Eoa
oY o

10

15

20

25

- 30

wo 2048/0009%/ 000476 1 PCT/ EP2004/,006768 84538pct PC /EP2004/0067683

M crostructured high pressurle nozzle wth an in ??

filter function The present invention relates to a

m crostructured high pressure nozzle with built-in

84538pditer function for a high pressure atom ser for
nebul i sing nmedical fluids. Prior art Inhalation
Migresiructunéd bigh pressurasiozgld witly am hebuiilt fiRer function
treatnment of respiratory conplaints such as asthma or
COPD. 10 'Si nce chl orof | uorocar bon-operated propel | ant

The piresenu imtenoida reRte DaMAFostReitfrddasigh %@A&uf@ﬁ&zm@uﬁ%%t-m

d | oping equally effective or
filter Gi35i53 dp18 high Risemarp Asuiseh o4 nobulang sucical Guids.

i nhal ation into the lungs. 15 International Patent
Applications WO 91/ 14468 and WD 97/ 12687 provi ded a

Prioray approach to inhal ers whi ch are characteri sed not
free r osol

Inhaldihit Bl b b ndrRact imBo Rt tofl freapmeRt Sfresbifacory

compldings sudivas axchmb otfCORD.s tai I or - rrade for absorption
into the lungs, but also in that they are a handy size
which 1is conparable to the size of the known

Since ﬂil@ﬁﬁldo&ﬁéaﬂbh%&rdt@@ ﬁk@ﬂe‘ilﬂn?ﬁ)rﬂﬁlﬁ‘n&w&{eqﬁﬁmaﬁltﬁ&e has

known as Respimat(r), 1s ab to atom se
been myrgandomare sacessdoldeveloning equally affoctive mqu:tteefappﬂiﬂches to the

DrOdUétﬁﬁlsC’ftmg (ﬁ?f a 535%5%?@83“%2 o Q?lees?g:r g1t‘l Iogslsn: gan

an aer 0ol
10 m crons. As a result the therapeutically effective

dose of the drug can be administered to the patient in

Interndndhﬁl PacendApptisations W 9 IHGM@B' 23 W@ N DeTRGRBbded s new
utlo is first of all nped qut of a reservoir

approag} i ipffelers sehift e wamtaﬂsqdrﬂtggnar inythagithey delivpr o propellant-
free aefds6F&H E%v&pgi]%% dec?é’tﬁm%ﬁ? Elf'?ﬁq gxg rdarogflirt] gﬁﬁgﬁﬁ{%ﬁ&? 8£ gb%g

aer osol 1nt
tallor—x@adqjﬁgrtabsorpuon into the lungs, but also in that they are a handy size which

is comparable to the size of the known propellant-driven inhalers.

5

This nebuliser, also known as Respiniat® , is able to atomise liquid pharmaceutical
soltutions 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 2065/607dbar, through a nozzl %éla:ngasprayed The Bﬁ?ﬁ:‘g%&looama

i s generated by neans of a spring whic
re-tensioned by the patient by the application of
slight force before each actuation. At the same ti me

it 8BS SR A RSB LT By s

6a unshéb ef¥EQ97¢E268%| ution. Details of this mechani smcan
be found in Figures 6a and 6b of WD 97/12687. This

atom ser essentially consists of 5 -- an upper housing
part, - a nozzle in the upper housing part, - a spring

This m«:ﬁiwrgeswmmllyicengmnﬂct ed to the upper housing part
ich the |lower housing part is placed, - a

and
N s%r‘%&f HH2E R whi ch can be inserted in an inner
- sgg@,gzlgqgmhegp H pring housing and - a holl ow
pl unger wth al%*l rét?lgléllgzlié%er?i val ve body, the holl ow

- p:u g]wg@g hpesing mhicl isconnketedttonhg apparicisngy p419WAd &% which
er housing part there is also a

purrp ?‘F\Sén%Ratgﬁ%p ’of which is located 15 the

- mmk@ehﬁbﬁ!amw WhichecaRBeZinSer@éd ﬁpﬁhﬁlef‘ Eﬁf&%&fﬁfé& byTﬁﬁg
hol ] ow pl unger al so opens into the punp
BReng hausmeiikksur e chanber between it and the nozzl e.

- TR BRSPS, ek AT Sk B

tiram the aroyageoccarteiner weards tiensoetd. ng | ocki ng mechani sm
in the 20 upper housing part. The tensioning of the
spring noves a power takeoff flange which is |ocated

In the uppérhﬁou:ﬂ@ﬁzﬁrt I@Eéﬂe i9hlsb RHiRp 'hBﬁs:Hgggﬂ dik %ﬁ?ﬁf ﬁzﬁﬁhls located

h_the hollow plunger is Suspen

the n%ﬁl‘égaﬂy Wethrthe sogde mdsﬂzal@ms@ndm {Ihecholtyp ahaiges also opens
to théihssl e used i,s
nto apSRPRERIAG HRre i Lok dne USRI RSpipe novae
m cr oengi neeri ng. ‘
The spring housing is rotatably connected to the upper housing part and the spring is

‘;f'f

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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' structured nozzle body of this kind is
woz2 |}6b¢;{;§ed for exanple in W0394/ 07607 30 or WIFCT/EP2004/006768

"' 99/16530. The nozzle of WD 99/16530 is the starting

poi nt for the present invention. Reference is
speci fication of WO

Th therefare made to th entir? I,
€ hggf EZ’@ ,Conﬁ‘éﬁstqfﬁwpé Pets: PReleanbly of glase aad/er siligopy securely
fixed EigbihlefAfi9edsd bne W Whiclh had Bﬁﬁ gﬁﬁg%ﬁﬁcromugﬂﬂéé Qﬁ%ﬂe(is #hich

PCT/ EP2004/ 006768 The nozz consists o
conneg, theyrozzleyiples ead|tg the ngrzle outetdvnst. Hid neaie owtberiene with the

nozzle oBEndsI9BIEtabiP b FEShOGHE e B0 Do ttErR T 5nd” ©
inlet end to the nozzle outlet end. The nozzle outl et

ng. w,th t ozzl e. qpeni ngs i.s preferably on the .
The n§Ri Wévend fasl's B il acatiy bt Tufbiniesd+ Hhaiplesios nters
may be Bbaétrfted hHaplrefudr! otipftefifér8! ARErmAnREIY! Blel fréaREr flayind
inlets. The inlet or inlets may be cohstructed as a
connegied separatelibdowpeiream of she migtbindets i éheydiredtnpofflowt er
may be connected separately downstream of the inlet/
inlets in the direction of flow. 10 After passing
After papsing ghrough the pfdfilteethe Haid flowsitirboyls athaiaker dofmed by a
Jilder.formed by a plurality of projections. Behind
plurah{)}h(l'éft%&eﬁﬁ?ﬁ'ter, viewed in the direction of flow, is a
filtrate collecting chanber for fluid which has
. al.ready ‘ﬁeen filtered. 15 Fromthe fluid collecting
Behind the, ppain filics, viewed 1 dea direction of flavetis wiilte epllecting chamber

for flui@nHieH AR YreddS b Yfilely ! N the formof a nozzle wth
’ The main filter conprises

one or nore nozzl e openings.
a plurality of projections arranged in rows,

| Q zi shape, pragjecting fro -

From 8¢ BRE Eleluipf cRombel i oS Ran Bt Rhicke apelarably

construgeed in the fohe ofasmzpleavieh oné 8r Bte nBLAL dpkdingsNP! etel y
covered by a - preferably flat - cover "plate. This

forms a plurality of channels between the projections,
The mabBlFESBHIETa PRAaliy A iR Giork Akfhech 130y PlREaPlydn »
zigzag shape, projecting from a — preferably flat — base plate and hence an integral part
of the base plate. The base plate is completely covered by a - preferably flat - cover
plate. This forms a plurality of channels between the projections, the base plate and
the cover plate. Thése 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 as 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 filter.

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 ont:
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wozotogﬁ c;]llter nozzle. The spaci ng between the base plate
P¥&Carea around the proj éctions 25 and t he B@VEP2004/006768
plate within a row of projections is about the same
size as the width of the channels on the side of the
re the fluid enters the series of

raj ectio e
—strumngghgéqlgatc Eﬁg\em%PQW?ﬂow d enters the fil ter t hr ough
- JoinifB T baleh ¢t AN Pldtes dilaovel gk&ﬁﬁm dhgrl fleet stot(s)

ro gct i ons

are about the sanme heig
"Sepaiﬂ’fmgrt@ilélln@lwdmhnotzée masegq‘matte on the inlet side of

the filter. 30 The base plate preferably consists of

silicon. This plate is preferably covered from above

The biye plag! ia gseforablestrdaupdobly hidieretREighesin 4 Ranner known per
WO 2005/ 000476 4

se. ThiBaigBB HIhE GTBswes dEeribed abAlF archatuRen? andedbmierons,
usuallpbédsen 3 an®LO 'nﬁﬂrdlﬁepf@éﬁhlyoﬁe&%ﬁ aﬁbé’tt £ gn&rlg ﬁ?EfSﬁs, and

pl ates together; and - separating the indivi
Damaﬁarﬂ& betwgenhaedrd meisTors. 'ﬂh@ mawabumdefor $hqobm‘eeplatel iy

e VA A S0 SR IR0 B
wafersbnt which ﬁlsaimlfi@iéhdp ﬂ:nanﬁj paralelavidy abtigheRitfate 360z fkss, and it
can be FHGERTE jo PHelHoRpy platsorbant deadlision ?ugghéa‘horr"h&r adhesives or
other mi@tHaisduriintfie fsﬁbsehﬁ@npéﬁﬁ:w‘éh@ﬁ ‘i)rbéess PLEbRS énrﬁ dpce a

nonocrystalline silicon, as it i's cheap an

 plunalitypfpozelgmsrangementsin ngraliel anasnera mrmlitquf stractured base

plates a3¥hh4 cféﬁ@ﬁl'é’sn“:cﬁfwﬁfég parallel with a slight surface
. roug ness d can be attached to the cover plate
wi t hout the additional application of adhesives or

e sl i ol S SR ST B G et o s

cover phité BRAABHT Boriding BifalisePa RN @"97 2.9?%1‘11"335 '1t9368°i)ome antz et-
structured base plates are made’froma silicon wa

- al). 15 After structuring the silicon plate is cleaned. The
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silicon plate is then attached to a

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

anodic bonding of the silicon and glass.
After the bonding process the composite structure is divided 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.



cover plate by anodic bonding (cf. US Patent 3,397,278
of 13.8.1968, Ponerantz et al.). 20 Suitable cover

pl ates may be, for exanple, sheets of glass such as

al kali borosilicate glass, e.g. Pyrex, (#7740 Coni ng)
or Tenpax (Schott). These may be attached by anodic
bondi ng of the silicon and gl ass. After the bonding
process the conposite structure is divided into

i ndi vidual units (e.g. squares) using a high speed

r ddeseniptipndif sheoinventioncul ar saw. 25 This known filter

h % SRt thﬁlﬂ)tacktgpou%ﬁ,lmél%oﬁ nﬁeEfs o?meﬁs désgﬁ’t?m%%h&? %nlg 181%'{0'%6%3

uci n 0zz or an 1 nnal er

t)aperagaesptayq:taﬁetnahou@ 4 Rempiyndinfzzds. Surprisingly, it
has now been found that the nozzles in their entirety
exhibit a spray 30 pattern which is nmore uniform and

nt,age for rmuse ration.
o PRATRRR Tt Mreee BB FRERE Sl AT BT B i e tow
5res|i§%1ed§irﬂh¢mmf the invention Against this
background, enbodi nents of the present invention seek
to inprove the average spray pattern through a

plural it ozzl es. Enbodi nents. of t resent

P S SRR Puchon Lk Srtsed SR dnea il of the
th&;ﬁmﬁm@mée3|stance in the nozzle. Enbodi ments of the
present invention further seek to use the nozzle in an

i nhal er of the Resplnat(r) type. This may be achieved

in that in the nozzle of th pe in question a second
t Vi msp begrlipyediin that imythe nogal eaty thf ypeinduestioma saeont; typeeal

S hidtSdnEre, WBXh Qﬁ“fet“soﬁ&ﬁ qle' et Hﬁlcflf'@ 5} be ?ﬁ{ﬁéﬁ %Etht': R&ion

filter structure and nozzl e outle

f batweeanthe Blaeristuetinegnd Iﬂwrmgzl.e ofétsi.c. Mdmte tcylmtlog chamber. This
o r_as,the

TSRS Rl S8 R BEBIPBL Bie Bhed) s ad e

cﬁhas&dctm@s tleelqpsddrmthe mimarg stmkcture | In thediredtioeof ﬁl@m thd

flow 1 hi .
seconcfary s%ructure may come after the primary structure.

One aspect of the present invention provides a microstructured nozzle having a filter, an
inlet for unfiltered fluid and an outlet for filtered fluid, the nozzle comprising: a
substantially flat base plate and a cover plate which may be attached thereto; a main
filter constructed as the primary structure, with a plurality of projections arranged side
by side in rows, as integral components of the base plate and projecting therefrom, the
projections being spaced from one another by channels which form a path for fluid
through the nozzle from the inleet to the outlet, while the cover plate, if it is attached to
the base plate, covers the projections and the channels; and a filirate collecting chamber
arranged behind the main filter in the direction of flow, characterised in that in the
filtrate collecting chamber is disposed a secondary structure which comprises a plurality
of built-in elements acting on the base plate and/or the cover plate, having a diameter of

0.005 mm to 0.02 mm.
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secondary structure may cone after the primary
structure. One aspect of the pfesent invention

provi des a m crostructured nozzle having a filter, an
inlet for unfiltered fluid and an outlet for filtered
f | Amathertahpech of the presontgniaitiog pr(a/idSLabstm&tﬁuaiumd tidzake
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ba?étéc}pﬂdah@"efana mygitofiliert ongirudiest asrthe pyimamestrustuse.aeith ans

SR AT BRI s SORTOR Bl S
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to, the hase plate, qt:}gvers the projecti ons and t he

P QsleneibEr hgchanagls athichyiormiguth
bebhi faddihieu {H% nob%lta Sonl theih¥et t? the6LAR r‘wﬂl{le[ the e @BWver plate, if

characterls In t In the tratec ting

- chitainatachied t(dﬂmltxasmplaa seeotiepyojations bod me\mmm and a
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of the present invention provides a m crost ruct ured

n @Q@lnéaryﬁavctnge wihich lcomprisgs a plhwalityf efrbuiltdin tlenvents atting on

a | et filte de zzl.e

o DR 20 PHt Ghaithe bove B oyt s b R3S 5at of g
plaiselyWahizl theyighe: coaﬁgaﬁheﬂ irl {heldeeBiorPofdw. fil ter
constructed as the primary structure, with a

plurallty of projections arranged side by side in

a at e a
oEerdtl b U RO ORRE R 1 b1t BB Bl of
C sinfidtgre i thefiltratet datle@ing] chainbensdR@irabbsiRaa %Ibnidn@éﬂihgﬁ Be
anot her Ey channel s which forma path for fluid

t Fonstrysted Hackaably.dhey @mcyhirdrical devatigns peerding &om thai | e
t BedRYE g@)lra)%t o]Jﬁate 1§ thel dovk l?t% fﬁ/ea%ng% érgﬁlp{%?ﬁﬁde% 8t e

covers t ect1ons an

f cirdulatoeossebdtiwmt i Nng chanber arranged behind the main
filter in the direction of flow, characterised in
that in the filtrate collecting chanber is disposed a

SR q&&%&e& ftﬁfs Y& T Builthh a'am%mmm ﬁ&ght%f%ﬂ&@édr}expaids to the

built-in €l ements acting
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 may be 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 may produce a geometry in
‘which each of the built-in elements forms the centre of an equilateral hexagon,

each angle being formed by an adjacent



the base plate and/or the cover plate, which may be
formed in front of and |oosely behind the zigzag
configuration in the direction of flow According to
enbodi nents of the invention, in order to formthe
secondary structure in the filtrate collecting
chanber additional built-in el®nents may be
C ft ihiehRAt: (h&ﬁgnﬁlrdégl Nﬁtﬁ%ﬂy, A Sm&y Aol f;?a!rtly or not at all to the
el evati ons extending fromthe bottom of the
plbatleinelsmenis pesioaed ﬁtlﬂéft@ge They are preferably
cylinders of circular cross section. It is
advant ageous to use built-in elenents the height of

t: f, Lt
‘c’:“gl’hle Elcn%ﬂt | %g&?ﬁ% BRiiQe Entﬁg%t% 1??3{ ?%Eﬁleg{e% ]érrd;tﬁ%t éfléﬁ{adrc) %&Psubstannally
f cnomeaee theflow ﬁesmhecebable npy bt achidved by mhleng thd spacings between the built-

CHPSRPBRLL ok O8PHd RAF b BRI . e

e Ghait dneﬁsalnhg trodsaeativhd awda plripendicalss o the almémﬁh @ﬂﬂiwbxemummy be

rows .A .and dj acent [ ows and B ferabl )

' ﬁ%ﬁ“ @%He‘?“ﬁabc‘%tc?%lﬁﬂl‘%%t‘? Gretgrihany thR FogsPeR ‘feéfosa?%“o“a‘
t Blﬁ'fabélmjezl ofitie (BloBsHEIBH ShanhBIe form&EbPhe B! sw:tﬂre@ ITRORIRE Bow
of circular cross section may produce a geonetry in

WA e Hineid Buide fhe e e bR Bo¥t Sanslytindceead oy dhe
b RAr& e ink dlafl @ler, hEXagon, each angl e being forned by
an adjacent 6 built-in elenent (hexagonal design).

Naturally, this may apply only partly or not at all to

the built-in elenents positioned at the edge. The

- difhegress sertionof thitarilyin dktmqnﬁ igprefershlysuchathatisies fioot @sstsm:e oy a fluid
t

r gg%ls anc&ﬂ 1 I'S 1§éﬁ3ﬁée ac Heléred ¥ %y&%ggﬁaﬁﬁé%ﬁee

spaci ngs between the built- in elenents, each of which

forms a throughfl ow channel for the liquid passing

tAnS'rEmw@h‘,natis.ﬂlﬂ ¢dthe thositse¢tives dagitetl aingye drep amy aBe bé viaadulatexpczoidal
per pendi,cu to the. direction,of, fl.ow whi h may be

BF FRERRUE y Rl h<ubT ol BF e e R B har

the correspondi ng effective cross sectional surface

area of the throughflow channels fornmed by the filter

Advehgeoasdy thd iy b embddiments in which the dimensions and 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 may 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 may preferably be 200,000 to 300,000 per square
centimetre, more preferably 250,000 per square centimetre.



characteristics of the liquid inside the nozzle may be

most strongly influenced by thé structures of the

main filter. The cross section of the built-in

elements is preferably such that the flow resistance

for a fluid flowng through is mnimsed. Round or

oVidoweven dhas alst Ii:rgn@l favamrghlacth eomseuctfthﬂbltilmrselemmtsmith a
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mhile t he angl es should be aligned in the direction of

flow Advant ageously there may be enbodi nents in_which

t Hedvaniaeseesiy s sipeiuienel thpmaindisr may baprojesiignsextepding in a zigzag

el t-Rat
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rm:lonﬁg.lratsm mdy fidire altembtalyen tierdifeotiordt themlet hnd @hdefx/t@ﬁltlmagmary

refer bl UI| -in.elenents, have a
p ﬁa Xtﬂ% Prmﬂerb igpchon Ofnfﬂaw Ha¥ éwuﬁﬁée mﬁguranon into

prt@f,g{egsegr@ ﬁaltsﬁ@ built-in elenents thensel ves may
have a dianetér " in the range fromO0.005 mMm to 0.02

nm The spaC| ngs shoul d be greater than the small est
S the structure m t h .

> PGHI0% B0 b it Pt Pl Bhifalsdf mp i e, e
bdirédtion 6f 1t @aRIThE teRhaited ststtixlpe r%ﬁ@an%ﬁ@ viéwetlOorh B2

per. sguare centinetre, nore preferabl 50, 000 per
s

dgesiion eéflew. Thag e thetluid qoﬂﬁq@g ahas@vep ﬂ@\d@ectmn of flow may
fay I
' concav a%afh ?@gﬁ%l%#gé?&lﬁ%&gg#\eg%@ %ﬂ%ﬁ} ?lﬁrﬁ%er evqutegﬁl& of
\Aaitduonﬁai\aanﬁtagﬂcmglley)ftebﬁhsﬁg(mt ures of the main filter
maybe projections extending in a zigzag configuration
over the entire width of the interior of the nozzle.

'F’ﬁ e SHRVK! nﬁ&heﬁ?hoéecgﬁfr? ec Hé ﬁ'}%n%?q]ﬁ&y lgfﬁ{l@ ver the eatnie width of

ternately in
Atheuﬁﬂtagnrmateytobmldtupahehgm shiaped @hfig@ngdres to the mai n
direction of flow may divide the configuration into
two areas of roughly equal size. Because of the zigzag
! fre®@émbdtmbitithd m ra.n?aefﬁe&gﬁl The i ®nthe outlet
fi la%}?t?ﬁ?t&ﬁe direction of ' [uld r?gyebe ch angeeou et side
shebind dlret digdal pordiguratigh in ﬂng}irecs:l,on\o[f ﬁdelﬁﬂ’lmm-trhdements may extend

s g S o b et oAl g gove openings

changed again, this tinme back into the opposite

direction to the first direction of
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 flow 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.



rotation, at an internal angle of less than 90 . The
above-mentioned projections n#y be arranged side by
side over the entire width of the filter in order to
build up the zigzag-shaped configuration. In a first
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athird alternative errbodl ment the built-in el enents
may be arranged in the direction of flow both in

front of and behind the zigzag configuration. In an
alit adrthe embedimpits terspading batweandhe Hatibepsplatk in the anmianound the

r an ver
iSRS gl P GRREAFmay be
t imsfaht. TRE spabiy nid§ Hedk@e: il the RedidiPoMhOLRCI It w which is close to
arranged nore on the outlet side of the filter. 8 The

- siha ety sie phibedllteriban indhe rgina ofithe eadof therrpw whieh is sloveto the
- P §ad Jg}f tflg' A1t Piks gg&gfﬁﬁ%la?%g&g%ﬁlgf t%{gl g fn%u%&%ﬂn%pﬁ linear fashion

arranged I h a casc € sane as

- V\ir@ihbnﬁéndckf&heﬁh%ﬂ’l:@bﬁctﬁﬂstd’lﬁesthéﬁ of the projections
where the fluid enters the row of channels. This
spaci ng maybe between half and twi ce the width of the

chRNighe mmﬁt@@ h gt f5RN ofgl%gécﬁ&%%iy éa%ﬁe@,hu gﬁ\énnéber into

V|evved|nthe dir ctlon of tlow Thec nels t
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fsgoéwp dfo 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 may be at least twice as great as
their height at the entry side for the fluid. The cross section of the channels may be
-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



fromone end of the row of projections to the other.

The facing sides of two adjacent rows of projections

may define a cohesive chanber into which the fluid

flows fromall the channels between the projections of

a first rowand from which the fluid flows into all

the channel s between the proje%tions of the adjacent

r Qe Alengtﬁ 5ONb 50funt Pidth 6815 ooy & arﬂra%ﬁtﬁtofﬁ)@% ij uch Mhe width
main filter there may be a collecting chanmb

o@lf%kﬁgh%mdsslas serepwriovadohepitishsidehe unfi | ter ed or

coarsely filtered fluid is conveyed and from which

the fluid flows into all the channels between the
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the posts may be at least twice as great as their

haitighdet therfidtep Hiespace betwesrhe Fopes of proyegtionsigeay gragyally increase,
S@&tindin ﬂ%fre%]&‘?of%ﬂal silcGPhe @ﬁer m&%i‘fnﬁ?ﬁcﬁ oY cRAMEER blocked
or barrel aped or trapezoidal; 1nthe Tatter case

tand thedHigesapeticraisestup unkithe indgs epeceibetiesn tve révoraferhjdstionstipalmost
C n y for exanple 9 have a

@ﬁ%ti ﬁlie?%gﬁltpmg%ga% %g[gﬁ%gght of 2.5 to 25 pmand a
wdth of 2.5 to 25 mThe wdth of the channels may

i ncrease towards the outlet side. The spacing between
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referably in a zigzag. The rows arranged in a zigzag

2t €A%y be inclined relative to one another at an
angle of 2 to 2 5. The particles to be filtered out
may initially be deposited, as a result of the rows of

ALeiiR6kH 8 may be conveyed in the filtrate collecting chamber to a nozzle. This

preferably has two openings inclined towards each other. The fluid may thereby be divided
by the nozzle into two streams which may be directed towards each other so as to meet

behind the nozzle opening,.

In preferred embodiments, first the primary filter structure and then the secondary structure
may be formed inside the nozzle in the direction of flow. The filter structure may extend
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 structural elements formed in parallel over the width of




arranged in a zigzag configuration, in the areas on

the fluid inlet side |ocated close to the outlet side

of the filter, the space between the rows of

projections may gradually increase, starting in the
region of the outlet side of the filter. The filter

may not be conpletely bl ocked!Pand the filter capacity
USREhdHbeH Thi hlaﬁlrﬁteﬂ PRBEDIS RAGR: ASHYEGHE a@f\e@y%smbed The

projections is alnost entirely fille th particles

t eechrdary stipetuemaithen berfernepdgn the atsh be@isear thp eathofghe filtps and the
flhbtRl,fay relatively be clearly defined owing to the

[T m eg fluctuations in the di nensions of the

channels. The filter may not require any inflow

di stributor for the fluid which is to be filtered or
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The fluid ded by the nozzle
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other so as to neet behind the nozzle opening. In
preferred enbodi nents, first the primary filter
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nozzle. Preferably, the filter structures start

i mredi ately after or at the nozzle inlet. In
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accor nbodi ments of the invention may
SiPesdopiaa ¥dp pluggalbithamol), Oxivent, tiotropium bromide and others

Embodiments of the present invention thus comprise not only the nozzles according to
embodiments of 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 embodiments of the invention may

have the following advantages in addition to those already mentioned:



di scussed above fromnetal, silicon, glass, ceramcs

or plastics. The base plate nay be nmade of the sane
material as the cover plate, or a different naterial.

The filter may be suitabl d0hor high pressure

operation, e.g. up to 30 MPa (300 bar). In the

manuf acture of the nozzle according to enbodi nents of

t he i nvephkso the 10rgd nAAP I ehBinell bAPalsRRN HRIRAHaKRAWH

in the art, the underside of the mcrostructured
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m crost svititaured filter nozzle according to enbodi nents
of the invention is of particular inportance for
filtering and atom sing a pharnmaceutical conposition
di ssolved-in a solvent, in order to produce an
aerosol for admi nistration by inhalation. Suitable
solvents are water or ethanol or m xtures thereof.
Sui t abl e pharnmaceuti cal preparations include for
exanple Berotec (fenoterol hydrobrom de), Atrovent
(ipratropi um brom de), Berodual (ipratropium brom de
plus fenoterol hydrobrom de), sal butanol (as the

sul phate or free base), Conbivent (ipratropium

brom de plus sal butanol), Oxivent, tiotropium brom de -
and others. Enbodi ments of the present invention thus
conprise not only the nozzles according to

enbodi nents of the invention which are described above
but al so their mass production, the nozzles thus
produced, as well as inhalers, preferably those of the
Respimat (r) type, which contain these nozzles and
with which nmedicinally active inhalant formul ations
can preferably be atom sed. The m crostructured
filter nozzle according to enbodi nents of the
invention may have the follow ng advantages in
addition to those already nentioned: 10a thanks to
the | arge nunber of channels over a snmall area it nay
remain operational even when sone of the channels are
bl ocked by contaminants from the fluid. This property
is critical to the usability of the filter, which is
conbined with a




11 nozzle. When used in an atom ser for dispensing a
medi canent, failure of the atomser within a given
usage period nmay have serious consequences for the

user. - The channels may be narrowy defined in terns

of shape, cross sectional area and |ength. According

to one particul ar enbodi ment, lthe di nensions of al

the ch | &/m

(e COBOEL i L By o DB SR ot
ot her raiquiscewiinnh s giver ugage smcaisnztymaﬁre Semhecmlswsnces for the user.
section of a nozzle downstreamthereof. - A large
filtering surface can be accommodated within a snal
filter I e 4 0 uj efore it
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zi gzag koghi @mm&hmgm onaymha;lmdnﬁﬁdmﬁe@lthgdﬂmn@@tseﬁ all the
perpendlcul in the channels. - The

open fi f18p i{]?lgéeftlt(z’é,‘ﬂ?ﬂg?thm%m?:r oss sectional area

of all the channels) may be at least 50 % of the

total filter surface. - The filter nmay have a snal

dead vOIhengess pédtibh 6£Mhachannyhiesy Behbged o saitlitghradenahdnys,
of. built-in elements. - The nozzles can be

mass- préoBie 8t i theres seriippef %nwlerﬁiowawqa@] theredfon

rates. - Crystallisation or precipitation processes

in the pharmaceutical fluid in the filtrate

col | ecia IBge urfA®call Bc hQIHERMaRY willf Mamtmepvome

el ement s. Finally, the change to the structure of

the nozzl e according to embodinents of the invention
has neant that in mass production the proportlon of

nozzl ed evﬂpwwf des Nad befeserit enters thesbppngirdietwsen by fows grranged

100 1 PB4 QR AR ORI P perb @i R e o

nOM/beleﬂpkhmnEB in more detail with reference to the
drawi ngs. WO 2005/ 000476 12 PCT/ EP20041006768 Fig. 1
shows an enbodi ment of the filter nozzle, viewed from

the si 'gl?e A@%h (ﬁﬂell shrface (sum of the cross sectional area of all the channels) may be
at least 50 % of the total filter surface.

- The filter may have a small dead volume, particularly when there is a high density

of built-in elements.
- 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 may be reduced by the built-in elements.

- Finally, the change to the structure of the nozzle according to embodiments of the
invention has meant that in mass production the proportion of nozzles which do
not exhibit a permanently uniform spray pattern may be 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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' Woéoﬁbfbb&' Fy open, which is subsequently covered w

th the
cover plate (not shown). TH base plate (1) |SPCT/EP2°°4’°06763
m crostructured between the edge regions (2a, 2b). The
5 rows (3) of projections are arranged in a zigzag;
the rows are inclined towards each other by an angle
a. At the fluid inlet side in front of the zigzag

ar rshogen@gmbddinfenit f dnotilar ndz@l’é‘ Qfevﬁ:ﬂ%@rﬁtmg Rte(Wich is
whi.ch, act as prefilters. In front of proj ectl ons

(4)PHHR Vé’pﬁPeW Iohds subssagentdy coyared Mgﬂil t.hth@Helt plate (not shown).
Unf’]‘lié Bﬁ@qalﬁﬂeg'lfixsexﬁﬁﬁﬁﬁﬁﬁﬁn{d l:)n%tg{ee& :SH? %@e regiong (2a, 2b). The
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I s ah’@ﬁgémbﬁf hefe féQJn'oﬂfér'rBGr SipBRetions f‘fgtwphﬁh a%{ as p{)eﬁlters. In

ndarghstructure 0) is dlsposed et ween
Bt of the prejessivas (4 teee arprinket slado (Mathrough metch chee

ﬁﬁﬁgﬁl‘iﬁ?efﬁ‘dh?@&@%%@ﬁ r, o B8 b hfiafer® R Cers 5 ke filter
entlm:? &nenozad Girfran wiieh Ith? ﬁIterddltt}quudtghﬁltrtgés tI"I‘lelsn&kﬁ: i8 an
ars aci,n etween the built-in elenents
Csirterd] s of e B3R DI SO TR spgoe prtwek fe fiseiionts @) and the
Si woAz8e (6).is tﬁteﬁlﬁ'a@é@l&rcnﬁé chQﬁlbeP Uip| ﬂns‘ q s@{:tﬁ{fﬁ% Strbebke (50)

is ideally 0.01 nm 20 Fig. shows,
sdsdisposed bevesn Jhebase plate mﬂ r;hezﬁtycr pl;amcs Thnsisb@ndam

I
porractddh et 18 ublod @ il g 5 £ R aena
prbgtwctn dme awoplpteh €The partidl énlargemaht sBown diethe right

ctio 7 copgcave curved | ongj tudi nal S|des
Pl frabe PG T RE SEncini bewean the builin clements (51)
bal'ds prefeiadbedl 02 AASre ACEdnE tofdettre? SRRIANGY, SRY Qi-Bheter of the
od| ment s of %BOJ ections, In each case Vi ewe rom

t wiltyin elemgnts, (D dp idgalls 0d1 1w il ter. The drawing
shows a rectangul ar post (11), an oblong post (12) of
constant wi dth and rounded short sides, a wing-Iike

p8kews @1 4 Birgerscples the(alrde)ngcinmnﬂtmpm}tcdidhsaﬁ dhé&rows (3).
SIS PRl (eatf i Bt R brabthe obtiwi ng o) so
sho_vvs a square
shows a cross section through 'a row of projections along fhe 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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WO 266088874 16) , a triangular colum (17), a round ¢ m
Cwe (18 WD 2005/ oo@i’?@%ﬁ““mmﬁ

) and an octagonal <colu (19).
PCT/ EP2004/ 006768 Fig. 5 shows cross sections through
vari ous posts, specifically a rectangul ar cross

. : t 22) Wt d

Fig. 2 ShoRY ikt becsPyB RS 35 GR0 ohGR) snte BB SE bt s
wheeaion (214, 4 ongs séctinof22) RAMH EGHRA%E Uitved loRSIANERESes, a
to the hase 8' at e ,81) a trapezoidal cross section
(2SFPSRITE Ot RECHOR k47, Weeadinghe jong YidepEshampeium is
copaerdcesl tPtHeRish pie Qiﬂgtgééﬂse?zoi’gﬁg grogs gﬁ’.g%,(\)él( @ whikdifl the

two rounded | ongitudi nal ious
ar $harg aide nf she frapezipacisiconaected eo probasetplates(1), and a post (25)

ir { e - being indicated by dots
of |%rﬂg\ré?dg{l%%@%%ﬂ&?%&ecti ons may- be 10
arranged in a matrix (31) or in linear fashion in a
. IO 32) or in a neanderd ng, shape (33) .or zigzag shape
Fig. & 333150.(“’3_&) IO AFREEEBEn TS A RaBier pRs, she BFRjectiong iriespective of
( 3Bkir shipe-MRaEiRdidaded BARBUF di eﬁa? kﬂ@s@g[‘lfé‘ﬁfb?e&i%gg may be

may be arranged in a cascade behind one anothe
Fi dranged iB sl Gl) endalinesr fashipndn ¢ row (3@) ariima meandering

t j { f, d 1 . f.Luid. The sts

(A5BL (55) b hgthe chilbt O, A digick Of proietlichis S g, row
g _I(é5b?§tasme$m®n_ fnlg shape ga tmlg ad:igza% 9104?1484@)3160 ahidyybé @Tr_hﬁl@é:l in a

i rectdian.of . inflow an e posts are incline
bfagﬁafif:gﬁfgmd MGERRDEE ¢ he gi rection of inflow 20
Figures 8a/b, which are identical to Figures 6 a/b of

. W0 97/12687, illustrate the nebuliser (Respimat(r))
Fig. 7 showg he-prienfation 68 posts de rdadon o headisedtiomsofinfowdiiy of the
t | | S i.nhaled, Fig.
s uidiorad BREABE DR A BhARRPIEIR Hfeciif MiTbpenfhe poss
}Ni(‘i:‘»_ ama_rmngl edi getpemsiénh riarlsz‘ci:ohfﬁf:g,iir(ﬂ:ll?ioﬁ_hii\iﬁtl@'ll,}v ai111d tlﬁe posts (44)
| section throu the atom ser wth the
sgﬁﬁ‘%ﬂ‘?“’e‘@% .ere%"emBBB@rtgﬁBﬁ Fﬁﬁﬂ%ﬂf?fﬂf’f"-cont-ai ns
the punp housing (78) on the end of which is nounted

. tge hol der (79) for the atom ser nozzle. In the hol der
Figureg 8a/py,wh ddepinpl (gbigures 6 a/b of WO 97/12687, illustrate the

nebuliser (Respimat®) with which the aqueous aerosol preparations according to-the

invention 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 partally into the cylinder
of the pump housing. At its end the hollow plunger carries the valve body (58). The
hollow 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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filter according to the invention (55). The
-.,WOZ%M%M unger (57) fixed iMthe 30 power takeBET/EP2004/006768

flange (56) of the | ocking mechani sm projects.
partially into the cylinder of the punp housing. At
its end the holl ow plunger carries the val ve body
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place%eﬁ?"é’sed After the biasing of the spring the I ocking
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active subssincg sokutiony. exchangeabl e storage contai ner (71)
for the fluid (72) which is to be atom sed. The 10

storage container is sealed off by the stopper (73)

A spindlbu(Bforuhe afechinichbtdunic pisungRIed I BEGSvering!S thE gpnng
Its en

posin| 8¢ 1 B B AT A4 T e B 1,

sup
ASMCEH@@FIEOP )‘:Spmdlche nmechani cal counter is nounted in
the covering of the spring housing. At the end of the

spindl e facing the upper housing part is a drive
pinion (75). 15 A slider (76) sits on the spindle. An

An atomtserrwnhnvhmch movddrosol &mtoﬂ&r prdluced flotn Renddiesertdcdi@iRing
fluid contains the nozzle

fluid co camen -cont(?u ni n%F
8&’"&'6% P2 3958TFIRG &7 Ehomvamtiom whichyts ofsimilag construction to
thenozﬂ@@ﬁ&&ﬁqﬁlpi)@]t.o the nozzle shown in Fig. 1. 20

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 um long and 2.5 pm wide;
they project 5 pm from the base plate. Between the posts there are channels which are
5 um high and 3 pm wide. The built-in elements of the secondary structure have a
diameter of 0.01 mm. The spacing of the built-in elements is also 0.01 mm. At the
fluid inlet side into the nozzle there is a row of 10 rectangular posts which are 200 um
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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VWDZQERRBE red enbodi nent will now be described. The

numer | caI val ues given are 1Preferred nuneri caIPC%E_IP@@%“’OOG?BB
i nclusive of 20% devi ations. A nozzle of this kind has

a base plate 2.6 nm w de and about 5 mm|ong. Over a

wi dth of about 2 nmit preferably contains 40 rows of
projections arranged in a zigzag. Each rowis 1.3 mm

BehnﬁEtHeQWS o'f%sﬁra‘ita@fgktl%% z@ézgg E:Sﬁﬁ%de}sﬂbﬂrls Hﬁsﬁlgraw&(ﬁibctmg

g 10 . pm | ong _and roj ect
champgrwhichds 5| wm lngélldvs@quaﬂﬁ ngrrews frdwe aavitle of Bemmedmd opens

i S g0 4 P e, i

nozzlgpppeniog hasrbedihpracheed g thé sanhe tihe dstthie it StRIttSring of the base

also 0.01 mm At the fluid inlet side into the nozzle

‘there is a row of 10 rectangul ar posts which are 200

pm 30 Iong and 50 pmwi de; they project 100 mfromthe
posts are the channels,

ase Bet ween t hese
Also SE,H Hﬁg?lg i isoths penrghling 52 mlpmm theough the mgfsﬂlgped

gt of S0 360 s MY 338 cip i i

thespd@cﬁaimdwmiasm/ EP2004/ 006768 Behind the rows of
posts arranged in a zigzag configuration is the
filtrate collecting chanber which is 5 lun high. and
gradually narrows froma width of 2 nmand opens into
a nozzle of rectangul ar cross section which is 5 pm
hi gh and 8 pmwi de. This 5 nozzl e openi ng has been
produced at the sanme tinme as the mcrostructuring of
the base plate. Also showmn in Fig. 1 is the centra
line 52 which runs through the zi gzag-shaped.
arrangement 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 2005/000476 16 PCT/ EP2004/ 006768 Li st
of reference nunerals 1 base plate 2a, 2b edge region

plate.
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of projections (7) 4 projections (prefilt
- WO 2(@515 449%’\, 7 pri§ ections 10 8 chaﬁqﬁ'gﬁpagp“’oosma

sl ot 6 nozzle pr
12, 13, projections (7) in the formof posts 14,15
16, 17, 18, projections (7) in the formof colums 19

rectan r cross section of post 22 cross

IJStO?SSﬁFﬁHCSP Wi th concave | ong sides 23 trapezoida
Cross sectlon of post (long side attached) 24
trape20|dal cross section of post (short side

1 at t acH¥8§ Plas& nost with rounded | ongi tudi nal edges 20

2a, 2b31 rrateﬁ éré%&? arrangenent of projections (7) 32
| i near arrangenment of projections (7) 33

neandeﬂwsifmemmamnsa(ﬁgenent of projections (7) 34

o of LIRS AR CCd  h several rovs 2536
proj eddlepslsr (7) arranged in a cascade 41 inlet
opening for fluid 42 posts aligned parallel with the
|nIet“g ﬁlng 43 posts aligned perpendicular to the
i nl et Jgid S50 secondary structure 30 50a filtrate
col | ecti ng chanber
channel

11,12, 13, projections (7) in the form of posts

14, 15

16, 17, 18, projections (7) in the form of columns

19

21 rectangular cross section of post

22 cross section of post with concave long sides

23 trapezoidal cross section of post (long side attached)

24 trapezoidal cross section of post (short side attached)

25 post with rounded longitudinal edges

31 matrix-like arrangement of projections (7)

32 linear arrangement of projections (7)

33 meander-shaped arrangement of pro;ectlons (D

34 21gzag-shaped arrangement of projections (7)

35 projections (7) arranged in several rows

36 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
80

t he

il.t-in elenents 52 central |line 53 spikes at
wo 20%;0@?27'6. B PEHEP2004/006768 |

I'n Side 54 spikes at the/ outlet side WO

2005/ 000476 17 PCT/ EP2004/ 006768 55 filter 56 power

takeoff flange 57 hollow plunger 58 valve body 5 59
stop 61 stop 62 | ocking nenber 63 support

seal
10 646@5?uati ng button 65 nouthpiece 66 protective

cover pdwerdikdoIoflfysesi ng 68 conpression spring 15 69
snap-i.n_lugs 70 | ower housing part 71 storage

cont aifillow planger,i 4 73 stopper 20 74 spindle 75
drivevgwgﬂaay
seal
stop
stop
locking member
support
actuating button
mouthpiece
protective cover
spring housing
compression spring
snap-in lugs
Iower housing part
storage container
fluid
stopper
spindle
drive pinion
slider
upper hoﬁsing part
pump housing
holder
nozzle body




10

15

20

25

30

76 slider 77 upper housing part 78 punp housing 25

PCT/ EP2004/ 006768 Pat ent aims 1. Mcrostructur
nozzl e having a filter, an inlet for unfiltered f|UId
and an outlet for filtered fluid, the nozzle ;
cCoNpr i Phfiiyt @amgubst antially flat base plate (1) an
a cover plate ch may be attached thereto; a main
filter constructed as the primary structure, with a

e |ons Q0 (7) ,artran side .y side

AUaBirbdiafla BRAERhYIRR A e il of pflte B Bd ndcpn oute
tfoe filtageel fiid] the(dozzRcbrppiadiggt i ng therefrom the
projections (7) being spaced from one another by
channel s (8) which forma path for fluid through the

f

n
Ry Bade gl (10 2P0, (et Blate Wil BeiiiEhed
th@fBbOJectlons (7) and the channel s (8) and 15 a
filtrate collecting chanber (50a) arranged behind the
main filter in the direction of flow characterised

armainafilter20nsmrutied dsithé panere @trh(?ﬁirt,ﬂ@lth‘ laqﬂbﬁﬂltﬁ 8Ppiojections.
whi ¢

d econdary ructure
. éimﬁrf' OS€SA€‘%P§ pigle; WOWﬁ (%L.eﬁf Fﬂm@rréwgrﬂrsm(tml empeRent of

tit bike PR 1PhAN Drofedting Bt rOfrofl) PO CtONRY(P) 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

elements (51) have a cylindrical circamferental 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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10.

11.

12.

13.

25 2. Mcrostructured nozzle according to claim1,

WO 20041@g0agd eri sed in-that the ki ilt-in elenments (RerRYLoos7s8

a cylindrical circunferentiial wall. 3. Mcrostructure
nozzl e according to claiml1l or 2, characterised in

that the built-in elements (51) are at a spaci ng of

f f . <L s
R APA PLdTe (O PR ch AN thd ehe ujein
Zlemens 431 ehivearicontavh aircumbeenualiwall.n el enents (51)

have a diameter of fromO0.005 nmto 0.02 mm nost
preferably 0.01 nm WO 2005/000476 19

B &SRR A0E0ZER actordihg 16 ShaimiCl, thegchaiel en AN i@ t-in
to cl ai ,, Characterised in that the built-in

§Feé?r“éﬁ?2% f) AVERCANVEX cHRBmrerpictist-er enti al wal | .- 6.

M crostructured nozzle according to claiml,
characterised in that the built-in 5 elenents (51)
Migeosirucoriednazrle agroustieg to elind), characterised @ thardhe beilt-in

' | aim. aracteris i hat th
BAAfios BRERH B bAofe Eppilars AR Rt Bree f fndipver Bare
anduard eidregmal phatof thocévee ptaeer plate and are an
integral part of the cover plate. 10 8.
M crostructured nozzle according to one of clains 1 to

KlickRaRfilred invesle aBcdrls td fife O Qhisft 1 pOY, él?&trfugcfﬁrigél?m that

main filter are formed 1'n a zigzag configura

~ Hheaprojesgons oM of themaainlfilisr anefqreryl iniatzigzagi doadigaBBion n

VPR 84 Qb phai, o2 Sl B8 B b of che iger
#d oimdetacterised in that the projections (7) are

arranged side by side over the entire wdth of the
filter. 10. Mcrostructured nozzle according to claim

RligosQucrahéd a6iA¢ h&RAding thivle Ifiinl ISRFYNIALNcterised in that
structure (50) is formed as an integral part of t%e
1He PEOJSFUPRS O are arranged side by side over the entire width of the filter.

Microstructured nozzle according to claim 8 or 9, characterised in thart 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 .

- 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




10

15

20

25

30
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14.

15.

side of the outlet of the zigzag configuration up to
dmosgntral line (52). 11. crostructured no

according to claim8 or 9,2@har acterised in t?}:?tﬁﬁpﬁgmmosms
secondary structure (50) is formed on the side of the
outlet of the zigzag 25 configuration right into the

poi E'pmi [ ' i regti the inl.et. .12.

M crg%)sﬁ% ruc tﬁfb&éﬂ%g@%n&?ﬁ%ﬁénd@ﬁgﬁ 08{: Si r%°’§°h?n§§7]) Where the
chaflaot emtesethei rowt diathanhels (8econdary structure (50)
informed in front of and behind the zigzag

configuration in the direction of flow 30 13.

MMEICRSH R Bt Bl fbzAR 2L SrdRSE &S ShOEf RIS 1871 3C bRAIBrekist @ by
12, characterised by - a spacing between the base

plate in the area around the projections and the

CE" AR iRty LAty B4 863856 s L Broec
PCTIERLD DAY cONIGROE ) amel drbenvncizmlghart dicthe tasn plase, (V¥)erein

the side of the projections (7) where the fluid
enters the row of channels (8). 14. Mcrostructured

Nozselerad e6Ws U3)NGF ProjeRfibndhreCdrddnfedl intaCcakSade and
characterised by 5 - a plurality of projections (7)

arranged side by side in rows (3), which project from

Si Q@S%rﬁg%&is&bf ﬁ{bdclﬁhﬁegm agg)aagéfs Rth ol olelde Pase

: lerern - severa projections are
ar reerpendicniaslydeshadaeenioh ofiflow of ke Anitk viesesct incthe afirection
t he fgrpannelds (8) decreases fromrow to row

Q 0&?’

‘perp ’caﬂllarlytothe direction of flow of the fluid,
viewed in the direction of flow, and 15 - the

proj ecti.ons (32 arranged, cl oser to the inlet side of

“h edlf: PreIsstionse(d) arpased closer to theiples sidkerad she filger argdprger or

t herepafk %%&%Eg‘ﬁ%rkhﬁf‘gi@ ns%%@in%%%hﬁéeg&?ﬂ@glt ﬁljg%a‘éallgr than the

projections (3) arrange e ont Si
t h@rejecuens @hndirranged 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




- the spacing between the base plate and the cover
, WO 20pb/ee0a76n the area around 24 each row of proj esgiepsoosnosres
' (7) arranged in a cascade is about the sanme size as
the width of the channels on the side of the
projections (7) where the fluid enters the row of
chanpdlag ba ate @) 298l ON8 doveeplad Ot (5) for the
unfiltered fluid which extends over 25 approxinately
the entire wwdth of the filter and is about the sane

16. h %%}B%@?ctu}é@ﬁ@iz@ f&’é’@.ﬂg et8 (rgfatu[ng gi thgll 5{ ) {c@%&cﬁ%&%_ﬁ%ﬁ jfhat all

¥

pl at e on the inle
~ othesguowréseef thiediltet are formetli dxchrsip@lyf dniitk bdveqilace (1).
5 extends over approximately 30 the entire width of the

filter and is about the sane height as the projections

17.  piidrostivtguiedonozziveaceasdin@kdtRithd )l 8N ¢, RRaetdrRbd Byde
of the filter. 15. Mcrostructured nozzle according to

claims | to 14, characterised by -WD 2005/ 000476 21

PCTASBRAEHIN0APmeat bale PARECH iR Ee bk A00nE hd Blojecrions

cover pla crostructured nozzle accor
cl al’eand the 8 coverplatt withinealrow (3)hef pjdctionb€7) between half

st f the filt f d. | usively. on th
o PLCHRRERE Gyl Gk hafads pfofE ol Sob pSsticrarhge the
t o flhiaf exiets the rdw,ofchanadt ¢gy.sed by - a spacing

between the flat base plate (1) in the area around the
projections (7) and the flat cover plate within a row

18. (BicRstRtRired hio2ns aéc@rdﬁ%{ ﬁ‘ﬁﬁﬁgﬁfx&? g(% 1 Oclﬁqgct[éﬂ'jsq‘%fb I;e :

wi dth of the channels o he "projec
where the fluid enters the row of channels (8). 18.

_ Mc nozzl e accordi,ng,tqQ clains 1.to 17,
5 chare B FRLREfrhasns sBEIR Rl dns T e of Pemadicent
- by midef projectiond (D) duifilésg 9 tokaviveathantifttintd WiMehGhe fluid
proj ecti.ons CS'lg%Hldefd ni ng a cohesive chanber into which
t g liEherchanels opscbbewiesn e rpicstions of auiest rowend out of

Pr ayigich RO Hu fidws ifrd il AW AR @Y beFeen the projections of the
next row in the direction of flow.
20

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

- the collecting chamber (50a) has an oblong cross section between the inlet
25 ‘ 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 Iast
30 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.

20. Microstructured nozzle according to claims 1 to 19, characterised by



which the fluid flows into all the channel s bet ween

WO 2dobeogure] ections of the ne row in the directj
+ flow. 20 19. Mcrostructur )egd?' nozzl e accordi ng %@EBEOOMOOS?BB

21.

10

22.

15

23.
20

| 24,
25

25
30

26.

clainms 1 to 18, characterised in that the collecting
chanber (50a) has an obl ong cross section between the
inlet 25 slot (5 and the first row of projections

(4) into which the unfiltered fluid is conveyed and

out BPIegHpBhin the formiaf fosovd 1i 12013 14,115 veitieh aed Sraight or

bet jections of .the first row, and in that
the@ﬁ?%??ﬁ%%{ﬁmcﬁgﬁﬂhﬂ%oﬁn obl ong cross
section between the last 30 row of projections and
the outlet sJot into which the fluid fromall the
chadfRICEHRRS ¥yibe fggn of salumpnel6, dfe 18ul9bf whi ch the
filtered fluid is discharged. 20. Mcrostructured
nozzl e according to clainms 1 to 19, characterised by
vlizgosrmorden ozzlerCTo R O L 06T 6 80 20, chenicierizsd ib§
the formof posts (11, 12, 13, 14, 15) which are
straight or curved, viewed in the direction of flow,

or Ghannelo{8¢ thokagihnof wkichas 5 l@ﬁstctﬁ»liéﬂ”ﬂh‘éitt(lije@gl}t]az ithd ?ntry
g to clains

19)...21. crastructured nozzle accordin

to %F]f%%aﬁ'{@r fhed L1855 SeCHAR AHBRMINGYONSIARL. | engt h of
which is at |least twice their height at the entry 10
side for the fluid, their cross section remaining
cHstostuctured ngrzle eseordingiredlaimuz b te 24 ¢ derrdéterjsédby
claims | to 21, characterised by - channels (8)

ext endi ng between posts of approxinmately square cross
15 <waniebn(8) ekiendingsberorsh pobisAf appEdematilg bhuft ki -
channiel V\gtg.a Iength Ofﬂg pmto 50 pm with a
hei GHHOBr WHICH 13 ropyiantovesthe Iengtypfithe danpek with 2&ngth of 5

- 23. i eo I509Lrh LG EREIBNZGH 25 36E & 95 Neh hAd AR of25% 25 um.

22, characterised by 20

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

- aspacing 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
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27.

28.

29,

30.

31.

- channel s whose cross section is barrel -shaped or
the |l onger sidg of the trapezi unpcT/EP2004/006768
preferably belng formed by the cover plate. 24.

M crostructured nozzle according to clains 1 to 23,
characterised by 25 - channels (8) of approxi mately
square cross section on the fluid inlet side and a

cross section_which becones wider towards the fluid

out IRFPIeSTIgRs Whith argiazranged uct ured nozzl e according to
cl-aidTBovs )24 A5l a spaci ng

bet ween tge)r O\I/bls1 pr o‘]’qed():t%?lgr?s \I;Alﬁeqc(ﬁr is preferably

t Wi ubrqus(ﬁ)zeamcandwmgnmmm oni dth on the inlet

55 O R B R B e
PCT/aEFA&@(H&Q,Q@%G& 29¢0j ections which are arranged - in
rows (31) running parallel to one another or in rows

(33) in a neandering pattern or 5 - inrows in a

zi L i war ds. _
SRStk ettty 6 FlatlE % RYBLERsE By e
nozzle according to claims | to 26, characterised by

- a_const ant s acin etween the flat hase plate
( 1) acpnytagt %Raé“an el('JIE ﬁﬁ%ha'pb%ﬁeé{]%ﬁeéﬁk iy the aray arqund the
f 1 aprojeathn bd\thé ﬂhlnc £ ]
M ctr)gdsit r uéltsgrr?Zd nozzl e a%rgorggté}?ltthgﬁgggﬁ (355??9&15%[?&5
characterised by a spacing between the base plate (1)
a [ rection.of. 15 .
P8 crRYgenfed oo e b b [ 3b: Ry A8nSie pra spacing
t betp@en thabast plates@) and cover p}aai:whg:hkxapmeﬁ thddirktiddn of
b plate (1) in the area around the projections 20
( and the flat cover plate within a row of
projections arranged in a

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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meandering pattern (33) or zigzag pattern (34), which

. WO 200ampegses fromthe region of the end of the rgWyepr00a006768

1

32,

33.

34.

35.

36.

| ocated close to the inlet side of the filter,

towards the region of the end of the row | ocated cl ose
to the outlet side of the filter. 25 30.

M Cr 9BhielssTh e iRComOs 1l i

char act eﬁ{?ged_ﬁg;ﬂ ge?ﬂgsg\se pllg%gg?%} l@\#ﬁ%éﬂ? %%gf@gésgattached by
stru%%Qﬂ”‘%§05§lfligsotropi C or anisotropic wet or dry
etching or a conbination of these nethods, preferably

by ani sotropic 30 dry etching. 31. Mcrostructured
nol¥fitrestraciured ngzle acdoading th daim30, (CHRIdAERTESRA iBMhat the

005/ 000476 24 PCT/ 004/ 006768 a bhase plate (1)
eIt C AN it shmirer (Tl AD3S APLCARED e Feesion of ow and
atHaacite¢hsbyne 2624 ¢6)0ANHE Haheled2- M crostructured
nozzl e according to clains 1 to 31, characterised in

that the 5 filtrate collecting chanber (50a) tapers

a8yt AEA, JEOLURR . criy® P clPefiios§ D

nozzl e according to clains 1 to 27, characterised by

10 - ate .(1) made of silicon and a coyer _
o a Bt PLERRAE 5hsITEOF 280 acfoves Dlis Bade o ticnp, aniached
34. byldireesbohidingr ed nozzl e according to claims 1 to

27, characterised in that the spacings between. the
built-in el ements, each of which fornms a throughfl ow

Mier hitled Rizzle e cbloi | r ugh

that the f esulztZ [ %SCJ():I: 0S g‘-’s&elgtﬁtl%ogg? bea@gagfg%tgﬁée:%g} 'glt?lt g}e
spasingscbegweest theopuibifinfdlomentsj edchi of wliitk éoimeh yhroughflow

: to t Liguwid i,s greater, than the, .

BT RE s it d Brosilehabudth 88 S8 g ¢ replingeerasssgcrionat

ameh petpenditulatighfealircction e !fHw WhItAds BifedRRLSHEMEdaBIED the
of. t.he main filter. 20 35, Atom ser for inhalation

ligyidis grrapsti than Shnperrswending effestive grass seqtiomal swnface area of

the throughflow channels formed by the structures of the main filter.

Atomiser for inhalation therapy which comprises a microstructured filter

according to one of the preceding claims 1 to 34, -

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.




according to one of the preceding clains 1 to 34. 36.
Process for producing a nozzle according to one of
claims 1 to 34, wherein in one step mcrostructures
in the formof the filter structures, secondary
structures, 25 nozzle inlet aq% nozzl e outlet are
etched into one side of a sili‘con wafer for a | arge
nunber of nozzles, in a subsequent step a glass plate
is firmy attached to this side of the silicon wafer,
in an independent step AMEMDEDaMAMa$er is placed on
an adhﬁgkéei&ihg1and in a final step the individual
nozzl es alihe JuTaYionrigHeen I3Niembyr 209(HHS- K1-2094 he
si licon wad@iindPding 256r ' .adhesi il m
on 30 the Jﬁ%erside of fﬁ%aéﬁ?%%%%dﬁgﬁgﬁeh??é??ﬁ%%j
fromthe glass plate side, using a dianond saw. 25
AVENDEPRaGipAKN&n]sf i | ed at the International Bureau on
18 Novenber 2004 (18.11.2004) original clains 1-36
repl aced by anmended clains 1-37 (8 pages Pat ent

alai msMigrestyetied spgrlehpvingfilter aminlggfon uniilfores fluid nd an outlet for

inl et HRLedRbibl heheHif otpHsiipd an outlet for filtered
fluid, the nozzle conprising? a substantially flat

base plate and a cover plate which nmay be attached

-t her et asubs@antiiyrflaf bdst platccamdstdougrtphde afich Agaybeiafi@dhyd thereto;
structure, with a plurality of projections arranged
side by side in rows, as integral conponents of the

base pt&eia fligcongirusicdes thegrivtner sueting, Withe phuraljts of projestions

bei ng : . S ' form

° bat R AL BRANE B00k Bher SABRRELS R ol

t he outrbjectinghdrtfeom,ttheprofeetonshenizapaded fiotn dne aadthadiyatiannels
to the bas | ate,.covers the. projections .and the .
channe }élé)h ann ay a&ﬂ fot ﬁ%"ﬁ éhr%qm ‘E‘g{l‘?#gﬁ %ﬂ’é’éﬁe%} Fg‘?ﬂjé]&t’ while
- behi ndhé bevenplate, ifidit exached dohbe Blisk phitd, 66vedf the brogditions and the

channels; and

a filtrate collecting chamber arranged behind the main filter in the direction of

flow,
characterised in that

in the filtrate collecting chamber is disposed a secondary structure which
comprises a plurality of built-in elements acting on the base plate and/or the cover

plate, having a diameter of 0.005 mm to 0.02 mm.

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

for filtered fluid, the nozzle comprising:

a substantially flat base plate and a cover plate which may be attached

thereto;




characterised in that in the filtrate collecting

chanber is disposed a secondarzﬁ structure which

conprises a plurality of built-in elements acting on

t he base plate and/or the cover plate, having a

di ameter of 0.005 mmto 0.02 nm 2. Mcrostructured
nozzl e 2/ fleropstiuctad as fhe primay skvetuienwith egiusality of prpjections
and an - 1. fQre: £ e}

conpri gl? Jﬁﬂ .eﬁtasllds?l? S%‘{SH{‘?‘S‘W%S Ht%rgbcgs %Bﬁg%éhzlﬁgaszf platc and
cover piog¢ctinpiticcdtfromyndearaiged thedigzide@néicoratiah, th@pfhédiions

filter_ _constructed as the prinary structure, with a_ .
pl ur al PE§E SPAcE GOBL A heR Py SRERAISSYIHER (s RRgh for Huia
rows, agoughthe h@izl&fwﬂﬁqg@ Hi& t9thd Sif1eL IBIRhAES R Pite, if it is

projecting therefromand arranged 1 n'a zigzag

conf i geitachedio, the haseplase,eovers tie projectionssind deochanoehs cand
anot her by channels which forma path for fluid
through the nozzle fromthe inlet to the outlet, while

the coy€ilirapd ediRctingd cainbeSarraige@bREAd e hilR MREM Mk at e,

covers _the projections and the channels; and a

filt ra@‘é“@@#lpéﬁ?‘i"ng chanber arranged behind the nmain

filter in the direction of flow, characterised in

that in the filtrate collecting chanber is disposed a
seconddraraeterised inr that whi ch conprises a plurality of
built-in, e nts acti n the bas | at and/ or the
cover B ﬁﬁ%?@}?C%Q%@%& SPOSH 1 SesRndEY Sigfure

| oosel yhibg Gbx‘ﬁ?risés RSlE0AAS ARl Sdfhis %@tiﬁ%"oﬁ B base plate
direction of flow 3. M'crostructured nozzle accord?ng

to cl sandio2 theedswenplaisr Whish may henfarmedim foaritlof andhloosely behind
el emsn[&g ihaz}/e a.di aﬁet er,of.. from % 005 mmto 0.02 mm

4. M CPOEEARRSTTBHAHED 1 the dredigiol oW, one of clains 1

to 3, characterised in that the built-in elenents

have a cylindrical cjrcunferential wall. .
3. Microstructured nozzle according to claim 2, characterised in that the built-in

clements have a diameter of from 0.005 mm to 0.02 mm.

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

the built-in elements have a cylindrical circumferential wall.

5. Microstructured nozzle according to one of claims 1 to 4 characterised in that
the built-in elements are at a spacing of 0.005 mm to 0.02 mm from one

another,

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

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

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

the built-in elements have a concave circumferential wall.



5. Mcrostructured nozzle according to one of clains 1
to 4 characterised in that tHé built-in elements are
at a spacing of 0.005 mmto 0.02 mmfrom one another.
6 M crostructured nozzl e according to one of cl ai nms 1
%v characterised jn that the huilt-in el ement

have a

i pranBicaired ROl Gecoe o ongrog Flaists | B Fepciased is that
aCCOfdtﬁr}gmg %&Es L/@b%v%ﬁkﬁ’cu%fe&m%ﬁ.er'sed in

t hat t-1n e emsnts ave a concave

circunferenti aI wall. 27 8. Mcrostructured nozzle
agcor di ne, of ¢ to 6, .characterised |

TRac ¢« PRepbRieRRR g e e BT iR b thafuctersdl n that
ci r cuntiRmant-indenyedts exteBd ilVheé hdfidr 8¢ iR drofPhé bsse plate to the
according to one of clains 1 to 8, characterised in

t hat cdmerplaielandmreaalnﬁngaﬂtm't@itlremdverrplatdne manner of
pillars fromthe base plate to the cover pI ate and

are an jntegral part of the cover plate

rvr %r osthigresiweRirdmozale accarking taiongot Qsalsﬁé t@P @ra@pmseﬂ ip &hat
o do e BIoREtSRhrd kg siad PR NP TS vl oBie

M crostructured nozzl e according to one of clains 2 to
the secondary structure

1 C acteris in that

f-gfmezl%ospﬁ &eﬂé? aceprding, @ prst of, mmﬁ%YOZrOgslﬁgﬂctensedmﬂﬂat
conf i GHE SdcbAdhrd Brdcfirt RSomRlldndthe SlDEE the

M crost ruct ur ed nozgf'e glccorél1 n% 1to oneg% ote therzrlrgz‘%g to
10, chanfguretiomsgrkoitie ¢ehtngl like secondary structure is
formed on the side of the outlet of the zigzag
configuration right into the points projecting in the

diz, ecMigbstAfctirfEndzBle@tcordidg tdbre (Tlaitie? W Sl chR&dbRed in that the
according to one of clainse 1 to 12, characteri sed by a

spaci iecopdastivctyneds foaned pn tesideof thtr@udr:téé therzigrag comfiguration
proj ect n .a_row of

proj ec glﬁgo e Oﬁjﬁ%mg %1% ?&t %ér% OI%%irlez efers t he

wi dth of the channels on the side of the projections

\A/{rerel\ﬁhe fluid enters tg row of . channel s.
~13.".~ Microstructured 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 arow of projections, which is about the same size as the
width of the channels on the side of the projections where the fluid enters the

row of channels.

14, Microstructured nozzle according to one of claims 1 to 13, characterised by

-~ aplurality of projections arranged side by side in rows, which project

from a base plate and are an integral part of the base plate, wherein

- several rows of projections are arranged in a cascade and




14. Mcrostructured nozzle according to one of clains
1 to 13, characterised by a pfurality of projections
arranged side by side in rows, which project froma
base plate and are an integral part of the base plate,
wherein several rows of projections are arranged in a
cascade- alftel crpgs sectiqnpf the desnole dedreasesdtom rev ttramnel s

dect e LSRN, b BRI S ST v B o

di rect i onof fidw.fan@w, and - the projections arranged
closer to the inlet side of the filter are |arger or
are nore nunerous, so that the spaci ngs between them

are smaller than the rojections.arr re on the
Ut ot b1 E PSR A eany S e RS pIRR iy st e orar
- the base pbadRini6lis! RANSANESEaBhSd BetivBon! thén Bf ML the
each row of projections arranged in a cascade is

about t heproiagtonsi areanged migee anl the hutlst side hethe fidtaraids on
the side of the projections where the fluid enters the
row of channels, and - an oblong inlet-slot for the

unfi | t er adle fgading beficemthe bhsplste avbthe capplad ifftiectrsa drfiiid each
entire width of the filter and is aboyt the sane .
“hei ght  adoWtHh@raiscspRt frrgesd Bratascade Mpbriidhs e Sgss the width of

plate on hdgahnliehn | bk ahdn -
outlet slot for tﬁ% ??@Fgftgggﬁjﬁugﬁsemhgﬁ ext]’gﬁ S %\?@?mw of
appr oxi mehednelst el entire width of the filter and is
about the same height as the projections protruding

fromthe base plate on the outlet side of the filter.

 char acr ot SHpTE OA SPREGBIE% PR R By er

| at e. d. dj | aj
D Fo 15, epAEEE) ISR iR Wyt e Serdd Bt o
the fil t.akie pojecieisnpduadiaf isihb paerplith en Bassleptiad 6f 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 on the outlet side of the filter.

Microstructured nozzle according to claims 1 to 14, characterised by

- aflat base plate and a flat cover plate.

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

structures of the filter are formed exclusively on the base plate .

- 17. + Microstructured nozzle according to claims 1 to 16, characterised by

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

the flat cover plate within a row of projections between half



17. Mcrostructured nozzle according to clains 1 to
16, characterised by - a spacing between the flat base
plate in the area around the projections and the flat
cover plate within a row of projections between half
29 and twice the width of the channels on the side of
the projections where the fluid enters the row of
channels. 18. Mcrostructured2fozzl e according to
claims 1 to 17, characterlsed by - several rows of

rojection S|de b C|n i des of two, '
gd i Jacent dWwcedhe %’r‘%ﬁ‘ QE lﬁeé’ fqnntﬁfﬁ §dg Oi Hiregpigetions where the
chamber i Ni4i@ eudeisahe foeofichahrdls. f rom al I the channel s
fl ows between the projections of a first row and out
of which the fluid flows into all the channels between
t he 18r oj eMidretimiciyfed nopde pesrrdingoigyclaims hio Wi, cradtaisedby
flow. 19. Mcrostructured nozzle according to clains 1
to 18, characterised .in.that the oII cti ch

has an obl ofit/ Bl % LY RS, degp ‘tWO “adjacent

and the fir as(swm\yr@éctmwdeﬁﬁmgasoﬁeatz@cmwéhnﬁmmch the fluid
unfiltered fluid is conveyed and out of which the

Tl d £1 ows TP the ¢hapRels Savichea i elepianR oL a st ow and o
proj ections ,pfhich ﬁlefﬂl.ﬁ@flo&é)l%o ANnde bﬁhnhaé‘t)etwe&{“ﬁg gro‘]/%:tlons of

col l ecti ng chanber has an obl ong cross section
the | ast rothe ngkt rpwaop bhediresionafilovwhe outlet slot into
which the fluid fromall the channels of the |ast row

flo ut of ich the filtered fluid is
di slpar ggﬁmf%“cfmeémﬂla%? OISO G55 b tonly ahfa'ﬁﬂaiﬁee in that
cl ai ms to 19, characterised by projections in the

form of postl‘iesc \ff?&tﬂé Ao a8he gﬂloﬁ%cﬁ‘ﬁkﬁr s\égt?cﬁl b Wé’e\,'g‘%hef inlet slot

the direction o ow, or projectl
col unmms . 21d thelfostesw ofiptojecechsninariviich deanditergd floid is conveyed

claim 1.tg (? out o? cﬁ%ﬁeeﬁdig ﬁgwg) %nosa(al the channels between the

projections of the first row, and in that

- the collecting chamber 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.
20. Microstructured nozzle according to claims I to 19, characterised by

- projections in the form of posts which are straight or curved, viewed in

the direction of flow, or
- projections in the form of columns .

21. Microstructured nozzle according to claims 1 to 20, characterised by



channels , the length of which is at |least twice their
hei ght at the entry side For the fluid, their cross
section renmining constant. 22. Mcrostructured nozzle
according to clains 1 to 21, characterised by -
channel s extendi ng between posts of approximately
squar e- Ctlgmsels St leaBth ofihedh i$ & |&BNKE@heiPNEEht B entry

| ength of the channél, with a length of 5 mto 50
with a hafefer therflux, thoin aress setipn panehiningpenstanbf 2. 5 to
25 m 23. Mcrostructured nozzle according to clains
1 to 22, characterised by channel s whose cross section
23 baMetosthetpred nozzlt acapengjtdalajmd ho 2lonigesctaisdébyf

the trap pr ef bei ng f.ormed by the cover

bl at o~ DR PSR FhE Berest w00 of SOUBRI oS AR s

1 to 23, seohdd, dhichis 8B@taldover §B RABRI oF tRf chaRi %’[H'Q?ﬂéﬁétb{ of 5
square cross section on the fluid inlet sidé and

cross sednit@s0 wii with bboghtes 24 weto 2 owaradd a whdsh of lZLSdO 25 pm.
outl et side. 25. Mcrostructured nozzle according to
claims | to 24, characterised by - a spacing between

s W ruPhRRk SRS ARl i 2 WpaiERy'
M crostructured nozzle according to claims 1 to 25,

char act eP sed by - projections which are arrang ed -
in rows® OEf‘a‘Fﬁ‘%SIS%qﬁoﬂéﬁ bsrrel-ghaprdia trapgzoidal, thelongsr side of

Qﬂo?hgf%hﬂgw SR P TRBy MGBabonar o one

M crostructured nozzle according to clains 2 to 25,
characterised by projections which are inclined

HMowar ddiceneuatet hezzledccardimg chids 0fo 23, Chiractd®sed bg 1l
28. Mcrostructured nozzl e according to claims 1 to
27, characterised by a constant spaci ng between the

flat bag lal‘g’tcﬁh ohpﬁtey %%a%rc?&sg QociDf 01];1 BleQluff e? Nde

and the t cov row of projectlons.
‘ and a cross section whxch becomes wider towards the fluid outlet side.

25.  Microstructured nozzle according to claims 1 to 24, characterised by

- aspacing between the rows of projections which is preferably twice the size

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

- projections which are arranged
- inrows running parallel to one another or
- inrows in a meandering pattern which are inclined towards one

another at an angle ¢ of 2 ° to 25 °.

27. Microstructured nozzle according to claims 2 to 25, characterised by

- projections which are inclined towards one another at an angle o of 2 ° to 25 °.



29. Mcrostructured nozzle ac ?rding toclaims 1 to
27, characterised by a spaci né bet ween the base plate
and cover plate which tapers in the direction of flow
30. Mcrostructured nozzle according to clains 1 to
29, characterised by a spacing between the flat base
plate in the area around the projections and the fl at
cover plate within a row of projections, which

ihereases fromthe region.of the end of the row

| BEat Vi QRROEATINEF ARG GETPS | oo EReER R ds
the region of the end of the row |l ocated close to the
outlet side of the filter. 3&. M crostructured nozzl e
accor di AgOopYaRtsaacinge betwesndbe flatbasenlate indlgares arquishibe

pl ate whi ch.has heen_structured hy isotropic or

ani sot riypicetionstang theflaf covsr pltewitlan azow AHproiestiosn of

t hese net hods, preferably by anisotropic dry etching.

32. Mcrostructured nozzle according to clainms | to
3P, chavimoesnéteed nbxrlaachardmgpd elamsniple 7p¢hagdcterisaibyangbacing

a cover, pl at de l,Lass, attached by . anodic.

ponat ndrergin R ple P 25T afftc B Gatsdn Bk dhigetion of flow.
claims 1 to 30, characterised in that the filtrate

col l ecting chanber tapers conically in the direction

@0. f | owlizrdtrbetared nozdleasbrdingeo hidd Btea®, theaddétst@by 32
34. Mcrostructured nozzle according to clainms | to

31, characterised by - a base plate nmade of silicon

and a co Ll s
bondi ng. ‘é%a&kﬁf‘%%ggéﬁﬂ E% Iﬁ %trbégé é]lgtgz etﬁg a%g%%}gﬁ&;%fg g}m&:%ns
clai ns -1 and tBelflatchenr platewitied row of pr@jectitis, whigh icRgses from the
bet ween t he buj

t-i,n elements, each of which for a
“t hr oughf FBHP1 %ﬂ@l'OfﬁW?WH@afeﬂ Seltofhswich 3de ﬂftagghqr, towards
are such tidyakioh BEHE SR ORI A6EHH BRI RAS the filter.
ow which 1I's

per pendi cul af to the direction o
effectively perneable to the liquid is greater than

t he cornespondigg effective cross sectional surface
alea oMMicrostructured nozzle according to claims 1 to 30, characterised by

-  abase plate which has been structured by isotropic or anisotropic wet or dry
-etching or a combination of these methods, preferably by anisotropic dry
etching,

32. -+ Microstructured nozzle according to claims 1 to 31, characterised by

.- abase plate made of silicon and a cover plate made of glass, attached by

anodic bonding.

~ 33. - - Microstructured nozzle according to claims 1 to 30, characterised in that the
filtrate collecting chamber tapers conically in the direction of flow and has at

least one nozzle as the outlet,



the throughflow channel's forned by the structures of
the main filter. 36. Atomiser3for inhalation t her apy
whi ch conprises a mcrostructured filter according to
one of the recedlng claims | to 35. 37. Process for

pPHd UMI?F@S%‘CW@??Z‘}O@Z @ aeeardingt clasnohte 3df cherasiensedbn o 35,
wher el n, e @t e | C?{ie%?sﬁ?c&{ At %rlﬂi ?gm'a{b (Eflg%c&? raﬂﬁc%ﬁd by direct

the filter ures, secondary STruc ur es,

inl et érddingzzl e outlet are etched into one side of a
silicon wafer for a |arge nunber of nozzles, in a
subsequent step a glass plate is firmy attached to

thys I\/ﬁérgﬁnféfurécnfozﬂ'e |al:&)9(§h1 &ims 10 38 éhﬁ%ﬁt@ﬁ&‘a%] ha the

step the silicon wafer Is aced on an esive |
and i spagingd bedveemitiagpbuilrn elmicnm, cachl ofrvduch fosnsa ﬁ]roughﬂow

produ ed fro the. asse i the silicon
e er S GRS LERSGF Prsefic R g o] i gy 5o sctiona
under gt#gerféndicdiRr & the GRRH¥RbENlow Shithtd dchiv@PbédiRable to the
gl ass plate side, using a dianond saw.

liquid is greater than the corresponding effective cross sectional surface area of

the throughflow channels formed by the structures of the main filter.

36. - Atomiser for inhalation therapy which comprises a microstructured filter

according to one of the preceding claims 1 to 35.

-37.  Process for producing a nozzle according to one of claims 1 to 35, 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. -



