WO 03/ 086765 PCT/ AU02/ 01168 1 SYMMETRI CALLY ACTUATED | NK EJECTI ON
COVPONENTS FOR AN | NK JET PRI NTHEAD CHI P FI ELD OF THE | NVENTI ON Thi s

i nvent i orwoaBas@ssto a printhead chip for an ink jet printlogadio2iore
particularly, this invention relates to a printhead chip that includes a
plurality of symmetrically actuated, noving nozzle arrangenents.
BACKGROUND OF THE | NVENTI ON 10 As set outlin the above referenced
applications/patents, the Applicant has spent a substantial anmount of tinme
and effort in devel oping printheads that incorporate mcro

el ectro-nmechani cal system (MEMS) - based corrponents to achieve the ejection

of ink necessary_fo rintin a result of licant's research and
devel opnent, Lhe &)\SMR@E &Aksl.nY MJUA'HEBI A%EJE@ICIQNEIW Ing one
arrangement s, g N ENERT PO R AN INICSIE T RRINPHE A GHIP' ©

technol ogy that is capable of cont roI | ing operation of such printheads. In

parti cul ar I smq; | ogy and the printheads are capabl e of
cooperati ngmg'f)g(e)gefg e re%%?fqﬁgns of 1600 dpi and higher in sonme cases.

Exanpl es of sui Tah iev@nioaeslars td £pHmOLATMhIR K aﬁQn]@je@Ph%@ad M8 paRiRaMely,
ref erenced pat ent ,applications/patents. The | i cant has overcone

subst ant i afft EiWVFPTéQH Kedades tp g paaiead chig th‘ﬁénﬂéé,@éisdwhw syfrinasiricably achiatedy op
separ at i onpwih Dothednk.d &he printheads. As can be noted in the above
referenced patents/paten app?lcatlons a nunber of printhead chips

devel oped by the Applicant incI ude a structure that defines an ink ejection

port. The str ble with respect to the substrate to eject
ink from a @8@@7§fﬂi ]i‘jlg I0Mesul t of the di spl acerrent of the
structyge reducifi@efout@h HEBLATe £ rtlcul ar
difficulty with sugh a confi guer ae{?%%grg}dé’?g@%h@@g/ﬁﬁéﬁ& 1‘%?@?@ en at and
speed of nowhstastiel amourthef tineaod aﬁerthmdadnmmgpmmtheadismlmmdacﬁdrae mla@ t he
m croscopi ¢ scale e noz enents, this extent and speed_of
movenent  cHTCEOT é%ﬁnf(w& B% ggﬁ‘?’@%“%’g‘ﬁt@ V?\S“eteﬂf’:ﬂloﬂﬁ@%nt of
the ink ej ﬁ@deggpyﬁrwmlﬁge Is as efficient as possible. The Applicant has

conceived this invention to achi eve such efficiency of novenent.
As a result of the Applicant’s research and development, the Applicant has been

able to develop printheads having one or more printhead chips that together incorporate up
to 84 000 nozzle arrangements. The Applicant has also developed suitable processor
technology that is capable of controlling operation of such printheads. In particular, the
processor technology and the printheads are capable of cooperating to generate resolutions
of 1600 dpi and higher in some cases. Examples of suitable processor technology are
20  provided in the above referenced patent applications/patents.
The Applicant has overcome substantial difficulties in achieving the necessary ink
flow and ink drop separation within the ink jet printheads. |
As can be noted in the above referenced patents/patent applications, a number of
printhead chips developed by the Applicant include a structure that defines an ink sjection
port. The structure is displaceable with respect to the substrate to eject ink from a nozzle
chamber. This is a result of the displacement of the structure reducing a volume of ink
within the nozzle chamber. A particular difficulty with such a configuration is achieving a
sufficient extent and speed of movement of the structure to achieve ink drop ejection. On
the microscopic scale of the nozzle arrangements, this extent and speed of movement can
30 beachieved to a large degree by ensuring that movement of the ink ejection structure is as
efficient as possible.

The Applicant has conceived this invention to achieve such efficiency of movement.



WD 03/ 086765 PCT/ AUO2/ 01168 2 SUMVARY OF THE | NVENTI ON According to the
invention, there is provided a printhead chip for an ink jet printhead,

t he printwead/osdtsp conprising a substrate; and a pluralityCafAuvonrics
arrangenents that are positioned on the substrate, each nozzle arrangenent
conprising an active ink ejection structlire that is positioned on the
substrate and spaced fromthe substrate, the active ink ejection structure
having a roof with an ink 10 ejection port defined in the roof; a static
ink ejection structure positioned on the substrate, the active ink
ejection structure and the static ink ejection structure together defining
a nozzl e SINMMARY OF THEANO\ENIHODNati on with an ink supply, the active ink

ej ection structure  .being displ.aceable with respect .the static ink
ej ection st r uctaO4iBg e m¥s tl%‘éﬁerefsrgﬂy@ﬁciagﬁgép?%agp?%r PdRHEE and
i ncrease gldddBhebrihihad@ag émpAGAber to eject an ink drop fromthe

nozzl e chgjmber; and at |l east two actuators that are operatively arranged
with respect tobetraetande ink ejection structure to displace the active

ink ejection structure with respect to,the st.atic | j.ectjon str ure
t owar ds and avvaapriPJfaﬁH ?%Z%M%%?ntﬁ ng"gg?ﬁ ﬁ?)l?es%i %’gtiﬁﬁgﬁlf a%b% |gnt9r%%§ and
connect ed &ﬁngé}ﬁeﬁ(ébjn}‘,gsiin k ejection structure to inpart substantially
rectilinear novenent to the active ink ejection structure. The invention is
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scope of the a %gﬂ\és ‘%ﬁ%&%ﬁ#ﬁ%@&&%ﬁ@ﬁ@@ﬂg@@k@qﬁ t he
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of a first enbodinment of a printhead chip in accordance with the

d .
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o . . bl
sectioned view egéctitoﬂpstrﬁ%fé fnddhé ag@g‘ﬂfﬁ%ecat){l s%%c%%&feg% hé?'d@ﬂ%lflg% RPARs a

transverse cross sectional view o0 rma uat or t he
chamber in fluid communication with an ink supply, the active ink ejection structure
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being displaceable with respect to the static ink ejection structure towards and away
from the substrate to reduce and increase a volume of the nozzle chamber to eject an
ink drop from the nozzle chamber; and
at least two actuators that are operatively arranged with respect to the active
ink ejection structure to displace the active ink ejection structure with respect to the
static ink ejection structure towards and away from the substrate, the actuators being
20 configured and connected to the active ink ejection structure to impart substantially
rectilinear movement to the active ink ejection structure.
The invention is now described, by way of example, with reference to the
accompanying drawings. The following description is not intended to limit the broad scope

of the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings,
Figure 1 shows a three-dimensional view of a nozzle arrangement of a first
embodiment of a printhead chip in accordance with the invention, for an ink jet printhead;
30 Figure 2 shows a three-dimensional sectioned view of the nozzle arrangement of
Figure 1;
Figure 3 shows a transverse cross sectional view of a thermal bend actuator of the

nozzle arrangement of Figure 1;



nozzl e arrangenent of Figure 1; WO 03/086765 PCT/ AU02/01168 3 Figure 4
shows a three-di nensional sectioned view of the nozzle arrangenent of

Fi gure 1,wom3@se7ohiti al stage of ink drop ejection; Figur®Cl/Advemsios

t hr ee- di nensi onal sectioned vi ew of theF;?ozzI e arrangenent of Figure 1, in
a termnal stage of ink drop ejection; Figure 6 shows a schematic view of
one coupling structure of the nozzle arrangenent of Figure 1; Figure 7
shows a schematic view of a part of the coupling structure attached to an

active ink ej eq;ﬁéqgg 4§§5wg5%@e-aimérgfonapgeéﬁ%ea&ﬁavaﬁﬂﬁ%zzneﬁa&a%geﬂfenﬂefZ' e

arrangenment is i urescent condition; Figure 8 shows the part of
Figure 7 \Hﬁgneﬂh'mandniziabstager@ﬁigledmjtejéaiohn an operative condition; Figure

9 shows an internedi ate section. of a connecti.n | ate of .the couplin
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10 shows tm@rg@}ﬁrm%ﬁhpst%ﬂiﬂad%eTé'cggﬁ,e 9, when the nozzle arrangenent
is in an operative condition; Figure 11 shows a schenmatic view of a part of

t he coupling sthigwe Grshows b achempticyiew ofonereuplingstmstire of 8fe noadenozzl e
ar r angenent V\/hen?nhh? nozzl e arrangenent is in a quiescent condition;
Fi gure 12 “CRBFENSHETFRC Lt Figure 11 when the nozzle arrangenent is in an

20 operative caglirk 7QRowdadchentiticeidd oS NPME ofithelcaiiplitighitruefur@attQiéd ® an
arrangenent of a second enbodi nent of a printhead chip, in accordance with

t he i nventacBye inkgiection starctimstof the nazalegarangsreont WsnobeamzbT pragqgements in a
I NVENTION I n Figures.l to 5 reference nuneral 10 generally indicates a
nozzl e ar rqgheég?%gﬁ?n%?on,a printhead chip, in accordance with the invention,

for angi nk j et Higirsghbaws the w6z e IrwlesngRenotzldfringemost i0fn @n @leatilel ty
of such nozzl e arrangenents formed on a silicon wafer substrate 12 to
defi ne t h&opditiffthead chip of the invention. As set out in the background

o oo BB s BTG o Aol o il such
only one msaznetiuee, wheﬁ the nozzle arrangement is in a quiescent condition; ’
Figure 10 shows the intermediate section of Figure 9, when the nozzle arrangement
is in an operative condition;
Figure 11 shows a schematic view of a part of the coupling structure attached to a
connecting member of the nozzle arrangement when the nozzle arrangement is in a
quiescent condition;
Figure 12 shows the part of Figure 11 when the nozzle arrangement is in an
20  operative condition; and

Figure 13 shows a plan view of a nozzle arrangement of a second embodiment of a

printhead chip, in accordance with the invention, for an ink jet printhead.

DETAILED DESCRIPTION OF THE INVENTION

In Figures 1 to 5, reference numeral 10 generally indicates a nozzle arrangement of
a printhead chip, in accordance with the invention, for an ink jet printhead.

The nozzle arrangement 10 is one of a plurality of such nozzle arrangements formed
on a silicon wafer substrate 12 to define the printhead chip of the invention. As set out in
the background of this specification, a single printhead can contain up to 84 000 such

30 nozzle arrangements. For the purposes of clarity and ease of description, only one nozzle
arrangement is described. It is to be appreciated that a person of ordinary skill in the field
can readily obtain the printhead chip by simply replicating the nozzle arrangement 10 on

the wafer substrate 12.



arrangenment is described. It is to be appreciated that a person of ordinary
skill in the field can readily obtain the printhead chip by sinply
replicatiwg oshgsndzzl e arrangenent 10 on the wafer subst PaerTau2/o1O
03/086765 PCT/ AU02/ 01168 4 The print heagl chip is the product of an
integrated circuit fabrication technique. In particular, each nozzle
arrangenent 10 is the product of a MEMS - based fabrication technique. As
i s known, such a fabrication technique involves the deposition of
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that this level of detail will not be set out in this specification.

An ink passivation layer 16 is positioned on the drive circuitry layer 14. The ink
20  passivation layer 16 can be of any suitable material, such as silicon nitride.

The nozzle arrangement 10 includes an ink inlet channel 18 that is one of a plurality
of such ink inlet channels defined in the substrate 12.

The nozzle arrangement 10 includes an active ink ejection structure 20. The active
ink ejection structure 20 has a roof 22 and sidewalls 24 that depend from the roof 22. An
ink ejection port 26 is defined in the roof 22.

The active ink ejection structure 20 is connected to, and between, a pair of thermal
bend actuators 28 with coupling structures 30 that are described in further detail below. The
roof 22 is generally rectangular in plan and, more particularly, can be square in plan. This is
simply to facilitate connection of the actuators 28 to the roof 22 and is not critical. For

30  example, in the event that three actuators are provided, the roof 22 could be generally
triangular in plan. There may thus be other shapes that are suitable.

The active ink ejection structure 20 is connected between the thermal bend actuators

28 so that a free edge 32 of the sidewalls 24 is spaced from the ink passivation layer 16. It



roof 22 is generally rectangular in plan and, nore particularly, can be
square in plan. This is sinply to facilitate connection of the actuators
28 to t hewpmafsaZds and is not critical. For 30 exanple, i nPChaA@2eNicst hat
three actuators are provided, the roof 22 could be generally triangular in
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actuators 28 each produce substantially the same force on the active ink ejection structure
20.
20 In Figure 3 there is shown the thermal bend actuator 28 in further detail. The

thermal bend actuator 28 includes an arm 44 that has a unitary structure. The arm 44 is of
an electrically conductive material that has a coefficient of thermal expansion which is such
that a suitable component of such material is capable of performing work, on a MEMS
scale, upon expansion and contraction of the component when heated and subsequently
cooled. The material can be one of many. However, it is desirable that the material has a
Young’s Modulus that is such that, when the component bends through differential heating,
energy stored in the component is released when the component cools to assist return of the
component to a starting condition. The Applicant has found that a suitable material is
Titanium Aluminum Nitride (TiAIN). However, other conductive materials may also be

30  suitable, depending on their respective coefficients of thermal expansion and Young’s
Modulus.

The arm 44 has a pair of outer passive portions 46 and a pair of inner active portions

48. The outer passive portions 46 have passive anchors 50 that are each made fast with the
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central section 62 is connected to the outer sections 60 with a pair of vertically extending
sections 64 so that the central section 62 is positioned intermediate the substrate 12 and the
20  outer sections 60.

Each inner active portion 48 has a transverse profile that is effectively an inverse of
the outer passive portions 46. Thus, outer sections 66 of the inner active portions 48 are
generally coplanar with the outer sections 60 of the passive portions 46 and are positioned
intermediate central sections 68 of the inner active portions 48 and the substrate 12. It
follows that the inner active portions 48 define a volume that is positioned further from the
substrate 12 than the outer passive portions 46. It will therefore be appreciated that the
greater expansion of the inner active portions 48 results in the arm 44 bending towards the
substrate 12. This movement of the arms 44 is transferred to the active ink ejection
structure 20 to displace the active ink ejection structure 20 towards the substrate 12.

30 This bending of the arms 44 and subsequent displacement of the active ink ejection
structure 20 towards the substrate 12 is indicated in Figure 4. The current supplied by the
CMOS drive circuitry is such that an extent and speed of movement of the active ink

displacement structure 20 causes the formation of an ink drop 70 outside of the ink ejection
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Struct ur es,o3fH Ay ébﬂ Me&)ﬁ?amwﬁegégﬁ%h% drRESHBbrmds hitakier 38 #8cand
the roof 82. It wl appreciated that the bridge portion 58 of each

t her mal actetwte 26h whao dw arsrd4ais bentt adstreightened it the nsannerdeseribed@hovand

trai ghtened i th i bed abpve. . Th th i ti 58
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rectilinear path. It follows that the coupling structures 30 should accommodate movement

20  intwo axes, in order to function effectively.

Details of one of the coupling structures 30 are shown in Figures 6. It will be
appreciated that the other coupling structure 30 is simply an inverse of that shown in Figure
6. It follows that it is convenient to describe just one of the coupling structures 30.

The coupling structure 30 includes a connecting member 74 that is positioned on the
bridge portion 58 of the thermal actuator 28. The connecting member 74 has a generally
planar surface 80 that is substantially coplanar with the roof 22 when the nozzle
arrangement 10 is in a quiescent condition.

A pair of spaced proximal tongues 82 is positioned on the connecting member 74 to
extend towards the roof 22. Likewise, a pair of spaced distal tongues 84 is positioned on the

30 roof22 to extend towards the connecting member 74 so that the tongues 82, 84 overlap in a
common plane parallel to the substrate 12. The tongues 82 are interposed between the
tongues 84.



rectilinear path. It follows that the coupling structures 30 should
accommodat e novenent 20 in two axes, in order to function effectively.
Det ai | s oWomamsahs t he coupling structures 30 are shown i nPETgUN29188 |t
will be appreciated that the other couplLing structure 30 is sinply an

i nverse of that shown in Figure 6. It follows that it is convenient to
descri be just one of the coupling structures 30. The coupling structure 30
i ncludes a connecting nenber 74 that is positioned on the bridge portion
58 of the ther e | {OBRARRY, I
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that the tongues 82,784 overlap in a comon plane parallel to the
subst r at e ifiRrconhects emiy P28tz mde 86,18% Thus ¢t toaguasda, 8haretconeastes tg 4achnD

03/086765 PCT/ AL02/ 01 A.r.od 86 extends,from each of the tongues 82
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i dentical. The connecting structure 30 includes a connecting plate 90. The

pl ate 90 ideppsitedrapd sabsepeentlyetcher éncludedaesss ePTLAGN, Hisgivonandubeanrdipxide2. The
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material that are deposited and subsequently etched jnclude | ayers, of

Ti ALN, ti tHaresemnpesis; haviena bvesPhel ttamkmsandialayeniorabsilicgn dipaidsirosyipned ne
connectin LGl | .o st.r r of

Ti Al N. Fu%rﬁ%x?flﬁ%{)?% @%Ceia}?ég? 3?%1?[% Qitﬁgﬁf‘giﬂeg%&%ggﬁ% t#e}h%éirelﬁfel%ti ng
menbers T7attmt@ 280Theosids8p, Sandthe aideayits 2D dreaff titdniwm. Tira tanghea 82 84candd6 of
silicon dioxide positjoned ..on.the |layer 74. The layer 74 is shaped to nest
with the PB‘Q‘@%@F‘?P iepn QipXifige t hermal actuator 28. The rods 86, 88 and

the sidevalls #h & EMOS @N iR cuitheset §itaBR cufnBiAdhe ﬂl@ﬁnaﬂ%@%d 22 are

of silicon dioxide. Wien the CMOS driv ircuitry sets up a suitable
current i nadudetort28etherionbentidg nembheaéis @dventih en enatepathay indindied with ains

driven in z%pov&zfi Bg %Jn % eaé. h1"hlassreisuq{jsi in %ttﬁr%stvgeglpg Sérted on the connecting plate 90 by the
rods 86. One actuator 28 is positioned on each of a pair of opposed sides 100 of the roof 22
as described above. It follows that the downward thrust is transmitted to the roof 22 such
20  that the roof 22 and the distal tongues 84 move on a rectilinear path towards the substrate
12. The thrust is transmitted to the roof 22 with the rods 88 and the tongues 84.
The rods 86, 88 and the connecting plate 90 are dimensioned so that the rods 86, 88
and the connecting plate 90 can distort to accommaodate relative displacement of the roof 22
and the connecting member 74 when the roof 22 is displaced towards the substrate 12
during the ejection of ink from the ink ejection port 26. The titanium of the rods 86, 88 has
a Young’s Modulus that is sufficient to allow the rods 86, 88 to return to a straightened
condition when the roof 22 is displaced away from the ink ejection port 26. The TiAIN of
the connecting plate 90 also has a Young’s Modulus that is sufficient to allow the
connecting plate 90 to return to a starting condition when the roof 22 is displaced away
30 from the ink ejection port 26. The manner in which the rods 86, 88 and the connecting plate
90 are distorted is indicated in Figures 7 to 12.
For the sake of convenience, the substrate 12 is assumed to be horizontal so that ink

drop ejection is in a vertical direction.



arrow 98 in Figure 6. This results in a thrust being exerted on the
connecting plate 90 by the rods 86. One actuator 28 is positioned on each
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di mensi oned so ghah pkREed 1]9(#‘1%&@3 1?@11(} el hEABARA beAWadth b2 PREIFEs a
distort to accomodate relatrve displacenment of the roof 22 and the
connect i ngunentiferm e QMEOS dive dwoitry? the @ndédtipl avenber Ghay dsveniewsidohe at e 12

during the ejectjon of ink fr the ink.ejectjon port. 26. The titanjum of
t he rods éBl?Jt@fyeir?a Se{a"“ﬂ?ﬁﬂij@'gﬂw{]‘feﬁéo fhﬁ £ e§8’$‘ﬁ°&']l%ﬂltateto tQWaBC\% the rods
86, 88 1o giafdn A ¢ Ardlthetaite 1a@W0dirkW O the WoEI D2 3R aF R Fhe ABstrted2Spl aced
away fromthe ink ejection port . The Ti ALN of the connecting plate 90

al so has avittothegods 8%bdaldescribhdabive, thefdispldacementraf the Tooh2? krrectilineaeand ng

plate 90 to return.t art .conditio 1 roaf, .22 1 |.Spl aced
Py 30 s e Brer el JF b A PtEE bl O Bigh@Na & otdraflilndted o
and the ceRARElpaiEl HORr, déplaeeti GittBE bRMiha tonies 82 thrbubtda@lli8both to 12.
For the sake of conveni ence, the substrate 12 is assuned to be hori zont al

so that i ikrticghad hejrigentabeprponientsathy dptizendal camperertspeingesnsmygavaysrom
PeTl A2/ 0829 AR GBHRR R BRI 56 8 hd dorftEllinkAn1att08 & DRyd her Ml

bend actua recelrves a current from ve circuitry, the

conneqyi nGeemniedatédsithe Sotdzdntd totnponcédsf iveemsntlaftiiaprexihzal asgaes 8hut above.
This serves to _displace the connectia&g plate 90 towards the rate 12.

In L urR, the caRMaEIcHag the sads Sobepd andtheicanrestine phatq Wistates Raﬁtza'ig'f?% Pfe 12
wih the 109501208 dlES6LLEREARRY ;ﬁe%?gﬁn%&%ﬁ%ﬁ%{%@kfés’p d8PwIiR9Lspedt 1bS

rectilinear there e vertical. acenent
di stal tonhesbsdiei Bhis sersts @ianemmmondate thegrositivalof et proxikmhveongnes 1. &yl sat enent

of the proximal tongues 82 is_arcuate and.has both .vertical and hqrjzontal
conpone Ir[:t Lot f‘leE’.ehg‘F %i%fﬁtt%‘?g”(?ﬁ) Fresip &0 %E‘?CHBn?j’é RERAS Ilﬁ‘ﬁgﬂx%@%f FHEOY ﬂéb Mof
22. The di 8 PRuLthd 108s 89@1@@% £8neRd it P%ufeosﬁﬁse&fe'sggopéaﬁ@ueqo therefore

10 acconmmpdat es the’horizontal conponent of movenent of the proxinal
t ongues 8Zrankmitfedrbtyi tbeiplate, 9Q tesist thd padial totatipnand the ¢vonedimgadate AQ. I wall &e 90

OLaeS Pl L85 SOl LTS e T sBRB B SOR BT, L
t o accomugyaf KibjdRARS 8 iphitRNrdtidnh SltHRIURK intBdo theBabESxtER as Afe fReishown in

Figure 12. The part shown in Figure 8 is subjected to the least amount of rotation due to the

20 fact that resistance to such rotation is greatest at the rods 88. It follows that the connecting

plate 90 is partially twisted along its length to accommodate the different extents of

rotation. This partial twisting allows the plate 90 to act as a torsional spring thereby

facilitating separation of the ink drop 70 when the roof 22 is displaced away from the

substrate 12.

At this point, it is to be understood that the tongues 82, 84, the rods 86, 88 and the
connecting plate 90 are all fast with each other so that relative movement of these
components is not achieved by any relative sliding movement between these components.

It follows that bending of the rods 86, 88 sets up three bend nodes in each of the
rods 86, 88, since pivotal movement of the rods 86, 88 relative to the tongues 82, 84 is

30 inhibited. This enhances an operative resilience of the rods 86, 88 and therefore also
facilitates separation of the ink drop 70 when the roof 22 is displaced away from the
substrate 12.



out above, the distal tongues 84 remain in a rectilinear path as indicated
by an arrow 102 in Figure 8. Thus, the rods 88 that bend as shown in
Figure 8 wo0/08@stllt of a torque transmtted by the pl at ePgd/At@gi0st68t he
partial rotation of the connecting pl at§l 90. It will be appreciated that
an internedi ate part 104 between each r (9 86 and its adjacent rod 88 is

al so subjected to a partial rotation, although not to the sane extent as
the part shown in Figure 12. The part shown in Figure 8 is subjected to
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the rods 86, 88 relative to the tongues 82, 84 is 30 inhibited. This
enhances andispleped invaareetdinept masrerof the rods 86, 88 and therefore al so
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enbodi ment. of a printhead chip, .in accordance with the invention, for an
ink jet pRRGYARLLLO andiaxtands Bite heaozglechgub&<#21 to 12, like reference

numeral s refer A Sl SRR 120 0b555,AURATIL SReSPEP (4 RrbxdOGALP

arrangenent 110 i nc Icall'y arranged ermal bend

act uat or s f2dén tlewdil pdreionsR. hdsitbvecihatathe sealig ifenation 420 end the ledgedddealefing e
side 112 of the, roof 22, The thermal bend actuators 28 are substantially

i dentical 6! %Hl%ce{”r?éff%“?%%& 22 is displaced in a rectilinear manner.
The static ink sj i ] : j : r
w1118 that T T KR e R 122 Ao P o e
| edge 114 substpadsil.isohipd2éms pdsitioned werthevetdntrbdtopation €32 wratsendovizontellnozzl e

chanber 42from the re-entrant portion 122. The sealing formation 120 and the sidewalls 24 are

O

configured so that, when the nozzle arrangement 10 is in a quiescent condition, the lip 124
and a free edge 126 of the sidewalls 24 are in horizontal alignment with each other. A

20  distance between the lip 124 and the free edge 126 is such that a meniscus is defined
between the sealing formation 120 and the free edge 126 when the nozzle chamber 42 is
filled with the ink 72. When the nozzle arrangement 10 is in an operative condition, the free
edge 126 is interposed between the lip 124 and the substrate 12 and the meniscus stretches
to accommodate this movement. It follows that when the chamber 42 is filled with the ink
72, a fluidic seal is defined between the sealing formation 120 and the free edge 126 of the
sidewalls 24.

The Applicant believes that the invention provides a means whereby substantially
rectilinear movement of an ink-ejecting component can be achieved. The Applicant has
found that this form of movement enhances efficiency of operation of the nozzle

30 arrangement 10. Further, the rectilinear movement of the active ink ejection structure 20
results in clean drop formation and separation, a characteristic that is the primary goal of

ink jet printhead manufacturers.



A sealing formation 120 is positioned on the outer wall 118 to extend
outwardly fromthe wall portion 38. It follows that the sealing formation
120 and twe oBeskyes 114 define the ink displacenent formnatipan/Ad®2/0Tiee
sealing formation 120 includes a re-entrgnt portion 122 that opens towards
the substrate 12. Alip 124 is positingd on the re-entrant portion 122 to
extend horizontally fromthe re-entrant portion 122. The sealing formation
120 and the sidewalls 24 are configured so that, when the nozzle
arrangenment 10 is in a quiescent condition, the lip 124 and a free edge
126 of the sidewalls 24 are in horizontal alignnment with each other. A 20
di stance D¥EvEBAIMhe |ip 124 and the free edge 126 is such that a neniscus
is defined between the sealing formation 120 and the free edge 126 when
the nozzle chanber 42 is filled with the ink 72. Wen the nozzle
arrangenment 10 A §qi VR il ; &gﬂﬁﬁ IS
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stretches to acwbstratdand t his novenent. It foll ows that when the chanber
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WE CLAIM 1. A pri nt Hed#ficHkgiqosen giruqtwr ppaitiopsd on the gabstiatee theracyhidkd chi p
conprising a sybsi ot ?ng] - ad . t Tob A are
positioned on t%i%&ltgg%gﬁ?a e, dg[gg tgtﬁ@zn%%ecaé?range@ﬁ%é@ég%pggﬁgfgﬁéﬁgﬁ active

i nk ej ection stéhagiber@ fldidtommunization otk cdnaik $upplys tixsddtiat enkadgjettopatecturef r om
the substrate, the active kpk,ejection structyre having a roof with an ink
10 ej ection porieiRgefisplageapie Witlhrespest (o the stakip ink §IeRiop; sERpUEORpIds APt Away

posi tioned on t{g, SPSHERLE to tdABASd MErehdda volume of the nozzle chamber to eject an

ink drop from the nozzle chamber; and
at least two actuators that are operatively arranged with respect to the active
ink ejection structure to displace the active ink ejection structure with respect to the
static ink ejection structure towards and away from the substrate, the actuators being
20 configured and connected to the active ink ejection structure to impart substantially

rectilinear movement to the active ink ejection structure.

2. A printhead chip as claimed in claim 1, which is the product of an integrated circuit
fabrication technique.
3. A printhead chip as claimed in claim 2, in which the substrate incorporates CMOS

drive circuitry, each actuator being connected to the CMOS drive circuitry.

4. A printhead chip as claimed in claim 1, in which a number of actuators are
30 positioned in a substantially rotationally symmetric manner about the active ink ejection

structure.



ejection structure and the static ink ejection structure together defining
a nozzle chanber in fluid conmunication with an ink supply, the active ink
ej ecti on woroaosars® bei ng di spl aceable with respect to thecstateolionk

ej ection structure towards and away fro&the substrate to reduce and

i ncrease a volunme of the nozzle chanber to eject an ink drop fromthe
nozzl e chanber; and at | east two actuators that are operatively arranged
with respect to the active ink ejection structure to displace the active
i nk ejection styus i 3 Bt - St At hQed e [WalTak ucture
t owar ds anSg a\/vaélﬂfﬂri%ﬁr@h&% eﬁgtsjl%%tﬁ?%%,dta eagzhfﬁia@gfygeiggﬁgbgﬁﬂ%%ﬂtﬁ%r ed and
connect ed ifdentichleacattdry,conieraktuajoe positionest anueatch € a pair ofipppased sidst afithé adtive
rectilinear, npvenent to the active ink ejection structure. 2. A printhead
chip as clBFREEHFHSTICH T 1, which is the product of an integrated circuit
fabrication technique. 3. A printhead chip as clained in claim2, in which
the substrate incorporates CMOS drive circuitry, each actuator being
connect ed & o t e poMbeadichip @s claimed inrojaimsB, in\whidhithé eettvedik gjeetsoncitmicesl i n
claiml, i.n. which,a nu r, of tugtors;.are.30 positiopned i.n

subst ant i dprSsgiepvel B geRinarie B ol Al iR Seins P R R e 5 o,
struct ur e.stfo iRB6{e8kuibaNREREAU02/ 01168 12 5. A printhead chip as clained
in claim4, which includes a pair of substantially identical actuators,
one actuator positioned on each of a pair of opposed sides of the active

i nk ejectipn st Hr A Dri e chi. I L clal i.n which
the acti ve’Pi nk éﬁgéﬁeg% dglp raag?ag%%& f}li cﬁ%ﬁu@é@@?@é&%%@%ﬁgéggggﬁ% fom t he
roof , 1ohe defideval ink diplagndhtnaativietatie spared droththe sebsdtateCanidfiices jiigciobHn
structure. 7. A printhead chip as clained in claim®6, in which the static

i nk ej ect idrtheagtiysinl eiectian garivge hadnkidigplagragntioapeinn GeinmgEandpk t hat i s

spaced fraqg . .00f k. el ion
ot uot ur o, CRREnRHERE Baf i ARk aGES b IRIEAR octbon o EAEH, e R GIELBE RN
area that whkenttheactivednke djectiod staichirt & disppcedttowardothe sakstfateam t he i nk
ej ection port, when the active ink ejection structure is displaced towards
the substrate. 8. A printhead chip as claimed in claim7, in which the
substrate gefi “ﬁ%ﬁﬁt}fé&& Ehip! ds ¥laRthed ilaibd™ 6h wHIG B kSbst@RRIHRKs 4 phuebitgbannel
opening into each respective nozzl e chanber at an

ink inlet channels, one ink inlet channel opening into each respective nozzle chamber at an

ink inlet opening.

9. A printhead chip as claimed in claim 8, in which the ink inlet channel of each
20  nozzle arrangement opens into the nozzle chamber in substantial alignment with the ink

ejection port, the static ink ejection structure being positioned about the ink inlet opening.

10. A printhead chip as claimed in claim 1, in which each actuator is in the form of a
thermal bend actuator, each thermal bend actuator being anchored to the substrate at one
end and movable with respect to the substrate at an opposed end, and having an actuator
arm that bends when differential thermal expansion is set up in the actuator arm, each
thermal bend actuator being connected to the CMOS drive circuitry to bend towards the
substrate when the thermal bend actuator receives a driving signal from the CMOS drive
circuitry.

30
11. A printhead chip as claimed in claim 10, which includes at least two coupling
structures, one coupling structure being positioned intermediate each actuator and the active

ink ejection structure, each coupling structure being configured to accommodate both



ink inlet opening. 9. A printhead chip as clained in claim8, in which the
ink inlet channel of each 20 nozzle arrangenent opens into the nozzle
chanber iwosnlsd7zanti al alignment with the ink ejection pecr/Atobeisgatic

i nk ejection structure being positioned %bout the ink inlet opening. 10. A
printhead chip as clainmed in claim1, in~“which each actuator is in the form
of a thermal bend actuator, each thermal bend actuator being anchored to
the substrate at one end and novable with respect to the substrate at an
opposed eng,,.and DaMif s &id 6?}%6&@{11 @hd ofEdth iiBhaPERASWARR adl E%IIF kERkdrihlly
thermal expansion I's set up the actuator arm eac t hermal bend

act uat or hedtiimesomnesahed of thetabtveldS]jattion etredtureui try to bend towards the
substrate when the thernmal bend actuator receives a driving signal fromthe
CMOS drive circuitry. 30 11. A printhead chip as clainmed in claim10,

whi ch inclydes @t iharsd cltip@s C1aHRd RGlaisl T HOHMEE the RAPe HRUPSHHBE nfdnibes bid €
bei ng positioned internedl ate each actuator and the activé ink ejection

st ruct ur e, thepassiveduiptiectipnsmembenmreshspehep thohwhgoieistrecedaddnthedzzelebot h WO

03/ 086765 PCT/AU02/.01168. 13 arcuate .nov t of, sad osed.end of each
Cher el batimagk tha g senietReRbEd il SRR RGhe fluift feLRPRRE0 ik hoor The
active i nkeRHRELIAT (8 fidselebhémbérdbetWedd thd itlegectioRinferdlserg.! ai med in claim 1
in which the active ink ejection nmenber and the passive ink ejection
menber are shaped so that, when ink is received in the nozzle chanber, the
ink ejection nenbers and the ink define a fluidic seal to inhibit ink from
| eaki ng out of the nozzle chanber between the ink ejection nenbers.




