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'BACKGROUND OF THE INVENTION

35 A high speed page width ink jet printer has recently been developed by the present applicant. This typically
emplioys in the order of 51, 200 ink jet nozzles to print on A4 size paper to provide photographic quality image printing at
1,600 dpi. In order to achieve this nozzie density. the nozzles are fabricated by integrating MEMS-CMOS technology and
in this context reference may be made to International Patent Application No.PCT/AU00/00338 lodged by the present
applicant and entitled “Thermal Actuator™,

40 These high speed page width ink jet printers produce an image on a sheet by causing an actuator arm to move
relative to a substrate by forming the actuating arm in part from an electrically resistive material and by applying a current
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BACKGROUND OF THE | NVENTI ON 35 A high speed page width ink jet printer
has recently been devel oped by the present applicant. This typically
enpl oys in t%oq[oﬂ@g of 51.200 ink jet nozzles to print on pdrauddoosssoe’ to
provi de photographic quality inmage printing at 1,600 dpi. In order to
achieve this nozzle density. the nozzles are fabricated by integrating
MEMS- CMOS technol ogy and in this contextareference my be nade to
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paddl e is nMOygdusly Raiiof Bt chimbelaiing dplrat of inbiin@Nt O the sheet. In order to

ej ect the droplet of ink the paddle extends into a nozzle chanber which
has a nozzl e aperture and novenent of the paddl e causes the droplet to be
ejected fromthe nozzle apertur e?"*?‘?gofﬁﬁﬁwgoﬁecessary for the

act uat otOarm and t ITée pyasridiventiongroyidsyamigradicgttormpehanical devigecommisiel ¢ chanber i n or der
to 5 effect ejecti omuidéhakbrdor chitaiige fluid, Ak Sui chamBer beviey B chinlb® wilCBSkhfnBér whiliving
act uat or ar m g@ibstanfalgl chaitht peRphEA ¥age doRbnal | V€ t 0 the nozzle chanber there is

also a need to Sealan$u9§ap@r8€?n|nﬁc&ﬂ@f@ﬁfm%\ﬁ%‘%ﬂ&%iﬁ%{ﬂ?&ok ann enters the
e

chanber so the ink does not spuriously K fromthe chamber during
operation of the printer. SUMWARY OF THE | NVENTI ON 10 The present invention
provi des a mcro el ectro-nechanical device conprising; a fluid chanber for
containing a fluid, the fluid chanber having a first chanmber wall, the
chanber wall having a substantially straight peripheral edge portion; an
outl et aperture in the chanber wall for allowing exit of fluid fromthe
chanber, RECTIFI ED SHEET (RULE 91) WO 01/02176 PCT/ AO0O0/ 00580 -2 an
actuator aperture defined partly by said edge portion of the chanmber wall;
an . actuator extending into said chanber through the actuator aperture and..
bei ng noveabl e to dispense fluid fromthe chanber through the outl et
aperture; a second wall carried by the actuator and covering at |east a
part of said actuator aperture, the second wall 5 being substantially

pl anar and noveable relative to the edge portion of the chanber wall when
the actuator noves to dispense fluid fromthe chanber;: and when the
actuator noves in the chanber to dispense fluid fromthe chanber the second
wal | noves in closely
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spaced apart relationship with respect to the edge portion so.-that a

nmeni scus is formed between the edge portion and second wall by fluid

wi thin the chanber t hereby creating a seal between the edggerRgh and t he-
second wal IWOYY2MEEFERRED FEATURES OF THE | NVENTI ON  Pref er a’E‘Py the second
wal | substantially entirely covers the actuator aperture. Preferably the
second wall is provided on a block co@pled to the actuator. Preferably the

bl ock. is subst gpicud hpérrueQeHnapgaylbpdaid bage portisiof thpetiamaber @all;  Pr ef erably the second
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for operation Ghefdabigthebecsidonll isprevideivothiciedupledito ®A4ABMost r uct ures Wit hin or on

the support Strtﬁéféfhﬁfmeﬁo'éknPJu&faﬁmwgmahﬂcoﬁiﬁaiaer wal | and the bl ock having
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DESCRI PTI QbwelendddE DRAW NGS A preferred enmbodi nent of the invention will be

descri bed, by Wef&htlyﬁxs%mvﬁu.swmﬁatawﬁ@oﬁmmwmemmwne@gmdmaw ngs

in which; H a&&wgmpj“@@pogﬁogw of one enbodi ment of the invention in an
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det ai | ed c?fdﬂe%thF@ﬁ‘ﬁ’F‘“WéW“gﬁ"Wf ‘ ?'“’f°0 Figure 2 of the preferred
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Cross-sect Lng?ﬁlem\(ﬂe ﬁWKQaLQIQﬂ)ertsBﬁcel\vhlaﬁs surbstﬁmim; le@ﬂﬂﬁ&hﬁbﬁ@ﬂﬂfhﬁitﬂwﬂm
enbodi nment t e Invention; and 40 Figure 6 |s a view along the line 5-5

of Figure ﬁs %1(: Oll”réjfelrarglg a ltlpols fgnnZdlEI)II; ;[heh e gre poem[yr? 319&. gﬁ%%s outwar y of F theI cpamgen{he second wall also

has a lip which extends outwardly of the chamber.
30 BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will be described, by way ot‘ example with reference to the
accompanying drawings in which;
Figure 1 is a plan view of one embodiment of the invention in an ink jet nozzle for a printer;
Figure 2 is a cross-sectional view of the nozzle of Figure 1 along line 2-2 of Figure 1;
35 Figure 3 is a more detailed cross-sectional view similar to Figure 2 of the preferred embodiment of the
invention in an extreme actuated position showing a drop being ejected from the nozzle;
Figure 4 is a perspective view of a portibn of the preferred embodiment shown in Figures 1 to 3;
FigureSisa cross-sectional view along the line 5-5 of Figure 4 according to one embodiment of the invention;
and
40 i Figure 6 is a view along the line 5-5 of Figure 4 according to a further embodiment of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
As illustrated with approximately 3000x magnification in Figure 1, and other relevant drawing Figures, a
single ink jet nozzle device is shown as a portion of a chip which is fabricated by integrating MEMS and CMOS




DESCRI PTI ON OF THE PREFERRED ENVBODI NVENTS As i Il ust rat ed with approxi mat ely
3000x magnifi'cation in Figure 1, and other rel evant drawi ng Fi gures,

single ink jet nozzle device is shown as a portion of a chi
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whi ch is ar r duigdepositiort with the subseate@anber 24 and which is noveable with the
actuat @o as shown Tnéspicé i@hiedd $nd 2dgeR6lof Byek 22 afitf ey 10 of ihEwall 25efihbsQipdchitor bpertule!3@which
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portion 23c. The |45epcugterem 25@?"65 up 1 gowp tojeiect digplei frogytheghgmber 24, the planar wall 9 moves
35 up and down relative to edge 10 of the wall 23 whilst maintaining a closely spaced apart relationship with the edge 10 of

the wall 23. A meniscus M is formed between the wall 9 and the edge 10 as the wall 9 moves up and down relative to the
edge 10 in view of the close proximity of the wall 9 to the edge 10. The maintenance of the meniscus M, forms a seal
between edge portion 10 and wall 9, and therefore reduces opportunities for ink leakage and wicking from chamber 24. A
meniscus M2 is also formed between support flange 56 formed on the layer 22 and portion 58 of the actuator 28 on which

40 block 8 is formed. When in the quiescent position the portion 58 rests on the flange 54. The formation of the meniscus
M2 also reduces opportunities for ink leakage and wicking during movement of the actuating arm 28 and the paddle 27.
A meniscus (not shown) is also formed between the sides (not shown) of actuator aperture 54 and the edges (not shown)
of wall 23a which define the aperture 54.



during deposition with the substrate 20. 30 The space between end edge 22a
of layer 22 and edge 10 of the wall 23 defines an actuator aperture 54
which is sygotmibéally entirely closed by wall 9 when tthﬁﬁﬁMﬁtE& 28 is
in arest or quiescent state as shown in Figures 1 and 2 e qui escent
position shown in Figures 1 and 2, the edge portion 10 of the wall 23 is
separated fromthe wall 9 by a distaﬁbe of less than one mcron so as to
define a fine sl a¢shdwginiigees, thixdzenerfioh 100napeauly 4 lip 80 andibpavall Omay A ciry @lipeB@ tofigthenr ar m
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meni scus M2 also reduces opportunities for |nk Ieakage and wi cking during
novenent of the actuating arm 28 and the paddle 27. A neniscus (not shown)
is also formed between the sides (not shown) of actuator aperture 54 and
the edges (not shown) of wall 23a which define the aperture 54. WO

01/ 02176 PCT/ AU0O0/ 00580 -4 As shown in Figure 3, the edge portion 10 may
carry a lip 80 and the wall 9 may also carry a |lip 82 to further reduce
the Iikelihood of wicking of ink fromthe chanber 24 onto the block 8 or
upper surface of the wall 23. The |lip 80 may extend conpl etely about the
periphery of the wall 23 and sinilar |lips nay also be provided on the
aperture 13. Wth reference to Figures 5 and 6 the paddle 27 is coupled to
the remai nder of the actuator arm28 by a strut 5 portion 120 which
extends outwardly fromthe block 8 The strut portion 120 can include a
reinforced structure to strengthen the strut portion 120 and therefore
connection of the paddle 27 with the remainder of the actuating arm 28.
Figure 5 shows one enbodi nent of the reinforcing structure and in this
enbodi nent the portion 120 is fornmed fromtitaniumnitrate |ayers 122 and -
123 whi ch surround and enclose a sacrificial material 124. In a second
enbodi nent shown in Figure 6 the |ayer 122 is a corrugated | ayer encl osing
sacrificial material 126,127 and 128. The structures 10 shown in Figures 5
and 6 increase the strength of the strut portion 120 connecting the bl ock 8
with the paddle 27. WO 01/02176 PCT/ AUOO 00580 -5- CLAIMS: 1. A mcro

el ectro-nechani cal device conprising; a fluid chanber for containing a
fluid, the fluid chanber having a first chanber wall having a substantially
strai ght peripheral edge portion,




5 an outlet aperture in the chanber wall for allowing exit of fluid from
the chanber, an actuator aperture defined partly by said edge portion of
t he chamber actuator extending into said chanber tf‘i{&?,}lﬂfh

act uat or ape\r%ébiémzﬂ;d bei ng noveabl e to dispense fluid fromthe g{?g%%er
through the outlet aperture, a second wall carried by the actuator and

covering at least a part of said actuates- aperture, the second wall 10
bei ng substantially planar and noveabl e gigivi: | ve t:0 the edge portion of the

chanber wal |l when {he ggwg&ggmmg;;dglgmﬂ@ ense fluid fromthe chamber

and wherein, when t u anbe nse fluid from
t he chanber, the s® ﬁ%’"’t’“?ﬁmmméagm“l' “'d berqws aé%t apar@gmnfastul%"ﬁ'gﬁlp

with respect styaight perjpheral gdgePORi8% t | on so t hat a meni scus is forned between the
edge portion and seuisiapkmyugih fhe dhambériwel] for aljgwing éxjy oftfipid fromtheieksmber,t her eby creati ng
a seal between t heaadgorapart defdad prgbyskicedgeaarton of twallahbervlal, 2. The devi ce of
claiml Wner ein thﬁ. aSiRREhdAEh) said bailePtRtbrgidhd aYiuaff HpirtirS Anl befn@ MSVeble tolaBpeAE firktAt OF
aperture. [Q dey Lhﬁ:@gh%‘;ouﬁit 1 wherein the second wall is provided on
a bl ock coupf"éd etdm} tua . The device of c¢laim3 wherein the block
is substantially r%sﬁ?‘éﬁﬁ"dlb‘f"éffdbi"ﬁe%ﬂ? EAP i abest e gart ok spid achaley prerre, (e spndwal) 1
wher ei A% he bsing gthernighy iangnapd mayeale prlatiye fothe edgqpoftienof theshpmpra vallahenithe aguater moyss Phe

di rection oOfiispemefiiidor hodhanipiyandavbdreipat or whi ch is substantially the same as
the length of the wfiehddHidior Reehan thR@EainbeDid dispensd AR 6N Ehumiber, WR kebond wadlGhofds in i@y

device of | gl doartdIRb:Rig With REpechS nb'AbeQbriidn Bfhabi & SiscR faﬂm&m@.ﬁm%@momd and an

the- bl gk Pﬁ%%ﬁl n"Y’Jp“‘ea‘“'g'p‘9 b0} by MR Kerth RLufRE ARl ) ) 07 O
coupl i r?%’ of the bl ‘?’%é’ g‘é’?t‘ﬂ’ﬁ'&‘f‘ °"?°°“‘*I’f‘i'é“?f@%‘l¥é“‘ ol i ?PF'&“%E‘F’& n the

second wal |l is spa%ed 'f*\eW%MH@@“D@?W&W%‘Fmﬂ@%hﬂwberpled/&ltﬂeawm a

di stance of | ess than Tedevied ofdlabm3 witereimthé ek in@bstaatilly trectnguldr fa carfigue@gdn. POSi ti on.
25 8. The device 0f. cl e Bevide ondiii BivHareih (Bse vk widitfin £cietin@élpehdicui B Hcfon
arranged wit m,@vémmﬁof&bmn&m.&q;suﬂs&my&sﬁ;a;@ne.gé, offtdekuagmwge i of 8¢ ML wanl

dropl ets fromthe cha venen act uat | ce of
claim IZ%\/\her ein th‘g ac Eaet“(g)e% Qda'mnpw}mm wamrfng‘%esa" L3 il 'r’1°m§nas"ﬁapng°6”r°'tms&°?’ fet ure

and el ectri c&f"PPEFP AR h’é‘F%"ﬂ?ﬁ'ﬁ'@“‘f"GP“&?b%‘r“ﬁP‘P‘ﬁﬁ"ngW@H&’W@é‘"‘&?‘@“’%ﬂﬁ’&ﬂped
in CMOS st r uéaeiliecsupliispitheiloghto thpgctiage. support structure. 10. The device of
claim 3 wherein the cheweireire ofsin 1 wherein thémecoipl wallk spivafion Qe édpeporS@@OdeCthaniBdr vallay ©
formed by 30dihageAkss the bue tricroh WiRn Hisubibatk & MR resipidiispher ei n t he bl ock has an
upper sy face whicd Ismmgoa&mmdﬂmn&%mm&a% adﬁmmtméchmﬂﬂ@%pmé he

actuator is in.the re | he devi claiml wherein alip
is formed on %cﬂon oFﬂald m%he f‘PrT& dr%ple?sqmm echanf-g uEfn movexPem op actuamf the chanber the

second wal | al so h%s a "ﬁ“"'\%‘?‘% W‘EHW%FW 9‘ °'E§F“dt“l‘?é“1’8‘ﬁ‘éﬁ'lﬁ'€éﬁe and degtrical
[ 1" 1™ 111" | firceitelements for qperatipy of fhe deyice-are gmbpdiegdjin CMOS structures within or on the support structure.

10.  The device of claim 3 wherein the chamber wall and the block having the second wall are formed by
30 deposition at the same time and wherein the block has an upper surface which is substantially level with the chamber wall
when the actuator is in the rest position.
11.  The device of claiin 1 wherein a lip is formed on the edge portion which extends outwardly of the
chamber the second wall also has a lip which extends outwardly of the chamber.
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