-
doped AlN layer 6. The formations of the AlN layer 2, the
GaN buffer layer 3, the non-doped AlGaN layer 4a, the
n-type AlGaN layer 4b, the n-type GaN layer 5 and the

non-doped AlN layer 6 may be performed by, for exam-
ple, a crystal growth method such as an MOCVD method.
Besides, the formation of the SiN layer 7 may be per-
formed by, for example, a plasma CVD method.
[0021] Next, a resist pattern 21 having openings at re-
gions where the source electrode 8a and the drain elec-
trode 8b are to be formed is formed on the SiN layer 7,
as shown in Fig. 2B.
[0022] Subsequently, wet etching of the SiN layer 7
and the non-doped AlN layer 6 is performed by using the
resist pattern 21 as a mask, and thereby, the opening for
the source electrode and the opening for the drain elec-
trode are formed in the SiN layer 7 and the non-doped
AlN layer 6, as shown in Fig. 2C. At this time, the n-type
GaN layer 5 positioning under the non-doped AlN layer
6 is not removed by the wet etching, and therefore, the
etching is stopped at a surface of the n-type GaN layer
5. The resist pattern 21 is removed after the openings
are formed.
[0023] After that, the source electrode 8a and the drain
electrode 8b are evaporated in the openings in the SiN
layer 7 and the non-doped AlN layer 6, as shown in Fig.
2D.
[0024] Subsequently, a resist pattern 22 having an
opening at a region where the gate electrode 19 is to be
formed is formed on the SiN layer 7, the source electrode
8a and the drain electrode 8b, as shown in Fig. 2E.
[0025] Next, wet etching (etching using acid) of the SiN
layer 7 and the non-doped AlN layer 6 is performed by
using the resist pattern 22 as a mask, and thereby, the
opening for the gate electrode is formed in the SiN layer
7 and the non-doped AlN layer 6, as shown in Fig. 2F.
At this time also, the n-type GaN layer 5 positioning under
the non-doped AlN layer 6 is not removed by the wet
etching, and therefore, the etching is stopped at the sur-
face of the n-type GaN layer 5. The resist pattern 22 is
removed after the opening is formed.
[0026] Subsequently, the gate electrode 19 (an em-
bedded gate electrode) is evaporated in the opening in
the SiN layer 7 and the non-doped AlN layer 6, as shown
in Fig. 2G. Incidentally, element isolation can be per-
formed by, for example, ion-implantation, though it is not
shown.
[0027] According to the manufacturing method as stat-
ed above, a selection ratio between the non-doped AlN
layer 6 and the n-type GaN layer 5 at the wet etching is
high, and therefore, it is possible to process the non-
doped AlN layer 6 with high accuracy. Accordingly, it is
possible to form the gate electrode 19 having good re-
producibility with high accuracy.
[0028] Here, a device characteristic of the compound
semiconductor device manufactured by the present in-
ventor in accordance with the above-stated method is
described. Fig. 3 is a graphic chart showing the device
characteristic of the compound semiconductor device ac-
cording to the first example not forming part of the present
invention measured by the present inventor. A device
characteristic of the conventional compound semicon-
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ductor device shown in Fig. 16 is also shown in Fig. 3 for
the purpose of reference. A horizontal axis is a voltage
between gate-source (Vgs), and a vertical axis is a
transconductance (Gm). As shown in Fig. 3, the threshold
voltage approximates to "0" (zero) V more closely in the
first embodiment compared to the conventional com-
pound semiconductor device.
[0029] Incidentally, in the first example not forming part
of the present invention, bottom surfaces of the source
electrode 8a and the drain electrode 8b are in contact
with the surface of the n-type GaN layer 5, but they may
be in contact with a surface of the n-type AlGaN layer 4b
as shown in Fig. 15. In this case, for example, the opening
for the source electrode and the opening for the drain
electrode are formed in the SiN layer 7 and the non-doped
AlN layer 6 by using the resist pattern 21 shown in Fig.
2B as the mast, and thereafter, a dry etching of the n-
type GaN layer 5 is performed while remaining the resist
pattern 21. In the dry etching, a reactive ion etching (RIE)
is performed, for example, with a pressure of 2 Pa, a Cl2
flow rate of 10 sccm, and an etching speed of 10 nm/min.
An end point of the dry etching may be determined by,
for example, a time control. Incidentally, an error of an
etching amount is preferable to be within �3 nm. In this
case also, the source electrode 8a and the drain elec-
trode 8b may be composed of, for example, a Ta film with
a thickness of approximately 10 nm and an Al film with
a thickness of approximately 300 nm formed thereon.
The structures of the electrodes and the periphery thereof
as stated above can be applied to the following embod-
iments.
[0030] -Second example not forming part of the
present invention
Next, a second example not forming part of the present
invention is described. Fig. 4 is a sectional view showing
a structure of a compound semiconductor device accord-
ing to the second example not forming part of the present
invention.
[0031] In the second example not forming part of the
present invention, although a size of the opening for the
gate electrode of the non-doped AlN layer 6 is approxi-
mately equal to that of the first embodiment, the opening
for the gate electrode of the SiN layer 7 is wider than that
of the first embodiment. A gate electrode 29 having an
overhang portion is embedded in the opening. The other
structure is the same as the first example not forming
part of the present invention
[0032] According to the second example not forming
part of the present invention as stated above, an electric
field concentration in a vicinity of an interface between
the gate electrode 29 and the non-doped AlN layer 6 is
reduced than the electric field concentration in a vicinity
of an interface between the gate electrode 19 and the
non-doped AlN layer 6 in the first example not forming
part of the present invention There is a case when a volt-
age of 50 V to 500 V is applied between the gate and
drain in the compound semiconductor device, but accord-
ing to the second example not forming part of the present

invention, deterioration hardly occurs furthermore even
in the case as stated above.
[0033] Next, a manufacturing method of the compound
semiconductor device according to the second example
not forming part of the present invention is described.
Fig. 5A to Fig. 5C are sectional views showing the man-
ufacturing method of the compound semiconductor de-
vice according to the second example not forming part
of the present invention in process sequence.
[0034] First, the processes until the removal of the re-
sist pattern 22 (refer to Fig. 2F) are performed as same
as the first example not forming part of the present in-
vention. Next, a resist pattern 23 having an opening at a
region where the overhang portion of the gate electrode
29 is to be formed is formed on the SiN layer 7, the source
electrode 8a and the drain electrode 8b, as shown in Fig.
5A.
[0035] Next, wet etching of the SiN layer 7 is performed
by using the resist pattern 23 as a mask, and thereby,
the opening for the overhang portion is formed in the SiN
layer 7, as shown in Fig. 5B. The resist pattern 23 is
removed after the opening is formed.
[0036] Subsequently, the gate electrode 29 (an em-
bedded gate electrode) is evaporated in the opening in
the SiN layer 7 and the non-doped AlN layer 6, as shown
in Fig. 5C. Incidentally, element isolation can be per-
formed by, for example, ion-implantation, though it is not
shown.
[0037] Here, a device characteristic of the compound
semiconductor device manufactured by the present in-
ventor in accordance with the above-stated method is
described. Fig. 6 is a graphic chart showing the device
characteristic of the compound semiconductor device ac-
cording to the second example not forming part of the
present invention measured by the present inventor. In
Fig. 6, a device characteristic of the conventional com-
pound semiconductor device shown in Fig. 16 is also
shown for the purpose of reference. A horizontal axis is
a voltage between gate-drain (Vgd), and a vertical axis
is a current between gate-drain (Igd). As shown in Fig.
6, a backward gate leak current decreases in the second
embodiment compared to the conventional compound
semiconductor device. Further, the threshold voltage ap-
proximates to "0" (zero) V without decreasing saturation
current.
[0038] -Third example not forming part of the present
invention
Next, a third example not forming part of the present in-
vention is described. In the third example not forming
part of the present invention, an MIS (Metal-Insulator-
Semiconductor) structure is adopted. Fig. 7 is a sectional
view showing the structure of a compound semiconduc-
tor device according to the third example not forming part
of the present invention.
[0039] In the third example not forming part of the
present invention, an SiN layer 7a with a thickness of
approximately 10 nm is formed on the non-doped AlN
layer 6. At least three openings (for a source electrode,

7 8 



EP 2 166 575 B1

6

5

10

15

20

25

30

35

40

45

50

55

for a drain electrode and for a gate electrode) are formed
in the non-doped AlN layer 6 and the SiN layer 7a. In the
present example not forming part of the present inven-
tion, an SiN layer 7b with a thickness of approximately
10 nm is formed in the opening for the gate electrode
among the three openings, and on the SiN layer 7a. A
gate electrode 39 having an overhang portion is evapo-
rated in the opening for the gate electrode. The other
structure is the same as the first example not forming
part of the present invention.
[0040] According to the third example not forming part
of the present invention as stated above, a forward gate
leak current can be drastically reduced. Besides, a com-
plete normally-off operation can be performed. Besides,
it becomes possible to obtain high current because the
normally-off operation is realized.
[0041] Next, a manufacturing method of the compound
semiconductor device according to the third example not
forming part of the present invention is described. Fig.
8A to Fig. 8E are sectional views showing the manufac-
turing method of the compound semiconductor device
according to the third example not forming part of the
present invention in process sequence.
[0042] First, the processes until the formation of the
non-doped AlN layer 6 (refer to Fig. 2A) are performed
as same as the first example not forming part of the
present invention Next, the SiN layer 7a is formed on the
non-doped AlN layer 6, as shown in Fig. 8A. The forma-
tion of the SiN layer 7a may be performed by, for example,
a plasma CVD method.
[0043] Next, the processes until the formations of the
source electrode 8a and the drain electrode 8b (refer to
Fig. 2D) are performed as same as the first example not
forming part of the present invention. After that, a resist
pattern 24 having an opening at a region where a lower
portion of the gate electrode 39 is to be formed is formed
on the SiN layer 7a, the source electrode 8a and the drain
electrode 8b, as shown in Fig. 8B.
[0044] Subsequently, wet etching of the SiN layer 7a
and the non-doped AlN layer 6 is performed by using the
resist pattern 24 as a mask, and thereby, the opening for
the gate electrode is formed in the SiN layer 7a and the
non-doped AlN layer 6, as shown in Fig. 8C. At this time,
the n-type GaN layer 5 positioning under the non-doped
AlN layer 6 is not removed by the wet etching, and there-
fore, the etching is stopped at the surface of the n-type
GaN layer 5. The resist pattern 24 is removed after the
opening is formed.
[0045] Next, the SiN layer 7b is formed in the opening
for the gate electrode and on the SiN layer 7a, as shown
in Fig. 8D. The formation of the SiN layer 7b may be
performed by, for example, a plasma CVD method.
[0046] Subsequently, the gate electrode 39 (an em-
bedded gate electrode) is evaporated in the opening in
the SiN layer 7a and the non-doped AlN layer 6, as shown
in Fig. 8E. Incidentally, element isolation can be per-
formed by, for example, ion-implantation, though it is not
shown.

[0047] Here, a device characteristic of the compound
semiconductor device manufactured by the present in-
ventor in accordance with the above-stated method is
described. Fig. 9 is a graphic chart showing the device
characteristic of the compound semiconductor device ac-
cording to the third example not forming part of the
present invention measured by the present inventor. In
Fig. 9, a device characteristic of the conventional com-
pound semiconductor device shown in Fig. 16 is also
shown for the purpose of reference. A horizontal axis is
a gate voltage, and a vertical axis is a forward gate leak
current. As shown in Fig. 9, the forward gate leak current
is reduced in the third example not forming part of the
present invention compared to the conventional com-
pound semiconductor device. Namely, in the third exam-
ple not forming part of the present invention the gate leak
current scarcely flows even when the gate voltage is in-
creased up to approximately 4 V.
[0048] Besides, device characteristics (a threshold
voltage Vth, a variation thereof σvth and a maximum cur-
rent Imax) of the compound semiconductor device man-
ufactured by the present inventor in accordance with the
above-stated method are shown in Table 1. In Table 1,
device characteristics of the conventional compound
semiconductor device shown in Fig. 16 are also shown
for the purpose of reference. Although, the threshold volt-
age Vth is a negative value in the conventional compound
semiconductor device, the threshold voltage Vth is a pos-
itive value in the third embodiment. Besides, the variation
σvth of the threshold voltage in the third embodiment is
approximately 1/10 of the conventional compound sem-
iconductor device. This is because it is possible to form
the structure in the vicinity of the gate electrode 39 with
high reproducibility in the third embodiment, but the re-
producibility is low in the conventional compound semi-
conductor device. Further, in the third example not form-
ing part of the present invention, the maximum current
Imax becomes extremely high compared to the conven-
tional compound semiconductor device in accordance
with the reduction of the gate leak current.
[0049] [Table 1]

[0050] Preferred Embodiment
Next, the preferred embodiment of the present invention
is described. Fig. 10 is a sectional view showing a struc-
ture of a compound semiconductor device according to
the preferred embodiment of the present invention.
[0051] In the preferred embodiment, an n-type GaN
layer 11 with a thickness of approximately 7 nm is formed
between the non-doped AlN layer 6 and the SiN layer

Third Embodiment Prior Art

Vth +0.1 V -0.2 V

σvth 30 mV 300 mV

Imax 650 mA/mm 100 mA/mm
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7a. The n-type GaN layer 11 is doped with Si at approx-
imately 5�1018 cm-3. An opening similar to those of the
non-doped AlN layer 6 and the SiN layer 7a are formed
in the n-type GaN layer 11. The other structure is the
same as the third embodiment. Incidentally, a doping
amount of Si in the n-type GaN layer 11 may be higher
than that of the n-type GaN layer 5.
[0052] According to the preferred embodiment as stat-
ed above, the n-type GaN layer 11 is formed on the non-
doped AlN layer 6, and therefore, a chemical change of
the non-doped AlN layer 6 hardly occurs. Accordingly,
deterioration of a whole device hardly occurs, and a high
reliability can be obtained.
[0053] Incidentally, when the compound semiconduc-
tor device according to the preferred embodiment is man-
ufactured, for example, the n-type GaN layer 11 is formed
on the non-doped AlN layer 6 between the formation of
the non-doped AlN layer 6 and the formation of the SiN
layer 7a. After the opening is formed in the SiN layer 7a,
dry etching of the n-type GaN layer 11 is performed. This
dry etching may be performed by a time control. Next,
wet etching of the non-doped AlN layer 6 is performed
as same as the first to third examples not forming part of
the present invention. At this time, the n-type GaN layer
5 positioning under the non-doped AlN layer 6 is not re-
moved by the wet etching, and therefore, the etching is
stopped at the surface of the n-type GaN layer 5.
[0054] Here, a reliability of the compound semiconduc-
tor device manufactured by the present inventor in ac-
cordance with the above-stated method is described. Fig.
11 is a graphic chart showing a test data of the reliability
of the compound semiconductor device according to the
preferred embodiment measured by the present inven-
tor. In Fig. 11, test data (three kinds) of the conventional
compound semiconductor device shown in Fig. 16 are
shown for the purpose of reference. A horizontal axis is
test time, and a vertical axis is a gate leak current Ig. As
shown in Fig. 11, the gate leak currents are high even at
a test start time, and the gate leak currents increase as
the time elapses depending on samples, in the conven-
tional compound semiconductor device. This shows that
the deterioration is in progress. On the other hand, in the
fourth embodiment, the gate leak current at the test start
time is low, and further, the increase in accordance with
the elapsed time is not observed at all.
[0055] -Fourth example not forming part of the present
intention-
Next, a fourth example not forming part of the present
invention is described. Fig. 12 is a sectional view showing
a structure of a compound semiconductor device accord-
ing to the fouth example not forming part of the present
intention
[0056] In the fourth example not forming part of the
present intention, a non-doped GaN layer 12 is formed
instead of the n-type GaN layer 5 in the preferred em-
bodiment of the present invention.
[0057] According to the fourth example not forming
part of the present intention as stated above, the non-

doped GaN layer 12 is used instead of the n-type GaN
layer 5, and therefore, the gate leak current can be re-
duced further more. Besides, the MIS structure is adopt-
ed as same as the third embodiment, and therefore, the
characteristics may not deteriorate even if the non-doped
GaN layer 12 is used.
[0058] Fifth example not forming part of the present
intention
Next, a fifth example not forming part the present inven-
tion is described. Fig. 13 is a sectional view showing a
structure of a compound semiconductor device accord-
ing to the fifth example not forming part of the present
invention.
[0059] In the fifth example not forming part of the
present intention, an n-type InGaN layer 13 is formed
instead of the n-type GaN layer 11 in the fourth example
not forming part of the present intention
[0060] According to the fifth example not forming part
of the present intention as stated above, the n-type InGaN
layer 13 is used instead of the n-type GaN layer 11, and
therefore, a band in this layer decreases, and the two-
dimensional electron gas increases. As a result, the max-
imum current increases.
[0061] -Sixth example not forming part of the present
invention-
Next, a sixth example not forming part of the present
invention is described. Fig. 14 is a sectional view showing
a structure of a compound semiconductor device accord-
ing to the sixth example not forming part of the present
invention.
[0062] In the sixth example not forming part of the
present invention, an Si layer 14 for one atomic layer is
formed between the non-doped AlN layer 6 and the n-
type GaN layer 11 in the fourth embodiment. The Si layer
14 may be formed by, for example, a planer doping meth-
od (an atomic layer doping method).
[0063] According to the sixth example not forming part
of the present as stated above, resistance between elec-
trodes decreases, and the maximum current increases.
Incidentally, the Si layer 14 may be formed between the
n-type GaN layer 5 and the non-doped AlN layer 6.
[0064] Incidentally, the formation of the AlN layer may
be performed by an ALD (Atomic Layer Deposition) meth-
od, a sputtering method, or the like. In this case, a crystal
orientation of the AlN layer is hardly affected by the GaN
layer positioning under the AlN layer. Besides, in these
example not forming part not forming part of the present
invention and in the preferred embodiment of the present
invention, the AlN layer is formed between the gate elec-
trode, the source electrode and the drain electrode as a
compound semiconductor layer containing N, but anoth-
er compound semiconductor layer, for example, a layer
such as InAlN further containing In may be formed. Fur-
ther, in these examples not forming part of the present
invention and in the preferred embodiment of the present
invention, it is described as a simple HEMT, but plural
HEMT may be accumulated. In this case, the element
isolation may be performed by, for example, the ion-im-
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plantation, a mesa etching, or the like.

Industrial Applicability

[0065] According to the present invention, a compound
semiconductor layer containing N is formed on a protec-
tive layer, and a process of the compound semiconductor
layer can be performed under a condition free from an
influence on the protective layer. Accordingly, it is pos-
sible to construct a gate recess structure with high repro-
ducibility. It is therefore possible to suppress current flow-
ing when a gate voltage is made to be "0" (zero). Besides,
it is possible to suppress a gate leak current to realize a
high withstand voltage when an insulator layer is in con-
tact with a side surface of a gate electrode.

Claims

1. A compound semiconductor device, comprising:

a carrier transit layer (3) formed over a semicon-
ductor substrate (1);
a carrier supply layer (4b) formed over said car-
rier transit layer (3);
an n-type GaN protective layer (5) formed over
said carrier supply layer (4b);
an AlN layer (6) formed over said n-type GaN
protective layer (5);
an n-type GaN layer (11) formed over said AlN
layer (6);
an insulator layer formed over said n-type GaN
layer; and
a gate electrode (49), a source electrode (8a)
and a drain electrode (8b) formed over said car-
rier supply layer (4b) .

2. The compound semiconductor device according to
claim 1, wherein
said n-type GaN layer (11) and said AlN layer (6)
have an opening formed therein, and
said gate electrode (49) is formed in said opening.

3. The compound semiconductor device according to
claim 2, wherein
said insulator layer is formed in said opening, and
said gate electrode (49) is formed over said insulator
layer.

Patentansprüche

1. verbindungshalbleiterbauelement, umfassend:

eine Trägerübergangsschicht (3), die über ei-
nem Halbleitersubstrat (1) gebildet ist;
eine Trägerzufuhrschicht (4b), die über der Trä-
gerlibergangsschicht (3) gebildet ist;

eine n-Typ-GaN-Schutzschicht (5), die über der
Trägerzufuhrschicht (4b) gebildet ist
eine AlN-Schicht (6), die über der n-Typ-GaN-
Schutzschicht (5) gebildet ist;
eine n-Typ-GaN-Schicht (11), die über der AlN-
Schicht (6) gebildet ist;
eine Isolierschicht, die über der n-Typ-GaN-
Schicht gebildet ist; und
eine Gate-Elektrode (49), eine Source-Elektro-
de (8a) und eine Drain-Elektrode (8b), die über
der Trägerzufuhrschicht (4b) gebildet sind.

2. Verbindungshalbleiterbauelcment nach Anspruch 1,
bei dem
in der n-Typ-GaN-Schicht (11) und der AlN-Schicht
(6) eine Öffnung gebildet ist und
die Gate-Elektrode (49) in der Öffnung gebildet ist.

3. verbindungshalbleiterbauelement nach Aspruch 2,
bei dem
die Isolierschicht in der Öffnung gebildet ist und
die Gate-Elektrode (49) über der Isolierschicht ge-
bildet ist.

Revendications

1. Dispositif semiconducteur composé comprenant :

une couche de transit de porteurs (3) formée au-
dessus d’un substrat semiconducteur (1) ;
une couche d’amenée de porteurs (4b) formée
au-dessus de ladite couche de transit de por-
teurs (3) ;
une couche protectrice en GaN de type n (5)
formée au-dessus de ladite couche d’amenée
de porteurs (4b) ;
une couche d’AlN (6) formée au-dessus de la-
dite couche protectrice en GaN de type n (5) ;
une couche de GaN de type n (11) formée au-
dessus de ladite couche d’AIN (6) ;
une couche d’isolation formée au-dessus de la-
dite couche de GaN de type n ;
une électrode de grille (49), une électrode de
source (8a) et une électrode de drain (8b) for-
mées au-dessus de ladite couche d’amenée de
porteurs (4b).

2. Dispositif semiconducteur composé selon la reven-
dication 1, dans lequel
une ouverture est formée à l’intérieur de ladite cou-
che de GaN de type n (11) et de ladite couche d’AIN
(6), et
ladite électrode de grille (49) est formée dans ladite
ouverture.

3. Dispositif semiconducteur composé selon la reven-
dication 2, dans lequel
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ladite couche d’isolation est formée dans ladite
ouverture et ladite électrode de grille (49) est formée
au-dessus de ladite couche d’isolation.
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