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ELECTROSTATIC PERISTALTIC PUMP AND METHOD OF OPERATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention pertains apparatuses for producing a flow of gas.
More particularly, the present invention pertains to apparatuses which generate a flow of
gas via a peristaltic motion. The present invention also pertains to systems which
generate a flow of gas via peristaltic motion. The present invention further pertains to
methods of generating a flow of gas by creating a peristaltic motion via application of
electrostatic forces. The present invention also pertains to methods of manufacturing an

apparatus for use in generating a flow of gas via a peristaltic motion.

2. Description of the Related Art

There exists many different types of pumps for different types (i.c., liquid,
gas) of fluids. The optimal pump type for an application depends on the requirements of
the particular application. Typically, the main requirements of a particular application
are the required pressure and flow rate of the pump. Other possible requirements are
maximum weight, gecometrical dimensions, cost, sound level, required efficiency,
reliability and lifetime of the pump and/or related components.

For example, for an application in continuous positive airway pressure
therapy (CPAP therapy, for treating sleep apnea patients) with moderate pressure levels
(c.g., without limitation, about (.04 Bar) and high flow rates (e.g., without limitation,
about 100 liter/min), radial blowers are typically preferred because they can fulfill the
flow rate and pressure requirements even though such devices are typically quite bulky
and produce a lot of noise due to the high rotational operating speeds and high amount of
turbulence resulting from their basic operating principles.

Given certain dimensions of the desired outflow, an ideal pump system,
with respect to efficiency and pump dimensions, which is adaptable to provide a required
pressure level and flow rate, will look roughly like pump system 10 as shown in Figure 1
(without specifying the mechanism for pressurizing the fluid). The cross-flow
dimensions of pump 12 can be dimensioned in perfect fit with the desired outflow
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dimensions, thus allowing for the velocity of the fluid (shown by arrows 14) in pump 12
to be almost equal to those in the outflow (due to compressibility and conservation of
mass the velocity will slightly decrease). Maintaining a nearly constant velocity is
desirable as significant changes in velocity typically cause turbulence and loss of
efficiency and thus are generally undesirable. In such an “ideal” arrangement, the whole
volume of pump 12 is utilized for pressurizing the fluid (as shown by vertical lines with
horizontal spacing decreasing as pressure of the fluid increases) passing therethrough

which enables an optimal use of the pump volume and enables minimal dimensions.

SUMMARY OF THE INVENTION

As one aspect of the invention, a method of producing a flow of a fluid
through a passage defined in a rigid frame is provided. The method comprises:
selectively actuating a flexible membrane disposed across a midpoint of the passage with
an actuating system in a manner which produces a wave-like motion in the membrane
thereby causing a peristaltic movement of the fluid through the passage.

Selectively actuating the flexible membrane may comprise moving
portions of the membrane in a direction perpendicular to a longitudinal central axis of the
passage.

The membrane may comprises a conductive material and selectively
actuating the flexible membrane may comprise attracting portions of the membrane
toward one of an upper portion of the passage or toward a lower portion of the passage
via an electrostatic force.

The actuating system may comprise: a number of upper electrodes
disposed adjacent an upper portion of the passage; a number of lower clectrodes disposed
adjacent a lower portion of the passage; and a single membrane ¢lectrode disposed in or
on the membrane; and selectively actuating the membrane may comprise attracting
portions of the membrane toward cither the upper portion of the passage or toward the
lower portion of the passage via an electrostatic force by: clectrically connecting the
single membrane electrode to ground; selectively electrically connecting an upper
clectrode to a positive voltage; and selectively electrically connecting a lower clectrode to

a negative voltage.
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The actuating system may comprise: a number of upper electrodes
disposed adjacent an upper portion of the passage; a number of lower clectrodes disposed
adjacent a lower portion of the passage; and a number of membrane electrodes disposed
in or on the membrane; and selectively actuating the membrane may comprise attracting
portions of the membrane toward cither the upper portion of the passage or toward the
lower portion of the passage via an clectrostatic force by: selectively electrically
connecting the number of membrane electrodes to cither a positive voltage or a negative
voltage; selectively electrically connecting at least one of the upper electrodes to a
positive voltage; and selectively electrically connecting at least one of the lower
clectrodes to a negative voltage.

The actuating system may comprise: a plurality of upper electrodes
disposed adjacent an upper portion of the passage; a plurality of lower electrodes
disposed adjacent a lower portion of the passage; and a single membrane clectrode
disposed in or on the membrane; and selectively actuating the membrane may comprise
attracting portions of the membrane toward cither the upper portion of the passage or
toward the lower portion of the passage via an clectrostatic force by: electrically
connecting the single membrane electrode to ground; selectively electrically connecting
at least one of the upper electrodes to a positive voltage; and selectively electrically
connecting at least one of the lower clectrodes to a negative voltage.

Selectively actuating the membrane may further comprise: selectively
electrically connecting at least another one of the upper electrodes to a negative voltage;
and selectively electrically connecting at least another one of the lower electrodes to a
positive voltage.

The actuating system may comprise: a plurality of upper electrodes
disposed adjacent an upper portion of the passage; a plurality of lower electrodes
disposed adjacent a lower portion of the passage; and a single membrane ¢lectrode
disposed in or on the membrane; and selectively actuating the membrane may comprise
attracting portions of the membrane toward cither the upper portion of the passage or
toward the lower portion of the passage via an clectrostatic force by: selectively

clectrically connecting the single membrane electrode to cither a positive voltage or a
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negative voltage; selectively electrically connecting at least one of the upper electrodes to
a positive voltage; and selectively electrically connecting at least one of the lower
clectrodes to a negative voltage.

Selectively actuating the membrane may further comprise: selectively
clectrically connecting at least another one of the upper electrodes to a negative voltage;
and selectively electrically connecting at least another one of the lower electrodes to a
positive voltage.

The actuating system may comprise: a single upper electrode disposed
adjacent an upper portion of the passage; a single lower electrode disposed adjacent a
lower portion of the passage; and a plurality of membrane electrodes disposed in or on
the membrane; and selectively actuating the membrane may comprise attracting portions
of the membrane toward cither the upper portion of the passage or toward the lower
portion of the passage via an electrostatic force by: selectively electrically connecting at
least one of the membrane clectrodes to a positive voltage; selectively electrically
connecting the single upper clectrode to one selected from the group consisting of a
positive voltage and a negative voltage; and selectively electrically connecting the single
lower electrode to the other one in the group.

Selectively actuating membrane may further comprise selectively
clectrically coupling another one of the membrane clectrodes to a negative voltage.

The actuating system may comprise: a number of upper electrodes
disposed adjacent an upper portion of the passage; a number of lower clectrodes disposed
adjacent a lower portion of the passage; and a single membrane ¢lectrode disposed in or
on the membrane; and selectively actuating the membrane may comprise attracting
portions of the membrane toward cither the upper portion of the passage or toward the
lower portion of the passage via an electrostatic force by: electrically connecting the
single membrane to a first potential; electrically connecting at least one of an upper
clectrode or a lower electrode to a second potential different than the first potential.

The actuating system may comprise: a single upper electrode disposed
adjacent an upper portion of the passage; a single lower electrode disposed adjacent a

lower portion of the passage; and a plurality of membrane electrodes disposed in or on
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the membrane; and selectively actuating the membrane may comprise attracting portions
of the membrane toward cither the upper portion of the passage or toward the lower
portion of the passage via an electrostatic force by: electrically connecting the single
upper electrode to a first potential; electrically connecting the single lower electrode to a
second potential different than the first potential; and electrically connecting at least one
of the membrane electrodes to a third potential different from at least one of the first
potential and the second potential.

Selectively actuating the membrane may further comprise electrically
connecting at least one of the membrane clectrodes to a fourth potential different from at
least one of the first potential and the second potential.

These and other objects, features, and characteristics of the present
invention, as well as the methods of operation and functions of the related elements of
structure and the combination of parts and economies of manufacture, will become more
apparent upon consideration of the following description and the appended claims with
reference to the accompanying drawings, all of which form a part of this specification,
wherein like reference numerals designate corresponding parts in the various figures. It
is to be expressly understood, however, that the drawings are for the purpose of
illustration and description only and are not intended as a definition of the limits of the

invention.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a theoretical ideal pump system;

FIG. 2 is a partially schematic isometric view of a pumping apparatus
according to one example embodiment of the invention;

FIG. 3 is a partially schematic sectional view of the pumping apparatus of
FIG. 2 taken along line 3-3 of FIG. 2 and viewed along the longitudinal central axis of
the apparatus;

FIG. 4A is a partially schematic sectional view of the pumping apparatus
of FIG. 2 taken along line 4-4 of FIG. 2 showing the pumping membrane disposed in

positions corresponding to a peristaltic movement;
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FIG. 4B is a partially schematic sectional view of the arrangement of FIG.
4A taken along line B-B of FIG. 4A;

FIG. 5 is a partially schematic sectional view of a plurality of apparatuses
such as shown in FIG. 2 arranged in accordance with an example of the present
invention;

FIG. 6 is a partially schematic detail sectional view of a portion of the
arrangement of FIG. 5;

FIGS. 7 and 8 are sectional views of portions of pumping apparatus
according to example embodiments of the invention,;

FIG. 9 is a partially exploded view of a portion of an apparatus according
to an example embodiment of the invention;

FIG. 10 is a partially exploded isometric view of a pumping apparatus
according to another example embodiment of the invention;

FIG. 11 is a schematic diagram showing an example arrangement of
components of an electrical actuating system according to one example embodiment of
the invention;

FIG. 12 is a chart showing an example switching sequence and
corresponding membrane positioning in according to one example embodiment of the
invention referring to the electrical actuating system of FIG. 11;

FIGS. 13 and 14 show switching sequences according to example
embodiments of the invention for an apparatus such as shown in FIG. 10;

FIG. 15 shows an example arrangement for use in manufacturing
apparatuses according to an example embodiment of the invention;

FIG. 16 shows a further example arrangement for use in manufacturing
apparatuses according to an example embodiment of the invention; and

FIGS. 17-20 show example arrangements of an interconnect structure

according to an example embodiment of the invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

(Y9014
a

As used herein, the singular form of “a”, “an”, and “the” include plural

references unless the context clearly dictates otherwise.
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As used herein, the statement that two or more parts or components are
“coupled” shall mean that the parts are joined or operate together either directly or
indirectly, i.c., through one or more intermediate parts or components, so long as a link
occurs.

As used herein, “directly coupled” means that two elements are directly in
contact with each other. As used herein, “fixedly coupled” or “fixed” means that two
components are coupled so as to move as one while maintaining a constant orientation
relative to each other.

As used herein, “about” in a phrase such as “disposed about [an clement,
point or axis]” or “extend about [an clement, point or axis]” or “[X] degrees about an [an
element, point or axis],” means encircle, extend around, or measured around. When used
in reference to a measurement or in a similar manner, “about” means “approximately,”
i.c., in an approximate range relevant to the measurement as would be understood by one
of ordinary skill in the art.

As used herein, “generally” means “in a general manner” relevant to the
term being modified as would be understood by one of ordinary skill in the art.

As used herein, “substantially” means for the most part, by a large amount
or degree, as would be understood by one of ordinary skill in the art. Thus, for example,
a first clement “substantially” disposed in a second clement is, for the most part, disposed
in the second element.

As used herein, the word “unitary” means a component is created as a
single piece or unit. That is, a component that includes picces that are created separately
and then coupled together as a unit is not a “unitary” component or body.

As employed herein, the statement that two or more parts or components
“engage” onc another shall mean that the parts exert a force against one another either
directly or through one or more intermediate parts or components.

As employed herein, the term “number” shall mean one or an integer
greater than one (i.c., a plurality).

As used herein, the phrase “sealingly engage” shall mean elements which

contact each other in a manner such that a generally air-tight seal is formed therebetween.
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As used herein, the term “controller” shall mean a programmable analog
and/or digital device (including an associated memory part or portion) that can store,
retrieve, execute and process data (e.g., software routines and/or information used by
such routines), including, without limitation, a field programmable gate array (FPGA), a
complex programmable logic device (CPLD), a programmable system on a chip (PSOC),
an application specific integrated circuit (ASIC), a microprocessor, a microcontroller, a
programmable logic controller, or any other suitable processing device or apparatus. The
memory portion can be any one or more of a variety of types of internal and/or external
storage media such as, without limitation, RAM, ROM, EPROM(s), EEPROM(s),
FLASH, and the like that provide a storage register, i.c., a non-transitory machine
readable medium, for data and program code storage such as in the fashion of an internal
storage arca of a computer, and can be volatile memory or nonvolatile memory.

Directional phrases used herein, such as, for example and without
limitation, top, bottom, left, right, upper, lower, front, back, and derivatives thereof, relate
to the orientation of the elements shown in the drawings and are not limiting upon the
claims unless expressly recited therein.

It will be appreciated from the following description that embodiments of
the present invention utilize clectrostatic forces to create a peristaltic pumping action in a
pumping apparatus which functions closer to the ideal pump discussed in regard to Figure
1 than conventional solutions.

Figures 2, 3, 4A and 4B show an example of a pumping apparatus 20 for
generating a flow of gas in accordance with an exemplary embodiment of the present
invention. Pumping apparatus 20 includes a frame 22 having a passage 24 defined
therethrough. Passage 24 is of a generally uniform cross-section and extends along a
longitudinal central axis A thereof a length L between an inlet 26 and an outlet 28 and is
generally structured such that any fluid entering inlet 26 can only exit via outlet 28. In
the example embodiment of the present invention illustrated in Figures 2, 3, 4A and 4B,
passage 24 has a hexagonal cross-sectional shape, however, it is to be appreciated that
other cross-sectional shapes may be employed without varying from the scope of the

present invention. Passage 24 has a first side 30 and a second side 32 disposed opposite
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first side 30. Passage 24 has a maximum width wp as measured between a midline 34 of
first side 30 and a midline 36 of second side 32. Passage 24 is gencrally separated into
two sub-portions, i.c., an upper portion 24A and a lower portion 24B, via a flexible
pumping membrane 38 positioned within passage 24. More particularly, pumping
membrane 38 is generally coupled at a first edge 38 A thereof'to first side 30 of passage
24 at midline 34 thereof and is coupled at a second edge 38B, disposed opposite first
edge 38A, to second side 32 of passage 24 at midline 36 thereof. Accordingly, pumping
membrane 38 generally segregates the bounds (i.e., frame 22) of passage 24 into an upper
frame portion 22 A and a lower frame portion 22B. Passage 24 has a maximum height H
which is the distance between a central portion (not numbered) of upper frame portion
22A and a central portion of lower frame portion 22B. As will be discussed in further
detail below, because the strength of electro-static attraction heavily depends on the
applied voltage and distance between electrode and pumping foil, for practical voltages
(several hundreds of Volt), passage height H is generally limited to dimensions in the
order of magnitude of 0.1-0.5 mm. Pumping membrane 38 has an actual width wm, as
measured along pumping membrane 38 between first edge 38A and second edge 38B,
which is greater than width w;, of passage 24, and which is generally equal to the actual
width ws as measured along the upper (or lower) surface of passage 24. In other words, if
pumping membrane 38 were laid flat, the distance between first edge 38A and second
edge 38B would be the actual width w, of membrane 38. Accordingly, pumping
membrane 38 typically assumes a resting position such as shown in Figure 3 when not
acted upon by electrostatic forces, as will be described in further detail elsewhere herein,
and can generally be sealingly engaged with either of the upper or lower surfaces of
passage 24 due to its actual width wi being generally equal to the width ws of either of
the upper or lower surfaces (not numbered) of passage 24.

Figure 4A, which shows a sectional view of pumping apparatus 20 taken
along line 4-4 of Figure 2, and Figure 4B, which shows a sectional view of pumping
apparatus 20 taken along line B-B of Figure 4A, provide schematic illustrations of how a
flow F of gas may be produced using pumping apparatus 20. More particularly, a wave-

like motion may be produced in pumping membrane 38 by selectively moving different
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portions thereof vertically in either an upward or downward direction such as shown by
the small arrows in Figures 4A and 4B. By moving pumping membrane 38 in the
direction of the small arrows, the wave-like shape of pumping membrane 38 is
transitioned toward the alternately positioned wave-like shape 38” shown in dashed line
in Figures 4A and 4B. By further transitioning the wave along the length L of passage 24
from inlet 26 to outlet 28, pockets of air, as generally denoted by the larger arrows fi and
fy, in Figure 4A, are transitioned along both upper portion 24A and lower portion 24B,
respectively, of passage 24 in a peristaltic manner. Hence, it is to be appreciated that
generally half the total flow F through passage 24 is from flow f; which flows through
upper portion 24A and generally half the total flow F through passage 24 is from flow f;
which flows through lower portion 24B. As the frequency of the waves produced in
membrane 38 is increased, so too is the velocity of the flow passing through passage 24.
The length of the waves produced in membrane 38 may be varied to affect pressure.

By combining several passages 24 in a honeycomb-like structure, the
cross-flow dimensions of such an arrangement can be nearly perfectly adapted to the
required outflow dimensions of a particular application. Figure 5 shows an example of
such a structure in which seven passages 24 (shown with pumping membrane 38 omitted)
have been arranged in a honeycomb-like pumping apparatus structure 40. It is to be
appreciated that such pattern can be repeated as many times as needed to fulfill the pump
requirements of a particular application. As cach passage 24 is of very small dimensions,
such honeycomb structure can be generally fabricated using thin films (e.g., typical range
2-15 pm in thickness) which are layered together and subsequently expanded, as will be
discussed in further detail below.

In order to actuate each pumping membrane 38 against fluid pressure
differences in the manner as discussed in conjunction with Figures 4A and 4B, pumping
apparatus 20 further includes an actuating system which is structured to selectively move
portions of pumping membrane 38 cither upward toward upper portion 22A or downward
toward lower portion 22B of each passage 24 in a manner which produces the peristaltic
wave-like movement in pumping membrane 38. The mechanism utilized to actuate

pumping membrane 38 against the fluid pressure difference in embodiments described
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herein is an alternating (with time) electro-static attraction of pumping membrane 38 by
cither upper portion 22A or lower portion 22B of frame 22. For this purpose, the
honeycomb structure 40 (which equates to the frame 22 previously discussed in regard to
a single passage) of Figure 5 may be formed from structural films (e.g., without
limitation, PET of polypropylene foil with thickness of several microns (e.g. 10 um)).
Such structural films can be plated on one or both sides with metal electrodes to which
alternating voltages may be applied. In order for electrostatic attraction to occur,
pumping membrane 38 is also formed, in whole or in-part, by plated structural film
(comparable to the honeycomb structure 40) or a conductive (e.g., metal) film. In order
to avoid short circuiting in the resulting arrangement, the conductive material on the
structural films or the pumping membrane must be isolated from each other. Such
isolation can be accomplished in several ways. One example arrangement is illustrated in
Figure 6, wherein a pumping membrane 38 includes a metal film 42 which is coated on
both sides with a dielectric 44. In such arrangement, dielectric 44 isolates metal film 42
of pumping membrane from metal layers 46 and 48, which are disposed on structural
films 50 and 52, respectively.

Continuing to refer to Figure 6, when a (positive or negative) voltage is
applied to metal layers 46, and metal films 42 are connected to ground, metal films 42,
and thus pumping membranes 38, are attracted toward metal layers 46 (such as shown in
the figure) due to the potential difference. When the voltage is removed from metal
layers 46 (which are then connected to ground) and is instead applied to metal layers 48,
metal films 42, and thus pumping membranes 38, will be attracted toward the opposite
side of passages 24. From such example arrangement, it can be readily appreciated that
by applying the same voltage to metal layers on both sides of either structural films 50 or
structural film 52 (but not both), in a given cross-section, half of the pumping membranes
38 will be moving upward and half of the pumping membranes 38 will be moving
downward, thus giving a better dynamic balancing than a situation wherein all pumping
membranes 38 would be moving in the same direction in a given cross-section. In
another example arrangement (not shown), a dielectric coating is applied on metal layers

46 and 48 instead of on metal film(s) 42.
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Figures 7 and 8 show portions of further alternative honeycomb structures
60, 80 in accordance with example embodiments of the present invention. Referring to
Figure 7, a portion of an example structure 60 is illustrated wherein each of an upper
structural film 62 and a lower structural film 64 are coated, respectively, with a metal
layer 66, 68 only on the upper surfaces thereof. In such arrangement, a pumping
membrane 70 includes a structural film 74 with a metal layer 72 disposed on the upper
surface thereof. As the metal layers 66, 72 and 68 are all disposed above non-conductive
layers (i.e., layers 62, 74, 64) such conductive layers 66, 72 and 68 are isolated from cach
other using a minimal amount of layers.

In contrast to the minimal arrangement of Figure 7, Figure § illustrates a
portion of an example structure 80 wherein each of an upper structural film 82 and a
lower structural film 84 are coated with a metal layer 86, 88 on both the upper and lower
surfaces thereof. In such arrangement, a pumping membrane 90 includes a non-
conductive central core layer 92 having metal film layers 94 and 96 disposed on the
upper and lower surfaces thercof. The surfaces of metal film layers 94 and 96 opposite
central core layer 92 have a dielectric coating 98, 100 disposed thereon which serves to
isolate metal layer 86 from metal layer 94 and metal layer 88 from metal layer 96.

It is to be appreciated that the embodiments show in Figures 7 and § are
provided for example purposes only, and that other suitable variations of layered
arrangements not particularly described herein may also be employed without varying
from the scope of the invention.

In order to make the direction of electrostatic attraction dependent on the
length positioning in passage 24, the metal plating is patterned in a manner such that
conductive lines which serve as electrodes are made in the direction perpendicular to
longitudinal axis A of cach passage 24. Such clectrodes are spaced in the longitudinal
direction of passage 24 in a manner which makes it possible to apply different voltages at
different positions on the top (c.g., upper portion 22A of frame 22) or the bottom (¢.g.,
lower portion 22B of frame 22) of passage 24, depending on the length position of the
respective electrode relative to passage 24. An example embodiment of such a patterned

arrangement is illustrated in Figure 9 which generally shows an isometric view of a frame
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22 of an apparatus 20 (such as previously described in conjunction with Figures 2, 3, 4A
and 4B) exploded into an upper portion 22A and a lower portion 22B. Similar to the
arrangement shown in Figure 8, each of upper portion 22A and lower portion 22B
includes a structural film 110, 112 with a metal layer (not numbered) disposed on both an
upper surface 110A, 112A and a lower surface 110B, 112B thercof (only upper surfaces
110A and 112A of structural films 110 and 112 are visible in Figure 9, however, it is to
be understood that lower surfaces 110B and 112B are cach patterned in the same manner
as upper surfaces 110A and 112A and thus will not be described in particular detail
herein). Each metal layer is patterned so as to form a plurality (four are shown) of spaced
(by a minimum distance d1) conductors 114 on both upper and lower surfaces 110A,
112A and 110B, 112B of structural films 110 and 112. Each conductor 114 extends
generally perpendicularly with respect to central longitudinal axis A of passage 24.
There are however several precise geometries possible in order to optimize the peristaltic
motion of the pumping foil. An example of one such geometry is described below. In
the example embodiments described herein, the general arrangement of all of electrodes
114 is generally the same and thus only the arrangement of electrodes 114 disposed on
upper surface 110A of structural film 110 is discussed in detail herein.

Each electrode 114 has a width (as measured in the longitudinal direction
of passage) which may be selectively varied. In the example illustrated in Figure 9, the
width of each electrode 114 varies from a maximum clectrode width emax for a central
portion 114A to a minimum eclectrode width emin for the end portions 114B and 114C
which extend from central portion 114A toward the sides of passage 24. For example,
the width emin can be chosen as only one quarter of the width of emax (¢.g., without
limitation, 0.5 mm and 2. mm respectively). As a result of such varied widths emax and
emin, the trailing edge (i.c., the edge of electrode 114 disposed furthest from inlet 26 of
passage 24, not numbered in Figure 9) of central portion 114 is offset a predetermined
distance d> from the trailing edges (not numbered) of the outer portions 114B and 114C
of cach clectrode 114, while the leading edge (i.c., the edge of the particular electrode
114 disposed closest to inlet 26 of passage 24) is generally constant along the entire

length of each electrode 114. Such dimensioning of each electrode is provided in order to
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assist in forming the desired wave-like pattern in pumping membrane 38. By having a
constant leading edge, pumping membrane 38 is initially attracted (either upward or
downward depending on the clectrode) toward a respective electrode 114 across
generally the entire width w;, of passage 24 (with the portions of membrane closest to
outer portions 114B and 114C of electrode 114 initiating the movement), thus creating an
initial “wave-front”. The middle (i.c., the portion closest to central longitudinal axis A)
of the “wave” is then further attracted to the wider (longer in the direction of the wave
propagation) central portion 114A of electrode 114 which thus acts to propagate the
wave-front generally away from inlet 26 and toward outlet 28 of passage 24.

As an alternative to using patterned electrodes on upper and lower
portions of the frame, a patterned pumping membrane may be employed which is
selectively attracted to unpatterned metal layers in the upper and lower portions of the
frame which generally extend along the entire length L of passage 24. Figure 10 shows a
partially exploded isometric view of an example apparatus 120 according to an
embodiment of the present invention which employs such a flexible patterned pumping
membrane 122 (shown disposed in an upwardly arched position). Similar to the
arrangement shown in Figure 7, pumping membrane 122 includes a dielectric film 124,
but instead of having a metal film, pumping membrane includes a plurality (four are
shown) of electrodes 126 disposed on an upper surface 124A of dielectric film 124. Each
of electrodes 126 are of a similar arrangement as electrodes 114 previously discussed in
regard to Figure 9. Also like the arrangement shown in Figure 7, the upper and lower
portions (not numbered) are formed from structural films 128, 130 which are coated on
upper surfaces (not numbered) thereof with metal layers 132 and 134, respectively. Such
arrangement of electrodes 126 functions in generally the same manner as the arrangement
shown in Figure 9.

Having thus described a number of embodiments of example apparatuses
and portions thercof an example arrangement, and operation thereof, of components of an
electrical actuating system 200 according to one example embodiment of the invention
will now be described in conjunction with Figures 11 and 12. Figure 11 shows

schematically the general arrangements of electrical components for use with an example
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arrangement such as previously described in Figure 9. Accordingly, system 200 includes
four top clectrodes 1t, 2t, 3t, 4t (collectively referred to hereinafter as top electrodes xt),
as well as four bottom clectrodes 1b, 2b, 3b, 4b (collectively referred to hereinafter as
bottom electrodes xb), with electrodes 1t and 1b being disposed closest to the inlet of the
passage (such as shown in the left portion of Figure 12) and electrodes 4t and 4b being
disposed closest to the outlet of the passage (see Figure 12). The pumping membrane
which is disposed in the example passage includes a conductive metal layer m. As shown
in Figure 11, each of top clectrodes xt are selectively clectrically connected to a source of
DC voltage Ve by a pair of switches Ctr_xt+ (wherein x indicates the particular electrode
number) and Ctr_xt- (wherein x indicates the particular electrode number) such that
either a positive voltage or a negative voltage may be selectively applied (i.e., by closing
the particular aforementioned switch) to each of top electrodes xt. Similarly, each of
bottom electrodes xb are sclectively electrically connected to the source of DC voltage
Ve by a pair of switches Ctr_xb+ (wherein x indicates the particular electrode number)
and Ctr_xt- (wherein x indicates the particular electrode number) such that cither a
positive voltage or a negative voltage may be selectively applied (i.c., by closing the
particular aforementioned switch) to cach of bottom electrodes xb. The conductive metal
layer is likewise selectively electrically connected to the source of DC voltage Vge by a
pair of switches Ctr_ m+ and Ctr_m- such that either a positive or negative voltage may
be applied to the metal layer of the pumping membrane. Each of switches Ctr_xt+,
Ctr_xt-, Ctr_xb+, Ctr_xb-, Ctr m+ and Ctr_m- are controlled by a controller 202 which
is connected to cach switch via an optocoupler or other suitable arrangement. In order to
induce electrostatic attraction among differently charged components, DC voltage source
Ve produces a voltage in the range of about 200V-600V, depending on the particular
application.

As generally shown in Figure 12, by selectively independently applying
(via controller 202 of Figure 11) either positive or negative voltages to top and bottom
electrodes xt and xb as well as to conductive layer m of the pumping membrane, the
wave-like motion previously discussed in conjunction with Figures 4A and 4B can be

produced. It is to be appreciated that potential build-up of residual charges on any of
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electrodes xt, xb or layer m can be reduced/eliminated by regularly reversing the polarity
of the voltage applied to conductive layer m of the pumping membrane. It is also to be
appreciated from the example arrangement of Figures 11 and 12 that peristaltic
movement of fluid (e.g., air), as shown by the horizontal arrows in Figure 12, can be
accomplished with utilizing a minimal number (i.c., only four pairs) of spaced clectrodes
xt and xb. An even smaller number of pairs (e.g., one) may also be employed in
instances where specialized electrode shapes are utilized (e.g., without limitation, an
exaggerated, “stretched” version of an electrode such as 114 previously discussed) but
will generally be less optimal.

FIGS. 13 and 14 show example switching sequences according to example
embodiments of the invention for an apparatus such as shown in FIG. 10 utilizing an
clectrical arrangement and components similar to that described in conjunction with
Figure 11 which have been generally changed/adapted for switching the plurality of
clectrodes 126 which are part of pumping membrane 122 instead a plurality of electrodes
in the top and bottom of the passage.

Having thus discussed example embodiments of the invention and
example methods of operating, a discussion of a method of manufacture in accordance
with an example embodiment of the invention will now be discussed. For applications
using a pumping apparatus, such as pumping apparatus 20 with a channel 24 previously
described in conjunction with Figures 2 and 3 herein, which require flow rates far beyond
the range of micro-fluids, a combination of many passages 24 would be needed (for
example, without limitation, 20 parallel passages stacked 250 times producing an array of
5,000 passages and related components would generally suffice for a typical CPAP
application). An arrangement 300 for carrying out an efficient production method for use
in manufacturing such a combination is shown generally in Figure 15. In such method,
the combination of structural films, along with metal layers and/or dielectric layers
disposed thereon (such as previously discussed in regard to Figures 6-10 herein) which is
generally indicated by 302, as well as pumping membrane film (including any
subcomponents thereof, such as also previously discussed in regard to Figures 6-10

herein) which is generally indicated by 304 is wound around an indexing drum 306 while
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applying glue at the positions where the structural film 302 and pumping membrane film
304 are desired to be contacting and secured together in the expanded final configuration,
such as shown generally at the areas indicated with an X in the example arrangement of
Figures 6 and 16 herein. The laser patterning processes shown in Figure 15 allow the
patterning of the metal layers on two sides of the structure forming film 302.

After cutting loose the stacked combination of structural films 302 and
pumping membrane films 304 from the rotated drum 306, the layered structure can be
stretched by applying a force S in the thickness direction of the pump apparatus to
generally expand the height of each passage from generally zero to a predetermined value
and thus form the honeycomb structure with the integrated pumping membrane, such as
generally shown in the example arrangement of Figure 16 which shows such stretching
for a single passage arrangement. In such arrangement, the structure being stretched may
be temporarily bonded to a stretching apparatus 310 via a suitable temporary bonding
material 312 (e.g., without limitation, glue, thermal bonding, etc.).

Another important step in the manufacturing process is connecting all the
common electrodes and/or conductive layers from each of the individual passages
together and making electrical connections to the outside world. Figures 17-20 provide a
solution as to how such connections may be accomplished in accordance with an example
embodiment of the present invention. Referring first to Figure 17, an end view (i.c.,
looking through the passages) of a portion of an example array 400 of passages 402 (only
three are labeled) is shown. In such arrangement, the pumping membranes (not
numbered) of some of passages 402 have been bonded to either the upper structural film
or the lower structural film in a predetermined patter via a suitable bonding material. The
passages in which the pumping membranes have been bonded are previously designed so
as to have a particular conductive element (e.g., a metal layer, an electrode layer, a
conductive layer of a pumping membrane, etc.) exposed therein when the pumping
membrane is bonded to either the upper or lower structural film. The bonded areas for
the four uppermost pumping membranes A, B, C and D are indicated generally at Z.

Such bonding is carried out during a manufacturing process such as previously discussed

in conjunction with Figures 15 and 16.
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After the pumping membranes have been bonded, a conductive ink 404, or
other suitable conductive material, is selectively disposed (e.g., without limitation, by
capillary means) in the passages in which the pumping membranes were previously
bonded, such as shown in Figure 18. It is to be appreciated that as a result of the layered
structure of the array 400, all of the conductors needed for a row of 20 passages could be
addressed with only a few of such filled passages.

After the conductive ink 404 has been disposed in the selected passages, a
rigid vertical conductor 406 is clectrically connected via a suitable process (e.g, without
limitation, soldering) to each of the filled passages in a vertical stack, thus electrically
interconnecting the common clectrical elements in each row of the array and providing a
rigid connection point for connection of further electrical connections AA, BB, CC, DD
to the outside world.

In summary, it is to be appreciated that embodiments of the invention
provide an apparatus that for use in producing a flow of a fluid (e.g., without limitation, a
gas) which can be readily sized for a given application by varying, without limitation, one
or more of the width, height, length, quantity of electrodes, and electrode geometry of a
particular passage. Additionally or alternatively, the quantity of passages employed in an
apparatus can be readily varied to meet the requirements of a particular application.

It is also to be appreciated that embodiments of the invention may be
arranged so as to be operated bi-directionally. For example, without limitation, such
feature may be employed in embodiments wherein such an apparatus is employed to
support breathing (i.c., inhaling/exhaling) through a mask with a filter. It is also to be
appreciated that as an alternative to being used as a pumping apparatus for producing a
desired flow of a fluid, embodiments of the invention may also be employed to create a
vacuum (e.g., employed as a vacuum pump). It is also to be appreciated that
embodiments of the invention may be employed in non-pumping applications. For
example, without limitation, embodiments of the invention may be employed to act as a
valve for blocking the flow of a fluid by effectively “freezing” the pumping membrane or
membranes of an apparatus in a predetermined waveform which blocks the associated

passage or passages. Such approach may similarly be used as an optical device which
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either allows light to pass through (e.g., by having the pumping membrane(s) disposed
against the top of bottom of the passage(s)) or be blocked (e.g., by having the pumping
membrane(s) disposed blocking the passage(s)).

Although the invention has been described in detail for the purpose of
illustration based on what is currently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is solely for that purpose and that the
invention is not limited to the disclosed embodiments, but, on the contrary, is intended to
cover modifications and equivalent arrangements that are within the spirit and scope of
the appended claims. For example, it is to be understood that the present invention
contemplates that, to the extent possible, one or more features of any embodiment can be
combined with one or more features of any other embodiment. As another example, it is
to be appreciated that that one or more of the quantity, sizing, spacing, positioning, etc. of
clectrodes utilized within a passage or between multiple passages in embodiments of the
invention may be varied without varying from the scope of the invention. It is also to be
appreciated that the relative positioning lengthwise (i.c., positioning between the inlet and
the out) from one passage to another of elements may be varied (e.g., without limitation
to create offsetting waveforms in the pumping membranes) without varying from the
scope of the invention.

In the claims, any reference signs placed between parentheses shall not be
construed as limiting the claim. The word “comprising” or “including” does not exclude
the presence of elements or steps other than those listed in a claim. In a device claim
enumerating several means, several of these means may be embodied by one and the
same item of hardware. The word “a” or “an” preceding an element does not exclude the
presence of a plurality of such elements. In any device claim enumerating several means,
several of these means may be embodied by one and the same item of hardware. The
mere fact that certain elements are recited in mutually different dependent claims does

not indicate that these elements cannot be used in combination.
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What is Claimed is:

1. A method of producing a flow of a fluid through a passage defined in a rigid
frame, the method comprising:

selectively actuating a flexible membrane disposed across a midpoint of the
passage with an actuating system in a manner which produces a wave-like motion in the

membrane thereby causing a peristaltic movement of the fluid through the passage.

2. The method of claim 1, wherein selectively actuating the flexible membrane
comprises moving portions of the membrane in a direction perpendicular to a longitudinal

central axis of the passage.

3. The method of claim 1, wherein the membrane comprises a conductive
material; and

wherein selectively actuating the flexible membrane comprises attracting portions
of the membrane toward one of an upper portion of the passage or toward a lower portion

of the passage via an electrostatic force.

4. The method of claim 1, wherein:
the actuating system comprises: a number of upper electrodes disposed adjacent
an upper portion of the passage; a number of lower electrodes disposed adjacent a lower
portion of the passage; and a single membrane electrode disposed in or on the membrane;
and
selectively actuating the membrane comprises attracting portions of the
membrane toward either the upper portion of the passage or toward the lower portion of
the passage via an electrostatic force by:
electrically connecting the single membrane electrode to ground;
selectively electrically connecting an upper electrode to a positive voltage;
and

selectively electrically connecting a lower electrode to a negative voltage.
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5. The method of claim 1, wherein:
the actuating system comprises: a number of upper electrodes disposed adjacent
an upper portion of the passage; a number of lower clectrodes disposed adjacent a lower
portion of the passage; and a number of membrane electrodes disposed in or on the
membrane; and
selectively actuating the membrane comprises attracting portions of the
membrane toward cither the upper portion of the passage or toward the lower portion of
the passage via an clectrostatic force by:
selectively electrically connecting the number of membrane electrodes to
cither a positive voltage or a negative voltage;
selectively electrically connecting at least one of the upper electrodes to a
positive voltage; and
selectively electrically connecting at least one of the lower electrodes to a

negative voltage.

6. The method of claim 1, wherein:
the actuating system comprises: a plurality of upper electrodes disposed adjacent
an upper portion of the passage; a plurality of lower electrodes disposed adjacent a lower
portion of the passage; and a single membrane electrode disposed in or on the membrane;
and
selectively actuating the membrane comprises attracting portions of the
membrane toward cither the upper portion of the passage or toward the lower portion of
the passage via an clectrostatic force by:
electrically connecting the single membrane electrode to ground;
selectively electrically connecting at least one of the upper electrodes to a
positive voltage; and
selectively electrically connecting at least one of the lower electrodes to a

negative voltage.
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7. The method of claim 6, wherein selectively actuating the membrane further
comprises:

selectively electrically connecting at least another one of the upper electrodes to a
negative voltage; and

selectively electrically connecting at least another one of the lower electrodes to a

positive voltage.

8. The method of claim 1, wherein:
the actuating system comprises: a plurality of upper clectrodes disposed adjacent
an upper portion of the passage; a plurality of lower electrodes disposed adjacent a lower
portion of the passage; and a single membrane electrode disposed in or on the membrane;
and
selectively actuating the membrane comprises attracting portions of the
membrane toward cither the upper portion of the passage or toward the lower portion of
the passage via an clectrostatic force by:
selectively electrically connecting the single membrane electrode to cither
a positive voltage or a negative voltage;
selectively clectrically connecting at least one of the upper clectrodes to a
positive voltage; and
selectively clectrically connecting at least one of the lower clectrodes to a

negative voltage.

9. The method of claim &, wherein selectively actuating the membrane further
comprises:

selectively electrically connecting at least another one of the upper electrodes to a
negative voltage; and

selectively electrically connecting at least another one of the lower electrodes to a

positive voltage.
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10. The method of claim 1, wherein:
the actuating system comprises: a single upper electrode disposed adjacent an
upper portion of the passage; a single lower clectrode disposed adjacent a lower portion
of the passage; and a plurality of membrane clectrodes disposed in or on the membrane;
and
selectively actuating the membrane comprises attracting portions of the
membrane toward cither the upper portion of the passage or toward the lower portion of
the passage via an clectrostatic force by:
selectively electrically connecting at least one of the membrane electrodes
to a positive voltage;
selectively electrically connecting the single upper clectrode to one
selected from the group consisting of a positive voltage and a negative voltage; and
selectively electrically connecting the single lower electrode to the other

one in the group.

11. The method of claim 10, wherein selectively actuating membrane further
comprises selectively electrically coupling another one of the membrane clectrodes to a

negative voltage.

12. The method of claim 1, wherein:
the actuating system comprises: a number of upper electrodes disposed adjacent
an upper portion of the passage; a number of lower clectrodes disposed adjacent a lower
portion of the passage; and a single membrane electrode disposed in or on the membrane;
and
selectively actuating the membrane comprises attracting portions of the
membrane toward cither the upper portion of the passage or toward the lower portion of
the passage via an clectrostatic force by:
electrically connecting the single membrane to a first potential;
electrically connecting at least one of an upper electrode or a lower

clectrode to a second potential different than the first potential.
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13. The method of claim 1, wherein:
the actuating system comprises: a single upper electrode disposed adjacent an
upper portion of the passage; a single lower clectrode disposed adjacent a lower portion
of the passage; and a plurality of membrane clectrodes disposed in or on the membrane;
and
selectively actuating the membrane comprises attracting portions of the
membrane toward cither the upper portion of the passage or toward the lower portion of
the passage via an electrostatic force by:
clectrically connecting the single upper clectrode to a first potential;
electrically connecting the single lower electrode to a second potential
different than the first potential; and
electrically connecting at least one of the membrane electrodes to a third

potential different from at least one of the first potential and the second potential.
14. The method of claim 13, wherein selectively actuating the membrane further

comprises electrically connecting at least one of the membrane electrodes to a fourth

potential different from at least one of the first potential and the second potential.

-4 -



WO 2018/122080 PCT/EP2017/083967

1/12
10

14 12 / _
! Inflow Pump \ Outflow

oo -
PO ——— P> Py
e
————-

a
/

ErTa FIG. 1

N

<5
T T LT L L LT LT LA A AANS ERAREARRANS

> A WY
 LLLLIIIILLLLILILI LS LI LI TL LI LI IS AL LIS LIS LIS IIILIII IS




WO 2018/122080 PCT/EP2017/083967

2/12

T
//

/

/
’

/ ﬂ/‘
\ -
\4—

A

\

\
ﬂ \
/'
N

7

/

- -

/ ﬂ
\4—
—\

\

\

\
ﬂ \
/
i ¢

/

7

v
—nl

20
24A 22 38 /
24B 38

FIG. 4B

40

J

FIG. 5



WO 2018/122080

\_4
J

24B

24A

ZTB

<L
¢
N
o0
¢
N
q—
¢
o~
q—
¢
S -1 @
N
> x
ool
¢
©0
\ ~ & T
g
o0
¢
©0
™ o
N
N
~3
N
¢

\j
/
24A 44

FIG. 6

PCT/EP2017/083967



WO 2018/122080
PCT/EP2017/083967

4/12

60
66 62

: 53 s i
"’i’i’x’((((((’\\\

VISIILIII IS IS ST LIS
SSNN SN

s r s

\\'(((""\\‘““

86 82

80
//(,,//ll/lz
//‘\\‘,},})n

ol

!

P |
IR 86 :
i

!

i

s’
sl
IIIIII/IIIIII/IIIII/I,,”‘/‘,‘,‘,»)I,
D
N s 7L & ,,Il‘,
P e

NN
///11111/11/1/111///

AIIIII N

IIIIIIIIIIIIIIlIIIIIIIIIIIIIIIII/’IIIII[II/]/

AAIILELILI AT LI LTI TE IIIIII/IIIIIIIIII,‘I‘I(/I/I//‘/(‘ ELSDD
AR AR

HIIITIV LTI LI LA I E5 55,
L1902,

S

>
oy NV

&8
o Y

SIS

loe)

loe]



WO 2018/122080 PCT/EP2017/083967

5/12

114 110B

' R — o Ei s
o / /7 114C 114 112 1128




WO 2018/122080 PCT/EP2017/083967

6/12




PCT/EP2017/083967

WO 2018/122080

7/12

dr 1o orl “68)
19]j013u0)

-Gb 410 « IT '©I4 +qp 1D «
—] @ O/lll B
-gg 10 +qcD W) -—
I, o +W I —]
-qc o +qz 10 Gy D) <—o
-q ._”I\_Hu +n_._”I\_uU - pra—
+p D) -
0 Ty, S SN
WD WD G ——
|~ ar| qe qc qt | TUE D
A0 Te €] YT i T -wm|muA|I
+
b0 g o € 1D -—
30 +3770 -G <—
—0 g & oy | +n_uMHH__wW S —
-] |\_u +1 |\_H - PrE—
-2 £ +1¢ D) -—
allIO/. ollll
Rl ST AT 10 ~—
oy . s +qT_ 10 <-—
A7) <—
(o +HIT A0 =—
\\ ; @ +
00T

[4V]4




PCT/EP2017/083967

WO 2018/122080

8/12

¢l "OI4

+ - -+ -]+ ]+ -]+ pousd| (14N)
-l ] -] ] [ PoMedy (guaN)
-l + |+ -+ - -+ pouad; (c'0+N)

- Pasojd +X J10 sueaus -

poued; (z'0+N)

— Pasoj0 +X 10 sueaw +

o N B e N

pouad LN

ar 400w 80 Jag a0l a0 laz aoliz w0 far aol a0 Jwno |

oL

SNJeIS 8p0J108|3

I8N0

uonisod sueiqwsiy

1ol




WO 2018/122080 PCT/EP2017/083967

9/12

[Ctr_m1]Ctr_m2|Ctr m3|Ctr m4| | Ctr t | Ctr b
Time
N*Tperiod SR N S N R
(N+0.25)Tperiod| | + | + | - | - || + | -
(N+0.5)"Tperiod + | - -+ -+
(N+7.5)"Tperiod S T T T O
(N*+1)*Tperiod S B N R
FIG. 13
[Ctr_m1]Ctr_m2|Ctr_m3[Ctr_m4| | Ctr t | Ctr b
Time
N*Theriod eI
(N+0.25)"T period -l -+ -+
(N+0.5)"Tperiod + | - -+ - |+
(N+7.5)"Tperiod + 1+ -] - - |+
(N+1)*Tperiod s A
(N+1.25)Tperiod| | + | + | - | - || + | -
(N+1.5)*Tperiod S I RS P O
(N+1.75)"Tperiod -l -+ + ] -
(N+2)*Tperiod -+ |+ - - |+
(N+2.25)"Tperiod -l -+ + -+
(N+2.5)*Tperiod + - -+ - |+
(N+2.75)Tperiod| | + | + | - | - || - | +
N+3)Tperiod | | + | - | -1+ 11+ | -] FIG. 14




WO 2018/122080 PCT/EP2017/083967

10/12

300 Bond line application

\ on membrane film

Laser pattering
of metal layers

Membrane film

/tdexing drum

2 side metalise Laser pattering Bond line application on PET
PET film film by printing glue lines

FIG. 15

310 {TS




PCT/EP2017/083967

WO 2018/122080

11/12

8T "OId

00

LT "DI4

00t

I TE LTI GOHTLTLTETE Oy, o \\\\\\ THITTITIITILTETEIE A V\N\\NQ v

] o e SRS TS Ly 95 g

i
: i LS NN 2o ey F TPl L2277 sl =
rrr A TS //////\\s VESETIIETEFELHLIE s ‘\(\‘\ A e e e L !
RS \ \\‘VJ T AN \l& FTAT ATTATIIRITUATUNART ATRRIANTANIRAUANANY
= " T
i / AL AU SARRAR AN AN N GrpsS / .

e ///////// R
N —
AARATILLRLARTALAREILL SRR AR VM“\ //V// ALALLURRURURARIRAY r/‘/\\ \\\vfldffﬂ
H o A At 275 ‘\\\ FLEELLELLITEFILIL g SN eSSSHIPIAL
] \\\\\ f'/tfffl/ll/f/ll/f/l//////N\\\\\ v, ofs s o bey, Ni////// llllllfl\ \\\\
\\\\ Gt //// \\\\\\\ \\\\ bty ) ATATITERRLIRRRRATRRN A \\\\ H
PAE LSS NN A CI IS LTI LI EAIL LT \ AL ITTI I IIILIITIUN T
ST . SRR A SSRGS
— ————————
/ R ATATASATRTRAAS NI, A Ay / 4
-

&%

Sy
i I&léofvflﬁrl //////////// AARATTRRRARIA AN W
A8 s l\‘ W
ATTELTITTRTIATERTIL CUUUER RN RN AR, rwlfv\ pe 1 ARAARERUURA SN TS PARAN A
S A TEITELITILTIAIED 047 ‘\\\ TULELEILTLLLLELIL 075 SN NN NS rry
H g AN 20 5 AT 20ty NN RN
PP oo Ry S Sl DY r I P lr g s NN e SN
2L NN 200, 0 S I o 270 S INNNNNNNNNNNNNNNN WS H
T8 07 LGN NNKNLITLEETLELOTEILLTLIAY \ ‘Y\; TITITLIILELOT LTI VA
A ‘\ \\\ L AR AR SN AT ATAATITERRRAI AN LA AR SANIRIR AN
I/ Sekxe AN ————
ARMUNRIARARRRUURRAN ) AN eiiine
AR N e e
S e \ —
AMTTATTLTATIR IR TR ALULRRAR IR AR .lwtt/l\ //‘/i AAATELERTEL LR n//‘/\ \‘4 SR
P el ol T ‘\\\ WILTILLALIGIHIETD 074, //’ AN o i)
e 75 e, v 28y g N NN L s

H NN
LN DN vres, e L2002y NN ANNANNANANNUANNN WS
i ‘\éﬁw\lollffll //////\ﬂ\\& D el ) \\\\‘\\ L I LTI IIII I Is 1T ot
ARV ‘\ \\ SRR ATRRRRARRRAARRAARY rf//// \fallo AAALTALTTITRRTITAAT AR ERRRARRRE R R
Do < ——
T /////// derlSs3oamn ]
H s’ //////I R AR RTRAR AR WSS
sy s —
ALTLTIRTTIRTATEIT IR AR SRR UL VV&!&\\ /VI/ ATUURRTRIRTARRUNARY I//‘\ \\ AN
| LT LEELTLELL oS T T EIILELTITEEE 7 g SN ST
o # 774N AR IAARNRNANN A L7 Yo Lrrry,, \V AN s H

420y, b I SN
H o e NN 2rsy, Tk 2 A ANRARARRRARN O WYY
rrg LS /////N/AN\N, TILEIIELEEOTEOOIT ‘\(\“\ G IIIIIY ISP I ot !
N r“‘\ \\\ SR N AR AR T ERERRA R IREY (SRR RN NN RN
oy AN
: I/ \ ST asSS I
I ———— ——————————— —
i
D o ontodnddetddtonlodndenl il & Aol bennbrindodebotnbndbnlndenllll ek
1 772 \\\oﬁé\&.ﬁ% ARKARRARLARRRRRRAN rlﬂ\l\/\ﬂ\\\ ool 7 \\\\\\ i Lt rr g o 2 \\\\\\ iz
! o oy 7,
rrrr LN //////\h\/\\s CrArrIIrrrr T s Y Zors v crrerrrrrrrrerrrs it
AN A1 AL RALALL AR S

,/////

b : X s A\
i / é;l&té«f&«l;& I, r//////// Ty /
T T
eSS SR —-—

3
AT BRSO vf"' AR TRRRRRRRA N ,////
¥ . NN

i R . B > <
it FTLESN SN\ re, oyt e 2274 5 oK RAARANTENANANTUNRN X

s \,“”Oéolél /////\/\ﬂ%\\\\\\\\\\\\\\\\\ P Zer,

RN A R

e i Oy e

—————— <>
R B e
N Tt LA AT RN AN S
S S — s

7”’%”””””’4 ’///’
VA TITTI IO IIIETIIIS v,
2z B IS,
£l Ny
L2PPPIIII PSPPIV e

A EOTLTL IO LR EE LTS 47,
H o \\\“&\fé\fﬂ&&flflll/fllfl/’/flf///#ﬂ\\
&
rra T AL
NRN AN

VII

ARTILLITATITATARTARAL AR TR TR S

\\\\\h
/////Aﬂ\/hﬂﬂ\h

S 5 SIS AR
i VI LLELLETILELIIE 05, YELLEFEITIALIIIIE i ), SA T
\\\\\A&\&ll/llfl/dr/«VI’///////AA&\\N\\N \N\\\\M\t\l///// <SS

o e S SNNNNL sy, 2244 4o XI AATATALTARAALUNRAN AN \\\\
Tl LN SN 122777441 LEEOITE ETL A TILILELEOEONTE T
D S S AAARRRRIRRRRRRRAY AN AR TRRT AAARAARRTRRRRRRRRRRR A
— ———— //l///// PRSI —————

T R ety
s ey AN RN
H /lllllll of;&f«;;ﬁ Il/////// AERLARARARA AR ANAN
AANTATTTTITEEIATRL AARTTLTTI UL SHN ATURARL AU A IR
B ELLEELILOIILEIEOEN S, 4 O E AT Pr R I r I 2 NN\ NN s
\\\\\IAO. SANNNAANANINNNN N2 4720, \\\\\\ g i, N\\\\V’/f// lllflli“\\\ Gkt

H LAY NN, i A7 NN NN NANNRNN ANV, 2

o LRSS NNty I e NANSANNANNANNANRN WY
rr. \\! sy /////A\s e Ll i PL4 (IFITAAELTEEOIL A TS
AN AN AN ARERRARKRRURRRAANY ATTIARTTIRIATATRAN LRARUARLARRRAA LRV AN

/I



WO 2018/122080 PCT/EP2017/083967

12/12

400

e
— T
—
AL APD o
e
o

2
g e

\

e
A i Y,
]

R el

R Bt

P
=
TN

‘s BN

400




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/083967

A. CLASSIFICATION OF SUBJECT MATTER

INV. FO4B45/047 FO4B43/14
ADD.

FO4D33/00

A61IM1/00 A61IM1/16

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO4B FO4D A61M

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

(
29 August 2000 (2000-08-29)
column 3, line 6
figure 1

- column 4, Tine 9;

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 836 750 A (CABUZ CLEOPATRA [US]) 1-14
17 November 1998 (1998-11-17)
column 7, lines 10-14; figures 2,4
X WO 2015/042192 Al (SREETHARAN PRATHEEV 1-14
SABARATNAM [US]; TEOH ZHI ERN [US])
26 March 2015 (2015-03-26)
paragraphs [0029] - [0031]; figure 1
X US 6 109 888 A (MARSHALL DOUGLAS W [US]) 1-14

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

7 March 2018

Date of mailing of the international search report

16/03/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Olona Laglera, C

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/EP2017/083967
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5836750 A 17-11-1998  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report

