-1 METHOD FOR OPERATI NG NOZZLES IN AN | NK JET

PRI NTHEAD FI ELD OF THE | NVENTI ON Thi s invention
relates to an ink jet printhead. Mre particularly,
the invention relates to an Actuator Anchor.
BACKGROUND TO THE | NVENTI ON Most ink jet printheads of
the type manufactured using,mcro-electro nechanical
systenms (MEMS) technol ogy have been proposed in a
construction using nozzle chanbers formed in MEMS
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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 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

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
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adapted to eject drops of ink toward a surface to be
printed; each of the nozzles al so having a bend
actuator and an apertured roof portion, the bend
actuat or adapted for anchorage to the rigid substrate
and connection to the U55-SG -2 apertured roof
portion such that in use the actuator noves the roof
portion amay fron1 the surface to be printed, in order
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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.
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 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
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anchor nmenber. It will be appreciated however, that
the bend actuator may be positioned internally or
externally of the nozzle chanber. Simlarly, the
actuator may be a thermal bend actuator or activate
in sone other manner such as piezo-electric neans and
it follows that it does not need to be a two arned
cantilever. Indeed, in 1J55-SG -3- sone fornms of the

i nventio t he ben ctyator need not be in the_form

so ottt ibntely theliond Bl e 9Pt be fi e fer o fresblever a
is provided with side portions extending totally from

ally he ends of the end wall so that the anchor nenber is
substantially U shaped when viewed from above the
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a further formof the invention, there is provided a

aldn3Sisele hafdcenaet uat or manufactured by MEMS techni ques
and nmounted by way of an anchor above a substrate,
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outwardly extending portions engagable in said recesses.

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 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 mounted on the substrate.
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restrai ned 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 Joul e heated
cantil ever constrained by the non-heated cantil ever.
Preferably, the proxinmal end of the Joul e heated
cantil ever and proximal end of non-heated cantil ever
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t he bend actuator of the noving nozzle bent causing a
asgimdpy,of ink to protrude fromthe nozzle. Fig. 3 is a
simlar viewto Fig. | showing the nozzle returned to
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position and a drop of ink ejected from the nozzle.

Fig. 4 is cross-sectional view through thé 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.

Fig. 6 is a similar view to Fig. 5 showing the bend actuator bent and a drop of ink
protruding from the nozzle.

Fig. 7 is a similar view to Fig. 5 showing the bend actuator straightened and the
drop of ink being g¢jected from the nozzle.

Fig. 8 1s 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.

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.
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Fig. 7is asimlar viewto Fig. 5 show ng the bend
actuator straightened and the drop of ink being
ejected fromthe nozzle. Fig. 8 is a simlar viewto
Fig. 1 without the portions cut away. 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

ig. ' I IS, . or clarity, and
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act uat cut away, ~and.the actuatqr . anchor detached
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of simlar nozzles are sinultaneolsly manutacture
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co-pendi n atenf applications referred.to at the

bed:f%ﬁ Ehw%a?geﬁ R §fa§15ééhq PSP o ipividyal pkgelsnagple alone

clarity, the construction of an individual ink jet
witlow lec ddsomleedwi | | now be descri bed. Wereas in

conventional ink jet construction of the type

deswhéregdini dbnositicRBDMR jef frBfrefiRcle PRAIREHRAtiR Mur above
applications, ink is ejected froma nozzl e chanber by

refeBoed P EHfly fired ABHCHRaRILIbAR BUATERERELe chamber by the
di spensed w and.ink is ejected thraou an openi ng,

QT oF & Heddie Nifi the sharhdo a5ording 1ol aes chin Mot the
moved downwardly by a bend actuator, decreasing the

Padéig b disporsicd m&lﬂaﬁd kUS| eirstednthreughm egeatee@orteloingthe upper
t he nozzle. Throughout this specification, the term

suifaazafl the chanbe® Wigchideswidaltvnasirdin belacssBdtactuator, 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 be opening itself. Furthermore, the relative terms “upper”
and “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.

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 portion 5, roof portion 6 and peripheral
sidewalls 7 and 8 which overlap in a telescopric 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.
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defini ng an openi ng and not be opening itself.
Furthernore, the relative terns "upper” and "l ower"
and simlar ternms are used with reference to the
acconpanying drawings and are to be understood to be
not in any way restrictive on the orientation of the
ink jet nozzle in use. Referring nowto figures 1 to
3 of the acconpanying drawi ngs, the nozzle is

constructed on a substrate 1 of M5 t echnol ogy
o SR RHeh et b aite 09 Jo h ettt 650 as to
hexagonal opening 3 (which could be of any other ]
defpe e opening &nfthe aicationed) ink fram thecrnarlsehamberedsi widlbchyescribed
floor portion 5, roof portion 6 and peri pheral
fushetdeliv.s 7 and 8 which overlap in a tel escopic
manner. The sidewalls 7, depending downwardly from

r 0afheNBbE boiof 6 ahE déhﬁ%grggyag'b@agigaﬁla@@%ma dé’i@bghéfd by a

and downwardly wthin si epen
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portion 6 so as to define_an opening for the ejection

copytraingd by dAPR-heaterh saatileven ih similas mgnner t9ea Miaetllip stgip so that

further below. The roof portion 6 and downwardly
heabappeoitthe gode Heated tantifevar easepp ditfeeshtiby expandiembetween the Joule
actuator 10 typically nmade up of layers formng a

hed@d kahtheRk 8/4 fRMohIRYRA cHiti&hr !ciﬁusirfgotﬁé bEf [8ehtdY1 (Ao bend.

non-heated cantilever in a simlar manner to a

bi J trin4S hat tin f .the .Joul e .heate
ot kel chlt A5k 0 3end AL, Hoscndf LU SRR by an
Joul e geated cantil ever and the non-heated cantil ever

anghr SNEYOHE peneh weill Bardseried; Grthen Belowp and s distal @ddl3 is

11 of the bend actuator is fastened to the substrate 1
seqyedite, amhsippertsndinbeo! p@tinhiband wideivalle7 detherinlbptinozzle.
further below, and the distal end 13 is
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 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 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 droplet 14 causes the droplet to continue to move upwardly forming an ink
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secured to, and supports, the roof portion 6 and
sidewalls 7 of the ink jet nozzle. In use, ink is
supplied into the nozzle chanber through passage 2 and
opening 3 in any suitable manner, but typically as
described in our previously referenced co- pending
patent applications. Wien it,is desired to eject a
drop of ink fron1the nozzl e ' chanber, an electric
ent, is s I o t he bend actuator 10 caus
g G et B 3 BiG s oTngon0n 4 I eieHpape Rty er other
2 and nove the roof portion 6 dowwardly toward the
artiglotybguitebn 5. This rel ati ve novenent, decreases the
vol une of the nozzle chanber, causing i nk to bul ge
upvadk Yorinh b6 tighint-fieionp #el cq;ehin@ PirdfocahsMiont id delfthiclly large
2) where it is formed to a droplet by the surface
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chanber upmardly to the original |ocation. The
viseghbftagin gfe ddravallaof the apgrtureod, mad in tie sypplyl conduits leading from

causes the droplet to continue to nove upwardly
thd dnkriresgrvair (1ok showdpboe Fhe openidg p Things ahdivinciion Fr@n many
3 which is projected on to the adjacent paper surface

pré&Viodt s oAihk Gbtend L1l 8wt & dhackhreffird” QBnEthnOEﬂg chamber
i nvention, the opening 3 in roor portion 5 Is
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be eJected through the _nozzle rim9 upon downwar d

OnRY dRRItbages; Ket Pdannffsi&t@ ilefatign 9 the, mgézéwhw%s‘g i Fhig fage of
sidewal I s of the aperture 2, and in the supply

cogsinetion sarl bakiedgvifh @ moviﬂmldzzle ink g&rof the type déscshedwjove, and
to the opening 2. This is a distinction fron1nany

willRViueHer dREHBedObeldw KyillPipddfitZleRetoad Figuh® J RACKO, but in the

pressure” in the nozzl e chanber
form of invention shown in figures 1 to 3, the back pressure is formed primarily by
viscous drag in the supply conduit.

In order to prevent ink leaking from the nozzie 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
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 ink (shown as a dark shaded area) is restrained within the small
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whi ch causes the ink to be ejected through the nozzle
ri mupon actuation, is caused by one or nore baffles
in the i mediate | ocation of the nozzle chanber. This
type of construction can be used with a noving nozzle
ink jet of the type described above, and wll be
further described below with specific reference to
figures 9 and 10, but in the formof invention shown

in fi,qures to 3. the back.pressurg is forne

ool G’ Gl ARG ERE EREVER 7,y BTG fpcos 16 of the
order to prevent ink |eaking fromthe nozzl e chanber

upyigrdly gxteadipgsidsivalldy the groximiy 9& Hisl i Bewalls wiigly ensures that
actuator 10, a fluidic sea] is forned between

thsinftetelf keals” aos fr@ aqeninigl 117 byowrfaee feusivhatuede sigr dlbthroximity
wWith specific reference to figures 3 and 4. The ink is

of il @ddwefsi N the nozzle chanber during relative
novenent of the roof portion 6 and floor portion 5 by

th tric f res.of the, sidewalls 7 and 8 ich .
ondn ST b hficd BRAVED (Ll i RN ey ol heCifige Jension
by surface tension. To this end,  there is provided a

resjigit} querfe igHpTHeY Rk ethen dagtemararch maydiain desiuglagm tgnsipn, the
and the nutually facing surface 16 of the upwardly

updepiy depapdigiedvaddl]l $is povidad i éhecfoaardfian wpewndly fadagychannel
4 the ink (shown as a dark shaded area) is restrained

having RoNod1h ereSitBed surfadd P 66 o PaccARPh PEAIIBEIME0rHEE 8 forming

downwar dly dependi ng sidewall 7 and inward faces 16 of
I P y. ' i d b rOxi ITi of
» UBpd8 LS B SLSUBLL, DU 6B g o
eal s" .cross free opening 17 by surface. tension, due
sustepe; Wasigh BEBYash e MITSFeS o dich 8. GBI 10 inUshaiesd ghgnel
make provision for any ink which may escape the
whers 1 aceetaiegssiather thagderei sprayddiectoss ihepurfadei fshonozzidhwrata. In
factors which may break the surface tension, the
this manner, a dual wall fluidic seal is formed which is effective in retaining the ink
within the moving nozzle mechanism.

As has been previously described in some of our co-pending applications, it is
desirable in some situations to provide a “nozzle poker” to clear any impurities which
may 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 I 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.

1155-8G



upwar dly depending sidewall 8 is provided in the form
of an -upwardly facing channel having not only the
i nner 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
tensi on between the surface% 7 and 16, overflows into
the U-shaped channel where”’it is retained rather than
bei hg sprayed across the suyface. of .the nozzl trata,
' A% PGPSR, NETe G VARRI TS FOQH BAFEOR 6P Mavefavardly by
which is effective in retaining the ink wthin the
bending 0§ thedrent! actwaton 40 thapolsr 2ds civsed topeke uputbtopgh the opening
descri bed in sonme of our co-pending applications, it
of illfe nctekiroahl Seankdpagordy igtot thabulghsy ihl dypoM. de a "nozzl e
poker"” to clear any inpurities which may build up
Wit et ; [ ;and. ; :
o) ot P05t Patighs RRARLRY (B HERT SR Ehalon A fhél of the
actuation. A.confiqguratijon of the.present invention .
bof Pt B0 R i RS At TR e Gt S Breviousty
inkjet is shown in the acconpanying figures 5, 6 and
described gud dhespoker 2 i pidiective i d@mcémg o trpekitgeanydignrurigas which
of a bridge 20 across the opening 3 in the floor of
mdyhermazmmkethe hartie rim anl wihick kvoukl sthermtisthlack thpwezAlk.y
ext endi ng poker 21 sized to protrude into and/or

thioRaisd Y RiANE 1R ab bR RAAZLREAHT b 1hde EMRIRe roof portion
[ J55-SG -9- As can be seen in ftigure 6, whenthe rog?

to B 4BBR sy (THUE Bo B SR i 22 O Etin B Do e

the opening . of the nozzle room9 and part way. into
flopp gomigng) prysingthe negrle ko maye iHa ap srenisger vdrckisismet parglel to
to its original position upon straightening of the
thdewthcadt baponted,Gatdise pdiotwf formbtian offthe livék drokletlr Thisetichmtion,
formed and ejected as previously
if not corrected, would cause the ink droplet 15 to be ejected from the 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, particularty
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 typically wider and flatter across the end 22 which is closer to the bend
actuator 10, and is narrower and more pointed at end 23 which is further away from the
bend actuator. This narrowing of the nozzle rim at end 23, increases the surface tension

at the narrow part of the 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.
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descri bed and the poker 21 is effective in dislodging
or breaking any inpurities which nay formacross the
nozzl e rimand whi ch woul d ot herwi se bl ock the nozzl e.
It will be appreciated, that as the bend actuator 10
is bent causing the roof portion to nove downwardly
to the position shown in Fi?0 2, the roof portion
tilts relative to the floor portion 5 causing the

nozzle to nmoye.into.,an . origntation which is not
Thispel fpye Propels the ik droR e atdgeﬁ%orbwﬂﬁ?gwtaewéwa@r ft the roof
of formation of the ink droplet. This orientation, if

porign ¢ and sen dekretmsubel taglausietot doenpienkatel fapthe tilted orientation of the
ejected fromthe nozzle in a direction which is not
ro6ftidreorpgrthepsincort iak dtep dikgiopl ane of the floor portion
5 and to the strata of nozzles in general. This would
r e . | . . .
o) CabBily RAGKLE bl B iklfoisBl b e gl cfif o, it i
ot.her nozz inadfferent, typically opposite, )
poRiibIEce FORploRe BBt Bh g ing SFiHG A0siRopEt Gt actuation
movenent can be achieved by providing the nozzle rim
angd toiprepch the éfndiopr freral the mapde ds acdirecbien glegneniligulge ém thenfloor
figure 8. The nozzle is typically wder and flatter

poaliondls the end 22 which is closer to the bend
actuator 10, and is narrower and nore pointed at end

23 AHo@Bh iR debiribRE rab@Y@)[hef Ea%ﬁ}p}égg%fe be e AL RN hin T Sozzle
narrow ng of the nozzlée rimat end 23, increases the
face tensio at .t he arngWhgart of th
r

| .
chRbe T B° PRI vipepps SiRe FanRdPisio 4ip possible to

arrow 24A in the directjon toward the bend actuator,
preigde manayingnqzelednks detavitl basthprepsung by ey, of a4 Yguiigmt cogptriction
This net force propels the ink drop in a direction
closhite theirmzrlot Therqoestdicton artypioaliynmovided in the stbstmied apgarslas can
can therefore be tailored to conpensate for the tilted
beQdaBPtseéd ANfiQired B@nd N100TFiRRE bisABw R thel fievRA HiroRf whidk depend

drop ej ecti on.

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 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.

Because of the relatively high mass of the roof portion 6 and sidewalls 7 in a

moving nozzle ink jet (compared with the mass of a paddle in previously described ink

jets) it is desirable that the proximal end 11 of the bend actuator 10 be securely
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By carefully tailoring the shape and characteristics
of the nozzle rim9, it is possible to conpletely
conpensate for the tilting of the roof portion 6
during actuation and to propel the ink drop fromthe
nozzle in a direction perpendicular to the floor
portion 5. Although, as desngbed above, the back
pressure to the ink held within the nozzle chanber

PJ,OVi ed by visco drag.in the suppl
anghiet: pothe: fOREnb Sl ES SPpiTe ordsT or BN Bedbie rignirol over
nozzle ink jet with back pressure by way of a
mayegtint PE thetroebpertion and drereforeoansurate dispensimzzdfdnk dhips from the
constriction is typically provided in the substrate
nokzelgers as can be clearly seen in figures 9 and 10.
Figure 9 shows the sidewall 8 from which depend

| nvWey Gl Yerfan ﬁ}e(}froﬁf’}fa? et | bEHTRANG T padh ARTHLL dﬂs ggltilg afithored

openi ng 25 restricted cross- section 1 me

e -Nnozz ormation of this
byoapedé r?}ql?\%et& Oﬁénengléeénar‘fﬂ“?q LIRS %WWF%WFE% the upper
| ayers (shomn in Fig. 9) renoved for clarity, This
f orlrhedrend fstuptey avhishors TermedyEpmi 2 Jauhe hertpcheasitilevien @8 pogiHoned
of ancillary conponents such as power traces and
abs v nahort-heutels caghils/ier 129 j@asidr #tbihe distalserite 13 needs to be securely
configurations and i ntended use of the noving nozzle
anbl'iﬂi‘ed & prefbidt ROHER: 1dGeHSR HRiwdntBS I4IE h@zge(p fli&el B8 and the
hi s manner has these advantages It also results I n
a Ion refi
noflisfitd Shalflerco 4 ¥ rplingt 85 Sfofufs rRBR BTt Foﬁtﬂéer depply
some uses. Because of the relatively high mass
Oftelf@trweﬁbwq B Jeulghwated gamideyes 23. ﬂ?]i‘eém‘ﬂilﬁiv]ﬂﬂg prm@(iqdem U-
ink jet (conpared with the nass of a paddle in
shapred icaliglinptioe Saving @cbase portjoat X)) aridt sids poeiehs ableach hating their
the proximal end I | of the bend actuator 10 be

loweceide | fyrmdd) s, 96 emblddedacie sebkulal 241 TAGIfAGRMbn of the bend
substrate 26 in order to provide accurate control over

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 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 “sliding” movement between the non-heated cantilever 29 and the Joule heated
cantilever 28 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
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novenment of the roof portion and therefore accurate

di spensing of ink drops fromthe nozzle. To this end,
the proximal end I | of the thermal bend actuator is
rigidly anchored by a U shaped anchor nenber 12 which
can be clearly seen in Fig. 11. The bend actuator
which is fornmed froma JouI? heated cantil ever 28
positioned above a non-hea %a cantil ever 29 joined at

the distal end.13 needs to be curely anchored to

copfral Ak PIPGY PR L ARG iR 1o @R GOt bs raaying novzle

_cantilever 28 and the non-heated cantilever 29 at the

inlfebxi mal end 11, while making provision for the supply
of electric current into the Joule heated cantil ever
28. The anchor 12 is provided in U shaped
configuration having a base portion 30 and side
portions 31 each having their |ower ends fornmed into,
or enbedded 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 defanation
of the end wall 30 relative to the substrate 26 on
novenent of the bend actuator. The non-heated
cantilever 29 is provided with outwardly extending
tabs 32 which are located within recesses 3 3 in the
sidewall 3 1, giving further rigidity, and preventing
rel ative "sliding" novenent between the non-heated
cantilever 29 and the Joule heated cantilever 28 in
the vicinity of the anchor 27. In this manner, the
proxi mal end of the bend actuator is securely and
firmy anchored and any rel ative novenent between the
Joul e heated cantilever and the non- heated cantil ever
prevented in the vicinity of the anchor. This results
i n enhanced | J55-SG -12-
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control and accuracy of intended novenent of the roof
portion 6 of the noving nozzle ink jet. - 13 CLAIM
1. A nethod for operating nozzles in an ink jet
printhead conprising a plurality of nozzles
configured to eject drops ofzink towards a surface to
be printed, each nozzle having a nozzle chanber
configured to receive ink via a conduit, the nozzle
Eﬂpﬂ%@r bei ng defined by a floor portion, an upwardly
extendi ng peripheral sidewall and a roof portion
ha . . Nni . .
L depe BB O Sl Rl AR i s RER B0 Beigg  pluratty of

no@flea b@eibural at cjbaakbppaf inﬂc&bbvﬁr(ﬁ\éﬁidrﬂi@e itd ba prridteds el fozzle
manner, the nozzle_ also being associated with a bend
hagiag fanesileashemnge gonfiguiesl to Teraive gt viggr eqnghit, thevaeraieyehamber

beﬁ%tddfgle‘f’ig; gﬁgﬁ%ﬁr th@%‘e&? Pé\%alldﬂﬁ?{t!e&d%ég ﬁg i ' ra:%1 ‘szd]te\pvgltl % a roof

poftitny Bving ® nbe aiad defihg b opédieg ind h&ie@ﬁﬂﬂh@&rﬁiﬁ@r&l sidewall,
cause the roof portion to nove downwardly from an

the pidewalls b@@g firareeddopt least ﬁ@élﬁ%fa@éelﬂ@elm/@ telepsopigfmarper, the

er .and caus Q bu mardl thro
nofE 48, SR PR AR S Pkl debior i GaP B LBy ey gorion
uphRRIE hRCddwSwadly eNRtive tI18E ¢lowr p(ﬁhbh &hé ﬁﬁtHﬂSﬂ‘é@ﬁ@ﬁ%m@fthe steps
the roof portion back towards the initial position,

ofas the actuator straightens, and creating an upward
dropl et nmonmentum such that, after the actuator stops
i n istpplyingtanadleqhos carran to ﬁteeachn:ﬂt@ﬁbeiffefzbim’eemlmg mid cause the

op.that continues nove towards.the print surface.
rodf PRI LB G %ma?rﬂfgy frem Rk PO 9 45 tpKieopEAhe Folume

of BhE nEAS LhHFb & hnANcalise HPR! BNEL Bbb¥rdly GlruHBRISBER rim and

form a droplet; and

discontinuing the electric current, thereby initiating movement of the roof
portion back towards the initial position, as the actuator straightens, and creating an
upward droplet momentum such that, after the actuator stops in its initial position, the

droplet forms an ink drop that continues to move towards the print surface.

2. A method according to claim 1, wherein the nozzles are constructed on a

substantially rigid substrate.

3. A method according to claim 2, wherein the nozzles are constructed by way of

MEMS technology.

4. A method according to claim 2 or claim 3 wherein the bend actuator is configured

for anchorage to the rigid substrate and connection to the apertured roof portion
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3. A nethod according to claim2, wherein the nozzles
are constructed by way of MEMS technology. 4. A
nmet hod according to claim2 or claim3 wherein the
bend actuator is configured for anchorage to the rigid
substrate and connection tol4he apertured roof portion
| J55-SG -14- such that the displacenent of all points
ag&ﬁ%gpﬁeo%%éﬂeﬁt f%?ccﬁl' tgfal&{kle ratﬂz%tslé@lticﬁ{ of the bend
during iIts ement ron1 de-actd vat an
activated. st const ant | Creases fron1z ro
crn Bt R o RS e AbHR g SETHED g gonstantly
substrate, to nHX|nun1d|s | acenment at the point of
cwreasssi fomm gerordieplagsment atehie peint obanchprage tethe Aigid substiate, to
according to claim4, wherein the bend actuator is
amekiotad displatdigent attistpoait @f adnn@ctisrops thdbpaeiietdaso Bportion.
cantil ever beam arranged to support the roof portion

the nozzl e chanber at a distal end thereof, and

5. whé B EDEHRE 1 oI Wi b ead achiists ndored 10 the
sut}s%% Eftrll\elpﬁ&? ﬂwf @H& 54 E? Xa%[tc @atn'? taﬁre %e\ﬁl t%) t'ﬂe éoo%fgogtlon of

i ned

thé’fﬁéﬂzmjcl@ﬁﬁféf dﬂ D @istad eﬁdl ﬁief’@o'i‘,, an@hehebin thé Belﬁﬁilﬁlm{ dédipses at
is nounted on the substrate by an anchor nenber

leaﬁbqnq@ubﬁmam@mmﬂvap oadlalgvish 8 npadheatgeh ganifheser joinadregether

end of the Joule heated cantil ever and
atﬁ&%ﬁ#na end of the non-heated cantilever are
fastened to the anchor nenber. 7. A nethod according
to claim6, wherein the anchor nenber is provided with

side portions_extending totaIIy fromthe ends of the
6. ene mfhods@ccmamg thelagnchorhareinitbe bierd agtypier anmognted on the

sul&é'tr%ﬁbq%? 1 dric r %Eﬁp@%alt/{ngﬁna&wvaﬁdl& %ﬁteﬁ({?‘ ﬁgt {@év%lal ag% w"[\erem the

préimab endesfOE Johile heated cantilever and proximal end of the non-heated

cantilever are fastened to the anchor member.

7. A method according to claim 6, wherein the anchor member is provided with side
portions extending totally from the ends of the end wall so that the anchor member is

substantially U-shaped when viewed from above the substrate.

8. A method according to claim 7, wherein the U-shaped anchor member is
positioned to wrap around the proximal end of the bend actuator with the side portions

of the anchor member lying alongside the bend actuator.

9. A method according to claim 8, wherein the side portions of the anchor 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 the recesses.
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positioned to wap around the proximal end of the bend

actuator with the side portions of the anchor nenber

| yi ng al ongsi de the bend actuator. 9. A nethod

according to claim8, wherein the side portions of the

anchor nmenber are providedigith recesses, and one of

the Joul e heated cantil ever and the non-heated

ant | . . . t war . _

LEETH e ot BRI Ptin o Bl 8 761k, Il AR er fy mounted
aboet thedoadestedicagilevercl ai m 9 wherein the Joul e heat ed

cantilever is nounted above the non-heated

cantil ever.
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