WD 02/ 34535 PCT/ AU01/ 01319 FLUI DI C SEAL FOR MOVI NG NOZZLE I NK JET Field of
the Invention This invention relates to an ink jet printhead. Mre

particul avdy2/345B® i nvention relates to a fluidic seal fopCavbne3nmzzl e
ink jet 5 Background to the Invention Mdst 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 is provided with a novabl e paddl e actuated 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 constr ugej ' f Alle t NOZ n ati onal

Pat ent Appl i caﬁ%ylpﬁA%F&)&?Bnglggt I nv%nLt%r'l\"s(th-Ff romthe
realisation that there are advantages to be gained by dispensing wth the
paddl es and causing ink drops to be forced fromthe nozzle 15 by

decr easi Fieldhef the nvéntiba nozzl e chanber. It has been realised that this
can be achieved by causing the actuator to nove the nozzle itself

downwar dl y i Mhishevenkianbastes tous idk fperisthagl. viviote pdngcubatid ke, ingintiph irdlytiesn g
construction and providing an environnent which 1is |less prone to the

| eakage &Fa flpiiGseahior mOViHEAZale dHalkber . 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 surfsacgé@(d:‘@mfd dcHe Inveatiwm, WO 02/ 34535 PCT/ AUO1/ 01319 -2 each of

t he nozzl es having a nozzle chanber at |east partially defined by an
apertured r8Rft PRNGE RIhURREE 8f thy Blp¥ neeNRRAedudif: Altraeledab efechatidnl t hat the

actuator noves the roof portion away fromthe surface to be printed to
ej ect t heystavks (MIAMISgitgghnology have been proposed in a construction using nozzle chambers

formed in MEMS layers on the top of a substrate with nozzle chambers formed in the

layers. Each chamber is provided with a movable paddle actuated by some form of actuator
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 paddles 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,



t he roof portion and the remainder of the nozzle chanber have structural
features 5 arranged in a conbi ned geonetry that cooperates with the surface
tensi on ofootiausdhk to form an effective fluidic seal durP@yAuor/emsio
operation of the printhead. Preferably, the nozzle chanber is adapted to be
supplied with ink via at | east one conduit in an underlying substrate; and
the roof portion has a sidewall depending fromits periphery to

tel escopi cally engage a peripheral sidewall extending from an opposing
floor 10 portion to define the nozzlemzhanber such that the fluidic seal
is formed between the overl apping sidewalls of the floor and roof portions.
Preferably, one of the telescopically interengaging sidewalls has a

U-shaped cr o$ach afdhe negrags f@m}g|ag1§>,zalle|08ﬁrnb%rcﬁﬁﬁa§tsﬁaﬁtgallg dsfinsd bredn seriurgdn
c 050 Brog) Lol 0, 1 Nt S IV L ) UL L subt oy f 1y
nd sp%ced om 't 3 vl i

par al | el r oxi ma annel between

t he pr oxipsaioraandaydirshahe mfahgtolfér;]ﬁ{rgéca&a,lejecttmnsndm@hj dependi ng fromthe
peri phery of the roof portion is cated wthin the sidewall extending

fromthe ro ortion mhl has. U—shaP onf i {atlo ornlng an
open. channel A28t BB P BEDRTANT Tolk B SR PR R tseh B or U pt i on
of t hes DrahBasin20cNMiNéd ge%hén? it cB6PerAEN@th tHRY SuBradd@hsiORyr thakdk teitbhn 1ts

scope, one preferred form of he invention will now be described by way of
exanpl e ol offeplivenflvidicerealnbuing motrhd opationpéthgiptigthgrdwi ngs in which: Fig. 1
is a partially cutaway perspective view of a moving nozzle ink jet

assembl y, F'Ige efatfly® i n°d 'éﬁEmBérQWa& té:d t% e Sllﬁ}{il%\@\ﬁg'l ﬁlﬁevléjﬁﬁ%s%ﬁé’at or of

t he novi ng nozz e bent causi ng a rotrude omthe
nozzl e. \WOnOit Bﬁeﬁﬁﬁndeﬂymgmﬂs/h@ﬂs’&m&i theEodFﬁ [ga.rtuih hes aasumwaillchpendl@/\frdm itsig. 1
showi ng the nozzle returned to the original position and a drop i nk
ej ected fROGRNEHLC ff&%sz%calbf Geags 3 @ertphs@és@@\%li BHerding @Wntqar%agﬂng ﬁ@orm d

line qf tgé’b(?the t%at{e"l’ltn?%ealﬁ)z%l@%% é}sﬁ&lg ha?the fﬁl'lcgc seal isFofn& BAck&dn theew to Fig.

| show n use of an optiona nozz
overlapping sidewalls of the floor and roof portlons

Preferably, one of the telescopically interengaging sidewalls has a U-shaped cross-
sectional configuration, comprising a proximal wall in close proximity to the other sidewall,
and a distal wall substantially parallel to and spaced from the proximal wall, forming a

15 channel between the proximal and distal walls.

Preferably, the sidewall depending from the periphery of the roof portion is located
within the sidewall extending from the floor portion which has said U-shaped

configuration, forming an open channel adapted to receive and contain ink therein.

Brief Description of the Drawings

20 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:
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

25  causing a drop of ink to protrude from the nozzle.



5 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
showi ng W@ obases act uat or strai ghtened and the drop of |PRT/BEIHY3Y ect ed
fromthe nozzle. Fig. 8 is a simlar viewto Fig. 1 without the portions
cut away. 10 Fig. 9 is a simlar viewto Fig. 8 wwth 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 is a simlar viewto Fig. 1 showing the bend actuator cut away,
and the actuator anchor detached for -@larity. 15 It will be appreciated
that a |l arge nunber of simlar nozzles are sinmltaneously nmanufactured

usi ng MEMS aRig. BMOSsitelehnehogyFigs dieworg thedoizie winmedbtopbe dii gigalmesision

appl i cations refe%r,red to ?rt t he begi;i nning of this specification. For the
pur poses 2 2 €108t 13K elefied HEALOF 0844%n of an i ndivi dual ink jet nozzle al one
wll now be described. 20 Wiereas in conventional ink jet construction of

the type despigi. hedcrogs-@dtioat) @1sy thi@fzatieneadlicoofieadppagtpadseshowappFigcat i ons,
ink is ejected froma nozzle chanber by the novenent of a paddle within

t he chanber, _accordi.ng, to.the present.inyventi t he ddl g i di spensed
with and inkFlgsgé? %E‘Fg]ci‘rf’}‘??”o@&ﬁg'gln&(?ﬁ'g}ﬁ §'th O%OF{% I‘toﬁgleﬁ)%lf)eer'r sgrface of

the chanber which is noved downwardly by a bend actuator, decreasing the
chanbey vol uFg. 85%s asithibauviivnig Higls thowies thp betdattydiorheghatdeedmpof ink. WO

02/ 34535 PCT/ AUOL/ 01319 -4 Throughout this specification, the term

"nozzl e" Prrudgefeony ifh@esod as an el ement  defining an opening and not the
opening itself. Furthernore, the relative terns "upper” and "lower" and

simlar termpieargs usigdlanividy fodfigr eamee/iioiht bendateamastightendd and thgslrend ar e
to be understood to be not in any way restrictive on the orientation of
the ink joéinkrhsing edeqted fijem the BoZRl erring now to figures 1 to 3 of the
acconpanyi ng drawi ngs, the nozzle is

Fig. 8 is a similar view to Fig. 1 without the portions cut away.

10 Fig. 9 is a similar view to Fig. 8 with the nozzle and bend actuator removed and

showing an optional constriction in the nozzle chamber.
Fig. 10 is a similar view to Fig. 9 with the upper layers removed, and

Fig. 11 is a similar view to Fig. 1 showing the bend actuator cut away, and the

actuator anchor detached for clarity.

15 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.

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

now be described.

20 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
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

25 and causing ink to be ejected through the nozzle.



constructed on a substrate 1 by way of MEMS technol ogy defining an ink
supply aperture 2 opening through a hexagonal opening 3 (which could be of
any ot hewa@ud/s#bi e configuration) into a chanber 4 defi nedr/Ayofoicor
portion 5, roof portion 6 and peripheral sidewalls 7 and 8 which overl ap
in a telescopic manner. The sidewalls 7, depending 10 downwardly from roof
portion 6, are sized to be able to nove upwardly and downwardly wthin
sidewal I s 8 which depend upwardly fromfloor portion 5. The ejection nozzle
is formed by rim9 located in the roof portion 6 so as to define an

opening for the ejection of ink fromtheée nozzle chanber as wll be
described further bel ow. The roof portion 6 and downwardly depending

sidewal | s 7 areoughppidhisesgeniicalionetha trs aeEHat trio bo updsistear Ry ameleaciip  of

| ayers f i ] .evear i i i ned a

non: hoat o DA BSHHE «RE bR Rhie R PRGOS e RAThERAR e Tand
causes &l@lidrf en@sitiiial teepnparsised wirdtrefeencd tethd acdoenpaagihgdradngd dne\wed toand
t he non-heated cantil ever causing the bend actuator 10 to bend. The
proxi nmal berddarstogel tq peneidpany ey agsgictive op M itaiptiop of Hie 18k i npaaleinusegnd
prevented 20 from noving backwards by an anchor nenber 12 which wll be

descriped f urdpgfinPabaue figard 1168 diksd RboBpshying drawiRs Whedoip isand
supports, the roof portion 6 and sidewalls 7 of the T1nk jet nozzle. In

use, i nk dogstsugprdl dnersubsirase tl iy wayzof MEMSatimolagydefigingpadslageply apadug@eni ng

3 i i t abl t typicall i bed in. i ousl
Fet or encRetBE SERGRG Poagonel pere g b ek e BREE Shnenoe filesf ed o ef ect
a drop ofcohfiburbti ANiABQ dRasBEESs 8ERAERSY floBPp&tieR B! tdof GoiitioR M anld HeptiRpAll €d to

the bend actuator 10 causing the actuator to bend to the position shown in
figure 2 satevaiteVend Bevhidoévaslaptin e tel@Gcdpomeanett yheswtemdlls Aedepbrmbing WO

02/ 34535 PCT/ AUQ1/.01319,. -5 rtion Thi el ative ve t decreases the
Vol umdd otV Y SPB DRARIEPR S aTtas g Ficiols b Bal U BT LRV GUGh ¢ he
nozzl e riyiifn dRe ANV wRlchldtpédd lﬂ)wz@allf){‘ﬁb‘ﬂ{ fobporforf 9rmed 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 ejection nozzle 1s formed by rim 9 located in the roof portion 6 so as to define an

opening for the ejection of ink from the nozzle chamber as will be described further below.

The roof portion 6 and downwardly depending sidewalls 7 are supported by a bend
15 actuator 10 typically made up of layers forming a Joule heated cantilever which is
constrained by a non-heated cantilever, so that heating of the Joule heated cantilever causes
a differential expansion between the Joule heated cantilever and the non-heated cantilever

causing the bend actuator 10 to bend.

The proximal end 11 of the bend actuator is fastened to the substrate 1, and prevented
20 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
any suitable manner, but typically as described in our previously referenced co-pending
25 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



5 the 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 partivadby34565 ned i nk droplet 14 causes the droplet tPCTANDI/MBE to nove
upwardly formng an ink drop 15 as shown in Fig. 3 which is projected on
to the adjacent paper surface or other article to be printed. 10 In one
formof the invention, the opening 3 in floor portion 5is relatively large
conpared with the cross-section of the nozzle chanber and the ink droplet
is caused to be ejected through the no%zle rim9 upon downward novenent of
the roof portion 6 by viscous drag in"the sidewalls of the aperture 2, and
in the supply conduits | eading fronlthe ink reservoir _ (not shown) to the
openi ng POrtidi & This gl eﬁ@tm%@me@h deqreasehiigy opimsaide nezt Wa@ebﬁaww ikt
nozzl es s the
Mk to Bo iR Pl ftBRSipHRIe R S HRADRREL P BIRTBRINCHN SRR "one
or nore khbpleelsy tha siifeee téngimdh aliecinkocat i on of the nozzl e chanber. This type
of construction can be used with a aning nozzle ink jet of the type
descri bed aboye t.her rlbe ith specifi
reference to 44 g Fggt”ﬁ Cﬁﬂanbtff)wnbf}faw ﬂ]aStfua Oﬁ\}ﬁnntﬁqia 8ﬁtu§tﬂﬁwe$%t°
figures lthé radght28ntifl@atkCds sSRHRA Y ﬁguﬂess &@%ng]e%bmwmb]yéw théiees drag
and ink inertia in the supply condurt. 1In order to prevent ink |eaking

from t he ohembErupstradiyée thewrignyg! leseier. i Bre memertumi ofghe pataiinfpropd itke bend

t uat d bet il
now et uPohief 14 salieh e dSRlet P e RafT i il P68 Re 30 890 35854 The
ink is r%@Wﬂeﬁiﬂgn3t“hﬁcm@§)¥dj@ct@d@mﬁﬂheqaﬁﬁédﬁgpmk@&ﬂfae@ oTeHREBMcIeab bbhe roof
25 portion 6 and floor portion 5 by the 'geonetric features of the sidewalls

7 and 8 vihiingdd. ensure that ink is retained within the nozzle chanber by
surface tension. To this end, there is provided a very fine gap between

downwag di'y_dapendiggh ﬁltf#@mr&tlo%%go kR R Bbt YortbRGNRAHENAGRELO of the

upwar dl y dependi ng si ear seen in Fig. 4 WO
02/34535cﬂﬁihﬁkﬁﬁﬂﬂmsbﬁmssﬁﬁmnbf@&hummkamambdamﬁtﬁhﬁﬂ&ﬂqﬁmﬁaﬁmm&ikﬂxira|ned

within the s erture bet ween the downwar dl ependi ng sidewall 7 and
i nwar d fa%ée%r%ls ffr?éﬂ%kmm\ﬁe PER HEWAVAL 8P E w the roof portion 6 by

viscous drag in the sidewalls of the aperture 2, and in the supply conduits leading from the
ink reservoir (not shown) to the opening 2. This is a distinction from many previous forms
15 of ink jet nozzles where the “back pressure” in the nozzle chamber which causes the ink to
be ejected through the nozzle rim upon actuation, is caused by one or more baffles in the
immediate location of the nozzle chamber. This type of construction can be used with a
moving nozzle ink jet of the type described above, and will be further described below with
specific reference to figures 9 and 10, but in the form of invention shown in figures 1 to 3,

20 the back pressure is formed primarily by viscous drag and ink inertia in the supply conduit.

In order to prevent ink leaking from the nozzle chamber during actuation ie. 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
25  portion 6 and floor portion 5 by the geometric features of the sidewalls 7 and 8 which
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



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@02/84%85 si dewal | s. 5 In order to nmake provisi on POT/A@NY0I3RK whi 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 an upwardly facing channel having not
only the inner surface 16 but a spaced apart parallel outer surface 18
formng a U shaped channel 19 between the two surfaces. Any ink drops
escaping fromthe surface tension bet wden the 10 surfaces 7 and 16,
overflows into the U shaped channel where it is retained rather than

"wi cki nginkash@ss as idarkghidgd areg) lqm@ranwizwxéhlgttheaﬁtr@alqmrttlm@t%%@mb@ a dual
wal I fluidic se ffec Y |nr i n W t hin
AR R e L A T TR
our co- pﬁ?ﬁié}ﬁoﬁl‘ﬁmy Srahd mbsmdéwaussyhl@te&dshaﬁltmma 1ﬁprrmtssebmah¢r@mfréeo provide
a "nozzl e poker" to clear any inpurities which na 15 build up within the
nozzl e oppsiing lahy sefesatensionedue taribe @:lb@@promrl@btfpfdée giflewsalhr opl et from t he
nozzl e under actuation. A configuration of the present invention using a
poker 4 n co t i i

accorrpanyl ngm ?@E}rfe&gn , ﬂ?o@sﬁRY&%EFg’lﬁfﬁeqﬁ:hrﬁﬂ;ds@é etier%%\e?}égslpgn%tﬁﬁth t he
addi ti ondod tcainipuiritigeo?@hadhass whieh ojag biaag tiR: sunfact teesibh.abe upkardhe nozzl e

chanmber, on which is nounted an u rdly exten oker si.zed 2

o1 ot r e TG e RHNALT S GrgHIAHa THA 8 Q5 e by A BRATR R ST SR B s
can be s MABRAT, y
bendi ng ﬂ%p nt"% Eg%%%a@%tu\g?%dtaggﬁ? e 1%1(%9%% Sgﬂacféslgifggglegqtlggpo ecﬁ%%teﬁr ough

t he openilf@etiect hiee twazifacesr domyibk drugps parapingdyon Htecutfhee thudign bgweerkthdr op
14. As the roof portion 6 returns_to its ori al positi.on upon

st r ai Pht 8WiaRgs drnd A8, pyeHipvesnipding Li-sepgdchpan ‘g%ﬁ Iohs Tgfadnedfa{%ﬁéthiaﬂk dr opl et
|s formed,and, Jaﬁ&ggﬁe%ﬁrﬁ)&%\f‘tﬁ%ﬁﬁ H1ASSES 'Ip?rqs iRkt DEuf W@l adicisSal is
effective In gl ng or ng any dried i nk which may form across

t he nozzlf@nteidnvisioldisvdfifectivennuttdinhigthe wiseithinabkmbhimag mozzt enechiif/ 34535

PCT/ AUOL/ 01319 -7 It will be appreciated, that as the bend actuator 10 is

bent causi ng Ats s E)ge%f prg 1515s|1}9 HCStCIleed in some of our co-pending applications, it is

desirable in some situations to provide a “nozzle poker” to clear any impurities which may
15 build up within the nozzle opening and ensure clean and clear ejection of a droplet from the
nozzle under actuation. A configuration of the present invention using a poker in

combination with a moving nozzle ink jet is shown in the accompanying figures 5, 6 and 7.

Figure 5 is similar to figure 1 with the addition of a bridge 20 across the opening 3 in
the floor of the nozzle chamber, on which is mounted an upwardly extending poker 21 sized

20 to protrude into and/or through the plane of the nozzle during actuation.

As can be seen in figure 6, when the roof portion 6 is moved downwardly by bending
of the bend actuator 10, the poker 21 is caused to poke up through the opening of the nozzle
room 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
25 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 any dried ink which may form across

the nozzle rim and which would otherwise block the nozzle.



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 ivod0xB¥58H i s not parallel to the surface to be pPCTHA®EAI/0IA19 t he
point of formation of the ink droplet. This orientation, if not corrected,
5 woul d cause the ink droplet 15 to be ejected fromthe nozzle in a
direction which is not 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 sonme nozzles may be oriented in
one direction and other nozzles in a different, typically opposite,
direction. The correction of this non- perpendlcular novenent can be

achi eved by Briovliiapgreciaeed, thot arohe bend: qatyagorafOtin bemi C&BW%@PW@&P%‘& as

et oss. « A B At By QUi WiGn e % BerSarddtBbE Pl MR pBTRek P

and nore &Qﬂoﬂts%uélih ehoz2leWh hfele hr&ofauthﬁmlmmchﬁ@mttplaﬁneletadhcamrfaae or.
Thi s narrovvl ng of ? he nozzle rimat end 23, increases the force of the

surface t@bﬁspmte@,tat tﬂﬁ:epomazrf fowmagan of te lltllhérorptﬁz zThkis origrtatien, rh@nqt go@edied: drop

vect or forc |nd| d 24A i 15 di rect to bend

act uator VY (Eallfée ﬁkfi @?ééf ?JF%%['{T H%E%Zem (h%ecﬁ%l% Wﬁorésengtpropel s
the ink Qﬁ@ep rpeﬁnanﬁr%tm&@aquhe fisomn i fies RRNE@ thelktadta bEndARs 1I0&nepr t i on
6 and can Rere fore be tailored to conpensate for the tilted orientation

of the r a"bfs waould rr@nltam inaheurpwésin priofing, rnartmutﬁaslyeas semp opzzlymeyabedrintsd
tailoring the sh ng char a%terl g t 0t rﬁf nozzlteedrec 10% it is possible
20 to co?fb‘?%etcgfeg‘f RS ROZEISS T QT erqnt HRICY QRESSHS SRt i on 6 duri ng
actuation and to propel the ink drop fromthe nozzle in a direction

per pendi cul affhe ootréiohlof dris par-pérpendscul A hdraeuapng casbmt@stcwbcbbﬁp@btdim thehe

back pressure to th i nk held in the nozzle chanber OVIded by
vi scotfs @pae fifn P Wt saaﬁﬁmm&tsﬁ%lﬁge 2 qany 6 <lgegly SHOS e fothg %gf

MoVi Ng nezzlg gﬂﬁ J &ld (ke é?@s%Kh@fMﬁicHYs A8 8 the béhcgﬁﬁtudt&aﬂi and is
constriction 3 fose to t%e nozz Thi's constriction is typically

pr ovi ded namow&reansiubhsiepairted @yed 23 adidain flother aWeyafﬂom the bend mwtfatgurldss 9 and

10. Figure 9 shows the sidewall 8 from whi c i.nwar dl e or nore
baf f| e mBABRYNE herqpzls iHY 2f sndads HHFETRseYy 93‘“6? t@%??ﬁf%??éﬁ“s@/‘(?g € section

| mred! at Sl BEh AR BORZIE,BREIIPR het ARV A TBIck AliChed Y ArRP2AA MYt be

seen WO
15 direction toward the bend actuator, as the drop is ejected from the nozzle. This net force

propels the ink drop in a direction which is not perpendicular to the roof portion 6 and can
therefore be tailored to compensate for the tilted orientation of the roof portion at the point

of ink drop ejection.

By carefully tailoring the shape and characteristics of the nozzle rim 9, it is possible
20 to completely compensate for the tilting of the roof portion 6 during actuation and to propel

the ink drop from the nozzle in a direction perpendicular to the floor portion 5.

Although, as described above, the back pressure to the ink held within the nozzle
chamber may be provided by viscous drag in the supply conduits, it is also possible to
provide a moving nozzle ink jet with back pressure by way of a significant constriction

25  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) renoved for
clarity. This formof the invention can permt the adjacent |ocation of
anci | | arywaeompseent s such as power traces and signal traP€pAnbi/el31g s
desirable in sone configurations and intended use of the noving nozzle ink
jet. Although the use of a restricted baffle in this manner has these 5
advantages, it also results in a longer refill time for the nozzle chanber
which may unduly restrict the speed of operation of the printer in sone
uses. The bend actuator which is fornmed froma Joule heated cantil ever 28
positioned above a non-heated cantilever 29 joined at the distal end 13
needs to_be securely anchored to prevent relative npovenent between the

Joul e hedt Eauréalﬁtw@%%s t?@“@?ﬁlj 3R (pymisdiisd) romeyast fior egaly. ddisformpd
pr OXi mal vén]mr(])nvgah ErnliR Cr:c'lg a@énqg%ﬁh olt Qﬁmgl%& c%%h% t?gucﬁl gg&/ﬁz current

into the eated can |Ie gure e anc which is

provi ded tnacesamulsﬁgmap@ﬁe@ omfchgsl tesiriabia 1ﬂnme\|oxﬁ1gmﬁﬁmp@ﬁd intmde@uanst thd de
portions 31 each having their |ower ends fornmed into, or enbedded in the
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provided in a U-shaped configuration having a base portion 30 and side portions 31 each

having their lower ends formed into, or embedded in the substrate 26. The formation of the

bend actuator in a U-shape, gives great rigidity to the end wall 30 preventing any bending or

15 deformation of the end wall 30 relative to the substrate 26 on movement of the bend

actuator.

The non-heated cantilever 29 is provided with outwardly extending tabs 32 which are
located within recesses 33 in the sidewall 31, giving further rigidity , and preventing
relative movement between the non-heated cantilever 29 and the Joule heated cantilever 28

20 in the vicinity of the anchor 27.

In this manner, the proximal end of the bend actuator is securely and firmly anchored
and any relative movement between the Joule heated cantilever and the non-heated
cantilever prevented in the vicinity of the anchor. This results in enhanced efficiency of

movement of the roof portion 6 of the moving nozzle ink jet.



a plurality of nozzles each adapted to eject drops of ink toward a surface
to be printed; wherein, 5 each of the nozzles having a nozzle chanber at

| east pamoat/s4p3zief i ned by an apertured roof portion opepré@riavel/gi3connect ed
to an actuator such that the actuator noves the roof portion away fromthe
surface to be printed to eject the ink; wherein, the roof portion and the
remai nder of the nozzle chanber have structural features arranged in a
conbi ned geonetry that cooperates with the surface tension of the ink to
form 10 an effective fluidic seal during normal operation of the
printhead. 2. An ink jet printhead as cPaimed in claim1, wherein the
nozzl e chanber is adapted to be supplied with ink via at |east one conduit
in an underlying substrate; and the roof portion has a sidewall depending
fromits GBiM$ery to tel escopically engage a peripheral sidewal

extendi ng from an opposing floor portion to define the nozzle chanber such
that the ¥l uith Bkie peheaidndletingd bet ween the overl apping sidewal |'s of the
fl oor and roof portions. 3. An ink jet printhead as clainmed in claim1,
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i s | ocat edofwpdrtibmopdretiilyesvaletteé xd anaiturgorfsuciHabhthefacmator p@ved B roothi ch has
said U shaped confjguration, formng an open channel adapted to receive and
cont ai n i BELeHavgy fs0mghe surface to be printed to eject the ink; wherein,

the roof portion and the remainder of the nozzle chamber have structural features
arranged in a combined geometry that cooperates with the surface tension of the ink to form

10 an effective fluidic seal during normal operation of the printhead.

2. Anink jet printhead as claimed in claim 1, wherein the nozzle chamber is adapted to
be supplied with ink via at least one conduit in an underlying substrate; and the roof portion
has a sidewall depending from its periphery to telescopically engage a peripheral sidewall
extending from an opposing floor portion to define the nozzle chamber such that the fluidic

15 seal is formed between the overlapping sidewalls of the floor and roof portions.

3. Anink jet printhead as claimed in claim 1, wherein one of the telescopically
interengaging sidewalls has a U-shaped cross-sectional configuration, comprising a
proximal wall in close proximity to the other sidewall, and a distal wall substantially
parallel to and spaced from the proximal wall, forming a channel between the proximal and

20 distal walls.

4. Anink jet printhead as claimed in claim 3, wherein the sidewall depending from the
periphery of the roof portion is located within the sidewall extending from the floor portion
which has said U-shaped configuration, forming an open channel adapted to receive and

contain ink therein.



