WO 02/ 34527 PCT/ AU01/ 01329 MOVI NG NOZZLE | NK JET ACTUATOR Field of the

I nvention This invention relates to an ink jet printhead. Mre

particul avdy2/34ske i nvention relates to a noving nozzl e | PRT/A®D1/01329
Background to The Invention Most ink jet printheads of the type

manuf actured using mcro-electro nechanical systens (MEMS) technol ogy have
been proposed in a construction using nozzle chanbers forned in MEMS

| ayers on the top of a substrate with nozzle chanbers forned in the

| ayers. Each chanber i sMONVINCRQZALENNK Hpl ABTEATERI| e act uat ed by sone
formof actuator 10 to force ink in a drop through the nozzle associ ated
with the chanber upon receipt of an electrical signal to the actuator
Such a construction is typified by the disclosure in ny International

Pat ent Aield of ithe IRCENEOPO/ 00894. The present invention stens fromthe
realisation that there are advantages to be gained by dispensing wth the
paddl es and Gaissinngntionkeldte psart iak e priotheed Moonpirhieulmby, 2zheinvdGidayrelates
decreasing the size of the nozzle chanber. It has been realised that this
can be adhp&WRINE Wrziediksichg the actuator to nove the nozzle itself
downwardly in the chanber thus dispensing with the paddle, sinplifying
construction and providing an environnent which is |less prone to the

| eakage ®Hackdrdu®dtdbFhé daverstiopanber. Sunmary of the Invention 20
According to the invention there is provided an ink jet printhead

including: anpbsdird jet prirdheaa®3zihe syRaaindsbaRt € dsih@ nifro@lectioanshaticalnk t owar d
a surface to baﬂﬁrinted; wherei n, each of the nozzles has an external
act uat or savemaMENEDtiephaelogy bivedwen Psrposethia arc@strucler upisa ngaals ehasgpbean i nner

surface for, GONMRELNG.LNG, |08 A06, A PRROSINGOHLEL, SUL EAGR3R qPer al i vel y

connecte a or suc uator noves the roof
portion [aany HiachBhiMersdproaiied tathtmpyibi palidletnchjalbyt Joene fokm oV Q2684527
PCT/ AU01/ 01329 .
10  to force ink in a drop through the nozzle associated with the chamber upon receipt of an
electrical signal to the actuator. Such a construction is typified by the disclosure in my

International Patent Application PCT/AU99/00894.

The present invention stems from the realisation that there are advantages to be
gained by dispensing with the paddies and causing ink drops to be forced from the nozzle
15 by decreasing the size of the nozzle chamber. It has been realised that this can be achieved
by causing the actuator to move the nozzle itself downwardly in the chamber thus
dispensing with the paddle, simplifying construction and providing an environment which

is less prone to the leakage of ink from the nozzle chamber.

Summary of the Invention

20 According to the invention there is provided an ink jet printhead including:

a plurality of nozzles each adapted to eject drops of ink toward a surface to be printed,;

wherein,

each of the nozzles has an external actuator and an apertured roof portion; the roof
portion defining an inner surface for contacting the ink and an opposing outer surface
25  operatively connected to the external actuator such that the actuator moves the roof portion

away from the surface to be printed to eject the ink.



_7_ Preferably, each of the nozzles further includes an associ ated nozzle
chanber adapted to be supplied with ink via at |east one conduit in an
under | yi mposubsset ate. Preferably, the roof portion has a BCTOawai/d13ekependi ng
fromits periphery to telescopically engage a peripheral sidewall
extending froman opposing floor portion to 5 define the nozzle chanber.
Preferably, the actuator conprises a bend actuator nounted on the substrate
at a proximal end as a cantilever beam and is arranged to support the

roof porti _OnPl‘%f'erélhﬁ dA07 8} i nEHAGFhAtinAudisShndls R Pfozb REnERDEH dagyer beam

such that in use, actuation of the nozzle <ejects ink through the apertured
roof por td lensuppliedbwithdnk tiataolwastdn¢ benduitooan moddr yomg subftirde.ef er abl y, the
conduit in the underlying substrate conmunicates with the nozzle chanber

through an Olp%geitr&g%,i tfle %o%(af #)]Z)ll‘tl%(glrhr"lg 2 Igi%\ggl’l d%g@édﬁ%%%nl??ﬁs Bﬁw tldf ficiently

| arge so as st gni frcant e ow 0 er et hr ough.

Pr ef er ablefescopikaliyenlgh@: Np&ZIherat Hiasbar edtbndiserbsm dndpipbiih@todiptidd @ ng back
t hrough the conduit upon downward novenent of the roof portion, primrily

by vi Scodefingrthgnozrle pembes wal | s of the conduit. Brief Description of the
Drawi ngs Notw t hstandi ng any other forns that may fall within its scope,

one pref e”eﬁrefé?é]tm/,cﬁle adtlfot &‘fﬁﬂﬁﬁwé‘bé{ﬂd dctlRYY REUARBST thb ghshtewRy Of

exanple only wmth reference to the acconpanying drawi ngs in which: 20 Fig.
1 is a pardxirahllepdesbaastylepebspecinidie aviread of supprohewpohpertibe of thie noszle
assenbly, Fig. 2 is,asimlar yiewto Fig. .l show ng t.he nd actuat or of
the movi Agp .zﬁ %dﬁ@ﬁfngegﬁ]gmﬁl\fﬁ’eﬂp?ﬁh&f&? Higt %USBT%&F‘%JB%OE&SH\O?{‘% nozzl e.
Fig. 3 i §iefis Sk @lgh\th&per@rdd Bof porBOOBY RDviTRS: RARE t%erf%'blv'?&ﬁgn.t o the
original position "and a drop of ink ejected fromthe nozzle. 25 Fig. 4 is
cross-sectional view through the md Iine of the apparatus as shown in Fig

2. Fl. 5 iRreferahly the ponduiiin ths undgrlyipg seRsiRisgopmenitessyithhthe 8p2alenal
nozzl e pgﬁa%ﬁbermoggl{ §n4§ge¥nr%q/tlé%(%r%%ﬁ%%, the opening being sufficiently large so as

not to significantly impede the flow of ink therethrough.

Preferably, ink in the nozzle chamber in use is inhibited from flowing back through
the conduit upon downward movement of the roof portion, primarily by viscous drag on the

15 walls of the conduit.

Brief Description of the Drawings

Notwithstanding any other forms that may fall within its scope, one preferred form of
the invention will now be described by way of example only with reference to the

accompanying drawings in which:
20 Fig. 1 is a partially cutaway perspective view of a moving nozzle ink jet assembly,

Fig. 2 is a similar view to Fig. 1 showing the bend actuator of the moving nozzle bent

causing a drop of ink to protrude from the nozzle.

Fig. 3 is a similar view to Fig. 1 showing the nozzle returned to the original position

and a drop of ink ejected from the nozzle.
25 Fig. 4 is cross-sectional view through the mid line of the apparatus as shown in Fig. 2.

Fig. 5 is a similar view to Fig. 1 showing the use of an optional nozzle poker.



-3 Fig. 6is asimlar viewto Fig. 5 showi ng the bend actuator bent and a
drop of ink protruding fromthe nozzle. Fig. 7 is a simlar viewto Fig. 5
show ng tWeobasel? act uat or strai ghtened and the drop of iPRT/AEIHE3ZY ect ed
fromthe nozzle. 5 Fig. 8 is a simlar viewto Fig. 1 without the portions
cut away. Fig. 9 is asimlar viewto Fig. 8 with the nozzle and bend
actuator renoved and show ng an optional constriction in the nozzle
chanber. Fig. 10 is a simlar viewto Fig. 9 with the upper |ayers renoved,

and Fig. 11 ps @S] srﬂnlllaf:w%{NEiWPtlé)SFshgmgﬁ@@é’ﬂdﬂﬂnﬁhﬁb@ﬁ’%d%@ bOhkCcut away,
and the 10 actuator anchor detached for clarity. DETAILED CRI PTI ON OF

THE | NVEPIbLONnE tfrromt the oezlappr eci ated that a | arge nunber of simlar nozzles
are simultaneously manufactured using MEMS and CMOS t echnol ogy as

descr i bed | ngus L SOBAANLAY B3E Ym0 AR LERMRRIBTRLLRELOuRNE fitp

begi nni ng of "Eh FICatT ore e purposes o

const r uchf @R beingd ctdaetwhmba{ozmk jet nozzle alone will now be descri bed.
Whereas in conventional ink jet construction of the type described in our

above referenced ca-pendin | ications, ink is ejected froma
nozzl € cha giﬁ%ﬁ@llaﬁﬁ\?g%@%ag legmBgHﬁIpé’“W"tsﬁ%aWWe chanber, according

to the present invention the paddle is 20 dispensed with and |nk is ejected
through an opgnd ik {invlaz Ve torFig. Bewitipphe moszle had eraff actator rahavedendwhi ch is
noved downwardly by a bend actuator, decr easi ng the chanber volune and
causi ng leﬂ&afbéptéir@&?%tftqﬁ‘%u‘gﬁletnﬁéz HEBFRET. Thr oughout thi s
specification, the term"nozzle" is to be understood as an el enent

defining an ppen it adanoibwitb®iQpeNiNEe ubpeliiyerdeniobed,mmde, the relative
terms "upper” and 25 "lower" and simlar terns are used with reference to

the acconpanyi ng dr awi ngs and re to be un derstood, to be not any way
restrictive ?h \'"2[ ‘é‘FY"cﬁﬂ - Lspawing ?lé ndr’?ﬁg'? O P A e N AAPS 027 34527

PCT/ Al 1/aagt'§tgxganchor detached for clarity.

DETAILED DESCRIPTION OF THE INVENTION

It will be appreciated that a large number of similar nozzles are simultaneously
manufactured using MEMS and CMOS technology as described in our co-pending patent

applications referred to at the beginning of this specification.

15 For the purposes of clarity, the construction of an individual ink jet nozzle alone will

now be described.

Whereas in conventional ink jet construction of the type described in our above
referenced co-pending patent applications, ink is ejected from a nozzle chamber by the
movement of a paddle within the chamber, according to the present invention the paddle is

20 dispensed with and ink is ejected through an opening (nozzle) in the upper surface of the
chamber which is moved downwardly by a bend actuator, decreasing the chamber volume

and causing ink to be ejected through the nozzle.

Throughout this specification, the term “nozzle™ is to be understood as an element
defining an opening and not the opening itself. Furthermore, the relative terms “upper” and
25 “lower” and similar terms are used with reference to the accompanying drawings and are to

be understood to be not in any way restrictive on the orientation of the ink jet nozzle in use.



-4 Referring nowto figures 1 to 3 of the acconpanying draw ngs, the nozzle
is constructed on a substrate I by way of MEMS technol ogy defining an ink
supply ape@vus422 openi ng through a hexagonal opening 3 P@lvAthi/eised d be of
any other suitable configuration) into a chanber 4 defined by fl oor
portion 5, roof portion 6 and peripheral sidewalls 7 and 8 5 which overl ap
in a telescopic manner. The sidewal I s -4- dependi ng downwardly from roof
portion 6, are sized to be able to nove upwardly and downwardly within

si deval | s 8 Wafetting gepentgupnarsls yf fhe@bedohRaYinB k4w iags, Bhe dd)81e8k €Ct i On
nozzle is formed by rim9 located in the roof portion 6 so as to define an
openi ng Ferstiupied opasubortteot by why of YA deohoolpke defiringen inkssuppllylaperéure 2

descri be urther below. 10 The rpoof .porti 6. and downwgr.dl y dependj ng

si dewal | gplfm {e?qr%u&gﬁohretx%%? nﬂ)eo%anﬂkgn%{)vg&@h%?uﬁgiﬁf Tyt %ISP%% fl%b‘P% “i ayers
form ng atdavhembeat REine@BY ﬂb@l"}?ﬁ’ti%&%of %mti&"?@%ﬁﬁ aemad iR WAy heas ed
cantilever, so that heating of the Joul e heated cantil ever causes a

di f f errentihagh eepamii oleleserpemantdie The sidewhidsl, eldpoaling devierardiydran eoof

non- heated_ cantil ever ausi t he bend, act.uator 1Q to bend. 15 The

pr oxi mal PEHER P12EFEH &0 E‘Jé%ge g‘%f“ﬂé’ﬁ B wirglyranddoway af yf"'ﬁ@%ﬂg%“fagnétgge‘wi‘?h and
pr event edepentl @pWaRNY REMIREPBFR PY an anchor nenber 12 which will be
descri bed further below, and the distal end 13 is secured to, and

supports, the roof  portion and sidewalls 7 of the ink jet nozzle. In
i

use, ink is SUPPFFUE THEG 't B2 Fan ¢ rgaisern thereoighrriar a8 es i defide speni ng
30N 206380nSthr rtl%@%@ctigﬁ%?ﬁ{kifrcg}ﬁtﬂ?é H&k&%h%b%sn ?ltfbre:(fggcg'lgg? fitler BEIGY! ously

ref erenced co-pendi ng patent applications. e S 0 €] éct a
drop of ink fromthe nozzle chanber, an electric current is supplied to

the bénd act tBg Bof portien dsindglovme agdly deresdingsidsmialls ¥ era fwpposeskhtd bandshown i n
fi 2 i d t d the f ti
oG A B L8 D P, 2

5. This relative cre 0 ésharrber,

causi ng tarstraimed by bubgéeatpiedrdiievet, o Okig Redthe JTeHZIRIS Aditd castilshawault 14
(Fig. 2) where it is formed to a_ droplet by the surface tension in the

i nk. As fHiTeaeniial expangion petieen thedionigdeatgd cantidener hed hemeondertedcantila@r t he
act uat or céu%}ﬁ%rtﬁé bér actuator 10 to bend.

15 The proximal end 11 of the bend actuator is fastened to the substrate 1, and prevented
from moving backwards by an anchor member 12 which will be described further below,
and the distal end 13 is secured to, and supports, the roof portion 6 and sidewalls 7 of the

ink jet nozzle.

In use, ink is supplied into the nozzle chamber through passage 2 and opening 3 in
20  any suitable manner, but typically as described in our previously referenced co-pending
patent applications. When it is desired to eject a drop of ink from the nozzle chamber, an
electric current is supplied to the bend actuator 10 causing the actuator to bend to the
position shown in figure 2 and move the roof portion 6 downwardly toward the floor
portion 5. This relative movement decreases the volume of the nozzle chamber, causing ink
25  to bulge upwardly through the nozzle rim 9 as shown at 14 (Fig. 2) where it is formed to a

droplet by the surface tension in the ink.

As the electric current is withdrawn from the bend actuator 10, the actuator reverts to
the straight configuration as shown in figure 3 moving the roof portion 6 of the nozzle

chamber upwardly to the original location. The momentum of the partially formed ink



t he straight configuration as shown in figure 3 noving the roof portion 6
of the nozzle chanber upwardly to the original |ocation. The nonentum of
t he part ivad by3450T ned i nk WO 02/ 34527 PCT/ AU01/ 01329 -5 drophAsbl/ad2eauses
the droplet to continue to nove upwardly form ng an ink drop 15 as shown
in Fig. 3 which is projected on to the adjacent paper surface or other
article to be printed. In one formof-sthe invention, the opening 3 in
floor portion 5 is relatively large 5 conpared with the cross-section of

the nozzhepehanbgiseaid dibifetitdkostimplemdvs upRtsedfd@irean igk 8edperds 4shr ough t he
nozzl e r|n19 upon downward novenent of the roof portion 6 by viscous drag

in the sﬂu@mamﬂégd¥Whﬁbl%mQﬁP@dQHZOt@wmm%mHWMQm§mﬁb@ymdﬁh@UHm@eKéadlng from
the ink_reservoir (not shown) to the opening 2. This is a distinction from
many preli'%GS forms of ink jet nozzles where the "back pressure” in the

nozzl e chanber which causes the ink to 10 be ejected through the nozzle rim
upon actuatibnanSHﬁaﬂ&ednhmﬁomehmopmmmﬁ3baﬁ&kg&nﬂmliheeMﬁwﬂﬁﬁ&gie | ocati on
of the nozzle chanber his type of construction can be use novi ng

nozzl & i fRpased Ufthtﬂl*ﬁecrﬁﬁpsédéfé’s%frth%éazzé%@v’é“beéﬁ‘&fiRRF[”PK %repkemst%%edd%éen bed
bel ow wi f; Qctﬁé H%Sh%rf tﬁe L&5AL Sﬁ%oé % cfd“Qﬁvra“r‘%aC I\(/é‘ﬂgnt]oq the bt b@ﬁBH% fyor m of

i nventi o Shown | ures pressure 1s orne primarily
by vi scouiscalrsaigaginthe mﬂewzﬂl%rdf ithee dperthiee?, auppl the soppdy cdnduits ldadingrfcten tHeo
prevent jnk |eaking fromthe nozzl e _chanber during actuation i.e._ during

bendi ng mk TespEv BEH@L ghomatoihe ppemgg 24 (Jih 18 agistinctian ?@P%@%@%&r@mew l's
7 and 8 &ét Lpozg]gmn& Tt SRS %@&%’M%ﬁ%z‘z[& &Pgl%%{]w%ﬁ%z LEREEnE &

figures e IRk is retained in € nozz uring relative
novenent b@éjetthe thirowdh thp asdzionméipan defubbat, ipaiutédisy dneby rdre bgifpmit thiec

features of the sidewalls 7 and 8 which 20 ensure that ink is retalned
wi t hin t Wemadizte lacatinn ob e nggzls Ghambes- tlokdyRamot cpgsiysition gade picdrath 3 5

pr ovi ded by Hginbat i BAR GELNERARURURNA! IndlenPnl Al AE Bl bl Rtlnt e

nmut ual |'y i ng su ace e upwar pendi ng si 8. As can be

cl early sgeeifidmfelrérge talfigures 9 amk1(, sbluomhaﬁoxal @fankenmbadle@bvmrehgurml teekt r ai ned

within the small aperture between the downward] rPendln sidewal] | 7 and
|1ne

nwar d 1 HEASCH BTesTUrE RAOURRRMHTAIIBRY FapHTSE s ain the Supply conduit.

15 In order to prevent ink leaking from the nozzle chamber during actuation i.e. during
bending of the bend actuator 10, a fluidic seal is formed between sidewalls 7 and 8 as will

now be further described with specific reference to figures 3 and 4.

The ink is retained in the nozzle chamber during relative movement of the roof
portion 6 and floor portion 5 by the geometric features of the sidewalls 7 and 8 which
20 ensure that ink is retained within the nozzle chamber by surface tension. To this end, there
is provided a very fine gap between downwardly depending sidewall 7 and the mutually
facing surface 16 of the upwardly depending sidewall 8. As can be clearly seen in Fig. 4 the
ink (shown as a dark shaded area) is restrained within the small aperture between the
downwardly depending sidewall 7 and inward faces 16 of the upwardly extending sidewall
25 by the proximity of the two sidewalls which ensures that the ink “self seals” across free

opening 17 by surface tension, due to the close proximity of the sidewalls.

In order to make provision for any ink which may escape the surface tension restraint
due to impurities or other factors which may break the surface tension, the upwardly
depending sidewall 8 is provided in the form of an upwardly facing channel having not only

30 the inner surface 16 but a spaced apart parallel outer surface 18 forming a U-shaped channel



25 by the proximty of the two sidewalls which ensures that the ink "self
seal s" across free opening 17 by surface tension, due to the close

proxi m t yw@h2/s45e7 si dewal I s. I n order to nake provision foPCHAY0i/6IE29NiI ch
may escape the surface tension restraint due to inmpurities or other
factors which may break the surface tension, the upwardly depending
sidewall 8 is provided in the formof _gn upwardly facing channel havi ng not
only 30 the inner surface 16 but a spaced apart parallel outer surface 18

form ng g bk3Baped t%% es V‘Qng%{@éég{ %ﬂlﬁ%&( tﬂ%i:%?ace}eﬁqsi]o%% u&an. the

two surfaces. Any ink ops escapi ng surface tension between the
surfacesw?faacmﬂ i l@\l)@élﬂowﬁntbmlﬁd)UtshEpdd-CSIhﬁrlﬁﬂthei‘b&nﬁ&étaW&éITzfthd:rtthhrS ret ai ned
rather than "w cking" across the surface of the nozzle strata. In this
manner, aviaKaeR" aEPss the sirice osdgnopgle strgipmbythishnemner ¢ dirt wakl fidic sead Bt ai ni ng

the i ”kek(’g‘ﬂnﬁnl?di N JE‘%s YUNG iDRZAD ggr{'ﬁe AR h%rﬁ@v Qg‘ﬁoﬁﬁaerﬂ Ahfghously

descri bed in sone 0 our co-pendirng app |ca I ons, gedirdbl e in some
situations to provide a "nozzle poker" to clear any inpurities which may
bui | d5up wi th$ hastbe@nrpoezvzmelycxbeqﬂh@g impeme nEowreogicadimg applications:; lrsjs ection of a

droplet fromthe noz der actuation. A G ur at.i on pr esent
vent 1 off (a1 R PO RBRCPH EoRbTL SR RS RS URNGHBEIrEss WA B, <
shown i nbﬂlm%p?‘\@ﬁﬂlmﬁ@ﬁéﬁgs dpegito@Bd Bnsife 8REN And cldf el Bf PdioPlet fdH] t% to
figure 1 with the addition of a bridge 20 across the opening 3 in the

fl oor ofnazake mv@l,@lza@uaﬁ@anmonﬁgnramm ohthegrepoutineantian usupg/armks]r iext endi ng
poker 21 S|ze rude i to an lor t hr.oygh the t zl e
Gur | ng_ aicvitierisn. VAEh Bleschozgl i R ae st R Ry Eg B Ssor BB 76 | s
noved downwardly by bending of the bend actuator 10, the poker 21 is
caused to deigum;ﬁ itsh'rmillug;ho fiperedpentl thg adfiitiohef ndridke20 dGogsi the Spariieck part way
into the b % |nk %ﬁ¥ As the roof gfrtion g returns t its orlglnal
posi ti ont Eg‘@ Slnﬁ?ﬁ ehon HECH isTRoOUned AayRyYar ]QeéEeHQWB\BH $eIRiEd 7 the
i Nk dr oploekotgdel iRIdERL/ L e, and the poker 21
i's effectﬁ%% |§1dfﬁﬁlngﬂ8 %Fﬁ ?eQE?£gkﬁﬁ%g%Q#ﬁﬁgmﬁ?&hmnay form across the
nozzle rimand whi ch woul d ot herw se bl ock the nozzle. 20 It wll be

appr eci at ed, As pait beaseer Heligsp . wheruthe seofTorien Gisripoved downy arde by bexdirr t i on

to of the bend actuator 10, the poker 21 is caused to poke up through the opening of the nozzle

15 rim 9 and part way into the bulging ink drop 14.

As the roof portion 6 returns to its original position upon straightening of the bend
actuator 10 as shown in Fig. 7 the ink droplet is formed and ejected as previously described
and the poker 21 is effective in dislodging or breaking dried ink which may form across the

nozzle rim and which would otherwise block the nozzle.

20 It will be appreciated, that as the bend actuator 10 is bent causing the roof portion to
move downwardly to the position shown in Fig. 2, the roof portion tilts relative to the floor
portion 5 causing the nozzle to move into an orientation which is not parallel to the surface
to be printed, at the point of formation of the ink droplet. This orientation, if not corrected,
would cause the ink droplet 15 to be ejected from the nozzle in a direction which is not

25 quite perpendicular to the plane of the floor portion 5 and to the strata of nozzles in general.
This would result in inaccuracies in printing, particularly as some nozzles may be oriented

in one direction and other nozzles in a different, typically opposite, direction.

The correction of this non-perpendicular movement can be achieved by providing the

nozzle rim 9 with an asymmetrical shape as can be clearly seen in figure 8. The nozzle is



nove downwardly to the position shown in Fig. 2, the roof portion tilts
relative to the floor portion 5 causing the nozzle to nove into an

ori ent at ivomombdseh is not parallel to the surface to be ppPCTVA®AI/01ER9 t he
point of formation of the ink droplet. This orientation, if not corrected,
woul d cause the ink droplet 15 to be ejected fromthe nozzle in a direction
which is not 25 quite perpendicular to-7he plane of the floor portion 5 and
to the strata of nozzles in general. This would result in inaccuracies in

printing,typiadily witeathd/fl@ger 26r38s the2ad 23 wikdh ib€losérite Messknd iabtueide 10 4naGé i on
and other nozzles in a different, t.picalg% opposite, direction. The
correct i JRITGVEF ARG MYEhPeied anaidcid whichis apBer avwsaritare thedisnéwetdatpy Bhisvi di ng

(1 D02 S DAL RSN L5050 08) GO0 " o

flatter &ﬁh@&ﬁpdrh@ftﬁé‘ﬁoi’z?e,%’ghﬁﬁgiiﬁ aGE0&8p vEQot ReceInidaidd byiakew 24A inand i s
narrower and nore pointed at end 23 which is further away fromthe bend

act uat dr .dirppiien tayerd Biwibegd eftuathe ap dedrep is epscsad feord txnozizise ridisses forbe f or ce
of the surfage,tensi,on.at the. narrow rt of .the nozzle,. resulti in a
et dr op RRTorerat L Rackafioa N PR BRos R B T 0t pbFRE S YA ¢ he
bend act ugérefore BS tdildeedth @Bmbéensied6t B tiflte@ BtibheHOZZh&roof BbBioA At tHeQofR
propels the ink drop in a direction which is not perpendicular to the roof

portion efamddiareiectiner efore be tailored to conpensate for the tilted
orientation of the roof portion at the point of ink drop ejection. By

careful l'y taiﬂp&airagnwglloﬁhg%sﬂ SRPARRES B Fhd oz&ﬁ%xﬂ?,zi?hsepcgsgi@}egto It

is possible to 10 conpletely conpensate for the tilting o € roo
porti o Godplétely cavtpastatecior thedilting @i tbpedof pohimnitndurthgaptubtiomuidte ozl e in a

di rection, perpendi.cul ar to the floor portign 5. t hough, . as_descri bed
above, t HBQ op froaLthe 8oFzle tnfedirgeion F’@eﬁ?‘ﬂf‘rﬁoﬂﬁg‘i’%i’?ﬁé‘)n Thanber may be

provi ded by viscous drag in the supply conduits, it is also possible to
provi de a noVAligoughzasl d@sdritkéd pbdvenwitelbablaptespiremsite tnkheldvaythidfth@nsiAgni fi cant
constriction 15 close to the nozzle. This constriction is typically

provi ded GhAMPHEMaY,Be Proxided by yiscausadiag Hnthp supRly eeniduifs.deis glsopopsiblates 9 and

R L L T L

15 close to the nozzle. This constriction is typically provided in the substrate layers as can be
clearly seen in figures 9 and 10. Figure 9 shows the sidewall 8 from which depend inwardly
one or more baffle members 24 resulting in an opening 25 of restricted cross-section
immediately below the nozzle chamber. The formation of this opening can be seen in
figure 10 which has the upper layers (shown in Fig. 9) removed for clarity. This form of the

20 invention can permit the adjacent location of ancillary components such as power traces
and signal traces which is desirable in some configurations and intended use of the moving
nozzle ink jet. Although the use of a restricted baffle in this manner has these advantages, it

also results in a longer refill time for the nozzle chamber which may unduly restrict the

speed of operation of the printer in some uses.

25 The bend actuator which is formed from a Joule heated cantilever 28 positioned
above a non-heated cantilever 29 joined at the distal end 13 needs to be securely anchored
to prevent relative movement between the Joule heated cantilever 28 and the non-heated
cantilever 29 at the proximal end 11, while making provision for the supply of electric
current into the Joule heated cantilever 28. Figure 11 shows the anchor 12 which is

30 provided in a U-shaped configuration having a base portion 30 and side portions 31 each



i medi at el y bel ow the nozzl e chanber. The formation of this opening can be
seen in figure 10 which has the upper |layers (shown in Fig. 9) renoved for
clarity. Wioz34sorm of the 20 invention can pernmt the adpavawdi/iseati on of
anci |l ary conponents such as power traces and signal traces which is
desirabl e in sone configurations and intended use of the noving nozzle ink
jet. Although the use of a restricted-3affle in this manner has these
advantages, it also results in a longer refill time for the nozzle chanber
whi ch mayaWAg et 1668t élds ot intd PeathRdaPRY Bé ket 2ehahRFoita@ion bR tRoMe
uses. 25 The bend actuator which is forned froma Joul e heated cantil ever
28 posi t berkbattuadtrone Gshape, pees greatcrndiiy tevks eROwilbBhpventinghey dewdiag oend 13

needs to be secure anchor to prevent relative novenent, between the
Toule hosfBamainn st BR el AeriRe h B batrdu2b bl e RS 3 Btk e
proxi mal ,&pstodl, While making provision for the supply of electric current
into the Joule heated cantilever 28. Figure 11 shows the anchor 12 which is
30 provided in a U shaped configuration having a base portion 30 and side
portions 31 EB%HOW@%? %MGP%?%PMW@DSQ@OUL“@fﬂé@FW@dIPH&hS 3Rovte¢h gRds
formed i r. ! ~ I - the bend
act uat or g YuERREENEE ) b hEQBUATS L A nE Fyrky Rel T80 BRVEITETS, ot ng
any bendidigivermodehant batvcomthafmoh heated dansiider 39 anéttatlovie Heaell bantderes g at e 26
on novenent of the bend actuator. 5 The non-heated cantilever 29 is

pr ovi ded Rnhe FiauExX Rl 8F 90dF @hdi ng tabs 32 which are |ocated within
recesses 33 in the sidewall 31, giving further rigidity , and preventing
rel ative novangi mhgievasdplditndend beakedn arttiatberatcwdyandfithE ahekded heat ed
cantilever 28 in the vicinity of the anchor 27. In this manner, the

proxi Hal aethanyoelative niseasheaicietiageorthd soudeleeates! santilederrandithgnembdatnded 10 and
any relati%% nnveneq; bebyeen.bp%tdoulg he€$ed cEnIilﬁv%y aﬁ%kgge

non- heat STUIREAPTTVEVES THPEVERVEPTR® #1780 THRTTY P TRESAEHEI KR s

resul ts inbvembBansrare RIoF b6itidR &Yt e mbVyeMBMIe ik jehe roof portion 6 of the
novi ng nozzle ink jet. 02/ 34527 PCT/ AU0O1/ 01329



CLAIM5 1. An ink jet printhead including: a plurality of nozzles each
adapted to eject drops of ink toward a surface to be printed; 5 wherein,
each of Weonsws2l es has an external actuator and an apertB€BAUPD@B2POrt i on;
the roof portion defining an inner surface for contacting the ink and an
opposi ng outer surface operatively connected to the external actuator such
that the actuator noves the roof portioh- away fromthe surface to be
printed to eject the ink. 10 2. An ink jet printhead as clained in claim]l
wherein each of the nozzles further includes an associated nozzle chanber
adapted to be supplied with ink via at |east one conduit in an wunderlying
substrate. 3. An ink jet printhead as clained in claim2 wherein the roof
portion S i dewal | depending fromits periphery to telescopically
engage a peéeri pheral sidewall extending from 15 an opposing floor portion
to definq thgnqg%%hech%%Eer 4. An ink jet printhead as clained in claim3
wherein the aftlalor"e V@glng'bend actuator nmounted on the substrate at
a proximal end as a cantilever beam and is arranged to support the roof
portion of thelurazylogneivesteach atapeeddo sjeal drepgofiink tdveard artiitheue be paamad; such
t hat ;ﬂ use, .actuation of the nozzle ejects ink through the apertured roof
porti H@wﬁ%Wing 20 it toward the floor portion. 5. An ink jet printhead
as clainmed in claim4 wherein the conduit in the underlying substrate

conmuni cat eseathtdf thdwozaez hhearchadrhgractRiR Ueh aRBp @R RBF pottibRand FRer
portion, theé&gening.being sufficiently large so as not to significantly
i mpede t REtONSiRIME; JREnnar gaifeeHpiowngkrcting the, injaand pkoppesingrouter hedateas cl ai ned

in clai ) LA i i use.is inhibited from
Fovi g BoeEARLE LB kSN OR B Ba G ATR T bt S BarToost tienpofipfioh
portion, apay fram thy stifaceits bepfindd agejost thémkwal | s of the conduit.

10 2. Anink jet printhead as claimed in claim 1 wherein each of the nozzles further includes
an associated nozzle chamber adapted to be supplied with ink via at least one conduit in an

underlying substrate.

3. Anink jet printhead as claimed in claim 2 wherein the roof portion has a sidewall
depending from its periphery to telescopically engage a peripheral sidewall extending from

15 an opposing floor portion to define the nozzle chamber.

4. Anink jet printhead as claimed in claim 3 wherein the actuator comprises a bend
actuator mounted on the substrate at a proximal end as a cantilever beam, and is arranged to
support the roof portion of the nozzle chamber at a distal end of the cantilever beam, such
that in use, actuation of the nozzle ejects ink through the apertured roof portion by moving

20 it toward the floor portion.

5. Anink jet printhead as claimed in claim 4 wherein the conduit in the underlying
substrate communicates with the nozzle chamber through an opening in the floor portion,
the opening being sufficiently large so as not to significantly impede the flow of ink

therethrough.

25 6. Anink jet printhead as claimed in claim 5 wherein ink in the nozzle chamber in use is
inhibited from flowing back through the conduit upon downward movement of the roof

portion, primarily by viscous drag on the walls of the conduit.



