WO 02/ 32671 PCT/ AUOL/ 01335 ACTUATOR ANCHOR FI ELD OF THE | NVENTI ON Thi s
invention relates to an ink jet printhead. Mre particularly, the invention
rel ates wooaseeAct uat or Anchor. 5 BACKGROUND TO THE | NVENECONUMIEI335 nk | et
print heads of the type manufactured using micro-electro nmechanical systens
(MEMS) technol ogy have been proposed in a construction using nozzle
chanbers fornmed in MEMS | ayers on the top of a substrate with nozzle
chanbers forned in the |ayers. Each chaler is provided with a novabl e
paddl e actuated by sonme form of actuator to force 10 ink in a drop through
t he nozzl e associated with the chanber on recei of an electrical

signal to the actuator. Such aAQJ'ﬁhlA'DQ ANCHO f| ed by the disclosure
inny International Patent Application PCT/AU99/00894. The present

invention s f ion that there are advantages to be gai ned
" pons FIEEP{GPIHE nEANON

by di spensi es and causing ink drops to be forced fromthe
nozzl e by 15 d eﬁfug ﬂ'l%rﬁg t1ResSb 2R ufkfjettpl?iﬁth@zwz 2\16re PRARMEy, tHelinAGorDeRRs
realised that thi's can be achieved causing the actuator to nove the
nozzl e it seltd ardAvtnatar Ahohoi.n t he chanber t hus di spensing wth the paddle,
sinplifying construction and providing an environment which is | ess prone
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Accordin e rnventt on ere 1s prOV|ded an ink jet printhead

i ncl udi ng: a p' o M}ét?rf tl'il'ﬁasz(l)ﬁﬁe t@wﬂsﬁﬁacme@usﬁdggm&oseu&&brn@u@,nlc@lach of the
nozzl es bei ng adapted 0 eject drops of ink toward a surface to be

printed; eacystanis (Mfévlﬁbzczhnebgsahas'e beraironpsed ib@sanstrastingusing apgrleahambrss t ur ed
roof porti Or}drmeg 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 to force

10 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 by
15 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 mounted to a rigid substrate, each of the nozzles being adapted

to eject drops of ink toward a surface to be printed;

each of the nozzles also having a bend actuator and an apertured roof portion, the

bend actuator adapted for anchorage to the rigid substrate and connection to the apertured



bend actuator adapted for anchorage to the rigid substrate and connecti on
to the apertured WO 02/ 32671 PCT/ AU01/ 01335 -2 roof portion such that in
use the avoozswri noves the roof portion away fromthe surfParavbuoidbe
printed, in order to eject the ink; wherein, the displacenent of all points
al ong the operative section of the bend actuator during its novenent from
a de-activated to an activated state, constantly increases fromzero 5

di spl acenent at the point of anchorage-26 the rigid substrate, to maxi num
di spl acenent at the point of connection to the apertured roof portion.

Pr ef er abl yoof pagidniict thet QR tiesactuatdr toves telrodsoreion awapfromithelsurfice ke
chanber adapted to be supplied with ink via at |east one conduit in the
under | yi ne Bimed.ipoeder for ¢ject thgrink; whereins oof portion has a sidewal | depending
fromits periphery to 10 tel escopically engage a peripheral sidewall

ext endi ng fr ofRe AkpRRBASHIH afllpofits ﬂ@ﬁ%{}ﬁrb bRt ve §dckiBR of B veAd atiBatePARHRY -
Preferably, the bend actuator is anc oreg on the substrate at a proxinal

end as a ..canti I rt f t f the
nozzi e crihBav i don ARl B LBy UERRE ccnn P erBiareath. o;
conprises at |east one Joule heated cantjilever in 15 parallegl with a
non- hedt edSRIa¢RmMang giethe peing gﬁartcga@gﬁg}thspgtwb&r@?ép ndmup IPICEBEDt att he
bend actuator is nounted on the substrate by an anchor nenber having an
upwar dl y ripeind iohcoreactiagetiolthaaperiwresirepfpartien.pr oxi mal end of the Joule
heated cantilever and proximal end of the non-heated cantilever are
fastened to tHefesdhly)@hch A B6zzldstfumhdrlindl@del PAReRicRt@Ihdzeeginbertddaptet he

bend actuator nmay be positioned 20 internally or externally of the nozzle
chanber . ®ibeisuppligd withinkade atdeast opggongaitan theamdenlying sehstratet uat or or
activate in sone other manner such as piezo-electric nmeans and it follows

Preferably, the roof portion has a sidewall depending from its periphery to

10 telescopically engage a peripheral sidewall extending from an opposing floor portion to
define the nozzle chamber.

Preferably, the bend actuator is anchored on the substrate at a proximal end as a
cantilever beam, arranged to support the roof portion of the nozzle chamber at a distal end
thereof, and wherein the bend actuator comprises at least one Joule heated cantilever in

15 parallel with a non-heated cantilever joined together at the distal end.

Preferably, the bend actuator is mounted on the substrate by an anchor member
having an upwardly extending end wall and wherein the proximal end of the Joule heated
cantilever and proximal end of the non-heated cantilever are fastened to the anchor
member. It will be appreciated however, that the bend actuator may be positioned

20 internally or externally of the nozzle chamber. Similarly, the actuator may be a thermal
bend actuator or activate in some other manner such as piezo-electric means and it follows

that it does not need to be a two armed cantilever. Indeed, in some forms of the invention,

the bend actuator need not be in the form of a cantilever at all.



that it does not need to be a two arnmed cantilever. Indeed, in sone forns
of the invention, the bend actuator need not be in the formof a

cantil evavoar3mbi . WO 02/ 32671 PCT/ AUO1/ 01335 -3 PreferabCypAubhe@3anchor
menber is provided with side portions extending totally from the ends of
the end wall so that the anchor nenber is substantially U shaped when
viewed from above the substrate. Preferably, the U shaped anchor nenber is
positioned to wap around the proxinal -35 end of the bend actuator with the
side portions of the anchor nmenber |ying al ongside the bend actuator.
Preferably, thefgalsle theatdhonmenibet Rpraviddibwitheidd @ortiine eptending esaliy frbm
recesses, and one of the Joule heated cantil ever and the non-heated

canti | evefeicadPsa¥e gﬁt?w‘ﬁilrsﬁ (R ineandhor m&xb&ROLIIGaRAAIY ORasRAdARaAR)i&vdd sai d
recesses. 10 Preferably, the Joule heated cantilever “is nmounted above the

non- heat eg Carl])t”ﬁ\égrb According to a further formof the invention, there
is provid am5%PKe Po§@d  act uat or manuf act ur ed by MEMS techni ques and
nmounted by way of an anchor above a substrate, the bend actuator being
confi gured t oPi&sgbly.dheFashaped anchex mgmberip ppsitienadto srap atoyad feiodmaliat or
conprising a Joule heated cantil ever positioned above and restrai ned by a
15 nonsheeaidd thabénd auatqr wittetht wisle partidnk ef dresanbleormgemberipdg hlogetitietheat

their distal ends, whereby the bending of the actuator towards the
subst r at epérdd dejafed by expansi on of the Joule heated cantilever

constrai ned by the non-heated cantilever. Preferably, the proximl end of
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the subst E)r?é c?f the Joule heated cantilever and the non-heated cantilever is provided with outwardly
extending portions engagable in said recesses.
10 Preferably, the Joule heated cantilever is mounted above the non-heated cantilever.
According to a further form of the invention, there is provided a thermal bend
~ actuator manufactured by MEMS techniques and mounted by way of an anchor above a
substrate, the bend actuator being configured to bend toward the substrate when actuated,
the bend actuator comprising a Joule heated cantilever positioned above and restrained by a
15 non-heated cantilever, the two cantilevers being joined together at their distal ends, whereby
the bending of the actuator towards the substrate is caused by expansion of the Joule heated
cantilever constrained by the non-heated cantilever.
Preferably, the proximal end of the Joule heated cantilever and proximal end of non-

heated cantilever are independently connected to a U-shaped anchor member, in turn

20 mounted on the substrate.

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:



BRI EF DESCRI PTI ON OF THE DRAW NGS Not wi t hst andi ng any ot her forns that may
fall within its scope, one preferred formof the invention will now be
descri beavdy2/smyl of exanple only with reference to the arPCDApanyi3sg)

drawi ngs in which: WD 02/32671 PCT/ AU01/01335 -4 Fig. 1 is a partially

cut away prospective view of a noving nozzle ink jet assenbly, Fig. 2is a
simlar viewto Fig. 1 showing the bend actuator of the noving nozzle bent
causing a drop of ink to protrude from-#he nozzle. Fig. 3 is a simlar view
to Fig. 1 showng the nozzle returned to the original position 5 and a
drop of ink eF?CIﬁHjalf)aiﬁﬁn)Idm‘aWﬁrb@ecH@vie% of 2 ntvisgneld inkjelassen®iy,t hr ough
the md |line of the apparatus as shown in Fig. 2. Fig. 5is a simlar view

to Fig. 1 shogagnglstmnm vig tagr-gﬁtéheal E@Eédcﬁacﬂﬁlf&f f thd ﬂ]pvﬁﬁ'n%zﬂe Bidri | ar

viewto Fig oW ng t ctuato ent and a rop 0 pr ot rudi ng
fromthe nozzle. iewto Fig. 5 showing the bend

act uat or %at”ls’é’géﬁjtr%ggl gﬁ%pfoﬁ%’dﬁlfré’ﬂmhﬁ‘of%% bei ng ej ected fromthe nozzle.
Fig. 8is asimlar viewto Fi 1 without the portions cut away. Fig. 9 is
a similar vieligtdisg gmilgr vwwnog‘r@ lshoving theHoszéetaned terthe omn@lmalt@ﬁd

showi ng an optional constriction in the nozzle chanber. 15 Fig. 10 is a
sim | as vamla droplof ink Geared fromltke ngads. | ayers renoved for clarity, and Fig.
11 is a simlar viewto Fig. 1 showi ng the bend actuator cut away, and the

actuator anchply fat@shadcddial ¢led thidagh Belldike JPERCE PR M sGhowhiln FIYVENTI ON

Fig. 5 is a similar view to Fig. 1 showing the use of an optional nozzle poker.
Fig. 6 is a similar view to Fig. 5 showing the bend actuator bent and a drop of ink
protruding from the nozzle.
10 Fig. 7 is a similar view to Fig. 5 showing the bend actuator straightened and the drop
of ink being ejected from the nozzle.
Fig. 8 is a similar view to Fig. 1 without the portions cut away.
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.
15 Fig. 10 is a similar view to Fig. 9 with the upper layers removed for clarity, and
Fig. 11 is a similar view to Fig. 1 showing the bend actuator cut away, and the

actuator anchor detached for clarity.

DETAILED DESCRIPTION OF THE INVENTION

It will be appreciated that a large number of similar nozzles are simultaneously
20 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.



It will be appreciated that a | arge nunber of simlar nozzles are

si mul t aneously 20 manuf actured using MEMS and CMOS technol ogy as descri bed
in our covpenshieny patent applications referred to at theporgiunnousss of this
specification. For the purposes of clarity, the construction of an

i ndividual ink jet nozzle alone will now be described. WO 02/ 32671

PCT/ AU01/ 01335 -5 Wiereas in conventional ink jet construction of the type
described in our above referenced co-pénding patent applications, ink is
ej ected froma nozzle chanber by the nobvenment of a paddle within the
chanber, accoWwthergs ircdniventipnakmiktjeti covgtnickion of the tpmeddtserited in dusgtiveed Wit h
and ink is ejected through an opening (nozzle) in the upper surface of the

5 chanber il gdadics- aﬁﬁeﬁﬁ Q@W%‘hgit)bn@’mﬁ1%5@6@9&1&5%&&2&%9&19@135}&%t he

chanber volune and causing i be ejected through t he nozzl e

Thr oughout_this eci f cat erm'"n d.as an
el enont . eV PSR SR BRI s mbet BogBRAF iofor blard mEalPRBRBAEE T
relative terns and "lower" and simlar terns are used with

ref er enced ltSBeltS%W&g@BﬁirH&rtﬁ eissted thrangyan apraing @ozze)in thpuppsaatace ofitheo be
not in any way restrictive on the orientation of the ink jet nozzle in use.
Ref er r bngchambet evhidhgsimesed down8ardly hhebadcomatirydasceasing whengmmbeheolnme zl e i s
constructed on a substrate 1 by way of MEMS technol ogy defining an ink

suppl y apgid ¢husing inkodeRief@tddthRigh tie Aexrgonal opening 3 (which could be of
any other suitable conflguratlon) into a chanber 4 defined by floor

portion 5, ropfy, (}u'tﬁﬂs%?@ﬂféalg P@L‘ les"l??o"@é& ex7stc§'d?ida ‘@iﬁn?é?no"e”ap

in a telescoplc nner ependi ng ommmar om r oof
AR D RERT bk, e A
“lower” and similar terms are used with reference to the accompanying drawings and are to
10 be understood to be not in any way restrictive on the orientation of the ink jet nozzle in use.
Referring now to figures 1 to 3 of the accompanying drawings, the nozzle is
constructed on a substrate 1 by way of MEMS technology defining an ink supply aperture 2
opening through a hexagonal opening 3 (which could be of any other suitable
configuration) into a chamber 4 defined by floor pottion 5, roof portion 6 and peripheral
15 sidewalls 7 and 8 which overlap in a telescopic manner. The sidewalls 7, depending
downwardly from roof portion 6, are sized to be able to move upwardly and downwardly
within sidewalls 8 which depend upwardly from floor portion 5.
The ejection nozzle is 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.
20 The roof portion 6 and downwardly depending sidewalls 7 are supported by a bend
actuator 10 typically made up of layers forming a Joule heated cantilever which is

constrained by a non-heated cantilever in a similar manner to a bimetallic strip so that



The ejection nozzle is fornmed by rim9 located in the roof portion 6 so as
to define an opening for the ejection of ink fromthe nozzl e chanber as
will be degorsised further below. 20 The roof portion 6 ardrdownenassl y
depending sidewalls 7 are supported by a bend actuator 10 typically nmade up
of layers form ng a Joule heated cantilever which is constrained by a

non- heated cantilever in a simlar manner to a binetallic strip so that WO
02/ 32671 _ PCT/ AU01/ 01335 -6 heating eb-the Joule heated cantil ever causes
a differential expansion between the Joule heated cantilever and the

non- heat efkatiag bf iheVeile taatsd bentildrer bands adiffeedntial dpahgobberdeed the Jpulexi mal
end 11 of the bend actuator is fastened to the substrate 1 by an anchor

menber 12, wh nmebér 28 thesG-h @éaéau{lkbarcahﬁhgme b%aé a&(gstoﬁ {@bernd 13 is

secured to, an 5 supports, %e roof portion 6 s 7 of the ink

b %andopen ngtts rgsmglnd 1 LR beRdmilh: & ?est%‘rff}é%%ﬁaelsyﬁ‘%?edab?%ﬁ%&% 0 our

previously referenced co-pending patent applications. Wien it is desired
to ej ect @embeiplovhichwil beﬁiﬁcwée%meéb@ﬁynmthe distal e &3 5 secwgd tepnd; s

supplied to the bend actuator 10 causing the actuator to bend to the 10
posi ti 6n sippus,itiie fobfjpordo 6and sidewell hef theadfik jpondizdn 6 downwardly toward
the floor portion 5. This relative novenent, decreases the volunme of the

nozzl e charrbeﬁnuseemﬁisr&ppmé&ﬁntdxhb%ﬂﬁe Weelkmoﬁgn gdgbtz%a%éﬂlh 3lihm 9 as
shown at 14 (Fig. 2) erelt |sforrredto a dropl et ythe sur ace

tension | tslﬁ 1951 é@r f)lﬂ Js sérifel § uﬂ;? Woﬁﬁ eq’cy}@n Wﬁe din end
I & artoe i Ry

act uat or e actuat or Frai g con |gura o
shown |nf|gure3 novi n ther [ portion 60f th nmber vvardly
to the orPFHAPPUSHERS offhemrHds ﬁiﬁfﬁé&f%‘ﬁf’ﬁfa dt"ﬂ%%‘&h ﬁl‘r‘"f"é?lﬁﬁ ampge, a‘ﬁr opl et

14 causes the droplet to continue to nove upwardly formng an ink drop 15
as electric current is supplied to the bend actuator 10 causing the actuator to bend to the

10 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 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

15 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
droplet 14 causes the droplet to continue to move upwardly forming an ink drop 15 as
shown in Fig. 3 which is projected on to the adjacent paper surface or other article to be
printed.

20 In one form of the invention, the opening 3 in floor portion 5 is relatively large
compared with the cross-section of the nozzle chamber and the ink droplet is caused to be
ejected through the nozzle rim 9 upon downward movement of the roof portion 6 by

viscous drag in the sidewalls of the aperture 2, and in the supply conduits leading from the



shown in Fig. 3 which is projected on to the adjacent paper surface or
other article to be printed. 20 In one formof the invention, the opening
3 in flowoppstsrbn 5 is relatively large conpared w th theravose3secti on
of the nozzle chanber and the ink droplet is caused to be ejected through
the nozzle 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
fromthe WO 02/ 32671 PCT/ AU01/ 01335 -77nk reservoir (not shown) to the
opening 2. This is a distinction frommany previous forns of ink jet

nozzl es WhRk&etvoir (hbeshowdl) asthe bpéning 2! Thisrio 2 distincti@nioen mdnyphevdioussfesms he
ink to be ejected through the nozzle rimupon actuation, is caused by one

or nore bgfhk geinbfméMherL E%B%a& Frel Retih Ak XzztehaRPeZRick RANBEIhe idbis tYPe
of construction ed wth

can be us a 5 nmoving nozzle ink jet of the type
descri bed_above, .,and . wll be further described bel ow wi th ifi
r of or enceb o hraighdhe popleyimpgpn eI, oAt ox Srtr T PeEa s
figures 1 to 3, the back pressure is formed primarily by viscous drag in
t he suppl ynreeshetalecatipn obthg apzzle chanekesnThisikpg efpepstgictipn gan beusedMithed chanber
during actuation ie. during bending of the bend actuator 10, a fluidic
seal is fmoviagnbetlevednesofdbewript destribadiatdvasand Will belfdrthevdeberitedrbelosy with
described with specific reference to figures 3 and 4. The ink is retained

in the noggtificgbreriaes toisurél® &Rl BY, bu€intRY RITRNGS iRfentiBR sh&d in fRQIrés Piv $ and

floor portion 5 by the geonetric features of the sidewalls 7 and 8 which
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dark shaded area) is restrained within the small aperture between the
bending of the bend actuator 10, a fluidic seal is formed between sidewalls 7 and 8 as will
10 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
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
15 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
by the proximity of the two sidewalls which ensures that the ink “self seals” cross free
opening 17 by surface tension, due to the close proximity of the sidewalls.
20 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

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



downwar dl y depending sidewall 7 and inward faces 16 of the upwardly
extending sidewall by the proximty of the two sidewalls which ensures
that thewok23mel f seal s" cross free opening 17 by surfarerma®nsiesy due to
the close proximty of the sidewalls. 20 In order to make provision for any
i nk which may escape the surface tension restraint due to inpurities or

ot her factors which may break the surface tension, the upwardly depending
sidewall 8 is provided in the formof ag-upwardly facing channel havi ng not
only the inner surface 16 but a spaced apart parallel outer surface 18
form ng aldbahepethetwaRoEhceVOADRiD2dréps ECTPiARDDIDhS 3brfaceerkstbristwesintht he
two surfaces. Any ink drops escaping fromthe surface tension between the
surfaces &t 16na RRLLRWS ihd'ifle UMRabbahaRid WHRAR R reliRlGathlr hin T ot Al ned
rat her than el ng sprayed across the surface of the nozzle strata. In this
manner , dual wall fluidic seal. is for ich is effective Ln . retajning
The ' nik vaIbE PR astsob H SHEBSH o e Borai Ui AAG mibnle A5 BflgiceR
descri bed in sone of our co-pending applications, it is desirable in sone
si t uat i o ferngskwhicklis eifechve 1 retagura:the inlowithisthe gpyingnegzictmesbanipinch may
build up within the nozzl e opening and ensure clean and clear ejection of a
dropl es from Abkas been previoustiedesariiedat same ofowarkpepdingtapplicadions, lieispr esent

i nvention using a poker in conbination with a noving nozzle ink jet is
shown i n §digame @R sRaNhRGohd BYPrEAdSa “Roz2Rpoker” thQ1dal SV npuirities ShivhlAdy t 0
figure 1 with the addition of ‘a bridge 20 across the opening 3 in the

fl f ' ' : a
poker 21 SYIELAReRR SRR oneRhe MRl iRl S RAiSRURLE, Uil # OR
during act uaHﬂon. As can be seen in fi&ére 6, when, the roof Eo_rti on 6 is
moved dowRRE&ledinfenictiation Myconbigutatian BEHg PieseRtinyentipy Using@ ROSRE 21 | s

caused to poke up through the opening of the' nozzle 15 room9 and part way
i nto the ¢ambjnatipni with quyin_‘gé]nozzle ink jet is shown in the accompanying figures 5, 6 and 7.

10 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
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

15 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
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 impurities 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,



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 fornmed and
ej ected awopr/asrpusly described and the poker 21 is effepCTmE0i/oM335

di sl odgi ng or breaking any inpurities which may form across the nozzle rim
and whi ch woul d ot herwi se bl ock the nozzle. 20 It will be appreciated, that
as the bend actuator 10 is bent causing the roof portion to nobve
downwardly to the position shown in Fig9-2, the roof portion tilts relative
to the floor portion 5 causing the nozzle to nove into an orientation

whi ch i s wouldganse thelink dropleel5 tor Heaggerted fwornahgnoaziesid,a ditectibrewhiwhrig natf
formation of the ink droplet. This orientation, if not corrected, WO

02/ 32671 it pelsedbid@Lid 2o tieINRBf theBott Pottith 3 ard @riRPSteita dPndz21e8%h gén%satl.ed

fromthe nozzle in a direction which is not quite perpendicular to the
plane of e WduPlestPt 1n8lluraciin bnbdlE piftichfafty A6 sORE BbL%es M PR GEleg  THI S
woul d result 1 n1naccuracies 1 n printi 8, par 7 EUPAT y as’so hozzIl'€s may
be oriented in one direction and other nozzI?s in a different, typically
opposi t e, MAESUEFN arﬁ{eﬂ%%r nogzlestd GHewnt dypically aprpsiten €eRtONI ar movenent
can be achieved by providing the nozzle rim9 wth an asymetrical shape
as canSbe cl ekhg gormstion phthis ramrpergenditiutar mvement ean teyachieudd yy priodislingthel
flatter across the end 22 which is closer to the bend actuator 10, and is

narrower nacvzlerirhe® With i eginarheteioal sRaheviRicam be slehtdy bdearin Gigay §. rmHB dozglelhend
actuator. This narrowi ng of the nozzle rimat end 23, increases the

surface tgRRLMwader bh& NRRL' a@YSsPﬁ{etenQEZt&{lﬁ%ﬁLng,c'ﬂ%%nzuj.oe(hé G atc'taﬁgori 10, %edr}gt drop

vector force indicated by arrow 24A in irection towar t he
he. k. argi e ind il b RRE bt 2 Pih e freirer B B RSP oBhhor 1 on
6 and can therefore be tailored to conpensate for the tilted orientation
of the roBATPERE PhihenzzlpBnheyiend 235 inprgpsey thpsusfage tangign apihe narrewpartyof the
tailoring the shape and characteristics of the nozzle rim9, it is possible
10 nozzle resulting in a net drop vector force indicated by arrow 24A in the 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
15 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
20 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



15 to conpletely conpensate for the tilting of the roof portion 6 during
actuation and to propel the ink drop fromthe nozzle in a direction

per pendi ovd az/32601 t he fl oor portion 5. Although, as descri betAzbowig3s t he
back pressure to the ink held within the nozzle chanber may be provi ded by
viscous drag in the supply conduits, it is also possible to provide a
nmovi ng nozzle ink jet with back pressure by way of a significant
constriction 20 close to the nozzle. ThlG- constriction is typically
provided in the substrate | ayers as can be <clearly seen in figures 9 and
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speed of operation of the printer in some uses. Because of the relatively

hi gh massregiict the sp@f of RPEfation obthd Peinfer 4e¥hd §sed, I N @ moving nozzle ink jet
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of the thermal bend actuator is rigidly anchored by a U shaped anchor
nmenber 12desiralblh that thelproximad pnc}: 1Eekthe ibnnd:acguatg_lj_l_o be securely anchored to the

10 adjacent substrate 26 in order to provide accurate control over movement of the roof portion
and therefore accurate dispensing of ink drops from the nozzle.
To this end, the proximal end 11 of the thermal bend actuator is rigidly anchored by a
U-shaped anchor member 12 which can be clearly seen in Fig. 11.
The bend actuator which is formed from a Joule heated cantilever 28 positioned
15 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. The anchor 12 is provided in U-shaped
configuration having a base portion 30 and side portions 31 each having their lower ends
20 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 defamation of the

end wall 30 relative to the substrate 26 on movement of the bend actuator.



The bend actuator which is formed froma Joul e heated cantil ever 28
positioned 15 above a non-heated cantilever 29 joined at the distal end 13
needs toweoxgwar el y anchored to prevent relative novemerCT/Agb eSS t he
Joul e heated cantil ever 28 and the non-heated cantilever 29 at the
proxinal end 11, while making provision for the supply of electric current
into the Joule heated cantilever 28. The anchor 12 is provided in U shaped
configuration having a base portion 30-ahd side portions 31 each having
their lower ends 20 fornmed into, or enbedded in the substrate 26. The
formati on of Thenbteheatedtcantiiayer 291isa)royidshwi1b outyiaydly egreading tatgi3@iwhich arct he
end wall 30 preventing any bending or defamation of the end wall 30
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each of the nozzl es being adapte

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



to eject drops of ink toward a surface to be printed; 5 each of the nozzles
al so having a bend actuator and an apertured roof portion, the bend

act uat or veolapsmdi f or anchorage to the rigid substrate andecDamentidsh to the
apertured roof portion such that in u_sPZ_the actuat or noves the roof
portion away fromthe surface to be pri'hted, in order to eject the ink;
wherein, the displacenent of all points along the operative section of the
bend actuator during 10 its novenent froma de-activated to an activated
state, cofdtAIMSy increases fromzero displacenent at the point of
anchorage to the rigid substrate, to maxi rum di spl acenent at the point of
connect i oh t oAn Ik japenintbeaddnelodihgportion. 2. An ink jet printhead as
clainmed in claim1 wherein each of the nozzles further includes an
associated n : o / Le i ink.via.at |east one
15 condui t i(r%lZ h%ll%@z%lleggﬁ’ghggttég 2% %"fwﬁ#’i%ﬁ%fe{ﬁeﬁp |er¥?sneé %\cisapg ai med
in clai m® ejdvedsips of ik toaafd paurfacer kagrimedi dewal | depending fromits
periphery to tel escopically engage a peripheral sidewall extending from an
opposipg floaqr ion to define th zz|l e chanber. 4. An_.ink je
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support the roof portion of the nozzle chanber at a distal end thereof,
and wher efoRf pojionsuch that inarse theqgtugior seayeathe|reefsportiomawadoiibm thesurfade to

cantil ever, 1n rallel w.th a .npn-heated cantil ever joined together at the
di st al enl% 15Igl.té)cgl\rllr?l|0rn r}Oe?JeCBF‘?en‘f‘ﬁe‘é{Eerﬁ‘é" claimed in claim4, wherein the bend
actuator is nounted on 25 the substrate by an anchor nenber having an
upwar dl y ext éheldisplacsmentaf hll poidtsdiargethe opéreti WRe0R6BE6HE bENI doidddr dhitidgs -
13

10  its movement from a de-activated to an activated state, constantly increases from zero
displacement at the point of anchorage to the rigid substrate, to maximum displacement at

the point of connection to the apertured roof portion.

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

15 conduit in the 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

an opposing floor portion to define the nozzle chamber.

4. Anink jet printhead as claimed in claim 3, wherein the bend actuator is anchored to
20 the substrate at a proximal end as a cantilever beam, arranged to support the roof portion of

the nozzle chamber at a distal end thereof, and wherein the bend actuator comprises at least

one Joule heated cantilever in parallel with a non-heated cantilever joined together at the

distal end.

5. Anink jet printhead as claimed in claim 4, wherein the bend actuator is mounted on

25  the substrate by an anchor member having an upwardly extending end wall and wherein the



proxi mal end of the Joule heated cantilever and proxi mal end of the

non- heated cantilever are fastened to the anchor nenber. 6. An ink jet
print headvas2/sd6ai med in claim5, wherein the anchor menbepct/auprosssed wth
side portions extending totally fromthgsends of the end wall so that the
anchor menber is 5 substantially U shaped when viewed from above the
substrate. 7. An ink jet printhead as clainmed in claim®6, wherein the

U shaped ®@feMmal ¢ﬁ§1rﬁféLe Janle hratdd daptikedlert amdvprerpmat envhef théipopheatedradntitaver of

t he bend actuator with the side portions of the anchor nmenber |ying

al ongsi de atdfastondittoakd ahof mefhbeAn i Nk jet printhead as claimed in claim?7,
wherein the side portions of the anchor 10 nenber are provided with

recesses, gang Pbridih : ' - hea :
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recesses. . 9. An ink jet printhead as clainmed in claim@8, wherein the Joule
heated cafidFiPaAMS Fétehﬁﬂg cht@lgy gB%‘\}Be ’FrI‘Fg ‘%(5'?13 ?@a‘t"@ﬁsoc@ﬁ't the @gedior membepis

t hermal bend actuator, manufactured by MEMS techni ques and nmounted by way
of 15 Sansehftandiallybosheped whensviewed fromhaboye the sabstcate.or  bei ng configured to
bend toward the substrate when actuated, the bend actuator conprising a

Joul e heaffedAn arkjet prirgheades iclaimedth clailog,ovidnéin tRSULsRhpschnbNoran&Aberheat ed
cantilever, the two cantilevers being joined together at their distal

ends, whepgditionddo MeRslardan@inetgiSxiffal Lt S thd BURY Q&a&&ﬁviﬁi@%&fd{ét Brtichs %ﬁu sed

by expansion of the Joule heated cantilever constrained € non-heated

cantil eve end.,actuatqr as clained in claim 10, wherein
t he proxi %}%Ia%g%%%%?lﬁ?ﬁ%g}%ggkpgmﬁ%gleg’ﬁmiﬁ%{l?tpléver and proxi mal end of

non- heateq cantilever are independentl connected to a U shaped anchor
menber ig't Hkdet prindkead as pﬁgggchwsqlmg%/’é_wherem the side portions of theE) anchor

10 member are provided with recesses, and one of the Joule heated cantilever and the non-
heated cantilever is provided with outwardly extending portions engagable in said recesses.
9. Anink jet printhead as claimed in claim 8, wherein the Joule heated cantilever is
mounted above the non-heated cantilever.
10. A thermal bend actuator, manufactured by MEMS techniques and mounted by way of

15 an anchor above a substrate, the bend actuator being configured to bend toward the
substrate when actuated, the bend actuator comprising a Joule heated cantilever positioned
above and restrained by a non-heated cantilever, the two cantilevers being joined together at
their distal ends, whereby the bending of the actuator towards the substrate is caused by
expansion of the Joule heated cantilever constrained by the non-heated cantilever.

20 11. A thermal bend actuator as claimed in claim 10, wherein the proximal end of the
Joule heated cantilever and proximal end of non-heated cantilever are independently

connected to a U-shaped anchor member, in turn mounted on the substrate.



