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(57) Claim

1. A micropump including at least one base plate (2), at least one
upper plate (8) and one intermediate plate (6) sandwiched between the
two other plates (2, 8) and made of a material which can be machined
so as to define a pumping chamber (50), at least one control member
(12) for the inflow of e fluid o connect the pumping chamber with
at least one inlet (10) to the micropump and at least one controi mem-
ber (38) for the outflow of the fluid to connect the pumping c!.lambei‘
(50) with at least one outlet (4) of the micropump, the pumping cham-
ber (50) including a movable wall (56, 156, 256) which is machined in
the intermediate plate (6) and which can be displaced in two opposite
directions during the suction of « fluid from the inlet (10) to the
pumping chamber (50) or during the expelling of this fluid from the
pump»ing chamber to the outlet (4), actuating means (70, 170, 270)
being provided to move said movable wail (56, 156, 256) to cause a
periodical variation of the volume of the pumping chamber (50), cha-
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racterized in that the micropump includes first and second stopper
members arranged in such a manner as to limit the amplitude of the mo-
vement of the movable wall (56, 156, 256) in said two opposite dires-
tions, with the first stopper members (58, 62, 64; 158, 162, 164; 258,
270) limiting this movement during the sucking of the fluid inside the
pumping chamber (50) and the second stopper imembers (2, 60; 2, 160; 2,
260) limiting this movement during the expelling of fluid from the

pumping chamber (50).
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A micropump including 0 8
two glass sheets (2, 8) 7 %
with a machined silicon 86 82
board (6) sealingly inserted 0 26 61 58 | %\ 62 80
therebetween, An inlet valve 10 18 / 43 W 2 40
(12), a pumping chamber (50) \\' \ \ 28
and an outlet valve (28) are N IO\, \ N N} \
arranged between an inlet (10) NN N \\ \ \ Q 8
and an outlet (4). A pump g/, 33
diaphragm (56) forming one 5. 2 /;'-—’6
wall of the pumping chamber et ~ =
comprises a thickened central I \\ \ X \ \ I
porticzt (58) interacting with \ AN ™, N N\
the upper sheet (8) to form \\ N ‘\ WA B
an abutment restricting the \ \ N \
suction movement of the 7 X .
diaphragm (50), and lower 1> 16 2 65 8\9 60 6§ 54, 28 3& /
abutment  elements  (60) 2 48 50 IA 34

restricting the movement of
the diaphragm when the fluid

is discharged. A piezoelectric pad (72) engages the diaphragm by means of an intermediate part (84) to perform the pumping movement
between upper and lower limits precisely defined by the abutments. A precisely defined and constant flow rate is thus achieved regardless

of changes in the performance of the piezoelectric pad.




A MICROPUMP

The present invention is concerned with a micropump including at
least one base plate, at least one upper plate and oné intermediate
plate sandwiched between the two other plates and made of a material
which can be machined so as to define a pumping chamber, at least one
control member for the inflow of the fluid to connect the pumping
chamber with at least one inlet to the micropump and at least one
control member for the outflow of the fluid to connect the pumping
chamber with at least one outlet of the micropump, the pumping chamber
including a movable wall which is machined in the intermediate plate
and which can be displaced in two opposite directions during the suc-
tion of a fluid from the inlet to the pumping chamber or during the
expelling of this fluid from the pumping chamber to the outlet, actua-
ting means being provided to move said movable wall to cause a perio-
dical variation of the volume of the pumping chamber,.

Such pumps can be used in particular for the in situ administra-
tion of medicinal drugs, the miniaturization of the pump allowing a
patient to carry the same on his body, or even to have the pump im-
planted directly in the body. Furthermore, such pumps allow the admi-
nistration by injection of small metered amounts of fluid.

In an article entitled A piezcelectric micropump based on micro-
machining of silicon” published in ”Sensors and »Actuators” N° 15

(1988), pages 153 to 167, H. Van Lintel et al. give the description of

two embodiments of a micropump, including each a superposition of




glass plates.

The silicon plate is etched to form a cavity, which, with one of
the glass plates, defines the pumping chamber, an inflow or suction
valve and at least one outflow or expelling valve, allowing the pum-
ping chamber to communicate respectively with an inflow channel and an
outflow channel. The part of the plate forming a wall of the pumping
chamber can be deformed by a control member provided for example as a
piezoelectric chip or crystal. The same is equipped with two electro-
des which, when they are connected to a source of voitage, cause the
deformation of the chip and, consequently, the deformation of the
plate, which causes a variation of the volume of the pumping chamber.
This movable or deformable wall of the pumping chamber can thus be mo-
ved between two positions.

The functioning of the micropump is as follows. When no voltage is
applied to the piezoelectric chip, the inlet and outlet valves are in
their closed position. When a voltage is applied, an increase of the
pressure inside the pumping chamber occurs, which causes the opening
of the outlet valve. The fluid contained in the pumping chamber is
then expelled through the outflow channel by the displacement of the
deformable wall from a first position towards a second pusition.
During this phase, the inlet valve is maintained closed by the pres-
sure prevailing in the pumping chamber.

Conversely, when the voltage is decreased, the pressure in the
pumping chamber decreases. This causes the closing of the outlet valve
and the opening of the inlet valve. The fluid is then sucked into the
pumping chamber through the inflow channel, owing to the displacement

of the deformable wall from the second position to the first position.




As already mentioned, these micropumps are used in particular for
the administration of medicinal drugs. It is therefore important that
the flow rate of the micropump be well defined, so that the medicinal
drug injected be metered very precisely. However, known micropumps
suffer in this respect, from certain imperfections.

In actual fact, the flow rate of the micropump depends on the va-
riation of the volume of the pumping chamber between the two positions
of the deformable wall. This variation of the volume depends on
several parameters, among which the voltage applied to the piezoelec-
tric chip and the physical characteristics of the piezoelectric chip
(thickness, diameter, dielectric constant) and of the deformable wall
(material, thickness). Thus, the same voltage applied to microzumps
apparently identical may cause differing deformations of the pumping
chamber of these micropumps, which, subsequently, will produce diffe-
ring flow rates.

Furthermore, for a same micropump, the flow rate can drift in the
course of time because of the ageing of the materials from which the
piezoelectric chip is made and the ageing of the adhesive used for its
bonding. Finally, the flow rate of the micropump depends on the pres-
sure in the outflow and inflow channels.

H. Van Lintel et al. have described in tie above-mentioned article
a micropump provided with an additional valve, which makes it possible
to render the flow rate less dependent on the pressure in the outflow
channel. However, this micropump cannot solve the other drawbacks men-
tioned above.

The invention is aimed at remedying to the drawbacks mentioned and

at obtaining a micropump having a flow rate which is very accurate and




constant, while being independerit of the variations in the performance
and of the ageing of the driving member and also of the pressures in
the inflow and outflow conduits.

To this end, the invention is characterized in that the micropump
includes first and second stopper members arranged in such a manner as
to limit the amplitude of the movement of the movable wall in said two
opposite directions, with the first stopper members limiting this mo-
vement during the sucking of the fluid inside the pumping chamber and
the second stopper members limiting this movement during the expelling
of fluid from the pumping chamber.

By limiting the amplitude of the movement in the two opposite di-
rections, the volume of the substance pumped at each alternate move-
ment of the movable pumping wall or membrane is clearly defined and
remains constant. It is not dependent on the variations in the perfor-
mance of the driving member, which is preferably a piezoelectric chip.
An ageing or some other deterioration of this piezoelectric chip does
not have any influence on the flow rate of the pumped substance. 1t is
therefore not necessary to provide a circuit for correcting the per-
formarice of the micropump in the course of time.

A calibration of the micropump to take into account variations in
performance of the piezoelectric chip used is not deemed necessary
neither.

The flow rate of the substance being pumped is also substantially
independent of the pressure prevailing in the inflow and in the out-
flow conduits. It only depends on the machining of the micropump and

on the frequency of the pumping,

According to an advantageous embodiment, the movable wall includes




a central rigid part which is surrounded by a resilient edge of a les-
ser thickness integral with the central rigid part, with the iatter
protruding from the face of the movable wall directed away from the
pumping chamber and being designed for coming in contact with the
plate which is positioned facing it, thus providing said first stop-
per members limiting the movement of the movable wall during the suc-
tion of the fluid. |

The central rigid part of the movable wall ensures an accurate
displacement of this wall, which is comparable to the movement of a
piston. Pressure diffcrences in the pumping chamber will cause only a
small change in the volume, owing to the smaller surface of the resi-
lient edge surrounding the rigid central part.

According to a preferred embodiment, the actuator means include a
driving member mounted movably on either the base plate or the upper
plate and 2i1 intermedjate part placed between the movable wall and the
driving member.

Advantageously, the driving member is mounted movably on the outer
face of said upper plaic, said intermediate part extending through the
upper plate via an opening.

Considering that the driving member, preferably a piezoelectric
chip, is not bonded directly to the membrane, variations in the shape
and in the deformation of the piezoelectric chip have no influence on
the shape of the deformable wall, and accordingly on the flow rate.

In an advantageous embodiment, the movable wall consists of a mem-
brane having a central part protruding in such a manner as to provide

together with the upper plate said first stopper members, this central

ﬁ&\\ part being surrounded by a piezoelectric member bonded to the membrane
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and exhibiting a central bore for . ,wing the passage of the central
part.

This arrangement provides a construction which is simple, while
constraining the movements of the deformable wall in both directions.

Finally, according to another favourable version, the first stop-
per members are provided as an adjustable screw extending through the
upper plate and of which one end is positioned against the movable
wall.

In this type of micropump, the volume of the substance pumped at
each alternating movement of the movable wall and hence the flow rate
can be adjusted by acting on one of the stopper members provided as a
screw,

Other advantages will become apparent from the characteristic fea-
tures set out in the dependant claims and from the detailed descrip-
tion made hereafter of the invention, with reference to drawings which
illustrate schematically and by way of example three embodiments of
the invention and one alternate version of the first embodiment.

Figure 1 is a cross-sectional view of a first embodiment of the
invention taken along line I-I of figure 2.

Figure 2 is a cross-sectional view takca horizontally along line
II-II of figure 1.

Figure 3 is a cross-sectional view of a second embodiment of the
invention taken along line III-III of figure 4.

Figure 4 is a cross-sectional view taken horizontally along line
III-III of figure 3.

Figure 5 is a cross-sectional view of a third embodiment of the

invention taken along line V-V of figure 6.




Figure 6 is a cross-sectional view taken horizontally along line
VI-VI of figure 5.

Figure 7 illustrates an alternate version of the first embodiment.

In these figures, a same component, when shown in severai figures,
is indicated on each one of them by the same reference numeral. In the
embodiments which will be described, the micropump is equipped with an
inlet valve and an outlet valve. One should note however, that the in-
vention is also applicable to micropumps having several valves posi-
tioned between the inlet and the pumping chamber and/or several valves
positioned between the pumping chamber and the outlet. The micropump
can ajso be provided with a plurality of inlets and a plurality of ou-
tlets. The inlet and the outlet valves could be replaced by any other
means for controlling the inflow and the outflow of fluid, such as
flow rate limiting devices.

It should be noted that, for sake of clarity, the thickness of the
different constituent plates of the micropump has been strongly exag-
gerated in the drawings.

With reference to figures 1 and 2, the micropump according to the
first embodiment includes a base plate 2, made preferably of glass.
This base plate 2 has a channel 4 extending through it, to provide the
outflow conduit of the pump. This conduit can be, for example, connec-
ted to an injection needle (not illustrated).

The base plate 2 carries on its upper side an intermediate plate 6
made of silicon or some other material which can be machined using

photolithographic techniques. It can be bonded to the base plate 2 by

known bonding techniques, such as the technique known as "anodic bon-




of about 300°C and the application of a difference of potential of
about 500 V between the plates.

An upper plate 8, preferably made of glass, is bonded by the same
techniques to the intermediate plate 6. This plate has an inflow chan-
nel 10 extending though it, which can be connected to a reservoir (not
illustrated) containing a liquid substance to bte supplied, for example
a medicinal drug which needs to be administered in accurately metered
amounts. In this application, the micropump can be carried on the body
of the patient or it can even be implanted.

By way of example, the intermediate plate 6, which is made of si-
licon, can have a crystalline structure of the <100> type, which is
favourable for the successful application of etching techniques.
Preferably, the plates 2, 6 and 8 are then carefully polished. These
plates 2, 6 and 8 are then advantageously made hydrophilic, in parti-
cular when the substance used in the micropump is an aqueous solution.
To this end, the silicon plate 6 can be dipped into boiling HNO;,

As an indication, the thickness of the plates 2, 6 and 8 can
amount respectively to about 1 mm, 0.3 mm and 0.8 mm, for the case of
the plates having a size in the order of 10 mm by 20 mm.

The inflow or sucking conduit 10 and the outiffow or expelling
conduit 4 are principally connected to a first inlet valve 12, a pum-
ping chamber 50 and a second outlet valve 28.

The first valve 12 of the nonreturn type is machined in the sili-
con plate 6 and is comprised of a membrane 14 of a generally circular
shape carrying an annular rib 16. This rib separates from each other

two compartments 18, 20 located above the membrane 14 and cooperates
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The first compartment 18 has an annular shape and communicates
with the inflow conduit 10. The second compartment 20 has a substan-
tially central position and communicates via a slightly off-centered
orifice 22 with a third compartment 24 situated beneath the membrane
14.

The rib 16 is coated with a thin oxide layer 26, also obtained by
photolithographic techniques, and the membrane 14 is thereby prestres-
sed or pretensioned, to bias the ridge of the rim 16 against the upper
glass plate 8, which acts as a valve seat.

Clearly, other types of known valves rr of flow limiting devices
can be used instead of the valve described here.

The outlet valve 28 is also machined in the silicon plate 6 and
includes a membrane 30 carrying an annular rib 32 coated with an oxide
layer 34 which prestresses the membrane 30 to bias the ridge of the
rib 32 against the lower plate 2, which acts as the valve seat. OUxide
layers 33 applied to the other side of the membrane 33 increase this
prestressing.

The rib 32 defines a fourth compartment 36 communicating with the
outflow conduit 4 and a fifth compartment 38 external to the rib ha-
ving a substantially annular shape. A sixth compartment 40 is situated
above the membrane 30 and communicates with the outside of the pump
via an opening 42. Electrical contacts or electrodes 44, 46 are provi-
ded facing each other on the upper plate 8 and on a protruding part 48
of the membrane 30. These contacts make it possible to control adequa-
tely the expelling of the fluid. It is clear that other known types of

valves or further flow rate limiting devices could replace the outlet

valve 28.
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The pumping chamber 50 is of a substantially circular shape and is
connected by two passages 52 and 54 on the one hand, to the third com-
partment 24 of the first valve 12 and on the other hand to the fifth
compartment 38 of the second valve 28. The pumping membrane 56 provi-
ding a movable or a deformable wall of the pumping chamber 50 is made
by machining the silicon plate 6 and has a central rigid part 58 which
is relatively large by comparison with the total width of the pumping
membrane 56. The diameter of this central part 58 varies between 20%
and 90% of the diameter of the pumping membrane 56, and preferably
between 50% and 80%. This central rigid part 58 has a thickness which
is substantially greater than that of the annular edge 61 of the pum-
ping membrane. As an indication, the edge 61 exhibits a thickness bet-
ween 10 and 100 pm, whereas the central rigid part 58 exhibits a
thickness which is lov.er by 10 to 50 pum than the total thickness of
the plate 6. This amounts to a total thickness of, for example, 300
pm.

The pumping membrane 56 carries on its lower surface facing the
base plate 2, stopper members 60, which can, for example, be three.
These stopper members 60 protrude from the lower surface of the mem-
brane and can consist of a silicon oxide layer. They are designed for
coming in contact with the upper surface of the base plate 2, to li-
mit the movement of the pumping membrane 56 when expelling or pushing
out the fluid. Similarly, the central rigid part 56 of an increased
thickness is designed for coming in contact with the upper plate 8
when the pumping membrane 56 is actuated, to provide stopper members
opposite the stopper members 60, so as to limit the movement of the

pumping membrane 56 when sucking the fluid. Thus, the movement of the




- 44 -

puimping membrane is controlled by mechanical means, both on the upper
side and on the lower side. This makes it possible to achieve a very
precise delivery of the substance being pumped at each alternating mo-
vement of the membrane. The central rigid part 56 can be compared to a
piston having a well defined travel distance. Since the annular edge
61 of the pumping membrane 56 exhibits a surface which is relatively
small by comparison with the total surface of the pumping membrane 56,
differences in the pressure in the pumpin> chamber 50 produce only in
small changes in the volume beneath the pumping membrane 56.

Furthermore, the stopper members 60 made of oxide prevents any ad-
hesion, for example by a suction effect, of the pumping membrane 56,
when the latter moves upwards from its lowermost position.

Electrical contacts or electrodes 62, 64 are placed facing each
other on the central rigid part 58 and on the lower surface of the up-
per layer 8. These contacts 62, 64 extend outside of the pump via an
opening 66 and they are connected to an electric circuit (not illus-
trated) which makes it possible to control the operations of the pum-
ping membrane 56 and the sucking of the fluid. Suitable circuits are
described, for example, in the European Pateat Application N°
0.498.863. In the embodiment described, the electrical contacts them-
selves act as the stopper members, !imiting the ynovement of the pum-
ping membrane 56 during suction.

The latter furthermore has on both sides areas 65 coated with si-
licon oxide. These oxide coated areas 65 confer to the membrane a cer-
tain level of prestressing {not illustrated) directed upwards in fi-
gure 1.

An actuating device 70 of the pumping membrane 56 includes a dri-
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ving member provided as a piezoelectric chip 72 carrying electrodes
74, 76 connected to a generator 78 designed for supplying an alterna-
ting voltage. This chip can be that sold by the firm Philips under the
reference PXE-52. The chip is bonded by any appropriate means such as
an adhesive or by welding, on a resilient blage 80 made of metal, si-
licon or a plastic material. This blade 80 is mounted via a spacer
member 82 on the upper plate 8. This spacer member 82 can be a washer
made of a plastic material, of metal or silicon. This spacer member
can also be a layer of adhesive of a predetermined thickness or be a
protrusion integral with the glass plate 8. When bonding the resilient
blade 80 to the upper plate 8, a stress can be applied to the electro-
des of the piezoelectric chip 72 in such a manner that the latter is
curved downwards in the direction of the upper plate 8 during the har-
dening of the adhesive. An intermediate part 84 having the shape of a
Grawing pin can be honded via its flat head 86, using any appropriate
means sucli as an adhesive or by welding, to the resilient blade 82.
This part acts on the central rigid part 58 of the pumping membrane 56
by its central vertical rod 88 extending through the upper plate via a
bore 89. Furthermore, there can be a small clearance between the ver-
tical rod 88 and the pumping membrane 56, when the pump is not opera-
ting. This clearance or a certain mechanical stress between the rod 88
and the pumping membrane 56 can be determined by the curvature impar-
ted when hardening the adhesive.

The actuator device 70 including a piezoelectric chip 72 and a re-
silient blade 80 can also be replaced by a device including two or
more piezoelectric plates bonded together or by a device combining

piezokeramic and metallic disks.
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Thus, the piezoelectric chip 72 is independent of the pumping mem-
brane 56. Hysteresis effects in the piezoelectric chip 72
(”piezocreep”) or variations or deteriorations to this chip have no
influence on the shape of the pumping membrane 56, owing to the fact
that the latter is independent of the piezoelectric chip 72 and is set
into motion by means of the intermediate part 84. This construction
makes it possible to obtain the displacement of a large volume of
fluid for a given diameter of the pumping membrane, owing to the fact
that the rigid central part 58 acts in the manner of a piston. The ma-
chined parts of the micropump can be further miniaturized while retai-
ning an actuator device of a size which can be selected freely and be
of a relatively large size. This miniaturization of the machined parts
makes it possible to decrease manufacturing costs.

The general mode of operation of this pump is sudstantially simi-
lar to that described in the article by H. Van Lintel ar al. entitled
A piezoelectric micropump based on micromachining of silicon”, pu-
blished in ”Sensors and Actuators” N° 15 (1988.) pages 153 to 167.

Accordingly, when compared to this known type of micropump, the
micropump according to the presept invention makes 1¢ possible to
achieve a very accurate administration at each alternating movement.
This administration is practically independent of the pressure prevai-
ling in the inflow and in the outflow conduits and is also practically
independent of the performance of the piezoelectric chip and of the
deterioration and of the hysteresis phenomena known for this type of
actuator devices. Furthermore, the movement of the pumping membrane is
controiled accurately both by the intermediate rigid part 58 and by

the stopper members 60. The flow rate is therefore defined by the ma-
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chining characteristics 'of‘ the pumping membrane 56 and by the frequen-
cy of the actuator device.

This type of pump makes it possible to use piezoelectric chips ex-
hibiting relatively large fluctuations in their characteristics.
Furthermore, it is not necessary to calibrate the pumps for each chip
used.

Owing to the fact that the chip is bonded externally, the chip can
be easily replaced in case of malfunction.

Up to a certain frequency of the pumping, the flow rate is inde-
pendent of the viscosily. Owing to the central rigid part and to the
electrical contacts 62, 64, it is possible to detect the end of the
suction of the fluid and thus obtain additional information concerning
the functioning of the micropump.

It should be made clear that the embodiment illustraied above does
not limit the invention in any manner, and that it can rececive a va-
riety of desirable modifications within the scope defined in claim 1.
In particular, the arrangement of the valves and of the inflow and the
outflow conduits, as well as that of the pumping chamber could be
quite different. The disposition of the areas carrying the oxide can
be gelected according to the prestressing desired for the valves and
the pumping. The actuator device could be provided with a driving
means of a type other than a piezoelectric chip.

The intermediate part 84 can be made integral with the resilient
blade 80 or further with the piezoelectric chip. Il can also be posi-
tioned loosely between the resilient blade and the pumping membrane.

The stopper members 60 proper could be done away with. The pumping

chamber would then have a smali bheight, such that the upper surface of
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the base plate 2 would act as a stopper against which the pumping mem-
brane 56 would abut at each alternating movement. The control electro-
des 44, 46 and/or 62, 64 could be formed differently or be done away |
with in a simplified version.

In accordance with figure 7, the pump could furthermore exhibit
one or several screws 90 extending through the plate 8 to cooperate at
their ends with the central rigid part 58 or with the electrical
contact 62. These screws 90 thus provide stopper members which can be
used for adjusting the amplitude of the movement during suction, The
contact 64 of figure 1 will then be replaced by the screw 90 made of a
metal material.

Adjustment screws could also be mounted on the blade 80.
Furthermore, it would be possible to mount adjustment screws in the
flat head 86 of the intermediate part.

The seccnd embodiment illustrated in figures 3 and 4 differs from
the first embodiment only by the construction of the pumping chamber
and of the actuator device. Accordingly, componehts which are similar
in the two embodiments carry the same reference numerals and will the-
refore not be described in any further detail.

This second embodiment also includes a base plate 2 and an upper
plate 8 having respectively an inflow conduit 10 and an outflow
conduit 4 bored therethrough. Between these two plates 2 and 8, is
sandwiched an intermediate plate 6 made of silicon machined by photo-
lithographic techniques to form an inlet valve 12, an outlet valve 28
and a pumping chamber 50.

Thin oxide layers 25, 33, 34 make it possible to achieve a prede-

-\\termmed prestressing within the silicon membrane.
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The pumping chamber 50 is of a shape which is substantially circu-
lar and which is connected by two passages 52 and 54 to the inlet and
the outiet valves. The pumping membrane 156, which is machined in the
silicon plate 6, is a movable (deformable) wall inrluding a central
rigid part 158 which is thicker, to form a stopper member designed for
cooperating with the lower surface of the upper plate 8, so as to li-
mit the movement of the pumping membrane 156 during suction. The lat-
ter has on its lower surface a lower central stopper member 160.
Preferably, this member limiting the movement of the membrane during
the expelling is provided as a silicon protrusion of a small height or
as a layer of silicon oxide. Thus, the movement of the pumping mem-
brane 156 is arrested in a precise position on both sides, i. e. when
moving upwards or downwards. This makes it possible to achieve a pre-
cise delivery of the substance administered at each aiternating move-
ment of the pumping membrane.

The actuator device 170 is provided as a piezoeleciric chip 172
having a central bore 173. The chip is bonded by welding orr by an ad-
hesive to the pumping membrane 156. Electrical contacts 174, 176 make
it possible to connect the chip to a generator 78 designed for sup-
plying an alternating voltage.

The electrodes 162, 164 are arranged facing each other, on the
central part 158 and on the lower surface of the upper plate 8. These
electrodes extend outside the pump through an opening 166 and they
make it possible to control the suction of the fluid and the functio-
ning of the pumping membrane 156. Furthermore, the latter can be pro-
vided with areas carrying silicon oxide 65 for introducing a certain

amount of prestressing into the silicon membrane.
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The stopper members 160 and 158 having this construction, limit
accurately the movement of the pumping membrane 156 in both opposite
directions and also allow an accurate delivery of the substance admi-
nistered at each alternating movement. The flow rate depends solely on
the machining characteristics of the pumping membrane and the frequen-
cy of the actuator device. Variations or deteriorations in the perfor-
mance of the piezoelectric chip within certain limits have no in-
fluence on the flow rate of the micropump. Accordingly, it is not ne-
cessary to calibrate the micropump, an accurate assembling is suffi-
cient. The construction of this embodiment is simpler than that of the
first embodiment.

The third embodiment illustrated in figures 5 and 6 also differs
from the first and the second embodiments principally by the construc-
tion of the pumping membrane and of the aciuator device. Accordingly,
components which are common to the three embodiments carry the same
reference numerals and will not be described in more detail.

This third embodiment also includes a base plate 2 and the upper
plate 8, provided respectively with an inflow conduit 10 and an out-
flow conduit 4. Between these two plates 2 and 8, there is sandwiched
an intermediate plate 6 made of silicon machined by photolithographic
techniques, to form an inlet valve {2, an outlet valve 28, and a pum-
ping chamber 50. Thin !ayers of silicon oxide 26, 33, 34, 65 make it
possible to introduce a predetermined amount of prestressing into the
silicon membrane,

The pumping chamber is also of a circular shape and is connected

by passages 52 and 54 to the inflow and outflow valves. The pumping

-~—. membrane 256, which is machined in the silicon plate 6, is a movable
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wall of the pumping chamber having a thickness which is substantially
uniform and has on its lower surface a stopper member 260, to limit
the motion of the membrane during the expelling of the fluid.
Preferably, this stopper member is formed as an area of a small size

23]

made of silicon or of silicon oxide. This member is located beneath
the actuator device comprising the piezoelectric chip 270 bonded by
welding or by an adhesive to the upper surface of the pumping membrane
256, while being connected via the connections 274, 276 to a generator
78 designed for supplying an alternating voltage.

An upper adjustablc stopper member 258 designed for limiting the
movement of the membrane during the suction consists of an annular
part 261 inserted and bonded by an adhesive in a bore of the upper
plate 8. This annular part 261 is provided with a threaded bore 263
capable of receiving a screw 265 which acts as a stopper having a
height which can be adjusted to cooperate with the piezoelectric chip
270. The annular part 261 and the screw 265 are preferably made of a
metal material.

Thus, the movement of the pumping membrane 256 is limited precise-
ly upwards and downwards. Furthermore, it is possible to adjust the
amplitude of this movement by acting on the screw 265. Accordingly,
this construction makes it possible to pump a very precise amount of
the product at each alternating movement of the pumping membrane,
while authorizing a precise adjustment of the amount pumped.
Varijations or deteriorations of the performance of the piezoelectric
chip within certain limits have no influence on the outflow of the mi-
cropump. An electrical contact 264 is provided on the metal screw 165

which makes it possible to control, together with the upper connection
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276 of the piezoelectric chip, the motion of the pumping membrane 256
during suction.

Advantageously, the screw 265 can be made of a material capable of
compensating variations of the shape of the movable wall 256 due to
temperature effects, since such variations without compensation can
have an influence on the volume of the fluid being pumped. Such a com-
pensation could also be obtained by virtue of the screws 90 described
witfi reference to figures 7.

The embodiments described are particularly well suited for the ad-
ministration of medicinal drugs, and in particular as micropumps ca-

pable of being implanted in the body of a patient.
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CLAIMS

1. A micropump including at least one base plate (2), at least one
upper plate (8) and one intermediate plate (6) sandwiched between the
two other plates (2, 8) and made of a material which can be machined
so as to define a pumping chamber (50), at least one control member
(12) for the inflow of ¢ke fluid to connect the pumping chamber with
at least one inlet (10) to the micropump and at least one control mem-
ber (38) for the outflow of the fluid to connect the pumping chambef
(50) with at least one outlet (4) of the micropump, the pumping cham-
ber (5Q) including a movable wall (56, 156, 256) which is machined in
the intermediate plate (6) and which can be displaced in two opposite
directions during the suction of - fluid from the inlet (10) to the
pumping chamber (50) or during the expelling of this fluid from the
pumping chamber to the outlet (4), actuating means (70, 170, 270)
being provided te move said movable wall (56, 156, 256) to cause a
periodical variation of the volume of the pumping chamber (50), cha-
racterized in that the micropump inciudes first and second stopper
members arranged in such a manner as to limit the amplitude of the mo-
vement of the movable wall (56, 156, 256) in said two opposite direc-
tions, with the first stcoper members (58, 62, 64; 158, 162, 164; 258,
270) limiting this movement during the sucking of the fluid inside the
pumping chamber (50) and ths second stopper members (2, 60; 2, 160; 2,
260) limiting this movement during the expelling of fluid from the

pumping chamber (50).

A micropump according to claim 1, characterized in that the

e
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movable wall (56) includes a central rigid pert (58) surrounded by a
resilient edge (61) of a smaller thickness integral with the central
rigid part (58), the latter protruding relatively with respect to the
face of the movable wall (56) which is opposite to the pumping chamber
(50) and being designed for coming in contact with the plate (2, 8)
which is positioned facing the same for providing said first stopper
members limiting the movement of the movable wall (56) during the suc-

king of the fluid.

3. A micropump according to claim 2, characterized in that the width
of said central rigid part (58) varies between 20% and 90% of the
width of the movable wall (56), and preferably between 50% and 80%.

4. A micropump according to claim 1, characterized in that the face
of the movable wall (56) which is directed inwards of the pumping
chamber (50) includes one or several protrusions (60, 160, 260) for-
ming, with the opposite plate (2), the second stopper members limiting
the movement during the expelling of the fluid.

Q%‘\\-’ o, QF
S. A micropump according tollclalms 1 to 4, characterized in that the

octuakia

S0

ae@a&ter’l%heans (70) include a driving member (72) mounted movably on
either the base plate or the upper plate (2, 8) and an intermediate

part (84) placed between the movable wall (56) and the driving member

(72).

6. A micropump according to claim §, characterized in that the dri-
ving member (72) is mounted movably on the outer face of said upper
plate (8), said intermediate part (84) extending through the upper
plate (8) via an opening (89).

&4/7"«“(‘ i/




- 22 -

7. A micropump according to claim 6, characterized in that the dri-
ving member is a piezoelectric member (72, 80) which is mounted via

spacer member (82) on ihe outer face of the upper plate (8).

8. A micropump according to claim 6 or 7, characterized in that the
intermediate part (84) includes a flat head (86) integral with the
piezoelectric member (72, 80) and a rod (88) extending through the up-
per plate (8) and acting by its end on the movable wall (56).

9. A micropump according to claim 1, characterized in that it inclu-
des electrodes (62, 64; 162, 164; 262, 264) placed facing each other
on the movable wall (56; 156; 256) and on the upper plate (8), these
eiectrodes being connected to a circuit which makes it possible to
control the functioning of the m&wali (56; 156; 256).

10. A micropump according to claim 1, characterized in that the mo-
vatble wall (156) consists of a membrane exhibiting a central part
(158) protruding in such a manner as to provide with the upper plate
(8) said first stopper members, this central part being surrounded by
a piezoelectric member (172) bonded to the membrane and exhibiting a

first central bore (173) for the passage of the central part (158).

if. A micropump according to claim 1, characterized in that the first
stopper members are provided as an adjustable screw (90, 265) exten-
ding through the upper plate (8) and having one end positioned facing

the movable wall (56, 256).

12. A micropump according to claim 11, characterized in that a piezoe-
lectric member (270) is sandwiched between said end of the screw (265)

and the movable wall (256) and is bonded to this wall.
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13. A micropump according to claim 11 or 12, characterized in that the
'S

screw op=sepews (90, 265) La-% made of a material capable of compensa-

ting the variations in the shape of the movable wall (56, 256) due to

the effects of temperature.

14. A micropump according to one of claims 1 to 13, characterized in
that it includes second electrodes (44, 46) placed one facing each
other, one (44) of these electrodes being mounted on one movable wall
piaced downstream of the pumping chamber (50), in such a manner as to

control the expelling of the fluid from the micropump.

15. Use of a micropump according to one of claims 1 to 14 for the ad-
ministration of medicinal drugs, the micropump being implanted into

the body of a patient.
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ABSTRACT

The micropump includes two glass plates (2, 8) between ‘which is
sandwiched sealingly a plate (6) of machined silicon. An inlet valve
(12), a pumping chamber (50) .nd an outlet valve (28) are arranged
between an inflow conduit (10) and an outfiow conduit (4). A pumping
membrane (56) forming a wall of the pumping chamber includes a thicker
central part (58) designed for cooperating with the upper plate (8) to
form a stopper member iimiting the movement of the membrane (50) du-
ring suction and with lower stopper members (60) limiting the movement
of the membrane during the expelling of the fluid. A piezoelectric
chip (72) acts by means of an intermediate part (84) on the membrane
in such a manner that during pumping, the movement of the membrane be
definecd precisely upwards and downwards by the stopper members. One
thus obtains a flow which is precisely defined, constant and indepen-

dent of the variations in the performance of the piezoelectric chip.
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