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SPECIFICATION

1. Title of the Invention

PROCESS FOR PRODUCING SEMICONDUCTOR INTEGRATED-CIRCUIT
DEVICE AND SEMICONDUCTOR INTEGRATED CIRCUiT DEVICE

2. Background of the Invention

The present invention relates to a process for

.producing a semiconductor integrated circuit device,

and particularly relates to a technique that is
effective on applying to prdduction of a semiconductor
integrated circuif device having-an MOSFET (metal
oxide semiconductor field effect transistor) of a
polymetal structure, in which a gate electrode is
congtituted,with a laminated film of polycrystalline
silicon conﬁainihg boron (B) and a refractory metal.
Japanese Patent Laid-Open No. 132136/1984 |
(hereinafter referred to as “Kobayashi 1”) discloses_a
technique in that after forming a gate electrode of a
polymetal structure containing a W film or an Mo film
on an Si (silicon) substrate, light oxidation is
conducted iﬁ a mixed atmosphere of steam and hydrogen
to selectively oxidize only Si without oxidizing the W
(Mo) film. This utilizes the characteristics in that

the steam/hydrogen partial pressure ratio, at which
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the redox reéction is at equilibrium, is different
between W (Mo) and Si, and the selective oxidation of
Si is realized in such a manner that the partial
pressure ratio is set in the range in-that when W (Mo)
is oxidized, it is immediately reduced with
co-existing hydrogen, but Si remains as being
oxidized. The m;xed atmosphere of steam and hydrogen
is formed by a bubbling method, in which a ﬂydrogén
gas is supplied into pure water contained in a
contaiﬁer, and the steam/hydrogen partial pressure
ratio is controlled by changing the temperature of the
pure water. -~

Furthermore, other principal literatures relating
to the.selective oxidation by the group of .the
inventérs of the above literature include Japanese
Patent Laid-Open No. 89943/1985 (hereinafter referred
to as “Kobayashi 27) and Japanese Patent Laid-Open No.
150236/1986 (hereinafter referred to-as “Iwata”).

Japanese Patent Laid-Open No. 94716/1995
(hereinafter referred to as “Muraoka”) discloses a
technique in that after forming a gate électrode of a
polymetal structure containing a metal nitride layer,
such as TiN, and a metal layer, such as W, on an Si

substrate via a gate oxide film, light oxidation is

conducted in an atmosphere of a reducing ga§~,;,/-f”"”fff’
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(hydrogen) aﬁd an oxidative gas (steam) diluted with
nitrogen. According to the literature, it is to éay
that only Si can be selectively oxidized without
oxidizing the metal layer, and oxidation'of the metal

nitride layer can also be prevented because the

" denitrification reaction from the metal nitride layer

-1s prevented by diluting the steam/hydrogen mixed gas

with nitrogen. -
In Series of Theses of 45th Symposium of

Semiconductor Integrated Circuit Techniques, held on

- December 1 and 2 of 1992, pp. 128 to 133, (hereinafter

referred to as Nakamura) there is disclosed a
technique for forming an oxide film in a strong
reducing atmosphere containing steam synthesized by a

stainless catalyst.

3. Summary of the Invention

In a CMOS LSI, the circﬁit of which is .
constituted by a fine MOSFET having a gate length of
0.18 pm or less, it is considered.that a gate working
procéss.using a low-resistance conductive material
including a metal layer is employed to ensure a high
speed operation by reducing gate delay on operation
with a low voltage.

What is most likely to be the low resistance gate
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electrode ma£eria1 of this type is a polymetal

obtained by laminating a refractory metal film on a
polycrystalline silicon film. Because the polyﬁetal
has a low sheet resistanée of about Z-leer sgquare,

it can be used not only as the gate electrode material

" but also as an interconnecting material. As the”

refractory metal, W (tungsten), Mo (molybdenum) and Ti
(titaniﬁm) are used, which exhibit good low fesistance
characteristics even in a low temperature process of |
800°C or less and are of a high electromigration
resistance. When these refractory metal films are
laminated directly on the polycrystalline silicon
film, the adhesion strength between them may be
decreased, and a silicide layer having a high
resistance is formed at the interface between them on
a high temperature heat treatment process. Therefore,
the actual polymetal gate is constituted by a three-
layer structure, in which a barrier layer comprising'a
metal nitride film, such as TiN (titanium nitride) and
WN (tungsten nitride), is inserted between the
pqucrystalline silicon film and the refractory metal
film.

The summary of the conventional gate working
process is as follows, A semiconductor substrate is

subjected to thermal oxidation to form a gate oxide
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film on the eurface thereof. In general, the
formation of the thermal oxide film is conducted in a
dry oxygen atmosphere, but in the case ef forming the
gate oxide film, a wet oxidatiqn method is employed

because the defect density of the film can be

- decreased. In the wet oxidation method, a pyrogeénic

method is employed, iﬁ which hydrogen is burned in an
oxygen atﬁosphepe to form weter, and water tﬁus formed
is suﬁplied along with oxygen to the surface of a
semiconductor wafer.

However,'in the pyrogenic method, because
hydrogen discharged from a nozzle attached to a tip
end of a hydrogen gae.conduit made of quartz is
ignited_and burned, there is a possibility that
particles are formed by melting the nozzle due to
heat, to become a cause of contamination of the
semiconductor wafer. Thus, a method for forming water
by a catalyst method without burning has been proposed
(Japanese Patent Laid-Open No. 152282/1993).

After a gate electrode material is accumulated on
the gate oxide film formed by the wet oxidation
method, the gate electrode material is patterned by
dry etching using a photoresist as a mask.

Thereafter, the photqresist is removed by ashing, and

the dry etching residue and the ashing residue
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remaining on.the surface of the substrate are removed
by using an etching solution such as hydrofluoric
acid. |

When the wet etching described above.is
conducted, the gate oxide film in the region other
than the lower part of the gate electrode is rémoved,
and ét the same time, the gate oxide film at the edgé
of the side wall of the gaﬁe electrode is also
isotropicaliy etched to cause undercut. Therefore, a
problem of lowering the resisting voltage of the gate
electrode occurs as it stands. Thus, in order to
improve the profile at the-edge of the side wall of
the gate electrode having'beén subjected to undercut,

a pfocess is conducted, in which the substrate is

again subjected to thermal oxidation to form an oxide

film on the surface (hereinafter referred to as a
light oxidation process).

However, because the refractory metal, such as.W
and Mo, described above is extremely liable to be
oxidized in a high temperature oxygen atmosphere, when
the light oxidation process is applied to the gate
electrodé having the polymetal structure, the
refractory metal is oxidized to increase the
resistance, and a part thereof is peeled from the

substrate. Therefore, in the gate working process
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using the poiymetal, means for preventing oxidation of
the refractory metal on conducting the light oxidation
process is necessary. |

In the process of forming the gaﬁe electrode

having the polymetal structure, the light oxidation in

- a steam/hydrogen mixed gas having the prescribeéd"

part;al pressure'ratio is effective means for
improving resisting vOltage-of the gate oxide film and
preventing oxidation of the metal film.

However, in the conventional bubbling method
having been proposed as a method for forming the
steam/hydrogén mixed gas, becaﬁsé the steam/hydrogen
mixed gas is formed by supplying a hydrogen gas to
pure water set aside in a container, there is a
possibility thét foreign matters contained in the pure.
water are transferred to an oxidation .furnace along- |
with the steam/hydrogen mixed gas to contaminate a
semiconductor wafer. '

Furthermore, in the bubbling method, because the
steam/hydrogen partial pressure ratio is controlled by
changing the temperature of thé pure water, there are
problems in that (1) the partial pressure is liable to
fluctuate, and it is difficult to realize the optimum
partial pressure ratio with high precision, and (2)

the controllable range of the steam concentration is

[
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as narrow as from several percents to several tens
percents, and it is difficult to realize a steam
concentration 'in a ppm order.

The redox reaction of Si and a métal using a
steam/hydrogen mixed gas is liable to proceed when the
steam concentration is higher, as described later.

Therefore, when Si is oxidized under a relatively high

- steam concentraﬁion; such as the steam/hydrogen mixed

gas formed by the bubbling method, an oxide film is
grown in an extremely short period of time due to the
high oxidation rate. However, in the fine MOSFET of a
gate length of 0.18 um or less, it is required that
the gate oxide film is formed in an extremely thin
thickness of 3.5 nm or less to maintain the electric
characteristics of the device. Therefore, it is
difficult to uniformly form such an extremely'thig
gate oxidized film with good controllability by using
the steam/hydrogen mixed gas formed by the bubbling
method. Additionally, when the oxidation is conducted
at a low temperature to decrease the growing rate of
the oxide film, an oxide film having good quality |
cannot be obtained.

Furthermore, in the CMOS LSI, the circuit of

which is constituted by the fine MOSFET having a gate

length of 0.18 um or less, it is considered that the
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employment of the so-called dual gate structure is
advantageous, in which in order to suppress as
possible the fluctuation of the threshold voltage (V)
due to operation at a low voltage, thé conductivity
type of the polycrystalline silicon film constituting
the gate electrode of the n-channel MISFET is set at
n-type, and the conduct1v1ty type of the

polycrystalline- s111con fllm constituting the gate

electrode of the p-channel MISFET is set at p-type.

Thereforé, in the case where the gate electrode is
constituted by the polymetal described above, the gate
electrode of the n-channel MISFET has a structure in
that a refractory metal film is laminated on an n-type
polycrystalline-siiicon f£ilm doped with an n-type
impurity, such as phosphorous (P), and the gate
electrode of the p-~channel MISFET has.austructuretin
that a refrédtory metal film is laminated on an p-type
polycrystalline silicon film doped with a p-type
impurity, such as boron (B). |
ﬁowever, because ﬁhe diffusion coefficient of B
(boron) as the p-type impurity is large, when the
light oxidation process described above is applied to
the CMOS having the dual gate structure, there arises

a problem in that B (boron) contained in the p-type

polycrystalline silicon £ilm constituting a part of
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the gate electrode of the p-channel MISFET diffuses

into the substrate side through the extremely thin

gate oxide film having a film thickness of 3.5 nm or .

less, to change the threshold voltage.(Vﬁ) of the
p-channel MISFET.

Therefore, in the CMOS LSI employing the
polymetal gate structure and the'dual gaté structure,
it is an 1mportant demand to develop a technique in
that both the oxidation of the refractory metal and

the diffusion of B (boron) into the substrate are

- suppressed on conduéting'the light oxidation process

after the gate working.

An object of the invention is to provide a light
oxidation process technique in that in the CMOS LSI
employing the polymetal gate s;ructure and the dual
gate structure, both the oxidatioh of .the refractory
metal film constituting a part of the gate electrode
and diffusion of boron contained in the p-type
polycrystalline silicon film constituting another part
of the gate electrode can be suppressed.

Another object of %he inﬁention is to provide a
selective oxidation method applied to a semiconductor
integrated circuit device having two parts, a silicon
part of a single crystal silicon or polysilicon and a

part mainly comprising a refractory metal (fire

e
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resistant me£a1).

Further object of the invention is to provide a
light oxidation process technigue in that in a
semiconductor integrated circuit device having a gate'
containing a polysilicon layer doped with boron, both
the oxidation of the refractory metal film and “the
diffusion of boron from the p-type polycrystalliné
silicon film conmstituting another part of tﬂe gate
electrode through tﬁe gate oxide film can be
suppressed. |

Still further object of the invention is to
provide a selective oxidation process technique in
that in a semiconductor integrated circuit device
having a gate containing a polysilicon layer doped
with boron, both the oxidation of the refractory metal
film and the diffusion of boron from the p-type .
polycrystalline silicon film constituting another part
of the gate electrode through the gate oxide film can
be suppressed. |

The above-described and other objects and novel
characteristics of the invéntion will be apparent from
the description of the present specification and
attached drawings.

Among embodiments of the invention,

representative ones will be described below.
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The precess for producing a semiconductor
integrated circuit device according to the invention
comprises ahstep,'in which a conductive film '
comprising a gate oxide film formed oh a major surface
of a semiconductor substrate laminated with a
polycrystalline silicon film containing boron and a.
refrectory,metal.film directly or through a barrier
layer is formed, and a gate electrode of an MOSFET is
formed by patterning the conductive film; and a heat

treatment step, in which a mixed gas containing a

.hydrogen gas and steam synthesized from an oxygen gas

and the hydrogen gas with a catalyst is supplied to
the major surface or a vicinity thereof of the

semiconductor substrate heated to a prescribed

temperature, and a profile of the gate insulating fllm,

under an edge part of the gate electrode etched on

- patterning in the preceding step is improved by

selectively oxidiziné the major surface of the
semiconductor substrate, in which the heat treatment
is conducted under a low thermal load condition in
that the refrectory metal film is substantially not
oxidized, and boron contained in the polycrystalline
silicon film constituting a part of the gate electrode
is not diffused to the semiconductor substrate through

the gate oxide film.
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The substance of the invention other than
described above will be described in the itemized
form. |

1. A procesé for producing a semiconductor
integrated circuit device comprising the steps of:

(a) forming a polycrystalline silicon film doped
with‘boron over a gate insulating film containing a
silicon oxide film formed over a silicon surface of a
méjor sﬁrface of a semiconductor wafer (in the
invention, an embodiment, in which after adhering a
non-doped polycrystalline silicon film, boron is doped
by ion implantation, is included. That is, the order
of the doping of boron is not limited. An embodiment,

in which adhering of the polycrystalline silicon film

and doping of boron are simultaneously conducted, is

also included, and hereinafter the same);

(b) forming a refractory metal film mainly
comprising tungsten over the polycrystalline silicon
film directly or via a barrier layer; |

(c) forming a gate electrode by patterning the
polycrystalline silicon film and the refractory metal
film; and |

(d) after the step (c), subjecting the silicon
surface and the polycrystalline silicon film

positioned in a part corresponding to an edge part. o \oced

m\i{&\i{\\g\\i{\\i\\\\\\
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the gate electrode to a thermal oxidation treatment in
a mixed gas atmosphere containing a hydrogen gas and
steam. |

2. A process for producing a semiconductor
integrated circuit device as in the item 1, wherein
the barrier layer contains a tungsten nitride £ilm.

3. A process for producing a semiconductor
integrated circuit device aé in the item 2, wherein
the thermal‘oxidation treatment in the step (d) is
conducted in a_condition in that the refréctory metal
film and the barrier layer are substantially not
oxidized.

4. A process for producing a semiconductor
integrated circuit device as in the item 1, wherein
the gate insulating film contains a silicon oxinitride.
£ilm. |

5. A process for producing a semiconductor

~integrated circuit device comprising the steps of:

(a) forming a polycrystalline silicon film doped
with boron over a gate insulating film containing a
silicon oxide film formed over a silicon surface of a
major surface of a semiconductor wafer;

(b) forming a refractory metal f£ilm over the
polycrystalline silicon film directly or via a barrier

layer;

- This Sheet Has Been Replaced -
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(c) forming a gate electrode by patterning the

polycrystalline silicon f£ilm and the refractory metal

film; and

(d) after the step (c), subjecting the silicon

surface and the polycrystalline silicon film

' positioned in a part corresponding to an edge part of

the gate electrode to a thermal oxidation treatment in

a mixed gas atmosphere containing a hydrogen gas and

steam.

6. A process for producing a semiconductor

integrated circuit device as in the item 5, wherein

the barrier layer is inserted between the

polycrystalline silicon film and the refractory metal

film.

7. A proéess for producing a semiconductor

integrated circuit device as in the item 6, wherein

the thermal oxidation treatment in the step (d) is

conducted in a condition in that the refractory metal

film and the barrier layer are substantially not

oxidized.

8. A process for producing a semiconductor

integrated circuit device comprising the steps of:

(a) forming a first conductive film mainly

comprising a polycrystalline silicon film doped with

boron over a silicon surface of a major surface of a

- 15 =
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semiconductor wafer;

(b) forming a refractory metal film over the
first conductive film directly or #ia a barrier layer;

(c) forming a gate electrode by ﬁatterning the
first conductive film and the refractory metal film;.
and o7

.(d) after the step (c), subjecting the silicon
surface and thejpoljcrystaliine silicon film

positioned in a part corresponding to an edge part of

the gate electrode to a thermal oxidation treatment in-

"a mixed gas atmosphere containing a hydrogen gas and

steam synthesized from an oxygen gas and a hydrogen
gas. .

9. A process for producing a semiconductor
integrated circuit device as in the item 8, wherein
the thermal oxidation treatment in the step (d) is
conducted in a cdondition in that the refractory metal
film is substantially not oxidized.

10. A process fof producing a semiconductor
integrated circuit device having a dual gate CMOS
comprising the steps of:

(a) forming a polycrystalline silicon film doped
with boron over a gate insulating film containing a
silicon oxide film formed over a silicon surface of a

major surface of a semiconductor wafer;

ev\'dced .
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(b) forming a refractory metal film mainly
comprising tungsten over the polycrystalliné silicon
film via a barrier layer containing tungsten nitride;

(c) forming a gate electrode by ﬁatterning the
polycrystalline silicon film, the barrier layer and
the refractory metal film; and o

(d) after the step (c), subjecting the silicon
surface and the polycrystalline silicon film
positioned in a part corresponding to an edge part of
the gate electrode to a thermal oxidation treatment in ’
a mixed gas atmosphere containing a hydrogen gas and
steam.

. 11. A process for producing a semiconductor
integrated circuit device having a dual gate CMOS
comprising the steps of:

(a) forming a polycrystalline silicon film doped
with boron over a gate insulating f£ilm containing a
silicon oxide film formed over a silicon sufface of a
major surface of a semiconductor wafer;

(b) forming a refractory metal film mainly
comprising tungsten over the polycrystalline silicon
film via a barrier layer coﬁtaining tungsten nitride;

(c) forming a gate electrode by patterning the
polycrystalline silicon film, the barrier layer and
the refractory metal film; and
-
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(d) after the step (c), subjecting the silicon
surface and the polycrystalline 'silicon film to a
thermal oxidation treatment in a mixed gas-afmosphere
having an oxidative property and a re&ucing property
to silicon and polycrystalline siliéoh so as
substantially not to oxidize the refractory metal
film. _

12. a procesé_for producing a semiconductor
integrated circuit device having a dual gate CMOS
comprising the steps of: |

(a) forming a polycrystalline silicon film doped
with boron over a gate insulating film containing a

silicon oxide film formed over a silicon surface of a

major surface of a semiconductor wafer;

(b) forming a refractory metal film mainly
comprising tungsten over the polycrystalline silicon
film directly or via a barrier layer;

(¢) forming a gate electrode by patterning'the. :
polycrystalline silicon f£ilm and the refiactory metal
film; and

(d) after the step (c), subjecting the silicon -
surface and the polycrystalline silicon film ﬁo a
thermal oxidation treatment in a mixed gas atmosphere
having an oxidative property and a reducing property

to silicon and polycrystalline silicon so as
I ——
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substantially not to oxidize the refractory metal

film.

13. A process for producing a semiconductor

integrated circuit device having a dual gate CMOS

comprising the steps of:

(a) forming a polycrystalline silicon film doped

with boron over a gate insulating film containing a

silicon oxide film formed over a silicon surface of a

. major surface of a semiconductor wafer;

(b) forming a refractory metal film mainly

comprising tungsten over the polycrystalline silicon

film via a barrier layer containing tungsten nitride;

(c) forming a gate electrode by patterning the

polycrystalline silicon film, the barrier layer and

the refractory metal film; and

(d) after the step (c), subjecting the silicon

surface and the polycrystalline silicon film

positioned in a part corresponding to an edge part of

the gate electrode to a thermal oxidation treatment in

a mixed gas atmosphere containing a hydrogen gas and

steam so as substantially not to oxidize the

refractory metal film, whereby compensating the

silicon film under the edge part of the gate electrode

that has been etched on patterning in the step (c).

14. A process for producing a semiconductor

—_—
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" major surface of a semiconductor wafer;

integrated circuit device having a dual gate CMOS
comprising the steps of:

(a) forming a polycrystalllne silicon fllm doped
with boron over a gate insulating fllm containing a
silicon oxide film formed over a silicon surface of a

(b) forming a refractory metal film mainly

comprising tungsten over the polycrystalline silicon

film via a barrier layer containing tungsten hitride;

(c) forming a gate electrode by patterning the
polycrystalline silicon f£film, the barrier layer and
the refractory metal film; and

' (d) after the step (c¢), subjecting the silicon

surface and-the polycrystalline silicon film
positioned in a part corresponding to an edge part of
the gate electrode to a thermal oxidation treatment iﬁ
a mixed gas atmosphere containing a hydrogen gas and
steam synthesized from an oxygen gas and a hydrogen
gas so as substantially not to oxidize the refractory
metal film, whereby compensating the silicon film
under the edge part of the gate electrode that has
been etched on patterning in the step (c).

15. A process for producing a semiconductor
integrated circuit device comprising the steps of:

(a) forming a polycrystalline silicon film doped

ced
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- film directly or via a barrier layer;

with boron over a gate insulating film containing a
silicon oxide film formed over a silicon surface of a
major surface of a semiconductor wafer;.

(b) forming a refractory metal film‘mainly
cdmprising tungsten over the polycrystalline silicon

(<) forming_a gate electrode by patterning the
polycrystallineisi;icoh film and the refractory metal
film; and

(d) after the step (c), subjecting the silicon
surface and the polycrystalline silicon film
positioned in a part corresponding to an edge part of
thg gate electrode to a thermal oxidation treatment in
a mixed gas atﬁosphere containing a hydrégen'gas and
steam synthesized from an oxygen gas and a hydrogen
gas.

16. A semiconductor integrated circuit having a
dual gate CMOS comprising a gate insulating film
containing a silicon oxide f£ilm formed over a silicon
surface of a first major surface of a semiconductor
integrated circuit wafer, having thereover a |
polycrystalline silicon film doped with boron and a
refractory metal film laminated over the
polycyrstalline silicpn film directly or via a barrier

layer, wherein the gate insulating film is formed
ced
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beyond an edge part of the polycrystalline silicon
film constituting a part of the gate electrode.

17. A semiconductor integrated cireuit having a
dual gate CMOS comprising a gate insuiating £ilm -
containing a thermal oxide film over a silicon surface
of a first major surface of a semiconductor infé@rated-
circuit wafer, heving_thereover a polycrystalline |
silicon film doped_With bofon and a refractory metal
film laminated over the polycrystallihe silicon film
directly or via a barrier layer, wherein in the gate
insulating film, the thickness of the thermal oxide
film formed under an edge part of the gate electrode
is larger than the thickness of the thermal oxide fllm
formed under a central part of the gate electrode.

18. A semiconducter integrated circuit having a
dual gate CMOS comprising a gate insulating film

containing a silicon oxide film formed over a silicon

.surface of a first major surface of a semiconductor

integrated circuit wafei, having thereover a
polycrystalline silicon film doped with boron and a
refractory metal film laminated over the
polycrystalline silicon film directly or via a barriei'
layer, wherein the silicon oxide film formed under an
edge part of the gate electrode has such a round shape

that prevents concentration of an electric field.

This Sheet Has Been Replaced
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19. A semiconductor integrated circuit having a
dual gate CMOS comprising a gate insulating £ilm
containing a silicon oxide film formed over a silicon
surface of a first major surface of a semiconductor

integrated circuit wafer, having thereover a

~ polycrystalline silicon f£ilm doped with boron and a

refractory metal film laminated over the
polycrysfallineﬂsilicon film directly or via a barrier
layer, wherein an edge part and a lower surfacé of the
polycrystalline silicon f£ilm constituting a part of
the gate electrode are covered with the thermal oxide
film. -

20. A semiconductor integrated circuit device as
in the item 19, wherein the gate insulating film
contains a silicon oxinitride film.

21. A process for producing a semiconductor
integrated circuit device comprising the steps of:
after forming, over a gate oxide film formed over a
major surface of a semiconductor substrate, a
conductive film comprising a polycrystalline silicon
film doped with boron laminated with a high melting
point film directly or via a barrier layer, forming a
géte electrode of an MOSFET by patterning the
conductive film; and conducting a heat treatment
process by supplying a mixed gas containing a hydrogen

© Thi
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gas and steam synthesized from an oxygen gas and a

hydrogen gas with a catalyst to the major surface of

the semiconductor substrate or a vicinity thereof, to

selectively oxidize the major surface of the

semiconductor substrate, whereby improving a profile

of the gate oxide film under an edge pért of the gate

electrode that has been etched on the patterning,

wherein said heat treatment is conducted under a

condition in that the refractory metal film is

substantially not oxidized, and boron contained in the

polycrystalline silicon film constituting a part of

the gate electrode is not diffused to the

‘semiconductor substrate through the gate oxide film.

22. A process for producing a semiconductor

integrated circuit device as in the item 21, wherein

the refractory metal film comprises tungsten, and the

barrier layer comprises tungsten nitride.

23. A process for producing a semiconductor

integrated circuit device as in the item 21, wherein

the gate oxide film under a central part of the gate

electrode has a thickness of 3.5 nm or less.

24. A process for producing a semiconductor

integrated circuit device as in the item 21, wherein

the gate electrode has a gate length of 0.18 um or

less.
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-about 850°C.

25. A process for producing a semiconductor
integrated circuit device as in the item 22, wherein
the heat treatment is conducted at a temperature of

from 650 to 900°C.

26. A process for producing a semiconductor

"~ integrated circuit device as in the item 22, wherein

the heat treatment is conducted at a tempera;ure of
from 750 to 900°C.

27. A process for producing a semiconductor
integrated circuit device as in the item 22, wherein
the heat treatment is conducted at a temperature of .
28. A process for producing a semiconductor

integrated circuit device as in the item 26, wherein

the mixed gas has a moisture concentration of from 1

to 50%.

29. A process for producing a semiconductor
integrated circuit device as in the item 27, -wherein
the mixed gas has a moisture concentration of about
50%.

'30. A process for producing a semiconductor
intégrated circuit device as in the item 22, wherein
the mixed gas has a reduced pressure of 700 Torr or

less.

3l. A process for producing a semiconductor

// .
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integrated circuit device as in the item 22, wheréin
the mixed gas has a normal pressure of from 700 to 800
Torr.

32. A process for producing a seﬁiconduétor
integrated circuit device as in the item 22, wherein
the mixed gas has a positive pressure of 800 TSr¥ or
more. .

33. A process ﬁor prodﬁcing a semiconductor
integrated éircuit device comprising the steps of:

(a) after forming a gate oxide film over a major

surface of a semiconductor substrate, forming a

polycrystalline silicon film over the gate oxide film;

(b) forming a p-type polycrystalline silicon film
by doping the polycrystalline silicon film'in a first
region of the semiconductor substrate with a p-type
impurity éontaining boron, and forming an n-type
polycrystalline silicon film by doping the
pelycrystalline silicon film in a second region of the
semiconductor substrate with an n-type impurity;

(c) forming a refractory metal film over each of
the p-type polycrystalline silicon f£ilm and the n-type
polycrystalline silicon film directly or via a.barrier
layer; |

(d) by patterning the p-type polycrystalline

silicon film, the n-type polycrystalline silicon film
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and the refractory metal film formed thereon, forming
a first gate electrode of a p-channel MOSFET
constituted by the p-type poiycrystalline silicon film
and the refractory metal film in the first region of
the semiconductor substrate, and forming a second gate
electrode of an n-channel MOSFET constituted bj'éhe
n-type polycrystalline silicon film and the refractory
metal film in the second region of the semiconductor
substrate; and |

(e) conducting a heat treatment process by
supplying a mixed gas containing a hydrogen gas and
steam synthesized from an oxygen gas and a hydrogen

gas with a catalyst to the major surface of the

semiconductor substrate or a vicinity thereof, to

selectively -oxidize the major surfacé of the
semiconductor substrate in a condition in that the
refractory metal film constituting a part of each of
the first gate electrode and the second gate electrode
is substantially not oxidized, and boron contained in
the p-type polycrystalline silicon film constituting
another part of the first gate electrode is not
diffused into the semiconductor substrate through the
gate oxide film, whereby improVing a profile of the
gate oxide film under edge parts of each of the first

gate electrode and the second gate electrode that
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been etched on the patterning.

34. A process for producing a semiconductor
integrated circuit device as in the i;em 33, wherein
the refractory metal film comprises tungsten, and the
barrier layer comprises tungsten nitride.

35. A process for prdducing a semiconductor”
integrated circuit device as in the item 33, wherein
the gate oxide film under central pafts of each of the
first gate electrode and the second gate electrode has
a thickness of 3.5 nm or less.

36. A process for producing a semiconductor
integrated circuit device_as in the item 33, wherein
each of the first gate electrode and the second gate
electrode has a gate length of 0.18 um-or less.

' Furthermore, the substahce of another invention
will be described in the itemized form.

21. A process for producing an inﬁegrated circﬁit
device comprising the steps of:

(a) forming a first region mainly comprising
silicon doped with boron over a first insulating film
over a first major surface of a semiconductor wafer;
and |

(b) conducting a thermal 6xidation treatment to
the first region in a mixed gas atmosphere containing

a hydrogen gas and steam in a condition in that a
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refractory metal region on the first major surface is
substantially not oxidized.

22. A process for producing an integrated circuit

‘device as in the item 21, wherein the refractory metal

region is formed over the first region.

23. A process for produéing an integrated circuit
device as in the item 22, wherein the mixed gas
atmosphere contains a nitrogen gas.

24. A process for producing an integrated circuit
device as in the item 23, wherein the doping of boron
is conducted by implantation of an ion into the first
region. - |

25. A process for producing a semiconductor
integratéd circuit device having a dual gate CMOS
comprising the steps of: |

(a) forming a polycrystalline silicon film over a
gate insulating film containing a silicon oxide film
formed over a silicon surface of a major surface of a
semiconductor wafer;

| (b)'forming a refractory metal film over the
polycrystalline silicon film via a barrier layer;

(c) forming a gate electrode by patterning the
polycrystalline silicon film, the barrier layer and

the refractory metal film; and

(d) after the step (c), subjecting the
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" substantially not oxidized.

polycrystalline silicon film to a thermal oxidation
treatment in a mixed gas étmosphere containing a
hydrogen gas, and steam and having a mqisture
concentration in a range of from 5% to such a maximum
concentration that the refractory metal filmlis

26. A proéess for producing a semiconductor
integrated circuit §evice having a dual gate CMOS as
in the item 25, wherein the moisture concentration of
the mixed gas atmosphere is from 8 to 25% (from 8.7%
to 33% in the partial pressure representation).

4. Brief Description of the brawings

Fig. 1 is a partial cross sectional view of a
semiconductor substrate showing é process for
producihg a CMOS LSI as an embodiment of the
invention.

Fig. 2 is a partial cross-sectional view of a
semiconductor substrate showing a process for |
producing a CMOS LSI as an embodiment of the
invention.

Fig. 3 is a partial cross sectional view of a
semiconductor substrate showing a process for
producing a CMOS LSI as an embodiment of the

invention.
N
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Fig. 4 is a partial cross sectional view
semiconductor substrate showing a process for
producing a CMOS LSI as an embodiment'of the
invention.

Fig. 5 is a partial cross sectional view

' semiconductor substrate showing a process for

producing a CMOS LSI as an embodiment of the
invention. .

Fig. 6 is a partial cross sectional view
semiconductor substrate showipg a process for
producing a CMOS LSI as an embodiment of the
invention. -

Fig. 7 is a partial cross secfional view
semiconductor substrate showing a process for

producing a CMOS LSI as an embodiment of the

invention.

of a

of a

of a

of a

Fig. 8 is a partial enlarged cross sectional view

of a semiconductor substrate showing a process for

producing a CMOS LSI as an embodiment of the
invention.

Fig. 9A is a schematic plan view showing

a single

wafer processing oxidation furnace used for the light

oxidation process, and Fig. 9B is a cross sectional

view taken on line B-B’ in Fig. 9A.

Fig. 10A is a schematic plan view showing a

S
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single wafer processing oxidation furnace used for the
light oxidation process, and Fig. 10B is a cross
sectional view taken on line B-B’ in Eig. 10A.

Fig. 11 is a schematic diagram showing a device

for generating a steam/hydrogen mixed gas of a

~ catalyst type used in one embodiment of the inverntion.

Fig. 12 is a diagram showing a conduit system of
the device for éene:ating a steam/hydrogen mixed gas
shown in Fig. 11.

Fig. 13 is a graph showing the dependency of the

. equilibrium vapor pressure ratio of the redox reaction

using the steam/hydrogen mixed gas on the temperature.

Fig. 14 is a graph showing the relationship
between the oxidation processing time using the
steam/hydrogen mixed gas and the fllm thickness of the.
silicon oxide.

Fig. 15 is a graph showing the relationship
between the oxidation temperature and the oxidation.
time.

Fig. 16 is a graph showing the relationship
between the oxidation temperature and the oxidation
time.

Fig. 17 is a graph showing the relationship
between the temperature.on subjecting the gate

electrode to the heat treatment and V.
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Fig. 18 is a diagram showing the sequence of the

light oxidation process using the single wafer

processing oxidation furnace.

Figs 19A and 19B are partial enlarged cross

sectional views showing the state of the gate oxide

film after the light oxidation process.

- -

Fig. 20 is a partial cross sectional view of a

semiconductor sﬁbstiate showing a process for

producing a CMOS LSI as an embodiment of the

invention.

Fig. 21 is a partial cross sectional view of a

semiconductor substrate showing a process for

producing a CMOS LSI as an embodiment of the

invention.

Fig. 22 is a partial cross sectional view of a

semiconductor substrate showing a process for

producing a CMOS LSI as an embodiment of the

invention.

Fig. 23 is a partial cross sectional view of a

semiconductor substrate showing a process for

invention.

- producing a CMOS LSI as an embodiment of the

Fig. 24 is a schematic cross sectional view

showing a batch processing vertical oxidation furnace

used for the light oxidation process.

33 -
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Fig. 25 is a diagram showing the sequence of the
light oxidation process using the batch processing

vertical oxidation furnace.

5. Detailed Description of the Invention
Embodiments of the invention will be described in -

detail with reference to the drawings below. In all

‘the figures deséribing the embodiment, the same symbol

is attached to the members.having the same function,

and repeated e#planation is omitted. In the following

embodiments, explanation of the same or similar part

is not repeated unless it is particularly necessary.
Furthermore, while when it is necessary on

convenience, the following embodiments are described

as divided into plural sections or embodiments, unless.

otherwise clearly indicated, they are not unrelated to

~each other, but one is in a relationship of a

modification example, a detail or an additional
description of a part or the whole of the other. 1In
the following-embodiment, in the case where a number
6f an element (including numbers, values, amounts and
ranges) is referred, it is not limited to the
particular value, but it may be more than or less than
the particular value, except the case where it is

clearly indicated or it is theoretically clear that it
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is limited the particular value. Furthermore, in the
following embodiments, it is not needed to say that a

constitutional element (including an elemental step)

is not always necessary except the case where it is

clearly indicated or it is theoretically clear that it
is necessary. o7

| Similarly, in the following embodiments, in the
case where a shiape or a positional relationship of a
constitutional element is referred, it substantially
includes those close or resemble to it except the case
where it is clearly indicated or it is theoretically
clear that it is not included.

The semiconductor integrated circuit device
referred in the invention includes not only those
produced on a silicon wafer but also those produced on.
the other substrates, such as a TFT liquid crystal,
except the case where it is clearly indicated that
those are not included.

Furthermore, it is also not needed to say that
the semiconductor wafer referred in the invention
includes not only a single crjstal semiconductor, éuch
as a silicon single crystal wafer, or those obtained
by forming conductive or semiconductor films directly
on or via an insulating film to be a multi-layer

structure, but also those obtained by forming a

TthMmﬂhmB«mR
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semiconductor part, a conductive film part and an
insulating fiim part on a wafér'of an insulating
material. | |

In this embodiméﬁt, the invention is applied to
the process for producing a CMOS LSI, the integrated
circuit of which is constituted by an n-channel MISFET
and a p-channel MISFET. On producing the CMOS LSI, as
shown in Fig. 1, a semiconductor substrate 1
cémprising-single crystal silicon having a specific
resistance of about 10 Qcm is subjected to a heat
treatment at about 850°C to form a thin silicon oxide
film 2 (pad oxide film) having a film thickness of
about 10 nm on the major surface thereof, and a
silicon nitride film 3 having a film thickness of
about 120 nm is accﬁmulated on the silicon oxide film .

2 by a CVD (chemical vapor deposition) method,

followed by removing the silicon nitride film 3 and

the silicon oxide film 2 in an element isolation
region by etching using a.photoresist film as a mask.
The silicon oxide film 2 is formed to relax the stress
applied to the substrate on densifying a silicon oxide
film embedded inside the element isoiation groove in
the later step. Since the silicon nitride f£ilm 3 has
characteristics that it is difficult to be oxidized,

it is utilized as a mask for preventmmf//i{;;;d
S L
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the.subétrate surface thereunder (active region).

Thereafter, as shown in Fig. 2, a groove 4a
having a depth of about 350-nm_is formed on the
éemiconductor substrate 1 in the element isolation
region by dry etching using the silicon nitride film 3
as a mask, and in order to a damaged layet formed on .
an inner wall of the groove 4a on the etching, the
seﬁiconductof}subétrate 1 is subjectéd to a heat
treatment at about 1,000°C to form a thin silicon
oxide film 5 having a film thickness of about 10 nm én
the inner wall of the groove 4a.

Thereafter, as shown in Fig. 3, a silicon oxide
film 6 having a film thickness of about 380 nm is
accumulated on the semiconductor substrate 1, and in
order to improve the film quality of the silicon oxide
film 6, the semiconductor substrate 1 -is subjected to
a heat treatment to densify the silicon oxide film 6.
Then, the silicon oxide film 6 is polished by a
chemical mechanical polishing (CMP) method by using
the silicon nitride film 3 as a stopper to leave it
inside the groove 4a, so as to form an element
isolation having a flattened surface 4. When the
mechanical flattening of a major surface (surface on
which an element is formed) of a wafer (substrate) is
referred in the invention, it is not limited io the .

S
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CMP using suspended abrasive grains but includes the

similar flattening using fixed abrasive grains and an
intermediate forﬁ.

Then, after the silicon nitride £ilm 3 remaiﬁing
in the active region of the semiconductor substrate 1
is removed by wet etching using hot phosphoric-haid, a f
p-type well 7 is- formed by ion implantation of B
(boron) into tﬁé reéion of the semiconductor substrate
1, at which an n-channel MISFET is formed; and an
n-type well 8 is formed by ion implantation of P
(phosphorous) into tﬁe région, at which a p-channel
MIS?ET.is formed, as shown in fié. 4.

Thereafter, ion implantation of B (boron) for
adjusting the threshold voltage (V) of the n-channel
MISFET is conducted into the p-type well 7, and ion
implantation of P (phosphorous) for adjusting the

threshold voltage (V,) of the p-channel MISFET is

- conducted into the n-type well 8.

Then, as shown in Fig. 5, the silicon oxide film
2 on each of the p-type well 7 and the n-type well 8
is removed by using an BF (hydrofluoric acid) series
cleaning solution, and the semiconductor substrate 1
is subjected to wet oxidation to form a clean gate
oxide film 9 having a f£ilm thickness about 3.5 nm on

the surface of each of the p-type well 7 and the

R

1]



10

15

20

25

substrate 1 may be conducted by subjecting the

n-type well 8.

While it is not particﬁlarly limited, after
forming the gate oxide film 9, an oxinitrification
treatment to segregate nitrogen at the interface
betﬁeen the gate oxide film 9 and the semiconductor
semiconductor substrate 1 to a heat treatment in an NO
(hitrogen oxidey-ormfgo (nitrous oxide) atmosphere..
When the gate oxide film 9 is thinned to about 3.5 nm,
the stress formed at the interface therebetween due to
the difference in heat expansion coefficient from the
semiconductor substrate 1 becomes tangible to induce
generation of a hot carrier. Nitrogen segregated at
the interface to the semiconductor substrate 1 relaxes
the stress, and thus the oxinitrification treatment
improves the reliability of the extremely thin gate
oxide film 9.

Then, as shown in Fig. 6, after a non-doped
polycrystalline silicon film having a film thickness
about from 90 to 100 nm is accumulated on the
semicbnductor substrate 1 by a CVD method, ion

implantation of P (phosphorous) is conducted into the

. non-doped polycrystalline silicon film in the region,

at which an n-channel MISFET is formed (p-type well
7), to form an n-type polycrystalline silicon film

-
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10n, and ion implantation of B (boron) is conducted
into the non-doped polycrystalline silicon film in the
region, at which an p-channel MISFET is formed (n-type
well 8), to form an p-type polycrystalline silicon
film 10p.

Then, as shown in Flg. 7, a WN film 11 ha%i;g a
film-thickness of about 5 nm and a W £film 12 having a
film thickness of about 50 nm are accumulated on the
n-type polycrystalline silicon film 10n and the p-type
polycrystalline silicon film 10p by a sputtering '
method, and after a silicon nltrlde film 13 having a
film thlckness ‘of about 200 nm is formed on the W film
12, these films are subjected to dry etching by using
a photoresist film 14'formed'on_£hé silicon nitride
film 13 as.a mask. Accordingly, a gate electrode 15n -
of an n-channel MISFET comprising the n-type
polycrystalline silicon £ilm 10n, the WN film 11 and
the W £ilm 12 is formed on the gate oxide film 9 of.
the p-type well 7, and a gate electrode 15p of a
p~-channel MISFET qomprising the p-type polycrystalline
silicon film 10p, the WN film 11 and the W film 12 is
formed on the gate oxide film 9 of the n-type well 8.
The gate length of each of the gate electrode 15n and
the gate electrode 15p is, for example, 0.18 um.

As described above, by using the polymetai
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structure, in which a part of each of the gate
electrode 15n of the n-channel MISFET and the gate
electrode 15p of the p-c%annel'MISFET is constituted
by a low resistance metal (W), the sheet resistance
thereof can be decreased to about 2 Q per square, and
- thus high speed operation can be realized by ~ -
controlling the gate delay of the CMOS circuit.

' Thereafter, thg photorésist film 14 used for
processing the gate electrodes 15n and 15p is removed
by an ashing treatment, and then a dry etching residue °
and an ashing residue remaining on the surface of the
semiconductor substrate 1 are removed by using an
etching solution such as hydrofluoric acid. After
conducting such wet etching, as shown in Fig. 8, the
gate oxide film 9 in the region other than.that under
the gate electrode 15n (the same as in the gate
electrode 15p) is thinned so .that the thickness
thereof is decreased to about a half of'that.before_
the etching, and at the same time, the gate oxide film
9 under the side wall of the gate is also
isotropically etched to form undercut. .Therefore,
problems occur as it stands, such as decrease in
resisting voltage of the gate electrodes 15n and 15p.
In order to compensate and regenerate the gate oxide
film 9 that has been cut by the wet etching, a
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re-oxidation (light oxidation) treatment is conducted
according to the following method. With respect to
the light oxidation treatment, detailed descriptions
are found in Japénese Patent Application No. 9-142315
(corresponding to U.S. Application No. 09/086,568
filed on May 29, 1998). oo

Fig. 9A is a schematic plan view showing an

example of a'spécific constitution of a'single wafer

" processing oxidation furnace used for the light

oxidation process, and Fig. 9B is a cross sectional
view taken on line B-B’ in Fig. 9A.

The single wafer processing oxidation furnace 100
comprises a chamber 101 constituted by a multiple wall
quartz tube, which has heaters 102a and 102b for
heating a semiconductor wafer 1A at an upper part and_-
a lower part thereof, respectively. A heat flattening
ring 103 having a disk shape that uniformly disperse
heat supplied from the heaters 102a and.102b to the
hole surface of the semiconductor wafer 1A is
installed in the chamber 101, and a susceptor 104
horizontally holdlng the semiconductor wafer 1A is
provided at an upper part thereof. The heat
flattening ring 103 is constituted by a heat resistant
material such as quartz and SiC (silicon carbide) and

supported by a supporting arm 105 extending from a
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wall of the chamber 10l1.. A thermoelectric couple 106
for measuring the temperature_of the semiconductor
wafer 1A supported by the susceptor 104 is provided in
the vicinity of the heat flattening ring 103.. The |
héating of the semiconductor wafer 1A may be
conducted, for example, by an RTA (rapid thermal
annealing) method using a halogen lamp 107 as shown in
Fig. 10, as'weii as:the,heating method using the
heaters 102a and 102b.

One end of a gas introducing conduit 108 for

~ introducing a steam/hydrogen mixed gas and a purge gas

into the chamber 101 is connected to a part of the
wall of the chamber 101. To the other end of the gas
introducinguconduit 108, a gas generating device of a
catalyst type described later is connected. A
partition 110 having numerous through holes 109 is
provided in the viéinity of the gas introducing
conduit 108, and the gas introduced into the chamber
101 is uniformly spread throughout the chamber 101
passing through the through holes 109 of the partition
110. One end of an exhausting conduit 111 for
evacuating the gas introduced into the chamber 101 is
connected to the other part of the wall of the chamber

101.

Fig. 11 is a schematic diagram showing a device

Repleced-
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for generating a steam/hydrogen mixed gas of a
catalyst type connected .to the chamber 101 of the
single wafer processing oxidation furnace 100. Fig.
12 is a diagram showing a conduit system of the gas
generating device. The gas generating device 140
comprises a reactor 141 constituted by a heat T
resistant and corrosion resistant alloy (for example,
an Ni alloy kndﬁn aé 4Hastelloy”, a trade name),.énd a
coil 142 comprising a catalyst metal, such as Pt
(platinum), Ni (nickel) or Pd (palladium), and a
heater 143 heating the coil 142 are installed inside
the reactor. S

A process gas comprising hydrogen and oxygen, and
a purge gas comprising an inert gas, éuch as nitrogen
or Ar (argon) are introduced into the reactor 141 from-
gas storage tanks 144a, 144b and l44c-through a
cohduit 145. Mass flow controlleré.146a, 146b and -
146c for controlling the amounts of the gases and
switching valves 147a, 147b and 147c are provided
between the gas storage tanks 144a, 144b and 144c and
the conduit 145, to precisely control the amounts and
compositional ratio of the gases introduced into the
reactor 141. |

The process gas .(hydrogen and oxygen) introduced

into the reactor 141 is excited by contacting.&ith the
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coil 142 heated to a temperature of about from 350 to
450°C, so that a hydrogen radical iS formed from a
hydrogen molecule (H, > 2H*), and an oxygen radical is
formed from an oxygen molecule (0, > 20*). The two

kinds of radicals are extremely chemically actlve, and

thus rapldly-react to form water (2H* + O* = H,0).

Thus, a steam/hydrogen mlxed gas is formed by
introducing a process gas containing hydrogen in an
amount in excess of the molar ratio forming water
(steam) (hydrogen/oxygen = 2/1) into the reactor 141.
The mixed gas is mixed with hydrogen supplied from a
dilution line 148 shown in Fig. 12 to adjust to a
steam/hydrogen mixed gas having a desired moisture-
concentration, and then introduced into the chamber
101 of.the single wafer processing oxidation furnace
100 through the gas introducing conduit 108. The
mixed gas may be introduced into the chamber 101 after
diluting with an inert gas, such as nitrogen and
argon, to a suitable conéentration. The pressure of
thé'mixed gas may be arbitrarily set within the range
of from several tens Torr to several atm.

Because the gas generating device 140 of a
catalyst type can precisely control the amounts of.
hydrogen and oxygen participéting in the formation of

water and their ratio, the steam concentration in the
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steam/hydrogen mixed gas introduced into the chamber
101 can be precisely controlled within a wide range of
from an extremely low concentration of a ppm order to

a high concentration of several tens percent. -Becéuse '

water is instantaneously formed when the process gas

- is introduced into the reactor 141, a steam/hydrogen

mixed gas having a desired steam concentratipn can be
obtained in a real—time manner. By using such a
manner, because inclusion of foreign matters is
suppressed as the minimum, a clean steam/hydrogen
mixed gas can be introduced into the chamber 101.

- The catalyst metal in the reactor 141 is not
limited to the metals described above, 'as far as it
can form radicals from hydroéen and oxygen. The
catalyst metal may be used as working into a coil
form, and it may be worked into a hollow tube or a
fine fibrous filter, through which the process gas. may
be passed.

| Fig. 13 is a graph showing the dependency of the
equilibrium wvapor pressuré ratio (Pg,e/P,,) of the redox
reaction using the steam/hydrdgen mixed gas on the
temperature, in which the curves (a) to (e) in the
figure indicate the equilibrium vapor pressure ratios
of W, Mo, Ta (tantalum), Si and Ti, respectively.
As shown in the fiéure,-only Si (the

//"’ .
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semiconductor substrate 1 and the polycrystalline

gilicon films 10n and -10p) can be selectively oxidized

without oxidizing the W film 12 constituting the gate
electrodes 15n and 15p and the WN film 11 as a barrier

layer by such a manner that the steam/hydrogen partial

" pressure ratio of the steam/hydrogen mixed gas =~

introduced into the chamber 101 of the single wafer
proceésing oxidation furnace 100 is set-within the
range of the region between the curve (a) and the
curve (d). Furthermore, as shown in the figure, the
oxidation rate is increased by increasing the steam
concentration in the steam/hydrcgen mixed gas in all
the cases of the metals (W, Mo, Ta and Ti) and Si.
That is, by increasing the steam concentration in the
steam/hydiogen mixed gas, Si can be selectively
oxidized in a shorter period of time. .

Similarly, in the case where the refractory metal
part of the gate electrodes 15n and 15p is constituted
by an Mo film, only Si can be selectively oxidized

without oxidizing the Mo film by such a manner that

- the steam/hydrogen partial pressure ratio is set

within the range of the region between the curve (b)
and the curve (d). In the case where a part of the
gate electrodes 15n and 15p is constituted by a Ta

film, only Si can be selectively oxidized without
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oxidizing the Ta film by such a manner that the
steam/hydrogen partial pressure ratio is set within
the range of, the region between the curve (c) and the
curve (d).

on the other hand, because Ti exhibits higher

" oxidation rate than Si in the steam/hydrogen mixed gas

as shown in the figure, in the case where.the metal
part of the gateé elgctrodes 15n and 15p is constituted
by a Ti film or the barrier layer is constituted by a
TiN film, even though only Si (the semiconductor |
substrate 1 and the polycrystalline silicon films 10n
and 10p) is tried to be selectively oxidized, the Ti
film and the TiN film are simultaneously oxidized to
cause peeliﬁg of the gate electrodé.

Fig..lﬁris a graph showing the relationship
between the oxidation processing time using the
steam/hydrogen mixed gas and the film thickness of‘the
silicon oxide. As shown in the figure, the f£ilm
thickness of the silicon oxide is increased in
substantially proportional to the oxidation time, but
in the case where the moisturé concentration is 0%,
the film thickness is not increased even when the
oxidation time is increased.

Figs. 15 and 16.are graphs showing the

relationship between the oxidgtion temperature and the
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" thickness is shortened in proportional to the

oxidation time for obtaining a certain oxide film
thickness (2, 3, 4 and 5 mm) in the case where the
moisture content of the steam/hydrogen mixed gas is
10% and 15%. As shown in the figures, the oxidation
time required to obtain the certain oxide film
oxidation temperature.

Fig. 17 is'a gfaph showing the reiationship
between the temperature on subjecting the gate
electrode, which is formed by doping a polycrystalline'
silicon film having a film thickness of 100 nm formed
on a silicon oxide film having a film thickness of 3.5
nm with B (boron) in a condition of an-impléntation
energy of 5 keV and a dose amount of 4 x 10% pér
square centimeter, to the heat treatment and V. (which:
is substantially equivalent to Vg). As shown in the
figure, when the heat treatment temperature exceeds
850°C, Vy is rapidly increased due to the amount of B
(boron) diffusing into the substréte through the
silicon oxide film being rapidly increased.

In order to conduct the light oxidation proceés
to compensate and regenerate the gate oxide f£ilm 9 in
such a low thermal load condition that only Si (thel
semiconductor substrate 1 and the polycrystalline
silicon films 10n and 10p) is selectiveiy oxidized

-
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without oxidizing the W film 12Iconstituting a part of
the gate electrodes 15n and 15p and the WN film 11 as
a barrier layer, and B (boron) contained in the p-type
polycrystalline silicon film 10p constituting a part

of thé gate electrode 15p is not diffused into the

' semiconductor substrate 1 (the n-type well 8)'£hrough

the gate oxide film 9, the heatlng temperature of the
semiconductor wafer 1A is set in a range of from
650°C, which is the lowest temperature of not
deteriorating the quality of the silicon oxide film,
to 900;C, at which the surface roughening of the

semiconductor wafer 1A is liable to occur, preferably

in a range of from 750 to 900°c, and more preferably
at about 850°C, which is the highest temperature
cepable of suppressing diffusion of B (boron) into the-
substrate, and the moisture concentration of the
steam/hydrogen mixed gas at this time is set in a
range of from 1% (about 1% in the partial pressure
representation as shown in Fig. 13), which is the
practical lowest concentration capable of growing the
silicon oxide film, to the upper limit of the moisture
concentration, at which the oxidation'preceeds by the
redox reaction, and in particular when the heating

temperature of the semiconductor wafer 1A is set about

850°C, the moisture concentration is preferably set
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about 30% (45% in the above-mentioned partial pressure
representetion) or more to make the redox reaction
rate large, and more preferably it is set aboﬁt 50%
(100% in the partial pressure represeﬁtation), which
is the highest vaiue of the moisture concentration,
i.e., the thermodynamic maximum moisture concentration
under that tempe;ature condition (see Fig. 13).

' The moistupe cpncentraﬁion_in the invention is
expressed by a percentage of the moisture partiai
pressure in the whole atmospheric pressure, or a
percentage (i.e., partial pressure representation)
where the hydrogen partial pressure is the denominator
and the moisture partial pressure is the numerator as
shown in Fig. 13. In the case where dilution is
conducted by using an inert component, such as argon
and helium; it does not contribute to the redox
reaction at all or the contributien is as small ae it
can be ignoted.: In the examples of the invention, any
gas component other than hydrogen aﬁd moisture is not
added to the processing atmosphere unless otherwise
indicated.

The suitable mbisture concentration in the region
of a not so high temperature is apart from the
critical region to some extent as shown in Fig. 13,

and in many cases is about from 5 to 30% (from 5.3% to
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43% in the partial pressure representation), and more
preferably from 8 to 25% (from 8.7% to 33% in the
partial pressure representation), because of reasons,
such as guarantee of stable process conditions.

That is, when the heat treatment after the doping
of boron is conducted at such a relatively hiéﬁ"
moisture concentration, the effect of preventing the
leakage of boron, in which boron is diffused to the
channel region through the gate insulating film
contrary to the intent, is large. |

An example of a sequence of the light oxidation
process using the single wafer processing oxidation -
furnace 100.will be described with reference to Fig.
18. |

The chamber 101 df the single wafer processing
oxidation furnace 100 is opened, and the semiconductor
wafer 1A, which has been sﬁbjected to the process of
the gate electrodes 15n and 15p, is ioaded onto the
susceptor 104 with introducing a purge gas (nitrogen)
into the chamber. Thereafter, the chamber 101 is
closed, and the burge gas is further continuously
introduced to thoroughly conduct gas replacement
inside the chamber 101. The susceptor 104 is heated

with the heaters 102a and 102b (for example, to about.

850°C), so that the semiconductor wafer 1A is rapidly
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heated.

Hydrogen is then-introduced into the chamber 101
to discharge nitrogen. A nitrification reaction that
is not intended may occur when nitrogen remains in the

chamber 101, and thus in the case where the gate oxide

" f£film is not intended to make thick as possible, it is

preferred to completely discharge nitrogen. (In the
atmosphere of the fdllowing light oxidation process,
it is not need to say that an inert gas such as argon,
oxygen and nitrogen may be added, as well as hydrogen
and moisture.)

Subsequently, oxygen.and'ekéess hydrogen'are
introduced into the reactor.141 of the gas generating
device 140, and a steam/hydrogen mixed gas éontaining
water formed from oxygen and hydrogen with the
catalytic function (having a moisture-concent;atiqn of
about 50%, for example) is introduced into the chamber
101 to oxidize the surface of the semiconductor wafer
1A for a prescribed period of time. Accordingly, the

gate oxide film 9 that has been thinned by the wet

~etching is re-oxidized, and the profile at the edge

part of the side wall of the gate electrodes 15n and
15p that has been undercut, as shown in Fig. 194, is
improved. That is, as shown in Fig. 19B in an

enlarged form, at the edge part of the side wall of
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the gate electrodes 15n and 15p, a sharp edge formed
by etching is removed to be rounded to decrease the
concentration'of the electric field.

Similarly, as understood from Figs.'19A and 19B,

at the edge part and the side part of the polysilicon

" electrode constituting the gate electrode, a péiE of

thermal oxidized.film having a small curvature radius
is disappeared 5y the additional thermai oxidation, or
iﬁ is changed to one having a large curvature radius.
Accordingly, the concentration of the electric field
at the edge part of the gate that is not intended is
relaxed. o

When the light oxidation is conducted for a long
period of time, the oxide film thickness in the
vicinity of the edge part of the gate electrode
becomes unnecessarily thick, so that an offset is
formed at the edge part of the gate electrode, and the
threshold voltage (V,) of the MOSFET deviates from the
designed value. Furthermore, a problem in that a part
of B (boron) confained in the p-type polycrystalline
silicon film 10p constituting a part of the gate
electrode 15p i§ liable to be diffused into the
substrate (the h-iype well 8) arises, and a problem in

that the effective channel length becomes shorter than

the processed value of the gate electrodes 15n and 15p

— e o //II/I// /II /////I ”777]7% |




10

15

20

25

 design of an element. This is because when the—_

arises.

In particular, in a fine MOSFET having a gate
length of about 0.18 um, the allowable thinning amount
of the gate processed dimension from thé'designed
value is strictly limited from the standpoint of
thinning amount is siightly increased, the threshold
voltage is rapialy decreased due to the short channel
effect. In the case of the gate electrode having a

gate length of about 0.18 um, since the thickhess of

the gate oxide film is about 3.5 nm, it is considered

~that it is the limit of not céuéing rapid decrease of

the threshold voltage that the edge paft of the side
wall of the polycrystalline'silicon film constituting
the gate electrode is oxidized to about 1 nm by the
light oxidation process. Therefore, the oxide film
thickness that is grown by the light oxidation is
preferably has an upper limit of about 50% increase .
from the gate oxide film thickness.

Thereafter, a purge'gas (nitrogen) is introduced
into the chamber 101 to discharge the steam/hydrogeh
mixed gas, followed by opening the chamber 101, and
the semiconductor wafer 1A is unloaded from the
susceptor 104 with introducing the purge gas into the

chamber, so as to complete the light oxidation
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process.

The CMOS process after the light oxidation
process wili be briefly described below. As shown in
Fig. 20, the p-type well 7 is subjectéd to ion
implantation of an n-type impurity, such as P

(phosphorous), to form an n"-type semiconductor region

16 in the p-type well'7 on both sides of the gate

electrode 15i, and the n-type well 8 is subjected to
ion impléntation of a p-type impurity, such as B
(boron), to form a p-type semiconductor region 17 iﬁ
the n-type well 8 on both sides of the_gate.electrode
15p, followed by accumulating a silicon nitride film
18 having a film thickness of about 100 nm on the
semiconductor substrate 1 by a CVD method.

Then, as shown in Fig. 21, the p-type well 7-1is
subjected to ion implantation of an n-type impurity,'
such as As (arsenic), to form an n'-type semiconductor
region 20 (source and drain) of the n-channel MISFET,
and the n-type well 8 is subjected to ion implantation
of a p-type impurity, such as B (boron), to form an
p'~type semiconductor region 21 (source and drain) of
the p-channel MISFET. An n-channel MISFET Qn and a
p-channel MISFET Qp of a dual gate structure are
completed until this stép.

Then, as shown in Fig. 22, a silicon oxide film

I
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22 is accumulated.on the semiconductor substrate 1 by
a CVD method, and after flattening its surface by a
chemical mechanical polishing method, the silicon
oxide film 22 above the n'-type sgmiconductor region

20 (source and drain) and the p’'-type semiconductor

" region 21 (source and drain) is removed by dry etching

using a photoresist film as a mask. The etching is
conducted in such a condition that the etching rate of
the silicon oxide film 22 is large with respect to the
silicon nitride films 13 and 19, so that the silicon
nitride film 18 above the n'-type semiconductor region
20 (source and drain) and the p'-type semiconductor
region 21 (source and drain) is not removed.

Then, the silicon nitride film 18 and the jate

oxide film 9 above the n'-type semiconductor region 20 -

~(source and drain) and p'-type semiconductor region 21

(source and drain) is removed, so that a contact hole
23 is formed above the n’-type semiconductor region 20
(source and drain), and a contact hole 24 is formed
above the p'-type semiconductor region 21 (source and
drain). In order to-minimize the thinning amount of
the semiconductor substrate 1, the etching is
conducted in such a manner that the overetching amount
is limited to the necessary minimum, and an etching

gas that can provide a large selectivity with fespect
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to the semiconductor substrate 1 (silicon) is used.
The etching is also cenducted in such a condition that
the silicon .nitride film 19 is anisotropically etched,
so that the silicon nitride film 18 remains_on the
side wall of the gate electrodes 15n and 15p.
Accordingly, the contact hole 23 and contact hole 24
are formed with respect to the gate electrode 15n and
the gate electrode 15p, respectively, in a self
matching manner.

Then, as shown in Fig. 23, interconnections 25 to
30 are formed by patterning a W film formed on the
silicon.oxide film 22, to compléte a CMOS LSI of this
embodiment. | |

While the invention achieved by the inventors has
been specifically described with reference to the | ‘
embodiments thereof, the invention is-not construed as

being limited to the embodiments, but various changes

- can be made without deviating from the substance

thereof.

For example, as shown in Fig. 24, the light
oxidation process of the gate oxide film can be
conducted by using a batch processing vertical
oxidation furnace 150 having connected thereto a
steam/hydrogen mixed gas generating device 140 of a

catalyst type as described above. In the case where
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the batch processing vertical oxidation furnace 150 of

this type is used, an-oxidation furnace equipped with

 a temperature increasing/decreasing system is

preferably used. An example of a sequen¢e of the

light oxidation process using the batch processing

' 'vertical oxidation furnace 150 is shown in Fig. 25.

_While the embodimeﬁt is described with the case
where a gate eléctrdde having a polymetal structure is
processed, the light oxidation process of the
invention can be applied to a gate electrode having a
polycide structure, in which a refractory metal film,
such as a tungsten silicide, is laminated on a
polycrystalline silicon film doped with boron.

The effect obtained from the-representative_
embodiments; of the invention will be briefly described.
below.

According to the_invention, in a CMOS LSI
employing a polymetal gate structure ahd a dual gate
structure, both oxidation of a refractory metal film
constituting a part of the gate electrode, and
diffusion of boron contained in a p-type
polycrystalline silicon film constituting a part of
the gate electrode through a géte oxide film can be
suppressed. Accordingly, the reliability and the

production yield of a CMOS LSI constituted by a fine

S
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6. Scope of Claims
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MOSFET having a short gate length can be improved. In
particular, the effect described above is remarkable
in the case of a CMOS LSI constituted by a fine MOSFET

having a gate length of 0.18 um or less.

.1. A process for pfbducing a semiconductor
integrated circuit device comprising the steps of:

(a) forming a polycrystalline silicon film over a
gate insulating film containing a silicon oxide film
formed over a silicon surface of a major surface of a
semiconductor wafer; N

(b) forming a refractory metal film mainly
comprising tungsten over said polycrystalline silicon
film directly or via a barrier layer;

(c) forming a gate electrode by patterning said
polycrystalline silicon film and said refractory.metal
film; and

(d) after said step (c¢), subjecting said silicon
surface and said polycrystalline silicon film doped
with boron positioned in a part corresponding to an
edge part of said gate electrode to a thermal
oxidation treatment in a mixed gas atmosphere

containing a hydrogen gas and steam.

2. A process for producing a semiconductor
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integrated circuit device as claimed in claim 1,
wherein said barrier layer contains a tungsten nitride
f£ilm. |

3. A process for producing a semiconductor

integrated circuit device as claimed in claim 2,

" wherein said thermal oxidation treatment in said step

(d) is conducted .in a condition in that said
refractory metal film and said barrier layer are
substantially not oxidized.

4. A.process for producing a semiconductor
integrated circuit device as claimed in claim i,
wherein said gate insulating film contains a silicon
oxinitride film.

5. A process for producing a semiconductér
integrated circuit device comprising the steps of:

(a) forming a polycrystalline silicon film over a
gate insulating film containing a silicon oxide film
formed over a silicon surface of a major surface of a
semiconductor wafer;

(b) forming a refiagtory_meﬁal film over said
polycrystalline silicon film directly or via a barrier
layer; |

(c) forming a gate electrode by patterning said
polycrystalline silicon film and said refractory metal

film; and
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(d) after said step (c), subjecting said silicon
surface and said polycrystalline silicon filﬁ doped
with boron positioned in a part corresponding‘to an
edge part qf said gate electrode to a thermal
oxidation treatment in a mixed gas atmosphere
containing a hydrogen gas and steam. | .

6. A process for producing a semiconductor
integrated qiréﬁit device as claimed in claim 5,
wherein said barrier layer is insérted between said
polycrystalline silicon film and said refractory metal
fiim.

7. A.process for producing a semiconductor
integrated circuit device as claimed in claim 6,
wherein said thermal oxidation treatment in said step
(d) is conducted in a condition in that said
refractory metal film and said bérrier.layer are
substantially not oxidized.

8. A process for producing a semiconductor
integrated circuit device comprising the steps of:

(a) forming a first conductive film mainly
comprising a polycrystalline silicon film over a
silicon surface of a major surface of a semiconductor
wafer; |

(b) forming a refractory metal film over said

first conductive film directly or via a barrier layer;
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(c) forming a gate electrode by patterning said
first conductive film and said refractory metal film;
and

(d) after said step (c), subjecting said silicon

surface and said polycrystalline silicon film doped

" with boron positioned in a part corresponding to an

edge part of said gate electrode to a thermal
oxidation.txeatﬁentfin a mixed gas atmosphere
containing a hydrogen gas and steam synthesized from
an oxygen gas and a hydrogen gas.

9. A process for producing a semiconductor
integrated circuit device as claimed in claim 8,
wherein said thermal oxidation treatment in said step
(d) is conducted in a condition in that said
refractory metal film is substantially not oxidized.

10. A process for producing a semiconductor
integrated circuit device having a dual gate CMOS
comprising the steps of:

(a) forming a polycrystalline silicon film over a
gate insulating film containing a silicon oxide film
formed over a silicon surface of a major surface of a
semiconductor wafer;

(b) forming a refractory hetal film mainly
comprising tungsten over said polycrystalline silicon

film via a barrier layer containing tungsten nitride;
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~(c) forming a gate electrode by patterning said
polycrystalline silicon film, said barrier layer and
said refractory metal film; and .
| (d) after said step (c), subjecting said silicon

surface and said polycrystalline silicon film doped

 with boron positioned in a part corresponding to an

edge .part of said gate eiectrode to a thermal
oxidation treatﬁent in a mixed gas atmosphere
containing a hydrogen gas and steam.

11. A process for producing a semiconductor
integrated circuit device havin§ a dual gate CMOS
comprising the steps of: -

(a) forming a polycrystalline silicon film over a
gate insulating film containing a silicon okide film
formed over a silicon surface of a major surface of a -
semiconductor wafer;

(b) forming a refractory metal film mainly
comprising tungsten over said polycrystalline silicon
film via a barrier layer containing tungsten hitride;

(c) forming a gate electrode by patterning said
polycrystalline silicon film, said barrier layer and
said refractory metal film; and

| (d) after said step (c¢), subjecting said silicon
surface and said polycrystalline silicon film doped
with boron to a thermal oxidation treatment in a mixed
d_ﬂ,,,——f——'“”’“'fe
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gas atmosphere having an oxidative property and a

reducing property to silicon and polycrystalline

silicon so as substantially not to oxidize said

refractory metal £ilm.

12. A process for producing a semiconductor

integrated circuit device having a dual gate CMOS

comprising the steps of:

(a) forming a polycrystalline silicon film over a

gate insulating film containing a silicon oxide film

formed over a silicon surface of a major surface of a

semiconductor wafer;

(b) forming a refractory metal film mainly

comprising -tungsten over said polycrystalline silicon

film directly or via a barrier layer;

(c) forming a gate electrode by patterning said

polycrystalline silicon film and said refractory metal

film; and

(d) after said step (c¢), subjecting said silicon

surface and said'polycrystalline silicon film doped

with boron to a thermal oxidation treatment in a mixed

gas atmosphere having an oxidative property and a

reducing property to silicon and polycrystalline

silicon so as substantially not to oxidize said

refractory metal film.

13. A process for producing a semiconductor

- 65 =
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integrated circuit device having a dual gate CMOS
comprising the steps of:

(a) forming a polycrystalline silicon film over a
gate insulating film containing a silicon oxide film
formed over a silicon surface of a major surface of a
semiconductor wafer; T

_(b) forming a refractory metal film mainly .
comprising tunésten'over said polycrystailine silicon
film via a barrier layer containing tungsten nitride;

(c) forming a gate electrode by patterning said
polycrystalline silicon f£ilm, said barrier layer and
said refractory metal film; and~

.(d) after said step (c), subjecting said silicon
surface and said polycrystalline silicdn film doped
with boron positioned in a part corresponding to an
edge part of said gate electrode to a. thermal
oxidation treatment in a mixed gas atmosphere
containing a hydrogen gas and steam so as
substantially not to oxidize said refractory metal
film, whereby compensating said silicon film under
said edge part of said gate electrode that has been
etched on patterning in said step (c).

14. A process for producing a semiconductor
integrated circuit device having a dual gate CMOS

comprising the steps of:
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(a) forming a polycrystalline silicon film over a
gate insulating film containing a si;icon oxide film
formed over a silicon surface of a major surface of a
semiconductor wafer;

(b) forming a refractory metal film mainly

" comprising tungsten over said polycrystalline silicon

film via a barrier layer containing tungsten nitride;

(c) forming a gate electrode by patterniné said
polycrystalline silicon film, said barrier layer and
said refracto;y metal film; and

(d) after said step (c), subjecting said silicon
surface and said polycrystalline silicon fiim_doped
with boron positioned in a part corresponding to én
edge part of said gate electrode to a thermal
oxidation treatment in a mixed gas atmosphere
containing a hydrogen gas and steam synthesized from

an oxygen gas and a hydrogen gas so as substantially

-not to oxidize said refractory metal film, whereby

compensating said silicon film under said edge part of
said gate electrode that has been etched on patterning
in said step (c). |

15. A process for producing a semiconductor
integrated circuit device comprising the steps of:

(a) forming a polycrystalline silicon film over a

gate insulating film containing a silicon oxide film
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formed over a silicon surface of a major surface of a
semiconductor wafer;

(b) forming a refractory metal film mainly
comprising tungsten over said polycrystalline silicon
film directly or via a barrier layer;

(c) forming a gate electrode by patterning said
polycrystalline silicon film and said refractory metal
£film; and

'(d) after said step (c), subjecting said silicon
surface and said polycrystalline silicon film doped
with boron positioned in a part corresponding to an
edge part of said gate electrode to a thermal
oxidation treatment in a mixed gas atmosphere
containing a hydrogen gas ahd steaﬁ synthesized from
an oxygen gas and a hydrogen gas.

16. A semiconductor integrated circuit hgving a
dual gate CMOS comprising a gate insulating film

containing a silicon oxide film formed over a silicon

' surface of a first major surface of a semiconductor

integrated circuit wafer, having thereover a
polycrystalline silicon film doped with boron and a
refractory metal film laminated over said
polycrystalline silicon f£ilm directly or via a barrier
layer, wherein said gate insulating film is formed
beyond an edge part of said polycrystalline silicon

//’
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film constituting a part of said gate electrode.

17. A semiconductor integrated circuit having a

dual gate CMOS comprising a gate insulating film

containing a thermal oxide film over a silicon surface

of a first major surface of a semiconductor integrated

' circuit wafer, having thereover a polycrystallihé

silicon f£ilm doped with boron and a refractory metal

film laminated over. said polycfystalline silicon film

directly or via a barrier layer, wherein in said gate

insulating film, the thickness of said thermal oxide

is larger than the thickness of said thermal

f£ilm formed undef an edge part of said gate electrode

oxide

film formed under a central part of said gate

electrode.

18. A semiconductor integrated circuit having a

dual gate CMOS comprising a gate insulating film

containing a silicon oxide film formed over a silicon

surface of a first majqr surface of a semiconductor

integrated circuit wafer, having thereover a

polycrystalline silicon f£ilm doped with boron and a

refractory metal film laminated over said

polycrystalline silicon film directly or via

a barrier

layer, wherein said silicon oxide film formed under an

edge part of said gate electrode has such a round

shape that prevents concentration of an electric
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field.

19. A semiconductor integrated circuit having a

dual gate CMOS comprising a gate insulating film

containing a silicon oxide film formed over a silicon

surface of a first major surface of a semiconductor

integrated circuit wafer, having thereover a

polycrystalline silicon film doped with boron and a

refractory metal film laminated over said

polycrystalline silicon film directly or via a barrier

layer, wherein an edge part and a lower surface of

said polycrystalline silicon film constituting a patt

oxide film.

of said gate electrode are covered with said thermal

20. A semiconductor integrated circuit device as

claimed in claim 19, wherein said gate insulating film.

contains a silicon oxinitride film.

21. A process for producing an integrated circuit

device comprising the steps of:

(a) forming a first region mainly comprising

silicon doped with boron over a first insulating film

over a first major surface of a semiconductor wafer;

and

(b) conducting a thermal oxidation treatment to

said first region in a mixed gas atmosphere containing

a hydrogen gas and steam in a condition in that a

- 70 -
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refractory metal region on said first major surface is
substantially not oxidized.
22. A process for producing an integrated circuit

device as claimed in claim 21, wherein said refractory

metal region is formed over said first region.

23, A process for producing an integrated ¢ircuit
device as cléimed in claim'22, whe;ein said mixed gas
atmosphere contains a nifrogen gas.

24. A process for producing an integrated circuit
device as claimed in claim 23, wherein said doping of
boron is conducted by implantation of an ion into said
first region. T

25. A.process for producing a semiconductor
inteérated circuit device having a dual gate CMOS
comprising the steps of:

(a) forming a polycrystalline Silicon film over:a
gate insulating film containing a silicon oxide film

formed over a silicon surface of a major surface of a

' semiconductor wafer;

(b) forming a refractory metal film over said
polycrystalline silicon film via a barrier layer;

(c) forming a gate electrode by patterning said
polycrystalline silicon £ilm, said barrier layer and
said refractory metal film; and

(d) after said step (c), subjecting said
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polycrystalline silicon film to a thermal oxidation
treatment in a mixed gas atmosphere containing a
hydrogen gas;and steam and having a moisture
concentration in a range of from 5% to such a maximum
concentration that said refractory metal film is
substantially not oxidized. T

26. A process for producing a semiconductor
integrated circnit device having a dual gate CMOS as
claimed.in ciaim 25, wherein the moisture
concentration of said mixed.gas atmosphere is from 8
to 25% (from 8.7% to 33% in the partial pressure

representation).

[Explanation of Syﬁbols]
1 semiconductor substrate

1A semiconductor wafer

2 silicon oxide film (pad oxide film)
3 silicon nitride f£ilm |
4 element isolation groove

4a groove

silicon oxide film
silicon oxide film
p-type well

n-type well

W 00 N 5

gate oxide film -
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10n

n-type polycrystalline silicon £ilm

- 73 -

10p p~-type polycrystalline silicon film

11 WN film

12 W film

13 silicon nitride film

14 photoresist f£ilm T
15n gate electrode

15p gate electiode:

16 n"-type semiconductor region

17 p=¢ype-semiconductor region

18 silicon nitridé film _

20 n'-type semiconductor region (source and drain)
-21 p'-type semiconductor région {source and drain)

22 silicon oxide film

23 contact hole

24 contact hole

25 to 30 first layer interconnection
© 100 single wafer processihg oxidation furmnace

101 chamber |

102a, 102b heater

103 heat flattening ring

104 susceptor

105 supporting arm

106 thermoelectric couple

107 halogen lamp This Sheet Has Been Rep.
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109
110
111
140
141
142

143

144a
145
146a
147a
148
on
op

gas introducing conduit
through hole
partition

exhausting'conduit

" gas generating device

reactor

.coil

heater

to 1l44c gas storage tank
conduit

to 146¢c mass‘flcw controller
to 1l47c switching valve
dilution line .
n-channel MISFﬁT

p-channel MISFET

- 74 -

This Sheet Has Been Replace

(NI

i



