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- M crostructured high pressure nozzle with an in-built
filter function The present invention relates to a
m crostructured high pressure nozzle with built-in 5
84538&;’ Lter function for a high pressure atom ser for
ulising medical fluids. Prior art Inhalation
Mieregtyudtured high priessreawiasle wihoan imdwmiltrfiktpefunction
treatnment of respiratory conplaints such as asthma or
COPD. 10 Si nce chl orofl uorocarbon-operated propell ant
The pf@éﬁﬂhﬁéﬂtﬁnﬁrerm@tdoa nﬁa@sﬁhauﬁedWh presaremozzlawith iorile-in

succes evelo ual.ly ectlve 0 ter
filter BCIHGSEi0n aduEl PRosaLte QR [ peRp B GLaHicH diids.
i nhal ation into the lungs. 15 International Patent
Appl i cations WO 91/ 14468 and WD 97/ 12687 provi ded a
Prior gty approach to inhal ers which are characterised not
InhalaBh hirdpy B &rPEhchAldnk IR rBhOe [ YigarkleRf P Refiblory
complglinst such s iasthnad omﬁ]Qi?Dl s tailor-mde for absor ption
into the lungs, but also in that they are a handy size
which .is conparable to the size of the known
Since ﬂﬂ@@ﬂhbﬂi&arﬁbﬂ-bﬁ@@tdd‘b@p@ﬂﬁlt fBAndhtidns alowd b@:ﬁie.d thlefohas
known as Respimat(r), is able to atomse lig

been myns and daeke oress é’é riefql@mgg cAually effrotive 05#)65%%#35@?8 to the

Produétﬁﬁlsoftalg?('fbo%ofoghlﬁ{a%ﬁc}rf %o e mgé ngl e operation into

an aer osol an average particle size of |less than

10 mcrons. As a result the therapeutically effective

dose of the drug can be adm nistered to the patient in
Interndtional P2fenv AlppliestionsiWiChd /14468 hnd 870 %7I¢Bé8ﬁpccadd¢ctahew

~ approstf k8 iters it Pl ecf i oHARE Gofi B e B} hropefonc

free aeﬁfselsﬁxuaavalhﬁimﬁfedamﬂ:eﬁﬁpﬁmetthe deoplér gonitaticzdof whioh ds

aerosol i ntended f the | ungs, .using high pressures
‘ailor-gpde for phsesptigndntey eiws@bghglaomfﬂt %}h%reﬁpﬁ%&ﬂéfomw’émh

is comPHrabRYb §hé Siz8 8P HALERy YR -Bfivéh HBhletS

"This nebuliser, ailso known as Respimat® , is able to atomise liquid pharmaceutical

" solutions in an amount of preferably less than 20 microlitres by a single operation into

an aerosol with an average particle size of less than 10 microns. As a result the

therapeutically effective dose of the drug can be administered to the patient in tiny

volumes,

~ In this nebuliser, a pharmaceutical solution is first of all pumped out of a reservoir

through a cannula with an integrated valve body into a pressure chamber and from
there is converted into a aerosol intended for the lungs, using high pressures of up to

500 bar, through a nozzle and sprayed. The pressure is generated by means of a helical

.spring which is re-tensioned by the patient by the application of slight force before

each actuation. At the same time as the tensioning action the pressure chamber is filled
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wo 20881bddags Whi Ch 1 s re-tensioned by the patient bpciRPoos/ooe768
application of slight force before each actuation. At

the sane tine as the tensioning action the pressure
chanber is filled WD 2005/ 000476 2 PCT/ EP2004/ 006768

. | ! > .
with i pHalrhEee AR PP biiectbiah Lin B g Figures
6a un® bb1FBB D 9TMR68At om ser essentially consists of 5 -

an upper housing part, - a nozzle in the upper housing
part, - a spring housing which is connected to the
upper housing part and on which the |ower housing
This apeihiser esseheisiBtconsises 6ft or age cont ai ner whi ch can be
inserted in an i nner space defined by the 10 spring
- HEUSPRRS hoWeing Rethol | ow pl unger with an integrated
- PhyL1ORhe s BOLAYpRIwNger | eading | from the
storage contarner to P s the nozzle. In the upper
- hospinghqwing whighds cenmdcsal @ fhemppeobeusigg partomd amwhich
% i\hi Cr(l;i}i S. | ocatted1 131 t he nozzle body wth the
5 EIGIOREEP B B enent . The hol | ow pl unger al so
- GPRbfageicohfinditviEgieat O Shetgied THQbEnhé&r spapé definddby the
chanmber between it and the nozzle. The spring housing
ispringthouge\andonnect ed to the upper housing part and
‘ . ot . _
NPARRE bl yich Sl €8 vRRTOAS e MolloR Fuacs leadigg
' dppe thé stesigegropaainer Oisamrdetheimozzleg of the spring noves
a power takeoff flange which is |ocated in the upper
part of the spring housing and fromwhich the holl ow

In the %bg&gﬁdiudi@ pmgﬁaﬁ@sﬂalsaﬁ pUiep h@héigg\/oﬁ:(ﬁﬁefvﬁd}k&ﬂv{\r}%vhliwbcated

corresponds to an apparatus di sed i ,
the n(’@zo}? %9@-‘87"? 108315 jog nggey AINEFRERy iﬁ}eﬁmoildo%&?pgexbglso opens
into theQAAS hgﬁﬁﬂg.pfg&‘é"@%p?é/ssm HAGTHE: BRBFdedGt and the nozzle.

mcrostructtred nozzlie body of this kind is disclosed
for exanple in WD 94107607

The spring housing is rotatably connected to the upper housing part and the spring is
ﬁnally tensioned by the rotary movement via a tensioning locking mechanism in the

upper housing part.

The tensioning of the spring moves a power takeoff flange which is located in the

upper part of the spring housing and from which the hollow plunger is suspended.

“The hollow piston with valve body corresponds to an apparatus disclosed in WO

97/12687.

‘The nozzle used is preferably a ﬁozzle or nozzle body produced by microengineering.
A microstructured nozzle body of this kind is disclosed for example in W0-94/07607
or WO 99/16530. The nozzle of WO 99/16530 is the starting point for the present
invention. Reference is therefore made to the entire specification of WO 99/16530,

- particularly the embodiment claimed by EP 1017469 B1, with all its features.
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.‘ WOZO@J}QOO%&?GVD 99/ 16530. The nozzl e of WD 99/ 16530 ljDéTIEI-t’]fDOMOUB?GB
‘o

arting point for the preéent i nvention. Reference
is therefore nade to the entire specification of WD
99/ 16530, particularly the enbodi nent clained by EP

T N NS P M

fixed t65€@BES at Iasf 66t Whieh hak 388 oamilgre migtdstetured ehaniwdly which
fi xed taogether, east_one, of

at | which has one or r
conneg; the sorFlfidrlgt el Eheieazsle ptich end obhe oz Ul Eadivict the
nozzle'dﬂeﬁfn,gt@'?éj teferhbly | ppositd Sle Both thdFoRRZAlR eal! | €t

end wth ?he nozzl e opgnl ngs Is preferably on the
opposite side fromthe nozzle inlet end. 5 The nozzle

Lok e [ ] f.l.0i d i nl gral it . LU
The ngfHeSiiét g AAFa g ibjeh ok Ao Torally LAY K, Yl tnters
may bocaistticerd oy a prefiliel bepsefiliekd. exlteahairvelyy the hrefibiee mdyt s

may be conpnected separat.e] y, downstre of, the.inlet!
conneqtRy setrpiE dEvatreant buheqrleH BlE Toadrisrinh OL ARG

through the prefilter the fluid flows through a main

filter formed by a plurality of projections. Behind

After papdingrghrqugh thepiefltesihedivid fiaves hreusdy s mainpfiltey prmedbya

£ : | ecting chanber for fluid which has
plurahé’lét{égrg&eﬁggg% filtered. 15 Fromthe fluid collecting

chanber the fluid goes to an outlet which is
. prefera constructed in.th orm of..a nozzle.w t.h
Behind {hg Bpitekiies. AETEH ot lstirscdion Hilehel f ENFyeP STt inl dlhpper
for fluid withi ahs dlyedfy Henjfdetédns arranged in rows,

preferably in a 20 zigzag shape, projecting froma -
preferably flat - base plate and hence an integral

From @ rt'ﬁlicPEol'ti)&?inQ%ﬁﬁrrn‘B%f‘er ﬁlﬂiﬁgo@?@ aRbatier which S BltAbYy
covered by a - preferably flat - cover plate. This

constriasedvin thegformaifiatnozele witanne bs ningt woezle phenipgsj ect i ons,
the base plate and the cover plate. These channel s
forma passage fromthe inlet side to the outlet side

The mdih filtdpeohiprises a phnalig.of Projeshand ngapetiieeows,herefaasbly in a
|ate in the area aro pr.oj ions(iiES and the

zigzag Pey PRVSHDS M befesplt st plashand Benght ntpgral part
of the b388Blaté. ZEh@Bade it isltdmpletely covered by a - preferably flat - cover
pla_te. This forms a plurality of channels between the projgctions, the base plate and _
the cover plate. These channels form a passage from the inlet side to the outlet side of
the filter nozzle. The spacing between the base plate in the area around the projections
and the cover plate within a row of projections is about the same size aé the width of
the channels on the side of the projections where the fluid enters the series of channels.
Unfiltered fluid enters the filter through one or more oblong inlet slot(s). The inlet
slot(s) are about the same height as the projections protruding from the base plate on

the inlet side of the fiiter.

The base plate preferably consists of silicon. This plate is preferably covered from

above by a glass plate,

To produce the nozzles, the following steps are carried out:
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W020P#7 §odah@nnel s on the side of4ct he projections V\pgt(g?%dbig/gos?%

enters the series of Tthannels. Unfiltere
enters the filter through one or nore oblong inlet
slot(s). The inlet slot(s) are about the sanme hei ght

_ . rudingfromthe base plate on
Stmﬁrelhgglbgﬂ&&ie&%&(ﬁl e#‘flter. 30 The base plate
- joinipg diccbabh wi basesplates andl coivén [Hames tdgeitserphad e i s

efe abl red. from above by a glass plate. To
—sepa%r ‘é"i“ﬁ?—?% 5’?‘%‘?7@ le arpANgemEniSoni ng steps are carried

out: WD 2005/000476 r 4 PCT/ EP2004/ 006768 -
structuring a batch of the base plates; - joinin

The bpsstrlpteds pEe@b] sirussursd dbycsing pemiguasdn saanner wnper

{ I
v THESERAL 15 LUSchieh ik PIGE e BEQUAOTRRY 50 i,
usually bcﬂw&eq Jemnd 20 miommsgprekarabiy heaveemai)ouTHeam:bl@misromﬁ, and
t crib b d
particyfilly Bt h K SRt SR Soalfta oy Brcas PEVE fapi y

preferdlﬂjv m&@(ﬁh(ﬁiﬁmilhﬂe gifidod, st Rrchesp add dvailld ircalb@td {l.e. in
5. and.7 mcrons. The nmaterial used for the

Wafersbﬁbg’ﬁtﬂhdf is sufficiently; datand pasallslvides slighiisprfaee squghaess, and it
can be@ltathed & ARERePPLrANRLOANE a'dﬁltﬁin?ﬂ ?ﬁﬁhc,(a'uoﬁ of 'aﬁhés@ves or

wafers) 1n which it I's sufficient and parall
other mptenials duringihe subfequent cuytenden prfmas i In oxslen ty eroduce a

phurat AFAZE, bR RRE B ot By BERrb PR e

plates dleansddbfromuesiticaromwaget i on process. In order to produce
a plurality of nozzle arrangenents in parall el
manner, a plurality of structured base plates are

After sﬁﬁ@ﬁlrfdg‘}lﬁh 3ilRbh ikt vk fled, rﬁhé&he&n ﬁiarté‘i%tﬂiéh a&aem toa
|conpate|s cl eaned The sil |confbf§nate|st en

cover plte dsHaedicbending (el USl Ratenb3, 387 fiecofbidh8il9gs( Remeymtz et
al). Pat ent 3, 397,278 of 13.8.1968, Ponerantz et

Suitable cover plates may be, for example, sheets of glass such as alkali borosilicate
glass, e.g. Pyrex, (#7740 Corning) or Tempax (Schott). These may be attached by

anodic bonding of the silicon and glass.
After the bonding process the composite structure is dmded into individual units (e.g.

squares) using a high speed rotating diamond circular saw.

This known filter has set out to achieve the objective of economically producing a

nozzle of this kind for an inhaler of the type mentioned above (Respimat®).

Surprisingly, it has now been found that the nozzles in their entirety exhibit a spray

pattern which is more uniform and advantageous for long-term use if the configuration

of the microstructures inside the nozzle is modified.
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wozoﬁ%‘;{oaoﬂozo Sui t abl e cover pl es may be, for exﬁp?k?zoozuoos?aa
;Y S glrass, -

eets of glass such as alkali borosilicate
e.g. Pyrex, (#7740 Com ng) or Tenpax (Schott). These
may be attached by anodic bonding of the silicon and
| ass. ter the bondi ng process the conposite
Desc@p?%&q}?&eggvgpﬁp&ed into individual units (e.g.
AgainSOHa RS kegrdéwinddha A QT (B pRGertdhdénthg ®itaimpeowel the uvange
saw. 25 This knpown filter has set out to achieve the
spray pajtea a2 BRuadE L AoFTler oduci ng a  nozzle of this
kind for an inhaler of the type nentioned above
rtElRes-pi_nat(r)).' Surprisingly, it has now been found
A furthpraaing ldo aveid substantieHe increasing the Jlosxresistancy in greayozzly.
pattern which is nore uni form and advant ageous for
long-termuse if the configuration of the
Anothet aimo 5t toust the aokzls acwriing toake invehdonul iafi ifelthlenid the
.20Q051000476 5 PCT/ EP20041006768 Description of the
RespimaGediP-on Agai nst this background the aim of the
present invention is to inprove the average spray
pattern through a plurality of nozzles. 5 A further

This asmis achiewsddnshar i ibementle of e whe ik ayestipn heecopdyype of
microsrtiE‘trQ(:'t?tte;”‘{%'ﬁf‘chI erfrgfﬁzﬁlle Qitref B A%ike, 3 Bricedti t}’ié ?cgtié}? between
nozzl e er of the

according to the rnvention’in an I nha |
the filiRestpuctate and theprozzkOotitsi.aithe fikraie kpBeasting chamibst. This

he nQzzle of the.type i uesti gn a second
second fige 38 ittt it MG o GRinpBR: &5 BRI mdat SerBlrare and
the filtef ste€dtifed, aré Slabstdnmcthe Prinkey se@gtwite dat the elirectitue of Hlbwvahis
structure and the nozzle outlet, i.e. the filtrate

secondagy P@%?IPFF‘QCQIH%@E?? ﬂ“i’mr%nargég&ﬁﬂ“?ype of
m crostructure is referred to hereinafter as the
secondary structure and the filter structures are
classed as the primary structure. In the direction of
Accordingp the invemstiendontdentodorm che secondapsstaygture inhe filrate

, . : ; ) iy .
coec B T PR B L O bR, e v
cylindrical elevations extending from the bottom of the base plate to the cover plate.

They are preferably cylinders of circular cross section.

It is advantageous to use built-in elements the height of which corresponds to the

height of the filtrate collecting chamber.
The built-in elements may be formed out of the base plate.

In preferred embodiments, the built-in elements are arranged in parallel rows in an

ABAB arrangement with preferably equidistant intervals within rows A and B and

‘between rows A and B. The adjacent rows A and B are preferably displaced in the

direction of flow by the diameter of the built-in elements. The use of built-in elements
of circular cross section produces a geometry in which each of the built-in elements

forms the centre of an equilateral hexagon, each angle being formed by an adjacent
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ucted. Preferably, tﬁey are cylindrical
el evations extending fromthe bottom of the base plate
to the cover plate. 20 They are preferably cylinders

.. .of circuylar crqoss section. Lt is adyantageous to use
buile-if glefent (b SPERRESRAG PAR ORI AHRIR Cop s RES0T e all o
the bufltid elb@eABtpdRitidiea dtithd éddee col | ecting chanber. 25 The

built-in elements nmay be formed out of the base plate.
In preferred enbodi nents, the built-in elenents are
arranged in parallel rows in an ABAB arrangenent wth

The diRlcA5Bn8 BE YnCOMldnSAREn s REEEIR S Y4 tHAk PheéyodS nbe MrdAdially
and between rows A and B. The adjacent rows A and. B

increasgrthe fowrresiatange.dThiy s eckicved bnmabmadihe spacings betwiepp he
- di it | . .

oot YO BTG £ Bh 505, e o B Tpr B8 sRbine

through, @rehrthar theiresultihg brasastctivhal drea lpergendioula erthatdérection of

o whigh Ry e ekl sbCec e B OB Iy o RhoRls
effectiveCTéSRROM A EHRGE: L1eh bl e thebpERiy (exaBdoAhed By itBOilter

Naturallg, this applies only partly_ or not at all to
structugese Tihys (the flawehapaskeristiss of thediaadd Fsidathedqpyale arpgost

Sk [ lol $e . CRRBLSs are selected so
strongl?HaI éﬁ‘gﬁggﬁ%% %tglgésst(%arr}t??gﬁy glt'i ncrease the flow
resi stance. This is achieved by making the spacings
between the built-in elements, each of which forns a

t hr oughf | hannel ,for the |4 quid SSI
The crdsareitapt e Unan Flermpet PeelcBiLy sBASHat the hO Hsltance for
a fluid pewiendircugtais midimized d i Roendi srrovaf crobd sastiohs ate preferred for
) effectively perneable to the liquid is greater than
this. {he corresponding effective cross sectional surface
o area of the throughfl ow channels fqrned bg the f.il tel
As an alternativg &e theerosysresions desqribd ahayethex may flsg bgrtrippg

trapezot)c%/ﬂ PE gedst{i?%g%, Rﬁﬁlegﬁé téhgle%lﬁnﬂ@ :‘B}é alighéPRPme difdcidfTTdW.

r
ar,

tares e main filter. The cross
section of the built-in elenents is preferably such
that the flow resistance for a fluid flow ng through

Advant%?egﬁgﬂtgi e?x%?y 58 léﬂ]doo%rimg?{ﬁlin Wh?&?ﬂfé%ﬁﬂe?l@ﬁm@ fa5d the spacings
of the built-in elements relative to one another are such that they influence the

vaporisability of the solution, by making use of the surface tension of the fluid.

Most preferably, the built-in elements have a spacing in the range from 0.005 mm to

0.02 mm. According to a preferred feature the built-in elements themselves have a

" diameter in the range from 0.005 mm to 0.02 mm. The spacings should be greater

than the smallest spacings of the structures which form the zigzag-shaped filter

structure.

‘The density of the built-in elements is preferably 200,000 to 300,000 per square

centimetre, more preferably 250,000 per square centimetre.
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WO 2 g,ob&?% As an alternative .go the cross secti @RS/ep2004/006768
€scri bed above they may al So be triangul ar,

trapezoidal or rectangular, while the angles shoul d be
aligned in the direction of flow. Advantageously t here

S in
HowdJg, if ReHRs grospd g ee 16 Cphifactoff BHEREGABEnt it
conca¥b ok niferaddvedt) Grconket cithpyfaraddidlendle t he
vaporisability of the solution, by making use of the
surface tension of the fluid. Mdst preferably, the

Advaﬂégééus'l)ﬂtlﬁl S?Hi%mr‘és BAMR BamPAfdrNGe blojbdifonsedt@Ridg MM zigzag
. mm According to a preferred feature

configuratig over-the eenewrdtb of Wegringerjersofithe @ogzlo.cThe shikessin
R e e e

centraltlingcit wighs anglecto fhermaintdirectign ad{lohagietles the emfiguration into
strutur The denS|ty of the built-in elenents is

two argas Of royghly SdF16ES: t 0 300, 000 per square 30
centinetre, nore preferably 250,000 per square
centimetre. WO 2005/000476 7. PCT/ EP2004/ 8106768

Becausp pé the zigzag aeangament pf tedpiktzin slaments of thegau filfer, the

i | R riginal
duecﬁc{heopﬂ‘k fhiid yﬁiaﬁ@@@&ﬁnsﬂﬂtﬁll@u n?%ﬂ@ QHQeQ vxewed from the origi

ternative a convex cCir ential wal

-directiovafiflag b i 511 thiedluéd colieatingschafben @hmdircptfqnl efcflova iscchanged

sgnin OH SEL SRR tp SR popi st Bof B dhs Bt Bikel et B keifon, acan

interndh&ngObKRSs ﬂﬁntgm 5, configuration point al ter nately in
the direction of the inlet and outlet. An inmaginary

central line at right angles to the main direction of
The aBb@éNﬁf@nYlbﬁgé &@ct?d?ﬁfdl%%@&f@ﬁgéd“ilae by WRleasv@AshOéntire width
Si ze. 10 Because of the zigzag
of theaﬁlwamg ercl;fmtto bhuild hp the |zlgzagﬁh@@1mfgugmqrhe mai n
filter, the direction of the fluid is changed
subst antl ally at right angles, viewed fromthe
In a fiestipgefieaded edlh@ﬁmleﬁnﬂmfbﬁﬂtaweleﬁnmts fre fonmed lomi tie outlet side

ehing 3¢ FEAR RaTELROBENEAP RGO oL RYSiTE DL AR may

extend h%n{ B{eﬁ?}]@ﬂa@ghéxﬁﬂal(ﬁler&'&ﬁ& kigPag-Maprd config@rativn Yk aozzle
| ess t han .
opemngs

Alternatively in a second embodiment the built-in elements may be formed right into
the spikes of the filter system projecting in the direction of the inlet, but preferably

with the exception of the region in front of the zigzag-shaped configuration.

In a third alternative embodiment the built-in elements may be arranged in the

direction of fiow both in front of and behind the zigzag configuration.

In an alternative embodiment the projections of the main filter may be arranged in
several rows in a cascade. The projections arranged closer to the inlet side of the filter

may be larger than the projections arranged more on the outlet side of the filter.
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The above-nenti oned projections may be arran

- YVOZ@?I&QM@ side over the entir® width of the fi IPFg'fEP??P‘”OOSTBa

order to build up the zigzag-shaped configuration. In
a first preferred enbodinent the built-in elements are

ormed on the qut|et side 20 behind the 2|%bqag
The sg@ﬁﬂg baremendhe flat base nipteand e flof covesplate i Uas grep arepnd each

row thFdT&Qfo%s mﬁg gﬁ&' iR I o Red m%é/ascﬁlrét\fﬁlth bf 8 @hnnels

€ Zl gzag-s con Iguration to e Nnozz
on thogidaohthe pmvetcexpnawhem thei fluid estars the ronboichasnelst Whis spacing

s berlplo At fpf PEEERS w1 3oe SR LB hpbdihe ey ke from

row tdiovectviewedoi thh din'enii@ﬁ of Hotw, fhefchnaddly cnisthuve lresubstantially
excegti on of the re |n frt&la of the zigzag-shaped

Square Grosy SN, a8 ety g ative enbodi nent the
built-in elenents rray be arranged in the direction of

flow both in front of and behind the zigzag
In all dsrambedisangnthe3pa¢ing: éﬁt\mqneﬂmﬂaﬁ b@seemlatfdm@mar&wound the
projectiofih ﬁﬁ? 'tf?@ﬁatoéov{epﬁla #‘E‘k 0 ¥019<.ec s AEE thaid ﬁl er may
several rows a ca 0] eetl ons arrang
be consltmte’ffht tspadmeg nralydie mmr ui tttehegfoml dfehe endhypf bee ttm g’thh is

ti rranged rrore th tlet s
close fg16¢ qulEr FEhE g5 B 56 Brorearon ot ag o8 the S it is
close tbhfie $IBE4iNE oP EHevIRR. THE Jda@hgbﬁ#pﬁf@hﬁy&ﬁ&e&i@mfdu@htantlally
cover plate in the area around each _row of

linear fyshjoscirompneand-ofhe 10w of preisetens othg BERAT. t he sane as
the width of the channels on the side of the
projections where the fluid enters the row of

The facingnmidéssof tFhi @J@patrmgs of srofestinoe defirzd 4 colmesivevihambendnto

el . Thi aci
which P oty oy BRE ek oRRAE e Rt CRFETAT S it B anc
from vetieln ried ﬂuiﬁhltﬁﬂshav(e alh ﬂw&l&gﬂ?lsl tﬁdﬁﬁyen ﬂmﬁbﬁecabns sf th; adjacent
ctiop at_their entry end for the In t he
row. 1§ SUORHIRSH F QRRRISRORe b e frers. B iﬂ“&?‘é"g n
chambteF of @Bﬁﬂfg%&&‘é REctiILine® WHIQE EHeORSHIRREN bf‘@oafrkél? fi‘h@i’&f ﬂuld is
plate wthin a row of projections of the main
conveygghand from which the fluid flows into all the channels between the pro;ecnons
of the first row. Behind the last row of projections is the filtrate collecting chamber of
oblong cross section into which the fluid from all the channels of the last row flows

and from which the filtered fluid is discharged.

The projections of the main filter may take the form of posts which are straight or
curved, viewed in the direction of flow. In addition, the projections may be in the form
of — preferably straight — columns of any desired cross section, preferably of circular or

polygonal cross section.

The length of the channels extending between the posts is at least twice as great as
their height at the entry side for the fluid. The cross section of the channels is
approximately square or barrel-shaped or trapezoidal; in the latter case the longer side

of the trapezium may be formed by the cover plate. The channels may for example
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onstant. The spacin y be greater in lj; 2004/006768
wozow'o&%lr'i]'gof the end of the r%\)N which is close tpg;’t%hp

outlet side of the filter than in the region of the
end of the rowwhich is close to the inlet side of

e 4Rt 5T 08 SRIPIIR AR B SRR AP35 By T

‘The paricies,imiherfiligred opg ate injtgdly gleposi

width@f th¢ chatielsomay tgcredre toWhels.thd buifllbesilaci ng si des of
two adj acent rows of projections define a cohesive
chanber into which the fluid flows fromall the

The s?ﬁlﬁﬁ@ Bhﬁvel%ﬁtt}‘i@@@vvﬁ B? @&ﬂti@‘ﬁﬁ opfife MhirPfiltér'i§ HréfembBiEvice as
romwhi ch the f ows into all the channel s

great gethgeadth ﬁ%th@r@jaéa@h Qihﬂiecﬁmmﬁéd%nai‘ hecravs ofpyqiectigng wgy aun
t fi f r
paralifhto o ploff e ot eBIARRE o0 BF plctaliy f o sda The rows
anangednnlarmszagfpamhrm hmmba‘mt]imzbttlmveaomempﬂiarlat an @ugle of 2 to
o fluid is 20 conveyed and fromwhich the fluid flows
25°% into all the channels between the projections of the
first row. Behind the |last row of projections is the

filtrate coll ecting chamber, of F%ngg%ﬁ%rgg %%E%ISB
t st

projec J?is‘z‘% Ear ié‘%eéi ﬁ)ln%Zl% oMot BN id tﬂet zﬁ‘%%doﬁ kb ﬁuidsmiet side

h proj eCtIOI']S of he mai n [ter nay .
located glose tth¢hd ontletcidpolsthe filier,ahe ap%cednetwegh th€olr0WSch preigctions

seacufy B ket g 6 r8Raf o Pbad NPt e e e e s o
compléfelyoblgbked agd thinfilterafapadiyy aedi tfpednﬁr msmtee spacerhetween two

rows d pEorvFRPIA GUInoReatRG Sl MOVSTEEA 4 B TSRLEH. | ne

posts is at least twce as great as their height. at
the entry side for the fluid. The cross section of the
The degran nfseparasiomphthedilien istelativglyaearbr dﬁ‘meﬁlemgaégél@ﬁ mited
ttucrudt FRHE 8 Blmed ol h P LhingiE e s BRI By il fhy imflow
distribatt&rthetiﬁe fhwid vfrlwzh dxeonipd filceked maﬁy(ﬁibﬁdﬁéﬁtoﬂector for the fluid once -
. PCT/ P20 4/ 006768 have a length of 5 to 50 pm a
it has {¢T6¢- 2.5 to 25 pmand a width of 2.5 to 25 gm
The w dth of the channels may increase towards the
outl et side. The spacing between the rows of

The filgere dhid isronsEyachin heiiTRicIcollecing ghammberdg A neagice d Tis
prefer#qhﬂﬁgé{wc?‘ﬁ?éﬁ]ﬁgﬂnc fifePiowd18s ?:5!;@1”6‘@1'&1: OPhd REieR (thereBy dfrided

trons may
by the nozzle into two streams which are dlrected towards each other so as to meet

behind the nozzle opening,

~In preferred embodiments, first the primary filter structure and then the secondary

structure are formed inside the nozzle in the direction of flow. The filter structure
extends over the entire width of the cavity formed inside the nozzle and over a length
of preferably 30 to 70%, more preferably 40 to 50% of the entire length _of the cavity
formed inside the nozzle. Preferably, the filter structures start immediately after or at
the nozzle inlet. In particularly preferred embodiments the filter area has two types of
filter systems: a preliminary coarse filter and a fine main filter. The coarse filter may
be made up of a single row of structu-ral elements formed in paraliel over the width of
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rwozog% 4l(gl to one another or _jn a nmeandering paﬁg?/ﬁgz%goema

preferably in a zigzag. Thé&Vr ows arranged in ZI g
pattern may be inclined relative to one another at an
angle of 2 to 25 10 The particles to be filtered out

are injktiall eposi.t as resul t t he rqws ,of .
the chffet i, izl ARERRLeRhly 175 o5 HEmee fnnfigyralfort At depgribed.
The séofdsryosiriditrd is Wheh fornRl i itteareh WAV €& Mle@ad dfahé filter and

outl et side of the filter, the space between the rows
the nogzle guglebeti ons  gradual |y increases, starting in the

region of the outlet side of the filter. The filter is

not conpletely blocked and the filter capacity used
The ng;zlmmqmdmemitﬁt gwestion maycheeraduced by She mﬂshcaé discussed

' |0NS: | t _entirel il i t '
above Ploth By Bicht s enBite dy Pldocish. THE pe Mafiiphy By Bace of
the sathi Im@eeriabays the abiarelytec beadiffe rekef masdiah Wingfilter it keitable for
. limted fluctuations i h irensi ons of the
high PESSESRSCARETAtiHG €1 14000 HoMEA GO0 RARD @ any i nf | ow
distributor for the fluid which is to be filtered or
any filtrate collector for the fluid once 20 it has
In the manufaqrprecofetie mpade proardingiorthe invengionotive derprivre dipm the
methofl Iﬂdp%tigl Helle fl%é BRa&HARe e i o@t‘i’é@tju?ed SEE&U% Waﬁ:r firmly
preferably has two openings inclined towards eac
attachat trethe glims fflawiisiprovidederielh yn didhesiesl filny pefdre tiixdiddual

1intgrtwod treals f/vhi ch are directed towards each ot her

ROZZICKJre 81 i@é’? ©B%ehi nd the nozzle opening. In
preferred enbodi nents, first the primary filter
structure and then the secondary structure are_ forned

The migsestaactiprel WgerAcazleaceqraing fosbeiipyensionis ohparficalar | ¢ er
impor LI a5 Bl e
solventp i bedeatsb preducecany frpsaldoradmipisraivnbyinhahtiseySuitablpe

: ntire.len of, the cavi f.0r i Nsi .nozzl e.
sotven@i ifsqrie byl of iR inbreclsy SEREpleHarabARiAR
prepargddmrinclndetfor éRenplo Bet@ed (febterdlirhypizobiomnide),| Arovent
oS B et b i g,

salbutaflﬁdlﬂaﬁﬂier‘stflbﬁattf@ lor freBBasQ il ddtUpraBYpidde bEGHRIeUludf

a single row of structural elenments forned in parall el
salbutagvad), @gend, giorropium bygmisoBrbodsm™s 1 0

The present invention thus comprises not only the nozzles according to the invention
which are described above but also their mass production, the nozzles thus produced,
as well as inhalers, preferably those of the Respimat® type, which contain these nozzles

and with which medicinally active inhalant formulations can preferably be atomised.

The microstructured filter nozzle according to the invention has the following

advantages in addition to those already mentioned:

- thanks to the large number of channels over a small area it remains operational
even when some of the channels are blocked by contaminants from the fluid.

This property is critical to the usability of the filter, which is combined with a
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t hose
nezkhas0 %l the tkahfiltedsurfade.ci nal |y active i nhal ant

formul ati ons can preferably be atom sed. The

m crostructured filter nozzle according to the

- | Mhe Hlied Raha smiall&ichd voluh & par@Eulady dilleAgBereiin a ddgh demvity of
tguitlh,os al ready nenti oned: ‘

WO 2055,5>@§§P2004/ 006768 t he chi\g‘oer. The main fil b8¥%/EP2004/006768
pre n y

descri bed. The secondary structure is then forned in
the area between the end of the filter and the nozzle

o icrete. Whell eB R anaARSaE fr fisddhoins MEUEIEAE BeR e
sidtomdser wilhas 8 giveansage periosd plagdiave serichiseconasmuenked for the
nal}/gpe made of the sanme material as the cover plate,

or

erably has the zigzag figuration alread

SEdifferent material. The filter is suitable for

hi gh pressure operation, e.g. up to 30 MPa (300 bar).
10 _In the manufacture of the nozzle according to the
i nlisehagaelsiate nageply defined inggrms af shapeng@skytstianalarea and

&g&gﬁﬁ; Acddiing" & S iliilat E@bg}iﬁﬁé}ﬁﬁ P&Cdiﬁ{eﬁgioi'b lok a2 the

irmy “attacHed to t ass plate I's provi

wichhAnaels withes p fdtef atethioshmee t he i ndi vi dual nozzl es

are formed fromthe plate. 15 The m crostructured
filter nozzle according to the invention is of

-parkied crotsedectibnpd thecimniebmal ibetadaped rondiaithed ®igorements,
phar maceut i cg{ﬁccorrposi,ti on dissolved in a  solyent, in

0

Eefe SO @S (DA HifcEOsmseaHPB 96 p Mogrie damnsireamAheisalny

i nhal ation. Suitable solvents are water or ethanol or

m xtures thereof. Suitable pharnmaceuti cal

-prelisgefiliaing surfice gan beraceommeidete@ewishinca gmall flter gplume.
hydr obrom de), Atrovent 20 (i pratropi um brom de),

Ber odual (i pratropi um brom de plus fenoterol
-h{ltredbvoof de)fluid defdraticentkers(ths chinenedsibetivate the rdwsearranged
base Conbi vent . (i pratropi.um brom de pl us. .
o3 Brlezbr e yOnE b GRHEl e febhet Birulashnig e fowin
The: gHaaseRr! | nvention thus conprises not only the
nozzl es according to the invention 25 which are

descri bed above but also their nmass production, the

nqifélo‘i%{gtdt?ﬁ% s%ff?@éjﬁgﬁ ?ftﬁteﬁ{)a%s s\?ﬁ[lit%:rﬂﬁ & ot alPhe RAARLY) is

espl contain these

i-in ¢ ements.

- The nozzles can be mass-produced in large numbers with low rejection rates.

- Crystallisation or precipitation processes in the pharmaceutical fluid in the

filtrate collecting chamber are reduced by the built-in elements.

- Finally, the change to the structure of the nozzle according to the invention has

meant that in mass production the proportion of nozzles which do not exhibit
a permanently uniform spray pattern has been reduced by roughly a factor of
100, from 0.1-0.5% to 0.001-0.005%.

The invention will now be explained in more detail with reference to the drawings.
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( WOZOOS/BM?FS to the large nuan& of channel s overf@T%dMOOGTBB

remai ns operational™ even when sone o
channel s are bl ocked by contam nants fromthe fl uid.
This property is critical to the usability of the
filter, which is combined with a WO 2005/ 000476 11 1
PCT/ EP2004/ 006768 nozzl e. When used in an atoni ser for

Fig. 1di ﬁm@%ﬂrtgnbodiﬁfhm affeind ﬁltér&ldmlegemﬁveﬁ fieym ahesids evhich is

“Wthin a give

GRS PN RN T S—
”aTﬁé’Waéé ;?isfel @?‘i’s inficrbSiriEusdd BetaRen i &% re8ivink §24(2b). The

area and h. According to one particul ar
entowsi (A At prmwéwms B afraRgedon aFigzaghthe ronwive iacliged gpyrards

f h
2 ach affordy yrl A%e12 8 R che ARR R MAR TR DAhe e |
g ﬁraﬂtr‘g@nﬂ%t Pﬁeré lig ?ﬁd‘tﬁeﬁfcﬁﬁﬁf §1©]§dclt1t0ﬁs ¢f) whichzick es preﬁltgrs In
ownstream ereo - ar | erin Surt a n e
adeQtRidhe BROIGFHMNSH4A t%%are mlgtslgrs (B gihf@ EL “CT*HQ% ?‘F
of ydefieréd Huf QﬁE&rtﬁe ifiteENHEHSs LiABoaIRHICAGjab@iB e ﬁh@r

r ows arrange |na2|3'pé_a configuration is

s Ltbsteanwmizzly (d) from wbxq?:e wresl fluid| energes. FEh neglq i§ an
gg ;@ ﬁ anr.g b§§eg§ﬁgef. 'félh s%raﬁé Héﬁﬁﬁn etfné ;i'l.@ei’fo&%w@i) and the

5Q1C%me(6] aht @ahtef dolleeting chidnslsee, [2this, aTdeeoﬁddlmrestruhaEe (50)
a .snal ead vol articularl vvhe e is_a,high
cdh QTpgsek et 106 hase st the Yovel s, To% deknfanly

MBeRrc Al %Hﬁ&ﬁmb@a |1=i=1f;9 QuittEe o §um-hhe1kﬁ%fseaaq9 tta¢h extend
rat es. - yst i sation or pr ecl pl tation pr ocesses

i rbcﬂM@erpﬂEBmﬁ{v}@ platesa (The partial enlargement show en the right
¢ th!.lf%&{té%lscgggb&{ affalis, ’i‘ﬁg Hﬁaec‘?négybetnggerpﬂiel Builtlin elements (51)

are preferably 0.02 mm from centre to centre. Similarly, the diameter of the

built-in elements (51) is ideally 0.01 mm.

Fig. 2 shows, on a larger scale, the arrangement of the projections in the rows (3).

Fig. 3

Fig. 4

The projections (7) are in this case rectangular posts.

shows a cross section through a row of projections along the line A-A in Fig. 2.
The projections (7) have concave curved longitudinal sides between which

there are channels (8) of barrel-shaped cross section.

shows several embodiments of projections, in each case viewed from the
initially open side of the filter. The drawing shows a rectangular post (11), an
oblong post {12) of constant width and rounded short sides, a wing-like post
(13), a post (14) of constant width and a sloping short side and a post (15)
curved in the shape of a segment of a circle. The drawing also shows: a square
column (16), a triangular column (17), a round column (18) and an octagonal

column (19).
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Finally, the change to the structure of the
ﬁq ng to the inventionlhas 30 neant thatF’&]-F}E';éc’%‘(“foow68

production the proportion of nozzles which do not
exhibit a permanently uniforn1spray pattern has been

| d_by hi t 00,..from 0. 1-0. 59% t
Fig, 50 SHiFs 6raRb SO IOMAMSHPL FEFHS RPYP SREGIOGRIER b Rl s

MRE&idiE gﬁ% a Widsh sé@icar @RF Sithocdmtavel ek d %gﬂﬁ@lnal sides, a
2005/ 000476 12 PCT/ EP2004/ 006768t Flg shows an |,

ertAPE oAl Cross 3eRHOR (23)e Whesein (the lqp of theHansauE: He
covgqu%é gd t(% ﬂ{e{ lha% (P\c{)vgr ?j;il al%i‘%Be?BldaiS C@Q?&)ﬁ:‘ﬂl%ﬁgk%h)’wgsereem the

plshom s{de) of the iapezisny isconneded ¢o Heebasepdateddh ando o (25)
2 2b Th t d
( aEp E‘V%E%}aifef‘ﬁan?m@é% ?TprOJ ections are arrange

clined towards each other
by an angle a. At the fluid inlet side in front of the
zag arrangenent there is another row, o

Fig. 6 prsgj)‘a&wré%s PEANSRACESs alprojctigpyrihe Pé?igmqnﬁ irresRectiye of
t I?.EEIE Eﬁ’aw%‘:t ?E ﬁcﬁlat{eamﬁ 8f ditfefdnt 3125, Srlﬁéﬁ)rmédﬂfoﬂb diay be

tere d enters the filter. In this .
ermadgadam 3 m;méém ortig lirtear fashmmﬁorq%@r?é qrdng meandering

| e..(6). Tr

§160328 o g ML 15 PR bt o A 1850w
S mﬁlﬁ)@ imatemdeting shapd er inrozxigzagIhape (B(i)haay boartasgédin a
is th flﬁtrate col] ecting chanber. In this, a
s&awAde behind qne 50) is di sposed between the base
pl ate and the cover- plate. This secondary structure
conprises a |large nunber of built-in _elenents 51

Fig. 7 wishews the anirntatioef pRsshin Fedaron tpgthe digesgon vﬁelfi?av 41 of the

I
ol PENSscS A2 DeE Brehfed pEtlcl by chy SREGER of Riy2 U osts

(%4)) arereranged peqiehyluﬁ)lﬁzr torthe directiem of inflow ard theposts (44)

Sim) t h | t 51

et taglipdd, by AR Saghndie P girdihion ot BT S oo,

scal e, the arrangenent of the projections in the rows
Figurep 3blbs Whiyhre JHns (o Ftadsess SBuet W DRAZOGR Aosgaitane.
nebulifdt REGihQES) FiRBhitRehd hifeotis Aetddolpitpafations according to the

T

‘inventon can advantageously be inhaled.

| Fig. 8a shows a longitudinal section through the atomiser with the spring biased,

Fig. 8b shows a longitudinal section through the atomiser with the spring relaxed.

The upper housing part (77) contains the pump housing (78) on the end of which is
mounted the holder (79) for the atomiser nozzle. In the holder is the nozzle body (80)
and the filter according to the invention (55). The hollow plunger (57) fixed in the
power takeoff flange (56) of the locking mechanism projects partially into the cylinder
of the pump housing. At its end the hollow plunger carries the valve body (58). The
holiow plunger is sealed off by means of the seal (59). Inside the upper housing part is

| . the stop (60) on which the power takeoff flange abuts when the spring is relaxed. On
-the power takeoff flange is the stop (61) on which the power takeoff flange abuts when
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- WO 2008m00pTedj ections (7) have cp,gcave curved | ongi pCidEPRI04/006768
S si des between which 25 there are channels (8) of

barrel -shaped cross section. Fig. 4 shows several
enbodi nents of projections, in each case viewed from

the sl io bifted, sk AR FacHlel Gr e shhifig (A oifing HREBE AN dnoyes
betwegpthetsiop (o)dind asubposu (fife dn shonppsi ld:esmgapm ngheiakemating
buttonofbﬁlt) 153901{n]e§3ed ) tﬁ@%ckﬁcﬂg@neﬁ{be?Oﬁﬁﬁe%e%gﬁﬂnﬁﬁgﬁaends in the

short side an ur ved
mo“[hQFf"&E 66 angd sgaked ofighy means of @e PrAtECHY @ 6RYeE (@f)swhich can be

placedsheswsn. a square colum (16), a triangular colum
(17), a round colum (18) and an octagonal colum
(19). WD 20051000476 13 PCT/ EP2004/ 006768 Fig. 5 shows

The springsteouseng (60D svithhcampfessian ispriag §63)tis rompddy fiovatéd on the

upper G50 Bubidly AR (AESMPTh 8Tk po Rl Shdy Yl E?‘*?ez prer
housingmast(We ds peshed2ayr thetsprisigrhausingl dngidsithiespring heusing is the
exchan‘gf:ﬁﬂ@ %tdiggé Sont&RRP EED) 8lr Hﬁe fh'ilﬁ @Qfﬁrhmhaiﬁ %o Bé)atoﬁihsed The

ezol Cro ction ereln rt si
storage,GOiRger Fa‘ﬁ%‘ff‘ iy '?Bé&’&cﬁ‘i?ﬁlftféa X ﬁﬂfaﬂ%h B’Qgél %\F}{f’ilomqlunger
pro;ect@@ﬁko&h@ eedrage2fontaiet ind WoiniraeReddt 1t9Bad i/ tHeMlidgegssly of
i Fi glﬁgs yarious arrangements of projections, the
ac Vesﬁl}%a@g?is on | rrespective of their shape - being
i ndi cated by dots of different sizes. The projections

A spln(ﬁ@}(ﬁ’fefo}%@ﬁ{e%ﬂ%?%lzc;&uﬁt% H&ﬁ&l&%{%‘ dle&re éo@etllé]éﬁ?[h(ef
housing Atithe erd ohthsespisly famngﬁhprmne@}wusmsm@peém ivs pinion (75).
A slideR7THNI8Dnl fhedpinié. (35), in a neandering shape or in a
zi gzag shape FSG) may be arranged in a cascade behind
one another. 15 Fig. 7 shows the orientation of posts
inrelation to the direction of inflow (41) of the
. t r [ t
An ato%uééi' q‘nth Qﬁlcﬁo@aﬁln%résce?lst %et?e plgxg)tdg[?&f %g?‘?é ?Lé@#apglﬁlt—%%tammg

Ion O

- fluid ccpﬁalpsliwh podzhr dogotding e thi ineren iiom whichi is folf smmlmd:onlmucuon to
' 4) re inclined by different anmobunts to the
the nozgRRBBpP BB I 1 ow

A preferred embodiment will now be described. The numerical values given are
preferred numerical values inclusive of 20% deviations. A nozzle of this kind has a
base plate 2.6 mm wide and about 5 mm long. Over a width of about 2 mm it

preferably contains 40 rows of projections arranged in a zigzag. Each row is 1.3 mm

-long. The projections are rectangular posts which are 10 pm long and 2.5 pm wide;

they project 5 pm from the base plate. Between the posts there are channels which are

5 pm high and 3 um wide. The built-in elements of the secondary structure have a

diameter of 0.0} mm. The spacing of the built-in elements is also 0.01 mm. At the
fluid infet side into the nozzle there is a row of 10 rectangular posts which are 200 pm

long and 50 pm wide; they project 100 pm from the base plate. Between these posts

‘are the channels, which are 100 pm high and 150 pm wide. At a spacing of about 300

pm in front of the row of posts is the inlet slot which is about 22 mm wide and 100 pm

high,
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res 8al/b, which are dentical to Figur 02006768
wo 2035?0% 1$ ﬁéT/EPéH /)

7/ 12687, illustrate nebul i ser (Respl mat (
w th which the aqueous aerosol preparations accordi ng
to the .invention can advantageously be inhaled. Fig.

8a shows a | ongitudi nal section through the atom ser
wWth the spring biased, 25 Fig. 8b shows a
Behind olngidwwbﬂpﬂstgsacdﬂged ih larzigrgh cohfigahdon setheviltrhret dudlecting

chamb[eﬁ hﬂ)%hn gﬁeijxn qﬁ]@la f&%wﬁgﬁéﬁg%@g foL 7%)&5(”“ al dz ens
into a hbg1def Aefangafhr ckeds sEEt%rﬁWﬁi&S@B ;ﬂ@hiéheand 8 uhhﬂrldl@ |'1C1ﬂ§

is the nozzl'e body (80). and the filter according t
nozzleigpening/iasthesn predcedmaiahe same fus amide MiCEBIrUcYaARs Pfhthe base
pkne.the 30 power takeoff flange (56) of the | ocking

mechani sm projects partially into the cylinder of the
punp housing. At its end the hollow plunger carries

t he valve .ho 58) ., ..Ih al ow p Iun s .seal f
Also sighin 6 Rl 418 e it 1P G vkl Pl R e fBishdnl
arrangP@eht 6Bthetrtb@s 3t 4hRut GAKway bekveeh thh Qpllt@\ﬂ@forl diednfet side and
thesp&Jange buts when the spring is relaxed. On the power

& R4 &5 the oMRlsESIAS. t he stop (61) on which the power
t akeof f flange abuts when WD 20051000476 14
PCT/ EP2004/ 006768 the spring is biased. After the
bi‘asing of the spring the I ocking nmenber (62) noves
bet ween the stop (61) and a support (63) in the upper
housi ng part. The actuating button (64) is connected
to the | ocking nenber. The upper housing part ends in
the nouthpiece (65) and is sealed off by means of the
protective cover (66) which can be placed thereon.
The spring housing (67) with conpression spring (68)
i's rotatably nounted on the upper housing part by
nmeans of the snap-in lugs (69) and rotary bearing. The
~lower housing part (70) is pushed over the spring.
housi ng. Inside the spring housing is the
exchangeabl e storage container (71) for the fluid (72)
which is to be atonmi sed. The 10 storage container is
seal ed of f by the stopper (73) through which the
hol | ow plunger projects into the storage container
and is imersed at its end in the fluid (supply of
active substance sol ution).
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[ndle (74) for the mechanical counter is
_LWOZOQ%F?%B% covering of the sprithg housing. At tr@'ﬁ&%@‘%’m‘”%

'~ the spindle facing the upper housing part is a drive
pinion (75). .15 A slider (76) sits on the spindle.
) {Eb\nq;atom ser with which an aerosol is to be produced
List of pefgrencenp -containing fluid contains the
nozzl e according to the invention which is of simlar
construction to the nozzle shown in Fig. 1. 20 A
1 pr ef eb#€d®lat®bodi ment will now be described. The
nurmer j ues given are preferred nunerical val ues
2a, 2bi ncl ugc?@]er%@%O% devi ations. A nozzle of this kind has
a basev pf ptgge@icdsr@ wi de and about 5 nmlong. Over a
wi dt h_of. about, 2 it preferably contains 40 rows of
pr o] e’&’fq’?fﬁ@nﬁl(P%ﬁEEEQ in a zigzag. Each rowis 1.3 mm
25 | oindet sldre proj ections are rectangul ar posts which
are 10 pmlong and 2.5 pmw de;. they project 5 um
fromR¥@%ase plate. Between the posts there are
channglesectfaheh are 5 pmhigh and 3 mw de. The
built-in elements of the secondary structure have a
8 di anechannet 0. 01 nm The spacing of the built-in

~I O o 2

, ments i.s also. O he fluid inlet side
11, 12’i to ?ﬁ%’iﬁcﬁ@?%@ ]tnh%lgéoéﬁgnogé{}%t%v of 10 rectangul ar posts

14, 15whi ch are 200 m 30 | ong and 50 pm wi de; they project
100 pmfromt base plate. Between these posts are

16, 17K GHAIAERES COHPARE S8 SBRRRISG and 150" om wi do. At

19 a spacing of about 300 pmin front of the row of
posts is the inlet slot which is about 22 mm w de and

21 100 peftangglar cygss 3eu®mogawss 15 PCT/ EP2004/ 006768

_ Benhi . ﬁ]&%d 410 a zi gzag

22 conf %ﬁ%ﬁ??@ﬁxﬁ%ﬁgﬁﬁ ??I?L;a%g C ?ltel%bti ng chanber

23 whi ¢ htrarsezbidginciuisg becatod of padudbhy sidamtavked)r om a wi dt h
of 2 mm and

2 ool PGRIERERES secirranRRhof s AffRRAT £ 5 o

25  NozzlmwspRedN fdeinded IkpandRiddgad at the sanme tine as
the mcrostructuring of the base 7§)I at e.

31 matrix-like arrangement of projections (
32 linear arrangement of projections (7)
33 meander-shaped arrangement of projections (7)
34 zigzag-shaped arrangement of projections (7)
35 projections ('7) arranged in several rows

_ 3'6 projections (7) arranged in a cascade
41 inlet opening for fluid

42 posts aligned parallel with the inlet opening
43 posts aligned perpendicular to the inlet opening -
50 secondary structure
50a filtrate collecting chamber
51 built-in elements

- 52 central line
53 spikes at the inlet side

54 spikes at the outlet side
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- 55
56

57
58
59
60
61
62
63
64
65

66

67
68
69
70
71
72

73

74
75
76
77
78
79

30

t hrough the zi gzag-shaped arrangenent of the rows 3
about hal fway between. the spike 53 on the inlet side
and 10 the spike 54 on the outlet side. WD
20051476 16 Li st of reference nunerals 1 2a, 2b 5
34 5 6 7 10 11, 12, 13, 14, 15 16, 17, 18, 19

15 2190‘Q?ta§80ff§angezs 20 31 32 33 34 35
hollow plunger

valve body

seal

stop

stop

locking member
support

actuating button
mouthpiece
protective cover
spring housing
compression spring
snap-in lugs

lower housing part
storage container
fluid

stopper

spindle

drive pinion

slider

upper housing part
pump housing
holder

nozzle body
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bas
. WO 2000676 edge region row of PBoj ections (7) pr%?@’é*f%ogﬁgosms

(prefilter) inlet slot nozzle projections channe
projections (7) in the formof posts projections (7)

in the formof colums rectangul ar cross section of

post &asent €laiphdn of post with concave |ong sides
trapezoi dal cross section of post (long side attached)
trapezoi dal cross section of post (short side
Micmmad:)ureumehalmrgomﬁlmd ah amlgt fou dinfidtlerestifeid and an outlet

gﬁl‘ré"ﬁ rangﬁgg&%g(ﬁ% pr70] ections (7) linear

a substantially flat base plate (1) and a cover plate which may be attached

thereto;

a main filter constructed as the primary structure, with a plarality of projections
(7) arranged side by side in rows (3), each comprising an integral component of
the base plate (1) and projecting therefrom, the projections (7) being spaced
from one another by channels (8) which form a path for fluid through the
nozzle from the inlet to the outlet, while the cover plate, if it is attached to the

base plate, covers the projections (7) and the channels (8); and

a filtrate collecting chamber (50a) arranged behind the main filter in the

direction of flow,

characterised in that

in the filtrate collecting chamber (50a) is disposed a secondary structure (50)
which comprises a plurality of built-in elements (51) acting on the base plate

(1) and/or the cover plate.

Microstructured nozzle according to claim 1, characterised in that the built-in

élements (51) have a cylindrical circumferential wall.

Microstructured nozzle according to claim 1 or 2, characterised in that the
built-in elements (51) are at a spacing of from 0.005 mm to 0.02 mm from one
another.

Microstructured nozzle according to one of claims 1 to 3, characterised in that

the built-in elements (51) have a diameter of from 0.005 mm to 0.02 mm, most

- preferably 0.01 mm.,
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20

11.

12.

nmeander - shaped arrangenent of projections (7)

. WO 2003{09%H§- shaped_arrangement 1 proj ections (7) PCT/EP2004/006768

projections (7) arranged in several rows projections
(7) arranged in a cascade inlet opening for fluid .

ts al d Ilel with the inlet
e charg Srme arearding i chagssiseg indoete pui-in
llte nehﬂsﬁgfha%a% cﬂ%lcln%ﬁtdf&%nﬁm?r built-in

entral |ne spi kes at the inlet side spikes
at the outlet side PCT/ EP2004/ 006768 WD 20051000476 55

[ 56. keof,f fl

Dkl 5+ ARG GRIHR el i
sleeats (543 havppevhvékcircubdfemeditidbivallg but t on

nout hpi ece 66 protective cover

Microstructured nozzle according to claim 1, characterised in that the built-in
elements extend in the manner of pillars from the base plate to the cover plate

and are an integral part of the cover plate.

Microstructured nozzle according to one of claims 1 to 7, characterised in that
the projections (7) of the main filter are formed in a zigzag configuration
starting from a central plane (52) with spikes (53) in the direction of the inlet

and outlet.

Microstructured nozzle according to one of claims 1 to 8, characterised in that
_the projections (7) are arranged side by side over the entire width of the filter.

Microstructured nozzle according to claim 8 or 9, characterised in that the
secondary structure (50) is formed as an integral part of the base plate on the

side of the outlet of the zigzag configuration up to the central line (52).

Microstructured nozzle according to claim 8 or 9, characterised in that the

~secondary structure (50) is formed on the side of the outlet of the zigzag

configuration right into the points projecting in the direction of the inlet.

“Microstructured nozzle according to claim 8 or 9, characterised in that the

secondary structure (50) is formed in front of and behind the zigzag

configuration in the direction of flow.
Microstructured nozzle according to one of claims 1 to 12, characterised by

- a spacing between the base plate in the area around the projections and the

cover plate within a row (3) of projections (7), which is about the same size
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67 S
,WLOZOQWQEFFO | ower housing part20 71 storage cont aie/

14.

- 15.

ring housing 68 conpression spring 15 69 é{@;g,'gmoma
76

fluid 73 stopper 20 74 spindle 75 drive pinion

slider 77 upper housing part 78 punp housing 25 79

hol der, 80 nozzl e body 17 PCT/ EP2004/ 006768 WD

20083 Hsoutrsh pf trehanncly 3) A8 theHdems GeuprsirsHiogs {7) where the

M Cﬁgggﬁ@h%@qowﬁhgn}g@yk@g afilter, an inlet for

unfiltered fluid and an outl’'et for filtered fl uid,

the nozzle conprising: a substantially flat base plate

. | ' .at t -
Mt i oae A Gt O IR o il £ B8, 1R by
with a plurality of projections 10 (7) arranged side
o8 sl iR OGO AR whichproec
t herghd #Bhsd ﬁteo{l?jaﬁ(ﬁtsd)r@ 3}3 ifttbgrald PhADF IREBRSE plhfep Wheren

s

anot her by channe ich " forma path for fluid
through the nozzle fromthe inlet to the outlet,

Wi §&eldt oY ofYiBfeCtiohd atelartahg®ll iR G RG5O ahle

- the cross section of the channels (8) decreases from row to row

perpendicularly to the direction of flow of the fluid, viewed in the direction

of flow, and

- the projections (3) arranged closer to the inlet side of the filter are larger or
are more numerous, so that the spacings between them are smaller than the

projections (3) arranged more on the outlet side of the filter and

- the spacing between the base plate and the cover plate in the area around
each row of projections (7) arranged in a cascade is about the same size as
the width of the channels on the side of the projections (7) where the fluid

enters the row of channels, and

- an oblong inlet slot (5) for the unfiltered fluid which extends over
approximately the entire width of the filter and is about the same height as
the projections protruding from the base plate (7) on the inlet side of the

filter, and

- an oblong outlet slot for the filtered fluid which extends over approximately
the entire width of the filter and is about the same height as the projections
protruding from the base plate (7) on the outlet side of the filter.

Microstructured nozzle according to claims 1 to 14, characterised by
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base plate, covers the projections (7) and t
WOZOO@WQHW%I s (8); and 15 a fi I2{1r ate col | ecting 0%2‘1%%20041006768

16.

17.

18.

19.

20,

(50a) arranged behind the main filter in the

.direction of flow, characterised in that 20 in the
f||trate col | ecting chanber § a) is disposed a
secondarBrse plate {Lirand K83t CQYsE Blrte-onpri ses a plurality
of built-in elements (51) acting on the base plate

(1) and/or the cover plate. 25 2. Mcrostructured
anmtmcmed inogzle acaesirding to, claimsr i bY.ichamcisrised dn thafeall

O T A R P -

accord| ng toclaim1l or 2, characterlsed in that the

Jt-in ele are a f from,Q. 005
n#@‘@@%“’@?%ﬂﬁf’?é%ﬁ?ﬁ%d aﬁi W&eﬂ A ur ed
nozzl e according to one of clalns 1to 3,

characterised in that the built-in elenments (tgl) have
a- di speaieg berween she Japbase plated1pimthepsea aroand the projections

pre 4

orF BBt 8 FaffipiEoatiR w09 o Projections (7) beteen halt
t 0 mhahnmcé thetvidthof ¢hé clerhriels o tte sifieobihiclprojeqtions where the
el e %‘gl have a]ilcong%@ circunferential wall. 6.
M c B ‘?Ilf eIPWELS ding to claimi,
characterised in that the bU|It-in 5 el enents (51)
have a convex circunferential wal crostr t ur ed
nblistastracBurdnAgIe COrding o, Caéwarla@t 1e7m ARCHeTseR By ¢ he
built-in elenents extend in the manner of pillars
fromthe base plate to the cover plate and are an
i nt sayerl rgs of pifojachions side byyside, ahe faging sides of two adjacent

'V" CIQ3ty Ctgiﬁlf;ﬁg%sn&ﬁ ci[ ﬁgf}f COLSh el Rafltlr HroShRttnd ahf

from all the channels flows between the projections of a first row and out of
which the fluid flows into all the channels between the projections of the

next row in the direction of flow.

Microstructured nozzle according to claims 1 to 18, characterised in that

- the collecting chamber (50a) has an oblong cross section between the inlet
slot (5) and the first row of projections (4) into which the unfiltered fluid is
conveyed and out of which the fluid flows into all the channels between the

" projections of the first row, and in that

- the collecting chamber (50a) has an oblong cross section between the last
row of projections and the outlet slot into which the fluid from all the
channels of the last row flows, and out of which the filtered fluid is

discharged.

Microstructured nozzle according to claims 1 to 19, characterised by
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the projections (7) of the main filter are forned

i n
WO 2085/099H8 configuration star2dng froma cent raIP%T’%’r?@O‘”OOGmB

21.

22,

23.

24.

25,

26.

(52) with spikes (53) in the direction of the inlet
and outlet. 15 9. Mcrostructured nozzle according to
one of clains 1 to 8, characterised in that the
projections (7) are arranged side by side over the

ent ' 1 C ¢
accBidiectitn dhe Fitfn bERAG! 12, Yol ot 4ikith Bl e cor
.ZOCBBredmiawydm thecdimecziopSe)flavs, dror ned as an i nt egr al
part of the base plate on the side of the outlet of
the zigzag configuration up to the central line (52).
11. pMjedtivik ikl ¢hd/forth SOZALMNACLEr T, NS, 19).cl aim 8 or 9,
characterised in that the secondary structure (50) is
formed on the side of the outlet of the zigzag 25
CRBCLARILA ol AP beldtihg BRI f 26, Unfddidiheliibyt he
direction o r'he mfet. M crostructured nozzl é
according to claim8 or 9, characterlsed in that the

secgndar ruct r ' o
oS el (35 s Tt T il i R JOFSF s Wil heifioe Mg eney
f 1 oyide 36k the flulid,aheis tckoss tsectiuh rmmhmgmsmit.ng to one

of claims | to 12, characterised by - a spacing
bet ween the base plate in the area around the

PAMALRBIMEARedREZAO Sccot @@ toRIAM] 1Wol U, ThardcaWised byof
projections (7), which is about the sane size WO

2005/ 000476 20 PCT/ EP2004/ 006768 as the width of the

L0 R bR S g

M cseotibn,uwhichdsl cmszmitmmc dor Bigih dfahewbamdelcwithrasledgthof 5

(7P g withe et of L R 5 1y S AL B3p 25 wan
froma base plate (1) and are an integral part of the
base plate, wherein

Microstructured nozzle according to claims 1 to 22, characterised by

. - channels whose cross section is barrel-shaped or trapezoidal, the longer side

of the trapezium preferably being formed by the cover plate.

Microstructured nozzle according to claims 1 to 23, characterised by

- channels (8) of approximately square cross section on the fluid inlet side

and a cross section which becomes wider towards the fluid outlet side.
Microstructured nozzle according to claims 1 to 24, characterised by

- a spacing between the rows of projections which is preferably twice the size

6f the channel width on the inlet side.

~ Microstructured nozzle according to claims 1 to 25, characterised by
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- several rows (3) of projections are arranged in a

WO 20

27.

W®LYeH®e and 10 - the cross2kection of the chaffnéFr20pEHO6768
decreases fromrow to row perpendicularly to the
direction of flow of the fluid, viewed in the

direction of flow, and 15 - the projections (3)
arranged closer to the inlet side of the filter are

| ar get: ous, so that the spacings

bet g&%ﬂ%@%@ﬁ@%ﬁ%ﬁ € dt han the projections (3)
arrianged (fib) enroring perablal toconesimigherfort he filter and -

t he f+paci gg) betvveendt he bar%e pl ate and the cover plate

i i PHEVE @ W B INENITERITPRE of proj ections (7)

acr ghgrek (33) dn aaiEag paiternewhich ard ictinsd towakisametanether at
wi dth of the channels on the side of the projections

(7) apaagle o B2 11028 °- enters the row of channels, and -
an oblong inlet slot (5) for the unfiltered fluid

whi ch extends over 25 approximately the entire width
oMittwstfuctired nage iascaxrdimg totdEnsane 26 dhlaracasriset] Hy

“projections protruding fromthe base plate (7) on the

28.

29.

30.

31.

inlet side of the filter, and - an oblong outlet slot

fora to@schhd ép%ﬁ% Becwrbh ¥ fi? baxd ﬁlﬁﬂ.ﬁglg\dﬁ lthe area around the

approxirr,atel¥ 0O the entire wdth of the filter and

i s pASiRstionnd ) aned theellagioversplaevishis) kW 6Hsof projections.

protruding fromthe base plate (7) on the outlet side

of the filter. 15. Mcrostructured nozzle according to

cMicrostriictured 4ozdb acaedingi toathitmg IO 2 @HACE0AREd by alpacing
7étw%9n 'tl?é ba:llsSe pzlgte (1) and cover plate which tapers in the direction of

flow.
Microstructured nozzle according to claims 1 to 28, characterised by

- a spacing between the flat base plate (1) in the area around the projections
(7) and the flat cover plate within a row of projections arranged in a
meandering pattern (33) or zigzag pattern (34), which increases from the
region of the end of the row located close to the inlet side of the filter,
towards the region of the end of the row located close to the outlet side of
the filter.

Microstructured nozzle according to claims 1 to 29, characterised by
- a base plate (1) which has been structured by isotropic or anisotropic wet or
dry etching or a combination of these methods, preferably by anisotropic

dry etching.

Microstructured nozzle according to claims 1 to 30, characterised by
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25 30 - a flat base plate (1) and a flat cqv

19,
. WO 20G5/08p€5 PCT/ EP2004/ 006768 M<cr ost ruct ur ed oz /R 2004/005768

according to claims 1 to 15, characterised in that all

the structures of the filter are formed exclusively on

t he base 1ol ate (1). Mcrostructured nozzle ac%ordl ng
a

to &basemlate Eldnl e ohsilican a1 2 seve plate mpads ofplanss diwihed by
theaﬁ&&ﬁ:b%ﬂﬁﬁiggl at e (1) in the area around the

projections ) and the flat cover plate within a row
(3) of projections (7) between half and tw ce the

s2. Pl SRS B BT R RaPL B % e

Mfitre0ie icoledtingathanibes I(ﬁo:gqapad icoglichlly &l diendirettion of Tlow and
characterised by sev I ows of projections side by
shagat lept %&%@lesﬁpb% {&5 adj acent rows of
projections (7) defining a cohesive chanber into which
the fluid fromall the channels flows between the

33, pMicestiughired mogzle ageardingiokims i tood 7, chrraskerised by ui d

flows into all the channels between the projections of

the next rowin the direction of flow

M ca baser plateui1® anavhzofl slicancaddi cayer platé aate df sflivomgattached

ch aﬁterl seg in that the collecting chanber (50a) has
‘section between the inlet slot (5)

and t he flrst row of projections (4) into which the

unfiltered fluid is conveyed and out_ of whjch t

34. Mipxgsrusiugod npzaloaggordingdo chamad| 19 decharstarised i in that the
bP'dL lcfeS Hebhlth tﬁfe I%ler-ni Efeﬁge "té"@act@ﬂf’gfnﬁht {3fkhs tar}ﬁrougthﬂow

“ect | ng cC as an opl ong Cross secti on
clhmmkﬁn thé Hqhigspassingwhosfugpy siesuch char the desuhidng ordsesectional

sl ot _into ui d. from,al,l
acipPeredtkalfl Silphidfebiioh SO0 is MecSMPRIEREAL co the
lidhidiiflgieater dh e fiay @reesponding effective cross sectional surface area of
the throughflow channels formed by the structures of the main filter.

'35, Atomiser for inhalation therapy which comprises a microstructured filter

according to one of the preceding claims 1 to 34.

36. Process for producing a nozzle according to one of claims 1 to 34, wherein in one
step microstructures in the form of the filter structures, secondary structures,
nozzle inlet and nozzle outlet are etched into one side of a silicon wafer for a large

_  number of nozzles, in a subsequent step a glass plate is firmly attached to this
side of the silicon wafer, in an independent step the silicon wafer is placed on an
adhesive film and in a final step the individual nozzles are produced from the
assembly comprising the silicon wafer and glass plate with the adhesive film on
the underside of the silicon wafer, starting from the glass plate side, using a

diamond saw.
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20. Mcrostructured nozzle according to clains_1 to
056000¢%6ar act eri sed by WO 20Z%/ 000476 22 PCT/EP2004/006768
PCT/ EP2004/ 006768 - projections in the form of posts

(11, 12, 13, 14, 15) which are straight or curved,

viewed in the direction of flow, or - projections in
the form of col um&NENDER CIAIMS) . 21.

M &f. . r ' .
cHil 43} Bl SRAT ReREER LIS vhue BB s 1 £2f0s),

i s adriginglsiaimsilcs6 réacedey ginended tlhameh37(8 Hages) de
for the fluid, their cross section remaining constant.
22. Mcrostructured nozzle according to clainms | to
PatesbElmigher i sed by - channels (8) extendi ng between
posts of approxi mately square cross 15 section, which
is constant over the length of the channel, wth a

Z\gﬁ?(%%rug&tgég nvréki ?ﬁlﬁ%’iph'zar@t%’i‘bﬁg éﬂﬁ%ﬁﬁ: %gﬁlt&fedzﬁlﬁd lan@ dnCoutlet

Ebrcfiloestd flotd)tkenozzle t@mprsingdi ng to clains | to 22,
characterised by 20 - channel s whose cross section is
barrel -shaped or trapezoidal, the |longer side of the

b sabadh tdllyR baseplaye DB a1l 4 osvee plday whith may de aptaghed

24. Mcrostructured nozzle according to clainms | to
theret®har act eri sed by 25 channel's (8) of approxi mately
square cross section on the fluid inlet side and a

cross section which becones wider towards the fluid, K
awedintfiltsr denstagtedascrhenrimary stuitersz with aplusaldy @f prejections

aj_ e t . eri.sed. 0. - -
et Rt A AR BRI g pce
{1)i arl profecting eherefrotd) ehe peasieaionsi (U} being spheed finbmt one another
ide. 26., M.crostructure zzle according,te clains
by CBanstls (80 AFHIER Bl & @atly Fndiag GeiouBt Annas - frof i Tiet to
the outlet, while the cover plate, if it is attached to the base plate, covers the

projections (7) and the channels (8); and

a filtrate collecting chamber (50a) arranged behind the main filter in the

direction of ﬂow,

characterised in that

in the filrate collecting chamber (50a) is disposed a secondary structure (50)
which comprises a plurality of built-in elements (51) acting on the base plate

(1) and/or the cover plate, having a diameter of 0.005 mm to 0.02 mm.

Microstructured nozzle having a filter, an inlet for unfiltered fluid and an outlet

- for filtered fluid, the nozzle comprising:

a substantially flat base‘platé (1) and a cover plate which may be attached

thereto;
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10 28. 15 29. 20 25 30. 30 PCT/ EP2004/
wozocgsgog)ggcs“ ons which are arra?ﬁ;ed - in rows (315)&@%%%004/006768

parallel to one another or inrows (33) in a
meandering pattern or - in rows (34) in a zigzag
whi ch are |n%£|ned t owar ds_one,ano

patt.erfﬂ f ek ag an .
afprig ftegconstrycged gs theprmatyt SR 1tk DIutally Of prplfgHons
(P S8 sidd By sile ;ﬂmﬁg)eas ffREbrBYcompBortedis bAiMe base plate

&facm between the flat base late (1) in the_ area

o PieCting, thErekorp AR AMANGRHH It hBISEALEOTEBUEHIN, dhe
ﬁ%&g%ﬁbxﬁ {79 ﬁ)sp%e BiGd é}{b?th%Mf&ﬁﬁr eCBY Wfch fo;m a

e accor al m 1to acterised

ppcion @md)dtrweglm thdmoz*zks&om ﬁueenl(enyo dmdautb%ewhqbﬂ dreecover

ich ers.i e
PRUPICI R RS chafis Pateihls? otk s @blscrigns (Damglthe
chaidd ¢8)§ medl by a spaci ng between the flat base plate
(1) in the area around the projections (7) and the
flat cover plate within a row of projections arranged

\!}\Ell"i‘ate BaLdal aﬁlﬂ?etrt(soﬁb drdigeQrbehi Az AR Matn! Mk} ih 39 .

h increases fromthe region of the end of the row
fecticadoffloze to the inlet side of the filter,

characterised in that

in the filtrate collecting chamber (50a) is disposed a secondary structure (50)
which comprises a plurality of built-in elements (51) acting on the base plate
(1) and/or the cover plate, which may be formed in front of and loosely behind

the zigzag configuration in the direction of fiow.

Microstructured nozzle according to claim 2, characterised in that the built-in

elements (51) have a diameter of from 0.005 mm to 0.02 mm.

Microstructured nozzle according to one of claims 1 to 3, characterised in that

the built-in elements (51) have a cylindrical circumferential wall.

Microstructured nozzle according to one of claims 1 to 4, characterised in that

the built-in elements (51) are at a spacing of 0.005 mm to 0.02 mm from one

another.

Microstructured nozzle according to one of claims 1 to 5, characterised in that

- the built-in elements (51) have a diameter of 0.01 mm.

Microstructured nozzle according to one of claims 1 to 6, characterised in that

the built-in elements (51) have a concave circumferential wall.
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10.

12.

13.

14,

towards the region of the end of the row located close

,,_WO 2006/009476 outlet side of th&7Zilter. M crostrufQlfEgou4/006768

nozzl e according to clains 1 to 29, characterised by
-- a base plate (1) which has been structured by

i sotropic or anisotropic wet or _dry etching or
Moatoistractured ozl @g@rﬂ@gﬁ»@d@e qf ickeis Jpioyb, Waractwsed in that

Al gl -lﬁpel@neﬁ#gs Qigcoggéx igkme}gﬁ d nozzl e

accor racterise
2005/ 000476 24 PCT/ EP2004/ 006768 -- a base pI ate (1)

con.and a.,cove t e.made
SheSsfratised BRARRtc Ry Fipnt el iR o chpfiRfesised in thar
HRA%]iR-iA Gl&h ea @xtedd Gh @lthﬁlailnEﬂoﬁ[llllatsffwmQhe basegolaiento the
that the filtrate collecting chanb (50a) tapers
et plate ynd qre pp ifegrabpag of 8}6 $QVEHP %r has at | east
one nozzle (6) as the outlet. 33. Mcrostructured
nozzl e according to clainms 1 to 27, characterised by
Microstrubtimed poatle a¢cbydimgde onf of iclaimen tarfi charastasised n that

B Py P AR, S SR ot o LG DAL e
27, characteri sed in that the spacings between the
byilt - I h _of vvh h, f th
Bhicroniamhiercd Bomle Accraedo ghe of Siimh g <afiaelirishd'in thar
&@%Ec&ﬂlfarff Sftbidrd ) 9 FoinfedCdr fHeadide of R diRlependictifa

to the direction of 'flow which is effectively
qemfiguadsion up te Hee ceniggllive (32)gr eat er than the
correspondi ng effective cross sectional surface area

of the throughfl ow channels forned by the structures
Miiicrobeuomired fibtAleaccoding o oAt @lﬁnkmns 2do 1i0pkbaractegised in that

(e SRSy s e D103 ol AT i il E e igns

d%"n@@ﬁmuﬁpﬁgw Bl geybints rma;él:ﬁngﬁmreoulmubn ofnke iflet.
claims 1 to 34, wherein in one step mcrostructures

inthe formof the filter structures, secondary
SHAiUOEHH:ERred nozzle according to one of claims 1 to 12, characterised by

- aspacing between the base plate in the area around the projections and the

cover plate within a row (3) of projections (7), which is about the same size
as the width of the channels (8) on the side of the projections (7) where the

fluid enters the row of channels (8).
Microstructured ndzzle according to one of claims 1 to 13, characterised by

- a plurality of projections (7) arranged side by side in rows (3), which project
from a base plate (1) and are an integral part of the base plate, wherein

-~ several rows (3) of projections are arranged in a cascade and
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Wozo%%gﬂs’fsfz' e inlet and nozzle outlet are etched ﬁélflﬁpéaﬂﬁoosma

15.

17.

a silicon wafer fo?sa | arge nunber of
‘nozzles, in a subsequent step a glass plate is firmy
attached to this side of the silicon wafer, in an
i ndependent e silico fer ace Qn _an
a8 ST SoebE Rg i el SPefhedsdninartiia ddy
noz pkgfendicalflyodutie difet aom bhHowagskeihid, easged iaithe difeerion
Si Iigﬁn waf er and glass plate with the adhesive film
on 80M'PWe?Rfhderside of the silicon wafer, starting
fromthe glass plate side, using a dianond saw. WO
2005/ 000476 25 PCT/ EP20041 006768 AVENDED CLAI M5 [fi l ed
at theeprojrcdipna(3orsngedrcdensr ehtheginles vistendithe bar are larger or

éﬁgnécjlgg 4ﬁmero sggi F%ltpag@a)%&%?w J&%&eﬂe%%aller than thé

M cprxseumms L(B)eairrmmgbzl mobkawn e audétlsider of tha filvel end f or
unfiltered fluid and an outlet for filtered fluid,
the nozzle conmprising: 10 a substantially flat base

pl afife dpatingMRriReiOtRbabé plate Whd ¢ Ed¥r PRitdlid @k around
thereto; a main filter constructed as the prinmary

st r b oW, ohrolecEons (i) Arrangedn prcapeadeiinaout(thy same size as
ar rﬁféﬁﬁﬁﬂ? bfj e%aﬁg&@ 0'11 Btk 1@%%?@ mquj’"]where the fluid

conponents o ase p ate prOj ect

t heergbrsahe roweof ghagmals,iamds (7) bei ng spaced from one
anot her by channels (8) which forma path for fluid
t hrough the nozzle fromthe inlet to the outlet,

whi éleoblbggmveﬂoptfﬁtfer thef unfiltdred hi@hRY dx@edd%&)vbﬁse
pl ate, covers projectiagons_(7) and

h | s,
( 8)@95%%613 ﬂf*? eRtingrvgidely of thefiligy ands 8 Pur(f%@g;g% height as
ar r R qReieLeSMNG ﬁiﬁ)@l{fg}frbiﬁ &le Bale PF&? oflith€ fl1E QR Obf the

flow, characterls at 25 int [trate
col filas amg chanber (50a) is disposed a secondary
structure (50)

- an oblong outlet slot for the filtered fluid which extends over approximately
the entire width of the filter and is about the same height as the projections
(7) protruding from the base plate on the outlet side of the filter.

Microstructured nozzle according to claims 1 to 14, characterised by

- a flat base plate (1) and a flat cover plate.

Microstructured nozzle according to claims 1 to 15, characterised in that all

the structures of the filter are formed exclusively on the base plate (1).
Microstructured nozzle according to claims 1 to 16, characterised by

- a spacing between the flat base plate (1) in the area around the projections
{7) and the flat cover plate within a row (3) of projections (7) between half
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18.

19.

20.

21.

_ Wozowbcfdawon'p“ ses a plurali t%gof built-in el errepbsf,E(agge)mosms

acting on the base plate ) and/or the cover pla
having a di ameter of 0.005 mmto 0.02 mm 2.

M crostructured nozzle having a filter, an inlet for
unf 'aln'det(xﬁ& Me%ﬂﬂ?ﬂﬁﬂf@cb‘%ﬁh% Kbon AP s { roleé Fﬁg?&uﬂs%ﬁre the
the nozzl e conprising: a substantia y at base plate
(1) fand eatecotherrowt of channels{8jray be attached thereto;
WD 2005/ 000476 26 PCT/ EP2004/ 006768 a main filter
constructed as the primary structure, with a plurality
ofMjurostaniti dsnoAzlk) aceording esiclairgie 1 By 19] derhdrerisatbby 3)
as integral conponents of the base plate (1) and
projecting therefromand arranged in a zigzag

Canisb @A IAbinaTbf ﬂrsﬁcu@ﬁsomeby S8, (h0)rdfk Sles em&' plijaehc
one anot her by channels (8) forma
f | uirews pf piajections (Abdefiming ﬂcﬂ@hcme ¢hﬂ1@bertmtq wblqbuilr: dluid
whi |

ol oo B (EOKEInndt R8s blibvokh dheEpRicbREorb B iuP dRFoutof
( 8) whadidthe ﬂuldtﬂomsenunhlll dt ¢nagnek detvegen(the Proprriempeiihe
behi nd t he. |nf|Iter in the 10 direction of flow,
chaPSX oW Wellie;directign of flo¥he filtrate col I ecting
chanber (50a) is disposed a secondary structure (50)
whi ch conprises a plurality of built-in elenments (51)
acting on the base plate 15 (1) and/or the cover
o n I
DO Ry bR FRLAC e R uitls7 o, ) RACAHRE i phat
flow Mcrostructured nozzle according to clai m 2,
ed in tha el ement s

Zbgir 3 e‘i‘}&l&ﬁ Cﬁag}heﬁt(é‘%égefm%u' ! Il{‘gzcrﬁﬁq secggh b tw en 816 inlet

M Crst(F) ghd tROFife Mwlv%f%@@i@éﬁbrﬁ%ﬁ thtORehih (ed Ahfiliertd tfid is
" characterised int t-in elenents (51)

hav Copveyediangr owint which the Gvidrlqvey mmaalﬂ theschannels between the
M Crﬂf&%&ﬁ'&ﬁ%ﬁﬂe'ﬂ%ﬂoﬁr %ﬁ&‘?ﬁﬁ‘wﬁg to one of claims 1 to

4, characterlsed In

- the collecting chamber (50a) has an oblong cross section between the last
row of projections and the outlet slot into which the fluid from all the
channels of the last row flows, and out of which the filtered fluid is
discharged.

Microstructured nozzle according to claims 1 to 19, characterised by

- projections in the form of posts (11, 12, 13, 14, 15) which are straight or

curved, viewed in the direction of flow, or
- projections in the form of columns (16, 17, 18, 19).

Microstructured nozzle according to claims 1 to 20, characterised by
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wozowodohm built-in elements (

22.

23,

24.

25.

26.

27.

%J) are at a spaci ngcHEP2004/006768
0.005 mMmto 0.02 mmfromone another. 6.

M crostructured nozzle according to one of clainms 1 to
5, characterised in that the built-in elements (51)
havehanakla (B e Ieﬁgmoet%h;@ms at 1%95t¥w1&4 tﬁéf?%fgﬁf: httRGntry
nozzl e accordlng to one of clains
chastdetfer tealdpidntheitagrosy mumm:mammgecmms (51) have
a concave circunferential wall. WO 2005/000476 27

PCT/ EP2004/ 006768 8. M crostructured nozzl e according

t Miznestnfctetedinngzle according teaclainise! ke 21, ¢Haradiatisedtbye

bUI It-in elenents (51) have a convex circunferenti al
wall. 9. Mcrostructured nozzle according to one of

claichanield (8) &xteftidifbérvees §dsis betabgfox;&atélbesdﬂdré trds8
el enent s ext%nd in the manper of pillars fromthe base

pl af¥toy, Phich s sppstapt aves the lengih oaﬂm Gheagelawitha length of 5
the t I

to BRDNSI0 RroNa o Reight ST B ) 25 70 BRE 4\ RUBFGRL 31025 ym.
projections (7) are arranged side by side over the

entire wwdth of the filter. 10 11. Mcrostructured

nozzl e according to one of clains 2 to 10,

. chicestracired niopzle hedordingaostionRdatoy2 3 ichdticadrded D) 1S

formed on the side of the outlet of the zigzag
configuration up to the central line (52). 15 12.
M c&mhemqmsed;r&@zséhﬁnaﬁ%&féwaaﬁéa @mﬁalsxafzofdawtﬁé idnge? side
10, characterised in he secondary structure
( 500f the trapepiam Efﬁf@ﬂbleb@& ﬁlfrmeldd)mﬁlel cvenplatehe zi gzag
configuration right into the points projecting in the
direction of the inlet. 13. Mcrostructured nozzle
- abbandirngured nozloicookdingso klaims 120 2N zhamiceriseddyby
20 - a spacing between the base plate in the area

~around the projections and the cover plate within a

r-oveHadheB (8P bPiMTokdieky Suamhireshs dettioR Outtht H@id HI® side

si ze
and a cross section which becomes wider towards the fluid outlet side.

Microstructured nozzle according to claims 1 to 24, characterised by

- a spacing between the rows of projections which is preferably twice the size

of the channel width on the inlet side.
- Microstructured nozzle according to claims 1 to 25, characterised by

- projections which are arranged -
- in rows (31) running parallel to one another or
- in rows (33) in a meandering pattern which are inclined towards one

another at an angle o of 2 ° to 25 °.

- Microstructured nozzle according to claims 2 to 25, characterised by

projections which are inclined towards one another at an angle . of 2 ° 10 25 °.
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. 28.

29,

30.

31.

32.

33.

s the width of the channels (8) on the si de
WO 20%,1 gfq @/%é%ouooams

ions (7) where the 3¥|uid enters the ro
channels (8). 25 14. Mcrostructured nozzl e according
to one of clainms 1 to 13, characterised by -- a
plurality of projections (7) arranged side by side in
rows (3), which project froma base plate (1) and are
an integral part of the base plate, wherein 30 -
several rows (3) of projections are arranged in
c MiszeRsruriered®zgo < coamasT} EFRBOHRBURA N he
cross section of the channels (8) decreases fromrow
to row perpendicularly to the direction of flow of
t—Iaa:ofnlsmlnd spadimg\betwican theflalk base tpilam (1)oin the avga %mdné the

 beoRShRr A3 PR ERe SRR b bR

that the spaci ngs between them are small er than the
projections (3) arranged nore on the outlet si

d
t Bdicrostrustungdozele aggeréirrggt%@%%%h Q{6 Uélag%ctw%?ﬁé"ya%épacmg
t BerrhGhe @a?%?law(lt) '&ﬁd ofer plaftRlichkFp &3k tl{é)&‘{ré‘d’uon of
projections arrange in a cascade is about the
sflow.size as the width of the channels on the side of
the projections (7) where the fluid enters the row of
channels, and - an oblong inlet slot (5) for the
uMictdserecuret wodzleatard g erdsnsvieto 2%, chaprcoerisedthy y
the entire width of the filter and is about the sane
hei ght as the projections (7) protruding fromthe

basg sPhA@h b@ﬂvéeﬁ%é ﬂh%as‘é'pﬂ&e‘{ﬁ) il the eré hﬁfundaﬂe padections
bl ong outlet slot for the filtered fluid whi

- ext Encandotherflagspyennlatgveirhin axow %@r@lﬂcnﬂeswluﬁh igfreasse

fil

) i B RO eI AT oyl DL e

of fiher, ftowhmls.the region of the end of the row located close to the outlet
side of the filter.

Microstructured nozzle according to claims 1 to 30, characterised by
- a base plate (1) which has been structured by isotropic or anisotropic wet or
dry etching or a combination of these methods, preferably by anisotropic

dry etching,.

Microstructured nozzle according to claims 1 to 31, characterised by

- a base plate (1) made of silicon and a cover plate made of glass, attached by

anodic bonding.

Microstructured nozzle according to claims 1 to 30, characterised in that the

filtrate collecting chamber (502) tapers conically in the direction of flow and has

at least one nozzle (6) as the outlet.
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15. Mcrostructured nozzle according to clai
W0200§@004gﬁar acterised by 25 32a flat base pl ate%[ﬁﬁgﬁ%ﬁm&e?%

34.

36.

37.

flat cover plate. 16. Mcrostructured nozzl e accordi ng
toclains 1 to 15, characterised in that all the
structures of the flltgr are_ fornmed exchusivelg %n t he
bidergsiraewred pozapaqeprdpede shimg dr gy cherpsieised by
according to clainms 1 to 16, characterised by - a
spaci ng between the flat base plate (1) in the area

ar ouhesertater ) jmaste; efsdlicopndamepvenplate Badeof stlicgnatigached
of projections (7) between half WO
200@@’6&{'}%\@{9&% PCT/ EP2004/ 006768 and twi ce the
wi dt h of the channels on the side of the projections
ere the  fluid enters th of ch nne
Etubiited BPEe G a0 hins i g04 ERLRRstdln gt he

spalaafga%ﬁweaqﬂe yile-in efeﬁ\/@ﬁs@leacmﬁwnfchﬁbﬁng Qtthmhﬁbobe
side, the facing sides of two adjacent _rows

Wb@@ |ﬂémhq1(ﬂ¢l)p&§@¥lgﬁhmjlgha arsrhush @éﬂt&hﬁﬁ%ﬂt%wsm@ﬂml

axrel‘?gs Iédeﬂﬂﬂ:ulafrrtg 'Hn@bkre&p@n Sf‘ﬁ&!??lﬁclf Is y‘?%ﬂnéﬂﬂe to the
| ections o Irst row an the fluid
liquld\msgﬂeateo tizn theheorodsponding eﬁecmmossmcmm}l@@rﬁa@mreéfof

ext .row t he, di r.ection
e tipoh i Bt Gobest B RECYTRRud of i attieer.
characterised in that 15 - the collecting chanber.
(50a) has an obl Cross, secti on between the |ﬁket
qu%t@er(fsy g Mt he PR W ighy comBEIsE;  BYiFTogEuEtpred
iHel $ nveyed and out of
fdc;:'h H:gm??ﬁﬂg ﬁg%ﬁ#ﬁ%agng Itotgﬁe channel s bet ween
the projections of the first row, and in that 20 -

g GO ARl 5B B 14,098 pery e

stqnﬁilahslshaurésnhcthwﬁdmﬂn of He ﬁltarlsd'utnnns, aled:oxtd&ry structures,

n S h]%tnlg léam? nQ¥ e pgt g% a{eoevt\lcl'];edal\ﬁ?d one Slde o%a silicon w&er H)% a large

number of nozzles, in a subsequent step a glass plate is firmly attached to this

side of the silicon wafer, in an independent step the silicon wafer is placed on an

adhesive film and in a final step the individual nozzles are produced from the
assembly comprising the silicon wafer and glass plate with the adhesive film on

the underside of the silicon wafer, starting from the glass plate side, using a

diamond saw.




WOzo LAy ged 25 20. M crost%,yctured nozzl e aC%ﬁEr‘%oh@osma
. ' al ns to 19, characterised by - projections in

oot form of posts (11, 12, 13, 14, 15) which are strai ght
or curved, viewed in the direction of flow, or 30 -
projections in the formof colums (16, 17, 18, 19).
21 M crostructured nozzle according to clainms 1 to
" chadct eri sed by V\D 2005/ 000476 30 }
8 - cfnnel s.f8), the length of which
i ight_at _the entyry side for
| ni ngjconstant. 22.
| toi21,
tvveen, post s
. WEAhich i's
nne wth a length
;2.5 pmto 25 pm
- M crostructured
. Characterised by -
relashaped of
IR C [ rapezium.
B plate. 15 {24,
p-clains 1 ta 23,
; iy — Wpproxi matel y square
crf&ss sect] on on the side -and a cross
section WHi ch be‘comss wi dgr towardsg the fluid outlet
side. 20,25. Mcrpstructuyjed. nozzl & rtordi ng t;o
cl ai ns 1l'to 24, characterised by - a spaci ng between
the rows of praoj egt‘l ons which ig_preferably twice the
size of the cha eh width on the inlet side.




M crostructured nozzl e according to clai e%’
o WOZO%OO%T%r acterised by proje#ions which are ar%ﬂ% 0£/806768
e in rows (31) running parallel to one another or 30 -

inrows (33) in a neandering pattern which are
inclined towards one another at an angle a of 2 0 to
25 . 27. Mcrostructured nozzle according to clains 2
to 25, characterised by projections which are
inclined .towards one another at an angle a of 2 to
25 0. WD 2005/000476 31 7 PCT/ EP2004/ 006768 28.

M crostructured nozzl e according kains | to 27,
char act by E}—lé const ag_%cng betvveen: t he
flat base plate (1) in the ak nd the

projections (7) and the flat co pI te within a row
(3) of--ép ion 29 M croﬂz%‘u’ A nozzle
accor df ﬁml ai "to 27,1 erised by a

spaci ng between the base plate (1) and.cover plate

whi ch tapers in the di r_fecti on o 43ow. 30.

M cr oSt ed nG2ze 'accordi claims 1 tqg 29,
characterfsed by a spacing Bé he. fl at base plate
(1) in the area around the proj 'or'}s‘ﬁ“ 15 (7) iand the
flat. .cov late ithin a row o ojections, which

i ncred$ mt ré’gi on oi% of the row

| ocated close to the inlet side of the filter,

towards the region of the end 250w | ocat ed cl ose
toth’gsoﬁmf’!? side of the fil 0 31. ;
M crostructtired nozzl e acco{di _ clains 1 tQ 30,

characterised by - a. base plate (1) which has ‘been
structured Ipigl,gotropic or anirgt.sopic wet or dry
etching or a combination of these methods, preferably
by ani sotroptc dry etching.

-------------

3L e et
3Zeyurerainnes g
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" one of clains 1=%o 35 mmﬁyeln i

25 32. Mcrostructured nozzle according to clains

1to
WO 20030004 Rar act eri sed by -- aXase plate (1) nadé’QTfEPZOO""’OOBmB

silicon and a cover plate made of gl ass, attached by
anodi ¢ bonding. 30 33. Mcrostructured nozzle
according to clainms | to 30, characterised in that the
filtrate collecting chanber (50a) tapers conically in
the direction of flow and has at |east one nozzle (6)
as the outlet. I WD 2005/000476 32 PCT/ EP2004/ 006768
34. Mcrostructured nozzle according to clainms | to
31, characterised by - a base plate (1) made of
silicon and a cover plate nmade of silicon, attached

by direct bonding. 5 35. Mcrostructured nozzl e
according to clainms | to 34, characterised in that the

-spaci ngs between the built-in el enents,- each of which
~forms a throughflow channel” for the ]iquid passing

t hrough, are such that the resulting cross sectiona

- area perpendi cul ar togs he drrection of flow which is

effectively perne1£lﬁ/§f he 10 liquid is greater than

t he correspondi ng tef ibe cross sectional surface

area of - the throughflow ghannels forned by the

structures of tH& main fifter. 36. Atom ser for

i'nhal ation t y mhlch Elses a mcrostructured

filter acco &qgg to one t e preceding clains | to

35. 15 37. Pr S fo C|ng a nozzle according to
step :

m crostructures in tﬁé f orm of tEEQTllter structures,

secondary structures, nozzle inlet and nozzl e! out | et

are etched into one side of a silicon wafer for a

| arge nunber of nozzles, in a subsequéent step a gl ass

plate is firmy attached to this 20 side of the

silicon-wafer, in an independent step the silicon

waf er. |s placed .on.-an :




Wozoﬁﬁﬁﬁﬁwe filmand in a fi n?h step the indivi dBelr/EPz 4/006768
nozzles are produced from assenbly conpri sing ?%

silicon wafer and glass plate with the adhesive film
on. the underside of the silicon wafer, starting from
the glass plate side, using a dianond saw. 25 WO
2005/ 000476 33 PCT/ EP2004/ 006768 WD 2005/ 000476 12 11
(3-16 A--17 34 Fig.4 Fig.5 32 ..... Y o 33
---+, 34 Fig. 6. 1---.3521 23 24 25

PCT/ EP20041006768 WD 2005/ 000476 35 PCT/ EP2004/ 006768
42 (c) o 43 COD 44
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