METHOD FOR OPERATI NG NQZZLES IN AN | NK JET PRI NTHEAD
FI ELD OF THE I NVENTION This invention relates to an
ink jet printhead. Modre particularly, the invention
relates to an Actuator Anchor. BACKGROUND TO THE

I NVENTI ON Most ink jet printheads of the type
manuf act ured using mcro-el ecty.0 mechanical systens
(MEMS) technol ogy have been proposed in a construction
usi ng nozzl e chanbers fornmed in MEMS | ayers on the
top of a substrate with nozzle chanbers fornmed in the
| ayers.. Each chanber is provided with a novabl e paddl e
- acMEFHOD FORQPERATINGNOZAIES INDAN INK JBY PRINTHEAD
drop through the nozzle associated with the chanber
upon recei pt of an electrical signal to the actuator.
Such a construction is typified by the disclosure in

~ t i nt Application PCT/ AU99/00894.
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SUMMARY OF THE INVENTION

According to one aspect of the invention there is provided a method for operating
nozzles in an ink jet printhead comprising a plurality of nozzles configured to eject drops of’
ink towards a surface to be printed, each nozzle having a nozzle chamber configured toA
receive ink via a conduit, the nozzle chamber being defined by a floor portion, an upwardly
extending peripheral sidewall and a roof portion having a nozzie rim defining an opening
and a depending peripheral sidewall, the sidewalls being arranged to at least partially

overlap in a telescopic manner, the nozzle also being associated with a bend actuator



supplying an electric current to the actuator to

effect its bending and cause the roof portion to nove
downwardly froman initial position so as to decrease

the volune of the nozzle chanber and cause ink to

bul ge upwardly through the nozzle rimand forma

droplet; and discontinuing the electric current,

thereby initiating novenent of the roof portion back
towards the initial position, as the actuator
..straightens, and creating an upward droplet nonmentum
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1ts movement from a de-activated to an activated state, constantly increases from zero
displacement at the point of anchorage to the rigid substrate, to niaximum displacement at

the point of connection to the apertured roof portion.

Prefei'ably, each of the nozzles further includes an associated nozzle chamber adapted’
to be supplied with ink via at least one conduit in the underlying substrate.
' Prefe_r‘ably, the roqf 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.,

Preferably, the bend actuator is anchored on the substrate at a prok-imal end as a
cantilever beam, arranged to support the roof portion of the nozzle chain‘per at a distal end



parallel with a non-heated cantil ever joined together
at the distal end. Preferably, the bend actuator is
nount ed on the substrate by an anchor nenber having
an upwardly extending end wall and wherein the
proxi mal end of the Joule heated cantilever and
proxi mal end of the non-heateg cantilever are fastened
to the anchor nmenber. It will be appreciated however,
that the bend actuator nmay be positioned internally or
externally of the nozzle chanber. Simlarly, the
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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 bya

pon-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 tum
mounted on the substrate.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS Not wi t hst andi ng
any other forns that may fall within its scope, one
preferred fort of the invention will now be descri bed
by way of exanple only with reference to the
acconmpanying drawings in which: Fig. i is a partially
cutaway prospective view of a,noving nozzle ink jet

- assenbly, Fig. 2 is asimlar viewto Fig, | show ng
t he bend actuator of the noving nozzle bent causing a
drop of ink to protrude fromthe nozzle. Fig. 3 is a
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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.
Fig. 10 is a similar view to Fig. 9 with the upper layers removed for clarity, and

Fig. l'l 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
manufactured l.ising 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.



Whereas in conventional ink jet construction of the
type described in our above referenced co-pending
patent applications, ink is ejected froma nozzle
chanber by the novenent of a paddle within the
chanber, according to the present invention the paddle
IS dlspensed wth and ink is ejected t hrough an
openlng (nozzle) in the upper 5surface of the chamber
whi ch is noved downwardly by a bend actuator,
decreasi ng the chanber volune and causing i nk to be
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The proximal end 11 of the bend actuator is fastened to the substrate 1 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 tﬁrough passage 2 and opening 3 in
any suitable manner, but typically as described in our previously referenced oo-pendmg
patent applications. When it is desired to eject 2 drop of ink from the nozzle chamber, an
| electric current is supplied to the bend actuator 10 causing the actuator to bend to the



pat ent applications. Wen it is desired to eject a
drop of ink fromthe nozzle chanber, an electric
current is supplied to the bend actuator 10 causi ng
the actuator to bend to the -6- position shown in

~figure 2 and nove the roof portion 6 dowwardly toward
the floor portion 5. This relgative novenent,
decreases the vol une of the nozzle chanber, causing
ink to bul ge upwardly through the nozzle rim9 as
shown at 14 (Fig. 2) where it is forned to a droplet
by ¥ B incfgureshraid orove thetriue potilsn 6 ASwWRAIS ki {hﬁ floor

e

C Ybri ' b L frqmthe bend actuator 10, t
agg J\;Elg%r t?%fﬁ‘? g&%ﬂ’ﬁ geﬁﬁaﬁeéiﬂ&h‘f"? fithpunogzls ehamber, causing
s Hige pngudlethBugi tic ngzadvn VRO hoRAlat | PRI 2PindD8 is formed
n r_.upwardly.to the original fécatlon. S'Ifﬂ%n- to
ngﬁléhlt@tubﬁg?{\%ﬁ%et%}%%#ﬁ ormed ink droplet 14
caus oplet .to .contipue to nove upwardly
Ltgr m'q% tﬁé;%eclﬂ{nck"%g?% ol Wighdzawn tgq%Wﬁ bend actugtor BD, itei actuatosreverts to
ofteighbebniigurativntal shonal id GHNE 3 RAREY, . Qr her
bhgle tob §ri,nt ed. I_gﬁgﬁe fo?ﬁéﬁgﬁﬁfg&m’@ﬁh
the op%%‘f’?{&lyg" R ofi (e locainn: Tha mBmiegtumef thei pastially FonhaPink
cloypbat i € cavedstte drbiRetGs Q@hin | [ t.he nozzl e chanber
', t.hg.. i glf dr ng?eet_téi s Cu;eﬁg'éﬂgg%‘%ﬁ,%&ly gﬁm TOR) bhas
CHEHBZ S & Mhichhigprojgesed erwtiheadiiomp peeestifacd orlolRr &8QE to be

panted.on 6 by viscous drag in the sidewals of the
aperture 2, and in the supply conduits |eading from

t he Inioikfori SEIhY Riven .tq the opening 2. This
s distinction f?t{g%%n%% pgé\}?gﬁ‘gl’?’@r" is gfatively lapget
NOFZT°E SRS @oss fiestiop aftthe pozels shansber hutd théak QRBEE & caused to be

jesiiRbugH i nk be ej ected t hrough

T noeta s TRt uiel JobRint foxiatBhe ot pmions by

5P d5agtip thessidepralisng the aperanie 2taad IBedippR Bhduidd RafiiZ b the
W a

islbRsp R ' f constructiQn.can be used
ing (nmhM)xf&ﬁeg %‘Pgr? H‘é“s-tlflb sipctier frpmanany previousifodns

oml,ggeznz?zzl e I'n _ h ) adna

Bt e ol e e ot an SR o sk
i nvention sﬁlgwn 1T PRRT AsWation, i5 caused by eneton sordradiies i the
Y zg_g}:eﬁmp (of the, nbiz%e dhymbiérs w{aiu’_syps efa.gmttgmhg,smgq,g ?‘%1% witha
prararal 1. r.to, prev ink |eaking fromthe =
sﬂré% % g %ﬂzﬁgpﬁgéﬁﬁeu%ﬁggﬁ%ﬁ §nd will b firtiey dedoribedli belpwokith
‘ c cetot figutes9 abd 10, duf in Wheth s ki ned.bet veen

ol St ek ST g 0

the b f{eand.8 as W ll now be Tur
Wi %ﬁ\@sée%'l Emed primarily by yigeous dige ésthgsupply condulthe i nk i s

r efy@j ' e.nozzl e chanmber during relative
no %ﬁgﬁ?" E{é"%'ﬁ ‘e“k?%%?“g BY ¢ Bzl chaveber hwstig aptontiinda darifyy

berding ofsbmend adudter0L4 @50 keal oo SWRLsidevfly .0 ¥ SN,
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 postion 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 eﬁd, there
15 provided a very fine gap between downwardly depending sidewall 7 and the mutualiy
facing surface 16 of the upwardly depending sidewall 8, -As can be clearly'seen.in Fig. 4
the ink (shown asa dark shaded area) is restrained within the small apetthré Between the

downvv(ardly depending sidewall 7 and inward faces 16 of the upwardly extending sidewallb



ink is retained within the nozzl e chanber

To this end, there is provided a
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It will be appreciated, that as the bend acttiato_r 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 paralle.l to the surface
‘to be printed, at the point of formation of the ink droplet. This orientation, if not corrected,
would cause the ink droplet 15 to be ejected from the nozzle in a direction .which is not
quite perpendicula; to the plane of the floor portion 5v and to the strata of nozzles in general.
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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)itis
desirable that the proximal epd 11 of the bend actuator 10 be securely anchored to the
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section i medi ately bel ow the nozzl e chanber. The
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non-heated cantilever.
cantilever 28 in the vicinity of the anchor 27. In

this manner, the proximal end of the bend actuator is
securely and firmy anchored
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and any rel ative novenment between the Joul e heated
cantilever and the non-heated 20 cantil ever prevented
in the vicinity of the anchor. This results in
enhanced control and accuracy of intended novenent of
the roof portion 6 of the noving nozzle ink jet. -10-
CLAIMS I. A nethod for operating nozzles in an ink jet
printhead conprising a plurality of nozzles
configured to eject drops of-W®nk towards a surface to
be printed, each nozzle having a nozzle chanber
configured to receive ink via a conduit, the nozzle
chanber being defined by a floor portion, an upwardly
ext€bAliMg peri pheral sidewall and a roof portion
having a nozzle rimdefining an opening and a
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met hod accordi ng to claim1, wherein the nozzles
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substantially rigid substrate
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3 A method according to claim 2, wherein the nozzles are constructed by way of
MEMS technology.

4. Amethod 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 such that
the displacement of all points along the operative section of the bend actuator during its
movement from a de-activated to an activated state, constantly increases from Zero



-11- displacenent at the point of anchorage to the
rigid substrate, to maxi num di spl acenent at the point
of connection to the apertured roof portion. 5. A

nmet hod according to claim4, wherein the bend actuator
is anchored to the substrate at a proximal end as a
cantil ever beam arranged to support the roof portion
of the nozzle chanber at a distal end thereof, and
wherein the bend actuator_gonprises at | east one Joule
heated cantilever in parallel with a non-heated

cantilever joined together at the distal end. 6. A
claimb5, wherein the bend actuator
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proxi mal end of the Joul e heated cantil ever and
proxi mal end of the non-heated cantil ever are
fastened to the anchor nmenber. 7. A nethod according
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anchor nenber 1s positione
proxi mal end of the bend actuator with the side

portions of the anchor nenber |ying al ongside the
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recesses net hod according to claim9 wherein
the joule heated cantil ever is nmounted above the

non- heated cantil ever.
7. Amethod 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 portidns of the anchor
member lying alongside the bend actuator.

9. Amethod according to claim 8, wherein the side portions of the anchor member are
provided with recesses, and one of the Joule heited cantilever and the non-heated cantilever

is provided with outwardly extending portions engagable in the recesses.

10. A method according to claim 9 wherein the Joule heated cantilever is mounted above
the non-heated cantilever,



