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DESCRIPTION

TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to devices and methods for providing plasma treatments. In
particular the invention relates to devices and methods for providing plasma treatments of
lenses included in an operational device.

BACKGROUND OF THE INVENTION

[0002] Images and videos taken by cameras, particularly cameras placed in external
environment, such as surveillance cameras or car cameras (e.g., DVR cameras) are sensitive
to the environmental conditions in the surroundings of the cameras. For example, fog and rain
may blur the images and videos, making it almost impossible for the surveillance cameras to
capture recognizable images or for car cameras to capture images that may allow controlling
various functions of the car. In autonomic driving the quality of the images captured by the car
camera(s) is an essential factor that may affect the safety of the person(s) in the car.

[0003] Additional devices such projectors and traffic lights are also sensitive to the
environmental conditions. Fog, rain drops or snow can scatter the light produces by such
devices and reduce their efficiency dramatically.

[0004] Accordingly, there is a need to find an effective method for reducing blur due to
accumulation of droplets on a lens of the camera during fog, rain, snow or due to condensation
of vapor. Most commonly used methods include coating the lenses with various hydrophilic
coatings. These techniques are limited as the coating may degrade or be peeled with time.

[0005] CN 105204180 A discloses a plasma treatment of a lens for an operational device
during a manufacturing process.

[0006] JP-S59 24825 discloses a method of treating a contact lens with plasma.

SUMMARY OF EMBODIMENTS OF THE INVENTION

[0007] Some aspects of the invention relate to devices and methods for providing plasma
treatments of lenses included in operational devices.

[0008] Accordingly, a first aspect of the invention provides a treatment device for periodically
treating a lens included in an operational device according to claim 1.
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[0009] A second aspect of the invention is directed to a method for periodically treating a lens
included in an operation device according to claim 11.

[0010] Preferred embodiments of the invention are defined in the dependent claims.

[0011] A treatment device for treating a lens included in an operational device, according to
some embodiments of the invention includes at least one first electrode located in proximity to
a first surface of the lens, wherein the first surface is to be treated by the treatment device; at
least one second electrode; and an RF generator electrically associated with the electrodes for
providing RF energy to the at least one first and at least one second electrodes in an amount
sufficient to generate plasma on the first surface of the lens.

[0012] In some embodiments, the second electrode may be placed inside the internal volume.
In some embodiments, the second electrode is placed outside of the internal volume and the
housing is at least partially made of a dielectric material. In some embodiments, the first or the
second electrode may be covered with a dielectric material. In some embodiments, the
housing may be fixed and the actuator is configured to rotate the operational device such that
the external surface of the lens is sealed in the internal volume. In some embodiments, the
housing may be a movable housing and wherein the actuator is configured to move the
movable housing to seal the external surface of the lens.

[0013] In some embodiments, the treatment device may further include a pump for pumping
gas from the internal volume when the surface of the lens is sealed therein. In some
embodiments, the treatment device may further include a gas supply unit for supplying gas to
the internal volume when the surface of the lens is sealed therein. In some embodiments, the
treatment device may further include at least one of a wiper and a drier for drying the lens prior
to the application of the RF energy. In some embodiments, the treatment device may further
include a controller configured to: control the actuator to cause the external surface of the lens
to be sealed by the internal volume; and activate the RF generator to provide RF energy to the
first and second electrodes when the lens is sealed in the internal volume.

[0014] In some embodiments, the method may further include creating a sub-atmospheric
pressure inside the internal volume when the surface of the lens is sealed in the internal
volume. In some embodiments, the method may further include providing gas to the interval
volume when the surface of the lens is sealed in the internal volume. In some embodiments,
the method may further include forming plasma in a dielectric-barrier discharge (DBD) mode
over the external surface of the lens.

[0015] Some additional aspects of the invention may be related to a method of treating a lens
included in an operational device. In some embodiments, the method may include positioning
at least two electrodes may be in vicinity to a lens of an operational device; and generating
plasma adjacently to a surface of the lens by supplying EM RF power to the electrodes from a
RF generator associated thereto, thereby rendering the surface of the lens hydrophilic.
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[0016] In some embodiments, the method may further include simultaneously moving the at
least at least two electrodes over the first surface while generating the plasma. In some
embodiments, the method may further include providing gas to form the plasma adjacently to
the surface of the lens. In some embodiments, the method may further include forming the
plasma in a dielectric-barrier discharge (DBD) mode over the first surface of the lens.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The subject matter regarded as the invention is particularly pointed out and distinctly
claimed in the concluding portion of the specification. The invention, however, both as to
organization and method of operation, together with objects, features, and advantages thereof,
may best be understood by reference to the following detailed description when read with the
accompanying drawings in which:

Figs. 1A-1E are illustrations of devices for treatment lenses according to some examples useful
for the understanding of the invention but not covered by the claims;

Fig. 2 is an illustration of a device for treatment lenses according to some examples useful for
the understanding of the invention but not covered by the claims;

Figs. 3A-3C are an illustrations of a device for treatment lenses according to some
embodiments of the invention;

Fig. 4A is a flowchart of method steps of treating a lens which may be performed within the
method of the present invention;

Fig. 4B is a flowchart of method steps of treating a lens which may be performed within the
method of the present invention; and

Fig. 5 is a flowchart of another method of treating a lens according to some embodiments of
the invention.

[0018] It will be appreciated that for simplicity and clarity of illustration, elements shown in the
figures have not necessarily been drawn to scale. For example, the dimensions of some of the
elements may be exaggerated relative to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the figures to indicate corresponding
or analogous elements.

DETAILED DESCRIPTION

[0019] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those
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skilled in the art that the present invention may be practiced without these specific details
without departing from the extent of the appended claims. In other instances, well-known
methods, procedures, and components have not been described in detail so as not to obscure
the present invention.

[0020] Some aspects of the invention are device or related to devices for treating lens of an
operational device such as camera lenses, traffic lights lenses and the like during operation
(e.g., before, after or while an operational device that includes the lens is in operation). As
used herein, the term "lens" may refer to any element that is transparent or reflective and may
be exposed at least partly to the ambient atmosphere which light passes through or being
reflected from. In some embodiments the "lens" may denote a transparent window or cover,
whether curved or flat, whether optically effective or substantially optically neutral. A lens
according to some embodiments of the invention may include a camera lens, a traffic light lens,
a projector lens and the like.

[0021] Accordingly, an operational device, as used herein, may include any device that
includes at least one lens, for example, a traffic light, a camera, a projector and the like. Such a
device is considered operational after leaving the assembly/manufacturing facility and
placed/assembled ready to be operated or already operated. For example, a surveillance
camera may be considered operational after being assembled in its final position ready for
conducting surveillance. In another example, a car camera may be considered operational
after the car left the assembly line. In yet another example, a traffic light may be considered
operational when placed in a junction or a road.

[0022] In some embodiments, a lens covered with fog, vapor, rain or snow may have a
reduced performance. For example, in cameras the bluer of the captured image may occur
due to condensation of water vapor, generating water droplets on the surface of the camera
lens. Each droplet may act as an additional lens distorting light rays coming towards the
camera lens, thus reducing dramatically the quality of the images that may be captured by the
camera. The same effect may reduce the illumination efficiency of traffic lights and projector.
According to some embodiments of the invention reducing such effects may be archived by
manipulating a surface of the lens that might be exposed to moisture or to water, to increase
the hydrophilicity thereof so as to achieve increased wetting or even complete wetting of that
surface of the lens by water.

[0023] Complete wetting is achieved by increasing the surface tension of the surface of the
lens to above the surface tension of water, namely above 0.072N/m, for example, above 0.08
N/m, above 0.1 N/m or more. In some embodiments, a surface tension below 0.072N/m may
also be obtained using methods and devices according to embodiments of the invention. As
can be understood by one skilled in the art embodiments of the invention are not limited to a
particular surface tension.

[0024] When the surface tension of the surface of the lens is greater than the surface tension
of water, water does not accumulate in droplets on the surface but rather wet the surface,
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having a contact angle of substantially O degrees. Accordingly, a treatment device according to
some embodiments of the invention may apply a plasma treatment to the surface of the lens
that may alter the surface tension, at least for a limited period of time, to be about or even be
greater than 0.072N/m. The treatment device includes at least two electrodes for ionizing gas
between the two electrodes. According to some embodiments of the invention, the gas may be
the air surrounding the lens or a gas (e.g., argon, helium) supplied to the treatment device
from an external source.

[0025] The effects of plasma treatment on hydrophilicity of a treated surface are often
temporary, so that hydrophilicity of a treated surface tends to decrease over time after the
exposure to plasma ends. Therefore, a plasma treatment applied to a surface of a lens
according to the invention has to be repeated periodically during the lifetime of the operational
device. For example, a lens in a car camera may be treated every time the car is started, when
the car stops (e.g., at a traffic light), etc. In yet another example, a lens of a surveillance
camera may be treated periodically, for example, every 2 hours.

[0026] In some embodiments, the treatment device may generate plasma in a Dielectric
Barrier Discharge (DBD) mode, to ensure uniformity of the plasma generated electric field in
the vicinity of the lens, and hence to ensure the quality of the plasma treatment. The quality of
the plasma treatment may be determined according to the level of hydrophilicity attained and
the duration of time at which the electric field is activated to obtain that hydrophilicity. In order
to form a plasma in a DBD mode, an electrical isolator (e.g., made from a dielectric material)
may be placed between the two electrodes. In some embodiments, the dielectric material may
be the lens. Additionally or alternatively, at least one of the electrodes may be coated with an
electrically isolating dielectric material.

[0027] Reference is made to Figs. 1A-1C that are illustrations of treatment devices for treating
a lens included in an operational device 5 according to some examples useful for the
understanding of the invention but not covered by the claims. Treatment devices 100a-100e
illustrated in Figs. 1A-1E may be configured to form plasma in an open or closed environment,
for example, by ionizing the air in proximity to the lens. In some embodiments, other types of
gasses such as argon or helium may be supplied to treatment devices 100a-100e from
external sources (not illustrated). In some embodiments of this useful example, devices 100a-
100e may be configured to apply sufficient electromagnetic (EM) power, in order to generate
plasma. For example: "plasma may be generated in the devices 100a-100e at voltages in the
range of 5-15kV, however voltages outside that range may also be implemented in rare
situations. The distance between the electrodes may typically be in the range of 10mm -
0.1mm, however distances outside that range may be unavoidable in rare situations. The lens
may be positioned between the electrodes, not necessarily in the middle. Typically, the higher
the dielectric constant of the lens material and the larger the distance between the electrodes
is, the higher the required voltage should be to ignite and maintain the plasma. The required
voltage for generating plasma may also depend significantly on the type of gas that is ionized
to generate the plasma, and on the gas' pressure. For the sake of clarification a non-limiting
example may be presented: helium gas at atmospheric pressure will ignite at an RF field (e.g.
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in a frequency between 1MHz and 15MHz) of about 7kV over a distance of 1cm between
electrodes (without a dielectric barrier in between), and at a voltage of about 200V at 0.8kPa.
With a similar configuration of electrodes and at similar field frequencies, air will ignite at a
voltage of about 20kV in atmospheric pressure and at a voltage of about 800V in 0.8kPa.

[0028] It is further noted that the terms energy and power, and expressions incorporating
these terms, are used interchangeably herein in the context of ionizing gas using
electromagnetic fields. In other words, expressions such as RF energy being applied to
electrodes, or EM power being supplied by a power source, and similar expressions, are all
directed to electromagnetic power (current and voltage), typically at radio-frequencies, being
supplied to the electrodes from a power source, thereby effecting a plasma-generating field in
the vicinity of the electrodes. The electrical association of the power source with the electrodes
may typically be galvanic (involving electrical contact), however in some cases such
association may include capacitive coupling or EM induction (thus avoiding galvanic contact).

[0029] Fig. 1A illustrates a treatment device 100a that is configured to apply plasma treatment
to a semi spherical lens 10, according to some examples useful for the understanding of the
invention but not covered by the claims. Semi- spherical lens 10 may be included in an
operational device 5 (such as a camera, for example, a car camera or a surveillance camera).
Treatment device 100a may include at least one first electrode 110a located in proximity to a
first surface of lens 10 and at least one second electrode 120a. In some embodiments of this
useful example, the first surface may be the surface to be treated by treatment device 100a. In
some embodiments, the first surface may be the external surface, when reduction of blur due
to fog and rain is required. In some embodiments of this useful example, the first surface may
be the internal surface of lens 10 when reduction of vapor condensation accumulation on the
internal surface of the dome of lens 10 is required. In some embodiments of this useful
example, both surfaces of lens 10 are treated during the plasma to increase their hydrophilicity.
In some embodiments of this useful example, lens 10 may be located between least one first
electrode 110a and least one second electrode 120a. In some embodiments of this useful
example, both at least one first electrode 110a and at least one second electrode 120a may be
located in proximity to the first surface of the lens.

[0030] Treatment device 100a may further comprise an RF generator 180 for providing RF
energy to at least one first and at least one second electrodes 110a and 120s in an amount
sufficient to generate plasma on the first source of lens 10. RF generator 180 may be
electrically associated with electrodes 110a and 120a. It is noted that RF generator 180 may in
some embodiments of this useful example be located within a same housing together with
operational device 5, as is depicted in Fig. 1A. In some embodiments of this useful example,
RF generator 180 may be positioned outside such a housing, and may further be located
relatively distantly from the operational device and from the electrodes 110a and 120a.

[0031] In some embodiments of this useful example, treatment device 100a may further
include at least one attachment element 170 configured to attach treatment device 110a to
operational device 5. Such attachment element 170 may included one or several parts,
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allowing, for example, to attach treating device 100a to operation device 5 as an add-on. Such
attachment may according be carried out onto operational device 5 when it is already
operational, in the field, and not during manufacturing.

[0032] In some embodiments of this useful example, at least one second electrode 120a may
be located in proximal to the first surface of lens 10 (e.g., the external surface illustrated). In
some embodiments of this useful example, at least one second electrode 120a may be located
in proximity to first electrode 110a from the first surface of lens 10. Electrodes 110a and 120a
may be shaped as curved strips made from any suitable conducting material, for example,
metals or alloys. Electrodes 110a and 120a may be located in a close proximity, but not
touching lens 10, for example, electrode 110a may be located at a distance of 1 mm or less, or
between 1Tmm and 2mm or 2 mm or more from the first (e.g., external) surface of lens 10 and
electrode 120a may be located at a distance of 1 mm, 2 mm or more from a second (e.g.,
internal) surface of lens 10.

[0033] In some embodiments of this useful example, an electrical isolator made from a
dielectric material is located between the at least one first electrode 110a and the at least one
second electrode 120a. In some embodiments, the electrical isolator may be lens 10. In some
embodiments of this useful example, the electrical isolator (e.g., dielectric material) may be a
coating or a shield for covering at least a portion of at least one first electrode 110a and at
least one second electrode 120a. Examples for dielectric materials may be metallic oxides
(e.g., alumina), polycarbonates, Teflon and the like. In some embodiments of this useful
example, the electrical isolator may allow generating plasma on the surface to-be-treated of
lens 10 in a DBD mode.

[0034] Electrodes 110a and 120a may be connected to a shaft 140 so as to simultaneously
move (e.g., rotate) electrodes 110a and 120a over the first surface of lens 10. Shaft 140 may
be rotated using an actuator 130 (e.g., an electric motor). The movement may simultaneously
rotate electrodes 110a and 120a from one edge of the half-dome lens 10 to the other edge of
the lens 10, back and forth, each time a plasma treatment should be applied to lens 10.In
some embodiments, RF energy may be applied to electrodes 110a and 120a in order to form
plasma, for example, in DBD mode over the first surface of lens 10. Device 100a may further
include RF generator 180configured to providing RF energy to at least one first and at least
one second electrodes 110a and 120a in an amount sufficient to generate plasma on the
external surface of lens 10. RF generator 180 may apply a required voltage between
electrodes 110a and 120a at a required frequency to ionized gas on the external surface of
lens 10. For example, an RF energy may be applied at a frequency between 10KHz and 1GHz
and a voltage of 5-15kV (however voltages outside this range may be used in some cases).

[0035] In some embodiments of this useful example, the RF energy may be provided to
electrodes 110a and 120a via feeding lines 112a and 122a. In some embodiments of this
useful example the voltages may be provided to at least one first electrode 110a using a
designated feeding line 112a and RF energy may be provided to at least one second electrode
120a, using a designated feeding line 122a as to form the required EM field between
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electrodes 110a and 120a. In some embodiments of this useful example the RF generator may
be electrically associated with the electrodes via capacitive coupling or EM induction or a
combination thereof.

[0036] In some embodiments of this useful example, treatment device 100a may further
include a controller, not illustrated. The controller may be configured to control RF generator
170 to provide RF energy to at least one first and to at least one second electrodes 110a and
120a. In some embodiments of this useful example, the controller may further control actuator
130 to synchronize the movement of the at least one first and the at least one second
electrodes 110a and 120a with the RF energy application. The RF energy may be applied
while actuator 130 is moving electrodes 110a and 120a over the surface of lens 10 to treat the
entire first surface of lens 10.

[0037] One or more attachment elements 170 may be configured to attach treatment device
100a to operational device 5 (e.g., a camera, a traffic light, a projector and the like). One or
more attachment elements 170 may include any attachment means, such as, clips, screws,
bolts, strips etc. In some embodiments of this useful example, treatment device 110a may
include a farm or housing 190 for holding electrodes 110a and 120a, actuator 130, controller
180 and any other component included in device 100a. In some embodiments, attachment
elements 170 may be configured to attach farm or housing 190 to operational device 5 such
that first electrode 110a may be located in closed proximity to the surface of lens 10.

[0038] In some embodiments of this useful example, treatment device 100a may be
permanently attached to operational device 5 (as illustrated), for example, when second
electrode 120a is located in proximity to the internal surface of lens 10. Such an assembly may
be conducted in an assembly line during the manufacturing process of operational device 5. In
some embodiments of this useful example, treatment device 100a may be removably attached
from operational device 5 and attachment elements 170 may be configured to attach and
detach treatment device 100a from the operational device. For example, a removable
treatment device 100a may be attached to an already standing traffic light, during a retrofit
project.

[0039] Fig. 1B illustrates a treatment device 100b that is configured to apply plasma treatment
to semi spherical lens 10, according to some examples useful for the understanding of the
present invention but not covered by the claims. Treatment device 100b may include at least
one first electrode 110b located in proximity to a first surface of lens 10 and at least one
second electrode 120b. In some embodiments of this useful example, the first surface may be
the surface to be treated by treatment device 100b, as discussed with respect to device 100a.

[0040] Treatment device 100b may further include RF generator 180 for providing RF energy
to at least one first and at least one second electrodes 110b and 120b in an amount sufficient
to generate plasma on the first surface of lens 10. In some embodiments of this useful
example, device 100b may further include at least one attachment element 170 configured to
attached treatment device 100b to operational device 5 and a controller (not illustrated). RF
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generator 180, attachment element 170 and the controller were broadly discussed above with
respect to treatment device 110a and the discussion is applicable to treatment device 100b as
well.

[0041] In some embodiments of this useful example, the first surface may be the external
surface (as illustrated) and at least one second electrode 120b may be located in proximity to
the internal. In some embodiments of this useful example, the first surface may be the internal
surface. In some embodiments of this useful example, at least one second electrode 120b may
be located in proximity to first electrode 110b from the first surface of lens 10. Electrodes 110b
and 120b may be shaped as curved strips (e.g., shaped as circular arcs, e.g. 1/4 of a circle)
made from any suitable conducting material, for example, metals or alloys. Electrodes 110b
and 120b may be located in a close proximity, but not touching lens 10, for example, electrode
110b may be located at a distance of less than 1mm, or between 1 and 2mm or 2 mm or more
from the external surface of lens 10. Likewise, electrode 120b may be located at a distance of
less than 1mm, or between 1 and 2mm or 2 mm or more from the internal surface of lens 10.

[0042] In some embodiments of this useful example, an electrical isolator made from a
dielectric material may be located between at least one first electrode 110b and at least one
second electrode 120b. In some embodiments of this useful example, the electrical isolator
may be lens 10. In some embodiments of this useful example, the electrical isolator (e.g.,
dielectric material) may be a coating or a shield for covering at least a portion of at least one
first electrode 110b and at least one second electrode 120b. Examples for dielectric materials
were given herein above. In some embodiments of this useful example, the electrical isolator
may allow to generate plasma on the external surface of lens 10 at a DBD mode.

[0043] Electrodes 110b and 120b may be connected to a circular conveyor 136 (e.g., a crown
gear) that may be configured to simultaneously rotate electrodes 110b and 120b around the
central axis . A circular movement may be transferred to conveyor 136 from an actuator 130
(e.g., an electric motor) via cogwheels 132 and 134. Conveyor 136 may include for example a
crown gear or any other suitable device.

[0044] In some embodiments of this useful example, the RF energy may be provided to
electrodes 110b and 120b via feeding lines 112b and 122b, as discussed above with respect to
device 100a. In some embodiments of this useful example the RF generator may be
electrically associated with the electrodes via capacitive coupling or EM induction or a
combination thereof.

[0045] In some embodiments of this useful example, treatment device 100b may be configured
to form plasma in DBD mode over the surface of lens 10 between electrodes 110b and 120b.
In some embodiments of this useful example, if an RF energy at the required voltage and
frequency is applied between electrodes 110b and 120b while the electrodes rotate around
axis 30, the entire surface of lens 10 may undergo a plasma treatment.

[0046] Referring now to Fig. 1C which illustrates a treatment device 100c that is configured to
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apply plasma treatment to a semi spherical lens 10, according to some examples useful for the
understanding of the present invention but not covered by the claims. Treatment device 100c
may include substantially the same components as treatment device 100b. However, the RF
energy may be provided to electrodes 110c and 120c from RF generator 180 directly from
conveyor 136. For example, an electrical separation (e.g., by an electrical isolator) may be
conducted between a first crown gear rotating electrode 110c and a second crown gear
rotating electrode 120c. In some embodiments of this useful example, the first and second
crown gears may be included in conveyor 136.

[0047] Referring now to Fig. 1D which illustrates a treatment device 100d that is configured to
apply plasma treatment to a semi spherical lens 10, according to some examples useful for the
understanding of the invention but not covered by the claims. Treatment device 5 may be
attached/assembled to an operational device 5, such as the car camera illustrated being
assembled into the headlight and/or the taillight of a car. In some embodiments of this useful
example, two or more first electrodes 110d and two or more second electrodes 120d may be
included in device 100d, for example, the plurality of electrode segments illustrated. It should
be noted that any number of first electrode 110a-110d and second electrodes 120a-120d can
be included in any treatment device according to embodiments of this useful example,

[0048] In some embodiments of this useful example using such a multitude of pairs of
electrodes may facilitate employing a more uniform areal intensity of energy over the treated
surface. In the treatment device of 1B for example, electrodes 110b and 120b may each be
replaced by a multitude of electrically separated electrode segments, arranged along the same
locations of electrodes 110b and 120b. Each of the multitude of electrodes may be supplied
with a RF power at a different intensity or/and at a different duty cycle. For example, an
electrode segment closer to the edge of the lens (closer to the conveyor) may be supplied with
a more intense power or with EM power at a higher duty cycle, compared to an electrode
segment closer to the tip (or center) of the lens. This is because the area covered by an
electrode closer outer edge is significantly larger than the area covered by an electrode
segment closer to the center.

[0049] In some embodiments of this useful example, a plurality of pairs of first and second
electrodes 110d and 120d may be arranged in a circular configuration from two sides (namely
adjacent the two surfaces) of lens 10. In some embodiments of this useful example, first
electrodes 110d may be located in proximity to a first surface of lens 10 (e.g., the external or
internal surface). In some embodiments of this useful example, second electrodes 120d may
be located in proximity to a second surface of lens 10. In some embodiments, second
electrodes 120d may be located in proximity to first electrodes 110d from the first side of the
lens.

[0050] In some embodiments of this useful example, device 100d may further include a
conveyor 138 for conveying a rotational movement to first and second electrodes 110d and
120d. In some embodiments of this useful example, the RF energy may be provided to
electrodes 110d and 120d from an RF generator (not illustrated) directly from conveyor 138.
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For example, an electrical separation (e.g., by an electrical isolator) may be conducted
between a first crown gear rotating electrodes 110d and a second crown gear rotating
electrodes 120d. In some embodiments of this useful example, the first and second crown
gears may be included in conveyor 138.

[0051] Referring now to Fig. 1E which illustrates a side view (a cross section) of a treatment
device 100e that is configured to apply plasma treatment to a flat lens 20, according to some
examples useful for the understanding of the present invention but not covered by the claims.
Treatment device 100e may include at least one first electrode 110e located in proximity to a
first surface of lens 20 and at least one second electrode 120e. In some embodiments of this
useful example, two or more first electrodes 110ce and two or more second electrodes 120e
may be included in device 100e, for example, from two sides of lens 20.

[0052] Treatment device 100e may further include, a controller, at least one attachment
element 170 configured to attached treatment device 110e to an operational device (not
illusrated) and an RF generator 180 for providing RF energy to at least one first and at least
one second electrodes 110e and 120e in an amount sufficient to generate plasma on the
external surface of lens 20. The controller, RF generator 180 and attachment element 170
were broadly discussed above with respect to treatment device 110a and the discussion is
applicable to treatment device 100e as well.

[0053] In some embodiments of this useful example, at least one second electrode 120e may
be located in proximity to a second side of lens 20. Lens 10 may be included in an operational
device (not illustrated). Electrodes 110e and 120e may be shaped as straight strips, (e.g., a
length of the radius of lens 20, when lens 20 is a circular lens) made from any suitable
conducting material, for example, metals or alloys. Electrodes 110e and 120e may be located
in a close proximity, but not touching lens 20, for example, electrode 110e may be located at a
distance of less than 1mm, or between 1 and 2mm or 2 mm or more from the first surface of
lens 20 and electrode 120e may be located at a distance of less than 1mm, or between 1 and
2mm or 2 mm or more from the second surface of lens 20.

[0054] Electrodes 110e and 120e may be connected to a circular conveyor 160 operated by an
actuator 130 (e.g., an electric motor). Circular conveyor 160 may be configured to
simultaneously rotate electrodes 110c and 120c around axis 40, as illustrated. Accordingly,
when circulated around lens 20, electrodes 110e and 120e may cover the entire surface of
lens 20.

[0055] In some embodiments of this useful example, treatment devices 100a-100e may further
include a gas supply unit for supplying gas to a gap between the outer surface of the lens and
the first electrode, for example, the gas supply unit illustrated and discussed with respect to
Fig. 2 hereinbelow. As should be understood to one skilled in the art, the gas supply unit of Fig.
2 is given as an example only and embodiments of the invention are not limited to the
disclosed gas supply unit. Treatment devices according to any embodiment of the invention
may include any gas supply unit known in the art.
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[0056] Reference is now made to Fig. 2 which is an illustration of a treatment device 200 for
treating a lens included in an operational device (e.g., device 5 illustrated in Figs. 1A-1D)
according to some examples useful for the understanding of the present invention but not
covered by the claims. Treatment device 200 may include a first electrode 210 and a second
electrode 220 made from any suitable conducting material. In some embodiments of this useful
example, at least one of electrodes 210 and 220 may be coated with dielectric material in order
to enhance the formation of plasma at a DBD mode, on the surface of flat lens 20. In some
embodiments of this useful example electrode 220 may be located in proximity to lens 20,
optionally surrounding lens 20 (as illustrated). In some embodiments, electrode 210 may be
located at a predetermined distance from electrode 220, for example, 0.1-1mm or 1-2mm, or
2-3 mm or 3-10mm or more than 10mm. In some embodiments of this useful example, both
electrodes 210 and 220 may be located in proximity to a first surface of lens 20, such that the
first surface may be treated by a plasma generated by electrodes 210 and 220.

[0057] In some embodiments of this useful example, treatment device 200 may further include
a gas supply unit 225. Gas supply unit 225 may include: a circular conduit (e.g., a pipe) 240
configure to deliver gas streams 245 (e.g., helium streams) via openings 243 in conduit 240.
Circular conduit 240 may surround electrodes 210 and 220, and may be located such that gas
streams 245 are directed to flow between electrodes 210 and 220. Circular conduit 240 may
be connected to a reservoir/pump 230 for supplying pressurized gas (e.g. helium) for forming
gas streams 245.

[0058] In some embodiments of this useful example, device 200 may further include an RF
generator 180 and a controller (not illustrated) for applying RF energy to electrodes 210 and
220 for forming plasma between electrodes 210 and 220, and for controlling both the RF
energy application and the gas flow. Gas steams 245 that flow between electrodes 210 and
220 when the required amount of voltage at the required frequency is applied to the
electrodes, may be ionized to form streams of plasma that may treat the surface of lens 20.

[0059] Treatment device 200 may further include at least one attachment element 170
configured to attached treatment device 200 to the operational device. The controller, RF
generator 180 and attachment element 170 were broadly discussed above with respect to
treatment device 110a and the discussion is applicable to treatment device 200 as well.

[0060] As may be understood by a person skilled in the art, the embodiment disclosed in Fig. 2
is given as an example only, and the different components of device 200 may have different
geometrical shapes and arrangements.

[0061] Reference is now made to Figs. 3A-3C which are illustrations of a treatment device 300
for treating lenses, at three different operational stages, according to some embodiments of
the invention. Treatment device 300 may be installed to treat a lens 25 of operational device
28 (e.g., camera). Treatment device 300 includes a housing 50 a housing defining an internal
volume 60 and having an opening,, a first electrode 310 and a second electrode 320.
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Treatment device 300 further includes an RF generator 180, and preferably a controller 350.
RF generator 180 is electrically associated with first electrode 310 and second electrode 320.
First electrode 310 is located in close proximity to lens 25 when the surface of the lens is
sealed in the internal volume. The device 300 or, in some embodiments not covered by the
invention, operational device 28, further includes an actuator 330.

Actuator 330 is configured to displace operational device 28 relative to housing 50 so as to
enable a surface of lens 25 to be sealed within internal volume 60 or not to be sealed within
internal volume 60.

[0062] The second electrode 320 is located at a predetermined distance from first electrode
310. The predetermined distance is determined to allow an ionization of a gas between first
and second electrodes 310 and 320. In some embodiments, second electrode 320 may be
placed inside internal volume 60, as illustrated. In some embodiments, second electrode 320
may be placed outside of internal volume 60 and housing 50 may be at least partially made of
a dielectric material. Such configuration may cause plasma generation on the surface of lens
25 at a DBD mode.

[0063] As illustrated in Figs. 3A-3C operational device 28 may be configured to rotate around
shaft 22. In some embodiments, shaft 22may be located outside of housing 50. The
displacement of operational device 28 may be set around shaft 22 and may be presented as
an imaginary sphere (dashed circle). In some embodiments, lens 25 may turn towards the
surrounding when operational device 28 captures images, as illustrated in Figs. 3A and 3B and
turn towards internal volume 60 when operational device 28 is turned off (as illustrated in Fig.
3C). In the later position operational device 28 may close housing 50, such that volume 60 may
be sealed from gas exchange with the outside. In such case lens 25 may have the same shape
as the opening of housing 50. In some embodiments, various mechanisms may be considered
for sealing (e.g. a mechanism that pushes lens 25 onto the opening of housing 50, a
mechanism that forms under pressure that suck lens 25 to seal the opening of housing 50 and
the like.). Lens 25, may be a semi-spherical lens, a curved lens or a flat lens.

[0064] Device 300 may include a first electrode 310 and second electrode 320 made from any
suitable conducting material. Electrode 310 may be shaped as a ring and may be located in
close proximity to lens 25, for example, around lens 25, when lens 25 is encapsulated in
internal volume 60 and housing 50 (e.g., as illustrated in Fig. 3C). In some embodiments
electrode 310 may be shaped as a net stretching across the opening of housing 50. Yet in
some embodiments electrode 310 may be attached to the lens, as, e.g. a ring on the periphery
of the lens. Electrode 320 may be located at a predetermined distance (e.g., 0.1-1mm or 1-
2mm, or 2-3 mm or 3-10mm or more than 10mm) form electrode 310. In some embodiments,
a dielectric material 325 may cover or coat electrode 320 and / or electrode 310 in order to
form by electrodes 310 and 320 plasma at a DBD mode on the surface of lens 25.

[0065] In some embodiments, actuator 330 may include any devise that may allow to cause a
relative movement between treatment device 300 and operational device 28, such that housing
50 may seal the external surface of lens 25 prior to the generation of the plasma by RF
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generator 180. In some embodiments, housing 50 may be fixed and actuator 330 may be
configured to rotate operational device 28 such that the external surface of lens 25 may be
sealed by internal volume 60 as illustrated.

[0066] In some embodiments, housing 50 may be a movable housing and actuator 330 may
be configured to move movable housing 50 to encapsulate and seal the external surface of
lens 25. For example, actuator 330 may roll up housing 50 when operational device 28 is
operating to reveal lens 25 and may roll down housing 50 when operational device 28 is not
operating.

[0067] In some embodiments, housing 50 may be configured to completely cover and
encapsulate operational devise 28 when a plasma treatment to lens 25 is required, for
example, housing 50 may be shaped as semispherical cover. In such case housing 50 may be
configured to be folded or removed when camera 28 is operating and open to cover camera
28 during the plasma treatment, to form closed volume 60.

[0068] In some embodiments, treatment device 300 may further include a pump 340 for
forming under-pressure inside volume 60, for example, the pressure inside volume 60 may be
1-200 mbars. In some embodiments, electrode 320 may be located outside of housing 50, as
housing 50 may be the dielectric material. In some embodiments, treatment device 300 may
further include a gas supply unit 345 for supplying gas to internal volume 60 prior to or during
the application of the RF energy.

[0069] Treatment device 300 further includes RF generator 180 for providing RF energy to
electrodes 310 and 320 for forming plasma between electrodes 310 and 320. In some
embodiments, controller 350 may be configured to control actuator 330 to cause the external
surface of lens 25 to be sealed by internal volume 60 and to activate RF generator 180 to
provide RF energy to the first second electrodes 310 and 320 when lens 25 is sealed in
internal volume 60. Controller 350 may further be configured to control pump 340 and/or gas
supply unit 345. WWhen applying the required amount of EM power at the required frequency to
electrodes 310 and 320 at a pressure of 1-200 mbars, ionized gas (plasma) may be formed on
the surface of lens 25.

[0070] In some embodiments, gas supply unit 345 may be configured to supply a controlled
environment (e.g., argon, helium, etc.) to volume 60 at a controlled pressure.

[0071] In some embodiments, any one of devices 100a-100e, 200 or 300 may further include
at least one of a wiper and a drier for drying lenses 10, 20 or 25 prior to applying the plasma
treatment. In some embodiments, when one of lenses 10, 20 or 25 is wet due to wet weather,
the lens may be wiped and/or dried using the wiper and/ the drier prior to the application of the
RF energy to electrodes 1 10a-110e, 120a-120e, 210, 220, 310 and 320.

[0072] Reference is now made to Fig. 4A which is a flowchart of method steps of treating a
lens included in an operational device which may be performed within the method of the
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invention. The method of Fig. 4A may be performed by any one of treatment devise 100a-
100e, 200 and 300 or any treatment device according to embodiments of the invention. In box
410, RF generator (e.g., RF generator 180) may be activated to provide RF energy to at least
two electrodes when the operational device (e.g., operational device 5) is operational. For
example, RF generator 180 may provide RF energy at a frequency between 10KHz and 1GHz
and a voltage of 7-15kV. The RF energy may be provided to at least one first electrode, 110a-
110e, 210 and 310 and to at least one second electrode, 120a-120e, 220 and 320.

[0073] In box 420, plasma may be generated on a first surface of the lens. For example, gas
located in proximity to the at least one first electrode may be ionized to form plasma and thus
may treat the surface of the lens (e.g., lens, 10, 20 and 25) to alter the surface tension, at least
for a limited period of time, for example, to be about or even be greater than 0.072N/m. In
some embodiments, the plasma may be formed in a dielectric-barrier discharge (DBD) mode
over the first surface of the lens. For example, when an electrical isolator (e.g., a dielectric
material) may be placed between the at least one first electrode and the at least one second
electrode, as disclosed above.

[0074] Some embodiments may further include simultaneously moving the at least one first
electrode and the at least one second electrode over the first surface of the lens while
generating the plasma. For example, an actuator such as actuator 130 may cause at least one
first electrode, 110a-110e, 210 and 310 and/or at least one second electrode, 120a-120¢, 220
and 320 to simultaneously move over the surface of lenses 10, 20 and 25 as to cover the
entire surface of the lens.

[0075] Some embodiments may further include providing gas to be ionized onto the external
surface of the lens. For example, a gas supply unit, such as, unit 225 or any other gas supply
unit known in the art, may supply gas (e.g., pressurized air, nitrogen, argon, helium, etc.) to the
surrounding of lenses 10, 20 and 25 to be ionized.

[0076] Reference is now made to Fig. 4B which is a flowchart of method steps of treating a
lens included in an operational device which may be performed within the method of the
invention. The method of Fig. 4B may preformed any one of treatment device 100a-110e, 200
and 300 or by any treatment device according to embodiments of the invention. In box 450, at
least two electrodes may be positioned in vicinity to a lens of an operational device. In some
embodiments, first electrodes 110a-110¢, 210 and 310 and second electrodes 120a-120c¢, 220
and 320 may be positioned in vicinity to lenses 10, 20 or 25. In box 460, plasma may
generated adjacently to a surface of the lens by supplying EM RF power to the electrodes from
an RF generator associated thereto, thereby rendering the surface of the lens hydrophilic. In
some embodiments, RF generator 180 may provide RF power/energy to at least one first and
at least one second electrodes as to form plasma on the surface of lenses 10, 20 or 25. As a
result of the plasma treatment provided to lenses 10, 20 or 25, at least one surface of the
lenses or at least a portion of the surface of lenses 10, 20 or 25 may become hydrophilic, for
example, may have a surface tension of: above 0.072N/m, for example, above 0.08 N/m,
above 0.1 N/m or more.
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[0077] Reference is now made to Fig. 5 which is a flowchart of a method of treating a lens
included in an operational device according to some embodiments of the invention. The
method of Fig. 5 is performed by treatment devise 300 or by any other treatment device
according to embodiments of the invention. In box 510, the lens is sealed by (e.g.,
encapsulated) an internal volume in a housing included in a device for treating a lens. Actuator
330 displaces operational device 5 relative to housing 50 so as to enable a surface of lens 25
to be sealed within internal volume 60 or not to be sealed within internal volume 60. Actuator
330 may either rotate operational device 28 to be sealed by a fixed housing 50 or move a
movable housing 50 to cover lens 25, as disclosed above. In some embodiments, controller
350 may control actuator 330 to cause the external surface of the lens to be sealed by internal
volume 60.

[0078] In box 520, plasma is generated in the internal volume thereby rendering the surface of
the lens hydrophilic. In some embodiments, RF generator 180 provides RF energy to first
electrode 310 and second electrode 320, as disclosed above, to form a plasma. In some
embodiments, the plasma may be formed in a dielectric-barrier discharge (DBD) mode over
the external surface of the lens, for example, when an electrical isolator is place between first
electrode 310 and second electrode 320. In some embodiments, controller 350 may activate
RF generator 180 to provide RF energy to the first and second electrodes when the lens is
sealed by the internal volume.

[0079] Some embodiments may further include creating a sub-atmospheric pressure inside the
internal volume during the generation of the ionized gas, for example, using pump 340. Some
embodiments may further include providing gas to form the plasma to the interval volume, for
example, using gas supply unit, unit 345, or any other gas supply unit known in the art.

[0080] While certain features of the invention have been illustrated and described herein,
many modification are possible without departing from the extent of the invention as defined by
the appended claims.
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Patentkrav

1. En behandlingsanordning (300) til periodisk behandling af en linse (25), der indgar
I en betjeningsanordning (28), hvor behandlingsanordningen (300) omfatter:

et hus (50), der definerer et indre volumen (60) og har en abning:
en aktuator (330), der er konfigureret til at forskyde betjeningsanordningen i
forhold til huset, saledes at en af linsens overflader kan forsegles eller ikke
forsegles inden for det indre volumen
en farste elektrode (310) placeret teet pa linsen, nar overfladen af linsen er
forseglet i det indre volumen
en anden elektrode (320) placeret i en forudbestemt afstand fra den farste
elektrode, hvor den forudbestemte afstand bestemmes for at muliggere en
ionisering af en gas mellem den farste og den anden elektrode
en RF-generator (180), som er elektrisk forbundet med den farste elektrode
og den anden elektrode

2. Behandlingsanordning ifalge krav 1, hvor den anden elektrode (320) er placeret
inde i det indre volumen (60).

3. Behandlingsanordning ifalge krav 1, hvor den anden elektrode (320) er placeret
uden for det indre volumen (60), og huset (50) som minimum er delvist fremstillet af
et dielektrisk materiale.

4. Behandlingsanordning ifalge et hvilket som helst af kravene 1-3, hvor den farste
eller den anden elektrode (310, 320) er deekket af et dielektrisk materiale.

5. Behandlingsanordning ifalge et hvilket som helst af kravene 1-4, hvor huset (50)
er fastgjort, og aktuatoren (330) er konfigureret til at dreje betjeningsanordningen
(28) saledes, at den ydre overflade af linsen (25) er forseglet i det indre volumen.

6. Behandlingsanordning ifalge et hvilket som helst af kravene 1-5, hvor huset (50)
er et beveegeligt hus, og hvor aktuatoren (330) er konfigureret til at beveege det
bevaegelige hus for at forsegle linsens ydre overflade (25).

7. Behandlingsanordning ifalge et hvilket som helst af kravene 1-6, yderligere
omfattende:

en pumpe (340) til pumpning af gas fra det indre volumen (60), nar linsens overflade
(25) er forseglet deri.

8. Behandlingsanordning ifalge et hvilket som helst af kravene 1-7, yderligere
omfattende:

en gasforsyningsenhed (345) til tilfersel af gas til det indre volumen (60), nar linsens
overflade (25) er forseglet deri.

9. Behandlingsanordning ifelge et hvilket som helst af kravene 2-8, yderligere
omfattende:
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mindst en viskeenhed og en tarreenhed til tarring af linsen (25) fer tilfering af RF-
energi.

10. Behandlingsanordning ifalge et hvilket som helst af kravene 1-9, yderligere
omfattende:

en styreenhed (350), som er konfigureret til at:
styre aktuatoren (330), sa linsens ydre overflade forsegles af det indre
volumen
aktivere RF-generatoren (180) for at levere RF-energi til den farste og anden
elektrode (310, 320), nar linsen er forseglet i det indre volumen

11. Fremgangsmade til behandling af en linse, der indgar i en betjeningsanordning,
med en behandlingsanordning ifalge et hvilket som helst af kravene 1 til 10,
karakteriseret ved at den omfatter:
forskydning af den pageeldende betjeningsanordning i forhold til huset ved
hjeelp af aktuatoren for at forsegle en af linsens overflader i husets (510) indre
volumen
generering af plasma i det indre volumen, hvorved linsens overflade geres
hydrofil, hvor generering af plasmaet sker ved at tilvejebringe RF-energi il
den f@rste og anden elektrode (520)

12. Fremgangsmade i henhold til krav 11, yderligere omfattende:

skabelse af et sub-atmosfaerisk tryk inde i det indre volumen, nar linsens overflade er
forseglet i det indre volumen.

13. Fremgangsmade i henhold til krav 11 eller krav 12, yderligere omfattende:

tilvejebringelse af gas til intervalvolumenet, nar linsens overflade er forseglet i det
indre volumen.

14. Fremgangsmade ifglge et hvilket som helst af kravene 11-13, yderligere
omfattende:

dannelse af plasma i en dielektrisk barriereudladningstilstand (DBD) over linsens
ydre overflade.
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ACTIVATING AN RF GENERATOR TO PROVIDE RF
ENERGY TO AT LEAST TWO ELECTRODES WHEN
THE OPERATIONAL DEVICE IS OPERATIONAL

k4

GENERATING PLASMA ON A SURFACE OF THE
LENS TO BE TREATED

FIG. 4A

POSITIONING AT LEAST TWO ELECTRODES IN
VIGINITY TO A LENS OF AN OPERATIONAL DEVICE.

¥

GENERATING  PLASMA  ADJACENTLY TO A
SURFACE OF THE LENS BY SUPPLYING EM RF
POWER TO THE ELECTRODES FROM A POWER
GENERATOR ASSOCIATED THERETO, THEREBY
RENDERING THE SURFACE OF THE LENS
HYDROPRHILIC,

FIG. 48
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SEALING A SURFACE OF A LENE OR
ENCAPSULATING THE LENS IN AN [INTERNAL
VOLUME OF A HOUSING INCLUDED IN AN
OPERATIONAL DEVICE FOR TREATING THE LENS;

¥

GENERATING PLASMA IN THE INTERNAL VOLUME
THERERY RENDERING THE SURFACE OF THE
LENS HYDROPHILIC.

FiG. &

DK/EP 3596255 T3



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS

