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(7) ABSTRACT

A semiconductor device includes a silicon substrate; an
insulation layer formed on the silicon substrate, the insula-
tion layer containing an oxide of an element of at least one
kind selected from at least Hf, Zr, Ti and Ta; an electrode
formed on the insulation layer; and a metal oxide layer
containing La and Al, the metal oxide layer being provided

(21) Appl. No.: 11/176,271 at at least one of an interface between the silicon substrate
and the insulation layer and an interface between the insu-
(22) Filed: Jul. 8, 2005 lation layer and the electrode.
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SEMICONDUCTOR DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Applica-
tions No. 2004-264828, filed on Sep. 13, 2004, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
device and its manufacturing method. In particular, the
present invention relates to a semiconductor device that
includes an insulation layer having a high dielectric constant
and its manufacturing method.

[0004] 2. Background Art

[0005] The scale down of CMOS LSIs demand thinner
gate insulation layers. Gate insulation layers in the next
generation MOS field effect transistors having a size smaller
than 0.1 um are demanded to have equivalent oxide thick-
ness of 1.5 nm or less. In this film thickness region, however,
suppression of leakage current caused due to a direct tunnel
current cannot be conducted, and SiO, can no longer be used
as a gate insulation layer because of a resultant increase of
power dissipation. As a substitute material for it, therefore,
a material having a high dielectric constant and a film
thickness increased to suppress the leak current, ie., a
high-k material is now being researched and developed
vigorously worldwide.

[0006] Heretofore, a large number of high-k materials
have been proposed. Especially in recent years, for example,
a HfO, layer, a HfSiO layer, or a HfSiON layer obtained by
adding N to the HfSiO layer are expected to be promising
toward practical use because of not only high dielectric
constant but also their thermal stability. Especially, as
regards the HfSiON layer, crystallization causing a leak
current or impurity diffusion is not caused even after a heat
treatment process performed for activation anneal of poly-
crystalline silicon used as a gate electrode, and an equivalent
oxide thickness of 0.6 nm is achieved (see [EDM Tech. Dig.
(2003) 107).

[0007] In such a structure using a Hf material such as the
HfO,, HfSiO or HfSiON layer as the gate insulation layer,
a low dielectric constant layer, which is considered to be
SiO, formed by reaction between the gate insulation layer
and silicon in the substrate, is formed at an interface between
the silicon substrate and the gate insulation layer by heat
treatment in a semiconductor device manufacturing process.

[0008] Going through the heat treatment in the semicon-
ductor device manufacturing process, silicon in the silicon
substrate is diffused in the gate insulation layer and accu-
mulated to the surface of the insulation layer to form silicide
and consequently a low dielectric constant layer.

[0009] In the generation in which a thinner gate insulation
layer having an equivalent oxide thickness of 0.5 nm or less
when converted to SiO, is demanded, presence of such a low
dielectric constant layer must be eliminated.
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[0010] There is not only the problem of presence of the
low dielectric constant interface, but also a problem that a
ON state threshold voltage at which an MISFET with such
a gate insulation layer shifts from its ideal value. This results
in a problem that the on-current cannot be ensured in a low
power supply voltage state. As for the cause of this threshold
shift, it is possible to consider a model in which hafnium is
bonded with silicon included in polycrystalline silicon or Si
diffused in the substrate at the interface between the poly-
crystalline silicon electrode and the insulation layer, and the
Hf—Si bonding level brings about Fermi level pinning.

[0011] These problems of the formation of the low dielec-
tric constant layer and the threshold shift occur not only in
the gate insulation layer using the Hf material, but also in a
high dielectric constant gate insulation layer using an oxide
of Zr, Ti or Ta, which is metal in which silicon in the
substrate can be diffused, or metal which can react with
polycrystalline silicon serving as the electrode, in the same
way.

SUMMARY OF THE INVENTION

[0012] The present invention has been achieved in order to
solve the problems. An object of the present invention is to
provide a semiconductor device, and its manufacturing
method, capable of suppressing reaction between the insu-
lation layer component and silicon, suppressing formation of
the low dielectric layer on the surface of the insulation layer,
and suppressing the threshold voltage shift in a high dielec-
tric constant insulation layer applied to semiconductor
devices.

[0013] A semiconductor device according to an embodi-
ment of the invention comprises a silicon substrate; an
insulation layer formed on the silicon substrate, the insula-
tion layer containing an oxide of an element of at least one
kind selected from at least Hf, Zr, Ti and Ta; an electrode
formed on the insulation layer; and a metal oxide layer
containing La and Al, the metal oxide layer being provided
at at least one of an interface between the silicon substrate
and the insulation layer and an interface between the insu-
lation layer and the electrode.

[0014] A semiconductor device manufacturing method
according to an embodiment of the invention comprises
forming an insulation layer on a silicon substrate, the
insulation layer containing an oxide of an element of at least
one kind selected from Hf, Zr, Ti and Ta; forming an
electrode on the insulation layer; and forming a metal oxide
by using at least one of the following metal oxide forming
processes,

[0015] (a) forming a metal oxide layer containing La
and Al on a surface of the silicon substrate before
forming the insulation layer; and

[0016] (b) forming a metal oxide layer containing La
and Al on a surface of the insulation layer after forming
the insulation layer before forming the electrode.

[0017] A semiconductor device manufacturing method
according to another embodiment of the invention comprises
forming an insulation layer on a silicon substrate, the
insulation layer containing an oxide of an element of at least
one kind selected from Hf, Zr, Ti and Ta; forming an
electrode on the insulation layer; and forming a metal oxide
by using at least one of the following metal oxide forming
processes,
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[0018] (c) forming a metal layer having metal La and
metal Al deposited so as to have a thickness of one
atom layer or less on a surface of the silicon substrate,
and then depositing a metal oxide layer containing La
and Al on the metal layer in an oxidation atmosphere
and oxidizing the metal layer, before forming the
insulation layer; and

[0019] (d) forming a metal layer having metal La and
metal Al deposited so as to have a thickness of one
atom layer or less on a surface of the insulation layer,
and then depositing a metal oxide layer containing La
and Al on the metal layer in an oxidation atmosphere
and oxidizing the metal layer, after forming the insu-
lation layer before forming the electrode.

[0020] According to the present embodiments, it is pos-
sible to provide a semiconductor device, and its manufac-
turing method, capable of suppressing reaction between the
insulation layer component and silicon, suppressing forma-
tion of the low dielectric layer on the surface of the insu-
lation layer, and suppressing the threshold voltage shift in a
high dielectric constant insulation layer applied to semicon-
ductor devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 shows a cross sectional TEM image of the
LaAlO layer;

[0022] FIGS. 2A to 2C show XPS spectra of the LaAlO
layer;

[0023] FIGS. 3A and 3B show depth profile of the LaAlO
layer and a comparative example by using SIMS;

[0024] FIG. 4 shows a result of evaluation of the peak
intensity of silicon accumulated to the surface of the LaAlO
layer by using the X-ray photoelectron spectroscopy;

[0025] FIG. 5 shows a result obtained from in-plane X-ray
diffraction measurements to the LaAlO layer;

[0026] FIG. 6 shows a sectional view of an embodiment
of a MISFET,;

[0027] FIGS. 7A to 7C show an embodiment of a manu-
facturing method of the MISFET; and

[0028] FIGS. 8A to 8C show the embodiment of the
manufacturing method of the MISFET.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] The present inventors have studied energetically in
order to solve the problems. Paying attention to the fact that
the every problem is caused by reaction conducted between
an element forming the insulation layer and silicon forming
the silicon substrate or electrode, the present inventors have
found that a structure having a barrier layer formed of a
material that suppresses the interface reaction at upper and
lower interfaces and diffusion of silicon from the substrate
is effective. In other words, the present invention provides a
structure having, as the barrier layer at at least the upper or
lower interface of the high dielectric constant insulation
layer, an insulation layer having a dielectric constant that is
sufficiently high as compared with SiO, without causing the
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silicon diffusion and the silicide formation reaction with
silicon, and/or formation of a low dielectric constant inter-
face layer.

[0030] Hereafter, the present invention will be described
in detail.

[0031] First, a result obtained by evaluating characteristics
of a metal oxide layer (hereafter referred to as LaAlO layer)
containing La and Al formed on a silicon substrate with
paying attention to the interface reaction and the silicon
diffusion suppression effect will now be described.

[0032] On an n-type silicon substrate with a native oxide
film removed by dilute HF solution, a LaAlO layer having
a thickness of 5 nm is deposited by using Pulsed Laser
Deposition method in which LaAlOj; single crystal substrate
is used as a target. A resultant sample is introduced into an
RTA (Rapid Thermal Anneal) apparatus, and subjected to
RTA processing at 1,000° C. for 30 seconds in a nitrogen
atmosphere under the normal pressure. FIG. 1 shows a cross
sectional TEM image of the resultant sample. As shown in
FIG. 1, the silicon substrate and the LaAlO layer are in
direct contact with each other, and any transition layer is not
present. The LaAlO layer is an amorphous layer.

[0033] FIGS. 2A to 2C show XPS spectra of Si 2s, La 3d
and Al 2p of the LaAlO layer. As for the Si 2s spectrum, a
silicon peak is caused by only metal in the Si substrate, and
any peak caused by the oxide state is not observed. This
result is not contradictory to the result that an interface layer
is not observed in the TEM image. In addition, in both the
XPS spectra of La 3d and Al 2p as well, only a peak caused
by an oxide is observed, and a peak caused by formation of
silicide is not observed.

[0034] These results show that neither formation of an
oxide nor formation of a silicide is caused by reaction of the
LaAlO layer with silicon in the substrate even after heat
treatment of 1,000° C. is performed.

[0035] In the case where the LaAlO layer is formed on a
polycrystalline silicon electrode, these results are obtained at
an interface between the LaAlO layer and the electrode as
well in the same way.

[0036] A result obtained by evaluating characteristics of
the LaAlO layer in the case where the LaAlO layer is formed
at an interface between the silicon substrate and the gate
insulation layer of the Hf oxide will now be described.

[0037] According to a technique similar to the above-
described technique, a LaAlO layer having a thickness of 2
nm is deposited on the silicon substrate and in succession
HIfO, is deposited by using Pulsed Laser Deposition method
in which HfO, is used as a target and RTA processing is
conducted at 1,000° C. for 30 seconds.

[0038] FIG. 3B shows depth profiles of oxygen and sili-
con of this sample by using the secondary ion mass spec-
troscopy (SIMS). FIG. 3A shows a result obtained from the
same SIMS analysis on an HfO, single layer film on Si
substrate fabricated under the same condition except that the
LaAlO layer is not formed, for the purpose of comparison.

[0039] In the case where the LaAlO layer is present at the
interface between the silicon substrate and the HfO, layer
(FIG. 3B), neither diffusion of silicon from the silicon
substrate into the HfO, layer or the surface nor formation of
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an interface layer at the interface between the silicon sub-
strate and the LaAlO layer is observed. In the case of the
HfO, single layer film without the LaAlO layer (FIG. 3A),
however, it is appreciated that silicon atoms from the silicon
substrate is diffused in the layer and accumulated to the
surface of the HfO, layer and an interface layer is formed at
an interface between the silicon substrate and the HfO, layer.

[0040] As a result of comparison between FIG. 3A and
FIG. 3B, it is shown that the barrier property of the LaAlO
layer against the silicon diffusion in the HfO, layer or
formation of the interface layer is tremendous.

[0041] In order to evaluate the film thickness suitable to
bring about the barrier property of the LaAlO layer against
the silicon diffusion, the thickness of the LaAlO layer is
changed from 0.3 nm to 0.5 nm, 0.7 nm and 0.9 nm, and RTA
processing is performed at 1,000° C. for 30 seconds. FIG. 4
shows a result of evaluation of the peak intensity of silicon
diffused to the surface obtained from the X-ray photoelec-
tron spectroscopy measurements.

[0042] As apparent from FIG. 4, the Si peak intensity
becomes remarkably small if the film thickness exceeds 0.5
nm, and it is hardly detected when the film thickness is 0.5
nm and more. In other words, a film thickness of 0.5 nm and
more is desirable to obtain a sufficient barrier property of the
LaAlO layer against the silicon diffusion.

[0043] In order to evaluate the heat resistance of the
LaAlO layer (amorphous layer) against crystallization, the
film thickness of LaAlO is changed from 1.5 nm, 2.0 nm and
2.5 nm, and RTA processing is performed at 1,000° C. for 30
seconds. FIG. 5 shows a result obtained from in-plane X-ray
diffraction measurements while paying attention to the
LaAlO, (600) peak.

[0044] 1In FIG. 5, the diffraction peak of LaAlO; (600) is
not observed at a film thickness of 1.5 nm and 2.0 nm,
whereas an extremely weak peak is observed at a film
thickness of 2.5 nm. This indicates that LaAlO is not
crystallized at a film thickness of 2.0 nm or less even if the
RTA processing is conducted at 1,000° C. for 30 seconds,
whereas crystallization is induced at a film thickness of 2.5
nm by going through the same process. Crystallization of the
gate insulation layer is a phenomenon to be suppressed.
Because its grain boundary becomes a diffusion path for
impurities, such as boron or arsenic, introduced to activate
polycrystalline silicon gate electrode, and these impurities
diffuse to the channel, and consequently a threshold voltage
shift might be brought about or the grain boundary might
form a trap level. Taking this into consideration, it is
desirable to use a LaAlO layer serving as a barrier layer for
the gate insulation layer and having a thickness of 2 nm or
less in which crystallization is not induced even if RTA
processing is applied at 1,000° C. for 30 seconds.

[0045] If two factors, i.e., the barrier property to the
silicon diffusion and heat resistance to crystallization are
taken into consideration, it is desirable that the LaAlO
barrier layer is an amorphous layer having a thickness in the
range of 0.5 nm to 2 nm.

[0046] The phenomenon that silicon atoms in the silicon
substrate is diffused and accumulated to the surface of the
insulation layer as observed in FIG. 3B is observed in the
same way also in the case where an oxide of Zr, Ti or Ta is
used as a high dielectric constant insulation layer. In other

Mar. 16, 2006

words, if these insulation layers are used simply as the gate
insulation layer, there is a fear that a silicon oxide might be
formed at the interface between the silicon substrate and the
insulation layer or the silicon oxide and silicide might be
formed at the interface between the insulation layer and the
electrode, and a resultant low dielectric constant interface
layer might shift the threshold voltage. In these insulation
layers as well, however, the reaction between the silicon
substrate and the insulation layer component and diffusion
of silicon in the insulation layer are suppressed using LaAlO
barrier layer. In its turn, it is possible to suppress formation
of the low dielectric constant interface layer and the thresh-
old shift.

[0047] Since the oxides of Hf, Zr, Ti or Ta have high
dielectric constant and excellent in heat resistance, it
degrades little even after a high temperature process and
consequently it is suitable for an insulation layer of a
semiconductor device such as a gate insulation layer of a
MISFET. On the other hand, not only a metal oxide con-
taining La and Al has a property suitable for a barrier
material as described above, but also the dielectric constant
of the metal oxide itself is high. Therefore, the metal oxide
containing La and Al is very suitable for use as a thin film
barrier material at the silicon interface in the high dielectric
constant gate insulation layer. Accordingly, it is possible to
obtain a semiconductor device having high reliability by
stacking them.

[0048] As the LaAlO layer, specifically, a composite
oxide, for example, containing L.a and Al represented as
LaAlO, is used. Alternatively, a material that is not apt to
generate a low dielectric constant layer at an interface to the
substrate or the electrode, such as La,0; or Al,O; may be
partially contained.

[0049] In the above-described example, a series of film is
deposited by using Pulsed Laser Deposition method. How-
ever, the deposition method of the film is not restricted to
this method, but a method such as the CVD method, MBE
method, evaporation method or ALLD method may also be
used.

[0050] Furthermore, in the above described example, the
LaAlO layer is an amorphous layer. On a silicon substrate,
mismatch between the silicon and LaAlO; is as small as
1.1%. Therefore, the LaAlO; crystal layer or LaAlO;
actively formed on the silicon substrate can make epitaxial
growth. More desirably, therefore, an epitaxial single crystal
layer of LaAlO, which is not apt to generate grain bound-
aries may be used. Since this LaAlO; crystal has a perovs-
kite structure and a very high density, it exhibits an effect as
the barrier material as well.

[0051] The semiconductor device according to the present
invention can be applied to a gate insulation layer and a gate
electrode structure in a MISFET, a gate electrode and an
insulation layer structure of a nonvolatile memory device,
and an electrode and an insulation layer structure of a
capacitor in a capacitive device. However, the semiconduc-
tor device according to the present invention is not restricted
to them.

[0052] FIG. 6 is a sectional view showing an embodiment
of a semiconductor device having a MISFET. Device iso-
lation layers 102 each including a silicon oxide layer are
formed on a surface of an n-type silicon substrate 101.
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Source/drain diffusion layers 105 are formed in a device
region defined by the device isolation layer 102. A gate
insulation layer 103 having a thickness in the range of
approximately 2 nm to 5 nm and a gate electrode 104 which
is a polysilicon layer provided on the gate insulation layer
103 are formed on the n-type silicon substrate 101 between
source/drain diffusion layers 105.

[0053] A substrate—gate insulation layer interface barrier
layer 1011 having a thickness in the range of approximately
0.5 nm to 2 nm is formed at the interface between the gate
insulation layer 103 and the silicon substrate 101. A gate
insulation layer—gate electrode interface barrier layer 1012
having a thickness in the range of approximately 0.5 nm to
2 nm is formed at the interface between the gate insulation
layer 103 and the gate electrode 104. A metal oxide layer
containing La and Al according to the present invention is
applied to the interface barrier layers 1011 and 1012.

[0054] Gate side walls 107 of a silicon nitride layer are
formed on side walls of the stuck of the interface barrier
layer 1011, the gate insulation layer 103, the gate electrode
104 and the interface barrier layer 1012. In this way, a
MISFET including the gate electrode 104 and the source/
drain diffusion layers 105 is constructed.

[0055] Interlayer insulation layers 108 each formed of a
silicon oxide layer are formed on the n-type silicon substrate
101 having such a MISFET formed thereon. A contact hole
arriving at the source/drain diffusion layer 105 is formed
through each interlayer insulation layer 108. Metal wiring
109 of aluminum electrically connected to the source/drain
diffusion layer 105 is embedded in the contact hole.

[0056] The example in which the interface barrier layer
1011 and the interface barrier layer 1012 are provided
respectively at the upper and lower interfaces of the gate
insulation layer 103 is shown in FIG. 6. Even if at least one
of the interface barrier layer 1011 and the interface barrier
layer 1012 is present, however, the effects of the present
invention are brought about. It is desirable that at least the
substrate-gate insulation layer interface barrier layer 1011 is
provided. It is more desirable to enhance the effects of the
present invention that both the interface barrier layers 1011
and 1012 are provided.

[0057] As the gate insulation layer 103, a gate insulation
layer formed of HfO, HfO,, HfSiO,, HfSiON, ZrO,,
Z:Si0,, TiO,, TaOs, Ta,0s, SryTa,0,, SrTiOs, BaTiOs,
CaTiOs, Ba_Sr,_TiO,, PbTiO,, PbZr Ti, O, SrBi,Ta,0,,
StBiy(Ta,Nb, ),0,, CeO,, HfAIO, HfAION, or
Bi(Ta,Nb,_,),04 can be mentioned.

[0058] As the gate electrode 104, a metal gate electrode
such as polycrystalline SiGe, TiN, Mo, Au, Al, Pt, Ag or W
may also be used.

[0059] An embodiment of a manufacturing method of the
semiconductor device having the MISFET shown in FIG. 6
will now be described with reference to FIGS. 7A to 8C.
FIGS. 7A to 8C are schematic sectional views showing an
embodiment of a manufacturing process of the MISFET.

[0060] A fabrication method will now be described by
using a MISFET in which a LaAlO layer is applied to the
upper and lower interface barrier layers of the HfO, gate
insulation layer, as an example.
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[0061] First, as shown in FIG. 7A, the device isolation
regions 102 each formed of a silicon thermal oxidation film
are formed on the p-type silicon substrate 101. In FIG. 7A,
the device isolation regions 102 project above the substrate
surface. However, the top surfaces of the device isolation
regions 102 may have the same height as the substrate
surface.

[0062] Subsequently, as shown in FIG. 7B, a metal oxide
forming process (A) for forming the LaAlO layer having a
thickness of 1.5 nm serving as the barrier layer 1011 on the
silicon substrate surface, an insulation layer process for
forming the HfO, layer having a thickness of 2 nm serving
as the gate insulation layer, and a metal oxide forming
process (B) for forming the LaAlO layer having a thickness
of 1.5 nm serving as the barrier layer 1012 are executed.
Details of the metal oxide forming processes (A) and (B)
will be described later. According to the desired forming
position of the barrier layer, one or both of the metal oxide
forming processes (A) and (B) may be executed.

[0063] Subsequently, as shown in FIG. 7C, a polysilicon
film 104 is deposited on the whole surface by using the
chemical vapor deposition method. Subsequently, as shown
in FIG. 8A, an electrode forming process is executed to
pattern the polysilicon film and form the gate electrode 104.

[0064] Subsequently, as shown in FIG. 8B, side wall
insulation films 107 each formed of, for example, a silicon
nitride film are formed on side walls of the gate portion.

[0065] Subsequently, as shown in FIG. 8C, ion implan-
tation of, for example, P is conducted on the whole surface.
Thereafter, heat treatment is conducted to diffuse P in the
silicon substrate 101 and activate P, and source/drain regions
105 are formed.

[0066] Subsequent processes are similar to the fabrication
processes of an ordinary MIS transistor. The silicon oxide
film serving as the interlayer insulation film is deposited on
the whole surface by using the chemical vapor deposition
method. The contact hole is formed through the interlayer
insulation film 108. Subsequently, an Al film is deposited on
the whole surface by using the sputter method. The Al film
is patterned by using the reactive ion etching to form the
aluminum wiring 109. As a result, the MIS transistor having
the structure as shown in FIG. 6 is completed.

[0067] Even if the MISFET thus formed is subjected to a
high temperature process of approximately 1,000° C. and
more, the leakage current in the gate insulation layer is
suppressed to an extremely low value and the threshold
voltage shift is not observed, resulting in a favorable opera-
tion.

[0068] Hereafter, the metal oxide forming processes (A)
and (B) will be described in more detail.

[0069] In an example of a metal oxide forming process
that can be applied to the metal oxide forming processes (A)
and (B), an oxide containing La and Al is formed on the
silicon substrate surface and/or the insulation film surface by
using Pulsed Laser Deposition method, CVD method, MBE
method, evaporation method, ALLD method or the like.

[0070] In another example of a metal oxide forming
process that can be applied to the metal oxide forming
processes (A) and (B), a metal layer having metal La and
metal Al deposited so as to have a thickness one mono layer
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or less is formed, and then an oxide layer containing La and
Al is deposited on the metal layer in oxygen atmosphere and
the metal layer is oxidized. For this process, for example,
Molecular Beam Epitaxy method (MBE method) can be
applied. Hereafter, its specific example will be described.

[0071] First, an n-type silicon substrate with native oxide
layer removed by the dilute HF solution is introduced into an
MBE chamber. The substrate temperature is set equal to
300° C. By using metal La and metal Al as an evaporation
source, La and Al are evaporated on the silicon substrate by
one mono layer at a composition ratio of 1:1. Thereafter, the
substrate temperature is raised to 600° C. While introducing
oxygen of 1x10™* Pa into an MBE apparatus, a LaAlO layer
having a thickness of 1 nm is deposited by using metal La
and metal Al as an evaporation source.

[0072] The XPS spectrum of the layer thus deposited is
similar to that shown in FIGS. 2A to 2C. A peak of Si oxide
state and a peak of each of La metal and Al metal caused are
not observed. As for Si, only a peak of the substrate is
observed. As for each of La and Al, only a peak caused by
the oxide is observed. This result indicates that La and Al
deposited first by one mono layer are fully oxidized in the
subsequent processes and the LaAlO layer is present directly
on the silicon substrate without having any transition layer
at the interface. Furthermore, the barrier layer fabricated by
such a method exhibits a favorable barrier property against
silicon diffusion in the same way as FIG. 3B. The forma-
tions of the silicide and a low dielectric constant interface
layer are prevented.

[0073] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

1. A semiconductor device comprising:
a silicon substrate;

an insulation layer formed on the silicon substrate, the
insulation layer containing an oxide of an element of at
least one kind selected from at least Hf, Zr, Ti and Ta;

an electrode formed on the insulation layer; and

a metal oxide layer containing La and Al, the metal oxide
layer being provided at at least one of an interface
between the silicon substrate and the insulation layer
and an interface between the insulation layer and the
electrode.

2. The semiconductor device according to claim 1,

wherein

the metal oxide layer is an amorphous layer.

3. The semiconductor device according to claim 1,
wherein the metal oxide layer is an LaAlO; layer.

4. The semiconductor device according to claim 1,
wherein

the metal oxide layer has a thickness in the range of 0.5
nm to 2 nm.
5. The semiconductor device according to claim 1,
wherein
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the metal oxide layer is provided at the interface between
the silicon substrate and the insulation layer such that
the metal oxide layer contacts to the silicon substrate
and the insulation layer.
6. The semiconductor device according to claim 1,
wherein

the metal oxide layer is provided at the interface between
the insulation layer and the electrode such that the
metal oxide layer contacts to the insulation layer and
the electrode.
7. The semiconductor device according to claim 1 com-
prising:

a MISFET having the insulation layer as a gate insulation
layer and the electrode as a gate electrode.
8. The semiconductor device according to claim 1,
wherein

the electrode is polysilicon.
9. A semiconductor device manufacturing method com-
prising:

forming an insulation layer on a silicon substrate, the
insulation layer containing an oxide of an element of at
least one kind selected from Hf, Zr, Ti and Ta;

forming an electrode on the insulation layer; and

forming a metal oxide by using at least one of the
following metal oxide forming processes,

(a) forming a metal oxide layer containing La and Al on
a surface of the silicon substrate before forming the
insulation layer; and

(b) forming a metal oxide layer containing La and Al on
a surface of the insulation layer after forming the
insulation layer before forming the electrode.
10. The semiconductor device manufacturing method
according to claim 9, wherein

the metal oxide layer is an amorphous layer.
11. The semiconductor device manufacturing method
according to claim 9, wherein

the metal oxide layer is an LaAlO; layer.
12. The semiconductor device manufacturing method
according to claim 9, wherein

the metal oxide layer has a thickness in the range of 0.5
nm to 2 nm.
13. A semiconductor device manufacturing method com-
prising:

forming an insulation layer on a silicon substrate, the
insulation layer containing an oxide of an element of at
least one kind selected from Hf, Zr, Ti and Ta;

forming an electrode on the insulation layer; and

forming a metal oxide by using at least one of the
following metal oxide forming processes,

(c) forming a metal layer having metal La and metal Al
deposited so as to have a thickness of one atom layer or
less on a surface of the silicon substrate, and then
depositing a metal oxide layer containing L.a and Al on
the metal layer in oxygen atmosphere and oxidizing the
metal layer, before forming the insulation layer; and



US 2006/0054961 Al

(d) forming a metal layer having metal La and metal Al
deposited so as to have a thickness of one atom layer or
less on a surface of the insulation layer, and then
depositing a metal oxide layer containing L.a and Al on
the metal layer in oxygen atmosphere and oxidizing the
metal layer, after forming the insulation layer before
forming the electrode.

14. The semiconductor device manufacturing method

according to claim 13, wherein

the metal oxide layer is an amorphous layer.

Mar. 16, 2006

15. The semiconductor device manufacturing method
according to claim 13, wherein

the metal oxide layer is an LaAlOj layer.
16. The semiconductor device manufacturing method
according to claim 13, wherein

the metal oxide layer has a thickness in the range of 0.5
nm to 2 nm.



