M NI ATURE VALVE FOR FI LLI NG THE RESERVO R OF AN APPARATUS FOR THE
TRANSDERVAL ADM NI STRATI ON OF MEDI CI NE The present invention concerns a

m niature valve, a device for filling a reservoir including a valve of this
5 kind and a nethod of nmanufacturing said valve. The present

I nvention al so concerns apparatus for transgermal adm nistration of

medi cation including a device of this kind for filling a reservoir with a
solution of an active principle to be adm nistered. 10 For

transdernal administration of a nedication, a reservoir containing an
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such as a hydrogel carried by a suitable support. When
15 administration of the medication is assisted by
ionophoresis, the active principle is in ionic solution.
The ionic solution is stored in a sachet that is emptied
into the reservoir immediately before administration.
This procedure 1is necessary because the solution loses
20 its stability in the hydrogel constituting the reservoir
and therefore cannot be loaded into the latter ab initio.

The problem then arises of emptying the sachet of
the active principle ionic solution into the reservoir.
Various mechanical means have been designed for this, for

25 example syringe type means in which actuation of a piston
expels the ionic solution from the syringe to inject it
into the reservoir. Flexible sachets have also been
designed that are opened by puncturing or tearing them
and emptied into the reservoir by applying pressure to

30 the sachet.

It is therefore apparent that, whatever means are
employed to empty the sachet of ionic solution into the
reservoir, human intervention 1is required, which is
impractical and does not lend itself to automatic

35 initiation immediately prior to starting treatment.



2 Moreover, the nechanical neans referred to herei nabove are subject to
deficiencies where sealing is concerned and do not always assure conpl ete
enptying of the sachet into the reservoir. 5 Transder nal

adm ni stration of medication assisted by ionophoresis often enploys

equi pnent in the formof a bracelet worn by a patient, the bracel et
carrying all of the units needed for this admnistration, so as to assure
t he autonony of the patient. The bracelet therefore 10 carries, in
addition to the reservoir applied to the skin of the patient, electrodes,
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reservoir usé&tiei eltdodnodesr and .a battery electrical power supply for
these means, which necessarily hold a limited quantity of
electrical energy. It would be desirable for the
15 emptying of the ionic solution into the reservoir
mentioned above, also known as "hydrating" the reservoir,
to be controlled by the electronic means incorporated
into the bracelet so as to automate this emptying prior
to a treatment, without this additional function of these
20 means consuming more electrical energy than the battery
can provide.

One aim of the present invention is to provide a
miniature valve adapted to assure said "hydration" of the
reservoir automatically, wunder the control of said

25 electronic means, for a minimal expenditure of electrical
energy that is not likely to compromise the operation of
the portable equipment used for transdermal
administration assisted by ionophoresis.

Another aim of the present invention is to provide

30 a valve of this kind that eliminates the problems of
sealing and of incomplete emptying of the sachet that
sometimes affect the mechanical means for hydrating the
reservoir used in the prior art.



3 Another aimof the present invention is to provide such a valve that can
be manufactured industrially with a very low or event zero reject rate.
These ains of the invention, and others that will 5 energe froma
reading of the follow ng description, are achieved with a mniature
valve conprising a) a substrate, b) a charge of a conbustible materi al

di sposed on the substrate facing a passage to be opened through the latter,
c) an electrical resistance in contact with 10 t he conbusti bl e charge so
t hat supplying a predeterm ned el ectri cal energy to this resistance
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for energy fppm 1beabakklryrupture of said substrate due to the
pressure of the gases of combustion of the charge.

15 As will emerge below, placing a plurality of such
valves between a sachet of an active principle solution
and a reservoir to be charged with the solution provides
means for automatic initiation of hydration of the
reservoir immediately prior to a treatment without human

20 intervention, simply by electronically commanding opening
of these wvalves.

In accordance with other features of the present
invention, the resistance is filamentary and the charge
extends over and beyond the resistance, so that the heat

25 generated by the resistance when supplied a predetermined
quantity of electrical energy is initially concentrated
in the portion of the charge that surrounds the
resistance. Said predetermined electrical energy is less
than 10 Joules. An expenditure of energy of this

30 magnitude does not significantly drain the charge of the
battery power supply of pertable apparatus for
transdermal application of  medication assisted by
ionophoresis and is therefore compatible with other
demands for energy from the battery.



4 In accordance with another feature of the present invention, the charge
and the resistance are di sposed on the sane side of a thinner area of the
substrate, the thickness and the surface area of which are chosen so 5
that the pressure of the gases due to the conbustion of the charge
fragnents this area and opens it to the pagésage of said gases and possibly
other fluids. The invention therefore provides a device for filling a
reservoir with a fluid contained in a sachet 10 adj acent the reservoir,
conprising at |east one mniature valve in accordance with the invention
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block fluld communication between the sachet and the

reservoir and means for selectively commanding
energisation of the electrical resistance of the valve
15 and thereby to cause the opening of said communication to
the fluid contained in the sachet through the passage
opened in the substrate of the valve by the combustion of
the charge that it carries.
In accordance with another feature of this device,
20 it further comprises at 1least one flexible envelope
inside the sachet, this envelope containing a miniature
valve 1in accordance with the present invention, the
control means selectively initiating combustion of the
charge carried by this wvalve so as to inflate the
25 envelope with the combustion gas so as to assist the
emptying of the sachet through the valve or valves
disposed in fluid communications between said sachet and
said reservoir.
The invention also provides a method of
30 manufacturing the valve in accordance with the invention,
wherein:
a) a substantially plane face of a semiconductor
material substrate is covered with an etch stop layer
resistant to a solution for etching said material;



5 b) said etch stop | ayer is covered with an electrically

I nsulative layer if the etch stop layer is not electrically insulative; c)
an electrical resistance is formed on said 5 el ectrical insulation
| ayer, d) the substrate is etched fromthe face of the substrate opposite
that which carries said resistance as far &s the etch stop layer, and e) a
conbustible charge is deposited on top of the 10 el ectrical resistance.
O her features and advantages of the present invention will emerge froma
reading of the follow ng description and froman exam nation of the

acconpanyi ng drawip)gsaid' WetéR: Frop layer- fifureotbelrsda &Gﬂﬁnﬁt b6
perspect ive view of, a ni ature V,al ve

n acc, n h the esent
i nvention, - SigGteE ruP@F?ﬁ%;E%%eﬁﬁFFE §€£t€%ﬁa9%%he ﬂ¥65a9§e

fron1f|gure hdrﬂﬂiddtanﬁhmy1ﬂmauudﬁidéﬂter wor ks, - figures 4
and 5 show one partlcularignq§gi nt nlature %alve of the
D d

0
I nvention inside éﬂl%ﬁleﬁ IoﬁgslngPﬁﬁre§56 (f%ﬁéueogchgﬁéglc
i | lustrationelefctthieadt rinctuirad ismd lteheemper ati on of a device for f| lling a

25 reservoir WI& h ﬁ:eSO%HBEQQaQE afgl v&(ﬁ{é&mf@(ﬁh yygt h gcé(l

t ransder mal appllcatlon o] tive principle evice inc |ng
mni ature vaﬁ%&?ﬁqﬁﬁﬁxﬁﬂﬁﬁﬁkﬁﬁwﬁhﬁttW@lpﬁv&mﬁﬁﬁﬁszﬁﬁﬂd regasééngﬁ 8§ 8E

show t he sucgessigee tsﬂee@;cq{ o laydEt hggj of manufacturing the
E show the

Slccessi ve steps. O @ RTRRTOIP b CheThEl o APPast FafedTorh a8 gaf 578 1 o
8E. 10 electrical resistance.

Other features and advantages of the present
invention will emerge from a reading of the following
description and from an examination of the accompanying
drawings, in which:

15 ~ figure 1 1s a schematic perspective view of a
miniature valve in accordance with the present invention,

~ figures 2 and 3 are schematic sectional views of
the valve from figure 1 used to explain how the latter
works,

20 - figures 4 and 5 show one particular embodiment of
the miniature valve of the invention inside an inflatable
envelope,

- figures 6 and 7 are schematic illustrations of
the structure and the operation of a device for filling a

25 reservoir with a sclution of active principle, with a
view to transdermal application of this active principle,
this device including miniature valves in accordance with
the invention, and

- figures 8A to 8E show the successive steps of a

30 method of manufacturing the miniature wvalves of the
invention.

- figures S9A to 9E show the successive steps of a
variation of the method illustrated on figures 8A to 8E.

Figure 1 of the accompanying drawings shows a

35 miniature valve in accordance with the invention that is



Figure 1 of the acconpanying draw ngs shows a 35 mniature valve in

accordance with the invention that is 6 parall el epi ped shape in this
non-limting illustrative exanple. It conprises a substrate 1
carrying an electrical resistance 2 the ends of which are connected to
metal contacts 3, 4, the resistance 2 being covered 5 with athin film

of a charge 5 of a conbustible naterial between the contacts 3, 4, shown as
if it were transparent to clarify the figure. Wien it burns, this nmaterial
must form conbusti on gases necessary for the valve to operate, as explained
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Successful results have been obtained with GB
nitrocellulose, and in particular GBPA nitrocellulose as
15 well as a propergol based on glycidyl polyazide sold by
the French company Société Nationale des Poudres et
Explosifs (S.N.P.E.). These nitrocelluloses and
propergols can be ignited with minimum thermal energy,
making them particularly appropriate for the present
20 invention, as will emerge below.

The substrate 1 of the wvalve from figure 1 can be
made from a single conductive material such as silicon,
which is routinely used in the fabrication of integrated
circuits. The valve in accordance with the invention can

25 be fabricated by these techniques, as will be explained
with reference to figures 8A through 8E, so that it can
be greatly miniaturised to the scale of an electronic
"microchip®, for example, enabling it to be integrated
into compact equipment such as autonomous apparatus for

30 transdermal administration of medication assisted by
ionophoresis, described below with reference to figures 6
and 7.

Figure 1 also shows that the substrate 1 of the
valve has a crater 6 in the shape of a truncated pyramid

35 . recessed into its face 1' which 1s parallel to and’



and 7. Figure 1 also shows that the substrate 1 of the valve has a crater 6
I n the shape of a truncated pyramd 35 recessed into its face 1
which is parallel to and 7 opposite that (1") which carries the
resistance 2, the bottomof this crater consisting of a thinner area 8 of
the substrate 1 adjoining the resistance. As will energe bel ow, the

t hi ckness of this thinner area 8 nust be 5 sufficiently small for this
area to rupture due to the pressure of the gas generated by the conbustion
of the charge 5, initiated by heating by neans of the resistance 2 on the
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covers it. the contact terminals 3 and 4 soldered to conductive
tracks of this circuit, in a similar manner to that in
which conventional electronic components are mounted on
15 such circuits. At the location of the thinner area 8 of
the substrate, there is a hole 9 through the circuit 7,
this hole being closed off by a layer 10 of a product
which, in the application to transdermal administration
of medication envisaged above, can be a hydrogel to be
20 charged with a solution of an active principle contained
in a sachet communicating with the crater 6 of the
substrate. Thus the charge 5 of combustible material is
disposed between this layer 10 and the thinner area of
the substrate. A seal 11 surrounds the substrate 1 to
25 fix the substrate to the circuit 7 and to seal the space
containing the charge 5.
It will be noted that the resistance 2 (figure 1)
is elongate or filamentary and is therefore adjacent only
a portion of fhe charge 5 that covers it.
30 By virtue of the printed circuit 7, the passage of
an electrical current into the resistance 2 can be
initiated automatically, under the control of a
microprocessor, for example, also used conventionally to
command the execution of a medication administration

35 programme.



30 _ By virtue of the printed circuit 7, the passage of an
electrical current into the resistance 2 can be initiated automatically,

under t he cont rol of a mcroprocessor, for exanple, also used
conventionally to command the execution of a nedication adm nistration 35
progr ame. 8 The current fl ow ng ghr ough t he resi stance
generates heat, by the so-called Joule effect, which, because of the |ow
t her mal conductivity of the nitrocellul ose constituting the charge
5, remai ns 5 concentrated in the charge around the resistance. This
causes vigorous |ogald sed, heatiing g LNe i t Racell i 0S@naWhi Glaglighiahes it
It will be noted thereforethat igniting-a portion of the nitrocell ul ose
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shown schemattadddedyal headashedtration of medication assisted by

ionophoresis. This greatly reduces the energy drain from

the battery required to ignite the nitrocellulose, and

15 this product is well suited to the intended application

of the invention since it can be ignited locally at low

temperatures with immediate propagation of combustion

throughout the volume of the charge.

The gquantity of nitrocellulose burned can be

20 adjusted so that when the combustion of the

nitrocellulose has generated a substantial quantity of

gas within a small volume (that of the hole 9) the

pressure in the hole reaches a value sufficient to

rupture and dislocate the thinner area 8 of the substrate

25 adjacent the hole 9 (see figure 3), this thinner area 8

being then replaced by a passage 8' allowing the gases

formed to escape, as shown schematically by the dashed

line arrow. It also allows a liquid in communication with

the crater 6 to pass through the passage 8' and the hole

30 9 as shown by the solid line arrow, to impregnate the

layer 10 of hydrogel constituting a transdermal medication
administration apparatus reservoir, for example.

The large hole 9 pierced through circuit 7 can be

replaced by a plurality of smaller off-centered holes

35 91,92, etc..., shown in dashed lines on figure 2, of



line arrow. It also allows a liquid in communication with the crater 6 to
pass through the passage 8 and the hole 30 9 as shown by the solid Iine
arrow, to inpregnate the layer 10 of hydrogel constituting a transdermal
medi cati on adm ni strati on apparatus reservoir, for exanple. The | arge hole
9 pierced through circuit 7 can be replaceg by a plurality of smaller

of f-centered holes 35 9lerr],9[err], etc..., shown in dashed |ines on
figure 2, of 9 cumul ative area smaller than the one of hole 9. One can

t hus overcone the possible brittleness of layer 10, to encl ose the gas
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accordance with the invention has been nmade on_a 3 nmm X % mm substrat e
carrying a chavge ofertig gheo-rpgsdrle)i bratéllrursse dfor ArN§Tonl Gonbasti on

8 m of gas ahcaoRkesHy E‘ciéé'féij?%ﬁ@étéa 28k Phe? ddMBUMA i M €3f Bcharge
approximately 3 to 5 [err]mthick 10 after passing 1 W of elecCtrical
power throuéh the resistance for one second. It is therefore apparent
that tise inventianmdeliagves thflwd aifdaactedanaeewi i ovheli Agvanbiohat ure
val ve, taking_the, formof . an electp?nic chi§é t hat _.can be 15 Lr%pgered
yving““a

aut omat i cal | y@° b?eeﬂeélh%de S 2a I?I?)V\/pro ?‘melse%kfsf'%%fresicﬁﬁé

conpati bl e wchiangeat of s abait aBl.a 0 o acfbanitergce bovkerse s fjmpimingf ona
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transdermal adm nistration of medi Cation asSisted y 1onophoresis. 2

Figures 4 andest3ediv & phinpetdl &red r angoRaexigrtedy val e ih Wecéhdakce

With the i nvastiean, Sysimf ab R 08F JQIArAlcalUsgier t othpbgha thuid
out of a sachet,, this enbodi ment being useable in particular inthe
reservoir fi HSSHG @G EEhARE SR Gres 6 and 7 of the 25 accompanyi ng

drawi ngs, as w || @&nerges betharefore apparent that the invention
achieves the stated aims, namely providing a miniature
valve, taking the form of an electronic chip, that can be

15 triggered automatically by means of a low-power
electrical signal, compatible with what is available from
a Dbattery power supply of a portable electronic
apparatus, such as an apparatus for transdermal
administration of medication assisted by ionophoresis.

20 Figures 4 and 5 show a particular arrangement of
the valve in accordance with the invention, serving as a
gas generator, useable to force a fluid out of a sachet,
this embodiment being useable in particular in the
reservoir filling device shown in figures 6 and 7 of the

25 accompanying drawings, as will emerge below.

Figure 4 shows the valve from figures 2 and 3,
likewise mounted on a printed circuit 7. This time,
however, the charge 5 is not disposed facing a hole in
the circuit and the charge 5 1is therefore confined

30 between the thinner area 8 of the substrate and the
adjacent surface of the circuit 7, to which the valve is
fixed by any appropriate means: welding, gluing, etc. An
inflatable envelope 12, for example a flexible film of
plastics material, welded to the «circuit 7 at the



Figure 4 shows the valve fromfigures 2 and 3, |ikew se nounted on a
printed circuit 7. This tinme, however, the charge 5 is not disposed facing
a hole in the circuit and the charge 5 is therefore confined 30 bet ween
the thinner area 8 of the substrate and the adjacent surface of the
circuit 7, to which the valve is fixed byiany appropriate nmeans: wel ding,
gluing, etc. An inflatable envelope 12, for exanple a flexible film of
plastics naterial, welded to the circuit 7 at the 10 periphery of the
val ve encloses the latter in the sealed space within this envelope. As in

the valve frﬁ@ﬂpﬂéf?So% and Szalaré?%ﬁfmsééo 891 gt%Qe resﬁdéaé‘é? 1&d

causes | ocali sed hea g arge 5 SO- ca Jou e effect
whi ch i gni t eSPREE HihBE ch@saeﬁﬁﬁﬁPP?y of gas at a pressure calculated to

inflate the envelmpein a@héhQW'lvlen & €ighres T@ea@&gsejlceaof cthgesgal 11
of the valve §r0n1f|gprng% 3. wll he noted, ases gﬁgerated by

conbustion bEIRY 18 r?ﬁlsEQESﬁe FTATES h 009 F§§d ating <efdes.
The ObjéCtIVEhﬁOWhangOﬂIﬁYEﬂhEtﬂ@-S&hled dougkoRE £t tei dienegnt seof

which w |l | d t f the d sh '
flgures 6 anit 7 SqoePatift, P Mty S HE A Linreietfe Eacatefenr 1
10 with a |i§&@i dlfb@rﬁ’feﬁ néde neaveé@net 1as adjheeent inhefigeee vdis . |Thehis
illustrati VeaBE'QnBQ“oE' Finfel Qo Xai”ip'c?f Eltx‘é' QSngefEBﬁ”EngLWe%S Hay g is

part of an apgarat us for transdermal adm nistrati cation assisted

by 20 i ontphbr &§ shoteds dhecgRSpengeses@tiod the geakmsitdono bebng

descripoi on, ablappaéata§capé Fhom Kh@d vADUET NghY éDP'Ugfﬁeé Set_@ﬁe
el ectrodes ang at.l east one referv0|r q as the reservo esigned to

be applied t1REEEFNIOF 4%at? eAPLLARS r 3R o FRYR Rﬁ foth@d to

benefits of which will emerge from the following
description of the device shown in figures 6 and 7,
designed for selective automatic filling of a reservoir

15 10 with a liquid contained in a sachet 14 adjacent the
reservoir.

In this illustrative and non-limiting example, the
device from fiqgures 6 and 7 is part of an apparatus for
transdermal administration of medication assisted by

20 ionophoresis. As already mentioned in the preamble to
the description, apparatus of this kind routinely
includes a set of electrodes and at least one reservoir
such as the reservoir 10 designed to be applied to the
skin of a patient. An electrode (not shown) is joined to

25 the reservoir 10 and cooperates with another electrode
(not shown) to force 1ions of an active principle
contained in the reservoir 10 to descend an electrical
field established between the electrodes, with the result
that these ions pass through the skin of the patient.

30 The apparatus 1is portable and includes electronic means
for controlling the field -established between the
electrodes and a battery power sﬁpply for these means and
the electrodes. All this 1is familiar to the skilled
person and does not require a more detailed description.



25 the reservoir 10 and cooperates with another el ectrode (not shown) to
force ions of an active principle contained in the reservoir 10 to descend
an electrical field established between the el ectrodes, with the result
that these ions pass through the skin of the patient. 30 The appar at us
I's portable and includes electronic nmeans ifior controlling the field
established between the electrodes and a battery power supply for these
nmeans and the el ectrodes. All this is famliar to the skilled person
and does not require a nore detail ed description. The val ve of the

i nvention can be uggd bﬁl@%ogH?%H%‘%ﬂﬂéﬁ%fﬁntéﬁﬁ;ﬁérﬁgé@ M@'ﬁ?o&ﬁ?e a

charging or "hydration" he reservoir 10, for exanple a | ayer "
hydr ogel , mn@ﬁvéﬁﬁtﬂﬁc¢%h§u¥%6ﬁ dh &@ﬁQQBHQQrﬁﬁ$ﬁ%9%%n?ﬁlnEMdFﬁtéog

sachet 14 o ageat rdsk@vdiesetLypi rforloexaﬁplénlé I abgdratﬁpnﬁyd@ab@l by
the electronic contral neans of the apparatus, the t

Commences. THLER oo SHGHom £ rit t hES TREEReTF 16oRFE PR od™
opposi t & si deachleta fIQX|bbgabehnl15jaﬁaprederooiﬁ l0cariy ainiitdaitedf or

ener gi si ng val es I,.n rd cey h ti irst valve 16,is
fixed to the ¥ alcﬁ& ?We Y #?%tr&ggre(g&}lt%\d gleannsaaogfent@zpal
posi ti on, fomp@@ﬂq@uﬁ,|h&ﬁah£tﬁhesnmﬁa§ment comnendgsisural ity of ot her

valves 171, 172, . €sdBhet qqu@ﬁgjgﬁbt s £ kg areund
t he val ve 16, I|ke the véive(%rtﬁé P urgs . P? e envel ope 18

i s wel ded tofthF@dfmqﬂquca%t%sMesSaéh@t fﬂ@"d‘tb]{%eﬂl%o%ﬁdﬁﬁfi?ﬁh&oy
(see figures Grand o)citBeivalryes eiqél gfi'si@nghﬂim#élﬁ iﬂnea@aaeﬁ@ﬁeel&lml nst

conduct | ve t ke R ok Rt BT {Fiol Boht KBRS LS, EHCof 1ifle v ves
16 and 17i, tﬂﬂ&epa&&agevaﬂv& ciromnt £bgtimesn & hesmmd cdivt acirs laei mgntral
sel ectively %%@1961%%" b%:‘c;[rhe e%éa?n(f}lrom G By rt%f err, %%hte({’: 14, and a
plurality of other valves 17y, 175, ..., 17;j, etc, are
15 mounted on the same film around the wvalve 16, like the
valve from figures 2 and 3. A flexible envelope 18 is
welded to the film 15 and to the sachet 14 at their
common periphery (see figures 6 and 7), the wvalves 17;
also clamping the envelope 18 against the film 15 where
20 they are fixed to this film.
The latter carries conductive tracks (not shown)
connected to the contacts 3, 4 of the valves 16 and 17;,
the passage of a current between these contacts being
selectively commanded by the electronic means referred to
25 hereinabove.
When these means ignite the combustible charges
contained in these valves, the valves 175 each open a
passage or fluid communication between the sachet 14 and
the reservoir 10 through the burst thinner area of a
30 valve and a coaxial hole pierced in the film 15 while the
gases generated by the combustion of the charge of the
valve 16 inflate the envelope 18 (see figure 7). The
latter then occupies a major part (or even the entirety)
of the interior volume of the sachet 14, expeiling the
35 ionic solution 19 contained in the latter, this solution



25 her ei nabove. Wen these neans ignite the conmbusti bl e charges
contained in these valves, the valves 17i each open a passage or fluid
comuni cation between the sachet 14 and the reservoir 10 through the burst
thinner area of a 30 val ve and a coaxial hole pierced in the film15
while the gases generated by the conbustiamr of the charge of the valve 16
inflate the envel ope 18 (see figure 7). The latter then occupies a major
part (or even the entirety) of the interior volume of the sachet 14,

expel ling the 35 ionic solution 19 contained in the latter, this
solution_ %forb%l}ﬂ*] f@é&egntBtQh%herers"e%efd&% rlowutlﬂs@ hthe
val ves 17i an the coaX|Jl oles prerced in the film 10, ves 17i
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of a nedication adntnlstratlo aa[_tgrarrme after, t |on of th

reservoir, alPPPRARGGEe S ﬂmmﬁ?gﬁrnguFﬁ5q¥ ﬂeﬁ% ﬁf?ﬁ&ﬁt any

human intervqmanylsuch as the 10 operatlon a syringe, the

tearing of a te abl envelo | N t h t
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seal ed nore efdddctahielny drbuiausstiation erogeamseanfites pher faveratdondar a
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sachet 14 can e adj precise in lon of the envelope 18 whi ch
charges the mﬁmwﬂﬁﬁaﬁﬁeﬂﬁmaWk%kﬂ%&n#n%n?%m%ndeﬂFﬁFYénﬁhaﬂt?P? ofSt FS oni ¢
sol utiom asyfdngtitdat dii sa Cheydinge) s £Rer oddarbhg f 68M ane teelra®fle

el ectrodes to 20 another. A nethod of fabricatin the m lature ¥9Ive of
the inventi orfW9IoRfow € dRELPP HBECRESAT Yo it g
makes this operation more reliable. The equipment

employed is sealed more effectively because it is not

necessary to pierce or to tear a flexible envelope to
15 bring about hydration. The emptying of the sachet 14 can

be adjusted by precise inflation of the envelope 18 which

charges the hydrogel of the reservoir with a definite

quantity of the ionic solution, assuring that this

charging is reproducible from one set of electrodes to
20 another.

A method of fabricating the miniature wvalve of the
invention will now be described with reference to figures
8A through 8E of the accompanying drawings. The
invention advantageously employs layer forming and micro-

25 etching technologies that are well known in the
fabrication of integrated circuits, enabling these valves
to be fabricated at low cost and with highly reproducible
performance.

A silicon wafer (see figure 8A) is strongly doped

30 on one side to confer upon it Ptt type conductivity to a
depth of approximately 2 um, for example. Both faces of
the wafer are then electrically insulated with 0.5 um
layers of silicon dioxide (SiOp) in turn covered with
0.5 pm layers of N-doped polycrystalline silicon

35 (poly Si). The polycrystalline layer is on the same side



8A through 8E of the acconpanying draw ngs. The invention
advant ageousl y enpl oys | ayer formng and mcro- 25 etching technol ogies
that are well known in the fabrication of integrated circuits,

enabl ing these valves to be fabricated at | ow cost and with highly
reproduci bl e performance. A silicon wafer1@see figure 8A) is strongly doped
30 on one side to confer upon it P[err] type conductivity to a depth of
approximately 2 [err]m for exanple. Both faces of the wafer are then
electrically insulated with 0.5 [err]mlayers of silicon dioxide (SiQ2) in
t ulr n covgr5 edow tﬁhlé)- %i.i@ébﬂ_ll_ msubbiﬁ‘,t@lt% aﬂ thel\l-Pd'd'pedbpecﬁ)Ollagé)tStaaid i he
silicon o] ). e pol ycrystal.li s .on the sa

13 of the i EPEBn Rhnma shclied he PEIIPE tuddss T SlaaEY FefEntaftE
etched to deQiWbbehhénfbkassﬁsacyioasustéaqaré B8¢éen in cross-section in
figure 8B). The re t r t | &I ]1,NQJ4 face
of the polycrystal b%e%gécﬁeﬁslg%ﬁl o(rt)j'nﬁgg1 ?r#%c&%cgygy q#l@énr?ergjﬁl%g
beyond ®©he regrﬁaaﬁc@fzthawpqﬁmanmaﬂaﬂ%mnq;sx%mﬂonﬁ ) dorme suylaeesC).

Col d contactg, esf 85 Ml 1ntgh%§9gﬁd0fth%heré§§é§éﬁt5@922 WL the
conventi onal tallsatlon pr ocess. After_ plasnma etchln% a nmask
in the Si 2 UPEPELYIPG r%@dleéfn qmngfﬁmel(sﬁﬁcélelr?h§%ferG%ﬂ’fél €PRRRAESt he

crater 6 in Bhe mndgél yrcﬂﬁnécﬂ aEOFth’tS éaasa&;it hehet dessitsaricayer egnsasti ng
of the P[errg i g@ Is cut along the cutting lines 20,
20' to separ 58 H§1f§a m@ﬁ?gl§ﬁ Wi RPC§3 es 8D and 8E, respectively in

plan vildw and i n sAftean pbk&mazﬂedmguuup lai nma¥kl |i1vl lHhe Aot hhayeesni ns
e voen s gtplieton’ e [96RL) b ot LSReolud e | Soheiatin g Pode
bet ween t heseraluer206 lncoth%tcusderﬂﬁlﬁdnrﬁ%l@@ nmegi afar eagalthe j atch
accordance gtop layer consisting of the P*+ layer, the silicon wafer
is cut along the cutting lines 20, 20' to separate the
15 chip shown in figures 8D and B8E, respectively in plan
view and in section taken along the line VIII-VIII. All
that remains is to deposit a drop of nitrocellulose on
top of the resistance 2 and between the contacts 3, 4, or
to glue a piece of nitrocellulose film between these two
20 contacts, to complete a miniature valve in accordance
with the invention with its combustible charge.

Alternatively, the P** doped layer and the SiOp
layer that covers it (see figure 8A) can be replaced with
a single layer of SiOs about 3 pm thick. This then

25 serves as the etch stop layer and as the electrical
insulation layer for the resistance 2.

Problems have Dbeen, however, encountered with
silica membranes. Compression stresses exceeding 0.1 GPa
have been observed in such membranes. A stress this high

30 can cause major deformation of the membrane. A
deformation of 40 pm across a membrane 1 pm thick has
been observed and measured, for example. Deformation on
this scale can cause the membrane to rupture. This leads
to a high reject rate in industrial mass production.



with the invention with its conbustible charge. Alternatively, the Plerr]
doped layer and the SiQ2 |ayer that covers it (see figure 8A) can be
replaced with a single layer of SiQ2 about 3 [err]mthick. This then
25 serves as the etch stop layer and as the electrical insulation

| ayer for the resistance 2. Problens have 4 been, however, encount er ed
with silica nenbranes. Conpression stresses exceeding 0.1 GPa have been
observed in such nmenbranes. A stress this high 30 can cause nmjor
deformation of the nenbrane. A deformation of 40 [err]macross a

menbrane 1 [err] mychi skebas theer Qbses ves angl bRay edhef Qe RXRhan
Def ormation on this scale can cause the nenbrane to rupture. This I'eads to
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9A to 9E of tmerlantogpasybbgddiapeiveg irp deafetbeod warhatfiofumdst BB to
manuf acturin tEﬁ:{l di scl.oste.d above | tconnect I on wi%h. ngures f%A to 8E,
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val ve ackor diofy the thiniatenti oalved ébcardeny towthe éneprnréoa,r ejiddt a ate.
Thi s met hod ‘gfgpe V. Qg_e [J icon chip the substrate 1. A
respective I:{{/%)} ?231"?_0%122‘30 s%%l%:arelri or%e%ébn each of the two opposite
faces of the 10 TdHisp pebhodi ghratsA)Lramr aexganaraldy t hbanal sédiids®n on

of the silicampatnel d8BEBEALE 1N a2 ﬂ@éééct%gnsllﬁﬂlﬁ‘éxe- zzl,Th@%hio%ness
of the silica |ayer js typically between 0.5 and 1.5 [‘err]m “As nmenti oned

y :
above, a conpiidsGd el st fesed oR heagy of Bhgeftwgr CPPoPiLPa fpsesnod & in a
silicadmyer ofig hise&i ndgdeposif pdren @x&hﬁneonysuh&trmane oklafati®rcaabl e

of deformng a0 Widn e, hayshophers e JaILEr dgdBiedes of dis
thickness of the silica layer is typically between 0.5

and 1.5 um.
As mentioned above, a compressive stress in the

15 order of 0.27 GPa is observed in a silica layer of this
kind deposited on a silicon substrate that is capable of
deforming and breaking the layer where the latter is
deprived of its silicon support, as in the thinner area 8
{see figure 2).

20 In accordance with the present invention, the
effects of the existence of this compression stress are
substantially eliminated by covering the silica layer
with a 1layer of silicon nitride in which there 1is a
tensile stress. By combining the effects of these

25 contrary stresses, the residual stress in the thinner
area 8 can be reduced to a level that cannot deform or
rupture this area during the manufacture of the miniature
valve, this level being typically less than * 0.1 GPa,
the symbols + and - being attached constituting to

30 tensile and compressive stresses, respectively. This
result can be obtained by appropriately adjusting the
thicknesses of the two layers using the equation:

Cr =




20 In accordance wth the present invention, the effects of
the existence of this conpression stress are substantially elimnated by
covering the silica layer with a layer of silicon nitride in which there is
a tensile stress. By conmbining the effects of these 25 contrary
stresses, the residual stress in the #tBinner area 8 can be reduced to a
| evel that cannot deformor rupture this area during the manufacture of the
m niature valve, this level being typically less than 0.1 GPa, the synbols
+ and - being attached constituting to 30 tensile and conpressive

stresses, rqReest oyl Bk, &phts ££8UrbspaBthee0ht ainRed i AT Ogttasel y
adj usting the thhckngsses of et | ayers usi ng the equation: %eiré 15
where [err] tRi th&r EPLBREECEEFEIY IRFALVE LS5 thetRRi AhttCar ea,
the conpressiugestresd ithéheesidila |styssssandnt hehkensillécshr esstridehe
silicon nitrkge Iaygrd and 5 [err] enit are respectively the thicknesses
of the silica’and’sfcon nitride | ayers. The stresses nentioned

her ei nabove egn:bepjeasaanedréspact ireetief bhemthdninesdesgofe the as¥lsca 7.5

cmsilicon rsy ep9si-ti hany the latter of one of the 10 | ayers
used. In thggégeg g?e?ﬂe n%t%gg o?gggg'inventipn shown in figure 9B | ayers
231, 232 of silicohhfi Btressase Rasspianted cngrebRaRAVeN CERe RS | FRASVESEr s

%ﬁl, éznghierbat tae @%Eotifﬁla%ti@él%gilﬁiﬁﬂﬂddheshﬂ GO I8 t>»zi1ulse?1 18m aiﬁii.ablfl_-
e | ayer can De or ned, QW- pressuy e, vapour _phase PO 1 on
at 750[ er r] CYREER dHRMR or RIS B HAD aﬁgeanirﬁmz%. Ofe B8 eogt rgbges in

the order of 1ay@rePasabl.e to conpensate the conpressive stress in the
adj acent silica laygr pave Bgenohser yeddy 3¢ MY Hvention shown in
figure 9B layers 2337, 232 of silicon nitride are
respectively formed on the silica layers 221, 225.
The latter can be stoichiometric silicon nitride
15 Si3Ng4. The Si3Ng layer can be formed by low-pressure
vapour phase deposition at 750°C from dichlorosilane
SiH»2Cl, and ammonia. Tensile stresses in the order of
1.2 GPa able to compensate the compressive stress in the
adjacent silica layer have been observed in a layer of
20 this kind. However, the high level of this stress is
responsible for mediocre adhesion of the Si3Ng layer to
the silica layer, which has an unfa#ourable effect on the
reject rate obtained in mass production.
In accordance with the present invention the reject
25 rate 1is considerably improved by replacing the layer of
stoicheometric nitride with a layer of silicon nitride
SiNy doped with silicon, X being less than 1.33. The
tensile stress (0.6 GPa) observed in a layer of this kind
is lower than that observed in the stoicheometric
30 nitride, which eliminates the adhesion problem referred
to above and reduces the reject rate to a very low level,
even to zero.
A silicon nitride layer enriched with silicen in
this way can be formed by low-pressure vapour phase



20 t hi s ki nd. However, the high level of this stress is responsible
for medi ocre adhesion of the Si3N4 |ayer to the silica layer, which has an
unfavourabl e effect on the reject rate obtained in nass production. In

accordance with the present invention the reject 25 rate i s considerably
i mproved by replacing the |ayer of stoichamretric nitride with a |ayer of
silicon nitride SiNerr] doped with silicon, x being |less than 1. 33. The
tensile stress (0.6 GPa) observed in a layer of this kind is |ower than

t hat observed in the stoicheonetric 30 nitride, which elimnates the
adhesi on probjd srﬁfl%'hreeftté’rﬁﬁx‘i’ ye7apdcr %ﬁﬁ%fll‘l%d‘rpjmri‘@é esin,aanery
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this way canay@oarg@red by | ow pressure vapour phase 16 deposition at
a;gugd 750[e][r]ﬁ f ramsSi b+ &par Pydr eﬁgoallﬁén@n%famlpreé@na ﬁmfeﬁmech
enbodi nent of the_ present invention x roxi mately

conposi tion & i :N[%r?l]’pﬁaﬁlﬂétgh g&i?ce‘é?“ggﬁwaﬁsclﬂ ‘#g %H@lr%f FaBt PFe
i ndex ofs t he dajitfed b ielnépuonmig ytieé B8Oractivét enderposi thaglayeirl bya

| ayer and a S|I|con ni.tride | r_.onto each face of the substrate in this
way, preferalﬁ]yl e erFerd/ etthg%/(flrfngon havi ng thi cknesses 10

predetermi ned in Adtesr ddepesiwing tehe siddwsi déeaeironendi s@ussddicon
her ei nabove, the r@uig&&gr |6}g:(grssgggg of éé‘le |fnvtggg| QpserbitRUEsy Wit & he

formation on 6ne face o he substrate | anentary resistance 24 (see
figure 9C) byathe reaiatabhbnatnrithed U#theﬁééﬂﬁpﬁg Eal"&?gr toicipesses

pol ycrysg al | 'ﬁl?ec?éﬂéﬁﬁﬂmémd then RS d swigyer the delonsildesaitdons
resi stance. The Iatt ally h a cross-section_o & Q:(%leom
and a | ength %?S‘iu@ﬁﬁn F&E‘ag’(?meactgﬁ?n ’E‘?ﬁﬂﬁfﬁ I 1 BF %&8‘1 Fhétnds
of the invention continues with the formation on one face of the
substrate of a filamentary resistance 24 (see figure 9C)
by the conventional method of depositing a layer of
15 polycrystalline silicon and then etching this layer to
delimit said resistance. The latter typically has a
cross-section of 0.5 x 100 ym and a length of 1.5 mm.
Metal contacts (not shown) are formed at the ends of the
resistance to enable it to be supplied with electrical
20 energy, like the contacts 3, 4 of the valve shown in
figure 1. The resistance 24 formed in this way is well
insulated by this support, the silicon nitride layer,
which is a dielectric material.
A window 25 is then formed in the layers 227 and
25 23, on the other face of the substrate, using the
conventional masking and CF4 gas plasma etching process.
A crater 6 similar to that shown in figure 1 is then
etched through the window 25 wusing an appropriate
anisotropic etchant such as trimethylammonium hydroxide
30 (see figure 9D). The etching is stopped by the silica
layer 227. The resistance 24 is then carried by a two-
layer thinner area, or membrane, in accordance with the
present invention (see figure 9E).
The miniature valve is then completed by depositing

35 a charge of combustible material onto the resistance 24



resistance to enable it to be supplied with electrical 20 energy, |like
the contacts 3, 4 of the valve shown in figure 1. The resistance 24
formed in this way is well insulated by this support, the silicon nitride
| ayer, which is a dielectric material. A window 25 is then fornmed in the

| ayers 222 and 25 232 on the other 1flface of the substrate, using
t he conventional nasking and CF4 gas plasna etching process. A crater 6
simlar to that shown in figure 1 is then etched through the w ndow 25
using an appropriate anisotropic etchant such as trimethyl amoni um
lhydrOXI2 gi‘ 3$ﬁnd (@ﬁ&%fm@uﬁgi&%n al hprehcbang:blix%wlttqpp@ﬁl by tdiee sirhice
ayer resistance i.s then car - _l.ayer thinner area,
or nmenbr ane, Sﬁwgcéﬁ}d AEBIG 2h 6Pe§%%f ?%éﬁ&Y%naP eéKF}gE}mlgtyg The
nizgature valexamps ef, hera icbrgilaatged dan depomateng 3% prepedgrlgebased on
conbusti bl e I resi stance 24 17 and then nounted on a
printed mrcga&%ldgIl %B&&aEEEFVG shown in figure 2. As an illustrative and
non |imdting exanplep-3avdrciamerars velvede dh a¢roptanss bdddd bhe

glycidyl pol yazideiod have DM ayeiﬁad@nbrﬁfﬁmvalﬂﬁfee'” aseecdanee

wi th the invention ave been. made with three different
conflguratloﬁ@nfﬁﬂﬁéﬁyloﬁﬁranaﬂeéﬁith|ck silica layer associated wth
a 0.22 [err]ml ayen)OB 81 S tiick silicd adyedr [essbdibitieek wikhcaal ayer

associ at ed mntg ﬁ [e n1|a e of SiNJerr]; 3) a 1.4 [err]mthick
silica |ayer %a go@Fb & 6 [err]mlayer of SiNerr]. Al though the

reject ilvate with camfaQUIaiunm thlwas 4b1icasulagteant aabociatedhad thdr epped
to 5% and o, %%’fgﬁé} %&nghg%{%gions 2) and 3), respectively.

3) a 1.4 pym thick silica layer associated with a
0.6 pym layer of SiNjp o.

Although the reject rate with configuration 1) was

15 substantial, it had dropped to 5% and to 0% with
configurations 2) and 3), respectively.

It therefore appears that associating a silica
layer and a layer of SiNj o achieves the essential aim of
the present invention, namely production of miniature

20 valves including a miniature resistance carried by a very
thin (for example 0.7 to 2 um thick) membrane which can
be manufactured with a very low or even zero reject rate.

Moreover, measurements have shown that the thermal
characteristics of the resistance mounted in this way are

25 very good, the resistance being able to increase the
temperature of the combustible charge made of the above
cited propergol to 300° with an electrical power smaller
than 1 W applied during less than 200 ms, which accords
with another aim of the present invention.

30 Of course, the invention 1is not 1limited to the
embodiment described and shown, which is given by way of
example only. Accordingly, other semiconductor materials
can be used instead of silicon for the substrate of the
valve, for example germanium. Combustible materials

35 other than nitrocellulose can be used for the combustible



It therefore appears that associating a silica |layer and a | ayer of
SiNferr] achieves the essential aimof the present invention, nanely
production of mniature 20 val ves including a mniature resistance
carried by a very thin (for exanple 0.7 to 2 pmthick) menbrane which can
be manufactured with a very |low or even z&Bo reject rate. Mreover,

measur enents have shown that the thermal characteristics of the resistance
nounted in this way are 25 very good, the resistance being able to
increase the tenperature of the conbustible charge nmade of the above cited.
8r oper glol toCﬁaeb% r] fésh é&ﬁﬁb&@trh@tﬂie@gm&)y&ﬁﬁjécﬂnﬂd??n natéappl s ed
uring |l ess n, . B, ich.accords, wt ot her. aim of the presgnt

i nventi on. 3%‘a8r1caglonoc %Sﬁf‘é@}mst h%th?ﬁveﬁﬁf‘lg‘n %EOHSt uF?ﬁi tgla tgﬂethe
enbodi nent désbribatdiand chownteghbtbdi cigiateirt Hyceay adfsexhaplueseshl o
Accordi ngly, he em dyct rlalks..can be used instead of silicon
for the subsfngsé eh&% ?ﬁg%\gaﬁ\%eghepgbgeggg%l'e ger mani um Conbusti bl e
mat eri abs 35 otBevaihgn nitheocdnvengdencaredfeended tor ehplioabigrsbl e
18 charge,  oiQkr XA eha%fiﬁg a’ 9%&8&@8&19' Gyi tHBhAT | @rsic Fahiheabhon

t echni ques other than those dsed in the fabrication of integrated, circuits
can al so be @fed Refiraleiome VQtve BYan$derPRbnt igfplisation’ asgqahedy,

the inventiey exdssisord®isappli CEhbONS tolcher ihBantehar gidlgoa r €sREYOI I
with an ionic_solution of [ n_ for trangdernal. awslr%{ssati on
I

. _medi,cati Qn an
assi sted by 2PondiBHRIEFEIon 10y GRaxRg| ndent FORETEPED ah
appl i cavi on convealidobgibig passiesertviansderseall faaimillistradoiorent i oMake

: ; | B Con g _
Bop! | cati on PRGRAGRYr A eRheEaPcap P aboRLBatibhlud Wik ETula Ay
mechani cal acomgwnigatienyalust i bet paovihdedhiws dwihuirmechanicat orCERERDI e

in  subcutapgOUshe vY¥856Uli3{itiad¥ing NMMSLY! *bmmurR¥a%AnQN for example
in subcutaneous, vascular or muscular medication
15 administration implants.



15 adm ni stration inplants. 19 CLAIM5 1. Mniature valve,
characterised in that it conprises a) a substrate (1), b) a charge (5)
of a conbustible material disposed on top of the substrate 5 facing a
passage to be opened through the latter, c) an electrical resistance (2) in
contact with the conbustible charge so thap supplying a predetern ned

el ectrical energy to this resistance assures the conbustion of the charge
(5) and the opening of the passage (8') by 10 | ocalised rupture of
said substrate (1) due to the pressure of the gases of conbustion of
the charges (5). 2. Mniature val ve apgor di ng to claim 1,
characterised in that the resistance (%%AIS filamentary and in_that the
charge (5) extendé-ovMﬂnaﬂ¢U5éyonﬂaiﬁ%r]fSChaHQQQQﬁﬂéﬁﬁg £2) W@t inhat the

heat | oener algde el ) e Sidioe 0Dl 0 WD 331 dhar g9 oy ned o
_ .concentrated in the portiqn t

(5).surroundFﬁﬁgwﬁélhé§ sFéﬁ@éleg). BSPOff ié?hrEOPpV%ﬁvgj“gaEB g&%ﬁ EEgeto
ng:nl 52,|ZQacﬁn@haiapﬁggfggdtzhbet&pﬁne@atﬂropghdmhawﬁatnbrﬁlebtahca

gy is les an oules. 4. lature valy r gy : f
e ry 1t SledtiateriSF TR aha 2t e vl G € sfE SR hRa chabAsY 1828 )
are di sposed chrarigee e thate ofupplypimmera25predateanispdof eletsdbetr at e
(L. the tN GAGSR, Ofo ! Bhisar itﬁﬁdé}%)e)sué:gsﬁf@é the RigsusE R dhetaases

due to the ¢ usti on o e ‘charge fragnents this area (8) and ogpens
it to the pasthagmef @i d ajsedhend ope3Eing y odt héher | pagsaggp (8') Dby,

Ve (o JUR R e (2 il noubeschy acior o8 [ haheral
(1) pressure of the gases o£)combustion ot tée dhagggs (§W? face
2. Miniature valve according to claim 1,
characterised in that the resistance (2) is filamentary
and in that the charge (5) extends over and beyond the
15 resistance (2) so that the heat generated by the
resistance supplied with said predetermined electrical
energy is initially concentrated in the portion of the
charge (5) surrounding the resistance (2).
3. Miniature valve according to claim 2,
290 characterised in that said predetermined electrical
energy is less than 10 Joules.
4, Miniature valve according to any one of claims 1
to 3, characterised in that the charge {5) and the
resistance (2) are disposed on the same side of a thinner
25 area (8) of the substrate (1), the thickness of this area
being such that the pressure of the gases due to the
combustion of the charge (5) fragments this area (8) and
opens it to the passage of said gases and possibly other

fluids.
30 5. Miniature valve according to claim 4,
characterised in that said substrate (1) has two

substantially parallel faces (1', 1"), one face (1")
having a central crater (6) recessed into it closed off
at the other face (1") by said thinner area (8).

AT



having a central crater (6) recessed into it closed off at the other face
(1") by said thinner area (8). 20 6. Mniature val ve accordi ng to
claim 5, characterised in that nmetal contacts (3, 4) are fornmed on said
other face (1") for supplying energy to the resistance (2) froman
external source of electrical 5 energy.2d. Mniature valve according to
any one of clains 1 to 6, characterised in that the substrate (1) takes the
formof a sem conductor material chip and in that said crater (6) and said
resistance (2) are formed on this 10 chip by mcro-etching. 8. Valve
according to any oge ofidiwriprecedyagvel ai iEcorariagt erits@d ialfahmt t I

conbusti bl e char consists,of,a nitr [ | ul se or ,pro terial.
6 Ml ve. ncc i TRE e R i, b nECEr] coneRGest (8 OBRL A%, eRie o
t he conbusti tﬂaeid:hamgbers facehe (arder fidr 10§wpplying 10en¥abye #&ocortdieng to

claim4, characlé d{ cd% i c hatfro%‘\I d Bhl Q%g?rggfa $8)- Sqafegsetﬁlé%%trri%ag (1)

that carries sdi r&S st Ance conprises at
first | ayer c#ne&idyca and a second layer of silicon nitride on top of the

first jayer. i1 VAl varaeeardiaoed ovol 2o 10inghas agher bagd o dibaind e

second layer is of silicon nitride enrjc SiNerr] wmth x <
1.33. 25 to 64pchaygckerisss ditgthatc |t§z|em81ups(§¥aﬁteﬁzt éHséékieﬁ g x =

1h2 ?pprOXI negedy. of3.a V@éﬁﬁc?ﬁ@@éﬂwgmtatte@l@lm dWip chagacter tegd igaitdhat
e [t 2N 5000 (pyct o, of e 2D, SLEN . psereell Ve e nie 1,
Val ve adtor dictgip dolmmicrd-2etciiai@ct eri sed in

8. Valve according to any one of the preceding
claims characterised 1in that the combustible charge
consists of a nitrocellulose or propergol type material.

9. 'Valve according to c¢laim 7, characterised in

15 that the weight of the combustible charge is in the order
of 10-3 g.

10. Valve according tco claim 4, characterised in
that said thinner area (8) of said substrate (1) that
carries said electrical resistance (2) comprises at least

20 a first layer of silica and a second layer of silicon
nitride on top of the first layer.

11. Valve according to claim 10, characterised in
that the second layer is of silicon nitride enriched with
silicon SiNy with x < 1.33.

25 12. Valve according to claim 11 characterised in
that x = 1.2 approximately.

13. Valve according to claim 10, characterised in
that the first and second layers of SiOp and Si3Ng,
respectively, have thicknesses of approximately 1 um and

30 0.22 um, respectively. |

14. Valve according to claim 12, characterised in
that the first and second layers of Si0Oz and SiNj »,
respectively, have thicknesses of approximately 0.5 pm
and 0.22 pum, respectively.

35 15. Valve according to claim 12, characterised in
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that the first and second layers of SiJerr] and SiNerr], respectively,
have t hi cknesses of approximately 0.5 pmand 0.22 pm respectively. 35

15. Valve according to claim 12, characterised in 21 that the first and
second layers of SiQ2 and SiNerr], respectively, have thicknesses of
approximately 1.4 [err]mand 0.62 [err]m ggespectively. 16. Device for

filling a reservoir (10) wwth a 5 fluid contained in a sachet (14)
adj acent the reservoir, characterised in that it conprises at |east one
m niature valve (17i) according to any one of clains 1 to 15 di sposed in

such  MNEILhats tnel 01 rODSUE! secbhl AL EPIFUNIGR 508, DelPeRiidy 5,

sachet (14) and the reservolr . ) and neans for sélectively
commandi ng ed@SReHtivHl Ybf hiadee| BRifknapsessi of arimgtelie Valdvélso as
to cause openifdy Pfesait, cUEpHHCatdign, to the fluid contained in the sachet
(14) through the paésagbe opened in thi substrate 1% of the valve by the
conbustion of the 1% D&HHYe IO LhILINE carrFelefvair peli®e & déng to

claim 1&g chaflacidereésetained hah bt seohyt sebdl plisednt ythe mesieatidrie,
val ves (17i) ' ommuni cati ons

i sposed . in. the. sanme  nunber of  fluid, c

et voen {he’ SRR (oL St 1 TS et VOPPPT 1878 e 205 SBRoliRg b 2each
of the |attervalsieng (i17iit)i akedobylingi dtocorampl areansf 18labesi ck adwxordi ng
2t Tonat one FIBTRE  erttf) opiths) MRt i sadihe | PERETMEY S JgREees
envel ope (1&PWHEgA NP hewveenr thial vadhed) bcborandgthe aepesveist
C|ai”BJl)t0 ﬂ1G¥“éh&Qﬁéé@é.ﬁ@§n§e§8b€§%éY9|thhhﬁﬁ@hbngn%Qﬁi%ﬁﬁﬁﬁﬁtb&n of
t he conbustihl.e charge caryied by said ve _(16) so.as to inflate said
envel ope. ( 18PN (LA Cotb AT oA Gaces (2b GESFRE PRATS 58 aB o Gatde

opening of said communication to the fluid contained in

the sachet (14) through the passage opened in the

substrate (1) of the valve by the combustion of the

15 charge (5) that it carries.

17. Device according to claim 16, characterised in
that it comprises a plurality of miniature valves (17;)
disposed in the same number of fluid communications
between the sachet (14) and the reservoir (10), the

20 opening of each of the latter being initiated by said
control means.

18. Device according to anyone of claims 16 and 17,
characterised in that it further comprises at least one
flexible envelope (18) inside the sachet (14), this

25 envelope (18) enclosing a miniature valve (16) according
to any one of <claims 1 to 7, said control means
selectively triggering the combustion of the combustible
charge carried by said valve (16) so as to inflate said
envelope (18) with the combustion gases to assist the

30 emptying of the sachet (14) through the wvalve(s) (17;%)
disposed in fluid communications between said sachet (14)
and said reservoir (10).

19. Apparatus for transdermal administration of
medication of the type in which an active principle

35 solution is initially contained in a sachet (14) and
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30 enptying of the sachet (14) through the valve(s) (17i) disposed in
fluid conmuni cati ons between said sachet (14) and said reservoir (10). 19.
Apparatus for transdermal adm nistration of medication of the type in which
an active principle 35 solution is initially contained in a sachet
(14) and 22 then, prior to the compencenent of a treatnent,
transferred into a reservoir (10) adapted to be placed in contact with the
skin of a patient, characterised in that said reservoir (10) and said

sachet (14) are parts of ab device in accordance with any one of clains
16 to 18. 20%%%{ dgi?ioem Ct Emeng &)Méﬁ/@eﬁé@@rdb@g t9 apycatacok,
clains 1 to 1 char

cterlse ollomﬁng step ab sub tantlally
pl ane face oftransfHiard@ s qxﬁeseFﬁR%ﬁ|é} %u%@??%?% %9) £sPLaFEfed ™i t h

an gt ch f,t op d&%%rl ct epilad a&ﬁetgkﬁlS@fUéI?ati@ntet @}‘ialﬂac_serfis_afdt éni ahat b)
said etch stop |ayer is cover ast _an. e ri_cal Jinhsulatio

| ayer if the%%%Qi%%%%rY%kﬁr(ig)nép 16k | SAFRST | 433 aﬁﬁﬁagaﬁﬁg o c)
an eledricaevi®siist ardancd ovitgd aron orsaiclf eiJEECJth clef timsiB ati on

| ayer ; d) the su i s cetched fr fac 1e) b ate
opposite that whi %ﬁ& ﬁ?é&g% I’%%I%jg um@? 9 asé)és%(%%? i to<r31yer
and 20 anyﬂome0@ﬁb@k&1h$elchargé,(Sﬁarscﬂepé§eﬂe§Yoﬁhﬁo Fadfl QW%?G

el ectri cal rqﬁg ance (2). 21. Method according to claim20, characterised

in that silicon’s used for the support, N—doged polysilicon. s u %ﬂé;or
the conductive | ay®r andulistasdiiadiloki pdaps face pf & $&8¢ YT

el ectriggpl |y gA\sau 8d1 VuhSyes e ??) ﬁ@tb@ﬂeﬁQQOWdtﬁgahOeQb&imﬁ&h layer
character| Sedrelsnlstthgrgt St% da ség utlcy for éa{]cr?ir?&:tsréléllz!ﬁ/tepi%li at' ng

b) said etch stop layer is covered with at least an
electrical insulation layer if the said stop layer is not
electrically insulative ;

15 c) an electrical resistance is formed on said
electrical insulation layer ;

d) the substrate (1) is etched from the face (1") of
the substrate opposite that which carries said resistance
(2), as far as said stop layer, and

20 e} a combustible charge (5) is deposited on top of
the electrical resistance (2).

21. Method according to claim 20, characterised in
that silicon is used for the support, N-doped polysilicon
is used for the conductive layer and silicon dioxide

25 (Si05) is used for the electrically insulative layers.

22. Method according to claim 20, characterised
in that said stop layer is an electrically insulating
silica layer, in that said silica layer is covered with a
silicon nitride layer (23;) and in that said electrical

30 resistance (24) is formed onto said silicon nitride layer
(2371) .

23. Method according to claim 21, characterised in
that a layer (237) of stoicheometric silicon nitride
SizNg is formed by low-pressure vapour phase deposition

35 from dichlorosilane and ammonia at approximately 750°C.
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silica layer, in that said silica layer is covered with a silicon nitride
| ayer (23[err]) and in that said electrical 30 resistance (24) is forned
onto said silicon nitride layer (231). 23. Method according to claim 21,
characterised in that a layer (23[err]) of stoicheonmetric silicon nitride
Si3M is fornmed by | ow pressure vapour phaga deposition 35 from
di chl orosil ane and anmoni a at approxi mately 750[err]C. 23 24. Met hod
according to claim?22, characterised in that a layer (231) of silicon
nitride SiNJerr] enriched with silicon is fornmed by | ow pressure vapour
gggse depCOSIStI on fpem sybtrel AHIRAMRNEATEPMR 2b, aRPdd@ilided in
Lerr]C. that a layer (233) of silicon nitride SiNy enriched with
silicon is formed by low-pressure vapour phase deposition

from silicon hydride and ammonia at approximately 750°C.

* C L M $ *



