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The micropump may also be primed under nor- mal atmospheric pressure. Fluid
is simply injected The present Invention relates to micropumps, and  Into
the micropump using a syringe by means of suc- particularly to micropumps
In which at least part of  cessive strockes or continuously. Air Is
normally driv- the pump mechanism Is made by machining a wafer   5   en by
the fluid or carried therewith towards the outlet using micromachining
technologies such as photoli-  of the micropump. Nevertheless, due to the
shape of thographic technology. More specifically, It relates to  the pump
chamber and of the channels of the micro- a micropump structure having
improved priming.     pump, air bubbles could form and remain trapped In
Pumps of this type can be used notably for the In  the micropump. This risk
can be reduced by Increas- situ administration of medicaments whereby
miniatur-  10  Ing the pressure at which the fluid is Injected. Never-
ization of the pump enables the patent to wear it on  theless the
elimination of the air bubbles remains his person or possibly to have a
pump directly Implant-  largely unreliable. ed in his body. In addition,
using pumps of this type  It is an object of the Invention to provide a
micro- small quantities of liquid to be Injected can be accu-  pump which
can be primed more safely and more re- rately administrated.
15  liably. In an article entitled "A piezoelectric micropump  The object
of the Invention Is therefore a micro- based on micromachining of silicon'
published in   pump of the type comprising a first wafer and at least
"Sensors and Actuators No. 15 (1988), pages 153 to  a second wafer bonded
to the first wafer, which to- 167, H. van Lintel et al describe two
embodiments of  getherdefine a pump chamber, at leastone upstream a
micropump each comprising a stack of three wafers,  20  valve to
selectively connect the pump chamber with i.e. a wafer of machined silicon
arranged between  at least one Inlet of the micropump and at least one two
wafers of glass.                               downstream valve to
selectively connect the pump The silicon wafer defines a pump chamber with
chamber with at least one outlet of the micropump, one of the glass wafers,
It being possible for the part  this micropump also comprising means for
causing a coinciding with this chamber to be deformed by drive   25
periodic variation In the volume of the pump chamber, means, in the present
case a piezoelectric crystal.  said micropump being characterized in that
at least The latter comprises electrodes which, when connect-  one upstream
valve has a membrane defining an up- ed to an alternating voltage source,
cause deforma-  stream compartment and a dowstream compartment, tion of the
crystal and thus of the glass wafer, the lat-  the membrane being pierced
byan orifice for the pas- ter In turn causing variation in the volume of
the pump   30  sage of a fluid from one compartment to the otherand
chamber.                                           a sealing ring
surrounding said orifice, designed by The pump chamber Is connected on each
side to  virtue of a resilient constraint, normally to bear check valves
machined from silicon the seat of which  against one valve seat provided on
awaferfacing said is composed of the other glass wafer.             ring,
the orifice being so positioned that during the The mode of operation of
this type of pump Is In-  35  priming of the micropump, the fluid entering
the fluenced by the compressibility of thefluid and it may  downstream
compartment attains a determined and consequently not work if it contains
too much air.  unique part of the peripheral wall of the downstream Various
techniques exist for priming these micro-  compartment before reaching any
other part of this pumps.
peripheral wall, this part (60, 72) being distant from According to a first
technique, priming occurs un-  40  the outlet of said downsteam
compartment. der vacuum. The inlet of the micropump Is linked to a  Thanks
to this structure all of the air Is effectively fluid reservoir, forexample
toa syringe, and the outlet  forced downstream. Although the propagation of
the of the micropump is linked to a vacuum pump. start-  fluid in the
downstream compartment has not been Ing up the latter causes aspiration of
the air of the ml-  accurately observed due to the speed of flow of the
cropump and injection of fluid. A second technique   45  fluid, the
hypothesis Is proposed that the fluid enter- consists of using an enclosure
connected to avacuum  ing the downstream compartment during the priming
pump and partially filled with fluid. After plunging the  of the micropump
first reaches to peripheral wall in micropump in the fluid, the vacuum pump
is activated  this part by driving the air on both sides thereof and to
remove air from the enclosure and then the pres-  then towards the outlet
passage. sure in the enclosure is increased by re-introducing   5o  It is
preferred that the height of the upstream air, thereby forcing the fluid
into the micropump. This  compartment of each downstream valve which com-
operation is repeated several times to ensure that  municates directely
with the pump chamber is less sufficient air has been expelled from the
micropump.  than 40 [err]. The height of this compartment Is thus It will
be understood that these two techniques need  sufficiently low for any air
contained therein to be a considerable amount of equipment and that they
55  evacuated from the valve when the fluid Is injected cannot therefore be
carried out in a doctor's surgery,  Into the micropump. but only In a
hospital environment or in a factory, dur-  In numerous applications of the
micropump of the ing manufacture.
invention, notably In the medical field, the fluid Is an 2 



3                   EP 0 453 532 B1                4 aqueous solution. In
this case it has been found that  ality of outlets. evacuation of airfrom
downstream compartmentisfa-     Reference will first be made to figures 1
and 2 cilited if the surfaces of the wafers are rendered hy-  which show a
first embodiment of the micropump ac- drophilic and It Is assumed that this
results from the   5   cording to the Invention. fact that the fluid, after
having reached that part of  It should be noted that, for sake of clarity,
the the wall which is closed to the orifices, forms a wave  thicknesses of
the various wafers comprising the mi- front which adheres to the wall and
propagates to-  cropump have been greatly exaggerated in the draw- wards
the outlet passage by driving the air out In front  ings. of it.
10      The micropump of figures 1 and 2 comprises a The micropump may have
one or more valves so-  base wafer 2 of, for example, glass, which is
pierced cording to the Invention between the Inlet of the mi-  by a channel
4 forming the Inlet channel of the pump. cropump and the pump chamber and
between the       This channel 4 communicates with a connection 6 pump
chamber and the outlet of the micropump. It Is  connected to a tube 8 which
Is In turn connected to a particularly advantageous that each upstream
valve   15  reservoir 10 containing the liquid substance to be
communicating directly with the pump chamber Is In  pumped. The reservoir
Is closed by a pierced cap 12, accordance with the invention to ensure the
absence  a mobile piston 14 separating the working volume of of air from
the pump chamber.                      the reservoir 10 from the exterior.
This reservoir may The characteristics and advantages of the inven-
contain a medicament, for example if the pump is tion are better
Illustrated by the following description   20  used to inject a precise
dosage of this medicament of embodiments of the Invention given for
purposes of  Into the human body. In this application the micro- example
but which are not limiting with reference to  pump may be worn on the body
of the patient, or im- the enclosed drawings, In which:
planted therein. - figure 1 is a schematic section of a micropump   The
outlet of the micropump Is provided with an of the invention,
25  outlet connection 16 which can be connected to an In- - figure 2 is a
top view of the intermediate wafer  Jection needle (not shown) by a tube
18. In the em- of the micropump shown In figure 1,           bodiment
described this outlet connection 16 Is fixed - figure 3 Is a schematic
section of another ml-  to another wafer 22 which will be described bellow.
cropump of the Invention,                        The use in this manner of
the micropump of the - figure 4 is a top view of the intermediate wafer  30
Invention is particularly suitable for treating certain of the micropump
shown in figure 3,          forms of cancer with peptides, where medication
is - figure 5 Is a modification of the embodiment of  preferably given in a
precise dosage and the doses the wafer shown In figure 4,
are repeated at regular Intervals In small amounts. - figure 6 Is a
schematic section of an embodi-  Another possible application Is for the
treatment of ment of the micropump shown In figure 3,  35  diabetics who
need to receive regular, small doses of - figure 7 is a top view of the
intermediate wafer  medicament In the course ofthe day, It being possible
of the micropump shown in figure 6,          for example to determine the
dosage by means - figure 8 is a schematic enlarged section of part  known
per se, measuring the blood sugar level and of the micropump shown in
figure 6,          automatically controlling the pump so that a suitable -
figure 9 is a schematic section of another mi-  40  dose of insulin can be
injected. cropump of the Invention,                        The wafer 22 of
silicon or other material capable - figure 10is atop view of the
Intermediate wafer  of being machined using photolithographic etching of
the micropump shown in figure 9,          technology is bonded to the glass
wafer 2. Above this - figure 11 Is an embodiment of the wafer shown
silicon wafer Is a glass closure wafer 24, the thick- in figure 10, and
45   ness of which is such that it can be deformed by a - figures 12a to
12d illustrate the propagation of  control element 26 which, in the
embodiment of the the fluid In the downstream compartment of a  invention
described herein, is a plezoelectric disc pro- valve of a micropump
according to the inven-  vided with electrodes 28 and 30 connected to an
al- tion.                                         ternating current
generator 32. This disc may be that In these figures, the same element
shown on   5o   manufactured by Philips under the reference number several
figures bears In each case the same refer-  PXE-52 and may be bonded to the
wafer 24 using a ence numeral. In the embodiments to be described,
suitable adhesive. the micropump is provided with an inlet valve and an
For purposes of example, the intermediate sill- outlet valve. It should
nevertheless be noted that the  con wafer 22 can have a <100> crystalline
orientation invention also applies to micropumps having several  55  so as
to render It suitable for etching and to give It the valves arranged
between the inlet and the pump     required strength. The wafers 2, 22 and
24 are pre- chamberand/orseveral valves arranged between the   ferably well
polished. These wafers 2, 22, 24 are ad- 



pump chamber and the outlet. The micropump may     vantageously renderer
hydrophilic, particularly if the also be provided with a plurality of
Inlets and a plur-  fluid used In the micropump Is an aqueous solution. 3
5                   EP 0 453 532 B1                6 For this purpose the
silicon wafer 22 may be im-   of air of about less than one tenth of the
volume mersed Into boiling HN03.                          pumped at each
pumping cycle does not significantly The wafers 22 and 24 together define
first of all  Impairthe working of the micropump. In practice, this pump
chamber 34 (see also figure 2) for example   5   means that no air bubble
may be visible to the naked circular In shape, this chamber being situated
below  eye. an area of the wafer 24 which can be flexed by the    For this
purpose and In accordance with the In- control element 26.
vention, the valve 36 located In front of the pump Afirst check valve 36
machined out of the silicon  chamberhas aspeclal structure which will now
be de- wafer 22 Is Interposed between the inlet channel 4   10  scribed.
and the pump chamber 34.                              The orifice 42 of the
valve opens into the down- This first valve 36 comprises two compartments,
stream compartment which, In this embodiment, is an upstream compartment 38
and a downstream        also the pump chamber, at a point relatively close
to compartment 62, this latter also serving as the pump  the part 60 of the
wall of the downstream compart- chamber 34 in the embodiment shown. The two
com-   15  ment and relatively distant from the orifice 50. More partments
are separated by a membrane 40 substan-  specifically, the distance between
the orifice 42 and tially circular in shape and pierced at its centre by an
the part 60 of the peripheral wall Is smaller than the orifice 42 and
provided, on the side of the channel 4,  distance between the orifice and
anyotherpartofthe with an annular rib 44 which surrounds the orifice 42
peripheral wall of the downstream compartment and constitutes a sealing
ring.               20      When, as In the embodiment shown, the orifices
This sealing ring 44 Is covered by a thin oxide lay-  42 and 50 are
arranged on a symmetrical axis of the er 46 also obtained using
photolithographic technol-  downstream compartment, the part of the
peripheral ogy which subjects the membrane 40 to a certain de-  wall of the
downstream compartment closest to the gree of pre-tension causing the top
of the sealing ring  orifice 42 is also on this axis of symmetry. Neverthe-
44 to bear against the glass wafer 2, the latter thus   25  less It is
conceivable that, for certain shapes of the acting as seat for the valve
36.                   downstream compartment, the part of the peripheral
The membrane 49 and/or the sealing ring 44     wall of the downstream
compartment nearest to the could of course be otherthan circularIn shape,
forex-  orifice 42, the orifice 42 and the orifice 50 will not be ample
oval, rectangular or square. Though the seal-  aligned. Ing ring Is, In
this embodiment, preferably provided on   30  What Is Important is that the
location ofthe orifice the membrane, It Is obvious that, in same occasions
42 is such that, when the fluid spreads In the down- the sealing ring could
also be machined In the glass  stream compartment during the priming of the
micro- wafer facing the membrane.                         pump, the first
contact between the fluid and the wall The channel 20 of the outlet
connection 16 of the  of this compartment occurs In a unique and specific
pump communicates with the pump chamber 34   35   part of this wall.
through a valve 48 of similar design to the valve 36.  Figures 12a to 12d
show how it Is believed that The valve 48 thus comprises a membrane 54 and
the fluid spreads In the downstream compartment of an annular rib or
sealing ring 56 covered by an oxide  the valve In the case of an aqueous
fluid and a com- layer46whichdefines avolume58communicatingby
partment having hydrophilic walls. To begin with a an orifice 59 with the
channel 20 and an upstream   40  drop of fluid 61 Is formed that is
substantially circular compartment 49. This latter communicates directly
and centered on the orifice 42 (Figure 12a). When with the pump chamber 34
through an orifice 50 and  this drop reaches the wall of the compartment
(Figure a channel 52, both machined in the silicon wafer 22.  12b), in the
part60 closestto theorifice 42, the edges The operation of this micropump
is similar to that  63 and 65 of the drop of fluid progress rapidly by ca-
of the two-valve micropump described In the above   45  plilarity along the
compartment wall, on both sides of mentioned article by H. van Lintel et
al.         the part 60 (Figure 12c). A wave front 67 Is thus By way of
example, the thickness of the wafers  formed which advances towards the
orifice 50, push- 2,22 and 24 may be about 1 mm, 03. mm and 0.2 mm   Ing
the air away ahead of It (Figure 12d). respectively fora surface area of
the wafers of the or-  In contradistinction hereto, In the micropumps of
der of 15 by 20 mm.                           5o  the prior art, the
downstream compartment Is gener- Moreover, the wafers may also be fixed to
one an-  ally in the shape of a disc and the orifice 42 Is in the other
using various conventional bonding technolo-  centre, along the axis of
symmetry. During the pri- gles such as adhesion or, forexample, the
technology  ming of the micropump, the drop of fluid extending known as
anodic bonding.                          from the orifice 42 can thus reach
the peripheral wall 



During priming of the micropump It is Important  55  of the compartment at
an Indefinite location or simul- that no air bubble of any substantial size
remains in  taneously at several Indefinite locations, causing the a volume
communicating directly with the pump      formation of air bubbles along
the peripheral wall of chamber, since this would jeopardize the functioning
the downstream compartment. of the micropump. It may be considered that a
volume  As may be seen In figures 1 and 2, the orifice 50 4    7
EP 0 453 532 B1                8 is provided In the path of the downstream
compart-  tant that no air bubble remains in the downstream ment 62
opposite the part 60 and in Immediate prox-  compartment or, more
precisely, that the volume of Imity to the peripheral wall of this
downstream com-  air remaining is sufficiently small, as mentioned
partment. This orifice 50 opens out into the channel   5   above, so as not
to jeopardize the correct operation 52. The wave front formed In the
downstream com-    of the micropump. partment 62 thus propagates across the
orifice 50     In the embodiment shown in figures 1 and 2, the and
progresses In the channel 52 pushing all the air  downstream compartment
also serves as the pump away ahead of it.
chamber. It Is of course possible to separate these The structure according
to the Invention makes it  10  two zones. Amicropump according to an
embodiment possible to evacuate the air from the downstream   of this type
Is shown In figures 3 and 4. For purposes compartment 62, that Is from the
pump chamber 34,  of simplification, onlythe three wafers and the control
and from the orifice 50 of the micropump shown In fig-  element have been
shown. ures 1 and 2, which greatly Improves the priming of   As shown In
figure 3, the Inlet valve 36 arranged the micropump. Nevertheless, some of
the aircan re-  15  upstream from the pump chamber 34 comprises an main
trapped In the upstream compartment 49 of the  upstream compartment 38 and
a downstream com- valve 48. It Is possible to Improve the evacuation of
partment 62, this latter communicating with the pump air from this upstream
compartment by restricting Its  chamber34 byan orifice 50. itwill be noted
that In this height to a sufficiently low value. A height of less than
embodiment the control element 26 is fixed onto the 40 [err] has been found
to give satisfactory results.    20  silicon wafer 22 and that the membrane
54 of the out- The following hypothesis Is advanced to explain  letvalve48
has no orifice, theoutletchannel 69 ofthe the evacuation of the air from
the upstream compart-  micropump being made In the plate 2 opposite the
ment 49 of the valve 48. The small height of this com-  sealing ring 56.
partment imparts a high speed on the fluid; as a result  With this outlet
valve, the outlet pressure only a substantial part of the fluid surrounds
the sealing   25  acts, when the Valve 48 is closed, on the small sur- ring
56 when the valve Is open and pushes the air  face of the volume 58
compared to the substantially across this orifice. As a result, perhaps all
that re-  greater surface on which the pressure prevailing In mains are one
or more small air bubbles In the up-  the pump chamber Is able to act. This
results In reg- stream compartment 49 which are easily driven by   ulation
of the outletoutputwhich becomes virtually In- friction with the fluid
towards the orifice 59, thanks to  3o  dependent of the outlet pressure,
this effect being the high speed of the fluid.
brought about by the pre-tension ensured by the ox- Other factors can
contribute to good evacuation  ide layer 46. of the air. A homogenous
height of the compartments   The upstream compartment 38 Is in the form of
avoids air bubbles to form and remain trapped in the  a disc, as in the
embodiment shown in figures 1 and convolutions or recesses of the
compartments. It has  35  2, whereas the downstream compartment 62 also
also been found that placing the micropump In verti-  substantially
circular in shape has a part 64 that Is cal position during the Initial
filling, with the orifice 42  substantially V-shaped at the base of which
Is dis- lower than the orifice 50, facilitates the migration of  posed the
orifice 50 communicating with the pump the air towards the orifice 50.
chamber. This V-shaped part 64 makes it possible to Air bubbles may also be
formed in the upstream   40  guide the air towards the orifice 50 more
effectively. compartment 38. To avoid this, It Is also advanta-    The
orifice 42 that communicates with the two geous for the height of this
compartment to be home-  compartments has a rectangular section and is ec-
genous and, In addition, for this height to be small.  centrically located
with respect to the sealing ring so In this way a micropump is finally
obtained from  as to be as close as possible to the part 60 of the per-
which It Is possible to evacuate the air from the pump   45  ipheral wall
of the downstream compartment 62. chamber and from all other compartments
of the ml-    In each of the embodiments shown in figuers 1- cropump In a
simple way.                           2 and 34 it will be noted that the
distance between By way of example, the upstream compartments   the orifice
42 of the valve at the wall of the down- 38 and 49 can have a diameter of 4
mm for a height  stream compartment increases in continous manner of 30
[err], orifices 42 and 50 diameter of 300 [err] and   50  going from the
part 60 of the wall which Is closest to the downstream compartment 62 a
diameter of 8 mm   the orifice 42, towards the part of the wall closest to 



and a height of 200 [err].                           the orifice 50. This
shape ensures that no air bubble It should be noted that it is not
absolutely essen-  can be trapped against the wall. In the case of a hy-
tial for all the air bubbles to be evacuated from the up-  drophilic fluid,
the shape of the downstream compart- stream compartment 62 of the valve 36;
the micro-  55   ment is less important, but a shape such as that men- pump
even works if there are air bubbles in this up-  tioned above nevertheless
remains preferable. stream compartment Inasmuch as they remain trap-
It Is of course Important that the air expelled from ped therein and are
not driven Into the downstream  the downstream compartment of the valve 36
does compartment. In contradistinction hereto, it is Impor-  not remain In
the pump chamber or in the outlet valve 5    9                  EP 0 453
532 B1                10 chamber 48 which communicates with the pump
38 of the valve 36 In the region opposite that Into chamber.
which the inlet channel 4 comes out. When it is driven In figure 2, the
orifice 50 of the outletof the down-  by the fluid, It follows the flow
lines and will thus au- stream compartment opens Into a channel 52 which
5   tomatically end up in the region located between the leads to the valve
compartment 48. In figure 4 the  orif ices 42 and 50 where the flow is
highest, In such outletvalve48 Is directly placed in the pump chamber.  a
way that it will not remain trapped In the down- Figure 5 illustrates
another variation of the embodi-  stream compartment 62 of the valve 36.
ment of figure 4 in which a bottleneck 66 defines a  The inlet channel 4 of
the micropump shown in channel separating the pump chamber 34 and the   10
figures 1 and 2 can also be moved to another place valve compartment 48.
as shown in figure 8. Generally speaking, a structure In these three
embodiments it will be noted that  of this type Is useful In micropumps of
which the up- the orifice 50 Is located In proximity to a wall. This
stream valve compartment is sufficiently small forthe makes it possible to
drive the air In the opposite di-  air bubbles to be driven by friction
with the fluid. rection, that Is towards the valve 48, In the same way  15
Figures 9 and 10 show another embodiment of as, in the downstream
compartment, the air is driven  the micropump of the Invention. towards the
orifice 50 by the position of the orifice  As may be seen In figure 9, the
channel 4 forming close to the wall 60.                            the
inlet channel is pierced in the wafer 24 whereas Figures 6 and 7 illustrate
a currently preferred  the channel 69 forming the outlet channel remains
embodimentof the micropump shown in figures 3 and   20  pierced in
thewafer22. Thesealing ring44ofthe inlet 4. In this embodiment the position
of the inlet channel  valve 36 is thus formed on the face of the membrane 4
is different with respect to the orifices 42 and 50.  40 facing wafer24. In
this way, the downstream com- Indeed, it appeared that an air bubble
located In  partment 62 of the inlet valve 36 communicates the upstream
compartment 38 of the Inlet valve 36 of  downstreams with the pump chamber
34, by a chan- the micropump shown in figures 3 and 4 after Initial  25
nel 68. In symmetrical manner, a channel 70 Is provid- priming of the
micropump which, In itself, Is not dis-  ed between the pump chamber 34 and
the compart- turbing provided this air bubble remains In this com-  ment of
the outlet valve 48. partment could, in some cases become trapped In the
The width of these channels 68 and 70 may be downstream compartment 62
after it has been driven  increased up to the dimension of the pump chamber
by the fluid across the orifice 42.          30  34. One then obtains, as
shown In figure 11, a single This is because, under laminarflow and
afterthe  volume forming the downstream compartment of the Initial priming
of the micropump, the speed of the fluid  inlet valve 36, the pump chamber
and the compart- flowing into the downstream compartment 62 of the  ment of
the outlet valve 48. Inlet valve 36 is not the same in all directions.
Indeed, It is conceivable that this speed is substantially high-  35 eat in
the direction of the orifice 50 (normal direction  Claims of flow of the
fluid) and that it is substantially weaker, or negligible, in the opposite
direction.         1. Amicropump having a firstwafer (22) and at least An
air bubble which could be formed in the up-    a second wafer (2) bonded to
the first wafer, stream compartment 38 would appear in the most dis-  40
which together define a pump chamber (34), at tant part away from the Inlet
channel 4. Were this air  least one upstream valve (36) to selectively con-
bubble driven by the fluid across the orifice 42, It  nect the pump chamber
with at least one Inlet of would be driven into a part of the dowstream
compart-  the micropump, and at least one downstream ment where the speed
of the fluid Is negligible; the air  valve (48) to selectively connect the
pump cham- bubble could then remain trapped in the downstream   45  berwith
at leastone outlet of the micropump, said compartment.
micropump also comprising control means (26- This risk is strongly reduced
in the micropump   32) for causing a periodic variation in the volume shown
In figures 6 and 7. Figure 8, which shows the  of said pump chamber, said
micropump being 



Inletvalve In enlarged form, illustrates how an air bub-  characterized In
that at least one upstream valve ble can be driven by the fluid.
50     (36) has a membrane (40) defining an upstream This figure shows the
flow lines of the fluid under  compartment (38) and a downstream compart-
laminar flow condition, i.e. In the normal state of op-  ment (62), said
membrane being pierced by an or- eration of the micropump after its Initial
priming. This  if ice (42) for the passage of a fluid from one com- flow Is
substantial between the orifices 42 and 50 and  partment to the other, and
a sealing ring (44) sur- much less or negligible, In the opposite region 43
of  55  rounding said orifice, designed by virtue of a re- the downstream
compartment.                          silient constraint normally to bear
against one If the inlet channel 4 is placed opposite this re-  valve seat
provided on a wafer (2,24) facing said gion 43, as is the case In figure 8,
an air bubble 45  ring, said orifice (42) being positioned in such a could
only be formed In the upstream compartment     manner that, during the
priming of the micro- 6    9                  EP 0 453 532 B1
10 chamber 48 which communicates with the pump       38 of the valve 38 In
the region opposite that Into chamber.
which the inlet channel 4 comes out. When it Is driven In figure 2, the
orifice 50 of the outletof the down-  by the fluid, it follows the flow
lines and will thus au- stream compartment opens Into a channel 52 which
5   tomatically end up in the region located between the leads to the valve
compartment 48. In figure 4 the  orifices 42 and 50 where the flow Is
highest, In such outlet valve 48 Is directy placed in the pump chamber.  a
way that it will not remain trapped In the down- Figure 5 Illustrates
another variation of the embodi-  stream compartment 62 of the valve 36.
ment of figure 4 in which a bottleneck 66 defines a  The Inlet channel 4 of
the micropump shown In channel separating the pump chamber 34 and the   10
figures 1 and 2 can also be moved to another place valve compartment 48.
as shown in figure 8. Generally speaking, a structure In these three
embodiments It will be noted that  of this type Is useful In micropumps of
which the up- the orifice 50 Is located In proximity to a wall. This
stream valve compartment Is sufficiently small forthe makes it possible to
drive the air in the opposite di-  air bubbles to be driven by friction
with the fluid. rection, that Is towards the valve 48, in the same way  15
Figures 9 and 10 show another embodiment of as, In the downstream
compartment, the air Is driven  the micropump of the Invention. towards the
orifice 50 by the position of the orifice  As may be seen in figure 9, the
channel 4 forming close to the wall 60.                             the
inlet channel is pierced in the wafer 24 whereas Figures 6 and 7 illustrate
a currently preferred  the channel 69 forming the outlet channel remains
embodiment of the micropump shown In figures 3 and   20  pierced in
thewafer22. The sealing ring 44 of the Inlet 4. In this embodiment the
position of the Inlet channel  valve 36 is thus formed on the face of the
membrane 4 Is different with respect to the orif Ices 42 and 50.  40 facing
wafer 24. In this way, the downstream com- Indeed, It appeared that an air
bubble located in  partment 62 of the Inlet valve 36 communicates the
upstream compartment 38 or the inlet valve 36 of  downstreams with the pump
chamber 34, by a chan- the micropump shown in figures 3 and 4 after initial
25  nel 68. In symmetrical manner, a channel 70 Is provid- priming of the
micropump which, In itself, Is not dis-  ed between the pump chamber 34 and
the compart- turbing provided this air bubble remains In this com-  ment of
the outlet valve 48. partment could, in some cases become trapped in the
The width of these channels 68 and 70 may be downstream compartment 62
after it has been driven  Increased up to the dimension of the pump chamber
by the fluid across the orifice 42.          30  34. One then obtains, as
shown In figure 11, a single This Is because, under laminar flow and
afterthe  volume forming the downstream compartment of the Initial priming
of the micropump, the speed of the fluid  Inlet valve 36, the pump chamber
and the compart- flowing into the downstream compartment 62 of the  ment of
the outlet valve 48. Inlet valve 36 is not the same in all directions.
Indeed, it is conceivable that this speed is substantially high-  35 est in
the direction of the orifice 50 (normal direction  Claims of flow of the
fluid) and that it is substantially weaker, or negligible, in the opposite
direction.         1. Amicropump having afirstwafer (22) and at least An
air bubble which could be formed in the up-    a second wafer (2) bonded to
the first wafer, stream compartment 38 would appear In the most dis-  40
which together define a pump chamber (34), at tant part away from the inlet
channel 4. Were this air  least one upstream valve (36) to selectively con-
bubble driven by the fluid across the orifice 42, It  nect the pump chamber
with at least one Inlet of would be driven into a part ofthe dowstream
compart-  the micropump, and at least one downstream ment where the speed
of the fluid Is negligible; the air  valve (48) to selectively connect the
pump cham- bubble could then remain trapped in the downstream   45  ber
with at least one outlet of the micropump, said 



compartment                                          micropump also
comprising control means (26- This risk Is strongly reduced In the
micropump    32) for causing a periodic variation in the volume shown in
figures 6 and 7. Figure 8, which shows the   of said pump chamber, said
micropump being inlet valve in enlarged form, illustrates how an air bub-
characterized in that at least one upstream valve ble can be driven by the
fluid.              50      (36) has a membrane (40) defining an upstream
This figure shows the flow lines of the fluid under  compartment (38) and a
downstream compart- laminar flow condition, i.e. in the normal state of op-
ment (62), said membrane being pierced byan or- eration of the micropump
after its Initial priming. This  if ice (42) for the passage of a fluid
from one com- flow is substantial between the orif ices 42 and 50 and
partment to the other, and a sealing ring (44) sur- much less or
negligible, in the opposite region 43 of  55  rounding said orifice,
designed by virtue of a re- the downstream compartment.
silient constraint normally to bear against one If the Inlet channel 4 is
placed opposite this re-  valve seat provided on a wafer (2, 24) facing
said gion 43, as is the case in figure 8, an air bubble 45  ring, said
orifice (42) being positioned in such a could only be formed in the
upstream compartment     manner that, during the priming of the micro- 6
11                 EP 0 453 532 B1                 12 pump, the fluid
entering the downstream com-  10. A micropump according to any of claims 1
to 9, partment attains a specific and unique part (60,   characterized In
that the height of the upstream 72) of the peripheral wall of said
downstream      compartment (38, 49) of at least one other valve,
compartment before reaching any other part of   5  upstream or downstream,
Is less than 40 [err]. this peripheral wall, this part (60, 72) being dis-
tant from the outlet of said downstream compart-  11. A micropump according
to any of claims 1 to 10, ment.
characterized In that the distance between the orifice (42) and the wall of
the downstream com- 2. A micropump according to claim 1, characterized   10
pertment increases when one moves along this In that said downstream
compartment comprises      wall moving away from said part (60, 72). an
outlet passage formed by an orifice (50). 12. A micropump according to any
one of claims 1 to 3. A micropump according to claim 2, characterized
11, characterized In thatthe surface of thewafers In that said outlet
orifice (50) is disposed In the   15  (2, 22, 24) destined to come Into
contact which proximity of the wall of the downstream compart-  the fluid
are hydrophilic. ment substantially furthest  removed from said part (60).
13. A micropump according to claim 12, character- ized in that the first
wafer (22) is of silicon, the 4. Amicropump according to eitherof claims 2
or3,  20  said surfaces of which are rendered hydrophilic characterized in
that said outlet orifice (50)     by oxidation and the other wafers (2, 24)
are of comes out downstreams into a volume (52, 34),      glass. said
orifice (50) being placed In such a manner
... that during the priming of the micropump, the  14. A micropump
according to any one of claims 2 to fluid entering said volume attains a
specific and   25  13 in which, after priming of the micropump, the unique
part of the peripheral wall of said volume,  fluid flow is laminar In the
downstream compart- before reaching any other part of said peripheral  ment
(62) of the inlet valve (36), the speed of flow wall.
being relatively high in one region of said down- stream compartment and
relatively low In another 5. A micropump according to any one of claims 1
to  30  region (43) of said downstream compartment, 4, characterized in
that the downstream compart-   characterized In that said micropump
comprises ment (62) constitutes said pump chamber (34).      an Inlet
channel (4) to bring the fluid into the up- stream compartment (38) of the
inlet valve, said 6. A micropump according to any one of claims 2 to
Inlet channel substantially facing said other re- 4,  characterized In that
said downstream com-  35  gion (43). partment (62) and said pump chamber
(34) are In different planes and communicate via said outlet  15. A
micropump according to any of claims 1 to 13, orifice (50).
characterized In that said sealing ring (44) is in- tegral with said
membrane (40). 7. A micropump according to claim 1, characterized   40 In
that it comprises a single volume forming the downstream compartment of at
least one up-     Patentansprfiche 



stream valve (38), the pump chamber and one compartment of at least one
dowstream valve    1. Mikropumpe mit elnem erstem Pllttchen (22) und (48),
the outlet passage being defined by said  45  zumindest einem mit dem
ersten verbundenen downstream valve.
zweiten Pllttchen (2), welche zusammen sine Pumpenkammer (34) bilden, mit
zumindest ei- 8. Amicropump according to claim 1, characterized     nem
stromaufwarts liegenden Ventil (36), urn in that said downstream
compartment comprises      wahlweise die Pumpenkammer mit zumindest el- an
outlet passage formed by a channel (68) sub-  60  nem Elnlass der
Mikropumpe zu verbinden, und stantially disposed in a zone furthest away
from   mit zumindest elnem stromabwArts liegenden said part (72).
Ventil (48), urn wahlweise die Pumpenkammer mit zumindest einem Auslass der
Mlkropumpe zu 9. A micropump according to any of claims I to 8,
verbinden, wobel diese Mlkropumpe such Kon- characterized in that the
height of the upstream   66  trollmittel (26-32) aufwelst urn sine
periodische compartment of each downstream valve (48) in       VerAnderung
des Volumens der sogenannten direct communication with the pump chamber
Pumpenkammerzu bewirken, wobel diese Mikro- 0 (34) is less than 40 [err].
pumpe dadurch gekennzelchnet Ist, dass zumin- dest ein stromaufwArts
liegendes Ventil (36) sine 7    13                  EP 0 453 532 B1
14    Slllll lilIUI1 1 Membrane (40) aufweist, die eln stromaufwarts  7.
Mikropumpe nach Anspruch 1, dadurch gekenn- liegendes Abteil (38) und ein
stromabwarts lie-    zeichnet, dass sie eonen einzigen Hohiraum auf- gendes
Abteil (62) bestimmt, wobel diese Mem-      welst, der das stromabwarts
Ilegende Abtell zu- brane mit einer 6ffnung (42) fOr den Durchfluss   5
mindest sines stromaufwarts liegenden Ven- sines Fluldums vom eonen zum
anderen Abtell       tils(36), die Pumpenkammer und ein Abtell zu- versehen
Ist, und wobel ein Dlchtungsring (44)     mindest sines stromabwarts
Ilegenden Ventlis diese Offnung umgibt und dazu bestimmt lot, auf   (48)
bildet, wobel der Auslassdurchlass durch Grund einer elastischen
Vorspannung normaler-      das sogenannte stromabwarts liegende Ventil
weiso auf einem Ventllsitz aufzullegen, weicher  fO  bestimmt wird. auf
einem dem sogenannten Ring gegenliberlie- genden Plfittchen (2, 24)
vorgesehen fat, wobel  8. Mlkropumpe nach Anspruch 1, dadurch gekenn- diese
Offnung (42) derart gelegen let, dass wfh-   zeichnet, dass des sogenannte
stromabwarts lie- rend dem Intitigksitsetzen der Mlkropumpe das      gende
Abtell oeen Ausiassdurchlass aufweist, In des stromabwarts liegende Abteil
eintretende   fS  der durch elnen Kanal (68) gebildet wird, welcher Fluldum
einen speziflechen und einzigartigen      im wesendichen In einer von dem
sogenanntbn Teil (60, 72) der umgebenden Wand des soge-        Tell (72) am
entferntesten gelegenen Zone ange- nannten stromabwarts liegenden Abtells
errebcht,   ordnet Ist bevor es Irgend einen anderen Tell dleser umge-
benden Wand errebcht, wobel dieser Tell (60,72)  20  9. Mikropumpe nach
einem der Ansprfche I bis 8, vom Ausfluss des sogenannten stromabwarts lie-
dadurch gekennzelchnet, dcass die H8he des genden Abteils entfernt llegt.
stromaufwarts llegenden Abteils jedes stromab- wArts liegenden Ventils (48)
In direktsr Verbin- 2. Mlkropumpe nach Anspruch 1, dadurch gekenn-
dung mit der Pumpenkammer (34) weniger als 40 zelchnet, dass des sogenannte
stromabwarts lie-  25  gm betrigt. gende Abteil einen durch sine Offnung
(50) gebil- deten Auslassdurchlass aufweist.               10. Mlkropumps
nach elnem der Ansprflche I bls 9, dadurch gekennzelchnet, dass die HMhe
des 3. Mikropumpe nach Anspruch 2, dadurch gekenn-        stromaufwirts
Ilegenden Abteils (38, 49) zumin- zeichnet, dcass diese AuslassOffnung (50)
in der  30  dest sines anderen Ventils, stromaufwarts oder Nahe der Wand
des sbomabwarts liegenden Ab-       stromebwarts liegend, wenigerals 40 pm
betragt. teils Im wesentlichen am welteston von dem so- genanntbn Tell (60)
angeordnet Ist.            11. Mlkropumps nach elnem derAnsprflche 1 bis
10, dadurch gekennzeichnet, dass der Abstand zwl- 4. Mikropumpe nach elnem
der Anprfiche 2 odor 3,  3S  schen der ffnung (42) und der Wand des strom-
dadurch gekennzelchnet, doss der sogenannte        abwarts Ilegsnden
Abteils sich vergrftsert, wenn Auslasedurchlass (50) stromabwarts In eonen
man sich entlang dieser Wand von dem soge- Hohlraum (52,34) mindet, wobel
die sogenannte      nannten Tell (60, 72) entfernt. 6ffnung derart
angeordnet ist, dass wlhrend 



dem Intatigkoitsetzen derMikropumpe des in den   40  12. Mikropumpe nach
elnem derAnspriche 1 bis 11, sogenannten Hohlraum eintretende Fluldum ei-
dadurch gekennzeichnet, dcass die mit dem FluF- non spezifischen und
elnzigartigen TeOl der um-    dum In Berflhrung kommenden Oberflachen der
gebenden Wand des sogenannten Hohlraums or-        Plattchen (2, 22, 24)
hydrophil sind. reicht, bevor es Irgend elnen anderen Tell dieser
umgebenden Wand erreicht.                 45  13. Mikropumpe nach Anspruch
12, dadurch gekenn- zeichnet, dass des erste PlAftchen (22) aus SIl- 5.
Mikropumpe nach einem der Ansprflche 1 bis 4,      zlum bestsht, wobel die
sogenannten Oberfia- dadurch gekennzeichnet, dass dea strmabwlrts
chen von disern durch Oxydation hydrophil ge- liegonde Abteil (62) die
sogenannte Pumpenkam-     macht werden und die anderen Plattchen (2, 24)
mer (34) bildet.                          60       aus Glass sind. 6.
Mkropumpe nach olnem der Anspruche 2 bls 4,     14. Mlkropumpe nach elnem
derAnsprucho 2 bWs 13, dadurch gekennzelchnet, dass das sogenannte       In
welcher nach dem Intftigkeitsetzen der Mikro- stromabwarts liegende Abteil
(62) und die soge-    pumps der Flues des Fluldums in dem stromab- nannte
Pumpenkammer (34) in verschledenen  5S      warts llegenden Abtell (62) des
Eingangsventils Flachen angeorcinet sind und iber den soge-       (36)
laminar Ist, wobel die Flussgeschwindigkelt nanntbn Auslasadurchlass (50)
mit einander in     In elnem Bereich des sogenannten stromabwarts
Verbindung stehen.                                 liegenden Abtbils
relativ gross und in elnem ande- ren Berelch (43) dleses stromabwarts
Ilegenden 8    15                 EP 0 453 532B1 Abtoils relativ goring
let, dadurch gekennzelch-  4. Micropompe solon l'une quelconque des
revendi- net, dess die sogenannte Mikropumpe elnen Eln-   cations 2 et 3,
caracterlsee en co que lodit orifIce gangskanal (4) aufweist, um das
Fluldum In das   de sortie (50) dhbouche en aval dans un volume
stromaufwarts liegende Abteil (38) des Ein-   5   (52,34), ledit orifice
(50) etant place de manibre  gangsventils zu bringen, wobei der sogenannte
que, lore du remplissage Initial de Ia micropompe, Elngangskanal Im
wesentlichen gegentber dem      le fluide entrant dans leditvolume atteint
une par- sogenannten anderen Berelch (43) Ilogt.          tie determinee et
unique de la parol phriphhrique dudit volume, avant d'atteindre touto autre
partle 15. Mikropumpe gemiss einem der Ansprfche I bis  1o  de ladite parol
phrlphhrique. 13, dadurch gekennzeichnet, dass der soge- nannte
Dichtungsring (44) aus olnem StOck mit  5. Micropompe solon lune quelconque
des revendi- der sogenanntbn Membrane (40) gebildet lat.      cations I A
4, caracterisee en ce le compartiment aval (62) constitue ladite chambre de
pompage 15     (34). Revendicatlons 6. Mlcropompesolon l'une quelconque des
revendi- 1. Micropompe comportant une premnire plaquette      catlons 2 A
4, caractbrlsee en ce quo ledit (22) et au molns une deuxieme plaquette (2)
ac-  compartiment aval (62) et ladite chambre de colee A la promiere
plaquette qui dhfinissent on-  20  pompage (34) sont dans des plans
differents et semble une chambre de pompage (34), au molns
communiquent par ledit orifice de sortie (50). un clapet amont (36) pour
reller selectivement la chambre de pompage avec au moins une entree   7.
Micropompe solon la revendication 1, caracteri- de la micropompe, et au
moins un capet aval (48)  sbe en ce qu'elle comprend un volume unique pour
reller selectivementla chambre de pompage  25  formant le compartiment aval
d'au moins un dla- avec au moins une sortie de la micropompe, la-    pet
amont (36), la chambre de pompage et un dite micropompe comprenant
egalement des          compartiment d'au molns un depot aval (48), le
moyens de commando (26-32) pour provoquer        passage de sortie etant
defini par ledit dapet une variation periodique de volume de ladite
aval. chambre de pompage, ladite micropompe etant  3o caracterbee en co
qu'au moins un depot amont  8. Mlcropompe solon la revendication 1,
caractbri- (36) comprend une membrane (40) definissant      see en ce quo
ledit compartiment aval comprend un compartiment amont (38) et un
compartiment    un passage de sortie forme d'un canal (68) die- aval (62),
ladite membrane elant percee d'un oril-  pose sensiblement dans une zone la
plus eloi- f ice (42) pour le passage d'un fluide d'un compar-  36  gnee de
ladWit partfe (72). timent A I'autre et une nervure d'etanchbitb (44)
entourant ledit orifice, destinbe en vertu d'une  9. Micropompe solon l'une
quelconque des revendi- 



contraintb lastique A venir normalement s'appli-  cations I A 8,
caracterlsee on ce quo la hauteur quer contro un siege de clapet prhvu sur
une pla-  du compartiment amont de chaque dapet aval quette (2,24) on
regard de cette nervure, leditorl-  40  (48) en communication directe avec
Ia chambre fice (42) btant place de maniere que, lore du rem-  de pompage
(34) est Infdrleure a 40 It m. plissage Initial de la micropompe, lefluido
entrant dans le compartiment aval atteint une partle (60,  10. Micropompe
solon l une quelconque des revendi- 72) dbtbrminee et unique de la paroi
phriphhrique  catlons I A 9, caracterisbe en ce quo la hauteur du
compartiment aval, avant d'attoindre touts au-  45  du compartiment amont
(38,49) d'au moins un tre partie de cette parol phriph6rique, cette partie
autre clapet, amont ou aval, est inferleur a 40 p (60,72) etant distante de
la sortie dudit compar-  m. timent aval. 11. Mlcropompe solon lune
quelconque des revendi- 2. Micropompe solon la revendication 1, caracthri-
5o  cations I A 10, caracthrisee en ce quo la distance she en ce quo ledit
compartiment aval comprend   entre l'oriflce (42) et Ia paroi du
compartiment un passage de sortie forme d'un orifice (50).    aval augmento
loreque lPon se deplace le long de cette paroi en s'bloignant de ladite
partle (60,72). 3. Micropompe selon la revendication 2, caracteri- sbe en
ce quo ledit orifice de sortie (50) est dis-  56  12. Micropompe solon
l'une quelconque des revendi- posh A proximite de la paroi du compartiment
aval  catbons 1 A 11, caractrlsehe en ce que les surfa- sensiblement la
plus hloign6e de ladite partle   ces des plaquettes (2,22,24) destineos A
etre on (60).                                            contact avec le
fluide sont hydrophiles. 9    17                 EP 0 453 532 B1
18 &1. Micropompe salon la revendicatlon 12, caract6ri- see en ce qua la
premiere plaquette (22) est en silidium, dont lesdites surfaces sont
rendues hy- drophiles par oxydation, et les autres plaquettes   5 *     ;i
(2,24) sont en verre. 14. Micropompe selon lune quelconque des revendi-
cations 2 a 13 dans laquelle, apres l'amorgage de la micropompe,
I'ecoulement du flulde ast lami-  10 naire dans l compartiment aval (62) du
clapet d'entrde (36), la vitesse d'ecoulement dtant rela- tivement 6lev6e
dans une rbgion dudit comparti- ment aval et relativement falble dans une
autre r6gion (43) duditcompartimentaval, caract6risde   f5 en ce que ladite
micropompe comprend un canal d'entree (4) pour amener le fluids dans le
compartiment amont (38) du-clapet d'entr6e, ledit canal d'entree 6tant
dispos6isensiblement en re- gard de ladits autre r6gon :(43).         20
15. Micropompe selon l'une quelconque des revendl- cations I & 13,
caract6ris6e en ce quo ladite ner- vure d'btanch6ite (44) est solidaire de
ladite membrane (40).                            25 30 36 40 45 50 56 10


