1 04/11/2004 LI QU D DELI VERI NG DEVI CE Techni cal Field The present invention
relates to liquid delivering devices and, in particular, 5 relates to a

|l iquid delivering device powered by electrolysis and which is capable of
rel easing specific volunmes of liquid at desired flow rates. The invention
Is particularly suitable for adm nisterimg |iquids containing daugeoto
subjects and will be described with reference to this specification.
However, it will be appreciated that the invention is not limted to this
particular 1o field of use. BIQ [P ELAVERINGREVICE 5 need in a nunber of
medi cal applications, such as drug delivery systens, for a device that is
able to release liquid in small volunes and at precise 15 or desired rates.
One such exanple is in insulin infusion. Type | diabetics (and about 30%
of Type IIJEEEBEELEﬁigneed a regul ar supply of insulin in their bl ood
streamto aid the absorption of glucose. In an ideal situation, the insulin
supply shoul d fhermrasentineentipsurelates do diguidudelyering deviceseandatin particular,

R s L R .
life. Tradidfireleakingespeeific valurhes et tiquid at desiréd flewaates. syri nge do not
achieve this goal due to the intermttent nature of the insulin supply. A
new therapy, knghwe iagentiemts paeticulams suitablenforsadminidiédnd ¢iquidsueaeaingsy i n
whi ch a portable delivery device is attached_ to or inplanted inside the
patient's 2ugpde. sutiecigeand ewillobe qdesasivedawith mietance to this| sRagificationxact
anmount of ippSHIEE it(Wi LI : i t ;
patient's bl ood\?é}agc@y%bnga?%ciﬂé\a qg%ﬁheenlbpgﬁ%%%dﬁgf@ﬁgé% t@glﬁ]’lg n r'%llellalg)n.

I n ordew tdighd ofluse such an infusion system a precision liquid delivery
device is needed. Sonme of the currently avail able comrerci al devices have a
nunber of 30 problens. Sone devices have been too |arge to be confortably
fitted to a 2 04/11/2004 patient. Others have been too expensive to allow
t he devi ceBdakghsuriti Agosabl e.

There is a need in a number of medical applications, such as drug delivery

systems, for a device that is able to release liquid in small volumes and at precise

15 or desired rates. One such example is in insulin infusion. Type | diabetics (and

about 30% of Type Il diabetics) need a regular supply of insulin in their blood

stream to aid the absorption of glucose. In an ideal situation, the insulin supply

should maintain the insulin in the blood at a level which corresponds with the

daily digestive cycle of a normal human. If the insulin is supplied at this level, the

20 diabetic is able to lead a normal life. Traditional methods of injecting insulin via a

syringe do not achieve this goal due to the intermittent nature of the insulin
supply.

A new therapy, known as “continuous insulin infusion” has been suggested

in which a portable delivery device is attached to or implanted inside the patient’s

25 body. The device would preferably be able to deliver an exact amount of insulin

(such as a few nano litres per second) into the patient’s blood, according to the

patient’'s blood glucose concentration. In order to produce such an infusion

system, a precision liquid delivery device is needed.

Some of the currently available commercial devices have a number of

30 problems. Some devices have been too large to be comfortably fitted to a



Some devices have difficulty in preventing the access of gas bubbles to the
drug liquid, whilst the device is in operation. Injecting |iquids
containing gas into patients can have disastrous effects. O her devices
have a two-way action which 5 allows the drug liquid to be sucked into the
device and then released fromthe device. This two-way action basitio

di sadvant age of al | owi ng cont am' nants and gases to mix with the drug
liquid. Af nly
be operate |n a P%m te er of ri erll\{%ﬁ g@lésw%%gré\élgggqéggpﬁgcglﬁr%gt hei r
ef f ect i ven&xsmne tiévices rmdeamﬂagldy o prtelvenpmgﬂchmessemﬁgasrbmtﬂ:@&ﬂ thet drug

over COnes, s.at .l east so t he, di anta es, of the prior
orT Comes: iguidyduist W8 .FECE, i 3R ~ondialion a ekiion Tatad PinggefonBn | s
part i cul ar 'p‘étléH!st@éH BavePdisHStPoud eff&&8! idthet Gé\HéééDHa%’ §ttW65way hct"f%’wﬁlcho be
used for any nedical, or other, applications 15 which require the precise

deliver§ ofallawartbg arugdiauist to |qun$lccke5dntp t’rmdewnetandgtheemmmw froml thee t he
on-denmand dgl i very, .of hypertensi r n t he dellv V. Of
Tt dar ugeviosS pruR e, a5 R e 8ReURnRER R Hituind SGrefb R
the like. Zasbs36 |nﬁith|ﬁh e driigaifuicRNAl furtef disativastagetof kndanPprotstppes is
I nvention provides a liquid delivering device conprising: (a) a sealed

el ect r ol yt ithatc theybeana mté@ qperaledt i @ Hmitedepymbeyaf erirntatiens, nijeraby east

one pair o partially inside the 25 chanber; (b) a
liquid chan® 'Eﬁ%%? % c1t| @épartlally within the electrolytic chanber

e 05150 10, ) oA R RETP b

a sidewal |l each sub preSsure

transfer nmemndiosatesrattleast édsrﬁe&ifethérdﬂsad\iantagw‘ofethe‘ poon aithand iptovides a
chanber; and ﬁ-HOM 11/ 2004 (d) adm nistering neans adapted to rel ease the
liquid frotsehd altemqative.

Although the present invention is particularly suitable for use in insulin
infusion systems, it may also be used for any medical, or other, applications
15  which require the precise delivery of a drug or other liquid. Some non-limiting
examples include the on-demand delivery of hypertension drugs and hormones,
the delivery of liquid drugs to prematurely born babies in intensive care situations,
and the like.

20 Disclosure of Invention

In a first aspect, the present invention provides a liquid delivering device
comprising:

(a) a sealed electrolytic chamber adapted to contain an electrolyte and
having at least one pair of electrodes at least partially inside the
25 chamber;

(b) a liquid chamber housed at least partially within the electrolytic
chamber and adapted to contain a liquid, said liquid chamber
comprising a base and a sidewall each formed of a substantially
rigid material,

30 (c) pressure transfer means separating the electrolytic chamber from
the liquid chamber; and



chanber under influence of pressure applied to the liquid chanber whereby
when the electrolytic chanber contains an electrolyte, the liquid chanber
contains a liquid and a current is passed through the electrolyte 5 via
the electrodes: (i) 10 gas is generated fromthe el ectrolyte thereby

I ncreasing pressure inside the electrolgtic chanber; that increagarom
pressure is transferred to the |iquid chanber via the pressure transfeL
means; and (iil d ac ac1penl e TRUNs ARSI r e
| i qui d chamber )\592 t%gﬁggﬁﬂﬁwgteeri ngrgn%é;ﬁgé.l h@rgégﬁgdﬁhb "({lﬁ(ljqub?ﬁggér@m&

bl y, e
transfer means conprCR@bgranger infuencs pfp@ﬁsar%mmﬁ!ﬁmtezﬂmwsrmbe;( b) a
bel | ow, 15 i o (d ' . d ._a bl adder n the
o exau o« oo YRER Bkt ellPENE anohihos b S Frw R il
nenbrane is prefchaater dintdifs St liqad aindl 4 Yurredeisf ﬁé&@é&“@rﬁgﬁ@f@ele@@o?(é (a)
hyper-el astic materials; (b) materials with high elasticity; and (c

materi abs with Kigjheplastrodesy whi ch resi st permeation by one or nore of:
(a) gas; 25(b) liquid;, (c) sem solids; and _ .
(1 gas is generated from the electrolyte thereby increasing

pressure inside the electrolytic chamber;

(i) that increase in pressure is transferred to the liquid chamber
via the pressure transfer means; and

10 (i) a determinable amount of the liquid is released from the
liquid chamber via the administering means.

Preferably, the pressure transfer means comprises one or more of:
(@) adeformable membrane;
(b) a bellow;
15 (c) apiston;
(d) adiaphragm; and
(e) abladder.

When the pressure transfer means comprises a deformable membrane,

the deformable membrane is preferably at least partially made from one or more

20 of:
(@) hyper-elastic materials;
(b)  materials with high elasticity; and
(¢)  materials with high plasticity
which resist permeation by one or more of:
25 (@) gas;

(b) liquid;
(c) semisolids; and

(d) gels;



(d)gels; 4 04/11/2004 and the deformabl e nenbrane is at |east partially
joined to an upper edge of the liquid chanber. Preferably, the

el ectrolytic and liquid chanbers are substantially co-axial, are
substantially cylindrical in shape, the liquid chanber is contained wholly
5 within the electrolytic chanber and the el ectrolytic and |i quioai1ebeoaber s
share a common base. Preferably, the adm nistering nmeans conpri ses one or

mre of: (&) o b YBmYBNKas at iy jOES 8 RAsser &g 10
(c) one or nor e%ﬁggg?e@éﬁr es. enyt né g(?rtnérﬁsé(tyeaﬁ ngjrrleans corrpé\qcesres one or
nor e needl &f the ligqyid chaefberabl y conpri se one or nore mcro injection
needl es. When the adm ni stering nmeans conpri ses a one-way val ve, the

one-way val ve [Prefeealslh) theceleptrolytis anddivpricdvahanibeck avalsubstaotiplly so-agial,15
et or mmbl o AF SHESRAN HIOHECH Poghap Yo JAddaaranEehis cantaiBadholy
partial by haffiethd @|éb%g>>wa§<§]r£§ﬁbers&nd e eldterofRic iR iy @d f drRinesers Arare af he

openi ng. More preferab def ornmabl e fl arige Iis biased towards a cl osed
posi tion i commahbasecovers the 20 opening. Even nore preferably, when the
liquid in the liquid chanber reaches a threshold pressure the defornmable
fl ange def orns duefsaablyythelatronisténng means cpapirisgs ané arehersdfng a

determ nabl e anount of the liquid fromthe liquid chanber. In one form one
or both of the flayst oardrsrcremmheswbygvalvese nonolithic 25 silicon wafers
manuf act ured usi ng m cromachi ni ng techni ques. Preferably, the adm nistering
means i s fornmed(bn aobesr mdretifeedlesjand chanber. Preferably, the

el ectrolytic chanber further includes a sensor adapted to sense one or
nor e of1ot he: (c)  one or more nozzle holes.

When the administering means comprises one or more needles, they

preferably comprise one or more micro injection needles.

When the administering means comprises a one-way valve, the one-way
valve preferably comprises a one-way check valve comprising:

15 (a) a first wafer having an opening; and
(b)  asecond wafer having a deformable flange

wherein the first and second wafers are at least partially bonded to one another
so that the deformable flange covers the opening. More preferably, the
deformable flange is biased towards a closed position in which it covers the

20 opening. Even more preferably, when the liquid in the liquid chamber reaches a
threshold pressure the deformable flange deforms outwardly, uncovering the
opening and releasing a determinable amount of the liquid from the liquid
chamber.

In one form one or both of the first and second wafers are monolithic

25 silicon wafers manufactured using micromachining techniques.

Preferably, the administering means is formed in a base of the liquid
chamber.

Preferably, the electrolytic chamber further includes a sensor adapted to

sense one or more of the:



5 04/11/2004 (a) internal pressure; and (b) internal tenperature of the

el ectrolytic chanber. More preferably, the sensor is in comunication with
a current controller and is adapted to provide information to the current
controller 5 regarding one or nore of the: (a) internal pressure; and (b)
i nternal tenperature of the electrolytieg chanber. In one form tdag186y4 ce
Is adapted to release the liquid at a flowrate of 10 between 1 and 1000

mcro litres per(?fe(:(?ﬁ't‘é{%élgb{&%fer?‘eén& orm the device is adapted to rel ease

the liquid at a'flowra Wween 1 and 1000 nano litres per second. In

a further form e ' | ed to release the liquid at a flowrate
of between 1 ancgbil]oogm\élhg%t%@f)rég%{}%er second. 15 Preferably, at |east part

of the devi | C .pre . Jiquid
charber 1 s Saup BIAABRAEEERIS WG SittcraBh: e sORe) 1l edh et Rat

pref erabl y,a tineerst! critrotiey ting i bdapted topreddptinfdrinatione td thd edrrenttdontriolier
electrolyte only once. In one form the electrolytic chanber is adapted to

be renovabl'§IarsiNGepa OraMIe of heihe base. Preferably the device further

i ncludes a sealing conponent | ocated between the el ectrolytic chanber and
the base when tHa8) arternalipsesmatie; ame device may al so include a fastening
mechani sm adapted to_ renopvably attach the electrolytic chanber to the
base. Pref erabl yb) t hdnterralitempetatarechamber conprises: 25 (a) an

el ectrol ytic chanmber housing defining an el ectrolytic chanber cavity; and
(b) at Ieaﬁftmlé'e&é{pM@fChéﬂglﬁfr odes extending at |east partially into the
el ectrolytic chanber cavity. 6 04/11/2004 Preferabl K the at | east one pair
of el ectrodes afle of\eatosmn the deyigeds adapted to release the liquid at a flow rate of

10  between 1 and 1000 micro litres per second.

In another form, the device is adapted to release the liquid at a flow rate of
between 1 and 1000 nano litres per second.

In a further form, the device is adapted to release the liquid at a flow rate
of between 1 and 1000 pico litres per second.

15 Preferably, at least part of the device is adapted to be used only once.
More preferably, the liquid chamber is adapted to be filled with the liquid only
once. Even more preferably, the electrolytic chamber is adapted to be filled with
the electrolyte only once.

In one form, the electrolytic chamber is adapted to be removably

20 attachable to the base. Preferably the device further includes a sealing

component located between the electrolytic chamber and the base when they are

attached. The device may also include a fastening mechanism adapted to
removably attach the electrolytic chamber to the base.

Preferably, the electrolytic chamber comprises:

25 (@)  an electrolytic chamber housing defining an electrolytic chamber

cavity; and

(b)  at least one pair of electrodes extending at least partially into the

electrolytic chamber cavity.



intervals wwthin the electrolytic chanber cavity. In one form the at |east
one pair of electrodes conprises two pairs of electrodes spaced at regul ar
intervals within the electrolytic chanber cavity. 5 In another form the at
| east one pair of electrodes conprises three pairs of electrodes spaced at
regular intervals within the electrolytig chanber cavity. In a uwni/beos
form the at | east one pair of electrodes conprises four pairs of

el ect r odes spacepqle@?atﬂz,g'tﬂé‘rati fé%@f oS pdirt Pf Riddiodekesid %b%%&e é{?oﬁégmonre or

cavity. Preferably, t el ectrodes are at least partially na

more of : Intef\als withinl theaslectalytimyshaniibgr cavityuct i ve net al oxi des; (c¢)
conductive netal halides; (d) conductive silicides; (e) conductive
borides; 15 (f)n cmedforim, \tke catrleasiesne fai) of @ebicidiesecomprisetetwo (pajrs of

lti-]| duct ; d (i). oth adyct i erjals. P bly,
the. el ect r GIgRadeRIAgRgen 3 raslnfarvae Wil he sieerabic chimber o 20 "
of uhi cfi the’ el SEENBINE fembiiaaBbloashAae PR OfERAPOR BRI SS ANk PRI Of
i ncl udes ”%]é‘étgo%fe% pefiaf reuis MR DASMMIRthe g@&f?g?{ickﬁgmi)_@} EaViy
(a) mcrofa S

t echni ques: rication techniques; I njection ul di ng;

and (c) nechani ggly Jgﬁpe} frRg thed E?Fe%fi@ﬁ%( .pal;rbg ﬁkﬁr}o@%a%%?%ﬂs@@%@@ﬁéﬁ% o at

| east partially ma romone or nore o pol ymeri c
mat eri al s; elédijodesrspaiced mhregulal infervals withit theseleatrdlytic chamber cavity.

Preferably, the electrodes are at least partially made from one or more of:
10 (a) metals and alloys;

(b)  conductive metal oxides;

(¢)  conductive metal halides;

(d)  conductive silicides;

(e) conductive borides;
15 H conductive carbides;

(g)  conductive nitrides;

(h)  multi-layer conductors; and

(i) other conductive materials.

Preferably, the electrolytic chamber housing is at least partially made from

20 substantially rigid materials.

Preferably, the substantially rigid material of which the electrolytic chamber
and the liquid chamber are formed includes materials manufactured using one or

more of the following techniques:
(a) microfabrication techniques;
25 (b)  injection moulding; and
(c) mechanical machining.

Preferably, the device described above is at least partially made from one

or more of:



(d) netal alloys. 5 1In one form the liquid is a drug liquid such as
insulin. Preferably, the gas |iberated fromthe electrolyte is non-toxic.
In a second aspect, the present invention provides a nethod of

adm nistering a liquid to a subject, the nethod conprising the steps of: 10
(a) providing a liquid delivering device7conprising: 15 20 (i) a4seabed

el ectrolytic chanber containing an electrolyte and having at |east one

pair of electro aholypstic Patdriai:! y in contact with the electrolyte; a
| i qui d chamber ggﬁserg at least partially within the electrolytic chanber

containing a |liqy)d, capiic/materidichanber conprising a base and a sidewal |
each fornmed of a ' substantially rigid material; (iii) pressure transfer
nmeans separati nqcr:?t he eligt bRYYL I ¢ chanber fromthe |iquid chanber; and
(iv) adm nistering neans adapted to release the liquid fromthe 1liquid
chanber under |g%j ue aPdiRsessure applied to the [liquid chamber (b)
connecting the m nistering means to the subject; (c) passing a current

t hroughgt he el egl %ﬁé*{)ﬁn,"thg Iitqnﬁ'l ﬁlaeﬁﬁfngd g@&l'?.ég'ﬂ}'s#ﬂﬁ.s to be generated

fromthe el ectrol hereby ‘I'ncreasi g ' pressure side the electrolytic

via the prossur & Pngy e A ot 6 BREBMAER A iMoot of the

liquid to be released fromthe 30 liquid chanber via the adm nistering
means. 8 04/11/2004 In one form the adm nistering neans conpri ses one or

more Injection n 5 second aspect, the present invention provides a method of

administering a liquid to a subject, the method comprising the steps of:
10 (@)  providing a liquid delivering device comprising:

(i) a sealed electrolytic chamber containing an electrolyte and
having at least one pair of electrodes at least partially in
contact with the electrolyte;

(ii) a liquid chamber housed at least partially within the
15 electrolytic chamber containing a liquid, said liquid chamber
comprising a base and a sidewall each formed of a

substantially rigid material;

(i)  pressure transfer means separating the electrolytic chamber
from the liquid chamber; and

20 (iv)  administering means adapted to release the liquid from the
liquid chamber under influence of pressure applied to the
liquid chamber

(b)  connecting the administering means to the subject;
(c) passing a current through the electrolyte via the electrodes causing:

25 (i) gas to be generated from the electrolyte thereby increasing
pressure inside the electrolytic chamber;

(i) that increase in pressure to be transferred to the liquid
chamber via the pressure transfer means; and

(i)  a determinable amount of the liquid to be released from the
30 liquid chamber via the administering means.



needl es and the step of connecting the adm nistering neans to the subject
conprises inserting at |east part of the one or nore needles directly into
the subject. 5 In another form the adm nistering nmeans conpri ses one or
nore of: (a) a one-way valve; and (b) a nozzle and the step of connecting
the adm nistering nmeans to the subject c®nprises: 10(a)connecti og1&2604r st
end of a connecting tube to the one-way val ve or nozzle; and (b)connecting

a second end of 1§ hgheL GIHE Chk"ddih i ef)if];?gtrﬂga%‘% 'tse’srbrﬂ? ?opirﬁgré‘ﬁ'ﬁ’é'&fon.the

present invention provides a net nufacturing a liquid delivering
devi ce, thameediasodndotiner stepngf tdomnstting tbé : adibinfsA@ring ouealisido ahe subject

substanti al | | anar _base having an outlet therein, the, outlet adapted to
2 Tow sel ecoliisBRabsgang: aCleth sl Bhard oneolimotyiesies tiierty MBI HE! o
chamber CO@ﬂbkﬁkng a substantially rigid and substantially tubular housing
having a first open end and a second open end; 20 (c) bonding the first

open eng of the i ABiHriOMTRRE daRtifisRingImbaRs Ba%PriseY Bhe litndtitdret ; (d)

provi ding an el ectrolytic chanber conprising: 25 a substantially tubul ar
~housing of a gregyer ;b HRaGvafRdanength than the liquid chanber housing
and having a first open end and a second open end; and (ii) at |east one
pair of electrog§F aty d partially inside the housing; (e) bonding the
first open end the el ectrolytic chanber housing to the base over the

liquid chanerhaQtds of Coltittifg thE abirfibring s tolth stibfith Edhpridéds(f)

(@) connecting a first end of a connecting tube to the one-way valve or

10 nozzle; and

(b)  connecting a second end of the connecting tube to the subject.

In a third aspect, the present invention provides a method of
manufacturing a liquid delivering device, the method comprising the steps of:

15 (@) providing a substantially planar base having an outlet therein, the
outlet adapted to allow selective passage of a liquid therethrough;

(b) providing a liquid chamber comprising a substantially rigid and
substantially tubular housing having a first open end and a second

open end;

20 (c) bonding the first open end of the liquid chamber housing to the base

over the outlet;
(d)  providing an electrolytic chamber comprising:

(i) a substantially tubular housing of a greater diameter and
length than the liquid chamber housing and having a first
25 open end and a second open end; and

(i) at least one pair of electrodes at least partially inside the
housing;

(e) bonding the first open end of the electrolytic chamber housing to the

base over the liquid chamber so as to house the liquid chamber;



(g) providing a substantially planar deformabl e nenbrane having an inner
section and an outer section; bonding the outer section of the nenbrane to
t he second open end of the |iquid chanmber housing; 5 (h) providing a
substantially planar cover having an inner section and an outer section;
and (i) bonding the outer section of theScover to the second end4ufi/20tve

| i qui d chanber housing. Preferably the |iquid chanber conprises a base and

a sidewal | eachf)10 bpesvigifigod subStifafiitilahary defopindb@hfRinsrane TR&ving an
el ectrolytic chanber is also preferably formed of a rigid material”

Preferably, the nethétnarsectiorandaa euier sedion; steps of: (j) filling the
l'iquid chanmber with a liquid; and 15(k)at |east partially filling the
el ectrol yti c chd@ber besdisigriheauter sectioneafttheingembrane tortbefsecondidpensereh of

(j) filling the liquid.ch r Eh | Lauid conprises the steps of: 20 (a)
providing a one-way Io?mﬁ W‘ﬁ&@%ﬂﬁbﬁéﬁ\‘?%@g’ in the base, the valve adapted
() 111 Pimg 1 e () quPBfiafet SUReERahY Pt <G phdRgsad e Seppraid =
form the step of (] anfddtbt settioReahdqui d chamber with a |iquid conprises
the steps of: (a) providing a liquid inserting hole in the base; 25 (b)

filling the |i q‘@?d CRaRBRg, Me Buttr! d€tiiofl of thel BEVEIClPtheBEchid er@abf ik t he
hol e thereby sealing the liquid in the liquid chanber. In one form the
step of (k) at |east lighidigh@mberthausingg said el ectrol yti ¢ chamber

Preferably the liquid chamber comprises a base and a sidewall each
10 formed of a substantially rigid material. The electrolytic chamber is also
preferably formed of a rigid material.

Preferably, the method includes the additional steps of:
() filling the liquid chamber with a liquid; and

(k) at least partially filling the electrolytic chamber housing with an
15 electrolyte.

In one form, the step of (j) filling the liquid chamber with a liquid comprises
the steps of:

(@) providing a one-way liquid inserting valve in the base, the valve
adapted to provide one way liquid access to the inside of the liquid
20 chamber; and
(b) filling the liquid chamber with a liquid via the valve.

In another form, the step of (j) filling the liquid chamber with a liquid
comprises the steps of:

(a) providing a liquid inserting hole in the base;
25 (b) filling the liquid chamber with a liquid via the hole; and
(c) sealing the hole thereby sealing the liquid in the liquid chamber.

In one form, the step of (k) at least partially filling said electrolytic chamber
housing with an electrolyte comprises the steps of:

(a) providing a one-way electrolyte inserting valve in the cover, the
30 valve adapted to provide one-way electrolyte access to the inside of
the electrolytic chamber; and



housing with an el ectrolyte conprises the steps of: 30 (a) providing a
one-way electrolyte inserting valve in the cover, the valve adapted to
provi de one-way el ectrolyte access to the inside of the electrolytic
chanber; and 10 04/11/2004 (b) at least partially filling the electrolytic
chanber with an electrolyte via the valiee. I n another form the4si/em4of
(k) at least partially filling said electrolytic chanber housing with an

el ectrolyte 00”}@' Sest géd‘acséféaﬁlgwggivg_tﬁé)e@étpad'yﬁei%esaﬁaeﬁlvﬁm éﬁléféaro|¥tﬁ o

i nserting hole ing the e trolytic chanber w
electrolyte via the N@itBe V&NE. (c) sealing the hole thereby sealing the

electrolyte in the electrolytjc gha ernativel y..step. i .
repl aced by t heli%taélﬁtrbqr: fOIWY(th_eL)S(iﬁPor%f Qﬁ) _n%l fgﬁlsgpgg{aﬁ% Q}{lr?%.s%fé%%eéqtrsolytlc
conpri si ng chafibes hadbing!with A8 RI8colyt8 @bRipiBes thats@peasfer di aneter and

| ength than the |iquid chanber housing and having a first open end and a

second gpen endiaand pséRdingtan électreipteringertinyg Hdke ibferedver;15 (hl) providi ng
a substantially planar cover having an inner section and an outer section

and at | east ongopai il 1k eRdtRARR Menfsstvith 8h eldctiRfte N Hedldi¥, and

therefrom Preferiably, the outlet” conprises one or nore of: (a) one or
mor € one-way V%H)esi séRindfife Plold™MéreB§ tfifg tﬁ@delegﬁolﬁrf‘él irPife Hledtflftic

nozzl e hol es. en the outlet conprises one or nore neédles, they
preferably conprise chamber. nore micro injection needles. Wen the outl et
conprises a one-way valve, it preferably conprises a one- way check val ve
conpri si ng: Alternatively, step (d) is replaced by the step of:

10 (d1) providing an electrolytic chamber comprising a substantially tubular
housing of a greater diameter and length than the liquid chamber
housing and having a first open end and a second open end;

and step (h) is replaced by the step of

(h1) providing a substantially planar cover having an inner section and
15 an outer section and at least one pair of electrodes extending at

least partially therefrom.
Preferably, the outlet comprises one or more of:
(@) one or more one-way valves;
(b)  one or more needles; and
20 (c)  one or more nozzle holes.

When the outlet comprises one or more needles, they preferably comprise

one or more micro injection needles.

When the outlet comprises a one-way valve, it preferably comprises a one-

way check valve comprising:
25 (a) afirst wafer having an opening; and
(b) asecond wafer having a deformable flange

wherein the first and second wafers are at least partially bonded to one another

so that the deformable flange covers the opening. More preferably, the



25 (a) a first wafer having an opening; and (b) a second wafer having a

def ormabl e fl ange wherein the first and second wafers are at | east
partially bonded to one another so that the deformable flange covers the
opening. More preferably, the 11 04/11/2004 deformable flange is biased
towards a closed position in which it coMers the opening. Prefeuabbyos Wwhen
the liquid in the liquid chanber reaches a threshold pressure the

def or mabl e { . 0 LRg :
e g S T s R b BT ARRTA A 3 el e
one form ompeaingooth of the first and second wafers are nonolithic silicon

waf ers manuf actured using m cromachi ning techniques. In one formthe wafers

constitute the Faeferablyeintiembliye lighil @l e¢bé rinjusd ichaanibbr! feighds chahizshsldar e
subst anti al Iéco- axi al , Héﬁ(i’ are substantially c?/l indrical in shape, the
liquid chambessure teeqeiprmableiiange daferms, ouardlye sneaysiing thenapeing A ¢ he

el ectrokyt ir@|e%§ﬁ1@$g?ﬂe%?@§.id}@e thﬁ]e&?"t bp@.%q%u?ngg%@ﬁqﬁﬁd&%g substantially

rigid materra I qul ousing is also at | east

partially made flﬁ.qg%e ?c%m?.to%@t bl rg'le"]g firef %ﬁHaéeccon Ow fe%?r@bh%noﬁttﬂf‘c
substantially rigid material's 1 nclude material's manuracture usi'ng one or
nor e of t heailfcohlvaferggmaeafatturedsinginicrontachining tsxhniguesechni ques;  (b)

i njection moulding; and (c) mechanical machining. 20 In one formthe
substanti al | y rilgioterfatne theiwafers dongtituts ikshasd.n anot her form the
substantially rigid materials include: (a) polyneric materials; (b)

cerani c mat eri alPrefeaably, (he) electrelyéit and kdquidldhamberd ar@ sobstantiahy tbenxialgui d

is adrug liquid such as insulin, Preferabl )f t he deformabl e nenbrane is at
| east pPArt i%E|SH illy o¢¥lipdecal in shape, the liquid chamber Is contained wholly

within the electrolytic chamber and the electrolytic chamber housing is at least
partially made from substantially rigid materials.

Preferably, the liquid chamber housing is also at least partially made from
substantially rigid materials.

15 Preferably, the substantially rigid materials include materials manufactured

using one or more of the following techniques:

(a)  microfabrication techniques;
(b) injection moulding; and
(¢) mechanical machining.

20 In one form the substantially rigid materials include glass.
In another form, the substantially rigid materials include:
(@) polymeric materials;
(b)  ceramic materials; and
(c) ametal or an alloy.

25 In one form the liquid is a drug liquid such as insulin.

Preferably, the deformable membrane is at least partially made from one

or more of:

(@) hyper-elastic materials;



or nore of: (a) hyper-elastic materials; 12 (b) materials with high
elasticity; and (c) materials with high plasticity which resist perneation
by one or nore of: 5(a) gas; (b)liquid; (c) sem solids; and (d)gels.

04/ 1112004 Preferably, the cover further includes a sensor adapted to sense
one or nmore of the: 10 (a) internal presgure; and (b) internal ct/etrpeaat ure
of the electrolytic chanber, is in comunication with a current controller

and is adaptedgy pf'r%Yél‘?ﬁsW?lfh%gﬁ ?é?s?icfty? dree current controller regarding

one or nore of ‘the: I nte pressure; and (b) internal

tenperature he 15 Preferably, the step of: (c)
bondi ng the fi rg opg{rﬁgﬂﬂgwﬁth l*b?a{(?g?r chanber housing to the base 20

over the Old\wréeﬁ eérﬁs%ﬁ;elfﬁ‘?%te'&gpgl&%lérhg ing the liquid chanber housing to

t he base. p of onding the first open end of the

el ectrolytic ch erﬁg using to the base over the liquid chanber so as to
house the |iquid’chafbér 25 conprises anodically bonding the electrolytic

chanber 5housi ng(B)o t ﬁ&uid'

(c) semisolids; and
(d) gels.

Preferably, the cover further includes a sensor adapted to sense one or

more of the:
10 (a) internal pressure; and
(b) internal temperature

of the electrolytic chamber, is in communication with a current controlier and is
adapted to provide information to the current controller regarding one or more of
the:

15 (@) internal pressure; and
(b) internal temperature
of the electrolytic chamber.
Preferably, the step of:

()  bonding the first open end of the liquid chamber housing to the base
20 over the outlet

comprises anodically bonding the liquid chamber housing to the base.
Preferably, the step of:

(e) bonding the first open end of the electrolytic chamber housing to the

base over the liquid chamber so as to house the liquid chamber

25 comprises anodically bonding the electrolytic chamber housing to the

base.
Preferably, the step of:
0) filling the liquid chamber with a liquid



base. Preferably, the step of: (j) filling the liquid chanber with a |iquid
13 04/ 11/2004 includes the prelimnary or subsequent additional step of
de-gassing the liquid. Preferably, the at |east one pair of electrodes are
spaced at regular intervals around the inner wall of the electrolytic
chanber housing. 5 In one form the at |emst one pair of el ectra@es/roos
conprises two pairs of electrodes spaced at regular intervals around the

inner wal | of thgcigh&s thé p¥diirkina BF”&%E)S%@%%{ néhdiﬂi&heff%‘?%#‘%"f de9gA8sind' hét

| east one pair of electrodes conprises t tpa| rs o ectrodes aced at
regul ar intervalliguitound the inner wall of the electrolytic 10 chanber
housing. In a further form the at |east one pair of electrodes conprises
four pairs of dtrefarablyedhe paic bzhshtone gaimiof i eleetroddss ase spatetihat iregear wal |

of the electrolytic chamher housipg. Preferably, the el ectrodes are at

| east part i'ﬁﬁ%@ﬁﬁ&@ﬁ@ﬁ\'ﬁﬂ@ \Hﬁﬁﬂﬂ&@ ?JF?"?'M&C C%@W‘Eﬁéh%‘g“&nd al | olys; |
ducti t al | des; onductive nmetal halides; conductive sil.icides;

conduct ve bor | dBONS L B8] Goleest BacRar ol dHledicedareoAPIReR w0 pairs. of

mul ti-1|ayer PeHeGt ' inteRAIVGH | 8l I e -he
devi ce. ?/s ealtgéaipt ed tQ;géc?eé)? ggsreeél%lﬁg "?t?qw d%‘gtét)"yftd I 0\?\’5 ¢é;rt\§alé)fd? tgg %é%\ggﬁnél
and 1000 nichamberthossinger second.

In another form, the at least one pair of electrodes comprises three pairs of
electrodes spaced at regular intervals around the inner wall of the electrolytic
10 chamber housing.

In a further form, the at least one pair of electrodes comprises four pairs of
electrodes spaced at regular intervals around the inner wall of the electrolytic
chamber housing.

Preferably, the electrodes are at least partially made from one or more of:
15 (@) metals and alloys;

(b)  conductive metal oxides;

(c)  conductive metal halides;

(d)  conductive silicides;

(e)  conductive borides;
20 6 conductive carbides;

(g9  conductive nitrides;

(h)  multi-layer conductors; and

(i) other conductive materials.

In one form the device is adapted to release the liquid at a flow rate of
25  between 1 and 1000 micro litres per second.

In another form the device is adapted to release the liquid at a flow rate of
between 1 and 1000 nano litres per second.

In a further form the device is adapted to release the liquid at a flow rate of
between 1 and 1000 pico litres per second.



In another formthe device is adapted to release the liquid at a flow rate
of between 1 and 1000 nano litres per second. In a further formthe device
is adapted to release the liquid at a flowrate of between 1 and 1000 pico
litres per second. 14 04/11/2004 In one formthe liquid chanber is adapted
to be filled with the liquid only once1and the el ectrol ytic chawhberodss
adapted to be filled with the electrolyte only once. 5 In a fourth aspect,

the present 'nVWBh@rfoHﬁQHﬁqﬁﬁicﬁ‘c%Befjisoéﬂ 5@&%8&4 pﬁéd;g:n?;;k%hiﬁ only

delivering device, the net conprising the steps provid

subst ant i aldnge@nainthe dlasteoliticsciamber suadapted rhetbel filledtwith theuelestrolytapilyd t o
all ow sel ective passage of a liquid therethrough; (b) providing a liquid
chanber coMPsing a substantially rigid and substantially tubular housing
having a first open end and a second open end; (c) bonding the first open
end of the liquid chanber housing to the base over the outlet; (d)

provi di ng a substanti aI I pl anar def or mabl e nenbrane hayvj ng r
section®and an i‘i‘)t 8r 9%’3 gapeet; )t )prﬁéﬁﬂﬁ H@V?W%&rgﬂ'd@éctq o’ﬁ'eg']'?Od[ h‘gfe

menbrane t gu4 %ﬁﬁ&%l Lﬁideéwehm? cgéa substantlal {mﬁsmg thesRpshng an

el ectrolytic c er-co r|5|ng tubdl ar housing of a

greater di amet eyapndprbiaiah" L069ahNAN bl b%@enmm UHSINEANErdIAViFRY an

open end and a seal east one pair ect rodes at
| east partially insi datleﬂm:iamedjm alipw selectlve passage of a liquid therethrough;

(b) providing a liquid chamber comprising a substantially rigid and
10 substantially tubular housing having a first open end and a second

open end,;

(¢) bonding the first open end of the liquid chamber housing to the base
over the outlet;

(d) providing a substantially planar deformable membrane having an

15 inner section and an outer section;

(e)  bonding the outer section of the membrane to the second end of the

liquid chamber housing;
) providing an electrolytic chamber comprising:

(i) a substantially tubular housing of a greater diameter and
20 length than the liquid chamber housing and having an open
end and a sealed end; and

(i) at least one pair of electrodes at least partially inside the
housing;

(9) inverting said electrolytic chamber housing so that its open end

25 faces upwards;

(h) at least partially filling said electrolytic chamber housing with an

electrolyte;

(1) inverting said liquid chamber so that its second end faces

downwards;



i nverting said electrolytic chanber housing so that its open end (g) 25
faces upwards; (h) at least partially filling said electrolytic chanber
housing with an electrolyte; (i) inverting said liquid chanber so that its
second end faces downwards; 15 04/11/2004 G inserting the liquid chanber
into the electrolytic chanmber until the qgpase conmes into direct qQjqqjoagl r ect
contact with the open end of the electrolytic chanber; and (k) renovably

fastening the base t I : | mer,, Usi 5 t enj.

devi ce. gr efer agﬁy, mgeé}ﬁng ﬁ@%ml{]ﬁ,&yéﬂ%@wﬁiﬁigﬂgt‘%Ig%éélp@? 853" %f iqnlt'rﬁ?ft_he
liquid chanber w thbaskicpmes into direet boirdirecheontaepwith the!dgerderddief kheiui d
chanber with a liquid comi)rjses the steps of: 10 (a) providing a one-way
liquid inserting val ®eqtiolticechamber; apd val ve adapted to provide one way
liquid access to the inside of the liquid chanber; and (b) filling the
liquid chamber WKk h &emoyably fasteningtheabase tq thesglectrolytic shemherdising theof

fillinggthe liquid chagh | a liquid 15 conprises the steps of: (a)
provi di r?g aliquid inserﬁ]ﬁ\é&%eé in the base; (b) filling the liquid

chanmber with a Ig g i lie; ( ' t l&.t herehy .
sealing the I|i qlﬁrgi‘élr%bl\[}hgh% pﬁﬁ&gdcwgﬁg&s. ﬁ%%ﬁﬁ‘tfgﬂgl fsPereP g’ip@é’ig ??%gpéb'fdesent
i nventi on phambseswvith atigbidd of assenbling a [|iquid delivering device
conprising: (a) a substantially planar base having an outlet therein, the

outlet adapted |t ®na! form, sied atdp BEfiliagthgdioald ahamber ithhgniqlidr esteprises
the steps of:

10 (a)  providing a one-way liquid inserting valve in the base, the valve
adapted to provide one way liquid access to the inside of the liquid
chamber; and

(b) filling the liquid chamber with a liquid via the valve.

In another form, the step of filling the liquid chamber with a liquid
15  comprises the steps of:

(a) providing a liquid inserting hole in the base;
(b) filling the liquid chamber with a liquid via the hole; and

(c) sealing the hole thereby sealing the liquid in the liquid chamber.

20 In a fifth aspect, the present invention provides a method of assembling a
liquid delivering device comprising:
(a) a substantially planar base having an outlet therein, the outlet

adapted to allow selective passage of a liquid therethrough;

(b)  a liquid chamber comprising a substantially rigid and substantially
25 tubular housing having a first end sealed by a substantially planar
deformable membrane, a second end bonded to the base over the

outlet, and being filled with a liquid; and

(c) a separate electrolytic chamber comprising:



(b) a liquid chanber conprising a substantially rigid and substantially 25
tubul ar housing having a first end seal ed by a substantially pl anar
def or mabl e nenbrane, a second end bonded to the base over the outlet, and
being filled with a liquid; and (c) a separate el ectrolytic chanber
conprising: 16 04/11/2004 5 (i) a substastially tubul ar housi ngo#fi1/2004
greater dianeter and Ilength than the |iquid chanber housing and havi ng an

open end and a seal end; k4 a ahr I t
| east partially insi f8 chd S%@'@rﬁé@’ ﬁﬁghﬁeﬁﬁgﬂﬁgoﬁp?i%@E&étﬁgﬂﬁigﬁ?ngf:

10(a) (b) 15(c) (d) (e) i length than theeliguid ahaotbariousingrbed having ag opent hat
Its open end faces upwards; at, |least ,partially filling the electrolytic
chanber housing with an gpgéﬁpcﬂ %aj,ed PH%?'E‘F ng the liquid chanber so that

its second end faces,.downwards; inserti the liquid chamher i.nt.q the

el ectrol ytic chamber (nti @Y\ﬁ%%sst %é’a&roﬂgglqcﬁpgeai%{e@?%ﬁaﬁmr'Bﬁ'ﬁectgﬁt act
with thg open end of the phgigmgrol ytic chanber; and sealing the electrolyte
in the electrolytic chanber. rénovably fastening the base to the

el ectr ol yt iyge FlEAREE CofprisRBthd REcpigbrut this specification, unless the
' the

context requires otherw se,
(a) inverting the electrolytic chamber housing so that its open end faces

upwards;

(b) at least partially filing the electrolytic chamber housing with an

10 electrolyte;

(©) inverting the liquid chamber so that its second end faces

downwards;

(d) inserting the liquid chamber into the electrolytic chamber until the
base comes into direct or indirect contact with the open end of the
15 electrolytic chamber; and

(e) removably fastening the base to the electrolytic chamber thereby

sealing the electrolyte in the electrolytic chamber.

Throughout this specification, unless the context requires otherwise, the

20 word "comprise”, or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated element, integer or step, or group of
elements, integers or steps, but not the exclusion of any other element, integer or

step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like

25  which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field relevant to the present invention as it

existed before the priority date of each claim of this application.

30



20 word "conprise", or variations such as "conprises" or "conprising”, wll
be understood to inply the inclusion of a stated elenent, integer or step,
or group of elenents, integers or steps, but not the exclusion of any

ot her element, integer or step, or group of elenents, integers or steps.
Any di scussion of documents, acts, materizals, devices, articles oarirbes!ike
25 which has been included in the present specification is solely for the

pur pose of THY PHifeired Emisetit@rt for the present invention. It is not to be
taken as an adm sSion at any or all of these matters formpart of the

prior art base HBBRIM ] : t d' to
the present i nvgltf;e%%ﬁ%ds%lt ex?ggg{j eelfggﬁé‘ﬁc?ﬂg/ﬂbt\?vgrqétegé%&![ bpygg%ﬂb]::l aim
of this apExamnleonly, 3Gthirefe@rendd i@ thedaddoenpanying devigdmdivhieht A preferred
enbodi nent of the invention will now be described, by way of exanple only,
with reference to tﬁigmecbnipaay‘sdgerﬂaﬁmicmgﬁs -sectigmat hiewi ofuaefidst i preferred
schemati_c cross-s .on | rst .preferred enbodi rrent of, t he
liquid deliveri ﬁaﬂ'eq? cf%% ﬁ}?eq'ﬂf“&éirﬂ“v?r fig\ige of %Eﬁ/\ll RI§SeRk inyantigay
valve in its cl @ﬁeﬂmgotﬁetdﬁynwaﬁwa%%%s'c%@eo%&% ;i ¢ cross-sectional view
of the device of Figure 1, show ng the one-way val've in its open posi tion;
Figure 3 is a sche 4 1is
Fiaure S 13 2, SchenRigure s i@l B8a d8HiGR o LU GNiod t FRBH 7,

def or mabl e nenbshewirg thavanegway vabve io dswipenepositionyeezed the i qui d 1 from
the liquid chanber 2; Figure 5 is a schematic cross-sectional view of a
second preferred eﬁigmeriﬁéata scthenmadic plgoivievd of theedevice devigoe ¢f t he present
i nvention; 15 Figure 6 is a schematic cross-sectional view of a third
preferri@d enbodi nefiguse 4 ke schpmaticlelossesectignalerew of tie meceroé:ﬁagﬂre 1

I nvention; Figurg 7.1S,a e | cC_cross-sectional view of a

preferred enboaﬁﬂ)gmg the 5#81r$$ﬁ|8i ge f?'\‘)%r% *ﬂﬁj"%@#fﬁ@stoqomm.'sted\‘ gggﬁ@zed

i nvention; and thd Byli€@ 1%rérh tAe F§HAMHaNtbRBSS- secti onal view of the device
of Figure 7

Figure 5 is a schematic cross-sectional view of a second preferred
embodiment of the liquid delivering device of the present invention:;

15 Figure 6 is a schematic cross-sectional view of a third preferred
embodiment of the liquid delivering device of the present invention;

Figure 7 is a schematic cross-sectional view of a fourth preferred

embodiment of the liquid delivering device of the present invention; and

Figure 8 is a schematic cross-sectional view of the device of Figure 7
20 showing the base and liquid chamber separated from the electrolytic
chamber.

Referring to the drawings, Figure 1 shows a schematic cross-sectional

view of a first preferred embodiment of the liquid delivering device of the present

25 invention. That device comprises a sealed electrolytic chamber 10 which is
adapted to contain an electrolyte 4 and which has three pairs of electrodes 6,7 at
least partially in contact with the electrolyte. The device also has a liquid
chamber 2 which is adapted to contain a liquid 1, pressure transfer means 3
separating the electrolytic chamber 10 from the liquid chamber 2, and



20 show ng the base and liquid chanber separated fromthe electrolytic
chanber. Referring to the drawings, Figure 1 shows a schematic
cross-sectional view of a first preferred enbodi nent of the liquid
delivering device of the present 25 invention. That device conprises a
seal ed el ectrolytic chanber 10 which is18adapted to contain an e#e¢t200d] yte
4 and which has three pairs of electrodes 6,7 at |east partially in

contact W Lan{iRigtetngCheahy 118 addited @Y iréR a6 IRe Inaa.da1 Ificmvitis liGiNardHimtzerwhi ch

is adapted to contarn a lirquid I, pressure transfer nmeans 3 'separating the
el ect rol yt iundenthebiefluarnce ofppressierel applied te therliguwid Zhasber.18 04/ 11/ 2004

adm ni stering neans 15 adapted to release the liquid 1 fromthe liquid
chamber under Aleshomir imanigure)ﬂ wheﬂsamurrapblsi passed thneugh the electralyteedt. As

The o ect r obdve, otBfker of NupherCF BBl Sk BiackC Rl Jab S ©

generat 6d igepBldteg ﬁbﬁptﬂh@ )éléttl‘blyﬁtéemetthetéwr §RGreBsing" PrSsHife i Iifsidle thee
el ectrol ytlc chanber 10. Next, that increasé in pressure is transferred to

the |iqui @lesieiyisr chamber ffe Plext sthet ineranse dn preasiyesis ransferred ta the

Via the aciinioCEBkeP 2, kintie, Bréssute iharsiieARefs & o fobdfnen e RABR
chanber 2 iggnaumtotittie iquitiof isyreleased tfiun thd dqeiiehambertd viachamadeninisteringot h

chanbers are coaX|aI are substantially cylindrical in_ shape, and sh?re a
conmon basdnaans the In-tisrpeaferred embadimant th Ieét%‘id ghamber 2 {s Wreimned whol

subst angi al| t I

mat or | aFs. ] SR Sl ot O iR e dts @Y oo AR ot ahd ars
bonlde(cji anoﬂ:iybra?driqal nmgha@%lmlgbshﬂe é’hgnﬂmpn pfaisdlahé’;. _eTbaétchambe'rs:ammﬁubrah s 15
sealed with a cover made fr tatl. i Qi ter

metals, all®3PIATRYNfrem, %‘Warg]@ﬂ)é 9&‘? %’CF‘ % m??%s'g?lbyér paymeric
embodi ment ’ortc%%g?ﬁ\%/ hraqemaﬂscqﬂ%weﬁ%duﬁeﬁg th@‘dhéﬁ{b%% if@trhade FRM |é§ses

i njection no and/ or mechani cal machi ning. The pressure trans means

3is, int myhncﬂﬂrefb@mded anodindillytmthe basezm3dé'hertqnl®|f dwewelﬁbtfalut;c cmmeew
al (e nat V& SIPINIEDLS, 00X (GREL G PR Pt REESFAERal SBBR'Y mibEARS

alloys, polymeric or ceramic materials.

In this preferred embodiment, the device is constructed using

microfabrication techniques, injection moulding and/or mechanical machining.

The pressure transfer means 3 is, in this preferred embodiment, a
20 deformable membrane. However, alternative embodiments may employ any type
of pressure transfer means including a bellows, a piston, a diaphragm, a bladder

or the like.

—_ _.__The deformable membrane of the preferred embodiment is at least partially
made from hyper-elastic materials, materials with high elasticity and/or materials
25 with high plasticity. In addition, the membrane 3 is at least partially made from

one or more materials which resist permeation by gas, liquid, semi-solids and/or

gels.

As shown in Figure 1, in this embodiment, the membrane 3 is circular in

shape and is fixed at its perimeter to an upper edge of the liquid chamber 2. As

30 shown in Figure 2, when pressure is exerted from gas generated in the
electrolytic chamber 10, the central part of the membrane deforms into the liquid

chamber 2. As shown in Figure 4, because the membrane is made from highly



or the like. The-deformabl e nmenbrane of the preferred enbodi nent is at

| east partially made fromhyper-elastic materials, materials with high
el asticity and/or materials 25 with high plasticity. In addition, the
menbrane 3 is at least partially nade from one or nore materials which
resi st permeation by gas, liquid, sem-stids and/or gels. As shloani/20m
Figure 1, in this enbodinent, the nenbrane 3 is circular in shape and is

fixed at i telagtRy inasrRils,tin iRfulpReforfttdestate ithan &aEhd righR i He Basd'of 81
shown in Figure 2, when pressure is exerted fromgas generated in the

2
el ect r ol yt illguichehanaben squeezing @lof dhe ficwid ast. t he menbrane deforns into the
liquid chanber 2. As shown in Figure 4, because the menbrane is nmade from
hi ghly 19 04/ 11As08hownaist ifdguret dr i thes administesing umeandef br ok dhatpreterred can

tend ri . i_gquid _chapber, squeezin |1 _of the
qui d out EROtnE i eplod 18 releatle Slal AT oRGtEC a8 dhappbien e
preferred aimipistereitt to &1 adbjeiceeither rditesliyeot sditdatyi d 1A theofitst srefdry d
chanmber 2 and 5 admnister It to a subject either directly or indirectly.
In the fir@mbediment the administeEng MeansLaMpiisassa Png-wavaeheakorive $5made

2 Sovond var I ACCES nalirlTaA odria 8 8hd ¥ srBYNT Sl 38 el F e

first and skfomibblaflange 48, Ih4hisrembaodinent tthe dirstidrdcsecondleafersradufagiar ed

using m cromachini ng. technj ques. her 10 forns of one-way valve are al so
envi gaged. ”?ﬂ'%‘g]ga@ “CW%@%S\V%@ actyred Usipg dnicrRaeiinipg) teehniayes.n Other
def or | e ) | I ISt ' ' '

Cover s Phe Tonas BPonéylal VA5 8% ASYRIHYEA00E), T R Rlel ' iRck Bals Btioted

| i qui d charaheck Yatveaamed thendeformsbis flange 45 s bjasedetodafds audidsed positien #0

| ] ing 39 and releasing Liquid fromth
[ aui - 15 HEhIfoverE T GRnig 29 gakoShdn 30 £igirs 2. WEs Atk IHBAchit i nl ve
is in CO_fTTﬂql]icPéﬁérﬁBerV\Q?élache%@frﬁ?éér%ld%ss‘dﬂe,tthé%e%m%lgﬁﬁﬁ%eTrdfb fgmpect or

is a cylindrical glass tube centred on the valve 15. The Inhe anmeter of
t he tube 3putwardly,i yacevering joe openminghd9sane releading Viguid figmathe iliguidsed

to connl%ct c?\aprﬂ;éf.”eri c

As shown in Figures 1, 2 and 4, the one-way check valve is in
communication with a connector 34. In this embodiment, the connector is a
cylindrical glass tube centred on the valve 15. The inner diameter of the tube 34
is slightly larger than the size of the valve 15 and is used to connect a polymeric

20  tube for transmitting the liquid 1 to the subject. When the liquid is a drug liquid,
the polymeric tube transmits the drug liquid into an injection location on the
subject.

Turning now to Figure 5, in the second preferred embodiment of the liquid

delivering device of the present invention, the administering means 15 takes the

25 form of a plurality of micro-injection needles 37. In this embodiment, the needles

are attached to or fabricated at the substrate silicon piece 13 and allow the

device to be attached to or implanted inside the subject, delivering the liquid,
such as a drug liquid, directly.

Turning to Figure 6, in the third preferred embodiment of the liquid
30 delivering device of the present invention, the administering means 15 takes the
form of a nozzle hole 38. In addition, the liquid chamber 2, electrolytic chamber 5

and base 13 are formed as a single unit. This unified embodiment may be made



20 tube for transmtting the liquid 1 to the subject. Wien the liquid is a
drug liquid, the polyneric tube transmts the drug liquid into an
injection location on the subject. Turning nowto Figure 5, in the second
preferred enbodi nent of the liquid delivering device of the present

I nvention, the adm nistering neans 15 takes the 25 form of a pl 04/&1/2a04 of
m cro-injection needles 37. In this enbodinent, the needles are attached

to or fabr ?94@@%(% rrH‘qulﬁg?%Iyrn?érﬁ; Hiatdriafd) RrSAR rhdteriAls, %étQHthnl‘i'ﬁerlél%Vdrce to

be attache I mpl ant I'nsi de t he subject, delivering the liquid,
such as a ather Mmadeiial, suitabde tfoy . injestion ngoulding. gul’teﬂ‘@y alsot he maidedusing

preferred enbodi meréﬁ] of .t he |W% hd 3p gellverl ng devi ce of the present
i nventi on, CPH)ée'?ﬂﬂﬂ Fletcg?f“r‘l"a LRAONESCAREYSPhe "form of a nozzle hoI e 38.

In addition | i quid cha , el ectrol chagber d b e are
formed as a si nﬁl%a’hﬁﬁet Seami EorUn Fi Blane“’ﬁ)f}'dﬁf’rgﬁ?urﬁagb@@t iﬁ%gﬂ }ril(? 2004
by i nj egti @ediRidedi 619, quiQ/zg nacCarebdpidedl at reg@ilzRThiervas Slittih She BRIGMIIytiR

materials or other material suitable for injection nouldin It may al so

be made usuchgmheon%ntTbﬁ@noﬂ@@handc@athmuane r@raragﬁmuaﬂama vely aa@. e seen

6 91 52" saNndbEH 18nd cHAMBers ifi8fna Walt 41 v Sn8 Yyeh dhrip ic FElE T es
chanmber 10 andneathb@es endlfbsCHalAHES afé Gn dohtatd adittathie elstiolte ¥ Ao dnalter
connected to the chanber's internal wall 41. The_ even distri butlon of the

anodes andvhaitariemtation ther daviea it helddp. Althqughcthis amboginentingluges dhrest yi e
4 N0 MBLL efy Mgt Ié’étt &S étféi\@ %Q%F%%Mb%r??é%lé#rod@%teﬁ@% ERliRaged.

embodi ment ANel Udes el'ectro ewer, or greater nunber
of el ectrodde eleetrediemnwy\besa@elé from mmetalsemetatjalk)ysagzommldmdeméhabm(ldes,al s,

nmetal alloys, conductive 0X conducti ve | des

conducti ve @Pﬂpﬁﬁ"ffe@etébngﬁ‘i? 'E&C?}S"éss'“ u‘fﬁ']q}’& é}%ad&és copauetlys i ve
nitrides, radidifed aﬁSﬁdG&%Uﬁ&ﬁdés Snuftiiayet %hdee@%marl 4fy dtRbECoRbuctiRe A
shown in Figures 1 and ectrode 6 IS wre-bonded to pad 11 via wire 8.
El ectrode Tnaterial.r e- bonded to pad 12 via wire 9. As shown in Figure 3

el ectrodes 21, 22, 23 and 24 are wire-bonded to pads 25, 26, 27 and 28 in a
15 As shown in Figures 1 and 3, electrode 6 is wire-bonded to pad 11 via wire

8. Electrode 7 is wire-bonded to pad 12 via wire 9. As shown in Figure 3

electrodes 21, 22, 23 and 24 are wire-bonded to pads 25, 26, 27 and 28 in a

similar way through wires 29, 30, 31 and 32. In turn, pads 28, 11 and 25 are

connected to pad 17 via a lead 19. Similarly, pads 27, 12 and 26 are connected
20 to pad 18 via another lead 20.

Pads 17 and 18 are connected to a power supply 35. In the first, and
possibly the second preferred embodiments, the pads and leads are fabricated in
the surface of the base 13 using micromachining technology prior to the
assembly of the device.

25 As shown in Figure 1, the preferred embodiment includes a sensor 36
connected to the cover 5 of the electrolytic chamber 10. That sensor is adapted
to sense internal pressure and/or internal temperature of the electrolytic chamber.
The sensor is in communication with the power supply 35 shown in Figure 3 and
provides feedback to a current controller within that power source regarding the

30 internal pressure and temperature of the electrolytic chamber. By adjusting the
current supplied to the electrolyte the device is able to deliver a precise volume of

liquid at a precise flow rate. This is because the volume and pressure of the gas



simlar way through wires 29, 30, 31 and 32. In turn, pads 28, 11 and 25
are connected to pad 17 via a lead 19. Simlarly, pads 27, 12 and 26 are
connected 20 to pad 18 via another |ead 20. Pads 17 and 18 are connected
to a power supply 35. In the first, and possibly the second preferred
enbodi nents, the pads and | eads are fabraicated in the surface qfytPpgofpase
13 using m cromachi ning technol ogy prior to the assenbly of the device. 25

As shown i | , [ i i ncl
connect od (LOARKEELY thé Bedlii<is nfdy BBl CAIEUHRE U HREUAPE law,
adapted tAseusk, the gressurerefsthe gasnandritsi rater ofachhegmenay Wwee cohtrolhe

el ectrolytic ch er. .. The nsor is jn.co nication with the power supply
35 shovvnyi rprﬁ?@%]gg%agmﬁngﬁggiQi’égeraefl%‘ﬂ%% 'EO(S‘QE &‘Gr‘?’@ﬁt’o%ﬁr@l ﬁ@rvewq hin
that power 78656 §olupeebeliiqliid B8 pRecisB BTkt Pr €ssure and tenperature of the
el ectrolytic chanber. By adjusting the current supplied to the electrolyte

the devisce is alfhg iﬁ\‘iérﬂﬁ}si N&le dsdd ﬁ% &@vic‘,’é’kdjﬁﬁmﬁ{i?tﬁtiig‘gigg ﬂ}%%?%ﬁgygé} flow

rate. This is because the volunme a pressure o (
produced by3.2 manellies mersecendnHdveevrr cwith naingr cariationstte the denigeFamadiay ' s

law. As such, the.pressure of the.gas and its rate of change may be
control | ed orlgr%%t]egggv 8 Sdafﬁi)feﬁfg"é{‘r‘?@'current f1 owi ng through the

| lyte 4 to delli ' | f ljquid at i se flaow
fate. 5 The i nvinCOPsSHBIEmAaSt IResiRATLef de dleticr would P adared o bR e
as low as y3ed mvl@nbétdrﬁﬁtﬁé‘?lrdi§?6§%j.- FH?‘@?(&ﬁ{pl%%bh'c{i‘ﬁd‘egar\ﬁiﬁéf 2 3P Hd ©

the device, smaller or greater Tlow rates may be achieve n one
enmbodi #ént ,degigneddetbeplillad with ligeiddenly oscemnddhe electmipticcchamiier 1QUswy benl y

once and t | snEQr anp! he |iquid chanber 2 may be 1

desi gned t%‘?@gﬂ#fﬁﬁ?:@é’\ﬂu?ﬁ Wﬁﬁu&gc@ﬁlyﬁ? 8H!ye%5ﬁ8' tgfeeleéampéﬁ" WAfi @ Qq{g{ﬂlb’er 10
nmay be adapligpbsabldferhidflted préddnt ihestibhliy sRoWRliry FRjIFSs 7@ &xanpl e of a
partially disposable formof the present invention is shown in Figures 7

and 8. Ref erri ngefférriag fiysthotoTFigure7 7in this éMbsdiprEitdheMctioRicBrRFpite o | C
chanber 10 is renovably connected to the base 13 by nmeans ‘of a fastening
mechani sm (h&Moyably genRRgctedfodpe hasei b by sreansqof 3 frdieainganechanismdnet ng

s plaggd RELWRSN Ad'Gppropriate seal 42 such as a rubber o-ring is placed between the

electrolytic chamber and the base 13 to ensure that the electrolyte 4 does not

escape from the chamber. As shown in Figure 8, once the device has been

used, the fastening mechanism can be released and the electrolytic chamber

may be separated from the combined base 13 and liquid chamber 2. In this

20 embodiment the used liquid chamber may then be disposed and replaced with a

new liquid chamber.

To re-assemble the device with the new liquid chamber 2, the electrolytic
chamber is inverted and filled with electrolyte 4. The new liquid chamber 2 and
base 13 are also inverted and inserted into the electrolytic chamber 10 until the

25 base 13 comes into contact with the electrolytic chamber 10. The seals 42
between the electrolytic chamber and the base 13 ensure that the electrolyte
does not escape the electrolytic chamber. The base and the electrolytic chamber

are then fastened together using the fastening mechanism.

In this way the electrolytic chamber portion of the device may be re-used,
30 limiting the disposable part of the device to the liquid chamber and base, thereby
reducing its operation cost.



el ectrolytic chanber and the base 13 to ensure that the electrolyte 4 does
not escape fromthe chanber. As shown in Figure 8, once the device has
been wused, the fastening mechani sm can be rel eased and the electrolytic
chanber may be separated fromthe conbined base 13 and |iquid chanber 2.

In this 20 enbodi nent the used |iquid ctkanber may then be di sposedi/acnd
replaced with a new |iquid chanber. To re-assenble the device with the new

1quid charber AnytdinelepsdcithisCor HROGERAEe al TR 1€ oRBboddrRAt bf bh

electrolyte 4. The new | i quid chanber base are also inverted and
inserted i mpmnlete Ieluatdehﬂew systemnibbe demoermay tm¢refoze beadrtachied famsthent o

ety ol vt restinE SRR and GisBOSER Sr klised Wik Fitrdth e Gl "fihen 1oc

escape the teé qrqhicphyta dredaighry, -théhsreBane iikAtibRcis easlicableyin @ ¢ esf are
t hen fastened toget her usi ng the fasteni ng nmechanism In this way the

el ect r oPyt ineedifaldng bisonedigal fieldshdseeof e dryjcewould bede admipistarinsuling t he
di b th
anoran ¢ 8 ¥kndlcs Rt (CKDPRaIE bl St 1RBHL, R KRRTRAdE TR,

devi ce nay falricate Uistis ccumpatitpe ngittt thbseé usedml ¢he deémidcahdietorvimdysty sérem
The device may therefore be detached fromthe rest of the system and
di sposed, dYCrRIGESAIMIILINGi|1ing with a new liquid. Wen the liquidis a

drug liquid, the present inventjon is applicable in a variety of 5 nedi cal
and bi o- medi cal "f &teptﬂerr@ﬂéorm the gagdibetatedfionythecelestralyta 'ﬁlnﬂ"etpxicnsul in

to diabetics. I S not expensive to produce because the know edé;e used to
fabricdfe it i sA@JﬁHb?moé"Wﬂﬁ thtb§e°rﬁ§%@$ inMentirn ;ay be sised deAdminisier ry
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the electro e I S non-tox odi ne he ‘prese
i nvention rhqwdodelu&endgtde\mbmaldesenbedi |atpovd. tTheanextbsteptinusives cannemttn@r of

steps. The rs i nvol ves, proovidjng,the . liquid liverin i ce, as
Gestr bed. ABRAIMRIETIG IMeaSp!d HIR SUBIECE orldBE: (HES Ohdnd SRANd LF B aans
to the SUbJé%ﬁISodlhféni *&ﬁo%sﬁn Plgutd'® %Q%%&ra%ﬁhfsﬁéhngemé%k%pﬁé&“fhé il
Figure 5 where the adm ni sterl ng nmeans conpri ses
15  plurality of micro-injection needles 37, this step mvolves inserting at least part of
the plurality of needles directly into the subject. In the case of the first, third and
fourth embodiments shown ‘in Figures 2, 6 and 7, the step of connecting the
administering means to the subject would involve connecting one end of
connecting tube 34 to the one-way valve or nozzle and connecting the other end

20 of the tube 34 to the subject via an appropriate injecting device.

The first three embodiments of the present invention may be manufactured
according to a method comprising a number of steps. The first step involves
providing a substantially planar base having an outlet in which the outlet is
adapted to allow selective passage of a liquid through it. The next step involves

25 providing a liquid chamber made up of a substantially tubular housing which has
a first open end and a second open end. The next step involves bonding the first
open end of the liquid chamber housing to the base over the outlet. The next step
involves providing an electrolytic chamber comprising a substantially tubular
housing of a greater diameter and length than the liquid chamber housing and

30 having a first open end and a second open end, and at least one pair of
electrodes extending at least partially from an inner wall of the housing. The next

step involves bonding the first open end of the electrolytic chamber housing to



15 plurality of mcro-injection needles 37, this step involves inserting at
| east part of the plurality of needles directly into the subject. In the
case of the first, third and fourth enbodi nents shown in Figures 2, 6 and
7, the step of connecting the admnistering neans to the subject would

I nvol ve connecting one end of connectimg tube 34 to the one-way4malges or
nozzl e and connecting the other end 20 of the tube 34 to the subject via

an appr opr itaé ®asBj e&rithd lidald e8ambbe shidsSto h@u@tﬂ:ﬂguf@%ﬁb & THE nexesent

i nvention may be manufactured according to a net onprising a nu er of
steps. The step W%\tesppiqw:bmg/@esulpstammllynglaaas dbmrmabimme;mpnaaneawhbhsreas

havi ng an e dap d ta allowselective assage
of a liqui %hﬁ%ﬁéﬁdm g%%nn%lﬁfg 35%%)'1 nv ﬁ §F §@pd%9h’9§ Il?&ngln,gl &i

chanber nadection of tife mamibranki tal thi %bhh@ndh@{hbﬂ ui ckdmbap hoasmgr SthePpen
end and a second open end. The next step involves bonding the first open

end of Phe NEXstep ENalVBEPravdiony substamauml@nampvembawng |agx innEh seetinn

step involy r n I ) ubst ally
Cubal ar | neng: 2 Becs iRy  hereR s o BontBiThe e Bt b lin.er
housi ng and:osértmthierugcanﬂlemsltofabemqeﬂcbmmbel eeeiyd open end, and at Ieast
one pair of electrodes extending at |east partially froman inner wall of

the housing. Th®Onuexthe sbave stepsiheee Busildoge, tthe device isoieady 86 beobrirBa.
el ectrol yt |1j?c anber sing to 23 04/11/ 2004 the base over the |1 quid

chanber so %S%%e@?%r@@ Y’ magtegwith hpae-wahliauid inserting yajvey whighsallows
provi dijgg n%‘Wé%%EéQé loy aolltﬁ’urlqhmﬂ)e Y RS of BE I|§ %ﬂrﬁﬂepaﬁ' heaﬁllekﬂyﬁer
e next step I nvol on

section an ter sectio I'ng the outer
section of thére inweiesafiling the liquidechmmbemditioithe tiquidi csubld ashandpey liGoids vizg.
The 5 next 'it &R I nvol ves providing a substantially planar cover having an
I nner sectl aé an outer section. The next step involves bonding the
out er section of, the r to the second end of the I|i UId chanber
housi ng. Once t AWe %\Y&R’sf'&ﬁaﬁ%@va@%m%\wt h eHiguitbipsedingshole amif. Qnase
primed.  Thee Rl tRambel Hadtbe |ve
whi ch al | ows %O one- way accesserg?ﬁ@d %%F‘% F@?‘o thégHb%é 'ﬁtﬁggllg b\éa
chambert5 Tisealast hod t hen involves filling the liquid chamber WI th the
liquid, such as a drug liquid, via that valve.

In a similar way the electrolytic chamber may be (at least partially) filled

with a electrolyte via a hole or one way valve in the cover. The preferred
manufacturing method uses a resealable hole for the electrolytic chamber and a

one-way valve for the liquid chamber.

20 In an alternative method, the step of providing an electrolytic chamber
comprising a substantially tubular housing of a greater diameter and length than
the liquid chamber housing and having a first open end and a second open end,
and at least one pair of electrodes extending at least partially from an inner wall
of the -housing is replaced by the step of providing an electrolytic chamber

25  comprising a substantially tubular housing of a greater diameter and length than
the liquid chamber housing and having a first open end and a second open end.
In turn, the step of providing a substantially planar cover having an inner section
and an outer section is replaced by the step of providing a substantially planar
cover having an inner section and an outer section and at least one pair of

30 electrodes extending at least partially therefrom.

One particular application of this method of manufacture may be described
as follows:



Alternatively, the base may be made with a liquid inserting hole init.
Once the liquid chanber has been filled with the liquid via that hole, it
can then be 15 sealed. In a simlar way the electrolytic chanber may be
(at least partially) filled with a electrolyte via a hole or one way val ve
in the cover. The preferred manufacturi2dg nmethod uses a reseal abtie2008] e
for the electrolytic chanber and a one-way valve for the |Iiquid chanber.

20 I'n an al ter nat éiNGrT8LbSFate (EReSkEBrAbd iy R06MIvAY iRlctGhlvel ditd @ shanber
conprising a substantially tubular housing of a greafter dianeter and | ength
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substrate %ﬁaida‘ﬁ f@ 1RE ¥iddh awarBe-Mee. i NTRE aﬁé-waya%@pgtb%ﬁre w8y didd et

val ve (or other admnistering neans) In it, using mcro rication
t echni goe. atimisisteringoingans) ihtheisilicansbdse isddcatedrwithiryhe boygted arembf the

linder. A set of th ' | d de i ' | wal l
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hol | ow cyl i nder "havin smal | er dianeter and height than the electrolytic

a
chanber houBemgranghis ﬂ?xaqhomy at grssimetendo the top end walleef thatliguidiehamber
el ectrol yti g, i | S | .qalk . | fer
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The other end of the electrolytic chamber glass cylinder is then sealed by a
plate made of some rigid material, thereby sealing the electrolyte inside. The
plate may be made from any appropriate metal, alloy, polymeric or ceramic
material and has an electrolyte inserting hole in it. The electrodes disposed at
20 the inner wall of the electrolytic chamber glass cylinder are then connected
through wire bonding to a set of pads which had been previously fabricated at the

silicon substrate piece .

The liquid chamber is then filled with liquid (such as a drug liquid) via the
one-way inlet valve. The electrolytic chamber is then (at least partially) filled with
25 electrolyte via the electrolyte inserting hole. The hole is then sealed, thereby

sealing the electrolyte in the electrolytic chamber.

As described above, the fourth embodiment of the present invention is
directed at a form in which the liquid chamber and base are removably attachable
to the electrolytic chamber for the purpose of enabling the two parts to be

30 separately disposable. This fourth embodiment may be manufactured according
to a preferred method. That method involves a number of steps. The first step

involves providing a substantially planar base which has an outlet, the outlet



i quid chanmber Pyrex glass hollow cylinder. The other end of the liquid
chanber glass cylinder is sealed wiwth a non-perneable flexible or elastic
menbrane. The nenbrane is fixed only at its perinmeter to the top end wall
of the liquid chanber <cylinder. Its central part may be defornmed downwards
into the liquid chanmber by 15 pressure ®xerted from above. The gatthe2ooend
of the electrolytic chanber glass cylinder is then sealed by a plate nade

of some ri gebhdBlSHted!to dIBG %?éctﬁ%é{%%ggtﬁoa;ﬁcﬁﬁ& teréttfolgls’ $he rdie st at e

may be nade from any appropriate netal, , polyneric Or ceramc
mat eri al anovdives providiegta diquidechambet icomprising ansulistarffedly etubuatar duesing

di d at 20 the i || t | trol yti h | i nd
e T hen oo e &St gBen veriL abfl e Sseond Sl Endy - BRGekt i e
previ ousl y Homaird: tHee firsttopeend idﬂtﬁé”]iq%!@%hérﬁbé_r PbBSiAg- tothe baskibder fiamber

is then filled with liquid (such as a drug liquid) via the one-way inlet
val ve. Phe autlett r dhgt nextc stapbdnvalves hsavidmg lae substaatialiyalplgnars defosaabie h 25

el ectrol yt ' e electrql ' ing. hqgle. The hole is then sealed,
Chereby s JPMBEAE wFutE 18 ) ah el SERASIE B8, i 8. SBrtor o ToRBeRE M hec
above, the ihmivéd benbindi tiensutef sebBioofIRBImeMBEIHd &) the sedbh@ @rRidoRthed
formin which the liquid chanber and base are renovably attachable to the

el ect r ol yt iliguichahaseber pusing these by, sealitg thedisichin hediquibchamber. Sheaeat
t el i TR f 1.h j t . t di
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step i1avolpregidingoan diectrolytic chamber having: pl anar base whi ch has an outl et,
the outlet 25 04111/2004 being adapted to allow sel ective passage of a

liquid therethrdigh. arsabstextialt eybulamolisiag ¢f avgdater diametef andhieabt

conprising a substantjal Ly t [ - Whi as fir open_end. and
a second open end. T#é&lr']é%? '@pgﬁf‘ﬁe‘g’?@é‘s%swwaﬁﬁﬁvﬁ@a?ﬂ8'%’65’3@ %ﬁ% Df
the 1iquid chanber heesglasend; ande base over the 5 outlet. The next step
i nvol ves provi di @g a substantially planar deformable nmenbrane which has an

i nner section afl) an BUeast s Pabf eigelredss extepging al/lsast papiaiyi RN tafe

outer sgction of the inmsrovainef the Hdagi@cond end of the 1iquid chanber
housi ng thereby sealing the liquid in the |liquid chanber. The next
The next step involves inverting the electrolytic chamber housing so that

its open end faces upwards. The next step involves at least partially filling the
electrolytic chamber housing with an electrolyte. The next step involves inverting
the liquid chamber so that its second end faces downwards. The next step

20 involves inserting the liquid chamber into the electrolytic chamber until the base
comes into direct or indirect contact with the open end of the electrolytic
chamber. The final step involves removably fastening the base to the electrolytic
chamber using the fastening device, thereby sealing the electrolyte in the
electrolytic chamber.

25 Alternatively, when the fourth embodiment of the present invention takes
the form of:

(@) a substantially planar base having an outlet therein, the outlet

adapted to allow selective passage of a liquid therethrough;

(b)  a liquid chamber comprising a substantially tubular housing having
30 a first end sealed by a substantially planar deformable membrane, a
second end bonded to the base over the outlet, and being filled with

a liquid; and



step involves filling the liquid chanber with a liquid. The next step

I nvol ves 1o providing an electrolytic chanber having: (i) a substantially
tubul ar housing of a greater dianeter and length than the |iquid chanber
housi ng and having an open end and a sealed end; and (ii) at |east one
pair of electrodes extending at |least paétially froman 15 i nnes/1wabdd4 of
t he housing. The next step involves inverting the electrolytic chanber

housi ng so that ()i t s aaRPArHBEIEAFMNICENFHES: comsridifyt step invol ves at
| east partiall y(f)i I1ing the el egyﬁol ytic chanb@r Iﬁ%usi ng with an

el ectrolyte. The nexgjstep kgwbﬁﬁéﬂyi RMsIAr RBusihg€of bqgééét&halé*?ﬁéteﬁ%nfﬁhat

its second end faces downwards. The "'next step 207involVes Inserting the
liquid chamber into the ellengthdhgn the dgaidbehaniber housirg baddavingres dpeno

direct or indirect contact th the open end of the electrolytic chanber.
The final step involves r&H@”ﬁlﬂ ?/S?Q?Beetﬂdﬁanghe base to the electrolytic

chanber _using the fasteni ng device, thereb ealing the electrolyte.in the
el ectroPytic chanber %')25 AF 18751008 A Oﬁﬁi‘?&'i(ﬁgsf %&PF&'“@@BE@#W%'& he
present invention takes o ARIMAR walls thehodsmgbst antial Iy planar base
having an outlet therein, the outlet adapted to allow selective passage of

a |'iquid thenay beudBmdidd adcordfiy 1 &H\%@f‘i{gi c@rﬂgﬂéihgid?ﬁ)tl?er%é?%? afhsalmthe

t ubul ar housing having a first énd seal ed by stantially planar

def or mabl e fiigriiepiinvolves iweding thacledrelwic chamher bagsing serthahis openhend and
vetng 111863 UnaRed ) Yl B Blob 2R3 hrBi RS Y gl ©
di anet ep arthanib@pdidusim@anith ke éleattblfite: hTRBaTexb ety MYohed iRverting the ligaiin
chamber so that its second end faces downwards. The next step involves
inserting the liquid chamber into the electrolytic chamber until the base comes
into direct or indirect contact with the open end of the electrolytic chamber. The
final step involves removably fastening the base to the electrolytic chamber
15  thereby sealing the electrolyte in the electrolytic chamber.

It will be appreciated from the foregoing discussion that the present

invention has a number of advantages.

First, it is able to be made in a compact size. This is because by housing
the liquid chamber at least partially within the electrolytic chamber device

20 maximises its use of space.

Second, because of the design of the liquid chamber and the selection of
the deformable membrane made from materials which are highly elastic, the
membrane may be deformed under pressure from the electrolytic chamber to
such an extent that it extends to the bottom of the liquid chamber housing,

25 completely squeezing out the liquid.

Third, at least part of the device can be disposable. Because the device
can be made in large volumes for minimal cost using microfabrication techniques,
the device can be made inexpensively enough to be used only once. This helps

to maintain the sterility of the administering means.

30 Fourth, the delivered liquid is free from gas bubbles. This is particularly

important for medical applications. This advantage is achieved by separating the



end and a sealed end; and 5 (ii) at |east one pair of electrodes extending
at least partially froman inner wall of the housing, it may be assenbl ed
according to a nmethod conprising another set of steps. The first step

i nvol ves inverting the electrolytic chanber housing so that its open end
faces upwards. The next step involves at27 east partially filling4ttheoos

el ectrolytic 10 chanber housing with an electrolyte. The next step invol ves

i nverting tdisctidlyié (é_ndclihiﬁ@%hatﬁ%ee??ﬁbg thssm%ﬁfrirgé'l‘i’e._eriﬁ thidCdy I WhichThe

next step involves inserting th i quid chanber into the electfolytic
chanber untaccurates i thenalestrolytic shamhsricapnot peineteate the merabrasiet inta the open

end of they tic e i nal, step i nvol ves renmovabl

f ast eni ng tllﬁg%ﬁggbgh?boert hgﬁ‘gﬁng'ﬁ%@ﬁ éjogﬁarn?&e\%ﬁgq/ rtgﬁypgeeséluf%ga?t the
el ectrol yt elédtrdljtic eHammbéioyie frafBMERRY thrblightd thebiRyui® Bhambak.eth hagibhhe
foregoi ng di scussion that the present invention has a nunber of

advant ages.In the g{ezfeqr.@d enbasireenbtheedivgdiguichinathediapiscehamber isTullsdegasast ause
by housi ng bottrr'ﬁegﬂ(s léhﬂ_%?[ﬁﬁ)@lﬁglﬁ& éhgﬂg#erg%gliée&}l ly within the electrolytic

chanber device maxi m ses S useé Second, because of the

design of the | iggu h 1,0 f he, def or,nabl e. menhr ane
made from mater ingﬁlé’dtvr\}%i gﬁmgé eoac{wéggh{gg héﬁégﬁ%cbé}lkﬂgw é@ﬁ)ﬁ'ﬂﬁé’%&? BOTq8%or med
under pr esBeocaube wh thbeorsd-walyralyd iof sihitabadministesig meange thenbadikiaiv bt
extends to phe bottomof the |iquid chanber housing, 25 conpletely

squeezi ng & ligwd|qrqther, coptaminant dops At opeyr: Tdie er-wawalve alsa epsures
di sposapl e ih LG8\ 1idCi : | ; i, Nl
cost uarng e oy rapey e, ¢tane iGuid g ol Earjo ecRal faER BybR whb e
i nexpensi veleyiceris tgrineti®fbso thad dontanyinantsedo bl entbethesliquidchanbesi n t he
sterility of the adm nistering nmeans. 30 Fourth, the delivered liquid is
free from gas bdikthethe dévieeiis capablecfldusing anhrgxatt amiouhpbf dR id at a

applications. .This adYanb% e i s, achi eved by separating the 27 04/11/2004

el ect r ol ysiPSeRT ﬂPW_c{@i%l g%%? éh%yol_ymf— ﬁ%‘iﬁf%??'é‘.r e phthegas gaperated inythe

V\nQ i c Pangcfﬂ%&tﬁgé daft Be'BalLiREd Bkadtlyooyr RFERRY t63RE VurRPBhEShE thidggh it
15 and Faraday’s law, the amount of liquid being released from the device can be

monitored and controlled very precisely.

Seventh, the device is orientation independent. Because the electrodes
are distributed evenly throughout the inner wall of the electrolytic chamber
housing, they will maintain contact with the electrolyte no matter what orientation

20 the device is positioned in.

It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore, to be considered in

25 all respects as illustrative and not restrictive.



l'iquid chanber. The nmenbrane does, however allow the pressure of the

el ectrolytic chanber to be transmitted through to the liquid chanber. In
addition, 5 in the preferred enbodinment the drug liquid in the liquid
chanber is fully degased both before and after the liquid chanber is
filled. Fifth, the device does not have2she backfl ow probl ens 004/112008ri or
art. Because of the one-way valve or simlar adm nistering neans, the
backf | ow ofg Alfaeg |iquid or other contam nant does not occur. The one-way
val ve al so™ensures 10 that the pressure of the liquid in the |liquid chanber
is maintained even when the device is turned off so that contam nants do

not enter the Ii UId h r t evice is capable of dosing an
exact anount of ?Ia\{i%?ﬁgaqe%é&% g?'géﬁgggflow rate. Because the vol une and
pressure of the(éa)as ﬁ%é%'le’ﬁ éléctralytlbQ:haﬁib%@tard@btécﬁtocecﬁhtbm mbmdtmtyw aedact | y
by referring to the current passing through it 15 and Faraday’ w, the

amount Bf |iquid bei Agvipgl &deast ppe haimef al@mreée%aﬁ least pasta yolné e pad
controlled very precbﬁgilnge .Seventh, the device is orientation independent.
Because the el ectrod€sa "aF& di stribut ed evenly throughout the inner wall of

the el ectrol yti ¢b)chaab|&[md rnjrmmtm hdbthtfad m Iléastapartlallw withit said \eledirolytie
el ectrolyte no matter

or|e o the device is.positioned
wi Il be appreciated Bbafﬁg%oﬁﬂd a|pi tPnc?'H@'natat Y'HH &Elllq}{g ?rhﬂ'?%‘%l ons
and/ or nodificati Onsagﬁ'ﬁ ?ﬁ\gggﬁfaoér%o?ﬁ@% isfHERRIll @AcH SorpiEYVBf i stibagtfRy fiC

enbodi nents w t hout e spirit or scope of the invention as
br oadl iodescri bed. Thgldmnemtai enbodi nents are, therefore, to be considered

in 25 all respects as iIIu tratfive and not restrictijve, 4

CANS 1 ATk o Rereves TepStacved shppretitgiaif eckrois iFrapectonh y i ¢
chanber adapted to cggiddiquidBhamBet;adyte and 5 havi ng at | east one pair
of electrodes at |east partially inside said chanber; a |liquid chanmber

housed at | east (@art edministeringi Meaas adapissh toolejease sam;ilﬁﬁ@rfrgmcﬁ%ésmﬁld to
contain a liquid, sa HaHb%Phﬂdgpﬂﬁagﬁce of pressure applied to said liquid chamber

15 whereby when the electrolytic chamber contains an electrolyte, the liquid
chamber contains a liquid and a current is passed through said electrolyte
via said electrodes:

0] gas is generated from the electrolyte thereby increasing
pressure inside the electrolytic chamber,

20 (i) that increase in pressure is transferred to said liquid chamber

via said pressure transfer means; and
(i)  a determinable amount of said liquid is released from said

liqguid chamber via said administering means.

25 2. A device according to claim 1 wherein said pressure transfer means
comprises one or more of:
(a) adeformable membrane;
(b) a bellow;
(c) apiston;
30 (d) adiaphragm; and
(e) abladder.



conprising a base and a sidewall each forned of a substantially 10 rigid
material; (c) pressure transfer neans separating said electrolytic chanber
from said liquid chanber; and (d) adm nistering nmeans adapted to rel ease
said liquid fromsaid liquid chanber under influence of pressure applied
to said |iquid chanmber 15 whereby when 4dhe el ectrol ytic chanbergsgapbey ns
an electrolyte, the liquid chanber contains a liquid and a current is
assed t hraugh ' : L ' | _—l O IS :

Gener at ed 17 om ThocuPeTRERING o ol S UherBib ShlbiBSoure traddrof fbatS in 2
el ectr ol yt idefoineatile membeine avd saslemembpars fiatleast pariahy atadedfrom ¢ or
l'iquid chanber via said pressure transfer nmeans; and a determ nabl e anount
of said |idiP® s released fromsaid Iiquid chanber via said adninistering
means. 25 2. A iC ki okaim1 wherein said pressure transfer
means conpri segs)éneﬁg?éﬁg{agtlg&ét?gﬁgh def ormabl e nmenbrane; (b) a bell ow,
(c) a pbBston; 3(@b) d) matdiialstwittghighaslaisticitg) ared bl adder. 29 04/ 11/ 2004 3. A
devi ce according to claimg2 erein,said pressure transfer neans is a
def or mabl e rrerrb?(é)ne e@%‘?d"%@ghﬁ%& at |east partially made from one
or nore of: (a) hyper-elastic materials; 5 (b) materials with high
elasticity; and (c) materials with high plasticity.

4. A device according to claim 2 or claim 3 wherein said pressure transfer

means is a deformable membrane and said membrane is at least partially made

10 from one or more materials which resist permeation by one or more of:

(@ gas;
(b) liquid;
(c)  semisolids; and
(d) gels.
15
5. A device according to any one of claims 2 to 4 wherein said pressure
transfer means is a deformable membrane and said membrane is at least
partially joined to an upper edge of said liquid chamber.
20 6. A device according to any one of the preceding claims wherein said device

is adapted to release said liquid at a flow rate of between 1 and 1000 micro litres
per second.

7. A device according to any one of the preceding claims wherein said
25  electrolytic and liquid chambers are substantially co-axial.

8. A device according to claim 7 wherein the sidewall of the liquid chamber is
a substantially cylindrical wall.

30 9. A device according to claim 8 wherein one or both of said electrolytic and
liquid chambers are substantially cylindrical in shape.



4. A device according to claim2 or claim3 wherein said pressure transfer
means i s a deformabl e nenbrane and said nenbrane is at |east partially nmade
lo fromone or nore materials which resist perneation by one or nore of:
(a) gas; (b) liquid; (c) sem solids; and (d) gels. 15 5. A device
according to any one of clains 2 to 4 wsérein said pressure tra#dt/ee0dneans
is a defornmabl e nenbrane and said nenbrane is at |east partially joined to

an upper edge ofp aeweelamrdingharm@im 826+ Blain® HRHefdn ai@ligLiadchamBayisone
of the preceding clainms wherein said device is adapted to release said

liquid at ®ontained whellpwithin said electrphdicich@mbarcro litres per second. 7. A
devi ce according to any one of the preceding clains wherein said 25
el ectrolytic and liquid chanbers are substantially co-axial. 8. A device

accordi ng t1a.cl & ndelickhedcebrdindetosiclimpl10 afheréia Ishiliglectiaytieerands ligaid
substanti al | y cylindrical wall. 30 9. A device according to claim8 wherein
one or Bot whambess éh%ﬂee%PP'@ﬂner Basthd 1iquid chanbers are substantially
cylindrical in shape. 30 04/11/2004 10. A device according to claim8 or
claim9 wherein said liquid chanber is contained wholly within said

el ectrol yt i1@2. chanidevicel accdrdifey it eargc coedoh ¢he preteding 1€laine veietemasdid
electrolytic, and liquid 5 chanbers share a (%ommn base. 12. A device

accor di ng t%’"?a!ﬂ?‘?f BEaP$HEOMPESER CRE X IMP'RC wherein said  adnministering

means conprises (80 ©h P sorelond-hyRBRedl Nore one-way valves; 10 (b) one
or nore needl es; ‘and C) one or ye nozzl e holes. 13. A device according
to claith 12 whef) n saedroneredieadies: anded| es

(c)  one or more nozzle holes.

13. A device according to claim 12 wherein said one or more needles
comprises one or more micro injection needles.

15
14. A device according to claim 13 wherein said administering means
comprises a one-way valve and said one-way valve comprises a one-way check

valve.

20 15. A device according to claim 14 wherein said one-way check valve
comprises:
(@)  afirst wafer having an opening; and
(b)  asecond wafer having a deformable flange;
wherein said first and second wafers are at least partially bonded to one another

25 so that said deformable flange covers said opening.

16. A device according to claim 15 wherein said deformable flange is biased
towards a closed position in which it covers said opening.

30 17. A device according to claim 16 wherein when said liquid in said liquid
chamber reaches a threshold pressure said deformable flange deforms
outwardly, uncovering said opening and releasing a determinable amount of said

liquid from said liquid chamber.



conprises one or nore mcro injection needles. 15 14. A device according to
claim 13 wherein said adm ni stering neans conprises a one-way val ve and
sai d one-way val ve conprises a one-way check valve. 20 15. A device
according to claim14 wherein said one-way check valve conprises: (a) a
first wafer having an opening; and (b) a1second wafer having a deferoebl e
flange; wherein said first and second wafers are at |east partially bonded
to one another 25 so that said defornable flange covers said opening. 16.
A device according to claim15 wherein said deformable flange is biased
towards a diBosed\ geviceiancordingtiv @nyi ene: ofs elaims dibdtootie mhegein3ghel @r bethdef/i ce

accordi ng tQ.clal el when said liquid in said liquid chanber
reaches a t Fﬁﬁ’%ﬁ%&gﬁﬁg’g‘ﬂ?’“@?@&ia&e&@%Pﬁ%‘%ﬁg@-f | ange deforns outwardly,
uncovering said opening and rel easing a determ nable amount of said |iquid

fromsaid |iquid chanber. 31 04/11/2004 18. A device according to any one
of claifrs 19t o AdeNiser areording & kit 18f whersia gne or boath efesaiddfitghfands are

silicon Wafs%%énd alajfgrs \%aqﬁgﬁ&ﬁhi?(eéﬁ%rgﬂw%?hﬁo claim 18 wherein one or both of

said first an secon ers a ‘"c silicon wafers. 20. A device
according to claim19 wherein one or both of said first and second wafers

are manuf act ureggusi g‘gem cromachi ning techni ques. 10 21. A device according
to any one 4% t Mk dSVSCAPSRIINGa{OCIAAL A8 WheEsia ongyer ibatheef saidndeshand
formed in i 5 OILK i i : ing to any one
of the pr e?gg?ﬁg Cfg%%r@\m%@g?gtug%@g? ﬁ\?g’n %f%@é‘?@ﬁ%’?ﬁgc@ﬁgﬁ%%r further
includgd a sensor adapted to sense one or nore of: (a) internal pressure;
and (b) i ntzelr.naIA tdeev ceer %E:gcr)r%ing to any one of the preceding claims wherein said

administering means is formed in a base of said liquid chamber.

22. A device according to any one of the preceding claims wherein said
15 electrolytic chamber further includes a sensor adapted to sense one or more of:
(a) internal pressure; and
(b) internal temperature

of said electrolytic chamber.

20 23. A device according to claim 22 wherein said sensor is in communication

with a current controller.

24. A device according to claim 23 wherein said sensor is adapted to provide
information to said current controller regarding one or more of the:
25 (a) internal pressure; and
(b) internal temperature

of said electrolytic chamber.

25. A device according to any one of the preceding claims wherein said device
30 is adapted to release said liquid at a flow rate of between 1 and 1000 nano litres
per second.



of said electrolytic chanber. 20 23. A device according to claim22 wherein
said sensor is in communication wth a current controller. 24. A device
according to claim 23 wherein said sensor is adapted to provide

information to said current controller regarding one or nore of the: 25 (a)
internal pressure; and (b) internal terfRerature of said el ect0én{2002
chanber. 25. A device according to any one of the preceding clains wherein

sai d devi ce@p 30 A gedidardRrdiAg rt@'é}f’,SSnéétifd:Iélh%UﬂQoaQ4 WHerE $A8 AieRfcebit ween
1 and 1000 nano litres per second.” 32 04/11/ 2004 26. A device according to

any one of adlaatedstmrede;asmam&qwdrat@aflwa@ta efbatweendapnd 4000 pics lleesePeyai d
liquid at q b&‘v rate of between 1 and 1000 pico litres per second. 5 27.
A devi ce acEs ng to any one of the preceding clains wherein at |east

part of said device is adapted to be used only once. 28. A device according
to claim27 wherein said liquid chanber is adapted to be filled with said
li quid &nl y¥lencé df@'cé@ccﬂrﬁégltéea%éﬂﬁcﬁ rifetRyeepdingn Glaimsy WEeEgim atdeadler ei n

said el ect r%léyéfééd%gggigg% aag%rggqgtb%chge(a égﬁ%gg#é.ed with said electrolyte

only once. I cCe accor to an t he preceding clains
wherein said 15 electrolytic chanber corrpri ses: (a) an electrolytic

chanber fining an, el ect c  chanber avity:; and (b east
one pair o;bsae &38&@% ag’f?@d@ﬂﬁ% [ﬂ'ml a!;“lheb%{Pﬁaéq |'9“'¢r1:{]‘é"l9.ﬁrds gg) ngdrté?l ytic

chamber Ca‘ﬂetﬁ’liedaﬁitr?’éald"hqﬁfﬂ’bﬁlgo% gording to claim 30 wherein said at |east
one pair of electrodes are spac at regular intervals within said

el ectrdbyti c chanber cavity.
29. A device according to claim 27 or claim 28 wherein said electrolytic
chamber is adapted to be filled with said electrolyte only once.

30. A device according to any one of the preceding claims wherein said
15  electrolytic chamber comprises:
(&) an electrolytic chamber housing defining an electrolytic chamber
cavity; and
(b) at least one pair of electrodes extending at least partially into said
electrolytic chamber cavity.
20
31. A device according to claim 30 wherein said at least one pair of electrodes

are spaced at regular intervals within said electrolytic chamber cavity.

32. A device according to claim 31 wherein said at least one pair of electrodes
25 comprises two pairs of electrodes spaced at regular intervals within said
electrolytic chamber cavity.

33. A device according to claim 31 wherein said at least one pair of electrodes
comprises three pairs of electrodes spaced at regular intervals within said
30 electrolytic chamber cavity.



32. A device according to claim31 wherein said at | east one pair of

el ectrodes 25 conprises two pairs of electrodes spaced at regul ar
intervals within said electrolytic chanber cavity. 33. A device according
to claim31l wherein said at | east one pair of electrodes conprises three
pairs of electrodes spaced at regular imgzervals within said 30 g4/11/2004

el ectrolytic chanber cavity. 33 04/11/2004 34. A device according to claim

31 wherein id ; i I : i : i f
el ectrodes S?Sacéﬁg‘ﬂg{n@??gﬁ?@?nq)ﬁdt élra \%P‘é @mﬁ%%ﬁgélgiagq%tgz% rspoaflgﬁ%lggfﬁg&%ée)r
cavity. 5 Iomprisgsyifae pairsrdi rededtmodesy spaeedf atcIregutar JAtereal8 4withir said sai d

el ectrodes ,are . at least partially made fromone or nore of: (a) netals;
(b) netal ﬁl@g}g@ﬁlc(g')arela%rpmtyve netal oxides; 10 (d) conductive netal

hal i des; (e) conductive silicides; (f) conductive borides; (g) conductive
carbides; (h) conductive nitrides; 15 (i) nulti-layer conductors; and ()
ot her céndut i véA davieeiadcerding to anygeniecef claimus 30 g 3dowhereimaaidoélecirades 30

to 35 wherein id.electrol vti chanber housing is at |least partially
formed of f‘%@ﬁ%"éﬁ??ﬁlﬁt"y nﬁéﬁ ﬁo%?'ée? P%F‘Pf%?-e,?. A devi ce according to any
one of the precqd) ngngétaists wherein the sidewall of said Iiquid chanber is

a substantially ci/l indrical sidewall defining a |I|iquid chanber cavity. 25
38. A device acdb} di metaballgyg; one of the preceding clains wherein said

substantial ly rxgj d %Eﬁﬁétﬂ)e rjhgtdmgwfeg?tur ed using one or nore of the

followi ng techniques:
10 (d)  conductive metal halides;

(e)  conductive silicides;
) conductive borides;
(g) conductive carbides;
(h)  conductive nitrides;
15 (i) multi-layer conductors; and

)] other conductive materials.

36. A device according to any one of claims 30 to 35 wherein said electrolytic
chamber housing is at least partially formed of a substantially rigid material.

20
37. A device according to any one of the preceding claims wherein the
sidewall of said liquid chamber is a substantially cylindrical sidewall defining a
liquid chamber cavity.

25 38. A device according to any one of the preceding claims wherein said
substantially rigid material is manufactured using one or more of the following
techniques:

(a)  microfabrication techniques;
(b) injection moulding; and

30 (c)  mechanical machining.

39. A device according to any one of the preceding claims wherein said

substantially rigid material is at least partially made from one or more of:



(a) mcrofabrication techniques; (b) injection nmoulding; and 30 (c)
mechani cal machi ning. 39. A device according to any one of the preceding
clainms wherein said substantially rigid material is at |east partially
made fromone or nore of: 34 04/11/2004 (a) polynmeric materials; (b)
ceramic materials; (c) nmetals; (d) netad alloys; and 5 (e) gl ags1/2¢02. A
devi ce according to any one of the preceding clains wherein said liquid

conprises a druga)di S%ﬁ%ﬁ@é}i%afgrﬁéﬂ ved in a liquid. 10 41. A device

according to claim4 ein sald 'drug is insulin. 42. A device according
to any one of tlHle) pr eesniegnalesalss wherein said gas |liberated fromsaid

el ectrol yte isnzgn-toxic .15 43. A nethod of admnistering aliquid to a
subj ect, said ?hod"ggﬁﬁrising the steps of: (a) providing a |iquid
del i vering devi ¢§) corpithbaltys; 4hd a seal ed el ectrol ytic chanmber containing
an electrolyte and having at |east one pair of electrodes at |east
partial by in 2€kongdass.with said electrolyte; (ii) a liquid chanber
housed at | east partially within said electrolytic chanber and contai ni ng
aliquid, said liquid chanber conprising a base and a sidewall each forned

of a subswuanti A Hyvice sicBorictd ahy ok dfithé prédediitgl tRirhs avtrdrein saraliquid
separating said electrolytic chanber fromsaid liquid chanber; and (iv)
adni ni st er iCRPRTISER R Hyastierersed pedisgslveddn @ liquifi d from said 1 quid
chanber under influence of pressure applied to said I|iquid chanber

10 41. A device according to claim 40 wherein said drug is insulin.

42. A device according to any one of the preceding claims wherein said gas

liberated from said electrolyte is non-toxic.

15 43. A method of administering a liquid to a subject, said method comprising
the steps of:
(a) providing a liquid delivering device comprising:
(i) a sealed electrolytic chamber containing an electrolyte and
having at least one pair of electrodes at least partially in
20 contact with said electrolyte;
(i) a liqguid chamber housed at least partially within said
electrolytic chamber and containing a liquid, said liquid
chamber comprising a base and a sidewall each formed of a
substantially rigid material;
25 (i)  pressure transfer means separating said electrolytic chamber
from said liquid chamber; and
(iv)  administering means adapted to release said liquid from said
liquid chamber under influence of pressure applied to said
liquid chamber
30 (b)  connecting said administering means to said subject;
(c) passing a current through said electrolyte via said electrodes

causing:



30 (b) connecting said admi nistering neans to said subject; (c) passing a
current through said electrolyte via said el ectrodes causing: 35

04/ 11/2004 5 (i) gas to be generated fromsaid el ectrol yte thereby

i ncreasing pressure inside the electrolytic chanber; that increase in
pressure to be transferred to said liquige chanber via said presauneoos
transfer neans; and a determ nabl e anmount of said liquid to be rel eased

fromsaid |iquid chagber Q4 | ﬁ%r'gt' ' ' ;
according to claim 431%69\53?]}0?% gea mérnﬂ sﬁjtog{r %%g %@@y’teﬁ‘tﬁ%ﬁ@%%&n%r
nore injection needl es angréessuretirgidetheelectrolytioghamber;10 adm ni stering

t I d bj ect... ' ' i t | t t  of i d .
tor e needi es. di rect| Jii nt 6" B de Preasureatiben JansiEtsiin g ad Tousl m 43

wherein said adm ni steri NghaRME? vid S8 JréssyreMinferMésnSlandld (a) a one
s : )

way valve; and (b) a nozzle and wherein said step of connecting said

adm ni sberi ng means {i§) saiaddetenpinable amopnt eksaid (igyliddorhecreléasgddramsaid end
of a connecting tube to said. one val ve, or .20 nozzle; and (b)
connecting a second end oﬁiqgﬁf{‘b%\ﬁﬁ%e\@?isﬁﬁj ?QIBE"%QS”'&%F&?@%J' ect. 46. A

met hod of manufacturing a liquid delivering device, said nethod conprising
the steps of: 25 (a) providing a substantially planar base having an outl et
therein, sddd dutMmethogdgsceding tg) iclaims dide whefeinp g8ish gsnnisteringguneans

t her et hr ougl,; Vi di a Ll gul er I SLQO i y
rigid and ?&H’s’%rgs%zsi gf’?yb?urﬁgrlearlajhg'{ﬁgs'?ng %% na&%g%)él rs@%ﬂo%@ﬁﬁgﬁ%&m ng
second 10  administering means to said subject comprises inserting at least part of said one

or more needles directly into said subject.

45. A method according to claim 43 wherein said administering means
comprises one or more of:
15 (@) aoneway valve; and
(b) anozzle
and wherein said step of connecting said administering means to said subject
comprises:
(@) connecting a first end of a connecting tube to said one way valve or
20 nozzle; and

(b)  connecting a second end of said connecting tube to said subject.

46. A method of manufacturing a liquid delivering device, said method
comprising the steps of:
25 (@) providing a substantially planar base having an outlet therein, said
outlet adapted to allow selective passage of a liquid therethrough;
(b) providing a liquid chamber compfising a substantially rigid and
substantially tubular housing having a first open end and a second
open end;
30 () bonding said first open end of said liquid chamber housing to said
base over said outlet;

(d) providing an electrolytic chamber comprising:



open end; 30 (c) bonding said first open end of said |iquid chanber housing
to said base over said outlet; (d) providing an el ectrol ytic chanber
conprising: 36 04/11/2004 5 10(e) (f) (g) 15(h) (i) (i) a substantially
tubul ar housing of a greater dianeter and I|ength than said |iquid chanber
housi ng and having a first open end andsa second open end; andoé/ii/pocat

| east one pair of electrodes at |east partially inside said housing;

bonding said first oggn e%ds%st§ﬁilé1lyehﬂﬁ}|érohbfﬁélﬁ% (F\agbg,r aﬁé}uaiaﬂibtép angai d

base over said |iquid chanber so as'to house sal I qul chanber;
providing a substantiall ylwgiilmdhamla‘add tigbidechamberheusingi any havingrandirst
section and an outer sectlon ndi sai dd Qut er gection of said nenbrane
to said second end of sa§ &3 dgﬁéﬁﬁ%'? RBEL FAY: A%t ovi di ng a

substantial 'y planar (ipoveat h@éﬁtrtﬂ'n@f)alrrwfeéleéﬁﬁés)ﬁt qeubt pHMISIN Wsm%%éltion
and bonding said outer section of said cover to said second end of said

liquid &hanber hou5| ng. 4houginget hod according to claim46 including the
ST onal 51 RSePl pofirel 4 i kb9 ol SRRREME Haft et
el ectrol yte. said base over said liquid chamber so as to house said liquid
chamber;
f providing a substantially planar deformable membrane having an
10 inner section and an outer section;
(99 bonding said outer section of said membrane to said second end of
said liquid chamber housing;
(h)  providing a substantially planar cover having an inner section and
an outer section; and
15 (1) bonding said outer section of said cover to said second end of said

liquid chamber housing.

47. A method according to claim 46 including the additional steps of:
() filling said liquid chamber with a liquid; and
20 (k)  at least partially filling said electrolytic chamber housing with an
electrolyte.

48. A method according to claim 46 or claim 47 wherein said outlet comprises
one or more of:
25 (a) one or more one-way valves;
(b) one or more needles; and

(c) one or more nozzle holes.

49. A method according to claim 48 wherein said one or more needles

30 comprises one or more micro injection needles.



48. A nethod according to claim46 or claim47 wherein said outlet
conprises one or nore of: 25 (a) one or nore one-way val ves; (b) one or
nore needl es; and (c) one or nore nozzle holes. 49. A method according to
cl aim48 wherein said one or nore needles 30 conprises one or nbre mcro

i njection needles. 37 04/11/2004 50. A mathod according to cl ai r4A820éer ei n
said adm ni stering neans conprises a one-way val ve and said one-way val ve

conpri ses gmne-AayefHiRC acc¥RliNg - tod clitm 28TRIH? ina%?ﬂf i %rﬁkf’“rﬂ%é&
wherei n said one-way check valve conprises: (a) a first wafer Naving an
openi ng; aredniirises & everwhywdlve andvsaid omedway valvel eoniprinesea wherveaynchedkd
first and §l§ﬁpnd wafers are at | east partially bonded to one another 10 so
that said St mabl e fl ange covers said opening. 52. A nmethod according to
claim51 wherein said defornable flange is biased towards a cl osed
position in which it covers said opening. 15 53. A nethod according to

cl ai m 53 widrei i\ \iRethoslaiageeiding doi elairai 60| wheiein ssidintnre-wayacheek valve

t hreshol d Q{oﬁ'}sr%reg' sai d deformabl e flange defornms outwardly, uncovering
sai d opening and Tel easing a determ nable anount of said Iliquid fromsaid

liquid chanmber. (3P 54 firdt wafdrdrhvirecan dpegingoaady one of clains 51 to 53
wherein one or both of said first and second wafers are silicon wafers.
55. A nethod acdB} di fySe@ne wafer baviRgs delermaklediangst h of said first and

second waf i X0 i+ L : ox di to
ol ai m 55 whaTAEReed et 4rt) fecird R et ck? paftiall PR o HrCAMUREr
manuf actour et that sajdrdedoromaid flangg coeernsrsaigiepenibg. A net hod accordi ng to any
one of clainms 51 to 56 wherein said wafers

52. A method according to claim 51 wherein said deformable flange is biased

towards a closed position in which it covers said opening.

15 53. A method according to claim 52 wherein when said liquid in said liquid
chamber reaches a threshold pressure said deformable flange deforms
outwardly, uncovering said opening and releasing a determinable amount of said

liquid from said liquid chamber.

20 54. A method according to any one of claims 51 to 53 wherein one or both of

said first and second wafers are silicon wafers.

55. A method according to claim 54 wherein one or both of said first and
second wafers are monolithic silicon wafers.

25
56. A method according to claim 55 wherein one or both of said first and

second wafers are manufactured using micromachining techniques.

57. A method according to any one of claims 51 to 56 wherein said wafers
30 constitute said base.

58. A method according to any one of claims 46 to 57 wherein said electrolytic

and liquid chambers are substantially co-axial.



30 constitute said base. 58. A nmethod according to any one of clainms 46 to
57 wherein said electrolytic and Iiquid chanbers are substantially
co-axial. 38 04/11/2004 59. A nethod according to claim58 wherein one or
both of said electrolytic and Iiquid chanbers are substantially

cylindrical in shape. 5 60. A nethod aca8rding to claimb59 wher @4mn1/23e04d
liquid chanber is contained wholly within said electrolytic chanber. 61. A
nmet hod according to any one of clains 46 to 60 wherein said el ectrol ytic

chanber housing is at |least partially formed of a substantially rig
material. £8.62A met’e@dchawgm 0 wlpimoS8rwhergin one cirdigte ofeaid edﬁ_ctmlisétceu n

Fol | owi ng RCIgRic, Bt 78 hisPineiy EPMRBLINATRAREC " 26°(5) i ection

noul di ng; and (c) nechanical machining. 63. A rret hod accor ding to any one
of clainms 1 to 61 wherein said substantially igid material includes
gl ass. 50 é9. AAmeibed aeeddindhtp elainadp wherem sandaliqmd ehagbet is\pertaingdsai d

subst anti al lﬁ'oll rwlng Sgﬁ%&;&%ﬁ@ ﬁl]]é}qﬁér (a) polyneric materials; 25(hb)

ceranmic mater]a or an alloy. 65.A nmethod accordlng to any
one of clains 43 to 64 wherein said |liquid conprlses adrug di spersed or

dissolved in a lj qU| d. 3066. A net hod acc rdin o] aim 65 wher
drug 1iqui ®Tis ifhaisthed a@‘?orﬂ"}getpkﬂﬂ}’ %E%%S ?H’@gﬁé tg%)(,) wherep sgﬁ&?@é}r 'Ct o 66

wher ei n saighamber housing is at least partially formed of a substantially rigid material.

10
62. A method according to any one of claims 46 to 61 wherein said
substantially rigid material is manufactured using one or more of the following
techniques:
(a)  microfabrication techniques;
15 (b) injection moulding; and
(¢) mechanical machining.
63. A method according to any one of claims 1 to 61 wherein said substantially
rigid material includes glass.
20
64. A method according to any one of claims 1 to 61 wherein said substantially
rigid material includes:
(@) polymeric materials;
(b)  ceramic materials; and
25 (c) a metal or an alloy.

65. A method according to any one of claims 43 to 64 wherein said liquid

comprises a drug dispersed or dissolved in a liquid.
30 66. A method according to claim 65 wherein said drug liquid is insulin.

67. A method according to any one of claims 46 to 66 wherein said

deformable membrane is at least partially made from one or more of:



def ormabl e nmenbrane is at |least partially made fromone or nore of: 39

04/ 11/ 2004 (a) hyper-elastic materials; (b) materials with high elasticity;
and (c) materials with high plasticity. 5 68. A nethod according to any
one of clains 46 to 67 wherein said deformable nenbrane is at |east
partially made fromone or nore materi al® which resist perneatioanihkgopne
or nore of: (a) gas; (b) liquid; 10 (c) sem solids; and (d) gels. 69. A
met hod accordi nqaf 0 3YpeRBusht nFataligR; 46 to 68 wherein said cover further
i ncl udes a sensor adapted to sense one or nore of the: 15 (a) internal
pressure; and ((b) i nmnatenals wiémpighaelasticitypandai d el ectrol ytic chanber. 70.
A nmet hod according tao. claim6 rein.said sensor is in comunication 20
with a current L(Sﬁtrd??tg('?@ﬂﬁ)hﬁ%ﬁe‘ﬁﬂﬁ Wecor di ng to claim70 wherein said
sensor is adapted to provide information to said current controller
regarding one or nore of the: (a) internal pressure; and 25 (b) internal

t enper abur &8.of A amgthadeaacerding ctociaybene 3 glaimsy 4@t e B7aodwreingaicd any

end of sa, oS ARG I8 nlset baly wbb BOA OB, 3 blve PRl <o
anodi cal | y vasiollrexgistgsedrehdationiby eriwsimbrdefisi ng to said base. 73. A net hod
according to any(a;)ne of clains 46 to 72 wherein said step of: 40 04/11/ 2004

gas;
(b)  liquid;
10 (c) semi solids; and
(d) gels.

69. A method according to any one of claims 46 to 68 wherein said cover
further includes a sensor adapted to sense one or more of the:
15 (a) internal pressure; and
(b) internal temperature
of said electrolytic chamber.

70. A method according to claim 69 wherein said sensor is in communication

20  with a current controller.

71. A method according to claim 70 wherein said sensor is adapted to provide
information to said current controller regarding one or more of the:
(@) internal pressure; and
25 (b) internal temperature

of said electrolytic chamber.

72. A method according to any one of claims 46 to 71 wherein said step of:
(c) bonding said first open end of said liquid chamber housing to said
30 base over said outlet

comprises anodically bonding said liquid chamber housing to said base.

73. A method according to any one of claims 46 to 72 wherein said step of:



(e) bonding said first open end of said electrolytic chanber housing to
sai d base over said |liquid chanber so as to house said liquid chanber
conpri ses anodically bonding said electrolytic chanber housing to said 5
base. 74. A nethod according to any one of clains 46 to 73 wherein said
step of: (j) filling said liquid chanbeto with a |iquid include®4tyeoos
prelimnary or subsequent additional step of de-gassing said 10 |iquid.

75. A method acgey di H@ntmgeskid ARt Slert Al 167 saf ERcdlyIb ehaiibet Hotisity foeast
one pair of electrodes are spaced at reqular interval's around said inner

wal | of said el ectr &rig ibasehevasesaidoliguid gcharsbers so rasrdehbeuse: saiddiligyidt o
claim75 wherein sai %h?}nble?aSt one pair of electrodes conprises tw pairs
of electrodes spaced at regular intervals around said inner wall of said

el ectrol yti c chasherisesusioticalfObdiding smd ledsttasitiy dhasibee holusing b sakder ei n
said at | east one pair of electrodes conprises three pairs of electrodes

spaced at regul ®asenterval s around said inner wall of said el ectrol ytic
chanber housing. 78. A nethod according to claim75 wherein said at |east
one pair of 25 electrodes conprises four pairs of electrodes spaced at
regul ar i nt7e valfs metivachdccarding toramgrongadf claimss4t tb 28 ediereihdaid siepaofber

housi ng. 79. A nethod according,to any one of clains 67 to 78 wherein said
el ectrgdes ~arelat Igg'é‘_g S&écﬂ'qlﬁﬁjlcsaﬁ’@ééwtﬁﬁ('%ﬂg or nore of: 30 (a) netals;
(b) conductive ﬁ%l@&e@ﬁ@?%limiﬁ S8\ bEelu¥At Hﬁéi%?%aétﬁgﬁaz;de—éé@siﬁg’@gwt I ve

silicides; 41 04/11/2004 (e) conductive bori des; uctTve car bi des;
10 liquid.

75. A method according to any one of claims 46 to 74 wherein said at least
one pair of electrodes are spaced at regular intervals around said inner wall of
said electrolytic chamber housing.

15
76. A method according to claim 75 wherein said at least one pair of
electrodes comprises two pairs of electrodes spaced at regular intervals around

said inner wall of said electrolytic chamber housing.

20 77. A method according to claim 75 wherein said at least one pair of
electrodes comprises three pairs of electrodes spaced at regular intervals around

said inner wall of said electrolytic chamber housing.

78. A method according to claim 75 wherein said at least one pair of
25 electrodes comprises four pairs of electrodes spaced at regular intervals around

said inner wall of said electrolytic chamber housing.

79. A method according to any one of claims 67 to 78 wherein said electrodes
are at least partially made from one or more of:
30 (@) metals;
(b)  conductive metal oxides;
(¢) conductive metal halides;

(d)  conductive silicides;



(g) conductive nitrides; (h) nultilayer conductors; and 5 (i) other
conductive materials. 80. A nethod according to any one of clains 67 to 79
wherein said device is adapted to release said liquid at a flow rate of
between 1 and 1000 micro litres per second. 10 81. A nethod according to
any one of clains 67 to 79 wherein saidagevice is adapted to rehr#&seosaid
liquid at a flow rate of between 1 and 1000 nano litres per second. 15 82.
A met hod accor di t Laims 67 to 79 wherein said device is
adapted to rel e gg sgfoga?il qui d&c{e%é flowrate of between 1 and 1000 pico
litres per secdf)d. &3nddctivettarbidescording to any one of clains 67 to 82
wherein said |i d ZOCanbe s adapted to be filled wth said |liquid
only once. 84. tI?BBdHE VG Y ng?sto any one of clains 67 to 83 wherein

said el ectrol ytig nhg eféoﬁdjg,%,@daﬁ@ be filled with said electrolyte
only once. 25 Bé )A devicé according to claim27 wherein said electrolytic

chanber 5i s adafi)ed tothdrecanshuotieebmaterialachabl e to sai d base. 86. A device
according to claim85 further including a sealing conponent |ocated
bet ween said el ectrolytic chanber and said base when they are attached. 30

87. A devi @, acqohflthed b@c@ﬂdﬂidﬁcﬁﬁn@bn@'cﬁ'dﬁlﬁ@ 67 trerwhéeinidaidddévice is
fastening nechani sm adapted to renpbvably attach said electrol ytic chanmber

to said bagfsiaped tyreleasoeaidsEuid afw fiow rate atbetweanul iang 3000 qiicre litres

delivering %(?\é ?g said nethod conprising the steps of: (a) providing a
substanti alq 8 'ﬁ%r base having an outlet therein, said outlet adapted to

al l ow gel ectl ve passage of a liquid therethrough; 5 (b) providing a liquid

chanber conprising a substantially rigid and substantially tubular housing
having a f ,r? 1st  ShBiethod agrarding ia-gRy one of claims 67 to 79 wherein said device is

adapted to release said liquid at a flow rate of between 1 and 1000 nano litres per

second.

15 82. A method according to any one of claims 67 to 79 wherein said device is
adapted to release said liquid at a flow rate of between 1 and 1000 pico litres per
second.

83. A method according to any one of claims 67 to 82 wherein said liquid
20 chamber is adapted to be filled with said liquid only once.

84. A method according to any one of claims 67 to 83 wherein said electrolytic

chamber is adapted to be filled with said electrolyte only once.

25 85. A device according to claim 27 wherein said electrolytic chamber is
adapted to be removably attachable to said base.

86. A device according to claim 85 further including a sealing component

located between said electrolytic chamber and said base when they are attached.
30

87. A device according to claim 85 or claim 86 further including a fastening

mechanism adapted to removably attach said electrolytic chamber to said base.



open end; (c) bonding said first open end of said |liquid chanber housing to
said base over said outlet; 10 (d) providing a substantially planar
def or mabl e menbrane having an inner section and an outer section; (e)
bondi ng said outer section of said nenbrane to said second end of said

| i qui d chanmber housing; (f) providing amzel ectrol ytic chanber coapnsiang:
15 20(g) 25(h) (i) 30(j) (k) (i) a substantially tubular housing of a

greater di ter t | | eHi LN i4ng an
open end hd o SanPhpC T MenGRRGME 4| Rd. GURRRRD SO SR meted
| east part icampyrisingsthgesteps df: housi ng; inverting said el ectrol ytic chanber
housing so that ,its open end faces..upwards: at |east partia filling
cai'd eect rol vt i@ ondinaeR shRSERrRR BRNaE pdte i A1 AWyt erging sel
l'iquid chanber so th@yilet adsseand afoW sefsctive pﬁé@w@bﬂéaiguia&ﬁéﬁéthgmd
l'iquid chanber into said electrolytic chanber unti| sai base conmes into
direct &r indirdel coniewddinguwat iqwdi ehaspeer spmpsisingaiad substaptially yigit and

s ng sai d f asten ngtbeerugn N foRBR nginach fid B Sid bhd LR
el ectrol ytic chanber .open end;
(c) bonding said first open end of said liquid chamber housing to said
base over said outlet;

10 (d) providing a substantially planar deformable membrane having an

inner section and an outer section;

(e) bonding said outer section of said membrane to said second end of
said liquid chamber housing;

4] providing an electrolytic chamber comprising:

15 (1) a substantially tubular housing of a greater diameter and
length than said liquid chamber housing and having an open
end and a sealed end; and

(i) at least one pair of electrodes at least partially inside said
housing;

20 (9) inverting said electrolytic chamber housing so that its open end

faces upwards;

(h) at least partially filling said electrolytic chamber housing with an

electrolyte;
(i) inverting said liquid chamber so that its second end faces

25 downwards;
() inserting said liquid chamber into said electrolytic chamber until said

base comes into direct or indirect contact with said open end of said
electrolytic chamber; and
(k)  removably fastening said base to said electrolytic chamber using
30 said fastening device, thereby sealing said electrolyte in said

electrolytic chamber.

89. A method of assembling a liquid delivering device comprising:



89. A nethod of assenbling a liquid delivering device conprising: 43

04/ 11/ 2004 5 (a) a substantially planar base having an outlet therein, said
outlet adapted to allow selective passage of a liquid therethrough; (b) a
| i qui d chanber conprising a substantially rigid and substantially tubular
housi ng having a first end seal ed by a safbstantially planar defoarinzbbse
nmenbrane, a second end bonded to said base over said outlet, and being

filled with a ligpida ausst(aﬁb.awy %Wr%@s@'h%‘?ﬁfgobht bauéthm@a&h %@FEPrdu%éf‘g
(i) a substantially tubul ar housing of a greater diameter and |ength than

said liquid chamber ﬁdapteﬂgoai@mzmen@%;rasg@gn a@ lmwtli thetethreugh;ed end; and
t
(11) 20 Teast o) pai iy BRI Bk 3 BRI A Hgknghd Subtafly

el ectrol ytic chanber tliwat Rgusing tHing bSﬂr@péﬁd%é@ledlﬁyf@wlsstamrydﬁlanélb) at
| east partially filli Ie? said el ectrolytic chanber houSing with an
9

el ectroPyte; (c) invaeformpbieirgembgane) & seeped eyl beadedtte saidbrpecpuer aces
downwards; 20 (d) i n§‘3f°t6&%%&1b%fngm”gdwm%wgf%ﬂgsa' d electrolytic

chanber unt|I said DbDase conmes 1n rec t contact with said

open end of sai dc) el edeparatel electhsipficcharaber ¢eprisingy abl yI f ast elni ng said .
base to said electrol tic chanber thereby sealing said electrolyte |n sai
el ectrol ytic chanber (025 @Osugﬁﬁyﬂb’dt%ﬁ@ﬁ BPH@'"QOOEIaaSFﬁ?K%r wWirmeater, andp

f:];irplr ;Ssr ﬁgl gcggbggatn[]leaflt ﬁgﬁfﬁﬁﬂ’%'ﬁ fséouyﬁd'bﬂ?%egiﬁgg%ﬁgt%ﬁam @ %ﬁ%ngt h
t han sdiod |iquid chanber endand a sealed end; and
(i) at least one pair of electrodes at least partially inside said
housing;
said method comprising the steps of:
(a) inverting said electrolytic chamber housing so that its open end

15 faces upwards;

(b)  at least partially filling said electrolytic chamber housing with an
electrolyte;

(c) inverting said liquid chamber so that its second end faces
downwards;

20 (d) inserting said liquid chamber into said electrolytic chamber until said
base comes into direct or indirect contact with said open end of said
electrolytic chamber; and

(e) removably fastening said base to said electrolytic chamber thereby
sealing said electrolyte in said electrolytic chamber.

25
90. A method according to claim 46 wherein step (f) is replaced by the step of:
(f1)  providing an electrolytic chamber comprising a substantially tubular
housing of a greater diameter and length than said liquid chamber
housing and having a first open end and a second open end;
30 and step (h) is replaced by the step of

(h1) providing a substantially planar cover having an inner section and
an outer section and at least one pair of electrodes extending at

least partially therefrom.



housi ng and having a first open end and a second open end; 30 and step (h)
is replaced by the step of (hl) providing a substantially planar cover
havi ng an i nner section and an outer section and at | east one pair of

el ectrodes extending at |east partially therefrom 44 04/11/2004 5 91. A
met hod according to claim47 wherein sai4d step of (j) filling sasdi1Roaui d
chanber with a liquid conprises the steps of: (a) providing a one-way
liquid inserting valve in said base, said valve adapted to provide one way
l'iquid access to the inside of the |liquid chanber; and %b) filling said
liqui d chader v method iagapwling to slaim 4amhereipzsaid\sien Rbd) filliogrenid dauig

claim47 el i d MR AR idliquid 1o chanber with a
liquid covnw&fllagdedsért eh asﬁé@@ Cg)hér tb%é%cﬁg aliquidinserting hole in

sai d base; (b) Eé) || pgowiding & ioneiway figoideihsaiting valvé visdidvbases addid valve, and
(c) sealing said hole thereby sealing said liquid in said |iquid chamber.
15 93. A method accor§idRied t9 Rigyidenene way liguid aggessotp the insidgirfthe Aauid d
step of (k) at | eaStchBﬁ{tfé.raéﬂc}’ filling said electrolytic chanmber housing
with an electrolyte conprises the steps of: 20 (a) providing an

el ectrol yte insgb) i ndillimg said fiquidi ahaotbewith & Jiqaitd Visaid yavd.i al |y filling
said electrolytic chanber housing with an electrolyte via said hole; and
(c) sealing said hole thereby sealing said electrolyte in said electrolytic

chanber. 945 A PeIGHod HeebRiIMY td RIAY4 P IerEinCdd Brerdt bf G il d WaGI! N
said step of 25 27%1 %t Ieastlﬁ%art!azrﬁl y Pﬁ Ilélrrllg sai d Ffell eg?r o‘;ﬂ?tslq% \giﬁargel;er
housi ngowi tdhagibersvithca liquigtaonuisesitbe stepseofst eps of : (a) providing a
one-way. el ect rolgj e INSEEHGIR Fkekthg AbR 1S W badd! ¢

(b) - filling said liqguid chamber with a liquid via said hole; and

(c)  sealing said hole thereby sealing said liquid in said liquid chamber.

15  93. A method according to any one of claims 47, 91 or 92 wherein said step of
(k) at least partially filling said electrolytic chamber housing with an electrolyte
comprises the steps of:

(@) providing an electrolyte inserting hole in said cover;
(b) at least partially filling said electrolytic chamber housing with an

20 electrolyte via said hole; and l

(c) sealing said hole thereby sealing said electrolyte in said electrolytic

chamber.

94. A method according to any one of claims 47, 91 or 92 wherein said step of
25 (k) at least partially filling said electrolytic chamber housing with an
electrolyte comprises the steps of:

(a) providing a one-way electrolyte inserting valve in said cover, said
valve adapted to provide one-way electrolyte access to the inside of
the electrolytic chamber; and

30 (b)  at least partially filling said electrolytic chamber with an electrolyte

via said valve.



val ve adapted to provide one-way el ectrolyte access to the inside of the
el ectrolytic chanber; and 30 (b) at least partially filling said

el ectrolytic chanber with an electrolyte via said valve. 45 04/11/2004 95.
A met hod according to claim88 including the additional step of filling
said liquid chanber with a liquid. 96. 4 nmethod according to cloair20é4
wherein said step of filling said liquid 5 chanber with a liquid conprises

the steps 5. (A muthad dcodraingtechmil 98 Mieivdind &Ry Addidona! t&p bR fifing Sarpse,
said val ve , ad gted to provide one way |iquid access to the inside of the
i qui d cha{ﬁﬂéf;hadﬂ'aer.wkﬂb? liquid.i ng said 1iquid chanber with a liquid via
said valve. 10 97. A nethod according to claim95 wherein said step of
filling said liquid chanber with a liquid conprises the steps of: (a)

provi ding #8.i quA dnéthedr aouyding! ® thimadsl viesrein 68 Sicpl bﬂ_ﬂlliﬁ%i $hidl | Iigid
chanber with a liqujd via said hole;: and 15 (c) sealing said hole thereby
seal i ng5sai(i§‘amt%ﬁ5i"ﬂ{h %“g%\'ﬂopqmmﬁe& tha steps of.

(@)  providing a one-way liquid inserting valve in said base, said valve
adapted to provide one way liquid access to the inside of the liquid
chamber; and

(b) filling said liquid chamber with a liquid via said valve.

10
97. A method according to claim 95 wherein said step of filling said liquid
chamber with a liquid comprises the steps of:

(a)  providing a liquid inserting hole in said base;

(b) filling said liquid chamber with a liquid via said hole; and

15 (c)  sealing said hole thereby sealing said liquid in said liquid chamber.



