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substrates may be treated to deposit thin films of a desired matter, wherein one of the electrodes employed in the plasma system is
conformed by the substrate or workpiece without the need of bulky plasma reactors.
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PLASMA SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention.

The present invention relates to the field of film
depositions by use of plasma and more particularly refers
to a new technique and system for plasma enhanced chemical
deposition (PECVD) wherein selective surfaces of tubular
substrates may be treated to deposit thin films of a

desired matter with a simple straightforward inventive

system wherein one of the electrodes employed in the plasma
system 1s conformed by the same substrate or workpilece

without the need of bulky plasma reactors.

Description of the Prior Art.

Plasma Enhanced Chemical Vapor Deposition (PECVD)
1s a process based in the use of an ionized gas generally
named as plasma. The plasma 1is any gas 1n which a
significant percentage of the atoms or molecules are
lonized. Plasma 1s a state of matter distinct from common
gases and 1t has unique properties. The term %“ionized”
refers to presence of one or more free electrons, which are
not bound to an atom or molecule. The free electric charges
make the plasma electrically conductive so that 1t responds

strongly to electric, magnetic, and electromagnetic fields.

CONFIRMATION COPY
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Different types of plasma may be formed by heating
and ionizing a gas, stripping electrons away from atoms,
thereby enabling the positive and negative charges to move
more freely. The properties of plasma allow one to carry
out a process, namely the PECVD, to deposit thin films from
a gas state (vapour) to a solid state on some substrate
such as a workpiece. Plasma deposition 1s generally carried
out under RF (Radio frequency), AC (alternating current)
frequency or DC (Direct <current) discharge between two
electrodes where in-between place 1s filled with the
reacting gases. The substrate is exposed to these reacting

gases and the deposition results 1in a film chemically

adhered to, or integrated to the surface of the substrate.
The plasma is normally more positive than any object 1t 1is
in contact with, as otherwise a large flux of electrons
would flow from the plasma to the object. The voltage
across the plasma and the objects it contacts 1s normally
dropped across a thin sheath region. Ionized atoms or
molecules that diffuse to the edge of the sheath region
feel an electrostatic force and are accelerated towards the
neighbouring surface. Thus all surfaces exposed to plasma
receive energetic i1on bombardment.

Several types of plasma reactors are known 1n the
art and all of them are basically comprised of a Dbulky
closed vacuum chamber with two electrodes 1installed
therein. The electrodes are respectively connected to
opposite electrical charges through respective connections

from outside the closed vacuum chamber. A reactor may be
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operated by direct-current (DC) discharge which can be
created between the two conductive electrodes, and may be
suitable for deposition of conductive materials. It 1s also
possible to excite a capacitive discharge by applying an
alternating-current (AC) or radio-frequency (RF) signal
between an electrode and the conductive walls of a reactor
chamber, or between two cylindrical conductive electrodes
facing one another. The kind of reactor will depend on the
kind of pieces to be subject to treatment.

The chamber has several ports to receive the
process gases and precursor matters necessary for the
chemical reaction under elther an electromagnetic,
electrical or RF field. The plasma is generated 1inside the
vacuum chamber and the substrate is located into the vacuum
chamber to be exposed to the plasma and for receiving the
matter as a deposition to form the desired film cover or
lining. Vacuum chambers may be small or large depending of
the pieces that are to be inserted therein but, generally,
bulky chambers are involved 1in order to have enough
capacity to all kind of pieces. Always, the entire pilece
inside the chamber is exposed to the plasma and deposition
will be done in all the exposed surfaces of the workpiece.

It is a frequent concern that certain bulky pieces
can not be treated because no avalilable plasma reactors are
found and designing and manufacturing a special reactor for
a determined type of workpiece may be not economically
viable. Another concern 1is that plasma causes fi1lm

deposition all over the surfaces of the workpiece 1into the
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vacuum chamber but, 1n some cases, deposition 1s desired
for only some parts or surfaces of the substrate. For
special works the deposition may be desired 1n only
selective surfaces of the piece such as the 1nner surface
of a tube, pipe or conduit, for example. If a pipe 1is
introduced in the wvacuum chamber all the surfaces thereof
will be covered by the deposition film while deposition may
not be needed at the outer surface of the tube. Generally,
the i1nner surface of a pipe 1s needed of treatment. A clear
example 1s the recycling of used pipes or the protection of
new pilipes 1n any 1ndustry and particularly in the o1l
field. Considering the sizes of 1nvolved pipes no plasma
chambers are easlly available for that service.

Under the above circumstances 1t would be very
convenient to have a new technique and system for carrying
out a PECVD 1n tubular pileces, either of small and large
sizes as well as for obtaining a deposition 1n only
selectivé parts of the piece under treatment, without the

need of a bulky system and stationary installations.

SUMMARY OF THE INVENTION

It 1s therefore an object o0of the 1nvention to
provide a new equipment or system that 1s simple,
straightforward and economically convenient for plasma
deposition 1n substrates and workpieces that may require

large room and/or selective deposition.
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It is still another object of the present invention

to provide a new system and technique for special works

such as when the deposition 1is for only selective surfaces
of the piece such as only the inner surface of a pilipe or
conduit, for the recycling and/or protection thereof, 1n
fields of the industry, for example the o1l field.

It is a further object of the present invention to
provide a new system and technology for treating a desired
surface of tubular pieces, such as pipes, tubing, conduits,
barrels, drums, containers, tanks and the 1like, with at
least one open end, without the need of bulky chambers and
stationary installations.

It is a further object of the present invention to
provide a new system and technology for treating of large
tubing, such as conduits, pipes and casings, 1in the o1l
industry, wherein the system i1s small and portable.

It is a further object of the present 1nvention to

provide a system and technique for plasma enhanced chemilcal

deposition (PECVD) wherein selective surfaces of tubular
substrates may be treated to deposit thin films of a
desired matter, wherein the wvacuum chamber and one of the
electrodes employed in the plasma system 1s conformed by
the substrate or workpiece without the need of bulky plasma
reactors.

It is a further object of the present invention to
provide a plasma system for plasma-enhanced chemical vapor
deposition, the system comprising:

a vacuum chamber,
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at least two electrodes,

a substrate or workpiece, and

a matter to be 1onized for depositing onto at least
one desired surface of the substrate,

whereln the substrate comprises a tubular workpiece
having two ends, with at least one of the two ends being an
open end closed by a removable end cap in a manner that the
vacuum chamber 1s defined by the workpiece and the cap, and
wherein the work piece defines one of the electrodes with
the other one of the electrodes being extended through the
end cap and 1into the workpiece, and with at least one
desired surface of the substrate being defined by an inner
surface of the tubular workpilece.

The above and other objects, features and
advantages of this invention will be better understood when
taken 1n connection with the accompanying drawings and

description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present 1nvention 1s 1illustrated by way of
example 1n the following drawings wherein:

FFigure 1 shows a schematic representation of a
plasma system according to the prior art;

Figure 2 shows a perspective view of a plasma
reactor and vacuum chamber for large workpieces, also

according to the prior art;
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Filgure 3 shows a schematic view of the plasma
system according to a preferred embodiment of the
invention;

Figure 4 shows a cross-section view of the plasma
system of Figure 3;

Figure 5 shows a cross-section view of a plasma
system according to another embodiment of the invention;

Figure 6 shows a cross-section view of the central
electrode showling 1n more detail the gas and precursor
condults with the diffusion nozzles thereof as well as the
vacuum condult having the suction ports open 1into the
vacuum chamber, according to the embodiment of Figure /4,
and

Figure 7 shows a cross-section view of the central
electrode showing 1n more detall the gas and precursor
condults wlith the diffusion nozzles thereof as well as the
vacuum conduit having the suction ports open 1into the

vacuum chamber, according to the embodiment of Figure 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now referring in detail to the drawings, reference
will be made first to some prior art systems as shown 1n
Figures 1 and 2. A very well known plasma system for Plasma
Enhanced Chemical Vapor Deposition (PECVD) 1is schematically
illustrated in Figure 1. The system basically consists of a
vacuum chamber defined by a proper container or reciliplient,

for receiving a substrate or workpiece to be subject to the
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plasma treatment. Two electrodes are located 1nto the
chamber whereiln the electrodes generate the field
conditions for the reaction of the process gases 1njected
into the chamber under the control of gas valves, for
example. A vacuum 1s formed 1nto the chamber by the use of
a pump 1n order to 1nitiate the process to achieve the
conditions for the mentioned reaction. The workpiece 1s
heated, the gases are injected, and the field conditions to
achieve a plasma region are started. The workpiece 1is now
in conditions to be treated. In order to proceed with the
plasma treatment to the substrate or workpliece already
located into the chamber, the chamber 1s evacuated by use
of the pump. Then, the process gas or gases is/are injected
into the chamber and the 1gnition 1s commenced by
application of the field. Some times, heating of the
recipient 1s done by the use o0f peripheral heaters not
l1llustrated. For a determined period of time the plasma
will deposit the precursor matter onto the workpiece and
when the time has lapsed according to a designed treatment
program the chamber 1s vented and the treated workpiece
removed.

The above scheme 1s basically found in all kind of
plasma systems which can be of several types depending of
the shape, size and other parameters of the substrate. For
example, the recipient of Figure 1 may house a rotary drum
(not shown) designed to contain the substrates or pieces
under treatment in the form of bulky material. With the

drum rotation the samples move into the drum 1in order to
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receive a uniform and complete film deposition. In other
types of systems, the electrode i1into the chamber may be
designed to be adapted to the shape of the substrate and,
even 1n another type (not shown), when foils or webs must
pbe treated, the chamber may 1include a couple of parallel
electrodes facing the foil that is arranged in a winding
mechanism, all into the vacuum chamber. Another type of
system may conform a large recilpient, as shown 1in Figure 2,
with a door closing the entrance to personnel and a large
room with a plurality of trays therein to arrange several
substrates or workpieces.

In all these <cases, the system comprises a
container or recipient defining the vacuum chamber the form
and size of which will depend on the form and size of the
workpiece(s). This may cause the system to be dramatically
pbulky, as shown 1in Figure 2, and to require stationary
installations and buildings. For example, 1if substrates
like pipes for the o0il industry, casings, drums or tanks
must be treated, the recipient for the wvacuum chamber
should be big and long with the inconveniences of available
room and costs this would imply.

The 1nventor has faced the problem when needing a
plasma system for treating large pilieces like casing pipes,
piping and tubing for the 01l 1industry and other heavy
industries with no vacuum chambers easily available for
such substrates. Another problem addressed by the inventor
was to have a deposition selectively done 1n pieces wherein

not all the parts or surfaces thereof needed to be treated
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while only selective surfaces were designed to be treated
by plasma.

Now, 1in connection to the present invention, while
the present description will make sgpecific reference to the
application of the inventive system to cylindrical tubular
substrates or pieces, such as tubes, conduits and pipes, 1t
will be readily apparent for any expert in the art that the
system may be conformed by any other shape of the workpiece
wherein, with the teachings of the invention, at least part
of the piece defines at least part of the walls of the

vacuum chamber and one of the electrodes of the system.

As shown 1in Figures 3-7, the 1invention provides a
new plasma system for plasma-enhanced chemical vapor
deposition (PECVD), preferably employed for treating
substrates or workpleces such as tubular pleces and the
like. The tubular pieces may comprise pipes, tubing,
conduits, tanks, boilers, drums, contalners, and the 1like.
While cylindrical or revolution bodies are preferred, the
tubular pieces may have any convenlient section, such as
square sections, polygonal sections, oval sections,
including goosenecks and elbows, and the 1like. Like any
conventional plasma system, the new system 1s comprised
basically of a wvacuum chamber, at least two electrodes, a
substrate or workpiece to be treated and a matter to Dbe
ionized for depositing onto at least one desired surface of
the substrate.

According to the invention, 1n the new system the

substrate comprises a tubular workpliece having two ends,
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with at least one of the two ends being an open end closed
by a removable end cap in a manner that the vacuum chamber

1s defined by the workpiece and the cap, and wherein the

work plece defines one of the electrodes with the other one
of the electrodes being extended through the end cap and
into the workpiece, and with at least one desired surface
of the substrate being defined by an inner surface of the
tubular workpilece.

More particularly, the 1inventive system, as shown
in Figure 3, h comprises a vacuum chamber 1 defined or
enclosed at least partially by the substrate or workpiece
that comprises a tubular piece 2 and at 1least two
electrodes, wherein one electrode 1s defined by the
substrate or workpiece 2, forming a peripheral electrode,
and the other electrode 1is defined by a central electrode,
preferably a central tubular electrode 3. Substrate or
tubular workpiece 2 has two ends, namely end 4 and end 5,
with both ends being open, as shown 1in the embodiment of
Figure 4, or one end being partially or entirely closed, as
shown 1n the embodiment of Figure 5. One pipe will probably
have both ends open while a drum, for example, will have
one end closed.

”

Reference will now be made to the embodiment of

Figure 4 wherein, both ends 4, 5 will be connected to

respective removable end caps 6, 7 1in order to keep champber

i

properly closed to keep vacuum therein and to safely
contain the physical-chemical reactions. Thus, according to

an important aspect of the invention, the wvacuum chamber 1s
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defined by the substrate and the caps. Caps 6, 7 may be
made of any suitable material electrically non conductive
and capable of resisting high temperatures such as 1000°C.
Caps 6, 7 may be fixed to ends 4, 5 by any means such as
threaded c¢onnections, friction connection, etc. and they
will be provided with orifices 8, 9 wherein the central
electrode may pass through the orifices to have their
respective ends outside the wvacuum chamber. For clarity
purposes, the central electrode of the embodiment of Figure
4 will be 1ndicated by reference number 3a and the central

electrode of embodiment of Figure 5 will be indicated by 3b

and when reference to electrode 3 1s made, this will mean
that the reference 1s applicable to either electrode 3a
and/or 3b. Sealing means, such as O-rings 10, 11, also may
be arranged between orifices 8, 9 and central electrode 3.
The assembly of caps and substrate may be rotated by the
use of a motor 12 with transmission means 13, such as
gears, belts, and the like, with the assembly supported by
corresponding bearings, such as ball bearings 14, 15 or the
like (Figures 5, 6).

Also according to the 1invention, the central
electrode, comprised of a tubular electrode structure, has
a plurality of conduits 1n fluid communication with the
vacuum chamber 1n order to feed process gas and precursor
matter 1nto the vacuum chamber for obtaining the necessary
reaction to generate the desired deposition onto only inner
surface 16 of the tubular substrate. This 1s a selective

deposition achieved by the inventive system. The process

oUBSTITUTE SHEET (RULE 9.2)

PCT/EP2008/001967
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gas may be provided by a gas source 17, such as a bottle or
tank, via external conduits 18 having flow control devices
19 for administering the gas supply into the vacuum
chamber. In like manner, precursor matter may be provided
by a precursor matter source 20 via external conduits 21
also having flow control devices 22 for administering the
supply into the vacuum chamber. According to the embodiment
of Figures 3, 4, an external conduit 23 connected to a
suction pump 24 is employed to create vacuum into chamber
1. As shown 1n Filgure 3, a pressure gauge 25 may be
provided in at least one of the caps and a field source 26
will be connected to the electrodes 3 and 2 for providing
either, high frequency field, micro waves field, pulsing
energy field, RF field, CC field, AC field, etc. If heating
1s necessary for the process, a plurality of heaters 27, of
which only two have been illustrated, may also be provided
as 1t 1s known in the art.

The plurality conduits of the tubular electrode
comprise at least one gas conduit 28 for conducting process
gas via external conduit 18 from gas source 17 into the
vacuum chamber, at least one precursor conduit 29 for
conducting a precursor matter via external conduit 21 from
source 20 1into the vacuum chamber and at least one vacuum
conduit 30 for generating vacuum into the vacuum chamber by
pump 24 via external conduit 23. Generally, either in the
embodiment of Figures 3, 4 and Figure 5, the conduits are
preferably concentrically arranged in the tubular

electrode. Conduits 28, 29 have respective diffusion
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nozzles 31, 32 open into.the vacuum chamber to provide, as
indicated 1n Figures 6, 7 by the arrows exiting the
nozzles, process gas and precursor matter, respectively. As
to the wvacuum conduit, the same 1is provided with at least
one suction port 33 also open 1nto the wvacuum chamber 1n
order to evacuate the chamber as shown Dby the arrows
entering the ports 33 in Figures 6, 7. The tubular
electrode has their ends located out of the workpiliece to
provide the connections between the several condults 1into
the electrode with the gas and matter sources and pump.

According to another embodiment of the 1nvention,
1llustrated 1n Figures 5 and 7, tubular substrate may have
one end closed, 1ndicated by reference number 34. In this
embodiment, only one cap © 1s employed as long as central
electrode 3b does not cross end 34 to exit out of the
vacuum chamber. The process and system 1s 1like the
embodiment of Figures 3, 4 except that the vacuum conduits
23, 30 and vacuum ports 33 are arranged at left hand side
together with the conduits for the process and precursor
gases. In both embodiments, c¢entral electrode 3 1s soO
designed that a uniform and continuous supply of gases 1is
guaranteed and an enough vacuum values are achieved.

Also according to the invention, the process gas
may comprise argon, hydrogen, nitrogen, helium, methane,
oxygen, and mixtures of therefore, and the precursor matter
may be any gas capable of being ionized but preferably
diclorosilane, sillane and ox1lde, ammonia, nitrogen,

titanates, chromates, aluminates, and mixtures thereof. The
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work piece or substrate 2 may comprise any material such as
metals, glass, plastics, ceramics, carbon fibers and
mixtures thereof. The form and kind of pieces may be pipes,
tubes, conduilts, Dbarrels, drums, spherical containers,
etc., and combinations thereof, including goosenecks and
elbows.

While preferred embodliments of the present
invention have been 1llustrated and described, it will be
obvious to those skilled in the art that wvarious changes
and modifications may be made therein without departing
from the scope of the invention as defined in the appended

claims.
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CLAIMS

1. A plasma system for plasma-enhanced chemical
vapor deposition, the system comprising:

a vacuum chamber,

at least two electrodes,

a substrate, and

a matter to be 1onized for depositing onto at least
one desired surface of the substrate,

wherein the substrate comprises a tubular workpiece

P

having two ends, with at least one of the two ends being an

open end closed by a removable end cap 1n a manner that the
vacuum chamber 1s defined by the workpiece and the cap, and
wherein the work piece defines one of the electrodes with
the other one of the electrodes being extended through the
end cap ahd into the workplece, and with at least one
desired surface of the substrate being defined by an 1nner

surface of the tubular workpilece.

2. The system of claim 1, wherein the at least two
electrodes comprise a peripheral electrode formed Dby the
tubular workpiece and a central electrode formed by said

other one electrode.

3. The system of claim 2, wherein the central
electrode comprises a tubular electrode having a plurality

of conduits in fluid communication to the vacuum chamber.
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4, The system of claim 3, wherein the plurality
conduits of the tubular electrode comprise at least one gas
conduit for conducting process gas 1nto the vacuum chamber,
at least one precursor conduit for conducting a precursor
matter 1into the wvacuum chamber and at least one vacuum

condulit for generating vacuum 1into the wvacuum chamber.

5. The system of claim 4, wherein the gas condult,
the precursor conduilt and the vacuum condulit  are

concentrically arranged i1n the tubular electrode.

6. The system of claim 4, wherein each of the gas
conduit and the precursor conduit are provided with
diffusion nozzles 1into the vacuum chamber and the wvacuum
conduit 1s provided with at least one suction port open

into the vacuum chamber.

7. The system of c¢laim 4, wherein the tubular
electrode has at 1least one outer end located out of the
workpiece and the outer end 1ncludes at 1least one gas
connecting port of the gas conduit, at least one precursor
connecting port of the gas conduit and at least one vacuum
connecting port of the vacuum conduit, with the at least
one gas connecting port connected to a process gas source,
the at least one precursor connecting port connected to a
precursor matter source and the at least one vacuum

connecting port connected to a vacuum pump.
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8. The system of claim 7, wherein the process gas
1s selected from the group consisting of argon, hydrogen,

nitrogen, helium, methane, oxygen, and mixtures thereof.

9. The system of c¢laim 7, wherein the precursor
matter 1S selected from the group consisting of
dichlorosilane, silane and oxide, ammonla, nitrogen,

titanates, chromates, aluminates, and mixtures thereof.

10. The system of claim 7, wherein the substrate 1is
selected from the group consisting of metals, glass,

plastics, ceramics, carbon fibers, and mixtures thereof.

11. The system of claim 2, wherein the workpiece is
selected from the group consisting of tubes, conduits,

barrels, drums, spherical containers and combinations

thereof.

12. The system of claim 4, wherein the peripheral
electrode formed by the tubular workpiece is a tube with
two open ends and the at least one removable end cap
comprises one removable end cap closing each open end, and
the central electrode extends longitudinally along a center
of the tube with the central electrode passing through the
end caps 1n a manner to keep the vacuum chamber closed and

to keep an electrical insulation with the caps, with the
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central electrode having two ends located out of the wvacuum

chamber.
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