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The embodiments of the present invention provide a Ge-
based NMOS device structure and a method for fabricating
the same. By using the method, double dielectric layers of
germanium oxide (GeO,) and metal oxide are deposited
between the source/drain region and the substrate. The
present invention not only reduces the electron Schottky bar-
rier height of metal/Ge contact, but also improves the current
switching ratio of the Ge-based Schottky and therefore, it will
improve the performance of the Ge-based Schottky NMOS
transistor. In addition, the fabrication process is very easy and
completely compatible with the silicon CMOS process. As
compared with conventional fabrication method, the
Ge-based NMOS device structure and the fabrication method
in the present invention can easily and effectively improve the
performance of the Ge-based Schottky NMOS transistor.
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GE-BASED NMOS DEVICE AND METHOD
FOR FABRICATING THE SAME

CROSS-REFERENCES TO RELATED
APPLICATION

[0001] The present application claims priority to Chinese
patent application (application number NO. 201110170991.
4), filed to State Intellectual Property Office of China on Jun.
23,2011, which is incorporated entirely herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to the field of the ultra
large scaled integrated circuit (ULSI) fabrication technolo-
gies, and in particular, to a structure of a germanium-based
NMOS device and a method for fabricating the same.

BACKGROUND OF THE INVENTION

[0003] Under the Moore Law, the integration density of
conventional Si-based MOS device is continually raised,
while it is also faced various challenge and limitation, such as,
mobility degradation, carrier velocity saturation and DIBL
effect and so on, in which the mobility degradation becomes
one of the critical factors affecting the of further improvement
of device performance. In order to solve these problems
resulting from the scaling down of the device, it is necessary
to use a channel material with a high mobility. At present,
Ge-based Schottky MOS transistor becomes one of the hot
research focuses. Firstly, the electron and hole mobility of the
Ge material are higher than that of silicon material, and the
fabrication process of the Ge channel device is compatible
with the conventional CMOS process. Secondly, the substi-
tution of the conventional highly doped source/drain with a
Schottky source/drain structure not only avoids the problems
of'low solid solubility and rapid diffusion of impurities in the
Ge material, but also decreases resistances of the source/
drain. Therefore, the Ge-based Schottky MOS transistor is
promising to break the limitation of the conventional Si-based
device, and thus an excellent device performance can be
obtained.

[0004] However, the Ge-based Schottky MOS transistor
also has some problems to be solved. There are a large num-
ber of dangling bonds at the interface between the source/
drain and a substrate of the Ge-based schottky MOS transis-
tor, and the Fermi energy level is pinned at the vicinity of the
valence band due to a Metal-Induced Gap State (MIGS) gen-
erated by metal (or metal germanide) in the Ge forbidden
band, leading to a high electron barrier. The high electron
barrier severely limits the improvement of the performance of
the Ge-based Schottky MOS transistor. A higher barrier of the
source/channel in on-state limits a current drive ability of the
device, and a lower barrier of the source/channel in off-state
leads to increasing of a leakage current of the device. Mean-
while, the high electron barrier causes the electrons enter into
the channel mainly by means of tunneling, so that a sub-
threshold slope of the device is increased. Therefore, the
electron barrier height becomes one of the critical factors
affecting the performance of the Ge-based Schottky NMOS
transistor.

SUMMARY OF THE INVENTION

[0005] For the above-mentioned problems of the Ge-based
Schottky NMOS transistor, the embodiments of the present
invention, by depositing a double-layer dielectric thin film
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formed by germanium oxide (GeO,) and metal oxide
between the source/drain region and the substrate, can alle-
viate the Fermi level pinning effect, decrease the electron
barrier, and improve the performance of the Ge-based Schot-
tky NMOS transistor.

[0006] A method for fabricating a Ge-based Schottky
NMOS transistor of an embodiment of the present invention
is briefly described below. The method includes the following

steps:
[0007] fabricating a MOS structure over a Ge-based sub-
strate;
[0008] depositing a GeO, thin layer and a metal oxide thin

layer in source/drain regions;

[0009] sputtering a metal thin film with a low work func-
tion, etching the metal thin film to form a metal source/drain;
and

[0010] forming a contact hole and a metal line.

[0011] The step 1-1) particularly includes:

[0012] fabricating an isolation region over the substrate;
[0013] depositing a gate dielectric layer and forming a gate;
[0014] forming a gate structure; and

[0015] forming a sidewall structure.

[0016] In the step 1-1), the Ge-based substrate includes a

bulk Ge substrate, a

[0017] Ge-on-insulator or an epitaxial Ge substrate or the
like.
[0018] Inthe step 1-2), the metal oxide is a material with a

low areal density of oxygen, and it is required that the ratio
between the areal density of oxygen of the dielectric material
and that of GeQO, is less than 0.8, and the dielectric material
may be strontium oxide (SrO), barium oxide (BaO), radium
oxide (RaO) or the like.

[0019] Inthe step 1-3), the metal film is an aluminum film
or other metal film with low work function.

[0020] As compared with the conventional technology, the
embodiments of the present invention bring about the follow-
ing beneficial effects.

[0021] The method can alleviate the Fermi level pinning
effect, reduce the electron barrier, and hence improve the
performance of Ge-based Schottky NMOS device. Firstly, a
thin layer of metal oxide is deposited over the GeO,. As the
areal density of oxygen of the metal oxide is lower than that of
the GeO,, the oxygen atoms at the interface of the GeO, move
toward the interface of the metal oxide, then result in interface
dipoles with pointing from the GeO, to the metal oxide,
which is advantageous to modulate the Schottky electron
barrier. Secondly, among many dielectric materials, GeO,
and Ge substrate can form a better interface contact, with
effectively passivating the dangling bonds at the Ge surface,
and reducing the density of interface states. Thirdly, the metal
oxide and GeO, between the metal source/drain and the sub-
strate can block the Metal-Induced Gap States (MIGS)
resulted by metal or the metal germanide, which can further
alleviate the Fermi level pinning effect and be beneficial to
reducing the electron Schottky barrier height.

[0022] Generally, the smaller the ratio between the areal
density of oxygen of the metal oxide and that of the GeO, is,
the stronger the generated dipoles are, and thus the more
significant the modulation of the Schottky barrier is. More-
over, the areal density of oxygen of the metal oxide is related
to the radius of the metallic cation, wherein the larger the
radius of the metallic cation is, the lower the areal density of
oxygen is. With respect to the materials used in the embodi-
ments of the present invention such as strontium oxide(SrO),
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barium oxide(BaO), radium oxide(Ra0O), the radius of the
metallic cations are all larger than 1.1 A, and the ratios
between the areal density of oxygen of these material and that
of the GeO, interface are less than 0.8, so that strong dipoles
are generated to adjust the Schottky barrier. As compared
with a single layer of the insulating dielectric material such as
aluminum oxide (Al,O;), the embodiments of the present
invention can adjust the Schottky barrier more eftectively and
then further improve the performance of Ge-based Schottky
NMOS transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1(a)-FIG. 1(j) are flow diagrams illustrating
the fabrication of the Ge-based Schottky transistor according
to an embodiment of the present invention.

[0024] In the figures, reference sign 1 denotes a substrate,
reference sign 2 denotes a P well region, reference sign 3
denotes an isolation region, reference sign 4 denotes a gate
dielectric layer, reference sign 5 denotes a metal gate, refer-
ence sign 6 denotes a sidewall structure, reference sign 7
denotes a GeO, thin layer, reference sign 8 denotes an insu-
lation oxide thin film, reference sign 9 denotes a metal source/
drain, and reference sign 10 denotes a metal line layer.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0025] The embodiments of the present invention are fur-
ther described below with combination of the attached draw-
ings and specific embodiments.

[0026] FIG. 1 shows a flow of a method for fabricating the
Ge-based Schottky transistor of a preferred embodiment of
the present invention. The method for fabricating the Ge-
based Schottky transistor of the preferred embodiment of the
present invention includes the following steps:

[0027] Step 1: a Ge-based substrate is provided. As shown
in FIG. 1(a), the Ge-based substrate may be an N type semi-
conductor Ge substrate 1, wherein, the substrate 1 may be a
bulk Ge, a Ge-on-insulator (GOI) or an epitaxial Ge substrate
or the like.

[0028] Step 2: a P-type well region is formed. A silicon
oxide layer and a silicon nitride layer are deposited over the
Ge substrate. The P type well region is firstly defined by a
photolithography process and the silicon nitride in the
P-typed well region is ion-reaction etched. Subsequently, P
type impurities such as B are ion-implanted, and an annealing
process is performed to form a P well 2. Finally, the implan-
tation mask layer is removed, the resulting structure is shown
in FIG. 1(d).

[0029] Step 3: atrench isolation is achieved. As an isolation
region 3 in FIG. 3(¢), a silicon oxide layer and a silicon nitride
layer are firstly deposited over the Ge substrate. Subse-
quently, a trench is formed by defining and etching the silicon
oxide layer, the silicon nitride layer and the Ge substrate using
photolithography process and ion reaction etch technology.
Thetrench s filled by depositing silicon oxide using chemical
vapor deposition (CVD) method, and then the surface is pol-
ished by using a chemical mechanical polish to achieve iso-
lation for the device. The isolation for the device is not limited
to shallow trench isolation (STT), and a field oxygen isolation
technology or the like may also be used.

[0030] Step 4: a gate dielectric layer is formed over an
active region. The gate dielectric layer may be formed of a
dielectric material with a high K constant, germanium oxide,
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germanium oxynitride or the like. Before the deposition of the
gate dielectric layer, it is generally necessary to perform a
surface passivation process by using PH;, NH; and F plasma
etc., or to deposit an interface layer such as a silicon (Si) layer,
aluminum nitride (AIN) layer, yttrium oxide (Y,O;) layer or
the like. In the preferred embodiment of the present invention,
a thin yttrium oxide (Y,O;) layer is formed as an interface
layer over the Ge substrate, and subsequently a hathium oxide
(HfO,) gate dielectric layer 4 is formed by using an atom
layer deposition (ALD) method, as shown in FIG. 1(d).
[0031] Step 5: agateis formed over the gate dielectric layer.
The gate may be a polysilicon gate, a metal gate, a FUSI gate,
an entire germanide gate or the like. In the embodiment of the
present invention, a metal gate is formed by depositing tita-
nium nitride (TiN), and then a gate structure is formed by
using a photolithography process and etching process, as
shown in FIG. 1(e).

[0032] Step 6: sidewalls are formed at both sides of the gate.
The sidewalls may be formed by depositing and etching SiO,
or Si;N,, and a double sidewall structure may also be formed
by successively depositing SiO, and Si;N,. As shown in FIG.
1(f), in an embodiment of the present invention, a sidewall
structure 6 is formed at both sides of the gate by depositing
and dry etching SiO,.

[0033] Step 7:a GeO, thin layer is formed in the source/
drain region. The thin layer may be obtained by using ALD,
radio-frequency sputtering, thermal oxidation, ozone oxida-
tion, and the like. Herein, it is preferable to use the ALD
deposition method, and the GeO, layer has a thickness of
0.5~4 nm, as shown in FIG. 1(g).

[0034] Step 8: a metal oxide film is deposited in the source/
drain region. It is required that the ratio between the areal
density of oxygen of metal oxide and that of GeO, is less than
0.8, and the metal oxide may be strontium oxide (SrO),
barium oxide (BaO), radium oxide (RaO) or the like. For
example, in an embodiment of the present the metal oxide is
strontium oxide (SrO). The metal oxide film may also be
obtained by the ALD deposition method and has a thickness
0t 0.5~4 nm, as shown in FIG. 1(%).

[0035] Step 9: a metal source/drain is formed. The metal
source/drain may be formed by depositing a metal film with
low work function such as aluminum (Al), titanium (Ti),
yttrium (Y) or the like over the semiconductor substrate by
using a physical vapor deposition method such as evaporation
plating or sputtering. In a preferred embodiment of the
present invention, the metal film is formed with aluminum,
and has a thickness of 100 nm~1 pm. The metal source/drain
may be obtained by photolithography process and etching
process, as shown in FIG. 1(7).

[0036] Step 10: a contact hole and a metal line are formed.
Firstly, a oxide layer is deposited by CVD method, in which
a hole position is defined by a photolithography process and
the contact hole is formed by etching the silicon oxide; and
then a metal layer such as Al layer, Al—Ti layer or the like is
sputtered, and then a metal line pattern is defined by a pho-
tolithography process and the metal line is formed by etching.
Finally, a metal line 10 is formed by a metallization process-
ing, as shown in FIG. 1(j).

[0037] Embodiments of the present invention provide a
Ge-based NMOS device structure and a method for fabricat-
ing the same. The method can reduce electron Schottky bar-
rier height at the source/drain of the Ge-based schottky
NMOS device, which is beneficial to improve the perfor-
mance of the Ge-based Schottky NMOS transistor, and the
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easy fabrication process is compatible with the silicon CMOS
process. As compared with conventional technology, the Ge-
based NMOS device structure and the method for fabricating
the same can improve the performance of the Ge-based
Schottky NMOS transistor effectively.

[0038] Though the present invention is described above
through preferred embodiments, those skilled in the field will
understand, the embodiments described herein are only pre-
ferred examples, and a certain change or modification may be
made to the device structure of the present invention without
departing from the substantial scope of the present invention.
For example, the source/drain structure may be lifted or
recessed source/drain and other novel structure such as
double gate, FinFET, Q2 gate, triple gate, and surrounding gate
or the like may also be used. The fabrication method is not
limited to the content disclosed in the embodiment, and the
equivalent changes and modifications made according to the
claims of the present invention all fall into the scope of the
present invention.

What is claimed is:

1. A Ge-based Schottky NMOS transistor, wherein, a ger-
manium oxide layer and a metal oxide layer are deposited
between a substrate and a source/drain region by depositing
the germanium oxide layer over the substrate, depositing a
metal oxide layer over the germanium oxide layer, and a
metal source/drain is located over the metal oxide layer.

2. The Ge-based Schottky NMOS transistor according to
claim 1, wherein, the germanium oxide layer has a thickness
0f 0.5~4 nm.

3. The Ge-based Schottky NMOS transistor according to
claim 1, wherein, a ratio between the areal density of oxygen
of metal oxide and that of GeO, is less than 0.8.
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4. The Ge-based Schottky NMOS transistor according to
claim 1, wherein, the metal oxide layer has a thickness of
0.5~4 nm.

5. The Ge-based Schottky NMOS transistor according to
claim 3, wherein, the metal oxide is selected from strontium
oxide, barium oxide or radium oxide.

6. A method for fabricating a Ge-based Schottky NMOS
transistor, comprising the following steps:

1-1) fabricating a MOS structure over a Ge-based sub-

strate;

1-2) depositing a GeO, layer and a metal oxide layer in a

source/drain region;

1-3) sputtering a metal film with low work function, etch-

ing the metal film to form the metal source/drain; and

1-4) forming a contact hole and a metal line.

7. The method according to claim 6, wherein, the step 1-1)
comprises:

2-1) fabricating an isolation region over the substrate;

2-2) depositing a gate dielectric layer and forming a gate;

2-3) forming a gate structure; and

2-4) forming a sidewall structure.

8. The method according to claim 6, wherein, the Ge-based
substrate in the step 1-1) comprises a bulk Ge substrate, a
Ge-on-insulator substrate or an epitaxial Ge substrate.

9. The method according to claim 6, wherein, a ratio
between the areal density of oxygen of metal oxide and that of
GeO, is less than 0.8, and the metal oxide is preferably
selected from strontium oxide, barium oxide, or radium
oxide.

10. The method according to claim 6, wherein, the metal
film in the step 1-3) is an aluminum film or other metal film
with low work function.
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