WO 02/ 32673 PCT/ AU01/ 01338 -1 DROP FLI GHT CORRECTI ON FOR MOVI NG NOZZLE | NK
JET Field of the Invention This invention relates to an ink jet printhead.
Mor e partweut/aeely, the invention relates 5 to a Drop Flipbt/aCorelss i on for
Movi ng Nozzle Ink Jet. Background to the Invention Mst ink jet printheads
of the type manufactured using mcro-electro nmechanical systens (MEMS)

t echnol ogy have been proposed in a construction using nozzle chanbers
formed in MEMS | ayers on the top of a substrate with nozzle chanbers forned
in the 10 layers. Each chanber is provided with a novabl e paddl e actuated
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actuator. Such a construction is typi fA!Eg- by the disclosure in ny

I nternational Patent Application PCT/ /00894. Ot her constructions may
di spense with the paddl es and cause ink drops to be forced 15 fromthe
nozzl e by decreasing the size of the nozzle chanber. It has been realised
that thi spjeld qu‘he’?‘ﬁw y causing the actuator to nove the nozzle
itself downwardly in the chanber t hereby avoiding the need for a paddl e,
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to the | eakage of ink fromthe nozzle chamber. I'n both fhese types of

constr uct foanDropHdight Cameatiop far MovingiNekzleink lsted/ f ree end beam 20 type
thermal bend actuators. During operation, these slightly rotate the paddl es
in the chanbers in the first nentioned construction type or the nozzle

openi ngs BR¢ k@?(’?ﬁng i nﬁﬁﬁﬁ construction type. Because of the angul ar

di spl acenent e first type of nozzle, the drop may be
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Because of the angu I spl acene e nozz penlng In the second
type of s’é&tenmz(k/[EMS) techrdayy hmy bten lﬁppmsbéuh aoomserduction dsieg pozateechambeise
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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.

Other constructions may dispense with the paddles and cause ink drops to be forced
15 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 thereby avoiding the need for a paddle, simplifying construction and providing an

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

In both these types of construction, the actuators are typically fixed/free end beam
20 type thermal bend actuators. During operation, these slightly rotate the paddles in the
chambers in the first mentioned construction type or the nozzle openings in the second
mentioned construction type. Because of the angular displacement of the paddle in the first
type of nozzle, the drop may be ejected at a slight angle to the normal of the plane of the
opening. Because of the angular displacement of the nozzle opening in the second type of
25 nozzle, the drop may be ejected normal to the plane of the opening, but the normal has
angularly displaced along with the opening during the ejection of the drop. This slight

angular deviation of the drop is not a potential problem if all the nozzles on the printhead



-2 have the sane orientation. However, to maexim se the packing density of
nozzl es on the printhead, and thereby reduce manufacturing costs, the
nozzl es iwoanpmeent rows are oriented such that their acPapAOPBIB3E end in
opposite directions. Accordingly, the angular deviations in the flight of
drops from successive rows are also in opposite directions. This 5 can
ultimately have adverse effects on print quality. Summary of the Invention
According to the invention there is prod-ded an ink jet printhead including
a plurality of nozzles each adapted to eject drops of ink through an

openi ng t havartte sameldfictaiono Hevevpt, it rafimivd1the @ackiind désity op aviziey onthe
asymmetrical to provide a flight direction of ejected drops that differs
from t he Printyead, and derabyredyice magutacturing gasty Sk norglogdn adiacamsEaws ara) .
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and a roof portion having dependi ng peripheral 15 sidewall, the sidewalls
of tHe fledyulimatelvrvepdyersoeffects ethpen qualityver|l ap in a tel escopic manner;
said roof portion having said. opening formed therein for the ejection of
ink drops fromsaid nozzle chanber; and an actuator arranged to nove said
r oof port's@"mmy}?réli thélnsveipnmenardly relative to 20 said floor portion,
wherein said roof portion tilts relative to said floor portion when noved
downwar dl y byAs&irfing@s Hitifventidl thevelishrOABEH aiPinkSetdprintiEal ind@lihy a plaedRy so
as to eject ink drops in a direction other than perpendicular to said roof
portion. ¢hnskzeleapioh adapted tozgedtarops of ankf thepngbdntopering éawdrd i shrfaceg tdibeect i on
substantiallg, erpendi cul ar to said floor portion. 25 Preferably, the
nozzl e ismyﬁ‘kgﬁF?gﬁred by being provided with a relatively wider portion
at the end of the opening proximate the actuator, and a relatively narrower
portioon at tthe operingfs dspmmepéral togproeide tadlight alinet then efcyjecttdodropd/BaOB8R67 3

PCT/ AU01/ 01 -
CT/ AU /fgor%?fge fligﬁt direction provided if the opening were symmetrical.

Preferably, each nozzle has an associated nozzle chamber adapted to be supplied with
ink via at least one conduit in an underlying substrate, the nozzle chamber being defined by
a floor portion having peripheral sidewall and a roof portion having depending peripheral
15 sidewall, the sidewalls of the floor and roof portion arranged to overlap in a telescopic

manner,

said roof portion having said opening formed therein for the ejection of ink drops

from said nozzle chamber; and

an actuator arranged to move said roof portion upwardly and downwardly relative to
20 said floor portion, wherein said roof portion tilts relative to said floor portion when moved
downwardly by said actuator, and said opening is asymmetrically shaped so as to eject ink

drops in a direction other than perpendicular to said roof portion.

Preferably, the nozzle is configured to eject ink in a direction substantially

perpendicular to said floor portion.

25 Preferably, the nozzle is so configured by being provided with a relatively wider
portion at the end of the opening proximate the actuator, and a relatively narrower portion at

the end of the opening remote from the actuator.



Preferably, the wider portion is flatter in edge configuration than the
narrower portion which is relatively nore pointed. Brief Description of

t he Draww@e2/ddstn t hst andi ng any ot her fornms that nay fal PCWAUhi/eu38¢ S
scope, one preferred formof 5 the invention will now be described by way
of exanple only with reference to the acconpanying drawi ngs in which: Fig.
1l is a partially cutaway perspective view of a noving nozzle ink jet
assenbly, Fig. 2 is a sinmlar viewto-Bi-g. 1 showing the bend actuator of
t he novi ng nozzle bent causing a drop of ink to protrude fromthe nozzle.
10 Fig. 3 is Prefdrably,ahe widsvpbaiohiigflatiersiodgenmnfiperatioz dlae thecdarroned poaiohhe
original position and a drop of ink ejected fromthe nozzle. Fig. 4 is

cr oss- secWhishas relativglyimers pgHtedhe nid |ine of the apparatus as shown in Fig.
2. Fig. 5is asimlar viewto Fig. 1 showing the use of an optional
nozzle poker. Fig. 6 is a simlar viewto Fig. 5 show ng the bend actuator

bent and Brigfdeséription obtive Drawinygs from the nozzle. Fig. 7 is a simlar
viewto Fig. 5 show ng the bend actuator straightened and the drop of ink

bei ng ej ect edNva@mstah@inggﬁgi bher fdrhs ti¥ht infayFal$ iwithindits 3opaY oh® pleférredifonhiopout
the portions cut away. Fig. 9 is a simlar viewto Fig. 8 with the nozzle
and Bend thetinnenten walhnow de glaskribed by mawioh gxample pnlyorith refaserpertp ¢he on in t he

nozzl e chanber. Fi 10 is a sihr_n' lar viewto Fig. 9 with the upper |ayers
removed, &4TER .‘ngqra?”éngglgiw}?i“i ar viewto Fig. 1 showing the bend actuator
cut away, andrighgis Agdriialydutdng/rspet RO of @mdvird Adzyle ihk jetassenidey,
appreciated that a | arge nunber of simlar nozzles are si rmf.t aneously 25
manuf act ur ed Kigi 2ty atvBanyigwonBe. tlsbayiigohg bens agtuntariob e mavipgnozde pemidi ng
pat ent a{)ﬁrﬁl i catd' ons. . gf err?d tgroatt theZZ eginning of this specification.
For the pUirpB8aLIray oling by plotiudy from the AOTAIET on 'of “an i ndi vi dual ink j et

nozze al one W'F!iis A\ailRevigw s Fid @ GhoWWheltRé@fRodzle A&t atigihallposition
construction of the type described in our above 30 referenced co-pending
pat ent appld £éop o ik gjesked Komjteenegdlel r om a nozzl e chamber by the

Fig. 4 is cross-sectional view through the mid line of the apparatus as shown in Fig. 2.
Fig. 5 is a similar view to Fig. 1 showing the use of an optional nozzle poker.
Fig. 6 is a similar view to Fig. 5 showing the bend actuator bent and a drop of ink
.15 protruding from the nozzle.
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
20 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.
It will be appreciated that a large number of similar nozzles are simultaneously
.25 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.
Whereas in conventional ink jet construction of the type described in our above

30 referenced co-pending patent applications, ink is ejected from a nozzle chamber by the



WO 02/ 32673 PCT/ AU01/ 01338 -4 novenent of a paddle within the chanber,
according to the present invention the paddle is dispensed with and ink is
ej ect ed twoousgs7an openi ng (nozzle) in the upper surface p€THAel/niGksnber
whi ch is noved downwardly by a bend actuator, decreasing the chanber vol une
and causing ink to be ejected through the nozzle. 5 Throughout this
specification, the term"nozzle" is to be understood as an el enent

defi ni ng an openi ng and not the openingdi-tself. Furthernore, the relative
terms "upper” and "lower"™ and simlar terns are used with reference to the
acconpanymogerdeawf agaddia vithirethe charhberyaderdit@ahé prebent vtention theypadalg is
restrictive on the orientation of the ink jet nozzle in use. Referring now
to figuredisaensed withand ik is giesier ARrPPety 2 PRAFI M@ 0221¢)dn S5, 9nnsT putarg of the
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supply aper ure Bmg%g{r??%(gd%‘ﬁ%ug g%%@ﬁﬁ&ﬁb%kﬁ%gﬁ%%rﬁﬁﬁ be of
any ot her aldasinp énlcortleiefictert thmgh theniozzle. chanber 4 defined by fl oor
portion 5, roof portion 6 and Eeripheral sidewalls 7 and 8 which overlap
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opening for the ejection of ink fromthe nozzle chanber as will be
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di fferential expansion between the Joule heated cantil ever and the
non- heat ePPeRithiagh a hexagonnlepening fathichgouldboef any othstseitable qandigyrationhal
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roof portion 6 and sidewalls 7 of the ink jet nozz|e. | ink is
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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.

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

20 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
from moving backwards by an anchor member 12 which will be described further below,

25 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
patent applications. When it is desired to eject a drop of ink from the nozzle chamber, an

30 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



patent applications. Wien it is desired to eject a drop of ink fromthe
nozzl e chanber, an 30 electric current is supplied to the bend actuator 10
causi ng tweoasteamt or to bend to the position shown in fiporav2i/@sss nove
the roof portion 6 downwardly toward the floor WO 02/32673 PCT/ AU0O1/ 01338
-5 portion 5. This relative novenent decreases the volunme of the nozzle
chanber, causing ink to bulge upwardly through the nozzle rim9 as shown
at 14 (Fig. 2) where it is formed to a-5droplet by the surface tension in
the ink: As the electric current is withdrawn fromthe bend actuator 10,

t he act uapetion 6y dhissrelative movbmesitdeategits tieosluge lofithieatvzzle chirabet, ¢ausingduk e 3
nmoving the roof portion 6 of the nozzle chanber upwardly to the original
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dropl et t8rﬁﬁf%&ﬂ%ﬁmﬁﬂgﬂ%ﬁﬁoﬁ?ﬁﬁ% W formng an ink drop 15 as shown in
on

Fig. 3 which Ts’ projecte e adj acent paper surface or other article
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portion 5 is relatively large corrpared with the cross-section of the
nozzlSe chtwisipighhepnfiguratian agshawnen figure 3 maving the pof P@F@@tfé‘éf tb%ﬁ@l?glfh t he
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many previous fornms 15 of ink et nozzl es where the "back pressure" in the
nozzl e chehemerindiig.chwhigh éekroicrisdionito the adjpceny papeeririape eiRihertadclatybs e rim
upon act ”@Lﬂ? I s caused by one or nore baffles in the inmmediate |ocation
of the no & chamber. This type of construction can be used with a noving
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bel ow with speC|f|c reference to figures 9 and 10, but in the form of
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will now be further described with specific reference to figures 3 and 4.
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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
ink (shown as a dark shaded area) is restrained within the small aperture between the

30 downwardly depending sidewall 7 and inward faces 16 of the upwardly extending sidewall



ensure that ink is retained within the nozzle chanber by surface tension.
To this end, there is provided a very fine gap between downwardly dependi ng
si dewal | woamskerhe nmutually facing surface 16 of the upweeThyodepsndi ng
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 30
downwar dl y dependi ng sidewall 7 and inward faces 16 of the upwardly
extendi ng sidewall WD 02/32673 PCT/ AUO16061338 -6 by the proximty of the
two sidewal s which ensures that the ink "self seals" across free opening
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order to make provision for any ink which may escape the surface tension
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two surfaces. Any ink drops escaping fromthe surface tension between the
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previously described in some of our co- endigg applications, it is
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and clear ejecPion of a droplet fromthe  nozzle under actuation.
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a noving nozzle ink jet is shown in the acconmpanying figures 5, 6 and 7.
Figure 5 i s sAphasheenprevigushedescripedin sorae gfiant Goopendingappli¢atigas.20isacr oss t he
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roof portion 6 is noved downwardly by bending 20 of the bend actuator 10,
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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

20 of the bend actuator 10, the poker 21 is caused to poke up through the opening of the nozzle
rim 9 and part way into the bulging ink drop 14.

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

25 the nozzle rim and which would otherwise block the nozzle.

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,

30 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.



and the poker 21 is effective in dislodging or breaking any dried ink which
may form across 25 the nozzle rimand which woul d ot herwi se bl ock the
nozzl e. Wowe/Bi67hbe appreci ated, that as the bend act uat or PATYAUS1/ IS8R
causing the roof portion to nove dowwardly to the position shown in Fig.
2, the roof portion tilts relative to the floor portion 5 causing the
nozzle to nove into an orientation which is not parallel to the surface to
be printed, at the point of formation eff-the ink droplet. This orientation,
if not corrected, 30 would cause the ink droplet 15 to be ejected fromthe
nozzl e i NThis WouRTfeb@NinRbcdardcies M®printiiy, bartioelafl9 aslkeité Adz1e3 mdyebedrivneedof t he
floor portion 5 and to the strata of nozzles in general. WO 02/32673
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rim9 with an asymetrical shape as can be clearly seen in figure 8. The
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ink drop ejection. By carefully tailoring the shape and characteristics of
t he nozz| erefore e tailorgdstorompensate ﬁootheddvém@mapo% ehtbemeeftRortion atithgepaing ¢ i ng
of the rogf. rtiQ during actuation and to propel 15 the ink drop from
t he nozz|§f?§9§¥H?$%§?ion per pendi cular to the floor portion 5. Although

as descri bed BpesefullyhaldrghthdsHps Bi®chaactditicd bl thehdz2M il 9) it I8 posritne ke
chanber may be provided by viscous drag in the supply conduits, it is also
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figures 9 andaftRoughi f4decibetu®obe, bk PRt tStheiAhHId ivathislgeeidzie nvar dl y
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
close to the nozzle. This constriction is typically provided in the substrate layers as can be

20 clearly seen in figures 9 and 10. Figure 9 shows the sidewall 8 from which depend inwardly
one or more baffle members 24 resulting in an opening 25 of restricted cross-section
immediately below the nozzle chamber. The formation of this opening can be seen in
figure 10 which has the upper layers (shown in Fig. 9) removed for clarity. This form of the
invention can permit the adjacent location of ancillary components such as power traces

25 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.

The bend actuator which is formed from a Joule heated cantilever 28 positioned
30 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



one or nore baffle nenbers 24 resulting in an opening 25 of restricted
cross-section immediately bel ow the nozzle chanber. The formation of this
openi ng oamobsezeen in figure 10 which has the upper | ayepesT/Ashoem3s n Fi g.
9) renoved for clarity. This formof the invention can permt the adjacent
| ocation of ancillary conponents such as power traces 25 and signal traces
which is desirable in sone configurations and intended use of the noving
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cantilever prevented in the vicinity of the anchor. This results in enhanced efficiency of

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



Claims 1. An ink jet printhead including a plurality of nozzles each
adapted to eject drops of ink through an opening toward a surface to be
print ed; wieraem3 t he opening is asymetrical to provi de ap€Tiaght/oidss ecti on
of ejected drops that differs 5 fromthe flight direction provided if the
opening were symetrical. 2. Anink jet printhead as clainmed in claima1,
wherei n each nozzl e has an associated nozzle chanber adapted to be
supplied with ink via at |east one condfi-t in an underlying substrate, the
nozzl e chanber being defined by a floor portion having peripheral sidewall
and the roof portion having dependi ng peripheral sidewall, the 10 sidewalls
of the flQtaind®d roof portion arranged to overlap in a tel escopic manner
said roof portion having said opening formed therein for the ejection of

i nk dropsl. frainkgechbrimmieadéndiding e plurditg of Roatdswatipidapiagdan gfdt dropsrofigksai d
roof portion upwardly and dowmmwardly relative to said floor portion,

wher ei n sai d thoggh ppepeirg toward a purface tq Be pantsdy WhereiBor portion when 15
noved downwardly by said actuator, and said opening is asymetrically

shaped so as th¢ GpeifiCis abytkmeirRBStoipfovadélh ﬂ%&ﬁ bREctRh R kiR ARRL Gy ar to
said roof portion. 3. An ink jet 'J)rl‘nt head as cl ai m::dJ in claim2, wherein

t he Aozzl e i Sraptife ffjghtedirectior pryidedijifithe openingl werectyimanetdeddst ant i al | y
perpendi cular to said floor portion. 4. An ink jet printhead as clainmed in

claim 3, ﬂhergh it 'Iaﬁ;[nﬂﬁﬁgddedsic imed gpa@hgﬁ,rmrax_eg& RSz haR R ULdeHd th a
relatively w der pbr ion at the end of the opening proximate the actuator,
and a rel ati velzglerchambereadapted to bersugtplitdevithniok eifa at leastamercondpit mant e f rom t he

actuator. 5. An ink jet printhead as cJained jn claimd4, wherejn . the w der
portion is f I‘H’(dfgymgﬁF &t W%@Gi?‘z‘?é’g&ef'}%ﬁf‘%glﬁaﬂPBV\E?nIB%L?YI% whi ch
i's relativel y,diheraPQuéW fifandRe roof portion having depending peripheral sidewall, the

10 sidewalls of the floor and roof portion arranged to overlap in a telescopic manner;

said roof portion having said opening formed therein for the ejection of ink drops

from said nozzle chamber; and

an actuator arranged to move said roof portion upwardly and downwardly relative to
said floor portion, wherein said roof portion tilts relative to said floor portion when
15 moved downwardly by said actuator, and said opening is asymmetrically shaped so as

to eject ink drops in a direction other than perpendicular to said roof portion.

3. Anink jet printhead as claimed in claim 2, wherein the nozzle is configured to eject

ink in a direction substantially perpendicular to said floor portion.

~ 4. Anink jet printhead as claimed in claim 3, wherein the nozzle is so configured by
20 being provided with a relatively wider portion at the end of the opening proximate the
actuator, and a relatively narrower portion at the end of the opening remote from the

actuator.

5.  Anink jet printhead as claimed in claim 4, wherein the wider portion is flatter in edge

configuration than the narrower portion which is relatively more pointed.

25



