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an actuator for dispensing fluid fromthe chanber through the outl et
aperture, and at |east one vent in the chanber for venting to the exterior
of the chanber air bubbles which formw thin the chanber. S PREFERRED
FEATURES OWO#1R2288VENTI ON Pref erably the actuator i ncludeCTaysasese | ocat ed
Wi thin the chanber, the chanber i ncl udi n? a peripheral wall, and the at

| east one vent is arranged within the péfipheral wall adjacent a peripheral
portion of the paddle. Preferably a plurality of vents are arranged in the
peripheral wall, | u d about the

peri pheral wall a‘nqclg'n"f”f °°ﬁ%bep%a}é°§'§%§%§§w%ﬁ§k§f9%ﬁe paddl e. 10
Preferably the vent #‘yme{@ﬁ'ﬁ%%)?m&f‘%tﬁegli‘m‘?%‘y‘é‘ﬁh'%fﬁﬂ““é”’é‘é"cﬂﬁd | ayer spaced
apart from the fiiedtondveyi e chitnb& e vehting 16 ihdxterlorty e chanibe hirtgbbESPEBotro@hiDB: Ween
the first gqu second | ayers and the sacrificial |ayer being etched away to
formthe v “bet ween the first and second | ayers. Preferably the first
and second | ayers have a ralm@@@Wﬂ'WWép’balr of shoul ders, the

sacrificial mategi@hy mbﬂan&iﬁaQ%&ﬁ&@%mhﬁ chaibef; BElch D& ink1Ehg OferiphdiPwdn] abes t
layer so as to define a vent passa when t he

sai
sacrifi ci afieatistopgyentis prigpecq Withip (e A ’b%ﬁ?“mf“ﬁ?“@n% %3’ %ag‘}“bel ng deposited
on the sacrifici uéfem'aﬁmuhalofvamsdretrhmethetmwabfaﬂ,ttﬂqam@e@m bpiep\disposedigbpndibd t ed

on the sacgjfl cial.+0B%Le ol 5q,,”ﬁl@ir of side walls and a roof which,
with the fH"gt | ay eJ E’Jf‘?lﬁre t he vent assa%?e of the vent. Pref e_rabl;;rthe

shoul det® inclu d%‘ff&"ﬁ'é e GP‘é‘§°ﬂf“’6 Py aisleverandja srepodipyenenartd 2pat om e gty A FTRR 1o
shoul ders mtgeepaneawbmnmar@and sl ayfers EREGCERKiR! 109 bElg cifticlbawB) A NGB 2O woln the

preferred rrbo I e t of the invention will be described, by way of exanple,
with refer ences? acconpanying drawings in which: Figure 1 is a plan
vi ew of one enboﬁ'rfwéhthe fyft and preond Ipygraipreia gpitedisasuon detinedby aP’éP“?‘PG‘E%‘E"WF‘“&“E’r“Fnt er;

Figure 2 |$mr@d@6sﬁb8&rtﬁ%‘s€ds&ﬁbﬁbftﬂéﬁz&\l\(y@£o aith&ﬁdﬂﬂﬁbﬂsa@fwhﬁif@ﬂ’sﬁdém&ﬁeﬂm@a&wm 2-2
of Figu 1. Fi jmlar to
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act uat ed pdepisited emhesmﬁmlrfrgmal belmwppabefs'ﬁﬂg'ﬂéjﬁ@et@&m Uh@ﬁ@lwﬂiﬁpeék”ﬂwm is
a detail edgviepaw of a portion of the preferred enbodi nent shown in Figures 1
to 3; and Figurg view fromthe direct] ow A in Fi ure4
DESCRI PTI ON OF Tﬁ&’ﬁgﬁ%ﬁ%ﬁﬁféﬂ"cﬁﬁféﬁﬂr R prcmicg vickigB Pg?m‘%%“‘?‘ﬁ%‘“s?" Rmat el y
3000x magni fication in Figur @@FWQEOFWMNGW awi ng Figures, a

single bk 30 | RiretlHdetbind Y Bvedtiod vill 52 BQMGLd BPw oftifnbid, Pifh rédrend 10®Hd1 P which is
fabricated by i nte rati r\l'@I MEMS and CMOS technol ogi es. The conplete nozzle

devi ce inc Oy BB B t r uct ure having a silicon substrate 20, a netal
oxi de sem conduckKigre 1sapl@nvieR if oncambofimef thecitventon inl agipleiet n®@2¢ forapriitea. NON- COr r 0Si ve

dielectric Ooat'gﬁk@ﬂ@%@&qﬁﬁfﬂe@bﬂgn&@@ﬁg&?ﬂm f 25 fBgRK By be made to the
above identifi I nternational Patent Appli ion No. PCL7AU00/ 0038 f.or

di scl osure of th&rd s meradeplsporstsedion ity Figue? of e P’““E’ﬁ’é?‘ﬁ‘t"l“ﬂfffﬁ‘f imyerign in
devi ce £% aie&&mmdﬁcﬁhdnyhoﬁh@@iomﬁﬁ)emammmﬂ;l ng application entitled

Moverrent Sensorglilif, Mﬁi&;ﬁﬁ?&&&%ﬁ%ﬂ% lamPRY RS 1 § Bgher ence:

MI12) by the sanme Applicant e contents ese app Ications are
i ncor por at ed i nt B RESe HirUfrrdsdetiqyofeeyt bEeud

DESCRIPTION OF THE PREFERRED EMBODIMENTS
As illustrated with approximately 3000x magnification in Figure 1, and other relevant drawing Figures, a single ink

30  jet nozzle device 1 is shown as a portion of a chip which is fabricated by integrating MEMS and CMOS technologies. The

complete nozzle device includes a support structure having a silicon substrate 20, a metal oxide semiconductor layer 21, 2

passivation layer 22, and a non-corrosive dielectric coating/chamber defining layer 29. Reference may be made to the above

identified International Patent Application No. PCT/AU00/0038 for disclosure of the fabrication of the nozzle device.

Operation of the device is also more fully disclosed in co-pending application entitled “Movement Sensor In A Micro Electro-
35  mechanical Device” (Refetence: MJ12) by the same Applicant. The contents of these two applications are incorporated into



-3- this specification by this reference. The nozzl e device incorporates an

I nk chanber 24 which is connected to a source (not shown) of ink. The Iayer
29 forng, gygst ot her conponents as will be describe er,
chanber wacrf’1 23 which has a nozzle aperture 13 for the g&?@(‘:‘@l@%&%f a
droplet fromink 25 contained within tise chanber 24. As best shown in
Figure 1 the wall 23 is generally 5 cylindrical in configuration with the
aperture 13 being provided substantially in the mddle of the cylindrical -
wal | 23. tisppecificeion by thisTfepeace: o strai ght edge portion 10 which forns part of
the periphery ﬁi‘enadmmin&rp&ammmmm&m@gumcanammmmﬂamgi S

al so defined by a peripheral | J WACE:! 3 base -
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portion 32 to cause novenent of arm 28, by thermal bending, fromthe
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recei ves e beresdias &papashpgi@tidd. on 50 of the block 8. The actuator 28 carries a

paddie 27 20 WG gl .ﬁ&&&@@? ey %éﬂ&&ﬂgi@gimee&@ﬁ%gm ggbé&,fee?&%?ab' e

wth the actuator as shown 1 n gures The
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portion 29@“DThe Iovver vvaII portion 23b is also formed during deposition
25 with the subsbé&piles “Zﬁ)zsa,mmmmmlmammmmﬂmdgﬁ alPidred®y debodi@ilof ndariad N

edge por i e mall 23..defines C ertur S
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t he act uardthe siA® bitwper Wb’aﬂlswthempowwe!s@em‘elWWW®W=WWW%H 1 and
2. | n2% hquimlakd @Rea@Bs. position shown in Figures 1 and 2, the wall 10 of the

portion 50 is epar t ed ce of less th one
mcron so as t%" ee"“‘;ef'ﬁg%agagf'%g“gf &P‘%ﬁ&fgcr"éi%‘f and"”f"ﬁ’éap\e/\%e? 10. 30
As t he acvhigis aglrswalnlmsly dieredchy T-shapedporfon 50 oithe blork 8 jvien the mmp?S@bn aTpsifor quivscentptate
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of slot 60 whi | st  mai nt ai ni n slotie osel Y sgaced a];)art

rel ati ondRP %‘W"tsﬁbytaﬁ'é‘“&? s thag gne gcrop g s G defige 2 e 22t 18 e d
bet wed® t he walhb thelsGuampetn 28 oveshges A Keeisct tibpiet IV the HBmbPA4 ks blagk 8 and ralti wove

rel ative b o adwh a8 ugos ofsmtwwywafm&mmsmaamﬁa% eﬁuohshgmmleledgéo to

t he edge ?2 The mai nt enance bet ween edge
52 and waf ey Zfmeiray s Bpmed H“&if&t@%‘?"é“p'ﬂ%‘ﬁ"ﬂ?ﬁﬂ’f g 9morerip “’f“é%‘é"@*é“é{’nd

Wi cki ng fiireedye L2irevieiyef theZidse prékinig 1itl® @aliS0 to the edge 52. The maintenance of the meniscus M, forms a seal
between edge 52 and wall 10, and therefore reduces opportunities for ink leakage and wicking from chamber 24. A meniscus
35 M2is also formed between support flange 56 formed on the layer 22 and portion 58 of the actuator 28 on which block 8 is



35 M2, is also formed between support flange 56 forned on the |ayer 22 and
portion 58 of the actuator 28 on which block 8 is WD 01/02288

PCT/ AUOQ 00589 -4 forned. Wien in the quiescent position the portion 58
rests on t WOV@EPR8e 54. The formati on of the neni scus M ROTEAUNHRSS cs
opportunities for ink | eakage and w cki n% during novenent of the actuating
arm 28 and the paddle 27. A neniscus (not"” shown) is also fornmed between

t he sides (not shown) of actuator aperture 54 and the edges (not shown) of

wal | 23a whi.gh wﬁtﬂnw@,‘%@aﬁwgﬁz@ i6h s9fs éméngéﬁommtngmﬂfﬁm 'fngusghs Mths,eﬁme

portion 52 may carr t he | so carr to
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conpl et el Y 4 Mta the4per| phery of the wall 23 and simlar |ips may al so be
provi ded o Bﬁ')ersture 13. As shown in Figure 1, a plurality of vents 5
are arrafhged i n Phsbown aFizyrtib theddgenerfion SZxBycapyfa lip $andaa il ey also carpyq lip o further

preferred epixeal Kaindod oftvlc%%oﬁﬂ:%ﬁ thchikib 24 o6 e MR or upjREsuB i e all BY. @hedip S1adag €d
adj acent to the EFIE enerall circular in
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nitride Iayer whi ch includes a | ed ortion 16, and a_second titanium

nitride Paf&F’”!!B’%F“@Wﬁﬁ&%"“ mathiag ?na e ghpmbey 24) Whindhe pagile 27 isin i apjgsecqt o
nozzl e showssitiofshdwh & FigiredM Ngs, a sacrificial material is despotised on the

| ayer 14 0N O Uil BT el s 1S 8RR i BB RRY 1 2

material is etche eave Ven assa ween ayers
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|nF|u vent . nin ais fo i t he

Dy V15 o g R 2R DA oyt S Pt TR sl Bkl 8, b
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14 and 15 oI PR gl Py B romriol BELS ot PR P s s WS o
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Comt "ot o Ry A e R Rt b v e e e YR o S BB o
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deposi t ed %&e&lf}% dk?t%%ﬁme%flmﬁé&ﬁ@% e 1194 maYti?e%Q tsttl'hﬁ‘posn&i%%é xiy’uqlt &Lept%ﬂvﬁk'm@' i's

| ocat ed, and thelgi/ 15 extends over the sacrificial material where the
vent passa@ﬁ"f‘f“t’%’ ot POpeiEd Wﬁ@‘*‘ﬁ@’ﬂ?‘ﬁ?‘t%’@?%%ﬂ%‘s grfomed r oof
84 showas i ro dsioguti the sile walleB2 g toafB4 MONIEFiguk 5 GAs SoRd sbbvk, ithe sacificid Brbie@itiliisallen dicBed bag N

et ched awayegyil@@Vehi3safe1oediGR bhe R3S $ARKs 11 between the [ayers 14 and 15. The
shoul ders 80 are_provided wth slots 25 and 26 which prevent the

possibility of amfysetdsse i =Armeridsd Yithyio 28 and 24 phishareventbe pestibipbiny Buid whish ey Itk from e
vents 5 W eli¢khagpbectt droggh thinentd Soiveing abby theaoerer sidtfice &f ibelajery @ red-ingAit Ghydt 22001l riig calish) €
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prevented from ents meni Scus Of B
across 39 thqzenipermips %’d’é‘ﬁ%'@‘ lyyery 13 andd¢ ety fprma “F‘Hi}@r’@“‘?ﬂ“ h‘ﬁ’(ﬂ'@&f@b"’tlméﬁy
form a sealhevwhssh reduces the |ikelihood of any ink I eak| ng from the vent s

5. During the opgr; a t he
qu| escen t pOSI t | Onl‘l% eomrglx onoft Oztler’ é]gell Iﬁdpa&ﬁih %nmovepkeom%e qmesoeut pOSlllO!! wnm 1gums an

2 to the position shown in Fxgure 3 to e]ect a drop D of fluid, there is a possibility that bubbles may form particularly adjacent
the ledges 16 and 17. Any bubbles wkich form will be able to pass through the vent passage 11 and out of the vent opening
35  1laofeach vent 5 to expire to the external ambient atmosphere.



2 to the position shown in Figure 3 to eject a drop D of fluid, there is a
possibility that bubbles nay formparticularly adjacent the | edges 16 and
17. Any bubbles which formwi |l be able to pass through the vent passage 11
and out SYOMB28Bent opening 35 Ila of each vent 5 to eRSTANNAPSEHe
external anbient atmosphere. WO 01/02288 PCT/ AUO0/ 00589 -5- | CLAIM sing:
1. Amcro electro-nechanical device conpri a fluid chanber for containing
a fluid, 5 an outlet aperture in the chanber for allow ng exit of fluid
fromthejehanper, an actuator for dispensing fluid fromthe chanber through
the outlet aperture, and at |east one vent in the chanber for venting to
the exterior of the chanber air bubbles which formwthin the chanber. 10.
2. The davi ce @fmicolematrprméchapiabderiterconiptising:act uat or i ncl udes a paddl e | ocat ed
within the chagmchmm%;ﬂﬁ,&bgn@hanber includes a peripheral wall, and
wherein the or, i n _one, V ocated within the perlpheral

wal | aﬁj acent é“"b‘@?’?"ﬁl‘fé’f“ﬂ'l"m“ﬂ?&‘rﬁ?F’BW“W“‘?%‘%“BM‘&?“@"’ 3. The device of claim 2
wherein a plural ity acfaoviemniisgnsing fudfon fejeenberthraughahe pletepsties @d  wal |, t he
plurality of VeRtSomDshne crhmbefior %%%e@hé?%ftﬁ%m@@“b%ﬂﬁtchféﬁmluhmﬁm acent to
peripheral portion of the paddle The device of claim1 wherein the vent
is defin B’S‘f a first layer and a second | ayer spaced apart fromthe first

| ayer, a sacrificial |ayer being deposited between the first and second

| ayer gpand t heﬁ%&“ B'cxgmggnhegﬁ}iﬂm%hQ%&&&H@:ﬂ L;Qchlniiu ’I{nex&rh Zf}(a\%ﬁegr oin

bet weeh the first e VI ce aim

t he fir stinchdsep Psr@mwﬂi aplpbprgn 'hmémae fhagioRergnt & ioestefl wiindhe peripherel W\ pdigperaeriphestt
shoul der onidalbfme psad&r i fi ci al material being deposited on the raised section
of the first |ayer so as. to define a vent passage which fornms said vent
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6. The deV| ce of claim5 wherein the shoulders include apertures for
preventi g W chedeyicedf cifita § whirein the yeptiisdefinesipa firtlayerand agerond layer spagpsiapart fromsthe fiest | | | | | -

111111 | ljdykr)a sdcdiflciatliaydr being bidpdsited befwedn ti® first and second layers and the sacrificial layer being etched away to form

the vent between the first and second layers.
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5. The device of claim 4 wherein the first and second layers have a raised section defined by a pair of shoulders, the
sacrificial material being deposited on the raised section of the first layer 5o as to define a vent passage which forms said vent
when the sacrificial material is etched away, the second layer being deposited on the sacrificial material and the portion of the
second layer deposited on the sacrificial material having a pair of side walls and a roof which, with the first layer, define the

25  vent passage of the vent.

6. The device of claim 5 wherein the shoulders include apertures for preventing wicking of fluid from the shoulders
onto a substrate.
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