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(57) Abstract: The invention relates to a method of clean-
10 ing and/or sterilization of an object provided in a hermeti-
— cally sealed enclosure, providing a pressure difference be-
tween an internal volume of the enclosure and surround-
ings and generating a plasma solely inside the enclosure for
said cleaning and/or sterilization of the object. The inven-
tion further relates to an apparatus for enabling the same.
The apparatus 10 comprises a vacuum chamber 1, which
can be evacuated using a vacuum pump 2, and a source 3
7 arranged to generate plasma of a suitable gas in an enclo-
/ sure 8, which is substantially hermetically closed with re-

1 8 spect to the atmosphere of the vacuum chamber. The en-
closure 8 may be of a flexible type or may be manufactured
-~ from a rigid material. In case when the enclosure is rigid

‘\ N the pressure inside the enclosure may be lower than an out-
side pressure.
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Title: A method and an apparatus for cleaning and/or sterilization of an

object provided in a sealed enclosure

FIELD OF THE INVENTION

The invention relates to a method of cleaning and/or sterilization of
an object provided in a sealed enclosure. The invention further relates to an

apparatus for enabling the same.

BACKGROUND OF THE INVENTION

An embodiment of the method as 1s set forth in the foregoing is
known from W0O81/02809. According to the known method a porous flexible
package 1s placed in plasma and an object contained in the porous package is
sterilized through the package. The sterilization process 1s initiated by ions
and radicals which have entered the inner space of the enclosure by diffusion
from the outside of the enclosure. The porous package 1s therefore
manufactured from a permeable material for neutralizing plasma ions while
allowing suitable reactive components to diffuse inside the package for
sterilizing the object.

It is a disadvantage of the known method that efficiency of the
sterilization process may be substantially reduced by the porous material of
the package intercepting the 1on flux. It is a further disadvantage of the known
method that energy may be spilled as plasma is generated in a remote area
(1.e. outside the enclosure) whereas only a small part of plasma particles is
used for sterilization.

Another embodiment of the method as 1s set forth in the opening
paragraph 1s known from US 6 007 770. In the known method an object
conceived to be sterilized in being provided in a rigid enclosure, which 1s

positioned between two electrode plates for generating plasma inside the
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enclosure, the enclosure functioning as a dielectric medium for inducing a
barrier discharge.

It is a disadvantage of the method known from US 6 007 770 that
the enclosure 1s to be positioned in a contact with the electrode plates, which
may cause damages on the enclosure surface thereby possibly corrupting the

sterilization process.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a method of cleaning and/or
sterilization of an object provided in a sealed enclosure, said method having
increased reliability and, optionally, an increased detectability of possible

sterilization faults.

To this end the method according to the invention comprises the
steps of:
- providing the enclosure in an area of plasma generation of a
plasma generator;
- providing a pressure difference between an internal volume of the
enclosure and environment of the plasma generator;
- generating plasma solely inside the enclosure using the plasma

generator for said cleaning and/or sterilization.

It will be appreciated that the invention 1s suitable for cleaning
and/or sterilization of an object in either a flexible enclosure, or in a rigid
enclosure. Examples of a flexible enclosure comprise, but are not limited to, a
plastic bag, or a wrap of a different suitable material, like a foil conceived at
least partially to be shaped or wrapped about the object for enclosing it.
Preferably, the flexible enclosure 1s weldable. More preferably, the flexible

enclosure 1s evacuated before the cleaning an/or sterilization process have
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commenced. Examples of a rigid enclosure comprise, but are not limited to, a
box, a vessel, or the like, capable of substantially hermetically enclosing an
object in its inner volume.

In accordance with the invention due to the pressure difference
between the inner volume of the enclosure and the outer atmosphere, 1.e. the
atmosphere of the plasma area of a plasma generator, the plasma 1s generated
substantially solely inside the enclosure. This has an advantage that plasma is
generated substantially only inside the enclosure and substantially no particle
loss occurs on a surface of the enclosure as 1ions and electrons and radicals of
the plasma do not have to traverse the material of the enclosure for reaching
the object. Accordingly, all energy used for plasma generation is purposefully
used.

It will be appreciated that if the enclosure 1s rigid, the pressure
outside the enclosure may be atmospheric and the pressure inside the
enclosure may be decreased. As a result, it 1s possible to 1gnite the plasma
inside the rigid enclosure, for example using microwaves, whereas
substantially no plasma will be ignited outside the enclosure.

It will be further appreciated that in case a flexible enclosure 1s
used, the pressure difference between the inner volume of the enclosure and an
outer atmosphere 1s preferably set to a positive value, so that the pressure in
the inner volume is higher than the pressure in the outer volume. However, at
the same time the pressure inside the enclosure may-be sub-atmospheric. For
example, suitably packed medical instruments may be cleaned and/or
sterilized according to the method of the invention.

It will be still further appreciated that the method according to the
invention provides a further advantage, that 1s, a possibility of re-sterilizing a
packed object which has been stored in a hermetically sealed enclosure during
a prolonged amount of time. In this case the object may be re-sterilized

according to the method of the invention without opening the enclosure.
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In this case, an embodiment of the method according the invention
further comprises the steps of:

- placing the object provided in the hermetically closed enclosure in

a vacuum chamber of the plasma generator;

- evacuating the vacuum chamber to a lower pressure with respect

to a pressure inside the enclosure.

Due to the fact that the flexible enclosure 1s substantially
hermetically closed with respect to the outer atmosphere, the volume of the
enclosure may increase when the vacuum chamber 1s evacuated. Such
deformation of the flexible enclosure may be seen as an indicator that the
enclosure was indeed hermetically closed and remains hermetically closed
after cleaning and/or sterilization using plasma.

Accordingly, when the chamber is aired, the flexible enclosure will
resume 1its original state, for example closely enveloping or otherwise
contacting the object. When the flexible enclosure does not change its shape
upon evacuation of the vacuum chamber or does not return to its original
condition post cleaning/sterilization, a decision may be drawn that the object 1s
not sterile, pursuant to a possible damage of the enclosure. It will be
appreciated that such decision may be taken by a person or in an automatic
way. For example, an image of the enclosure may be picked-up before the
evacuation of the vacuum chamber and post evacuation. Should these images
show no difference, a decision may be taken than the enclosure is corrupted.

It will be appreciated that many embodiments of enabling an
automatic control whether the enclosure 1s still hermetic are contemplated.
For example, the plasma generator may be provided with a switch which 1s
conceived to be suitably displaced by the envelope when it expands. The switch
may be used as a control signal for suitable analysis.

In a further embodiment the method according to the invention
comprises the step of confining the enclosure for controlling the pressure inside

the enclosure.
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When a pre-evacuated hermetically closed enclosure is positioned in
a vacuum chamber and a positive pressure difference between the inner
volume of the enclosure and the atmosphere of the vacuum chamber 1s
preserved the enclosure will tend to expand due to its flexibility and the
positive pressure difference. Preferably, such enclosure 1s reasonably confined
for controlling its expanded volume and for controlling internal pressure of the
enclosure. This has an advantage that efficiency of plasma generation within
the enclosure 1s increased, as there 1s a match between a necessary gas
pressure 1nside the enclosure and operational parameters of the plasma
source. It will be appreciated that the switch as discussed above may be
positioned on such confinement member.

Preferably, plasma inside the enclosure is generated by a device
remotely arranged with respect to a surface of the enclosure. This has an
advantage that no mechanical contact between the enclosure and a plasma
generating source is required minimizing a risk of mechanical damage of the
enclosure. Preferably, the device comprises a radio-frequency source or a
microwave source.

In a still further embodiment of the method according to the
invention, a parameter of the plasma during cleaning and/or sterilization is
monitored.

For this purpose the enclosure may comprise a suitable indicator,
positioned next to the object conceived to be cleaned and/or sterilized.
Examples of a suitable indicator comprise a sample with a coating which 1s
arranged to change a physical property, like color, when plasma has removed
the coating. Another example of a suitable indicator is a sample with a carbon
coating which is arranged to change transmittance according to a plasma dose
received, or the like. It will be appreciated that a suitable plurality of possible
1mplementations of the indicator are possible, some of which are known from

US 2007/0143032.



10

15

20

25

30

WO 2010/044669 PCT/NL2009/050626

An apparatus, according to the invention, for cleaning and/or
sterilization of an object provided in a hermetically closed enclosure,
comprises:

- an evacuation unit for evacuating atmosphere of the enclosure to

a working pressure;

- a vacuum chamber for receiving the enclosure and for providing a
pressure difference between the working pressure and a pressure
mnside the vacuum chamber;

- a plasma source for generating plasma solely inside the enclosure.

In an embodiment of the apparatus as is set forth in the foregoing,
the apparatus 1s further provided with a packing unit comprising a material of
the enclosure for arranging the object inside the enclosure.

It 1s found to be advantageous to integrate a packing process, for
example using a flexible enclosure with a sterilization unit in one apparatus.
Advantageously, such apparatus comprises a packing unit arranged to enclose
an object conceived to be cleaned. Preferably, the packing unit is arranged to
vacuum pack the object in the enclosure and to substantially hermetically close
the enclosure with respect to ambient surroundings. Preferably, an internal
pressure of the enclosure 1s set to a value in a range of about 0.1 - 10 mbar.
When a material of the enclosure 1s weldable, the apparatus preferably
comprises a heater arranged to seal the enclosure by application of local heat.
For example, a heated wire, or a heated bar may be used for that purpose.

In a further embodiment of the apparatus according to the
invention, it further comprises a gas source for flushing an atmosphere of the
enclosure.

It 1s found to be advantageous to flush the atmosphere of the
enclosure for removing undesired microscopic trace materials on the surface of
the object, like dust and/or for filling the enclosure with a desired gas for

plasma generation.
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In a still further embodiment of the apparatus according to the
invention, the plasma source comprises a radio frequency source or a
microwave source.

These and other aspects of the invention will be described in more
detail with reference to drawings, wherein like reference numerals indicate
like elements. It will be appreciated that the drawings are presented for
1llustrative purposes only and may not be used for limiting the scope of the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 presents schematically an embodiment of an apparatus
according to the invention.
Figure 2 presents illustrates schematically a process of plasma

cleaning in an evacuated enclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 presents schematically an embodiment of an apparatus
according to the invention. The apparatus 10 comprises a vacuum chamber 1,
which can be suitably evacuated using a vacuum pump 2. Preferably, a
pressure inside the vacuum chamber 1 1s set to a value of about 0.1 - 10 mbar.
The apparatus 10 further comprises a source 3 arranged to generate plasma of
a suitable gas, for example, air, argon, helium, hydrogen, oxygen or a mixture
thereof, in an enclosure 8, which is substantially hermetically closed with
respect to the atmosphere of the vacuum chamber. The enclosure 8 may be
positioned on a suitable support 5. The enclosure 8 may be of a flexible type or
may be manufactures from a rigid material.
Preferably, when for a material of the enclosure 8 a flexible, preferably

weldable, material is selected, the apparatus 10 preferably comprises a
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packing unit 6 for enclosing the object 9 conceived to be cleaned and/or
sterilized. For closing the enclosure, the packing unit may comprise a heater
(not shown), for example a heated wire or a heated bar for thermally sealing
the enclosure. Preferably, the packing unit 6 is arranged to “vacuum”-pack the
object, so that pressure inside the enclosure is about 0.1 - 10mbar.

It will be appreciated that prior to sealing or to closing the enclosure 8, its
inner atmosphere, preferably, together with the object 9 may be flushed using
a suitable gas, for example, air, argon, helium, hydrogen, oxygen or a mixture
thereof, which may be provided from a gas source 7. Preferably, this gas 1s
used as a source of plasma inside the enclosure 8.

For generating plasma inside the enclosure, the apparatus
comprises a plasma source, for example an RF source or a microwave source.
When a microwave source 1s used, the plasma generated inside the enclosure
may be localized in an area around a small maximum of the microwave field,
which may be preferable for cleaning and/or sterilizing of small objects, like
wafers. It will be appreciated that the term “object” relates to any suitable
item which may be cleaned using plasma. Examples of the object comprise
medical equipment, like syringes, needles, catheters and electronic devices,
like wafers and so on.

In accordance with an aspect of the invention the enclosure may be provided
with an indicator 9a for on-line monitoring of plasma parameters. For example
the indicator 9a may comprise an item which may change a physical property,
like a color a transmittance, or a shape in response to a received plasma dose.
Use of such indicator is advantageous as it may indicate the sterile condition of
the object even if it is being stored on a shelf post cleaning/sterilization.

It will be appreciated that a flexible enclosure may be hermetically
sealed having an inner pressure in the range of 0.1 mbar — 10 mbar. Due to the
flexibility of the enclosure the volume is kept small when the outside pressure
1s higher than the internal pressure. To generate plasma inside the enclosure

it 1s necessary to place the enclosure in a chamber which can achieve much
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lower pressured than needed for a plasma, 1.e, pressures less than 0.01 mbar.
Due to the fact that the pressure inside the bag satisfies plasma generation
conditions, the plasma will be generated solely inside the enclosure. When an
MW or RF field 1s applied the plasma will ignite inside the enclosure and the
cleaning/sterilization process may commence. Therefore, the composition of the
gas outside the enclosure is not relevant, as plasma will be generated solely
inside the enclosure.

In case a rigid enclosure is used in the method according to the
mvention the following applies. Also in this case pressure inside the rigid
enclosure 1s provided which satisfies plasma generation conditions, 1.e. the
pressure 1s between 0.1 and 10 mbar. It 1s possible to generate plasma in two
ways: use a vacuum chamber as described above and apply a MW or RF field
to 1gnite the plasma. Alternatively, the rigid enclosure may be placed in a
chamber with an atmospheric pressure and an MW or RF field may be applied,
like in the ordinary microwave oven. Also in this case no plasma is formed
outside the enclosure because the pressure is too high to generate plasma
using this excitation method.

It will be appreciated that in both cases (flexible or rigid enclosure)
evacuation of the enclosure may be done by a combined evacuation and sealing
device. In the case of the rigid enclosure the enclosure can also be fitted with a
vacuum valve, connected to a vacuum pump and be evacuated, when the
desired pressure is reached the valves may be closed and the pump may be
disconnected. The evacuation and sealing device for the flexible enclosure are
commercially available including a flush unit for supplying a flush gas.

Thus, according to the method of the invention sterilization and
cleaning process 1s simplified whereas contamination risks due to repacking
are substantially reduced. In addition, due to the fact that plasma is generated
solely inside the volume accommodating the object, energy used for plasma
generation 1s saved as plasma particles are generated in a direct vicinity of

the object and do not have to diffuse via any packing material.
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Figure 2 presents illustrates schematically a process of plasma
cleaning in an evacuated enclosure. In accordance with the method of the
invention an object 23 conceived to be sterilized, being enclosed in a suitable
substantially hermetically closed enclosure, 1s provided inside a vacuum
chamber of a cleaning apparatus. It will be appreciated that the object 23 may
be pre-packed, or it may be packed or positioned inside the enclosure in the
cleaning apparatus, as is set forth in the foregoing, which may rest on a
support table 22. Preferably a pressure inside the enclosure is set to a value of
about 0.1 - 10 mbar. View 20a schematically indicates an initial condition,
when a pressure inside the vacuum chamber 21 may be higher than the
pressure 1nside the enclosure 24a. In this condition the enclosure 1s
substantially flat, which indicates that it’s atmosphere is closed with respect to
the atmosphere of the vacuum chamber 21. In accordance with the invention,
the pressure inside the vacuum chamber may be set to a lower value, for
example to 0.01 mbar, than the internal pressure of the enclosure 24a. As a
result (see view 20b), the enclosure 24b may expand, which may be used as an
indicator than the enclosure 1is still substantially hermetically closed. The
volume of the enclosure may be confined by box 25 for controlling a maximum
expansion rate of the material of the enclosure. This has an advantage that
damage of enclosure due to excessive expansion 1s prevented and that the
pressure inside the enclosure 24b 1s controlled. Finally, the plasma source 26
may be switched on for generating plasma substantially only inside the
enclosure 24b and the object 23 1s cleaned and/or 1s sterilized. It will be
appreciated that a level of the pressure in the vacuum chamber 1is set to such a

level that no plasma outside the enclosure 1s generated.

Table 1 presents indications on the cleaning/sterilization efficiency

according to the invention.
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Table 1

IGas P _bag (T exposurejPeak MWDuty Carbon

mixture power cycle removal
mbar minutes Watts % nm

He ~7 30 100 10 0.4

He ~5 60 100 10 1.0

He ~4 90 100 10 0.8

He ~5 120 100 10 1.2

He/O2# 9 ~3 800 10 ~20

He/O2 8 20 800 10 4.7

appreciated that the invention may be practiced otherwise than as described.

While specific embodiments have been described above, 1t will be

The descriptions above are intended to be illustrative, not limiting. Thus, it

will be apparent to one skilled in the art that modifications may be made to

the invention as described in the foregoing without departing from the scope of

the claims set out below.
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Claims

A method of cleaning and/or sterilization of an object provided in an

hermetically closed enclosure, comprising the steps of:

- providing the enclosure in an area of plasma generation of a
plasma generator;

- providing a pressure difference between an internal volume of the
enclosure and environment of the plasma generator;

- generating plasma solely inside the enclosure for said cleaning

and/or sterilization using the plasma generator.

A method according to claim 1, wherein pressure inside the enclosure
1s set to a higher value than the pressure of the environment of the

plasma generator.

A method according to any one of the preceding claims, wherein the

enclosure 1s flexible.

A method according to claim 3 when dependent on claim 2, further
comprising a step of confining the enclosure for controlling the

pressure inside the enclosure.

A method according to claim 1, wherein the enclosure is rigid and the
pressure inside the enclosure is lower than the pressure outside the

enclosure.

A method according to any one of the preceding claims, wherein
plasma inside the enclosure i1s generated by a source remotely

arranged with respect to the enclosure.
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10.

11.

12.

13

A method according to claim 6, wherein the plasma generator

comprises a radio-frequency source or a microwave source.

A method according to any one of the preceding claims, further
comprising a step of monitoring a parameter of the plasma during

said cleaning and/or sterilization.

A method according to claim 8, wherein said parameter is monitored

using an indicator positioned inside the enclosure.

A method according to claim 9, wherein the indicator comprises a
coating conceived to be removed by plasma or to change a physical

property upon interaction with plasma particles.

An apparatus for cleaning and/or sterilization of an object provided

in a hermetically closed enclosure, comprising:

- an evacuation unit for evacuating atmosphere of the enclosure to
a working pressure;

- avacuum chamber for receiving the enclosure and for providing a
pressure difference between the working pressure and a pressure
mside the vacuum chamber;

- a plasma source for generating plasma solely inside the enclosure.

An apparatus according to claim 11, further comprising a packing
unit comprising a material of the enclosure for arranging the object

inside the enclosure.
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13.

14.

15.

14

An apparatus according to claim 12, wherein said material is
weldable, the apparatus further comprising a heater for sealing the

enclosure.

An apparatus according to any one of the preceding claims 11 — 13,
further comprising a gas source for flushing an atmosphere of the

enclosure.

An apparatus according to any one of the preceding claims 11 — 14,
wherein the plasma source comprises a radio frequency source or a

microwave source.
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