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goooboooonn
PROCESS FOR MANUFACTURING PERMEABLE DIELECTRIC FILMS

DESCRIPTION

TECHNICAL FIELD

The present invention relates to a process
for manufacturing dielectric films that have, inter
alia, the property of being permeable to the agents
conventionally used for achieving chemical attack in
the semiconductor industry, for instance hydrofluecric
acid, while at the same time being resistant to these
agents. These films have, in addition, a low
permittivity (“low-k”), i.e. a dielectric constant k
generally less than or equal to 4.0.

By virtue of their properties, these films
can be used in micrcelectrenics and in microtechnology,
in any manufacturing process involving the degradation
of a sacrificial material by diffusion of a chemical
attacking agent through a film that is permeable to
this agent, for the production of air gaps. By way of
example, such processes are used in the manufacture of
air-gap interconnects for integrated circuits,
microelectromechanical systems (MEMS) with rescnant
gaps of the BAW {Bulk Accustic Wave) type, and alsc

microbatteries.

PRIOR ART

The manufacture of devices in
micrcelectronics or microtechnology requires, in the
mere advanced scolutions, the production of air gaps.

To produce these air gaps, one of the

current approaches consists in degrading a sacrificial
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material, typically silicon oxide, by means of a
chemical attacking agent, for example hydrofluoric
acid, which must cross a membrane film to reach this
material.

Besides being capable of allowing the
passage of the chemical attacking agent, this membrane
must satisfy very precise specifications, namely, it
must:

- be itself resistant to the chemical
attacking agent,

- be compatible with the various processes
and treatments used for producing the structure into
which it is incorporated (metallizations,
mechanochemical polishing, thermal annealing, etc.)
and, in particular, be stable at temperatures that may
be up to 400°C,

- have satisfactory mechanical properties
since it forms part of the framework of the structure,
and

- have a low dielectric constant, i.e. not
more than 4.0, in the case of an interconnect structure
for an integrated cizrcuit.

The permeable membranes currently used are
generally poclymers of polyphenylene type that are
deposited wvia the spin-coating technique. These
polymers have a high coefficient of thermal expansion
and low mechanical properties. Thus, their expansion
during the thermal annealing steps generates stresses
in the structures that can result in delamination at

the interfaces.
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Furthermore, the spin-coating technique is
noct a favoured technique of the semiconductor industry
in the case of materials that are intended to remain
inside devices, chemical or physical vapour deposition

techniques being largely preferred.

DESCRIPTION OF THE INVENTION

One subject of the invention is, precisely,
a process for manufacturing a dielectric film that
satisfies all the specifications requirements mentioned.
previously, without having to resort to the spin-
coating technique.

This process comprises:

a) the deposition on a substrate of a film
of a material comprising silicon, carbon, hydrogen,
oxygen and, possibly, nitrogen and/or fluorine, a
majority of silicon-carbon bonds and a proporticn of
silicon-oxygen bonds such that the oxygen present in
said material represents not more than 30% by number of
atoms; and then

b) the selective destruction with a
chemical agent of the silicon-oxygen bonds present in
the film formed in step a), enabling this film to be
given an open porosity throughout its thickness and
thus to be made permeable.

In the text hereinabove and hereinbelow, a
material 1is considered as comprising a majority of
siliceon~carbon bonds when more than 50% of the bonds
formed by the silicon atoms present in this material
are silicon-carbon bonds.

In accordance with the invention, the

material comprising silicon, carbon, hydrogen, oxygen
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and, possibly, nitrogen and/or fluorine is preferably
of the type Si,CyH,0, or S1,CuNxH,O; with v, w, x, y and z
all being other than 0.

Films constituted of a material of this
type may be deposited cn a substrate especially via the
plasma-enhanced chemical vapour deposition technique
(PECVD) .

To obtain a film of the type Si,CyH,0,, use
is then preferably made of a plasma containing a first
organosilicon precursor free of oxygen and a second
precursor constituted of oxygen, alone or in
combination with carben and/or hydrogen, whereas, to
obtain a film of the type S8i,C.N H,0,, it is preferred to
add to this plasma a third precursor constituted of

nitrogen, alone or in combination with hydrcgen and/or

carbon.

By way of example, the first precurscr may
be an alkylsilane such as dimethylsilane,
trimethylsilane or tetramethylsilane; the second

precursor may be oxygen or carbon dioxide, while the
third precursor may be nitrogen or ammonia.

In any case, the proportions of the various
precursors in the plasma are appropriately chosen such
that the atomic concentration of oxygen is less than
30% in the film obtained after step a).

As a variant, it is also possible to obtain
a film of the type Si,C,H/ 0, with a plasma containing
only one precursor c¢enstituted of silicon, carbon,
hydrogen and oxygen, but having an oxygen content of
less than or egqual to 30 atom%, for instance

diethoxymethylsilane or octamethylcyclotetrasiloxane.
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Similarly, it is possible to obtain a film of the type
SivCuNyH,O; using this precursor together with another
precurscr censtituted of nitrogen, alone or in
combination with hydrogen and/or carbon.

In acceordance with the invention, the
plasma may also contain one or more inert vector gases,
in particular helium and/or argon.

The deposition of the film by PECVD may
especially be performed in a capacitive-coupling
reactor. The operating parameters are then preferably
as follows: an excitation of radiofrequency type at
13.56 MHz; a power of between 100 and 900 W, a
temperature of between 100 and 450°C for a pressure of
between 1 and 10 torr (0.133 to 1.33 kPa) and precursor
feed rates of between 1 and 10 000 cm’/minute.

After this deposition, the characteristics
of the film, and especially its atomic concentraticn of
oxygen, may be checked via compesition analysis methods
such as transmission infrared spectroscopy.

In accordance with the invention, the film
preferably has a thickness ranging from 10 nm to 10 pm
and better still from 100 nm to 1 um.

As indicated previously, selective
destruction o©f the silicon-oxygen bonds 1is then
performed using a chemical agent, to make the film
permeable. This chemical agent should therefore be
capable of attacking the silicon-oxygen bonds present
in this film while keeping the cother bonds intact, and
in particular the silicon-carbon, silicon-hydrogen and

carbon-hydrogen bonds.
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A chemical compound having this property is
especially hydrofluoric acid, which is commonly used in
the semiconductor industry and whose wuse is thus
perfectly controlled.

Thus, the chemical agent used in step b) is
preferably a fluid ccentaining hydrofluoric acid.

In accordance with the invention, this
fluid is preferably an agqueous or organic hydrofluoric
acid solution, for example containing 1 or a few %
(v/v) of HF, in which case step b) may be performed by
simple dipping of the film in this solution.

However, it may also be hydrogen fluoride
gas, 1in pure form or mixed with a carrier gas such as
nitrogen, or a mixture of hydrogen fluecride and of
supercritical carbon dioxide, for example in a ratioc of
1/100 (v/v).

As a variant, the chemical agent may also
be a fluid containing ammonium fluoride, opticnally as
a mixture with hydroflucric acid.

In accordance with the invention, the
substrate is advantageously a silicon substrate
possibly comprising silicon oxide structures. Thus, the
substrate may especially be a silicon substrate
comprising a level of interconnects formed from
metallic lines, for example copper, buried in a layer
of silicon coxide.

In addition to the advantages mentioned
previously, the process according to the invention ailso
has the advantage o©of being simple to perform,
especially since the deposition step a} consists in

depositing only one material onto the substrate.
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Other characteristics and advantages of the
invention will emerge more clearly on reading the rest
of the description that follows, which relates to
examples of implementation of the process according to
the invention.

Needless to say, these examples are given
merely as 1llustrations of the subject matter of the
invention and do not in any way constitute a limitation

of this subject matter.

DETAILED DESCRIPTICHN OF PARTICULAR EMBODIMENTS

Example 1:

A thin layer 100 nm thick of Si,CuNxH,0;,
having an oxygen content of about 10 to 20 atom%, is
deposited on a silicon substrate by PECVD using
tetramethylsilane, oxygen, ammonia and helium.

The deposition is performed in one of the
capacitive-coupled PECVD deposition chambers of a
Centura® 5200 DxZ machine from the company Applied
Materials, using the following operating parameters:

excitation radiofrequency: 13.56 MHz
working pressure: 3 torr (0.4 kPa)
power: 310 W

deposition temperature: 350°C
tetramethylsilane flow rate: 80 cm’/min
oxygen flow rate: 10 cm’/min

ammonia flow rate: 160 cm®/min

helium flow rate: 200 cm’/min
depcsition time: 1 minute.

After the deposition, the thin layer and
the subjacent substrate are immersed in an aqueocus

solution containing 1% (v/v) of HF for 10 minutes.
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A dielectric film that has a dielectric
constant (measured with a mercury probe) of less than
4.0 and an open porosity estimated at 15% 1is thus

obtained on the substrate.

Example 2:

A thin layer 200 nm thick of Si,CyHy0O;,
having an oxygen content of about 15 atom%, is
deposited on a silicon substrate comprising a plurality
of poles made of metal cor of a dielectric material,
buried in a layer .of 510,, via PECVD using
trimethylsilane, CO; and helium.

The deposition is performed in one of the
capacitive-coupled PECVD deposition chambers of a
300 mm Producer SE machine from the company Applied
Materials, using the following operating parameters:

excitation radicfrequency: 13.56 MHz
working pressure: 8.7 torr (1.06 kPa)
power: 585 W

deposition temperature: 350°C
trimethylsilane flow rate: 210 cm’/min
carbon dioxide flow rate: 10 cm’/min
helium flow rate: 600 cm®/min
deposition time: 1 minute.

After the deposition, the thin layer and
the subjacent substrate are immersed 1in an agqueous
solution containing 1% (v/v) of hydrofluoric acid for
20 minutes, this time being determined as a function of
the thickness of the Si0; zones to be dissolved (about
1 minute per 10 nm of S5iC;) and allowing 5 minutes of

treatment for the destruction of the Si-0 bonds of the

thin layer.
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A dielectric film that is free (due to the
dissolution of the Si0; =zones), while at the same time
being maintained on the substrate by the metal or
dielectric poles of this substrate, is thus obtained.
This film has a dielectric constant (measured with a
mercury probe) of less than 4.0 and an open porosity

estimated at 10%.
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1. Process for manufacturing a permeable
dielectric film, which comprises:

a) the deposition on a substrate of a film
constituted of a material comprising silicon, carbon,
hydrogen, oXygen  and, possibly, nitrogen and/or
fluorine, a majority of silicon-carbon bonds and a
proportion of silicon-oxygen bonds such that the oxygen
present in said material represents less than 30% by
number of atoms; and then

b) the selective destruction with a
chemical agent of the silicon-oxygen bonds present in

the film deposited in step a).

2. Process according to Claim 1, in which
the material constituting the film is of the type
Si,CyHy0, or Si,CyNyH,O, with v, w, x, y and z all other
than 0.

3. Process according to Claim 1 or Claim 2,
in which the film 1is deposited on a substrate by

plasma-enhanced chemical vapour deposition.

4, Process according to Claim 3, in which
the film is of the type Si,CyH 0. and its deposition on
the substrate is performed using a plasma containing a
first organosilicon precursor free of oxygen and a
second precursor constituted of oxygen, alone or in

combination with carbon and/or hydrogen.
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5. Process according to Claim 4, in which
the first precursor is an alkylsilane and the second

precursor 1is oxygen or carbon dioxide.

6. Process according to Claim 3, in which
the film is of the type Si,CuNxH,0, and its deposition on
the substrate is performed using a plasma containing a
first organosilicon precursor free of oxygen, a second
precursor constituted of oxygen, alone or in
combination with carbon and/or hydrogen, and a third
precursor constituted of nitrogen, alone or in

combination with hydrcgen and/or carbon.

7. Process according to Claim 6, in which
the first precurscr is an alkylsilane, the second
precursor 1s oxygen or carbon dioxide and the third

precurser 1s nitrogen or ammonia.

B. Process according to any one o¢f the
preceding Claims, in which the chemical agent used in

step b) is a fluid containing hydrofluoric acid.

9. Process according to Claim 8, in which
the fluid containing hydroflucric acid is an aqueocus or

crganic hydrofluoric acid solution.

10. Process according to Claim 8, in which
the fluid containing hydrofluoric acid is pure hydrogen
fluoride gas, a mixture of hydrogen fluoride gas and of
a carrier gas, or a mixture of hydrogen fluoride and of

supercritical carbon dioxide.
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11. Process according to any one of Claims
1 to 7, in which the chemical agent used in step b) is

a fluid containing ammonium fluoride.

12, Process according to any one of the
preceding Claims, in which the substrate is a silicon

substrate possibly comprising silicon oxide structures.

13. Process accerding to any one of the
preceding Claims, which leads to the production of a
dielectric film with a dielectric constant k of less

than or equal to 4.0.

14. Process for manufacturing air-gap
interconnects for integrated circuits, which comprises
the use of a process according to any one of Claims 1

to 13.
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1 Abstract

The invention relates to a process for
manufacturing a permeable dielectric film, which
comprises:

a) the deposition on a substrate of a film
constituted of a material comprising silicon, carbon,
hydrogen, oxygen and, possibly, nitrogen and/or
fluorine, a majority of Si-C bonds and a proportion of
Si-0 bonds such that the oxygen present 1in said
material represents less than 30 atom%; and then

b) the selective destruction with a
chemical agent of the Si-0 bonds present in the film
deposited in step a).

Applications: micrcocelectronics and
microtechnology, in any manufacturing process that
involves the degradation of a sacrificial material by
diffusion of a chemical agent through a film that is
permeable to this agent, for the production of air
gaps, in particular the manufacture of air-gap

interconnects for integrated circuits.

2 Representative Drawing

None
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