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Microfluidic valve having improved tolerance to particles

Field of invention

The present invention is related to valves as used in MEMS micro-pumps or used

in diverse devices.

State of the art

In the prior art, there are several types of micro valves that can be used for the
control of flow within microfluidic systems. The fabrication of most of these valves

Is achieved using silicon micromachining technology.

These valves (also called micro valves) are encountered, for example but not
exclusively, in micro-pumps for medical use. Said micro-pumps permit to deliver a
regular and controlled quantity of medication. The manufacturing of micro-pumps
may be based on silicon micromachining technologies and of the use of a
piezoelectric actuator. For example, a micro-pump, as shown in figure 1, is
described by the patent publication US 2006/027523. In such micro-pump (1), it is
necessary to make an inlet valve and sometimes an outlet valve so that the leak
rate is minimized and ideally equal to zero. The leak rate of a valve corresponds

to the rate at which a liquid flows through the valve when the valve is closed.

The figure 2 illustrates a cross-section showing said micro-pump (1) which
includes an inlet valve (2) located near the inlet port which is connected to the
reservoir, a pumping chamber (11), an outlet valve (5) and the outlet port (18)
which is connected to the patient. The figure 2 also shows the fluidic pathway (17)
which enters by the inlet valve (2), flows through the pumping chamber (11) then
the outlet valve (5) and exits by the outlet port (18).

For the micro-pump such as described above, the tightness of the valves prevents
therefore the direct communication between the drug reservoir and the patient
because even during actuation there is at least one valve normally close in the

fluidic pathway.
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Since said inlet valve (2) is made of hard materials, the presence of a particle onto
its valve seat induces a permanent gap that can lead to free flow and back flow. A
free flow occurs typically in case of pressurization of the reservoir, the small gap
of the valve (inlet and/or outlet valve (2, 5)) due to a particle making possible a
flow between the reservoir and the patient. Thus, a free flow corresponds to a
case of over infusion. A back flow is typically observed during the actuation of the
pump without specific pressure conditions. If a particle is present onto the valve
seat of the inlet valve, the pressurization of the liquid of the pumping chamber
during the infusion phase of the pumping cycle induces a flow from the pumping
chamber towards the reservoir. If a particle is present onto the valve seat of the
outlet valve, the pressurization of the liquid of the pumping chamber during the
filling phase of the pumping cycle induces a flow from the patient towards the
pumping chamber. Thus, a back flow takes place in the wrong direction and
induces therefore an underinfusion. In one embodiment, the presence of particles
onto a valve seat induces a back-flow that affects the pump accuracy and the
presence of particles onto both valves associated with a gradient of pressure

between the inlet and the outlet induces a free flow.

Several types of valve are described by diverse patents, for example: US
2003/0071235, EP 1 283 957, US 5,535,937, WO 91/01464 or US 6,334,761. The
tightness of these valves is the most important objective. All of them are designed
to minimize the leak but none is able to insure the tightness if one or more particle

should be deposited onto the valve or valve seat.

Because a flow can potentially transport particles below the valve seats, there is a
risk during the functioning of the pump to get a back flow and eventually a free

flow if several failures occur at the same time.

For an external pump, since the number of particles is very small thanks to a
production in clean room, the accuracy of the pump could be ensured by
estimating in real time the leak rate of the valves. The leak rate is estimated by
analysing the signal of the detector located within the pumping chamber. In case

of underdelivery due to a back flow, an alarm is triggered and the patient is invited
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to replace its pump. For implantable application this solution is obviously not
allowed. A reservoir overpressure inducing a free flow could definitively be
prevented by design of the reservoir. But the potential occurrence of a back flow
inducing underinfusion, even if the probability is small, is not acceptable. Thus,
valves having a better tolerance to particles should be used for implantable

applications.

General description of the invention

The aim of the present invention is to propose a new valve design that overcomes
the above-mentioned drawbacks. Said new valve may be used in a micro-pump
(implantable or not) as described above, or in any other pump types or devices

using at least one valve.

The present application claims the benefit of the priority of EP 13158177.9 filed on
March 7t 2014 in the name of DEBIOTECH SA, the entire disclosure of which is

incorporated herein by reference.

The invention is set forth and characterized in the independent claim, while the

dependent claims describe other characteristics of the invention.

To explain this invention, the present document describes the use of such a valve
in a micro-pump but the invention is not limited to be used with a micro-pump.
Where said micro-pump comprises at least one inlet and one outlet valves, a
pumping chamber, a reservoir connected to said inlet valve and a fluidic line
between said outlet valve and the delivery location in the patient's body. Said
pumping chamber further comprises a pressure sensor and a pumping
membrane. Said pumping membrane is linked to an actuator in such way that the
connector is able to change the volume of the pumping chamber. In such micro-
pump, the inlet and/or outlet valves may be a valve such describe by the present
document. Thus, said valve comprises a valve body element and a valve seat
element with respective first and second surfaces, and said valve elements are

placed opposite each other. One of said valve element comprises a rigid and a
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flexible part. Said first and second surfaces are designed to tightly close the valve
even if one or more particles are present between the valve elements. Said valve
is able to insure the tightness when the particle has a height smaller than a

predefined value.

In general, the present invention describes a valve for controlling the passage of a
microfluidic system. Said valve comprises a first valve element and a second
valve element with respective first and second surfaces which are placed opposite
to each other and are designed to enter in contact in such a way as to control a

fluid flow through said passage.

Advantageously, said first valve element comprises a planar component which is
composed of a rigid part and a flexible part. Said planar component is not in
contact with the second valve element when the valve is open. The first surface is
composed of the surface of rigid part and the surface of the flexible part
Preferably, the second surface is adapted to be in contact with said rigid part and
said flexible part when the valve is closed. Preferably, the rigid part and the

flexible part are made from a same material.

in one embodiment, said second valve element and said planar component being

made from hard material such as (but not limited) silicon.

In one embodiment, said first valve element further comprises a support which is
fixed to the planar component. In one embodiment, said rigid part is constituted by

stacking of said support and said planar component.

The planar component may be made in one piece. The flexible part may extend in
a parallel plan of the rigid part. The flexible part may be designed to bend in a

direction perpendicular to a plan of the surface of rigid part.

The present invention may be also based on the following premise: the design of
a valve seat element for microfluidic pumps is a compromise between the

probability to get a particle onto the valve seat (therefore having a potential back-
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flow) and the effect of this particle on the value of the back-flow. A large valve
seat increases the probability to trap a particle and also decreases the potential
value of the back-flow, because the fluidic resistance of the valve (even having a
particle onto its valve seat) remains important. And conversely, using a very thin
valve seat, the risk to trap a particle is very low but if it happens the back-flow is
dramatic. Thus, in one embodiment, the present invention may combine the two
approaches: a large valve seat element and a thin valve seat element. The design
with the flexible and rigid parts may be more efficient with a valve comprising a
valve seat with two distinct parts. For this example, the valve seat element
corresponds to the second valve element, but in other embodiment, said second

valve element may be the valve body element.

Said second valve element may comprise two parts:
o the first part is located opposite said rigid part and has height h1 and a
width w1;
o the second part is located opposite said flexible means and has height h2

and a width w2.

In one embodiment, said two parts of the second valve element form one single
element. In other embodiment, said two parts of the second valve element are two
distinct parts separated by a space. For both embodiments, said height h2 may be
equal to or higher than said height h1 and/or, the width w2 may be equal to or

smaller than the width w1.

Thus, the main goal of this invention is to ensure the tightness of the valve even if
one or more particle is present between the valve body element and the valve
seat element. Generally, the tightness of valves is ensured by a soft material like
rubber but the micromachining technology does not permit to use this type of
material. In this invention, the valve may be made from hard material while
ensuring a very good tightness even in case of presence of a particle. Thus, these
new design substantially improves the tightness of the valve when a particle is

present between said valve body element and said valve seat element.



10

15

20

25

30

35

WO 2014/136090 PCT/IB2014/059519

List of figures
The invention is discussed below in a more detailed way with examples illustrated

by the following figures:

Figure 1 shows a cross-section of the MEMS micro-pump

Figure 2 illustrates a cross-section of the MEMS micro-pump including two
detectors and showing the fluidic pathway

Figure 3a shows a valve in open position

Figure 3b shows a valve in open position without spacer

Figure 3c shows a valve in closed position without particle on the valve seat
Figures 3d and 3e show a valve in closed position with particle on the valve seat
Figure 4 shows a valve in open position having two flexible rings

Figures 5a and 5¢ show a valve in open position having one flexible ring and a
single valve seat

Figure 5b shows a valve having one flexible ring and a single valve seat in closed
position, a particle being present on the valve seat

Figure 6 shows another configuration of a valve

Figure 7 shows a simulation of a flexed of the planar component

List of elements

micro-pump or pump
inlet valve
pumping membrane

inner detector

1

2

3

4

5 outlet valve
6 mesa

7 channel

8 base plate

9 second plate
1

0 glass layer
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200
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206
207
208

pumping chamber
cover

outer detector
anti-bonding layer
anti-bonding layer
fluidic pathway

outlet port

valve

pillar

flexible arms

flexible ring

first part of the valve seat
valve seat

valve seat

second part of the valve seat
second part of the valve seat
second part of the valve seat
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inlet hole
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pressure
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top substrate
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Detailed description of the invention

In the following detailed description, reference is made to the accompanying
drawings that form a part hereof, and in which are shown by way of illustration
several embodiments of devices, systems and methods. It is to be understood
that other embodiments are contemplated and may be made without departing
from the scope or spirit of the present disclosure. The following detailed

description, therefore, is not to be taken in a limiting sense.

As used in this specification and the appended claims, the term "or" is generally
employed in its sense including "and/or" unless the content clearly dictates

otherwise.

As used in this specification and the appended claims, any direction referred to
herein, such as "top", "bottom", "left", "right", "upper"”, "lower", and other directions
or orientations are described herein for clarity in reference to the figures and are
not intended to be limiting of an actual device or system. Devices and systems

described herein may be used in a number of directions and orientations.

In this document, the term “planar component” is used for clarity in reference to
the figures and is not intended to be limiting of an actual device or system. Thus,
this planar component may be more or less curved and/or may take other
particular forms. For exemple, the planar element may be concave, convex or

wave-shaped or other...

In the present document, the term “hard material” means a material which is
characterized by a high resistance to deformation, indentation, or penetration by
means such as abrasion, drilling, impact, scratching, and/or wear, measured by
hardness tests such as Brinell, Knoop, Rockwell, or Vickers. In one embodiment
of this invention, the hard material is silicon which is characterized by a high level

of hardness. The silicon has a Knoop hardness of about 1100 KHN. Other
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material should be considered as hard, for exemple the material which has a
Knoop hardness of at least 300 KHN, 500 KHN or 800 KHN. The term “flexible
part” means the part which is capable of being flexed and conversely, the term
“rigid part” means the part which cannot be flexed. Thus, hard and flexible are not

opposite terms and a material may be hard and flexible or hard and rigid.

The valve described by this document may be contained in a MEMS (Micro-
Electro-Mechanical System) such as a micro-pumps disclosed for example by the
patent publications US 2006/027523 and WO 2010/046728 A1.

The Figure 1 illustrates such a MEMS micro-pump (1) comprising a highly
miniaturized and reciprocating membrane pumping mechanism. Said micro-pump
(1) may be made from silicon or silicon and glass, using technologies referred to
as MEMS. Said micro-pump (1) contains an inlet control member, at least one
valve, a pumping membrane (3) and a functional inner detector (4) which allows
detection of various failures in the system. In one embodiment, said micro-pump
(1) comprises two distinct valves: an inlet valve (2) and an outlet valve (5). The
principle of such micro-pumps is disclosed by the US patent N° US 5,759,014, the

content of which is incorporated by reference in the present application.

Said micro-pump (1) is made with the stack of a glass layer as base plate (8), a
silicon layer as second plate (9), secured to the base plate (8), and a second
glass layer (10) as a top plate, secured to the silicon plate (9), thereby defining a

pumping chamber (11) having a volume.

An actuator (not represented here) linked to the mesa (6) allows the controlled
displacement of the pumping membrane (3) between the top plate (10) and the
base plate (8), and more specifically on the anti-bonding layers (14) and (15)
(which may be an array of tiny square pads on Figures 1 and 2) of said top plate
(10) and said base plate (8). Theses top plate (10) and base plate (8), having or
not anti-bonding layers, may be respectively a bottom and a top mechanical stops
for the pumping membrane (3). A channel (7) is also present in order to connect

the outlet control member, the outlet valve (5) to the outer detector not
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represented here and finally to the outlet port placed on the opposite side of the

pump.

The figure 2 illustrates another cross-section showing a MEMS micro-pump (1)
which includes a cover (12) onto the channel (7), an outer detector (13) and a
fluidic channel (17) between the outer detector (13) and the outlet port (18). The
figure 2 also shows the fluidic pathway which enters by the inlet valve (2), flows
through the pumping chamber (11) then the outlet valve (5) and exits by the outlet
port (18).

The pressure inside the pumping chamber (11) varies during a pumping cycle
depending on numerous factors, such as the actuation rate, the pressure at the
inlet and the outlet, the potential presence of a bubble volume, the valve

characteristics and their leak rates.

During the filling, the mesa pulls the membrane against the bottom mechanical
stop, the outlet valve is in a closed position and the inlet valve is in an open
position; inducing an under pressure in the pumping chamber. Thus, a fluid

contained in a reservoir flows from said reservoir to said pumping chamber.

During the infusion, the actuator pushes the mesa and therefore the pumping
membrane against the upper mechanical stop. The outlet valve is in an open
position and the inlet valve is in a closed position. Inducing an overpressure, said
fluid contained in said pumping chamber flows from said pumping chamber to

outlet port.

Thus, the device is called a “push-pull” device because the membrane should be
pushed to reach the upper stop and pulled to reach the lower stop, its rest position
being located more or less at the middle of the stroke, i.e. at the same distance of

the two mechanical stops.

In one embodiment, said valve is a passive valve. Therefore, during the filing, the

under pressure in the pumping chamber opens the inlet valve and closes the

10
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outlet valve. And during the infusion, the overpressure in the pumping chamber

closes the inlet valve and opens the outlet.

In one embodiment, one or both valve has a pretension and the rest position is
the closed position in such a manner as the valve opens when a pressure

threshold is reached. Thus, the inlet and/or outlet valve is normally closed.

In the present invention, the valve comprises two distinct valve elements placed
opposite to each other: a valve body element and a valve seat element. Each said
elements contains a base which may be linked to the base plate (8) or to the top
plate (10) of the microfluidic system and an end (so called surface) which comes
in contact to said other element. For the present invention, said ends are
designed to tightly close the microfluidic system when the valve is in closed
position in such a way that even if a particle is located between said ends, the

valve can close said microfluidic system.

In a preferred embodiment, the valve comprises:

o A first valve element (103, 108, 203, 204) and a second valve element
(104, 104’, 105, 105, 104”, 206, 207) with respective first and second
surfaces which are placed opposite to each other and are designed to
come in contact in such a way as to control a fluid flow through said
passage;

e The first valve element comprises a planar component (103, 203) which is
composed of a rigid part and a flexible part which are not in contact with
the second valve element when the valve is open;

e The first surface is composed of the surface of rigid part and the surface of
the flexible part;

e The second surface being adapted to be in contact with said rigid part and
said flexible part when the valve is closed.

The rigid part and the flexible part imay e made from a same material
Said second valve element and said planar component may be made from hard
material such as silicon. The hardness factor of the flexible part may be

substantially equal to the hardness factor of the rigid part according to the Knoop

11
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hardness scale. The hardness factor of the planar component may be
substantially equal to the hardness factor of the second valve element according

to the Knoop hardness scale.

In one embodiment, said first valve element further comprises a support (108,
204) which is fixed to the planar component (103, 203). In one embodiment, said
rigid part is constituted by stacking of said support (108, 204) and said planar
component (103, 203).

In one embodiment, the first valve element comprises a planar component (103,
203) and a support (108, 204); one face of said planar component (103, 203)
comprising said first contact surface, and a dedicated portion of the other face
being fixed to said support(108, 204), providing thereby the planar component
(103, 203) with a rigid part and a flexible part, the rigid part including said

dedicated portion;

If a particle is located between the second contact surface and the rigid part
(respectively the flexible part), the valve can tightly close thanks to the flexible part

(respectively the rigid part) which is in contact with the second contact surface.

Thus, even if the valve is made from hard material, the flexible part and the rigid

part permit to have a double insurance against the risk of leak.

In one embodiment, the height (h2) of the second valve element part located
opposite said flexible part is equal to or higher than the height (h1) of said second

valve element part located opposite said rigid part.

In one embodiment, the first valve element may be the valve body element
(respectively the valve seat element) and the second valve element may be the
valve body element (respectively the valve body element).

In one embodiment shown in figure 3a, the inlet valve (100) comprises a valve

body element and a valve seat element. Said valve body comprises, at its base,

12
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flexible arms (102) which permit said valve body element to be movable. Said
valve body element further comprises a pillar (101), a spacer (108) and a planar
component (103). The figure 3b shows the same inlet valve but the spacer (108)
and the pillar (101) are the same element called spacer (108). It is not essential to
distinct the spacer (108) and the pillar (101) but it is essential that the planar
component extends around the spacer (108) in such a way that the valve body
element comprises a rigid part and a flexible part. Said rigid part is the part
containing said spacer and said planar component and said flexible part is the

part containing only said planar component.

Said valve seat element comprises a first part (104) located opposite said rigid
part and a second part (105) located opposite said flexible part. Said first part
(104) has a height h1 and a width w1; and said second part (105) has a height h2
and a width w2. The base plate (109) has an inlet hole (107), the first part (104)
and the second part (105) both may have anti bonding properties on their contact

surfaces.

In figures 3 and 4, h2 is higher than h1 and w2 is smaller than w1. But, h2 may be

equal to h1 and/or w2 may be equal to w1.

The valve shown in figure 3a is in open position and comprises a planar
component which may have a substantially flat face at its end but the invention
may comprise a planar component with several forms, for exemple concave,

convex, wave-shaped or other...

The valve shown in figure 3c, 3d and 3e is in closed position. Considering the inlet
valve, during the infusion phase, the pressure pushes said flexible part onto the
second part (105), increasing the closure of the valve and increasing the residual

fluidic resistance of the valve in closed position.
In absence of particle contamination, the valve in closed position is shown in

figure 3c, both part of the valve seat (104, 105) are in contact with the bottom of

the pillar. If a particle is present on the valve seat element (black dot in the figures

13
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3d and 3e), the tightness of the valve is only ensured by the contact between the
flexible part (in figure 3d) of the planar component (103) and the second part
(105) of the valve seat. Conversely, in figure 3e, the tightness of the valve is only
ensured by the contact between the rigid part of the planar component (103) and

the first part (104) of the valve seat.

In one embodiment as shown in figure 4, the valve comprises several second

parts (105’, 105”) and several flexible parts.

In another embodiment as shown in figures 5a, 5b and 5c, the valve may
comprises only one valve seat element (104’, 104”) designed to be in contact with
said flexible part and said rigid part when the valve is in closed position. The
tightness is ensured by the deflection of the flexible part of the planar component

(103) against said valve seat due to the pressure, preventing the back-flow.

If a particle is present on said valve seat (104’, 104”) (shown in figure 5b), during
the infusion phase of the pumping cycle, a positive pressure is generated in the
pumping chamber and therefore around the inlet valve pillar (101). The small gap
between the valve seat element and the end of the valve body element makes
possible a flow rate in the reverse direction to the normal infusion (so called back-
flow). The gradient of pressure below the flexible part of the planar component
(103) due to this back-flow induces a deflection said flexible part and therefore a
closing of the valve. During the filling of the pump, the negative pressure
generated in the pumping chamber lifts the flexible part and prevents any stiction

between the valve seat (104’, 104”) and the end of the valve body.

The restoring force of the flexible part onto the pillar when the valve is in closed
position is added to the restoring force of the flexible arms (102) for the estimation

of the valve pretension.
In one embodiment, said planar component is made of silicon. For this example

shown in figure 7, the thickness (h3) of the planar component is 2 um and its

radius (R1) is equal to 200 uym; the radius (R2) of the rigid part being equal to 160

14
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pm and the wide (D1) of the flexible part being equal to 40 um. With this
configuration, the simulation shows that the flexible part can flex up to 2 um at its

external edge and the maximum Von Mises stress is limited to 500 MPa.

In an embodiment, the gap between the end of the pillar (101) and the flexible part
of the planar component (103) may be equal to the thickness of the spacer (108).
Said gap must be limited due to the risk of breaking of the flexible part during the

functioning of the pump or due to meniscus effect.

Another embodiment of valve (200) is shown in figure 6. This configuration
corresponds to an outlet valve (5) as shown in figures 1 and 2. The pillar (202) is
not in contact with the fluid. A flexible membrane (201) permits the pillar (202) to
be movable, so that said valve (200) can be opened or closed. Said second valve
element is the valve body which comprises two distinct parts: a first part (206) and
a second part (207) having ideally a height h2 slightly larger than the height h1 of
the first part (206).

The top plate (208) has a hole (205), the fluid flows from the pumping chamber
and through this hole (205) of the outlet valve (200). The top plate (208)
comprises an anti-bonding layer made of a spacer (204) and a planar component
(203) having flexible parts. Said flexible parts are designed to be in contact with
said second part (207) even if a particle - having a diameter smaller than h2 — h1 -
is present onto said first part (206). This design prevents any back-flow from the
outlet towards the pumping chamber during the filling phase of the pumping cycle.

The outlet valve may comprise one or several flexible parts as for the inlet valve.
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Claims

1.

A valve for controlling the passage of a microfluidic system, said valve
comprising a first valve element (103) and a second valve element (104,
105), having respectively a first surface and a second surface which are
placed opposite to each other and are designed to come in contact in such
a way as to control a fluid flow through said passage (107);

characterized by the fact that :

o the first valve element comprises a planar component (103) which is
composed of a rigid part and a flexible part which are not in contact
with the second valve element when the valve is open;

o the first surface is composed of the surface of the rigid part and the
surface of the flexible part;

o the second surface is adapted to be in contact with the surface of
the rigid part and the surface of the flexible part when the valve is
closed;

o the rigid part and the flexible part are made from a same material.

The valve according to the claim 1, wherein the flexible part is designed to

bend in a direction perpendicular to a plan of the surface of the rigid part.

The valve according to any one of the previous claims, wherein the surface
of the planar component and / or the surface of the second valve element

has a Knoop hardness of at least 300 KHN.

The valve according to any one of the previous claims, wherein the surface
of the planar component and / or the surface of the second valve element

has a Knoop hardness of at least 500 KHN.
The valve according to any one of the previous claims, wherein the surface

of the planar component and / or the surface of the second valve element

has a Knoop hardness of at least 800 KHN.

16



10

15

20

25

30

35

WO 2014/136090 PCT/IB2014/059519

6. The valve according to any one of the previous claims, wherein the surface
of the planar component and / or the surface of the second valve element

has a Knoop hardness of at least 1100 KHN.

7. The valve according to the claim 1, wherein the hardness factor of the
flexible part is substantially equal to the hardness factor of the rigid part

according to the Knoop hardness scale.

8. The valve according to the claim 1, wherein the hardness factor of the
planar component is substantially equal to the hardness factor of the

second valve element according to the Knoop hardness scale.

9. The valve according to the claim 1, wherein said first valve element further
comprises a support (108, 204) which is fixed to the planar component
(103, 203).

10.The valve according to the previous claim, wherein said rigid part is
constituted by stacking of said support (108, 204) and said planar
component (103, 203).

11.The valve according to any one of the previous claims, wherein said
second valve element comprises at least two parts:
o the first part is located opposite said rigid part and has a height h1 and
a width w1;
o the second part is located opposite said flexible part and has a height
h2 and a width w2.

12. The valve according to the claim 11, wherein said height h2 is/are equal to

or higher than said height h1.
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13. The valve according to the claim 11, wherein the width w2 is/are equal to or

smaller than the width w1.

14.The valve according to one of the claims 11 to 13, wherein the second

valve element contains at least one space between its parts.

15. The valve according to any one of the previous claims, wherein said planar
component is made from a material such as silicon, borosilicate, metal,
silicon nitride, silicon oxide or any other materials commonly used in MEMS

industry.

16. The valve according to the claim 15, wherein said planar component has a
thickness substantially smaller than its width in such a manner as to be

flexible.

17.The valve according to any one of the previous claims, wherein said first

contact surface is substantially flat.

18. The valve according to any one of the previous claims, wherein the height

of the support depends of the flexibility of said planar component.

19. The valve according to any one of the previous claims, wherein said first
valve element is a valve body element (respectively a valve seat element)
and said second valve element is a valve seat element (respectively a

valve body element).

20.The valve according to the claim 19, wherein the valve body element

further comprises a pillar (101).

21.The valve according to any one of the previous claims, wherein said planar

component is designed to tightly close the microfluidic system when said

18
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valve body element is in closed position even if a particle of a

predetermined dimension is located onto said valve seat element.
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