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[Problem] Use of an amorphous film as a barrier film -
between a silicon (Si) substrate and a contact metal has /\-—’:_ 11 Sj substrate

been proposed, however, an amorphous film is difficult

to form only in a contact hole area because said film 45 Amorphous TiSiy film

(b)

must be formed using a sputtering method. Z re==== NP
. . . . . N
[Resolution Means] Forming an insulating film 12 of O\ N
N . . s Al
silicon oxide, and the like, on a surface of a silicon \\ N p Y
XX/

substrate, opening a contact hole 13 in the insulating film :
locally, uniformly depositing a thin Ti film 14 on a front /—%k;v"
surface that includes the contact hole to a thickness of 10
nm, then, heating a base to 450 to 550°C to form an
amorphous TiSi, film 15 only on an exposed Si part inside N I N
the contact hole, which thus becomes a thin barrier film. . * N S
Forming an Al film 16 thereupon to create a pad.
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Specification
Title of the Invention: METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE

[DETAILED DESCRIPTION OF THE INVENTION]
[0001]

[Technical Field of the Invention] The present invention relates to an improvement in a
method for forming contact structures using metal nitride barrier layers in a method for
manufacturing semiconductor devices.

[0002]

[Conventional Technology] The importance of wiring techniques for making connections
between elements has become more and more important as devices have become more integrated
in recent years. It is especially critical to reduce resistance in wiring contacts while maintaining
reliability. While it is common for Al, W, and the like, to be used as main constituent metals in
conventional contact structures, when these metals and silicon substrates are brought into close
contact and joined, heat treatments cause interfacial interdiffusion and silicide reactions, and form
a high resistance layer at the interface, while current leaks are generated due to the piercing of the
shallow junction of the reaction layer. Barrier layers with high reaction suppressing force and low
resistance are needed to prevent this, and thus barrier layers made of high melting point metals
such as Ti, W, or the like, or compounds thereof, have been used.

[0003]

In particular, a variety of techniques have been proposed that use a metal nitride film
accompanied by a thin silicidation layer near the interface as a barrier by thermally nitriding a high
melting point metal on Si. Examples include Japanese Unexamined Patent Application Publication
No. H02-235372 and Japanese Unexamined Patent Application Publication No. H04-112529. FIG.
4 is a cross sectional view illustrating one of these examples, where an SiO, film 42 is formed on
an Si substrate 41 as an insulating film, a barrier film 45 made of a metal nitride of a high melting
point metal such as Ti, W, or the like, is formed in a contact hole 43 opened in the insulating film
42, and a metal 45 of mainly Al, W, or the like, is formed on the insulating film.

[0004]

However, barrier properties are insufficient because these constituent barrier films are
generally polycrystalline structures, and because there are grain boundaries that become high
speed diffusion paths. Thus, film thickness that is sufficiently thicker than grain crystal size is
required to achieve adequate barrier properties, which increases contact resistance. Furthermore,
when barrier properties are enhanced by filling these grain boundaries using oxidation (Applied
Physics Letters Vol. 47, p. 471 (September 1985), Japanese Unexamined Patent Application
Publication No. H05-267211), the specific resistance of the material itself increases through the
introduction of impurities such as oxygen, and the like, which also increases contact resistance.
Moreover, to prevent damage to Si substrate surfaces in conjunction with the formation of barrier
films in polycrystalline barrier films, barrier films cannot be formed directly onto Si substrates,
and thus good electrical properties cannot be achieved.

[0005]

From this point of view, techniques have been proposed where it is preferable to make the
crystal grains small and that use amorphous films or microcrystalline films obtained through
sputtering in nitrogen atmospheres as barrier films (Applied Surface Science, Vol. 41 and 42, p.
207 (1989)).

[0006]

[Problem to be Solved by the Invention] However, when such amorphous films and
microcrystal granular films are formed using sputtering methods, there is a problem in that it is
impossible to employ a self aligning process to selectively form barrier films on contact openings,
or, in particular, to form barrier films in contact holes, and thus that it is difficult to apply such
films to fine, highly integrated semiconductor devices.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

(3)

[0007]

An object of the present invention is to provide a manufacturing process that makes it
possible to use a self aligning process to selectively deposit an amorphous film in a contact hole,
realizes a contact structure having low contact resistance and high barrier properties, and
manufactures a semiconductor device having high speed operating characteristics and a simple
structure.

[0008]

[Means for Solving the Problem] The manufacturing method according to the present
invention is characterized in that the method exposes a barrier film formed between a silicon
substrate and a contact metal to a reactive gas containing nitrogen after evenly depositing a thin
high melting point metal film on the silicon substrate while keeping a substrate temperature at 450
to 550°C to form the barrier film as a thin amorphous or microcrystalline barrier film made of a
high melting point metal, silicon, and nitrogen. For example, a preferred embodiment of the
present invention forms an insulating film of silicon oxide, and the like, on a surface of a silicon
substrate; opens a contact hole locally in the insulating film, uniformly deposits a thin high
melting point metal film on an entire surface that includes the contact hole, heats the substrate to
450 to 550°C to thus form an amorphous layer made of the high melting point metal and silicon
only on an exposed silicon part inside the contact hole, removes unreacted metal on the insulating
film by chemical etching, and then exposes the film to a reactive gas containing nitrogen to form a
thin amorphous or microcrystalline barrier layer.

[0009]

Here, it is preferable that the thin high melting point metal film is made of Ti, Zr, and Hf
and is formed to a thickness of 10 nm or less. Furthermore, the process for exposing to a reactive
gas containing nitrogen is radical nitrogen beam irradiation, or highly reactive nitrogen compound
gas irradiation using hydrazine, ammonia, or the like.

[0010]

[Description of the Preferred Embodiments] A first embodiment of the present invention
will be described next with reference to FIG. 1. First, as illustrated in FIG. 1 (a), an insulating film
12 made of SiO; is formed on a surface of a (100) surface Si substrate 11, and then, the insulating
film 12 is selectively etched to open a contact hole 13 in a required location. Furthermore, an
electron beam gun is used in a high vacuum to deposit a 4 nm thick polycrystalline Ti film 14.
[0011]

Next, as illustrated in FIG. 1 (b), the deposited polycrystalline Ti film 14 is heated for five
minutes at 500°C to reform the area of the polycrystalline Ti film 14 touching the Si substrate 11
into a Ti amorphous film 15. It can be confirmed, from the fact that the Reflection High Energy
Electron Diffraction (RHEED) pattern is hollow and the Si peak strength according to X-ray
Photoelectron Spectroscopy (XPS) has increased significantly, that a surface layer of this film has
become a TiSix amorphous layer. It was discovered that a heating temperature in the range of 450
to 550°C is preferable because, at 600°C or above, silicide begins to crystallize rapidly making it
impossible to obtain an amorphous film, and because, at 400°C or below, it takes too much time to
mutually diffuse metal and silicon.

[0012]

Next, as illustrated in FIG. 1 (c), a radical nitrogen beam with a flux of approximately 1 X
107 Torr was supplied to the substrate surface for five minutes using a radical nitrogen source
while the temperature of the Si substrate was maintained. Based on an XPS surface analysis of the
Ti amorphous film 15, this resulted in the surface being reformed into an even film containing
approximately equal amounts of Ti, Si, and N, and thus being configured as a barrier film. This
barrier film 15, observed using cross sectional Transmission Electron Microscope (TEM), was
found to be a film with a uniform thickness of 5 nm having an extremely steep interface with an
amorphous structure made of extremely fine grains with diameters of 1 nm or less. Furthermore,
because the RHEED pattern is still hollow even after the substrate temperature is raised to 800°C,
the amorphous structure of this film is very stable, which is in stark contrast to the fact that
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amorphous TiSix readily undergoes a phase transition to a polycrystalline structure at around
650°C.
[0013]

Therefore, as illustrated in FIG. 1 (d), a 50 nm thick Al film 16 is deposited on the Ti
amorphous film 15, and this Al film 16 is etched along with the crystalline Ti film 14 to form a
contact wire. With this wire structure, the barrier film 15 maintains flatness despite undergoing a
slight decrease in film thickness even when heat treated (550°C for 60 minutes) in a nitrogen
atmosphere, and is thus suppressed to a level of thickness equal to or less than that of an interface
interdiffusion barrier film.

[0014]

In this way, a metastable amorphous silicide state is achieved at a temperature lower than a
crystallization temperature when the Ti reacts with the silicon. If nitriding is carried out at this
stage, the amorphous state stabilizes, which thus enables the formation of a precisely uniform
barrier film. This film enhances barrier properties, and is able to reduce film thickness and
decrease contact resistance significantly when compared to conventional methods. Furthermore,
because a damage layer caused by sputtering, and the like, is not left behind, good bonding can be
realized.

[0015]

A second embodiment according to the present invention will be described with reference
to FIG. 2. First, as illustrated in FIG. 2 (a), an insulating film 22 made of SiO, is formed on a
surface of a (100) surface n-Si substrate 21, and then, a 10 pm diameter contact hole 23 is opened
in a portion of the film. Furthermore, a polycrystalline Ti film 24 10 nm thick is deposited over an
entire surface using a sputtering method, and then, only the Ti film 24 in the contact hole 23 is
heated to 500°C for five minutes, and is thus reformed into an amorphous TiSix 25.

[0016]

Next, as illustrated in FIG. 2 (b), the substrate is taken out of a high vacuum tank and
immersed in an etching solution containing hydrochloric acid as a main component for 1 minute to
remove the unreacted Ti film 24. The substrate is re-introduced into the high vacuum and
irradiated with a radical nitrogen beam. Line analysis of this sample surface using Auger Electron
Spectroscopy (AES) revealed that while the elements Ti, Si, N, and O were observed in the bottom
of the contact hole 23, only Si, N, and O were observed on the surface of the insulating film 22,
and thus it was successfully confirmed that, as is illustrated in FIG. 2 (c), a conductive amorphous
TiSiN film 26 was formed only in the bottom of the contact hole 23, while an SiN film 27 was
formed on the surface of the insulating film 22. Therefore, as illustrated in FIG. 2 (d), a 200 nm
thick Al film 28 is formed to form an Al pad inside the contact hole using a lithography process.
[0017]

Using an I-V method to evaluate the diode properties of a Schottky junction produced in
this way revealed that a nearly ideal curve having a barrier wall height of 0.55 eV was achieved.
This indicates that a substrate surface damage layer, introduced by the sputtering process, was
consumed by silicidation, and that an interface with few defects was obtained. Thus, it is expected
that the barrier wall height will be half an Si band gap (1.1 eV), and that, in terms of ohmic contact,
contact resistance that is sufficiently low with respect to both n and p- substrates was obtained,
which is probably also effective for forming C-MOS (Complementary-MOS) elements.

[0018]

An amorphous TiSix 25 was formed only on an exposed part of the substrate by the
deposition and subsequent heating of the Ti film 24 according to the present embodiment, and an
unreacted Ti film 24 was left behind because an interface reaction with Ti in a coated part of the
insulating film 22 was slow. Because the unreacted metal Ti dissolves at a much faster rate than
amorphous TiSix when an etching solution having hydrochloric acid as a major component is used,
performing the nitriding process after chemically removing only the unreacted Ti film 24 makes it
possible to selectively form a barrier film 26 of TiSiN only on an exposed part of the Si substrate
21, which thus makes it possible to form a barrier film only inside the contact hole.
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