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(57) [Abstract] J

[Problem to be Solved] In a dual gate structure, the mutual 21P P ’ypel’ob’c’y stalline silicon l"ye’ : 16P  second gate electrode
diffusion of impurities in polycrystalline silicon occurs through the 22 metal compound layer 35

metal layer or metal compound layer of the gate electrode,

degrading the transistor characteristics.
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[Means for Solving the Problem] This is a dual gate structure
formed with a single gate wiring 16 that comprises first and IS{ i
second gate electrodes 16N and 16P, wherein the first gate 14—
electrode 16N consists of the first conductivity type (hereinafter,
N-type) polycrystalline silicon layer 21N and a metal compound |
layer 22, and the second gate electrode 16P consists of the second

conductivity type (hereinafter, P-type) polycrystalline silicon layer ; |2 |5{ 4 \‘\‘ 3 15
21P and the metal compound layer 22; the metal compound layer i7U8) 21A  connection region ¥ 19{20)
22 is formed in a separated state over a connection region 21A (1)

between N-type and P-type polycrystalline silicon layers 21N and
21P. In addition, a high-concentration impurity region (not shown
in the illustrative figure) having a higher impurity concentration
than the N-type and P-type crystalline silicon layers 21N and 21P
is provided in the connection region 21A.

(21
An explanatory diagram of the first embodiment related to the
dual gate structure of this invention.



[Scope of patent claims ]

[Claim 1] A dual gate structure formed with a single wiring for a
first gate electrode and a second gate electrode, wherein the
aforementioned first gate electrode consists of a first
conductivity type polycrystalline silicon layer and a metal layer,
or a first conductivity type polycrystalline silicon layer, a metal
layer, and a metal compound layer;

the aforementioned second gate electrode consists of a second
conductivity type polycrystalline silicon layer and a metal layer,
or a second conductivity type polycrystalline silicon layer, a
metal layer, and a metal compound layer;

and the aforementioned metal layer or the aforementioned metal
layer and metal compound layer is formed in a separated state
over a connection region between the aforementioned first
conductivity type polycrystalline silicon layer and the
aforementioned second conductivity type polycrystalline silicon
layer.

[Claim 2] The dual gate structure as described in Claim 1,
wherein a high-concentration impurity region having a higher
impurity concentration than the aforementioned first
conductivity type polycrystalline silicon layer and the
aforementioned second conductivity type polycrystalline silicon
layer is provided in the region where the aforementioned first
conductivity type polycrystalline silicon layer and the
aforementioned second conductivity type polycrystalline silicon
layer are connected.

[Claim 3] A manufacturing method for a dual gate structure
formed with a single wiring for a first gate electrode and a
second gate electrode, comprising:

a step of doping first conductivity type impurities into the region
of the polycrystalline silicon layer that forms the first gate
electrode after forming the polycrystalline silicon layer on a
semiconductor substrate, and doping second conductivity type
impurities into the region of the polycrystalline silicon layer that
forms the second gate electrode;

a step of forming a metal layer or a metal layer and a metal
compound layer on the aforementioned polycrystalline silicon
layer;

and a step of removing the aforementioned metal layer or the
aforementioned metal layer and metal compound layer from the
region where the aforementioned first conductivity type
polycrystalline silicon layer and the aforementioned second
conductivity type polycrystalline silicon layer are connected.
[Claim 4] The manufacturing method for the dual gate structure
as described in Claim 3, further comprising a step of introducing
impurities into the region where the aforementioned first
conductivity type polycrystalline silicon layer and the
aforementioned second conductivity type polycrystalline silicon
layer are connected to form a high-concentration impurity region
having a higher impurity concentration than the aforementioned
first conductivity type polycrystalline silicon layer and the
aforementioned second conductivity type polycrystalline silicon
layer.

[Claim 5] The dual gate structure as described in Claim 3,
wherein the aforementioned polycrystalline silicon layer is
formed by a step of forming a base polycrystalline silicon layer,
followed by a step of forming an amorphous silicon layer on the
base polycrystalline silicon layer, and then modifying the
aforementioned amorphous silicon layer into a polycrystalline

silicon layer consisting of silicon crystals having a larger grain
size than the silicon crystal of the base polycrystalline silicon
layer through laser annealing or excimer laser annealing.
[Claim 6] The dual gate structure as described in Claim 4,
wherein the aforementioned polycrystalline silicon layer is
formed by a step of forming a base polycrystalline silicon layer,
followed by a step of forming an amorphous silicon layer on the
base polycrystalline silicon layer, and then modifying the
aforementioned amorphous silicon layer into a polycrystalline
silicon layer consisting of silicon crystals having a larger grain
size than the silicon crystal of the base polycrystalline silicon
layer through laser annealing or excimer laser annealing.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]

This invention relates to a dual gate structure and its
manufacturing method.

[0002]

[Conventional Technology]

With the miniaturization of devices, the diffusion layers of
transistors have become increasingly shallow. In other words,
the so-called "shallow junction" has progressed. On the other
hand, as the gate width shrinks, it is necessary to make the depth
of the diffusion layer shallower to prevent an increase in short-
channel effects, which can degrade the source-drain breakdown
voltage. For example, for a transistor with a gate width of 0.25
um, it is necessary to reduce the depth of the diffusion layer to
about 0.08 pm.

[0003] Moreover, due to the need to maintain high current
driving capability in recent years, there has been active
development of CMOS with a dual gate structure that employs
N-type impurities for the NMOS (Metal-Oxide-Semiconductor)
gates and P-type impurities for the PMOS gates. By using this
gate structure, compared with the conventional buried channel
method (where pocket ion implantation ensures ON and OFF
states allowing the channel region to be of the same type as the
source-drain regions), it is relatively necessary to secure a higher
threshold voltage Vth, resulting in lower source-drain current
Ids. Therefore, the surface channel method, which allows a
relatively low threshold voltage Vth, can produce devices with
relatively high current driving capability.

[0004] Here, an example of a conventional MOSLSI process
will be explained using the manufacturing process diagram
shown in Fig. 7.

[0005] As shown in (1) of Fig. 7, after forming an element
isolation region 112 to separate the formation areas of the N-
channel transistor and the P-channel transistor on a
semiconductor substrate 111 through a normal MOS transistor
process, a gate wiring 114 is formed on the semiconductor
substrate 111 via a gate insulating film 113. This gate wiring
114 is formed as an N-type gate wiring 114N in the formation
area of the N-channel transistor and as a P-type gate wiring



114P in the formation area of the P-channel transistor. Next,
sidewall insulating films (not shown in the illustrative figure)
are formed on both sides of the gate wiring 114, and then
source-drain regions 116 (117) and 118 (119) are formed in the
semiconductor substrate 111 on both sides of the N-type and P-
type gate wirings 114N and 114P, respectively, thus forming the
N-channel transistor 101N and the P-channel transistor 101P. It
should be noted that in the figures, the source-drain regions
(117, 119) are closer to the front side of the paper, hence they
are omitted from illustration.

[0006] Next, as shown in (2) of Fig. 7, the semiconductor
substrate 111 is subjected to hydrofluoric acid (HF) treatment to
completely remove the natural oxide film (not shown in the
illustrative figure) on the source-drain regions 116 (117) and
118 (119). Afterward, for instance, a titanium (Ti) film is
formed over the entire area to a thickness of 50 nm by
sputtering. Subsequently, thermal processing (the first thermal
treatment involves heating at 600°C in a nitrogen atmosphere,
and the second thermal treatment involves heating at 800°C in a
nitrogen atmosphere) is applied to react the silicon (Si) of the
gate wiring 114 with the titanium film to form a low-resistance
titanium silicide (TiSi2) layer 121 and selectively form a low-
resistance titanium silicide (TiSi2) layer (not shown in the
illustrative figure) by reacting the silicon (Si) of the source-drain
regions 116 (117) and 118 (119) with the titanium film.

[0007] Subsequently, the semiconductor substrate 111 is
immersed in ammonia peroxide, for example, to selectively etch
and remove the unreacted titanium film (not shown in the
illustrative figure).

[0008] Next, as shown in (3) of Fig. 7, after forming an
interlayer insulating film 131 made of silicon oxide by a method
such as chemical vapor deposition (hereinafter referred to as
CVD), which covers the entire area on the gate wiring 114, a
connection hole 132 is formed in the interlayer insulating film
131 above the gate wiring 114P to connect to the titanium
silicide layer 121 using lithography and etching techniques.
Furthermore, a tungsten plug 134 is formed inside the
connection hole 132 via an adhesion layer 133 using a blanket
tungsten plug formation method. In addition, a wiring layer 136
comprising an adhesion layer 135 and an aluminum-silicon film
is formed on the interlayer insulating film 131 in a state
connected to the tungsten plug 134. Finally, through lithography
and etching techniques, the adhesion layer 135 and the wiring
layer 136 are patterned to form a wiring 137.

[0009]

[Problems to be solved by the invention]

However, when attempting to form a CMOS with a dual gate
structure using a surface channel type transistor, the following
challenges exist.

[0010] That is, in a dual gate structure, gate lines are formed on

both the N-channel transistor and the P-channel transistor,
resulting in different conductivity types for each gate. As a
result, part of the gate line becomes an N-type gate doped with
arsenic (As), while another part becomes a P-type gate doped
with boron (B).

[0011] Therefore, the following challenges arise:

(1) Due to thermal processing after the formation of the gate
region, there is diffusion of the arsenic (As) that is doped into
the gate region, which (As) can diffuse into the P-type gate.

(2) The P-type gate contains boron (B) doped into
polycrystalline silicon, leading to the challenge of the boron
piercing through the thin gate oxide film.

(3) Impurities such as boron precipitate at the grain boundaries
of polycrystalline silicon, causing the polycrystalline silicon to
enter a depleted state.

Overcoming the above challenges (1) to (3) is necessary for the
practical application of dual gates.

[0012] As a solution to challenge (1), the use of a two-layer
polycrystalline silicon layer for the gate to suppress mutual
diffusion has been disclosed in Japanese Patent Application No.
HEI 7-037992 and in the IEDM technical digests (1994) H.
Koike, Y. Unno, K. Ishimura, F. Matsuoka, and M. Kakumu, p.
855-858.

As a solution to challenge (2), enlarging the grain size of the
polycrystalline silicon in the gate to prevent the boron (B) from
piercing through has been disclosed in the IEDM technical
digests (1993) Munetaka Koda, Yoshikatsu Shida, Junichi
Kawaguchi, and Yoshio Kaneko, p. 471-474.

In addition, preventing the boron from piercing through by ion
implanting nitrogen (N) into the LDD (Lightly Doped Drain)
region has been disclosed in the IEDM technical digests (1994)
S. Shimizu, T. Kuroi, M. Kobayashi, T. Yamaguchi, T. Fujino,
H. Maeda, T. Tsutsumi, Y. Hirose, S. Kusunoki, M. Inuishi, and
N. Tsubouchi, p. 67-70.

[0013] This invention was made to solve the above challenges
by different means and aims to provide a dual gate structure and
its manufacturing method that excels in suppressing mutual
diffusion of impurities between gate electrodes.

[0014]

[Means for solving the problems]

This invention is a dual gate structure and its manufacturing
method made to achieve the above-mentioned objectives.
[0015] The dual gate structure is formed such that the first gate
electrode and the second gate electrode are created with a single
wiring. The first gate electrode consists of a first conductivity
type polycrystalline silicon layer and a metal layer, or a first
conductivity type polycrystalline silicon layer, a metal layer, and
a metal compound layer. The second gate electrode consists of a
second conductivity type polycrystalline silicon layer and a
metal layer, or a second conductivity type polycrystalline silicon
layer, a metal layer, and a metal compound layer. In the region
where the first conductivity type polycrystalline silicon layer
and the second conductivity type polycrystalline silicon layer



connect, it is formed in a state where the metal layer, or the
combination of the metal layer and the metal compound layer, is
separated. In addition, a high-concentration impurity region is
provided in the connection region between the first conductivity
type polycrystalline silicon layer and second conductivity type
polycrystalline silicon layer, having a higher impurity
concentration than each respective polycrystalline silicon layer.
[0016] In the dual gate structure described above, since the
metal layer or the combination of the metal layer and the metal
compound layer is separated in the region where the first
conductivity type polycrystalline silicon layer and the second
conductivity type polycrystalline silicon layer connect, diffusion
of impurities does not occur through the metal layer and the
metal compound layer, which would otherwise serve as a
diffusion pathway for impurities between the first conductivity
type polycrystalline silicon layer and the second conductivity
type polycrystalline silicon layer. In addition, by providing a
high-concentration impurity region in the connection region
between the first conductivity type polycrystalline silicon layer
and the second conductivity type polycrystalline silicon layer,
where the impurity concentration is higher than that of each of
the first conductivity type polycrystalline silicon layer and the
second conductivity type polycrystalline silicon layer, mutual
diffusion of impurities between the polycrystalline silicon layers
of the first and second conductivity types becomes less likely.
[0017] The manufacturing method for the dual gate structure
begins by forming a polycrystalline silicon layer on a
semiconductor substrate. Impurities of the first conductivity type
are doped into the region of the polycrystalline silicon layer
where the first gate electrode will be formed, while impurities of
the second conductivity type are doped into the region where the
second gate electrode will be formed. After forming a metal
layer or a combination of a metal layer and a metal compound
layer on the polycrystalline silicon layer, the metal layer or the
combination of the metal layer and the metal compound layer is
removed from the region where the first conductivity type
polycrystalline silicon layer and the second conductivity type
polycrystalline silicon layer connect. In addition, impurities are
introduced into the connection region between the
polycrystalline silicon layers of the first and second conductivity
types at a higher concentration than that of each of the first
conductivity type polycrystalline silicon layer and the second
conductivity type polycrystalline silicon layer to form the high-
concentration impurity region. In the manufacturing method of
the dual gate structure, the polycrystalline silicon layer is formed
through a process that includes creating a base polycrystalline
silicon layer followed by forming an amorphous silicon layer,
and then modifying the amorphous silicon layer into a
polycrystalline silicon layer constituted of silicon crystals with
larger grain sizes than those of the base polycrystalline silicon
layer through laser annealing or excimer laser annealing.

[0018] In the manufacturing method for the dual gate structure,
after forming a metal layer or a combination of a metal layer and
a metal compound layer on the first and second conductivity
type polycrystalline silicon layers, the metal layer or the
combination of the metal layer and the metal compound layer is
removed from the region where the first conductivity type
polycrystalline silicon layer and the second conductivity type
polycrystalline silicon layer connect. Therefore, mutual
diffusion of impurities doped into the polycrystalline silicon
layer through the metal layer or the combination of the metal
layer and the metal compound layer does not occur.
Furthermore, the manufacturing method that involves doping
impurities into the connection region between the first
conductivity type polycrystalline silicon layer and second

conductivity type polycrystalline silicon layer at a higher
concentration than that of each polycrystalline silicon layer
prevents mutual diffusion between the first conductivity type
polycrystalline silicon layer and second conductivity type
polycrystalline silicon layer.

[0019]

[Embodiments of the invention]

An example of the first embodiment related to this invention's
dual gate structure will be explained with reference to Fig. 1.
Fig. 1 shows a dual gate CMOS transistor as an example, with
(1) showing a schematic cross-sectional view and (2) showing a
plan layout diagram.

[0020] As shown in Fig. 1, on a semiconductor substrate (for
example, silicon substrate) 11, an element isolation region 14 is
formed to separate the formation regions 12 of the NMOS
transistor and 13 of the PMOS transistor. On the semiconductor
substrate 11, a gate wiring 16 consisting of a polycrystalline
silicon layer 21 and a metal compound layer 22 is formed via a
gate insulating film 15.

[0021] In the formation region 12 of the first MOS transistor,
impurities of the first conductivity type (hereinafter referred to
as N-type), such as arsenic (As), are doped into the
polycrystalline silicon layer 21. The part where arsenic is doped
becomes the N-type polycrystalline silicon layer 21N and forms
the first gate electrode 16N together with the metal compound
layer 22. On the other hand, in the formation region 13 of the
second MOS transistor, impurities of the second conductivity
type (hereinafter referred to as P-type), such as boron (B), are
doped into the polycrystalline silicon layer 21. The part where
boron is doped becomes the P-type polycrystalline silicon layer
21P and forms the second gate electrode 16P together with the
metal compound layer 22. Each of the N-type and P-type
polycrystalline silicon layers 21N and 21P is formed from
silicon crystals with larger grain sizes (for example, a grain size
of 0.3 um or more).

[0022] Moreover, the metal compound layer 22 is formed, for
example, of tungsten silicide (WSi2), and in the connection
region 21 A between the N-type polycrystalline silicon layer 21N
and the P-type polycrystalline silicon layer 21P, the metal
compound layer 22 is in a separated state. In addition to tungsten
silicide, at least one of titanium nitride (TiN), titanium
oxynitride (TiON), titanium silicide (TiSi2), tungsten nitride
(WN), and tungsten oxynitride (WON) can also be used for the
metal compound layer 22. Alternatively, a single-layer metal
layer can be used instead of the metal compound layer 22.
Possible materials for the single-layer metal layer include
tungsten (W), molybdenum (Mo), and cobalt (Co). It is also
possible to have structures where a metal compound layer is
formed over a metal layer or where a metal layer is formed over
a metal compound layer. Materials similar to those described
above can be used for the metal compound layer and the metal
layer in such a laminated structure.

[0023] On both sides of the gate wiring 16 in the NMOS



transistor formation region 12, source-drain regions 17 (18) of
the NMOS transistor are formed in the semiconductor substrate
11. On the other hand, on both sides of the gate wiring 16 in the
PMOS transistor formation region 13, source-drain regions 19
(20) of the PMOS transistor are formed in the semiconductor
substrate 11. It should be noted that in the figures of (1), the
source-drain regions (18, 20) will be formed on the front side of
the figures, so they are not shown.

[0024] Furthermore, an interlayer insulating film 31, formed for
example of silicon oxide, covers the NMOS transistor 1 and the
PMOS transistor 2. A connection hole 32 is formed in the
interlayer insulating film 31, for instance, on the gate wiring 16
of the PMOS transistor 2, and a contact layer (not shown in the
illustrative figure) and a barrier metal layer 33 are formed on the
inner wall of the connection hole 32; additionally, a metal plug
34 is formed in a manner that fills the connection hole 32. The
contact layer is made of, for example, titanium (T1), while the
barrier metal layer 33 is made of, for example, titanium nitride
(TiN). In addition, the metal plug 34 is made of, for example,
tungsten (W).

[0025] Furthermore, on the above interlayer insulating film 31, a
wiring 35 that connects to the metal plug 34 is formed. This
wiring 35 consists of a contact layer 36 made of, for example,
titanium (Ti), and a main wiring layer 37 made from aluminum
(Al)-based metal. Although it is not shown in the illustrative
figure, similarly to the connection structure of wiring 35, a
wiring is connected on top of the interlayer insulating film 31
via a metal plug formed through the interlayer insulating film 31
for the gate wiring 16 of the NMOS transistor 1.

[0026] In the aforementioned dual gate structure, since the metal
compound layer 22 is separated in the region where the N-type
polycrystalline silicon layer 21N and the P-type polycrystalline
silicon layer 21P connect, impurities do not diffuse through the
metal compound layer 22, which serves as a diffusion path
between the N-type polycrystalline silicon layer 21N and the P-
type polycrystalline silicon layer 21P. In addition, since the P-
type polycrystalline silicon layer 21P is made from silicon
crystals with larger grain sizes, the issue of boron penetrating
through the gate insulating film is resolved.

[0027] Next, an example of the manufacturing method of the
dual gate structure of this invention will be explained with
reference to Fig. 2 and Fig. 3. Each figure shows a schematic
cross-sectional view, along with plan layout diagrams as
necessary. The same reference numerals are used for
components similar to those described in Fig. 1.

[0028] As shown in (1) of Fig. 2, as a method for forming the
conventional element isolation region, for example, a local
oxidation method (for example, LOCOS - Local Oxidation of
Silicon) is used to form an element isolation region 14 that
separates the formation region 12 of the first MOS transistor and
the formation region 13 of the second MOS transistor on the
semiconductor substrate (for example, silicon substrate) 11.
Furthermore, a gate insulating film (for example, a gate oxide

film) 15 is formed on the semiconductor substrate 11, for
instance, by thermal oxidation.

[0029] After that, a base polycrystalline silicon layer 23 is
formed on the processed semiconductor substrate 11 using a
chemical vapor deposition (CVD) method. The film formation
conditions for the base polycrystalline silicon layer 23 are set as
follows:

Film formation gas: Monosilane (SiH4); 100 sccm [hereafter,
scem refers to the volumetric flow rate (cm?/min) at standard
conditions], Helium (He); 400 sccm, Nitrogen (N2); 200 sccm
Pressure of film formation atmosphere: 70 Pa

Substrate temperature: 610 °C

The base polycrystalline silicon layer 23 is deposited to a
thickness of approximately 50 nm.

[0030] Next, an amorphous silicon layer (24) is formed on the
base polycrystalline silicon layer 23 using the CVD method. The
film formation conditions for the amorphous silicon layer (24)
are set as follows:

Film formation gas: Monosilane (SiH4); 100 sccm, Helium (He);
400 sccm, Nitrogen (N2); 200 sccm

Pressure of film formation atmosphere: 70 Pa

Substrate temperature: 510 °C

The amorphous silicon layer (24) is deposited to a thickness of
approximately 100 nm.

[0031] Subsequently, doping of impurities to form the dual gate
is performed, for example, by ion implantation. First, a resist
pattern (not shown in the illustrative figure) with openings on
the region to become the first conductivity type (N-type) gate is
formed using conventional lithography techniques (the processes
involved in forming the resist film by resist coating, exposure,
developing, baking, etc., are omitted here). Then, using the resist
pattern as a mask, ion implantation of N-type impurities, such as
arsenic ions (As"), is carried out. The ion implantation
conditions are set as follows:

Acceleration energy: 30 keV

Dose amount: 5 x 10" /cm

Arsenic ions are implanted into the amorphous silicon layer (24)
and the base polycrystalline silicon layer 23. Afterward, the
resist pattern is removed by methods such as ashing and
cleaning.

[0032] Next, a resist pattern (not shown in the illustrative figure)
with openings on the region to become the second conductivity
type (P-type) gate is formed using conventional lithography
techniques. Then, using this resist pattern as a mask, ion
implantation is carried out for P-type impurities, such as boron
ions (B*). The ion implantation conditions are set as follows:



Implantation energy: 10 keV

Dose amount: 3 x 10" /cm

Boron ions are implanted into the amorphous silicon layer (24)
and the base polycrystalline silicon layer 23. Afterward, the
resist pattern is removed by methods such as ashing and
cleaning. It should be noted that the order of the ion
implantation process for N-type impurities and P-type impurities
does not matter.

[0033] Subsequently, excimer laser light is irradiated onto the
amorphous silicon layer (24) (excimer laser annealing) to
crystallize this amorphous silicon layer (24). The irradiation
conditions for the excimer laser light are set as follows:

Energy density of excimer laser light: 250 mJ/cm?

Pressure of irradiation atmosphere: 1 x 107 Pa

Then, crystallization processing is performed.

[0034] As a result, the amorphous silicon layer (24) becomes a
large-grain polycrystalline silicon layer 25 with a grain size of
approximately 0.5 um, which, together with the base
polycrystalline silicon layer 23, forms the polycrystalline silicon
layer 21. In this way, it is desirable for the irradiation of excimer
laser light to grow silicon crystals into at least grains larger than
0.3 um. The N-type polycrystalline silicon layer 21N is formed
from the base polycrystalline silicon layer 23 and the large-grain
polycrystalline silicon layer 25 over the formation region 12 of
the first MOS transistor, while the P-type polycrystalline silicon
layer 21P is formed from the base polycrystalline silicon layer
21 and the large-grain polycrystalline silicon layer 25 over the
formation region 13 of the second MOS transistor.

[0035] Next, a metal compound layer 22 is formed on the large-
grain polycrystalline silicon layer 25, which has been
crystallized from amorphous silicon, using CVD, for example,
tungsten silicide (WSiz). The CVD conditions are set as follows:
Film formation gas: Dichlorosilane (SiH2Clz); 300 sccm,
Tungsten hexafluoride (WFs); 2.8 sccm, Argon (Ar); 50 sccm
Pressure of film formation atmosphere: 20 Pa

Substrate temperature: 520 °C

The film is deposited until the metal compound layer 22 made of
tungsten silicide reaches a thickness of 70 nm.

[0036] Then, as shown in the schematic cross-sectional view of
(2-1) and the plan layout diagram of (2-2) in Fig. 2, a resist
pattern that serves as an etching mask for forming the gate is
formed using conventional lithography techniques (not shown in
the illustrative figure). Using this resist pattern as a mask, dry
etching is performed to pattern the metal compound layer 22 and
the N-type and P-type polycrystalline silicon layers 21N and
21P, thereby forming the gate wiring 16. The gate wiring 16
over the formation region 12 of the first MOS transistor, namely
the N-type polycrystalline silicon layer 21N and the metal
compound layer 22, becomes the first gate electrode 16N, while
the gate wiring 16 over the formation region 13 of the second

MOS transistor, namely the P-type polycrystalline silicon layer
21P and the metal compound layer 22, becomes the second gate
electrode 16P. The dry etching is performed using, for example,
a microwave etching device. The etching conditions are set as
follows:

Etching gas: Sulfur hexafluoride (SFs); 20 sccm, Chlorine (ClL);
25 sccm

Pressure of etching atmosphere: 1.3 Pa

Microwave power: 950 W

RF power: 50 W

Etching is then carried out. Afterward, the resist pattern is
removed by means such as ashing and cleaning.

[0037] Next, ion implantation is performed to form the LDD
(Lightly Doped Drain). First, a resist pattern with openings over
the region where the N-type LDD will be formed is created
using conventional lithography techniques (not shown in the
illustrative figure). Then, using this resist pattern as a mask, ion
implantation is carried out for N-type impurities, such as arsenic
ions (As"). The ion implantation conditions are set as follows:
Implantation energy: 25 keV

Dose amount: 1 x 10" /cm

As aresult, the N-type LDD (not shown in the illustrative
figure) is formed. After that, the resist pattern is removed by
methods such as ashing and cleaning.

[0038] Subsequently, a resist pattern with openings over the
region where the P-type LDD will be formed is created using
conventional lithography techniques (not shown in the
illustrative figure). Then, using this resist pattern as a mask, ion
implantation is performed for P-type impurities, such as boron
difluoride ions (BF2"). The ion implantation conditions are set as
follows:

Implantation energy: 20 keV

Dose amount: 2 x 10'? /cm

As aresult, the P-type LDD (not shown in the illustrative figure)
is formed. Afterward, the resist pattern is removed by methods
such as ashing and cleaning. It should be noted that the order of
the formation processes for the N-type LDD and the P-type
LDD does not matter.

[0039] Next, a silicon oxide film is formed over the gate wiring
16 using the CVD method. The deposition conditions for the
silicon oxide film are set as follows:

Deposition gas: Tetracthoxysilane (TEOS); 800 sccm, Oxygen
(02); 600 sccm (mixed gas)

Pressure of deposition atmosphere: 1.13 kPa

Substrate temperature: 400 °C



RF power: 700 W

The silicon oxide film is deposited until it reaches a thickness of
200 nm.

[0040] Then, the silicon oxide film is etched back to form a
sidewall insulating film 26 at the sidewalls of the gate wiring 16.
The etch-back conditions are set as follows:

Etch-back gas: Octafluorocyclobutane (CsFs); 50 sccm

Pressure of etching atmosphere: 2 Pa

RF power: 1.2 kW

[0041] Next, ion implantation is performed to form the source
and drain regions. First, a resist pattern with openings over the
source and drain regions to be formed in the first MOS
transistor's formation region 12 is created using conventional
lithography techniques (not shown in the illustrative figure).
Then, using this resist pattern as a mask, ion implantation is
performed for N-type impurities, such as arsenic ions (As*). The
ion implantation conditions are set as follows:

Implantation energy: 30 keV

Dose amount: 5 x 10" /cm

As a result, the source and drain regions 17 and 18 are formed.
Afterward, the resist pattern is removed by methods such as
ashing and cleaning.

[0042] Then, a resist pattern with openings over the source and
drain regions to be formed in the second MOS transistor's
formation region 13 is created using conventional lithography
techniques (not shown in the illustrative figure). Then, using this
resist pattern as a mask, ion implantation is performed for P-type
impurities, such as boron difluoride ions (BF:*"). The ion
implantation conditions are set as follows:

Implantation energy: 25 keV

Dose amount: 3 x 10" /cm

As a result, the source and drain regions 19 and 20 are formed.
Afterward, the resist pattern is removed by methods such as
ashing and cleaning. It should be noted that the order of the ion
implantation processes for the N-type impurities and the P-type
impurities does not matter.

[0043] Next, a resist pattern (not shown in the illustrative figure)
is formed using known lithography techniques, and an etching
process is performed using this resist pattern as a mask to
remove the metal compound layer 22 (indicated by the 2-dot
chain line) over the connection region 21 A between the N-type
polycrystalline silicon layer 21N and the P-type polycrystalline
silicon layer 21P. Here, the connection region 21A is located
above the device isolation region 14. The etching conditions are
set as follows, for example:

Etching gas: Chlorine (Clz); 30 scem, Oxygen (O:2); 5 sccm

Microwave current: 250 mA

Bias: 100 V

Pressure of etching atmosphere: 0.4 Pa

It should be noted that this etching step may be performed
before the etching for forming the gate wiring 16. Since the
connection region 21A is positioned over the device isolation
region 14, removing a portion of the metal compound layer 22
(indicated by the two-dot chain line) will not affect the ion
implantation process that occurs after forming the gate wiring
16. In this way, a surface channel type NMOS transistor 1 and
PMOS transistor 2 of a dual gate structure are formed.

[0044] Then, as shown in Fig. 3, a silicon oxide interlayer
insulating film 31 is formed to cover the gate wiring 16 using
the CVD method. The deposition conditions for the interlayer
insulating film 31 are set as follows, for example:

Deposition gas: Tetraethoxysilane (TEOS); 50 sccm

Pressure of deposition atmosphere: 40 Pa

Substrate temperature: 720 °C

The interlayer insulating film 31 is deposited to reach a
thickness of approximately 600 nm.

[0045] Subsequently, an activation heat treatment is performed
using a Rapid Thermal Annealing (RTA) device. The conditions
for this heat treatment are set as follows, for example:

Heat treatment temperature: 1000 °C

Heat treatment atmosphere: Nitrogen (N2)

Heat treatment time: 10 seconds

Thus, RTA is conducted.

[0046] Next, a resist pattern is formed with openings over the
area where contact holes will be created using conventional
lithography techniques. Then, using this resist pattern as an
etching mask, contact holes 32 are formed in the interlayer
insulating film 31 above the second gate electrode 16P. The dry
etching conditions for this process are set as follows, for
example:

Etching gas: Octafluorocyclobutane (c-CaFs); 50 sccm

RF power: 1.2 kW

Pressure of etching atmosphere: 2 Pa

After this, the resist pattern is removed by methods such as
ashing and cleaning.

[0047] Then, wiring materials are formed. First, a titanium (T1)
film, which serves as an adhesion layer (not shown in the
illustrative figure), and a titanium nitride (TiN) film, which
serves as a barrier metal layer 33, are deposited using sputtering.
The sputtering conditions for the titanium film are set as
follows, for example:

Sputtering gas: Argon (Ar); 100 sccm



Sputter power: 8 kW

Substrate temperature: 150 °C

Pressure of deposition atmosphere: 0.47 Pa

The adhesion layer is deposited to a thickness of 10 nm.

[0048] Next, the barrier metal layer 33 is formed by sputtering.
The sputtering conditions for this process are set as follows, for
example:

Sputtering gas: Argon (Ar); 40 scem and Nitrogen (N2); 20 sccm
Pressure of deposition atmosphere: 0.47 Pa

The barrier metal layer 33, made of titanium nitride, is deposited
to a thickness of 70 nm.

[0049] Then, a tungsten (W) film is formed using the CVD
method. The formation conditions for this tungsten film are set
as follows, for example:

Reaction gases: Argon (Ar); 2200 sccm, Nitrogen (N2); 300
sccm, Hydrogen (Hz); 500 sccm, Tungsten hexafluoride (WFs);
75 scem

Temperature of deposition atmosphere: 450 °C

Pressure of deposition atmosphere: 10.64 kPa

The tungsten film is deposited to a thickness of 400 nm to fill
the interior of the contact hole 32.

[0050] Next, the tungsten film described above is etched back.
The etching conditions are set as follows, for example:
Etching gas: Sulfur hexafluoride (SFs); 50 sccm,

RF power: 150 W,

Pressure of etching atmosphere: 1.33 Pa.

By leaving the tungsten film inside the contact hole 32, a plug
34 is formed.

[0051] Then, a wiring layer 35 is formed, consisting of a
titanium film that serves as an adhesion layer 36 and an
aluminum (Al) film that serves as a main wiring layer 37, for
example, by sputtering. The sputtering conditions are set as
follows, for example:

Sputtering gas: Argon (Ar); 100 sccm,

Sputter power: 4 kW,

Substrate temperature: 150 °C,

Pressure of deposition atmosphere: 0.47 Pa.

The adhesion layer 36 made of titanium is deposited to a
thickness of 30 nm.

[0052] Further, the main wiring layer 37 is deposited, for
example, by sputtering. The sputtering conditions are set as
follows, for example:

Sputtering gas: Argon (Ar); 50 scem,

Sputter power: 22.5 kW,

Substrate temperature: 150 °C,

Pressure of deposition atmosphere: 0.47 Pa.

The main wiring layer 37 made of aluminum is deposited to a
thickness of 0.5 pm.

[0053] Afterward, a resist pattern (not shown in the illustrative
figure) is formed using lithography techniques, and this pattern
is used as a mask for etching to form the wiring layer 35,
consisting of the main wiring layer 37 and the adhesion layer 36,
connected to the plug 35. The etching conditions are set as
follows, for example:

Etching gas: Boron trichloride (BCls); 60 sccm and chlorine
(Cl2); 90 sccm,

Microwave power: 1.0 kW,

RF power: 50 W,

Pressure of etching atmosphere: 0.016 Pa.

[0054] In the manufacturing method of the dual gate structure,
in addition to the tungsten disilicide (WSi2) in the metal
compound layer 22, materials such as titanium nitride (TiN),
titanium oxynitride (TiON), titanium disilicide (TiSi2), tungsten
nitride (WN), tungsten disilicide (WSi2), and tungsten oxynitride
(WON) can also be used. Alternatively, a single-layer metal
layer can be used instead of the metal compound layer 22. The
single-layer metal layer may include tungsten (W), molybdenum
(Mo), or cobalt (Co). In addition, it is possible to form a metal
compound layer on top of the metal layer and further create
another metal layer structure. In this structure, the materials
mentioned above can be used for both the metal compound layer
and the metal layer.

[0055] In the manufacturing method of the dual gate structure,
after forming the metal compound layer 22 over the N-type and
P-type polycrystalline silicon layers 21N and 21P, removing the
metal compound layer 22 over the connection region 21A where
the N-type and P-type polycrystalline silicon layers 21N and
21P are connected prevents mutual diffusion of impurities doped
in the N-type and P-type polycrystalline silicon layers 21N and
21P through the metal compound layer 22. Furthermore, by
crystallizing the amorphous silicon layer 24 into a large-grain
polycrystalline silicon layer 25 through excimer laser annealing,
the heating time is very short, on the order of several
picoseconds. Therefore, mutual diffusion of impurities between
the N-type and P-type polycrystalline silicon layers 21N and
21P hardly occurs. Alternatively, laser heat treatment can also
be performed for several seconds using a continuous wave (CW)
laser. As a result, especially since the silicon crystal in the P-
type polycrystalline silicon layer 21P becomes larger in grain
size, the issue of boron penetrating through the gate insulating
film is resolved, and the depletion of the P-type polycrystalline
silicon layer 21P is suppressed, thereby improving the transistor
characteristics.

[0056] In addition, the above manufacturing method can be
implemented as an extension of conventional manufacturing
technologies. Therefore, manufacturing costs can be suppressed.
Furthermore, since the manufacturing method consists of a
simple process, there is no decrease in production yield.



[0057] As shown in (1) of Fig. 4, instead of the metal compound
layer (22) described above, it is also possible to form a metal
compound layer 41 made of titanium nitride (TiN) and a metal
layer 42 made of tungsten (W) by sputtering. Here, only the
formation conditions are explained. First, the deposition
conditions for the metal compound layer 41 made of titanium
nitride are set as follows, for example:

Deposition gas:

Sputter power: 5 kW,

Sputtering atmosphere: Argon (Ar); 40 sccm, Nitrogen (N2); 20
scem,

Pressure of sputtering atmosphere: 0.47 Pa.

The metal compound layer 41 is deposited to a thickness of
approximately 20 nm.

[0058] Next, the metal layer 42 made of tungsten is deposited by
sputtering. The deposition conditions are set as follows, for
example:

Deposition gas:

Sputter power: 8 kW,

Substrate temperature: 150 °C,

Sputtering atmosphere: Argon (Ar); 100 sccm,

Pressure of sputtering atmosphere: 0.47 Pa.

The metal layer 42 is deposited to a thickness of approximately
70 nm.

[0059] After that, using conventional lithography techniques, a
resist pattern (not shown in the illustrative figure) is formed over
the gate formation region, and this resist pattern is used as an
etching mask for dry etching to pattern the metal compound
layer 41, metal layer 42, and polycrystalline silicon layer 21,
forming the gate wiring 16 consisting of the first gate electrode
16N and second gate electrode 16P. For the dry etching, a
microwave etching device may be used, with the following
etching conditions, for example:

Etching gas: Sulfur hexafluoride (SFs); 70 sccm, Argon (Ar); 70
scem,

Pressure of etching atmosphere: 0.7 Pa,

Microwave current: 250 mA,

Bias: 100 V,

Substrate temperature: 0 °C.

Etching is then performed. Afterward, the resist pattern is
removed, for example, through ashing and cleaning processes.
[0060] Next, as shown in (2) of Fig. 4, using known lithography
and etching techniques, the portions of the metal layer 41 and
metal compound layer 42 over the connection region 21A
between the N-type polycrystalline silicon layer 21N and P-type
polycrystalline silicon layer 21P, indicated by the 2-dot chain
line, are removed. The etching conditions are set as follows, for
example:

Etching gas: Sulfur hexafluoride (SFs); 70 sccm, Argon (Ar); 70
scem,

Microwave current: 250 mA,

Bias: 100 V,

Pressure of etching atmosphere: 0.7 Pa,

Substrate temperature: 0 °C.

[0061] Afterward, similar to the explanation provided in (2) of
Fig. 2, LDD and source/drain regions are formed, and further
processes for forming the interlayer insulating film and wiring
are carried out, as described in Fig. 3.

[0062] Next, an example of a second embodiment related to the
dual gate structure of this invention will be explained using the
schematic cross-sectional view of Fig. 5. In Fig. 5, components
similar to those described in Fig. 1 are denoted with the same
reference numerals.

[0063] The dual gate structure shown in Fig. 5 forms a high-
concentration impurity region 21D at the connection region 21A
between the N-type polycrystalline silicon layer 21N and the P-
type polycrystalline silicon layer 21P, with a higher impurity
concentration than that of the N-type and P-type polycrystalline
silicon layers 21N and 21P. This high-concentration impurity
region 21D contains impurities such as phosphorus (P) at a
concentration ranging from approximately 1 x 10'¥ to 1 x 10!
atoms/cm®. Conversely, the arsenic impurity concentration in the
N-type polycrystalline silicon layer 21N is also around 1 x 10'8
to 1 x 102! atoms/cm?, and the boron impurity concentration in
the P-type polycrystalline silicon layer 21P is similarly about 1

x 10" to 1 x 102! atoms/cm?.

[0064] In the dual gate structure of the second embodiment
described by the above Fig. 5, the same effects as those in the
first embodiment are achieved. Furthermore, since the high-
concentration impurity region 21D is provided in the connection
region 21 A between the N-type polycrystalline silicon layer 21N
and the P-type polycrystalline silicon layer 21P, it becomes less
likely for mutual diffusion of impurities to occur between the N-
type and P-type polycrystalline silicon layers 21N and 21P.
[0065] Next, an example of a method for manufacturing the dual
gate structure of this invention related to the second embodiment
will be explained using Fig. 6. Each figure shows a schematic
cross-sectional view and, if necessary, a planar layout diagram.
The same reference numbers are assigned to components similar
to those described in Fig. 1 to Fig. 5.

[0066] As shown in (1) of Fig. 6, similarly to the method
explained in the first embodiment of the dual gate structure, an
element isolation region 14 is formed on a semiconductor
substrate (for example, a silicon substrate) 11, separating the
formation regions 12 of the first MOS transistor and 13 of the
second MOS transistor using the LOCOS method. Furthermore,
a gate insulating film (for example, a gate oxide film) 15 is
formed on the semiconductor substrate 11, for example, using a



thermal oxidation method.

[0067] Subsequently, a base polycrystalline silicon layer 23 is
formed to a thickness of 50 nm on the treated semiconductor
substrate 11, for example, using the CVD method. Then, an
amorphous silicon layer (24) is formed on the above base
polycrystalline silicon layer 23 to a thickness of 100 nm, also
using the CVD method. The deposition conditions for the base
polycrystalline silicon layer 23 and the amorphous silicon layer
(24) are the same as those explained in (1) of the
aforementioned Fig. 2.

[0068] Next, heat treatment is performed to crystallize the
amorphous silicon layer (24). The heat treatment conditions are
set, for example, as follows:

Heat treatment temperature: 650 °C,

Heat treatment time: 10 hours. Then, crystallization processing
is carried out. As a result, the amorphous silicon layer (24)
becomes a coarse-grained polycrystalline silicon layer 25 with a
grain size of approximately 0.5 um, forming the polycrystalline
silicon layer 21 together with the base polycrystalline silicon
layer 23. In this way, it is desirable that the crystallization
through heat treatment grows the grain size of the
polycrystalline silicon to at least 0.3 pm or more.

[0069] Next, the natural oxide film is etched. The etching
conditions are set, for example, as follows:

Etching gas: Sulfur hexafluoride (SFs); 70 sccm, Argon (Ar); 70
scem,

Pressure of the etching atmosphere: 0.7 Pa,

Microwave current: 250 mA,

Bias: 100 V,

Substrate temperature: 0 °C. Then, the etching is performed.
[0070] Next, by sputtering, a metal layer 41 made of tungsten
(W) and a metal compound layer 42 made of titanium nitride
(TiN) are formed. First, the deposition conditions for the above-
mentioned metal compound layer 41 and the metal layer 42 are
similar to those explained in Fig. 4. As a result, for example, the
metal compound layer 41 is formed as a tungsten film with a
thickness of 20 nm, and the metal layer 42 is formed as a
titanium nitride film with a thickness of 70 nm.

[0071] Subsequently, using standard lithography techniques, a
resist pattern (not shown in the illustrative figure) is formed over
the gate formation region, and this resist pattern is used as an
etching mask to perform dry etching, thereby patterning the
metal layer 42, the metal compound layer 41, the coarse-grained
polycrystalline silicon layer 25, and the base polycrystalline
silicon layer 23 to form the gate wiring 16. The dry etching
conditions are similar to those explained in (1) of
aforementioned Fig. 4. After that, the resist pattern is removed,
for example, through ashing and cleaning processes.

[0072] Next, as shown in (2) of Fig. 6, a resist pattern (not
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shown in the illustrative figure) is formed over the connection
region 21 A, which will be joined as the first gate electrode
(16N) and the second gate electrode (16P), having an opening.
This resist pattern is then used as an etching mask to remove the
portions of the metal layer 41 and the metal compound layer 42
over the connection region 21A indicated by the 2-dot chain
line. The etching conditions for this step are similar to those
explained in (2) of aforementioned Fig. 4. Subsequently, the
resist pattern used for this etching is removed, for example,
through ashing and cleaning processes.

[0073] Next, as a method for doping high concentrations of
impurities into the connection region 21A, for example,
phosphorus ions (P+) are selectively ion-implanted into the
connection region 21A using an ion implantation method. The
ion implantation conditions are set as follows:

Implantation energy: a predetermined value in the range of 10
keV to 100 keV,

Dose amount: a predetermined value in the range of 7 x 10"
atoms/cm? to 1 x 10!7 atoms/cm?. Thus, the high-concentration
impurity region 21D is formed.

[0074] Then, similarly to the process explained in (2) of Fig. 2,
an LDD is formed, and a side wall insulating film (not shown in
the illustrative figure) is formed on the side walls of the gate
wiring 16.

[0075] Next, as shown in (3) of Fig. 6, ion implantation for
forming the source/drain regions and ion implantation for
conducting the gate electrode are carried out simultaneously.
First, using standard lithography techniques, a resist pattern (not
shown in the illustrative figure) is formed over the source/drain
regions to be formed in the formation region 12 of the first MOS
transistor and over the gate wiring 16, having openings. This
resist pattern is formed such that it covers the high-concentration
impurity region 21D. Then, using this resist pattern as a mask,
ion implantation is performed with N-type impurities, for
example, arsenic ions (As+). The ion implantation conditions
are set as follows:

Implantation energy: 30 keV,

Dose amount: 5 x 10'° atoms/cm?2. As a result, the source/drain
regions 17 (18) are formed, along with the N-type
polycrystalline silicon layer 21N. In this way, the N-type
polycrystalline silicon layer 21N and the metal layer 41 and
metal compound layer 42 form the N-type first gate electrode
16N. It should be noted that the source/drain region (18) is
formed towards the front side of the figures, so it is not
illustrated. After that, the resist pattern is removed, for example,
through ashing and cleaning processes.

[0076] Next, using standard lithography techniques, a resist



pattern (not shown in the illustrative figure) with an opening is
formed on the source-drain region and gate wiring 16 of the
formation area 13 for the second MOS transistor. This resist
pattern is formed in such a way that it covers the connection
region 21 A. Subsequently, using this resist pattern as a mask and
employing ion implantation, P-type impurities, such as boron
fluoride ions (BF>"), are ion-implanted. The ion implantation
conditions are set as follows:

Implantation energy: 25 keV,

Dose: 3x10'5 atoms/cm?.

This process forms the source-drain regions 19 (20) and also
forms the P-type polycrystalline silicon layer 21P. In this
manner, the P-type polycrystalline silicon layer 21P along with
the metal layer 41 and metal compound layer 42 is used to form
the P-type second gate electrode 16P. It should be noted that the
source-drain region (20) is formed at the front side of the
figures, so representation is omitted. Afterward, the resist
pattern is removed, for example, by ashing and cleaning
processes. Furthermore, there is no disadvantage in the order of
performing the ion implantation processes for N-type and P-type
impurities.

[0077] Subsequently, similar to what is explained by aforesaid
Fig. 3, processes for forming interlayer insulating films,
activation heat treatment, and wiring are carried out.

[0078] In the manufacturing method of the dual gate structure
described in Fig. 6, effects similar to those described in the
manufacturing method of the first embodiment are achieved. In
addition, since a high-concentration impurity region 21D is
formed between the N-type and P-type polycrystalline silicon
layers 21N and 21P, mutual diffusion between the N-type and P-
type polycrystalline silicon layers 21N and 21P becomes less
likely to occur.

[0079] Moreover, since it can be implemented as an extension of
conventional manufacturing technologies, the manufacturing
cost can be suppressed. Furthermore, because the manufacturing
method consists of simple processes, there is no decrease in
production yield.

[0080] It should be noted that the film-forming methods
described in each embodiment are not limited to CVD methods
and sputtering but can appropriately select and employ methods
such as CVD, sputtering, evaporation, etc. In addition, silicides
are not limited to titanium silicide (TiSiz), and may include other
silicides such as cobalt (Co), nickel (Ni), tungsten (W), platinum
(Pt), zirconium (Zr), hafnium (Hf), etc. Furthermore, various
numerical conditions are not limited to the values described
above, and conditions suitable for the process can be
appropriately selected. Moreover, the application examples of
this invention are not limited to CMOS processes but can be
applied generally to semiconductor devices having dual gates.
[0081]

[Effects of the invention]

As explained above, according to the dual gate structure of this
invention, on the connection region between the first
conductivity type polycrystalline silicon layer and the second
conductivity type polycrystalline silicon layer, the metal layer or
the metal layer and the metal compound layer
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formed on the first and second conductivity type polycrystalline
silicon layers are formed in a separated state. Therefore,
diffusion of impurities through the metal layer and the metal
compound layer between the first conductivity type
polycrystalline silicon layer and second conductivity type
polycrystalline silicon layer does not occur. In addition,
according to the dual gate structure that provides a high-
concentration impurity region in the connection region between
the first conductivity type polycrystalline silicon layer and
second conductivity type polycrystalline silicon layer, mutual
diffusion of impurities between the first conductivity type
polycrystalline silicon layer and second conductivity type
polycrystalline silicon layer becomes less likely to occur.
Consequently, transistors made using this invention's dual gate
structure can be configured as surface channel type transistors,
resulting in transistors with high current drive capability
characteristics.

[0082] According to the manufacturing method of this
invention's dual gate structure, after forming a metal layer or a
metal layer and a metal compound layer on the first and second
conductivity type polycrystalline silicon layers, the metal layer
or the metal layer and the metal compound layer over the region
where the first conductivity type polycrystalline silicon layer
and the second conductivity type polycrystalline silicon layer are
connected is removed. As a result, mutual diffusion of
impurities doped into the polycrystalline silicon layer via the
metal layer or the metal layer and the metal compound layer
does not occur. In addition, in the manufacturing method where
a high-concentration impurity region is formed in the connection
region of the first conductivity type polycrystalline silicon layer
and second conductivity type polycrystalline silicon layer, a
high-concentration impurity region is established between the
first conductivity type polycrystalline silicon layer and second
conductivity type polycrystalline silicon layer, preventing
mutual diffusion between the first conductivity type
polycrystalline silicon layer and second conductivity type
polycrystalline silicon layer. Thus, utilizing this invention's
manufacturing method enables the formation of surface channel
type transistors with high current drive capability.

[Brief description of the figures]

[Fig. 1] It is an explanatory diagram of the first embodiment
related to the dual gate structure of this invention.

[Fig. 2] It is a manufacturing process diagram related to the first
embodiment of the manufacturing method of this invention.
[Fig. 3] It is the manufacturing process diagram (continuation)
for the first embodiment.

[Fig. 4] It is another manufacturing process diagram related to
the manufacturing method of the first embodiment.

[Fig. 5] It is an explanatory diagram of the second embodiment
related to the dual gate structure of this invention.

[Fig. 6] It is a manufacturing process diagram related to the
second embodiment of the manufacturing method of this
invention.

[Fig. 7] It is a manufacturing process diagram showing a
conventional MOSLSI process example.

[Description of the reference numerals]
16N first gate electrode

16P second gate electrode

21A connection region



21D high-concentration impurity region
21N N-type polycrystalline silicon layer
21P P-type polycrystalline silicon layer
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[0011] 2. O — FEEZEHRLI-RDE
WIBIZk>T, ¥— rEHIZCF—EryShTWNbES:
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IZHREL=. TLTNEOLDD (RREHE) ZHAL
= ZD#%., ERLCRAMNNE—2 %, BIZIET YOV
THELVREFREICK>THRET S,

[0038] RLWTEEDIYIZT4—HfffIZk->
T. PEQLDD#%#EMT B LICBHAOMEET S L
SR b=y (RRER) 2T 5, TOERZOL
CSRAMRA—VERRAVIZAW A VEAZEIZELE
T. PEOFR#EME LT, FIRIEZ T viERIFRAA >
(BF,") 247 ViEAT D, COELEEDAFUEA
X, —E LT,

HHEAAFAIRILX—: 20k e V.,
F—X8:2x10%FE cm?’.

ICREL. FLTPEOLDD (HATAEMK) ZHBEL
f=o TD%., LBLOSRMREA—2%F FIZIETY VY
TELIVERFUNEBIZE >THRET 5, HH. NEOLD
DOMHEIEBLEPEDLDDOHMBIRBEIF. EBLD%E
EIZT>THELZAITEL,

[0039) RIZCVD&kIZE-T. L&Y — B
6EBSWEICEME ) A VEEHAT 5, LEEIEY
JaAVIEDRBEEEE., —fHlELT.

REHFR . TSI XL (TEOS) ;800
scemé, B% (0,) ;600sccmEDEEHN
.
BIESEKOEN : 1
EMBE : 400°C,

;25 s ccem,

13 kPa.



RF/8J—: 700W,

IZEEE L. FLTEIELYOVEZ200nmDES
1275 & SITRIEL 1=,

[0040]) zD#&., LREILVAVEZI YF/NY
2 LT, — MEEHR 1 6 DRIEEERICHY A Ko+ —)Likig
f[E26xMiKT H, LRI YFNYIEHIE, —flEL
<.

IvFNYIAR - Ao47L40L90T4Y (C,
Fg) i 50sccm,

IvFUOIEHRENDEN: 2P a.

RF/RTJ—: 1. 2kW,

IZE%E LT,

[0041) RNTY—R - FLAVEBEEZEAT ST
ODAAVEAETS, ETEED) VTS T 4« —Fif
IC&>T. E1DOMOS FS U RIDREMEE 1 212
BREhEY—R - FLA UEEEICRHRAASZET 5L
DA RNNE—2 (BRER) 2REKT 5. TORZOL
CSAMRE—VERRAVICAW AT VEANEIZES
T. NEOF#EmE LT, BIRIEERAA> (As™)
FAFTVEAT D, CDAFFAEHIE. —fHleL
<.

THBRAHIRILF—: 30keV,
KF—X8:5x10"@ " cm’.

ICERELT=. FLTY—R - FLAVEEE17, 18%
BRLfz, T0H%. LELSR =%, HIZIET
YOV BIURENEBICL >THRET 5,
[0042)] RLWTEEDY VIS T 4—HifiI“k-
T. £20OMOS FSUPREDMAMEE 1 SITHAES
nNdY—X - FLA UEEEICARNSEETHLIX b+
NE— (RTREKR) 2T 5. TOHREZDLOR b
NE—VEIRVICAW A FVEAZEIZE T, PE
OFRfEmE LT, BIRIEZT viEdRUHRAF > (BF,
) BAFTUEAT D, CDAFVEAEHEF. —HlE
LT.

ITHAAIRILX—: 25keV,
F—XE8:3x10"@ " cm’,

IZERELfze FLTY—R - FLAUHEEH19, 20%
Lz, D&, LELSAMRI—2%, HIZIET
YOV BIURENEBICL>THRET S, 4H. LiE
NEFTHIDOA AV EAIEREPREIHYMOA A VEA
TIRREF, EBLERITITH>THELIAFALL,
[0043)] RWT. BBAIDY VIS T74—HfffIckY
LR b8 —y (RREE) ZEERL. ThE<TRD
ICAWTIYFUTEFTIZEICE-T, NESHESY
JOVE21INEPEZHERSYIVE21PLOES
fEE21ALD. LREELLEWME2 2 (2 AHETE
TER) #BET D, JITlE. LREEAEE2 1AL
RFoHEE 14 EICHBLTWS, LRI VFUIE
#HiEx, —fHlELT,
IVvFUIHAR:EHF (Cl,) ; 830scem, BBFR

(0,) ; 5scecm,
TAUBRER: 25 0mA.
NAF7AX:100V,
IyFUIFEKDEN: 0. 4P a,
IZERELz. BB, SOOI VvFUHIIEE. ¥— FER
164MRT 2=HDI v FUIDRIZITH>TH KLY,
Z L CEAMEE 2 1 ANRFOHMEE1 4 LICHBELT
Wb, —Hr0LELEYME22 (2 RERTRY
&) ’é[@fbf%’r— FECAR 1 6 TR LT-RICHTH
NE2A4FVEAIRBICIEHEERITEIAL, LEBOKLS
ISLT. Ta7L5— FMEEDREF v RILEDNMO
SFSUPRA1EPMOS FSUDRA2ENES
hd,

[0044] RIZEBIZRT &SI, CVDIEITE»
T. LET7—FERIFE1 6B SKRBIZBRIED V2N S
HAHEMBEEI 1 2HET 45, LRBEEZIEI 10
RIEEMSIX. —HlE LT,
REHFR : TESTR£2252 (TEOS) ; 50s
ccm,

RESEHSDEH: 40P a.

ERBE: 720°C

ICERELF. ZTLTEMEZEES 14, HlRIE600nNn
mMOEXIZH5 LS IHEL T,

[0045]) z0Dt. éﬁWﬂ?:—»[RTA(Mm
d Thermal Annealing ) 1 £EEZ#HUT. EFHE{LRM0E
9., LREBOEE, —HlELT.
HUNEEE : 1000°C,
BUBEFES 2R (N,) .

BVLIRREFRT : 1 OFD.

IZEREL=e TLTRTAZTOT=,

[0046] HEVWTEEDIYT ST 4 —HfffIZk->
T. AVE Y bR—ILERKT HEELICHEZRTHL
CAMREI—UHHET D, TORTODLIOR MNEZ—
EIVFUIRRVICAVTIVF U E#T52LICK
ST, BlZAFE 25— FEE 16 P LOEMIEZIES 1
ICEBRAL3 2% AT S, COEEDRSATYFUY
X, —HE LT,
IVFUTHAR A AT0FRLHIYDTEY (¢c—C
s Fg) 1 50scem,

RF/XTJ—:1. 2kW
IVvFUIREKDIEN: 2Pa.

ICERELRz. ZTD%k. LELSR MRS —2% HIZIE
Ty BLUEELEBIZE>TRET S,
[0047]) ZLTERBMHEELERT S, £T. /1y
RY)TIZ&->T, BER (RREK) £H53FF2 Y
(Ti) BENYTARILEIILBBIEIFEIL (T
i N) BEERIELz, LEFE2VEORNvE YT
X, —HE LT,
ANRYBYUGHR 7Ty (Ar)

m.

: 1T00scec



RNy B INT—: 8 kW,

EiRBEE: 150°%C.

RIEFRESODEHN: 0. 47Pa,

ICERELTz. TLTEBEBZE10nmODESICHRIEL
T=o

[0048] HEWTRNRYAYUTITK>TNYTAS
IWB33%EMET D, CDRINVEYTEHEIL, —5l
&LT,

ANy BYTHR . 7)Ldy (Ar) ;40sccm
EEXR (Nz) :20s ccecm,

RIEFESODEHN: 0. 47Pa,

ISERELT=. ZFLTERFEUNDEENY T ALIE
33%70nmADESIZHREL T,

[0049) RWTCVDEIZK>T, 2VTRTY
(W) BEBET 5, D2 VTR TUBORBREY
F. —fplEL T,

RIEAR : 7ILTY (Ar) ;2200sccm, BXR
(N,) ;8300sccm. K& (H,) :500sc
cm, RIVEFUVIRTFY (WF,) ; 75scoc
m.

RIEFRESDEE : 450°C.,
RESEHSOEH: 10. 64kPa,

ITEREL. TLTLREEHKEAI 20RHEEHATK
BIZAVIRTUIEZ400 nmDESIZTHIEL =,
[0050]) LT, LEEBEAVIRTUIEET Y F /Ny
9B, COITYFINVIEHIE, —fHl&LT.
ITVFVIHAR :RTvk44D (SFy) :60sc
cm,

RF/{J—: 150W,

IvFUIREKDIEN: 1. 33Pa,

ICERE L. ZLT. BREAI 20RIIZE2VIRTY
BEETLTTSI 345 LI

[0051]) ZD#%. BIZIER/vE Y U TI2&o T,
FEEB36LLDIFAVIELEERBI 7LHBTILE
ZOL (A) B oL IBIREI S EHAT S, &
DRIy R U TEHF, —fHlE LT,
RNy BYUGHR :7)ILIY (Ar)
m.

RN BINT—: 4 kW,

E#BE: 150°C.,
RESEHSNDEHN: 0. 47Pa,
IZRELfze ZLTFEAUNLLSLEERE36%30n
MmDESIZHKIEL =,

[0052]) &ESITHIAIERNRvEYUTIZkoT, £
REEI 7E%RKET D, CORNRYEYTERE, —
flEL T,

ANy BYVUGHRA : 7ILIY (Ar) ;50scec
m.

RIRYBIINT—: 22 5kW,

E#BE: 150°C.,

; 100scc

RIESESODEHN: 0. 47 Pa,
ISERELT=. FLTTILSI LD SRS EREES 7
0. 5UMmDEIITHELT,
[0053] ZD#&. YVYTT 74 —HEMITKYL IR
FRE—2 (BIFRER) #HEL. ThEIRXVICAL
TIVFUTETICEIZELT, 75535128
530DT. EMRMEI 7/ HEEEBI 6 DLEIERES
5#MHT 5. COTYFUIERIF. —HlELT.
IYvFUIHR Z/EARVE (BC1,) :60sc
cmé&iEHR (C1,) ; 90scem,
T4/ T—: 1. 0kW,
RF/RJ—: 50W,
IvFUIBEEENEN: 0. 016Pa,
ICERE L=,
[0054) LETa7ILT— MEEDORERZEICHE L
T. LEEBILAYWE2 2(2(%, £ERE2VTRFUYY
4K (WS i,) ofic, FIZEE, BeF2y (T
) BEAFAEY (TIiON) [ FEAVILUHA K
(Tisi,) BEEVIRTY (WN) [ 225X
TUVUHAE (WS i,) BEREZVTRATY (W
ON) ZAWBZENARETH D, F-2REILEYE2
2OMDYICEEEEZEETHWSIELAETH D,
HETHWSEREIZIK. 4V J9RTY (W) . EUTD
T (Mo) . ALk (Co) ZRALS I EAHTEE
Hb, Fr-EEEELICERBILEYMEERBEL. E5IC
SEEBEMBLI-BELTHLEMAEETHD. CDHE
BB 5ERILEMELS LUVEERBICIE, LEHHAL
& ILBHMEERNSZENTARETH D,
[0055]) LETa7ILT— FMEEDRESETIE.
NE, PRZEZSYIVE21N, 21PLIZ, £F
teME22zmR L%, N, PREZ#ERIYIY
B2 1N, 21PHAEREINDEEH21ALD, £E1L
BMEB2 2ERETHIEND, ERILAME22%E
CT. N PHRZHELLYJaVE21N, 21PIZF
—E VI EINTVATHMYOBEELRITEEGE L, &5
ICZFIIL—TFT_—YFI2k>T, LEEEREY
JavE2 4#ERIELTKARSERL VI VE25
ICHET A b, MERFMITHE IREE & RRHE
ThHd, T, NE, PRZFEFZJIVE21
N, 21 PRITORHYOBELRIXEFLAEREEH
Lo HLCIECWL—YZRAVTHBEO L—YE0E
EFoTHEL, LEEMN-T, HICPRZSEZS YO
B21POY)arviE@ARABEEIND D, ¥— b+
MBEERIRISESRITDIEVSRENMERSIA, £
FPRIZHEBZS YOI VE2 1 PHENREZLEINDZEN
MEIShd0DT, FSUPREIBHEORALNIRNS,
[0056] Ff-. LREEHEE, RXROBERKMD
ERTERETES, TR0, BEaX MG TE
b, SHICHERENEMETO LR TERSINA TS
DT, EELOSBY DETHEL,



[0057) FER4D (1) IZFRT &SI, LECEHHA
LIz2RBIEEWME (22) ORDYIZ. HIZRIER/v4E
JoFI2k>T, BiEF2 Y (TiN) bRl
EMEBAVEIVITRTY (W) hiokkdEREE4 2L
THERT S ELELAEETHD, CITlE. TOMREHR
DHEHAT S, £ BEFIUNLLLEEILLEY
B410BEEHX. —HlELT.

BEHR : RNy B Y5 RT—: 5 kW,

AR B YU TEREE : 7)LdY (Ar) ; 40scec
m., X (Nz) :20sccm,

AR B ) TERAKDESN: 0. 47Pa.
ICERELTz. TLTE2ELEYME41£HZAE20nnm
DEEIZHBDESICHRIEL =,

[0058)] RWT., FVIRTFUNLLHEIZERERESL2
EFRANRNYBYUTIZE>THIET 5, FORIEEHEIL.
—fHl& LT,

RIEAHR : Ry B Y2580 —: 8 kW,
RIEEE : 150°%C,

RNy B YUTEEAS : TILITY (Ar)
cm,

AR B ) TERAKDESN: 0. 47Pa.
IZHREL. TLTEERE42%70 nmDEEIZHS
KOITHKEL =,

[0059]) ZD#&IE. BEDY VI T T4 —HifflCk
2T, F—FERBEEICLSR M2 —Y (RIFRE
B) Z2EL. TOLSRME—VEIVFUSTR
JIZAWERFSATyFUYIZ&>T, LEEEBIELEY
Ba1, €EE42, ERELVaVvE21%&/84—=
VLT, 15— BE16NEE25—+EE16
PEMDHEDST—MEEIR1 62T %, LEERSAT
YFUTICIE, FIZIE. 4V BRIy FUOIEEBEA
Wi TOITYFUTERIE. —fHlE LT,
IYFUTHAR BT 7—~"FHILEZA4F (SF
) i 70sccem, 7IIY (Ar) ;70scec
m.

IVvFUIREEKDEN: 0. 7P a,

YAV OEER: 250mA.

NATFTAX: 100V,

EREE : o°C.

IZBRELf=e FLTCIYF VI %ETo1z. TDH%k. L
LR MRE—vF, BIZIET v v T B URENE
&> THRET S,

[0060)] ZWTE4A4D (2) IZFRT&KSIZ. BEHID
DTS5 74—HffiETyFooEfiEIck>T. N
NDE/ZTV)IVE2INEPREOESHERYIVE?2
1PEDEREE21ALD., 2 HEBTRIHIOE
BE41&L, 2RBIRTRIBIOEEILEYMEL 2L
#BET D, LRI VFUTEHRE. —FlELT.
IVFUTHR HLI7—~FHILFSAFK (SF
) 1 70sccm, 7ITY (Ar) ;70scec

; 1T00sc

m.
TAUBRER: 25 0mA.
NAF7AX:100V,
IVvFUIEHEKDEN: 0. 7Pa.
EMBE : 0°C.
ICERE L=,
[o061]) ZDf#%. LEE2®D (2) ITk->TEHRAL
FOELERHMIZLTLDDEY —R - LA VEEEERRK
L. S5ICLEERIICE>TEHALI=DERERIZL TR
MRBIELRREERRT H-ODIEETS,
[0062]) RIZ. REBEDO T2 7T — MEEIZERD
PE2EBEEO—HlE. R5OMBEREERICK >
TiHBAT %, 5 TIE, LiER1 THREALE-D ERZED
ERBRICERA—DOHFEERT,
[0063) HSICRYTa7ILy— MMELE, BT
1 THALEZTA7ILY— MEEICB LT, NEZHES
DYaVE2 INEPRZHERVVIAVE21PLEDHE
EfEE2 1AIC, NB, PRZHFERIYVIVE2 1N,
21 P&YLFHEMEENE VREICTHYDOEEER
MBI 2 1DERALEZEDOTHS, COBEELRM
WEE 2 1 DI, FIZIEFHEMELTY Y (P) &, 1
Xx10%B,/ cmP~1x10"A cm’BESTHE
HTHd, —AH. NEZHERLIVIVE21NOERD
TEEIX, BZE1x10%E cm’~1x10
B em'BETHY. PRSFEZIUIVE21P
DORIFEOTMBEEE. HIZE1x10°E " cm’
~1x10"@/ cm’BETHS,
[0064) LRERSICK->THALI-FE2ERBHBED
Ta7LT—MEETIE. LRFE 1 RERETHAL:
DERBOMEFERT HELEEIC, NBEZSHERL YO Y
B2 1INEPRZFBESVIVE2 1P LOESHEE 2
1TAIC, &N, PRZHELZYIVE21N, 21P
&Y EFHYBENE VKEICR YOS BETHYE
ﬁ21D# FohTWbdIeEhd, NE, PRSES
PyavE2 1N, 21PRETELIRHYMOBEEILEILE
TH LD,
[0065]) RIZAFKBADT 2 7ILYT— MEEDHEAS
EICEhIE2EmHREND—HE. K6(Zk->THET
%, ERTIE. BRERFERTHRL, SOIZBREICH
CTERLATY FEIZKH>TRY, £, LREEE1~
R5IC&k>THBELEZOLERZKDOBERERICIER—DRF
B&d,
[OoO0OBB6)] EI6D (1) IZFRT &SI, BIETTIL
F— rMEEOHEEFEICHRDLIE 1 OREREICLST
HREAL-OEREZRIZLT, HIRIELOCOSEIZEL
T. FEFER BFREUI2EKR 11I2ET1TOM
OS FSUPRIDHHEMEH 12LE2DMOS FS Y
CRAIDMEBEE1 3L ENHT HRTHMER14%
BT 5, SoICHZIERBILAIZE > T, FEEAEIR
11 LI/ —MERE (B2 E5— FEREIE) 15% %



BT 5%,

[0067) #D#%. HlIZIECVDEXIZCL> T, LB
BEToE-FERER1 1 EICTHEREZIVIVE2
B350 nmMDEEITHKT b, WLV TCVDIEIZTKD
T. LETHEHERZ Vo B2 3 LICERELY Y
B (24) #1000 nm®DERICHED L SITHAEL T,
LETHEHERZ L VIAVE23E8LVEREL VI VE
(24) OEEEF. gkt 20 (1) THBALEZD
LRETH S,

[0068] ZD#%k. KRBV IVE (24) 4%
LT 5-ODRNEEITS, LRBNEBEHE. —Hl&
LT.

HMNEEE : 6 50°C,

ENANIRRERE : 1 ORBFRE.

ICERE LT, ZLTHRBIELLEEITo-, TORE. L
SEREIVAVE (24) (. 0. 5 umBEOHE
ZETHARMELSHRVYIVE25(2HY, LR TH
SRV aVvE23EELIZEFERVYaVE21%E
BT 5, COKSIZ, BBICkBHERLTIE. 26
mUVIVOREE. PIECEL0. 3 umlEOKE
SICHBERESEDIEMNZFELLY,

[0069) RLWTHABILENIYFUI#1T5, £
RBIvFUTEHIE. —HlELT.

IVFUTHR HLIT7—~FHILEFSA K (SF
) i 70sccem, 7I3IY (Ar) ;70scc
m.

IVvFUIREKDEN: 0. 7Pa,

YA OKRER: 250mA,

INMFRX:100V,

EREE : o°C.

IZBRELf=e FLTCLERBITYF U EToT=
[0070] RVWTRNRYAYUTIZK-T, VIR
TV (W) DohbEEE41LEEBLEFEIY (TIN)
NoRSEEILAMEL 2 ETHET S, £, LS
BILEYME4 1B LUVLEEERB 4 2 DRESEE. ©
412X > THRALEBESEHER%RTH L, TOREE.
FIZIE. €EBIELEMEBAI1Z20nmDEEDZ VIR
TUBETEREL, €EBE42Z70nmDEEDOREILT
AUETHERT 5,

[007 1] Z0#%(E. BED) VI T 71+ —HffflCk
ST, F—FEEREHLICLO A M 2—2 (RTRE
) ZHBL. TOLCAMREA—VEIYFUIRRA
JIZAWERSA Ty FoFIc&k>T, LE2EE4
2, EELEYESL 1, KAEZHERPVIVE258H
FUTHEHERYaAVE23F21X23—=2F LT~
— R 16EMHMT D, LERRSAITVvFUIEH
&, BIEERKA4®D (1) [TE-oTHRALF-IZYFUIEH
LREKTHD, TDk, LRRLDRAMNE—2F, R
E7YvooIBEUVRBLEBIZE >TRET %,

[0072) RACTRI6D (2) ITRT K312, BEHID

10

YYTST4—HiffIck->T, E15—+EE (16
N) LH2EHRVIVE21LE27—MEEB (1
6P) ELZBHEREIVIAVE21EMNEEGEINETE
12 5EEMEE 21 ALICHOZETSL R Mg —
v (RRERR) 2T H, TLTEDL IR Mg —
VEIYFUIRRVIZAWEETI Y FUOTREMICK -
T, EEESEE21ALD, 2 AEBETTEIHIOE
BEA41L2ABBTRIHNIDOERILEYME42L %
BETDH, COTYFUTEHE. GIEEK4D (2) I
FOTHBALEZIVFUIEHLERETH D, TDE.
CHOIYFUITRHW:LCA A= %, HIZIET
U BERUEREREICK > THRET S,
[007 3] RWTLREEHEE2 1 AICEREICTH
MER—ELITBAEXRELT. BIRIEAF UEAEIC
K2T. FIZIEY o442 (PT) ZLECEAEE2 1
AITEIRMICA A VEAT D, COAF VEAFHE.
—fHlE LT,
HHERAHFIRILE—:
DFFEE.
F—X8:7x10"E/ cm’~1x10"A  cm
 DEFE O FTE E.
ISERELT=. TLCERRETHMMEZ 2 1 DEBRL
f=o
[0074) D%, LER2D (2) IT&->TEHBAEL
~OLEHRIZLT, LDD#FEWEKEL. S5I25— FER
1 6 DREIBLRIZY A Ko+ —LiERIE (RREK) %%
BT %,
[0075])] ZWTEE6D (3) IZRT&KSIT. V—X
s RLA VEEERRT =001 A VEAES—E
BOEBLDLODAA VFEAZRBFIZTS, £TEF
DYITST4—HMZE>T. E1OMOS S
2O ER 1 2I1CHBEINEY—R - FLA 5B
tEEUVYF—MER1 6 LICEAOSEET AL R MY
A—2 (BRER) 2T 5. COLORRE—Y
. LEESRERMYEE 2 1 DIXESREICHRESA
5, BEOWTEFDLIPR PRI —VFERRAZICAWEAF
VENEIZE-T. NEOF#YME LT, HREERS
T2 (As’) #A4FVEAT D, SO VEAEY
F. —fHlE LT,
ITERAAIRILFE—: 30k eV,
K—X&:5x1 Owﬂﬂ/cmz,
IZERELfze FLTY—R - FLAU5EH17 (18)
T HEEHIT. NBEZHRDYIVE2 INER
Blfze CO&KSIZLT. NEZHERIYIVE2 1N
LEREBA1LEBILEYMREB 42 LITE>TNEDE
T—rEB16NAERENnE, BB, LBEBY—X-F
LA UfEE (18) IREFAMEICEEEAE=H, B
RIFER LIz, ZD#E. LRRLCRA M —2%F, iR
ET7 Voo TBEURRLEBIZLE>TRET 5,
[0076] RLWTEEDIYIZT74—HffIZk->

10keV~100keVOEH



T. HE2DMOS FS VDR ADMMAEE 1 ITHES
ndY—R - FLAUEEES LU — ME#R1 6 LIS
RMOMEEST LA M4 —r (RITEK) 2T
5, COLPRMRA—VlE, LiTESEE2 1 AKE
SHKEBIZEEEND, TORIODLDR MEI—U%ET
RICAW=AFVEANEICE->T, PEORHEME L
T, BIAFEZ T vikRYRA4> (BF, ) #1442
EAT D, COAFUEAEEE, —HELT,
ITHEAAIRILY—: 25keV,
F—X8:3x10"E " cm’,

IZERELfze FLTY—R - FLAUFEH19 (20)
T HEEHIC. PREERIVIVE21PER
BlLfze COKSICLT, PRZHERIYIVE21P
LERBEA1LERILEYMRB I 2LIZE>TPREDE2
T—rEB16PAERINDS, GH. LEV—X - F
LAt (20) FREAFHAICERINASH. B
RIFEB LIz, TD#&., LRRLOA M2 —2%F, R
FE7YovyBLURELBIZE>TRET 5, B,
TERENBERMEIDOA A VEATIREREPRIHMEYMOA 4>
FEAIRBEE, EBL6FEXICTHoTHELIZAIEEL,
[0077]) ZD%#%. RIERSICK>THALEDER
RICL CERRBRIEORR., EHCRLE, REEHA
TEH-HODIEETS,

[0078]) LERGIZK>THBALITaLTILY—F
BEOHERZTIE, LRBFE 1 EEBEORERETH
BALEZDOLRBEOMEERT HELEHIC, NB, PEZ
E&YarvE2 1N, 21PHICEREFRMYESE2
1DZEBELIzZOT., NB, PRZEZIYIVE21
N, 21 PRITOHEELBNESTH LS,
[0079] FHEXRDHEEBEMOERTERTE S
H. BEIX FHIIHTE D, S SICEERENEHMA
TOERTHEREINEZDT. £ELOSBEY DETHE
(A

[0080]) %af. LREEMMAETHREAL RESE
lX. CVD%k, ANV EYUIHIZRESND I LIER
(. BHCVD&E, RNR\wARYVy, BREEFEZERL
THRATAHILENTARETH D, . PUYA L F
AoV)HBALE (TiSi,) CRESNDZLIEFH
< PFIZIETNILE (Co) , ZuHIIL (Ni) , &Y
ATy (W), B (Pt), YlLa=DL (Z
r), NI=OL (Hf) EQOL VYA FTH-TH &
W THIT, BRAOMIESEMIE. LEEHLEICRE
I3 EEFEL. TORRISEA LESEN ETRER
Ehd, FzEoIc. AFEBAOERFIIL. cMOs FO
TRICBRESNDZ LT, TaTLT—+E2FHTS
HEEREBOLBICHLTERATE S,

[008 1]

[ZEBAOHR] LlE, RBALLEESICAKBADOTLTIL
T—MEBEICENE, F1EBROLHERSYIVEL
F2EBROSBER LI VELEOEREELETE. $

11

1EEHOLER V) IVELSLUE 2EERDLHE
BUUAVBLIZHRINATWIEREE. FLEEERE
LEREEMBLIENBEINRETHERIATLSD
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