WO 03/ 086767 PCT/ AU02/ 01164 1 PUSHER ACTUATION I N A PRI NTHEAD CH P FOR AN
| NKJET PRINTHEAD FIELD OF THE I NVENTION This invention relates to a

pri nt headwohBpsd7éT an i nkj et printhead. Mre particul arlyPCTtAtiog/01w¥ent i on
relates to a printhead chip for an inkjet printhead that incorporates
pusher actuation in order to achieve i nk dr op ejection. BACKGROUND CF THE
| NVENTI ON As set out in the above referenced applications/patents, the
Applicant has spent a 10 substantial anount of tine and effort in
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printing. As a result of the Applicant's research and devel opnent, the

Applicant has been able to devel op printheads having one or nore printhead

chi ps t hat FIBEBtOETHRINVENENuUp to 84 000 nozzle arrangenents. The
Applicant has a v r . I abl e
of controlling tﬁgl;“g e\ingl(ﬁl?gqge&&h %Qltﬁ?@C%?f?%?% ]JA& %GQQYMB aﬂpl)(?u(% 3sor
t echnol ogythayevédtonaelats ma%ﬁnﬁﬂ’e@d clapabil 1@T{JeCQ®|1iIBd§2&I thagné@pgates pasher
resolutions of 1600 dpi her 1 n some cases. Exanples of suitable

pr ocessor %@%ﬁmu@@@ef&ﬁ%mhﬁ%\mﬁé@ﬂeﬂPCﬁlﬁE above referenced patent
applications/patents. 20 Common to nost of the printhead chips that the
Applicant has developed is a conponent that noves with respect to a
substrat e BAGKEROWUND OF OrHE INVENEIONanber. This conponent can be in the

formof an ink-ejectin er that dis Iac abl e i 0zz chanmber to
ej ect the ink f%éﬁ?tt%g%@fg‘g%vec‘ﬁ’w 1ago%ﬁ RGeS Q‘?XPB](B ’Eﬁ@ SEERVAe

appl i cid i OfbstAAR dnttt of e 4RY EHOR Bl A& [Bﬂ‘i‘?%% iftheadd@ss idBrp¥Rits it@ achi eve
the ejecti onsaﬁH ro?n t hg respective enozz ench?nber s1 Arwr?raj ority of

t hese are blastednmnharml systan (MEMI)Y — basad temperientsdoianhicre hogjection ehinkof

t her mal gan5| op that is such that, on a MEMS scal e, expansi on upon

heati ng anB®é SR ont r act i on upon cooling can be harnessed to

perform work. TfA@ alTBduf dfahe A ?plﬁéﬂhﬂ@ﬁ’es&&ch ded ieRIcPmdneand Applidanehasbdeher mal
actuator that includes a heating circuit. The heating circuit 30 is shaped

to be resi sblevefsvelnpaprindhepde having one Womﬁ@aﬂ ships drat tegether ncgrporaty yp
current is i ed, t e it S uenc
t hat depe ng)sﬁloﬁ&i 1?102216 3%6%' emgﬂté glglﬁ |‘Ar* {t%ag%g‘d%ﬁl@e’ésd Sgl?%@% goéﬁségsupp?ll ed

froma Clmchﬁ(yl@%y th@ﬁﬂsfchlﬁﬁb@ﬁoﬂhbn&oﬁhigsdpéﬁhen of)ﬁudhhﬁ1n}ﬂ{elad§ lie aaktichian thed'he

pul ses are shaped and have a magnitude that_ is al so dependent on
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
provided in the above referenced patent applications/patents.

20 Common to most of the printhead chips that the Applicant has developed is a
component that moves with respect to a substrate to eject ink from a nozzle chamber. This
component can be in the form of an ink-ejecting member that is displaceable in a nozzie
chamber to eject the ink from the nozzle chamber.

As is also clear from the above applications, Applicant has developed a number of
ways in which to achieve the ejection of ink from the respective nozzle chambers. A
majority of these are based on the selection of a material having a coefficient of thermal
expansion that is such that, on a MEMS scale, expansion upon heating and subsequent
contraction upon cooling can be harnessed to perform work. The material is formed to
define at least part of a thermal actuator that includes a heating circuit. The heating circuit

30 is shaped to be resistively heated when a current passes through the circuit. The current is
supplied to the circuit in the form of pulses at a frequency that depends on the printing
requirements. The pulses are usually supplied from a CMOS layer positioned on a substrate

of the printhead chip. The pulses are shaped and have a magnitude that is also dependent on



WD 03/ 086767 PCT/ AUO2/ 01164 2 the printing requirenments. The generation
and control of the pulses is by way of a suitable m croprocessor of the
t ype descwbDaaisi7’n7 t he above referenced applications. On aPCERA®3O0IGHC
scale, it is counter-intuitive to use the expansi on and subsequent
contraction of material in order to achi@ve the performance of work.
Applicant submts that the perceived slow rate of expansion and
contraction would | ead a person of ordinary skill in the field of

nacr oscopi ¢ engi neering to seek alte ti ) . On
scal e,S _h8:&@@?{?&%511‘:‘1@%?@"%iﬂéle%‘%ﬁﬁﬁf“{‘h%ﬁdna |(§B§ Sﬁtﬁ%piﬁ%ﬂ%ﬁ%ﬂﬁg&f ?‘5&%—%6 such
a mater| alxgﬁ@ﬂf)r&%s&?%ﬁﬁé%?@eﬂ%c%&c iRTHR MK refdRBedLappABations. this is that,

on this sc expansi on contraction are relatively rapid and can
transmit rel atiGehynabiogtofiosaie, itli cilrdersintustived to1sa the expaesierf andsygecqypnt

nmovenent. Wil e the expansi on and contraction are .bot api d .and § ful,
Appl i cant qqagraqt@@rfg 4 al iq 0 mooacﬁgvaggei Relérg’f'@arfcgr()fév (ﬁgdé‘:gﬁicg% su?%ntgéﬁa? -
provi ded wﬂmﬁgglg&viygbwrra@!dﬁe&ymﬁm Fn@IceRir o MWERIE ad 6 Petstn be oy fiigd at

a region the work is required to eject the ink. Anmgjority of the
nozzl e ar rinnigefied o neowecapic engindesing bosesk aPpInad va eNSREY WHEPSSpat ent s use

differential expansi in the thernal ;actuator jeve b I § the
thermal actuatk ?i‘@% Sﬁ@ﬁ&‘%"ﬁﬁ%@ﬁfmﬁ?s Oruélﬁliglrlnﬁt% ? J%%sfog aglﬁ%?ﬁtgchﬁogc i ng
conponent ;B nhaferfil EREFe harf€dsed to1Rafdriv vasrk ATighHeasdnyfotlihsis ales ort thisejcelet t he
ink. Applicant has found that it would be desirable for Si;ﬁil e rectilinear

expansi on axpassion #nst eealractian pie srlativelpeapid-andan trapeit selalivelnhigh feree | ng
conponent , sincg such sinpl.e 20 | drlRRA ' ioYENP S RlcBoh S
rel at iq@el y effi eé%f?m%@,&g%‘%iogén hdéfs co{r{lgg?m%ttﬁ?g%ﬁl\%gntl oﬁ [ nco?der
t o achi evesrt Bethdepgidraad forcefal Sppiis intirhas fshndrtipdtiif wouwltlibe riesifabbemfor e mevbantisroned
above. SUMVARY OF THE | NVENTI O\I,A_ccor(g%n to the inveLﬁé' on, i.ﬁe(ge IS .
provi ded dopeinievidetiwherrhy sush rapjdity RpTorCeof AP YRIIERE COHHE bR AMREHER & el
conprisin t.e. gl igfiky of nozzle arrangenents that is
posi ti onegwger{ép%z&lé%ﬁgﬁ %?g?@oeﬂ%ﬁtﬁ%znz e arrangenment conprising 30 a
nozzl e chamber Atmajotityrod thehadzzlesarpogeménsneaveod yntbe shiet apalieationsl andhat
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actuator. This bending movement is transmitted to an ink-ejecting component that is either
rectilinearly or angularly displaced to eject the ink.

Applicant has found that it would be desirable for simple rectilinear expansion of a
thermal actuator to be transmitted to an ink-ejecting component, since such simple
20 rectilinear expansion on a MEMS scale is relatively efficient.
The Applicant has conceived this invention in order to achieve the desired

transmission and amplification of motion mentioned above.

SUMMARY OF THE INVENTION

According to the invention, there is provided a printhead chip for an inkjet
printhead, the prinfhead chip comprising

a substrate; and

a plurality of nozzle arrangements that is positioned on the substrate, each nozzle
arrangement comprising

30 a nozzle chamber structure that is positioned on the substrate and that defines a
nozzle chamber from which ink is to be ejected;
an ink-ejecting mechanism that is operatively arranged with respect to the

nozzle chamber structure, the ink-ejecting mechanism including at least one moving



nozzl e chanber structure, the ink-ejecting nmechanismincluding at |east one
nmovi ng WD 03/ 086767 PCT/ AU02/ 01164 3 conponent that is displaceable to
gener at e WOopBE8®aT € pul se within the nozzle chanber to ejpeTdtAtionkitonom t he
nozzl e chanber; an actuator that is positioned on the substrate and that
has at |east one working member that is3of a material having a coefficient
of thermal expansion such that the, or each, working nenber is capable of
substantially rectilinear expansion and contraction when heated and

subsequent |y cool ed; and an _ener transm tting neans that interconnects
the, or each, @Wﬁ@erﬁé}%%@ﬁﬁlacegﬁﬁ tp generglp aé’é%ﬁ‘,lre\%’?ﬁ?ivﬁ “P@r?ﬁ"é’?glgo t hat

energy generat %ﬂaﬁ“eﬁtg%'ecpfnkefﬁﬁ'ﬁtheWz%fe'&ﬁamB&nber as a result of expansion
and subsequent contract?on of the, or each, 10 working nenber is

transnmitted to then acuatesthhyt is positingedoamnthe webstratecand] thathgs phleasoapvatidngnt  of

the, or each, noving _conponent a eneration of .said pr e The
invention i s ndi¥ (’il?qt% ,a%te%ﬁnﬁ‘%fng&%%ﬁf%gﬁ %%qqﬁm?g?x%?ésﬁé%s%cg%%ghe’
acconpanying drcﬁ'%&ﬂ%’orﬂm% RO 1 a8 of KitiRtan@AIY fechiBiieat BRSO ahe | i i t
the broad scope of the above summary. BRI EF DESCRI PTI ON OF THE DRAW NGS

| n. the drawi ngsonEagioneviiendivetied and selsequently copledi @ a nozzl e arrangement of
a first enbodi nent of a 20 i nt head .chi i j t
i nvention, for andt ﬁtpﬁt@f trfjl?sinﬁ{tﬂlg é{fanﬁ}bat nRerﬁbs BfsRe %?@%c% oglﬁlg\/%agn\ﬁogffnta

ure OWs & schermati ¢

nozzl e arrangergathdfor @acih,e%ﬂdn%ﬁiéﬁﬁkfmﬂhat @lersy genentdddsdhe, i pach, working
accordance with the invention, for an inkLet printhead; Figure 3 shows a
schemati ¢ vi ew o¢mberds 2aewltnf eansianANISHDIIpeHt CanERlon okt obtachy

printhead chip,_in. e L [ OfevidEd :
CchermD, ¢ vi cw Sy REESHAANE fallehilled Rk AL il AU
printhead chi p,displackerat ofathe corwatt) nidvéng coreprinentandrgegenatiobobhaglhpressure
schematic view of a nozzle arrangenent of a fifth enbodi nent of a
pri nt head chi p,P‘ﬂW- accordance with the invention; Figure 6 shows a

schemati c si de WA SO fol WELMBRdAR! Rhy oftxabddfes7E kéfereRl @Ith@ngement of
Figure 5 in a quiescent condition; Figure 7 shows a schematic side view of
t he nozzl eacaompagénpdrawifes Fllgufolloingdeaeription is not intended to limit the broad scope

of the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings,
Figure 1 shows a schematic view of a nozzle arrangement of a first embodiment of a
20  printhead chip, in accordance with the invention, for an inkjet printhead;
Figure 2 shows a schematic view of a nozzle arrangement of a second embodiment
of a printhead chip, in accordance with the invention, for an inkjet printhead;
Figure 3 shows a schematic view of a nozzle arrangement of a third embodiment of
a printhead chip, in accordance with the invention;
Figure 4 shows a schematic view of a nozzle arrangement of a fourth embodiment
of a printhead chip, in accordance with the invention;
Figure 5 shows a schematic view of a nozzle arrangement of a fifth embodiment of
a printhead chip, in accordance with the invention;
Figure 6 shows a schematic side view showing further detail of the nozzle
30  arrangement of Figure 5 in a quiescent condition;
Figure 7 shows a schematic side view of the nozzle arrangement of Figure 5 in an
operative condition;

Figure 8 shows a schematic plan view of the nozzle arrangement of Figure 5; and



operative condition; Figure 8 shows a schematic plan view of the nozzle
arrangenent of Figure 5; and WO 03/086767 PCT/ AU02/ 01164 4 Figure 9 shows
a schematwo osiogsgevi ew of a nozzl e arrangenent of a sixth pembhaderoerss of a
printhead chip, in accordance with the invention, for an inkjet printhead.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON | n4Fi gure 1, reference nuneral 10
generally indicates a nozzle arrangenent for a first enbodi nent of an ink
jet printhead chip, in accordance with the invention. The nozzle

t 10 |, f I Jit f h I f d
a silicon waf el EHBSTAYe AESnmlinee B B e derklh ETEHEmSH AR chip of the

i nventi on. . ASdifét of Yiprintheb Ship Akt SdRteGhith theSnweRE6h, fof & InRjet pAnthead| €
printhead can contain'up to 84 000 10 such nozzle arrangements. For the
purposes of clarity and ease of description, only one nozzle arrangenent

i s descri I I at.ed son of ordinary skill in
the fiel g";@%ﬁ@m’ﬁ%mfﬁﬁf rmgﬁﬁﬁ) by sinply repl>/i cating the
nozzl e arrangengifiguke 1, Rferbit® niddesl 19URALAAY tdlchies lPzplkiablahigattnt fira | s the
product of an integrated circuit fabrication technique, In particular,
each nozzlfirseemborimentraf andnk jst printhgrdehip.tin gecoadaves/®ith the wgniiaibr i cat i on
techni que. As i.s_known, such a.f jcatd o i i

deposi '? i on of func qz\gﬁaﬁﬂang%{}%l}ts} 63% es(z;'slflcar11511’“?@?52{)11 ﬁﬂgrelér)%&%&@%%gﬁ gtf %lgled
circuit neggs kiibén wilke sibstetel 1@ gurag)ab detinethetpeindbad chipadfithaiavermionoAs

nmovi ng conponents and_ the sacrificial |ayers are etched away to r I%%e
the conponsheytinthe hagkgionns of dircsperifisationapisiigle Rbgag sa C@‘gﬁ‘ér“é’ltf’f&li ol ve

the r eJ[R‘Jh ;Eﬁltch 9182%9 a@in@%ﬁe;}{sgiﬁ%fgggpgﬁo@s of Efﬁigﬂ%mf&gp&?f‘&‘é%ﬁpt%, 3n12idﬁgl e

waf er I'S "'subsequ separ at e various conponénts from
each ot hernozihisrangimémicasctibel. Stibtd ixsappredidied that a pesoool aflinarydikihintheki | |

inthe field.can readi]y. obtai.n th rinthead chip.of this.invention
repl i cati nidelgan F?@g%’ QLtﬁﬂtgﬁBEH@ﬁ?‘fﬁlgp lbﬁﬁ“%ﬁ%&?ﬂhlcg%g 1 POZEl ISP %(gzer
14 is posi{,ﬂgl@%f%uggpdtéhéj con wafer substrate 12. The electrical drive

circuitry layer 14 includes CMOS drive circuitry. The particular
confi gurati on oThe prentih03hjp istke pioductiaf ay intsgrated cingpid fabaigatiandeehigue. In

description and has, therefore been shown schenat, y.Lnthe. dr.aw ngs.
Suf i ce toP%ngtﬂﬁth%Chi ozl RgnRRT L0 PO Pt ot e aRcaiaing g
provi des elcgRiifhe: As i€ WhdvRMisubiPa FAMRicHRAZhfUIRgEIvENthe HBpdLaM of feacionkl of
an enabling signal fromsaid suitable m croprocessor. An exanpl e of

] a
sui tabl e 3byersendprcofisis biyetsof duisgricdeticiinmataialip dhe finstienal fyets are etched
patents/ pa{oe&]etfinge%éucsar%\%plg Corlnﬁor];e%ksl She sacrificial layers are etched away to release

the components. As is known, such fabrication techniques generally involve the replication

20  of alarge number of similar components on a single wafer that is subsequently diced to
separate the various components from each other. This reinforces the submission that a
person of ordinary skill in the field can readily obtain the printhead chip of this invention
by replicating the nozzle arrangement 10.

An electrical drive circuitry layer 14 is positioned on the silicon wafer substrate 12.
The electrical drive circuitry layer 14 includes CMOS drive circuitry. The particular
configuration of the CMOS drive circuitry is not important to this description and has
therefore been shown schematically in the drawings. Suffice to say that it is connected to a
suitable microprocessor and provides electrical current to the nozzle arrangement 10 upon
receipt of an enabling signal from said suitable microprocessor. An example of a suitable

30  microprocessor is described in the above referenced patents/patent applications. It follows
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

passivation layer 16 can be of any suitable material, such as silicon nitride.



that this level of detail will not be set out in this specification. An ink
passivation layer 16 is positioned on the drive circuitry |ayer 14. The ink
passi vat iwo iBagenr7 16 can be of any suitable material, suckRCass®eihiwon
nitride. WD 03/086767 PCT/ AU02/ 01164 5 The nozzle arrangenent 10 i s shown
in Figure 1 as broadly conceptual. The nézzle arrangenent 10 includes an
actuator in the formof an electro thermal actuator 18. The actuator 18

i ncludes an electrical resistive heating circuit 20. The circuit 20

i ncorporates a working nmenber in.the form.of conductive heati el emrent
22. The heati n_ngéef %(?ﬁ??ﬁ a_‘r??gf’@entc#’ 15217%%%%@%3\;15%0 %B%PQB%GEEQB?ZZ%
thermal  expamsk@Bntt 10AhcludesSMHLAt G in Wi afele8rb @lering] adhe@drad®. TRE
subsequently cool ed, the material is capable of expansion and subsequent

cont ract i osrtuaorak® ingludes anseledtiied] aeistive hpatinemireit@Ok TonciscuEEncorpertes.a Any
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Appl i cant  $rRsmheHAIChdviial a Edefadbntof Metialexpandion ihdeiskOcK HatwhBn the material is
particularly suitable for this purpose. Thernmal expansion and contraction

occurs perhagfidrandshbteruertl qpolade tieimaieral eneapable pf expansioniang pbsequgnt
oS A _ . ; ;
Bl enrant 5o i efor] 8Fan U SyBLIeAP R Wl o SIBNAYL Bl D Ui Blber of,
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energy. Thus, the length of the _heating elenent 22 is a factor that,
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simlar to extent of novenen the conponents of the nozzle
arrangenent s deSherimabexpansiohend abwreetior beruenpedingdength of thatheating element 22

applications.  The ating.el nt .22 i s connecte 0 an ink-ejectin
mechan sm Pis KRBVR-of ih Rt Cifle 59504 icerde aBeanbd) Rp ot o e Bt

pi ston 24 418mBRsiotyBR SekficlenflcnfhZbeh £ MRIRENt DF dVerest whsh tha_ﬂ@atﬁh%%lélﬁent
chanber structure 26 has nozzl e chanber walls 28 and a roof 30. The roof

30 defi nes2Zexpanids ajdermirosts posuifigient tTigendrataisefyl encegie Aihug zhaigagth of theed end

neating. el DAEHE st A2k s Ao SRREEH) Sl BN BaRIAZFAE 18 pebee B,

manner, W {he he@sipesiémémt 2216 of b kadenkicB4 sulhitlsat bBRsdxtdrs of movetemiosialilar to
novenment of the piston 24 relative to the roof 30 and subsequent ejection

of ink frofheertEnt plmeywpent oh thegemposents phibringgsle apangegreaiselreaibed v el 40
general ly Ldi GabRAcE MREALBaBhi HPEEARAL. OF 2

The heating element 22 is connected to an ink-ejecting mechanism in the form of an
20  ink-ejecting member or piston 24. The piston 24 is positioned in a nozzle chamber structure
26. The nozzle chamber structure 26 has nozzle chamber walls 28 and a roof 30. The roof
30 defines an ink ejection port 32.
The heating element 22 has a fixed end 34 and a working end 36 so that, on
expansion and contraction of the heating element 22, the working end 36 is displaceable, in
a rectilinear manner, with respect to the fixed end 34. This results in reciprocal movement
of the piston 24 relative to the roof 30 and subsequent ejection of ink from the ink ejection
port 32.
In Figure 2, reference numeral 40 generally indicates a nozzle arrangement of a
second embodiment of a printhead chip, in accordance with the invention, for an inkjet
30  printhead. With reference to Figure 1, like reference numerals refer to like parts, unless

otherwise specified.



second enbodi nent of a printhead chip, in accordance with the invention,
for an inkjet 30 printhead. Wth reference to Figure 1, |like reference
nuner al s wefoasd7e7 | i ke parts, unless otherw se specifi edPCVAIGIHOBE767
PCT/ AU02/ 01164 6 Again the nozzle arrangenent 40 is shown only
conceptually. It is respectfully subm t%ed that a person of ordinary skill
inthe field of MEMS fabrication could readily fabricate a nozzle
arrangenent that utilizes the concept illustrated in Figure 2. The nozzle
arrangement 40 al so i ncludes a heati ircuit 42. Howev a heat.i ng

el ement 44 of t‘g%a‘ﬁél%ﬁ?‘?ﬁg&nfae&‘?r{lerﬁéag%s o %ﬁ?@ﬁ?‘u\ﬁﬁﬁg{ﬁ.f“?ﬁ%@ﬂ 7zl e

ar r angenentpiiedthhd 4 g&%@om&&lﬁﬂl dk8l1 B thB Gl &F MBMY fisficdtonaetidadisy usef ul
force transmtting neans. In this enbodinment, a cross sectional area of

t he pi st onfaBdcana noinls afrimezementthet whiazabthe cescept dlugtrated i Figieerd-| y hi gh

nunber of order.s, of gnitude | grger .than a cross sectj | area.of .the ink
ej ection port 3’2‘?6 ¥t ,arﬁfmg%la?ﬁt?lggﬁsé)ipgﬁaesoq‘h e ﬁlé?ﬂl% %#) q—f%“é&%ﬁ_ th%ﬁtl can
be reduceddefUASIFIRs BbHine Lioim M ata savbilentSsRith YTHRG 02606 ith Rt nhdht HDe

nozzl e arrangenents descri ged in the above referenced applications, while

still achiwilizega Hydipuk¢ pdngipls in prieriaaghievs a usefubfaprEansyringmezps.Jasip al | y

i ndi cates a _jnozzle arrangenent, of J | I hi p,
in accor da%'%océ\??ﬁt’ ¢ K5 %?félﬁflialoarrﬁa (ff(%lrl glrsl{cﬁgnz%r%g qhﬁéﬁ% P ﬁ%zéeﬁctﬁ%t{%& E?e ea(r: ence
t o Fi gur essuffigibgtlyZhigh nkigbeedfesreds of mapghinledangef then b ordss ketipaltasea ofuthe fiks

ot herwi se specified. The nozzle arrangenent 50 i s agai n_shown as bropadly

concept ual ejeqtipnmert 3% Tihas. 2 reaired fxsent of movemei el tie mefon 2f ¢an paedycedat

i nst eag, of Vi ' ' ' | ' ' ; i ous
embod: (et OB BFm UIENHRI Ruatp B kGUiBA IRE polS irkipinch R SH

bet ween t hiae hbate lefpraicedapplickfions) vhilb atifiiashioving dropldjectiont i on anpl i fyi ng

means 20 52 can_take nunber of different forps. In particular, the notion
anpl i fyi ng mean® Kgwe I&Fﬁ“ﬁ?%‘é‘lm&iﬁ‘ Oogengragg ﬁ%‘ggﬁt?%%&zh aé‘faBg?FB@Hé’E 2cal
arrangenent; Fé%oﬁﬁnéht%?%?riﬂ%eﬁd’éﬁiﬁﬁh deBorBhrtdnRitifhe iSeRli6NGBr MMRjeRl 60
generally 1 ndicates a nozzle arrangenent of a fourth enbodi nent of a

print head pimtpead. Witicxeferdasede Figurds &t 4nal 2, hike meference fgmerals refgkjoetike partisnt head.
Wth reference to Fiqures.l to 3, like reference nunerals refer to |ike
parts, un\l‘gg%soél?%? iSPECI8Ed i fied. The nozzl e arrangement 60 is shown as
broadl y concept #gé nodzle ibdrzeREROD BH4in sBowh 8/8roadl§ebadEpaiAl.67 phsicpRs,thé oned
internmediate the working end 36 of the heating elenment 44 and the piston
24. The | evenzlevaringemenh WRillnsistesrhatiinsead ofdhagingdhe dispapsignalconfigerbens o

described in the previous embodiment, a suitable motion amplifying means 52 can be

positioned between the heating element 44 and the piston 24. The motion amplifying means
20 52 can take a number of different forms. In particular, the motion amplifying means can be
in the form of a conventional micro mechanical arrangement such as a gearing system.

In Figure 4, reference numeral 60 generally indicates a nozzle arrangement of a
fourth embodiment of a printhead chip, in accordance with the invention, for an inkjet
printhead. With reference to Figures 1 to 3, like reference numerals refer to like parts,
unless otherwise specified.

The nozzle arrangement 60 is shown as broadly conceptual. In this embodiment, a
lever mechanism 62 is positioned intermediate the working end 36 of the heating element
44 and the piston 24. The lever mechanism 62 has an effective effort arm 64 connected to
an effective load arm 66 with a fulcrum 68. It is to be noted that the lever mechanism 62

30 shown in Figure 4 is schematic and that any of a number of micro mechanical systems
defining lever mechanisms 62 can be used.

The lever mechanism 62 is configured so that the effective load arm 66 is between

approximately 20 and 60 times longer than the effective effort arm 64. In particular, the



an effective load arm66 with a fulcrum68. It is to be noted that the

| ever nechani sm 62 30 shown in Figure 4 is schematic and that any of a
nunber ofwpiosngs7Taechani cal systens defining | ever nechaniPSTaAW®2/0cmm be
used. The | ever nechanism 62 is configured so that the effective |oad arm
66 is between approximtely 20 and 60 ti/nes | onger than the effective
effort arm64. In particular, the WO 03/086767 PCT/ AU02/ 01164 7 | ever
mechani sm 62 is configured so that the effective load arm66 is

approximately 40 tinmes longer than the effective effort arm64. .In_.Figures

ST B, |1 APt sHEBATBRGR P QBRI PR ST SDPE AR of

fifth eanﬂhégqgﬁ%&ft%ﬁ@é%ﬁ&&%@fﬁwagm@n accordance with the invention, for
[ Wit

an inkjet printhead. reference to Figures 1 to 4, like reference
nunmer al s refer IndFigurkes pas treferenga namsrab 70 gensirally ingdisetes p adzzla Awangsmenteof

arrangenent . 70 i ncl.udes nozzl e chanber walls in. formof ca di.st.al - end
vl 1 9o 2 BibsrhseRiob e St an pireroagre BibdBen et R B8 A Toor
78 spans themaal Withidferditte tof Biguld tbA0fike Rf@Bfkbetdignet@b tefer’d liképartg6 defi ne
a nozzl e chanber 80. The roof %8 78 defines an ink ejection port 82 in

flui d conmniéss athicowisisperifiede nozzl e chamber 80. The walls 72, 74, 76 and
the roof 78 are.di nensi oned so at .t he nozzl [ . .
rectangul ar sha e %Tagﬁgaerit?%?%%&esf%zFﬁﬁa@eg%aﬁlgﬁé%gﬁﬁﬁgf|a§hStal

posi ti onedsnadj ACENta pRoxifia$ bed wel d484d alpair b€ oppused sidewalldizs. Bfbof A8 ppairsahé t y

of ink inlet channel's 86 is defined througlh the substrate 12 and the

| ayers 14,walls 72z44176. dloeirpofcts anddhmwpllg 2,74, ¥ defing anozglerbambet $b A bgied a
respecty v I Al Ng. i i
Channdld 5erd St an SlATRHondRn S T cortbuBRER B thctlo PR Chabi SN TRE
nozzl e chayhity7804, Phamhihb osoff78ramatinmemsioned swethhothemotzleclanirer 80 hanahor s 90

is fast with the substrate 12 .on a oxi mal side of .the nozzl e,chanmber 80.
The heat i f§C@NEUH; Sthaﬂﬁwg%l‘”ﬁ&@g in plapy the in leﬁ“?‘hB?rﬁgg ISRYSHIOFd Adides &t or 92

that is fagliiddR4d Hendnsnae shaffbepR@. extends towards the proximal end wall

74. The thermal expansion actuator 92 is of a conductive material and is
shaped to defi nA phamtityaff inhimldiehennely &6 is definedthrough¢heaibstaated2 gad the of a

mat eri al that S coeff.icient of therpal, expansion that is such that,
When heat cByShATtbEagh aH NGt Susreee 1 TRHePBRR R R faREe nped
material capnfiRr BRERESEE dnloPelfE B bIMEAMANKK RiletahMEMPS6 SCaighed AthekaiRrl € of a
suitable material is TIAIN. "In particular, the thernal expansion actuator

92 has a peeetionfpost §@ofdits askeriated pogzin dhapbahé@t ed by a bridge portion 96.

The An anchor formation in the form of a pair of anchors 90 is fast with the substrate 12
on a proximal side of the nozzle chamber 80. The heating circuit 44 includes an electro

20 thermal expansion actuator 92 that is fast with the anchors 90 and extends towards the
proximal end wall 74. The thermal expansion actuator 92 is of a conductive material and is
shaped to define part of the heating circuit 44. The actuator 92 is of a material that has a
coefficient of thermal expansion that is such that, when heated and subsequently cooled,
expansion and contraction of the material can be harnessed to perform work on a MEMS
scale. An example of a suitable material is TiAIN. In particular, the thermal expansion
actuator 92 has a pair of arms 94 that are interconnected by a bridge portion 96. The
actuator 92 has a fixed portion defined by fixed ends 98 of the arms 94 that are fast with
respective anchors 90.

Each of the anchors 90 are configured to provide electrical connection between the

30 fixed ends 98 and the electrical drive circuitry layer 14. In particular, the anchors 90 are

configured to provide electrical connection between one fixed end 98 and a negative

contact and the other fixed end 98 and a positive contact. The electrical drive circuitry layer

14 is connected to a microprocessor of the type described in the above referenced



actuator 92 has a fixed portion defined by fixed ends 98 of the arns 94
that are fast with respective anchors 90. Each of the anchors 90 are
conf i gur eaotos/opa76vi de el ectrical connection between the P0TfAGed1®AdS 98
and the electrical drive circuitry layer 14. In particular, the anchors 90
are configured to provide electrical cofinection between one fixed end 98
and a negative contact and the other fixed end 98 and a positive contact.
The electrical drive circuitry layer 14 is connected to a m croprocessor
of the type described in the above referenced WO 03/Q086767, PCT/.AU02/ 01164
8 pat ent s/P&E?E)‘FﬁIQP.RllF%?’r%IS§6t1%%ﬁlle°‘é‘F%1&“ﬁeE'éﬁ’“q%€i§ﬂf SYitabl Thaps ang m@%‘?lf%ﬁ@n é‘ﬁape

and nmagnit . SHdd ed to the actuator 92. The bridge portion 96 of
t he act uatsggﬁbegﬁgé |%1Ces a working portion of the actuator 92. The nozzle

arrangenment 70 Thediridge portiqni 6aif theadveaton¥Ddafings aiworking porionyof dhe aghitpéer  on
the proxinal end wall 74. The bridge portion 96 of the actuator 92 is
connected 1 the pivot nenber 100 at a position internedi ate a pivot

poi nt, i ndi cat efheato,HAArrafEIhdie 60 PC1EARE a pRbot HheniBRAO0 (R pvstall@rangedi nal

end wall 74. It Is to be understood that the pivot point 102 can be

def i ned byonahy praxitbelrendfwalb¥d. iTha baidpopertion 9610k thsi agbiaterdRie eomgoted iRithehe 10
proxi mal end wall, 7 For thj.s reasaon,.the piv I b Sy-kendi d
schemat i cd'fSf IB‘?W‘S’)?AOP r???)RgSl %%gli%ﬁpg&él %@i\'ﬁee%(ﬁlt’ ?@é&%erdtl)ag ﬁPr%l deglﬁgd ggﬁ% 74
coul d def gﬁeottrﬂﬁnlﬁﬂr"lgt) afl® Beproligddl end Wall T4 STt @ ebe vndersipiod aliat fiad ivotifd@ntwoul d
be defined between the proximal end wall 74 and the sidewalls 76. In

parti cul arl02taan dewetines snanyi nunpher gbennjiguentionrs of g Pyt msmber he axdhiftewal | 74
to the,si dewal 1 J r.eci . PRI g PP : j vot
o oo R ef s S BORRE R 5 i SaSksct R 1o
menber 104iohe possibldethbodintsniehk plogirhdleng iwatit74 coehbaafink e pinot mexebémilo0.

passi vation | ayer 16. The sealin nmber. 104 is confiqured t 0 dat e
pi vot al nﬂ@éh’ér%?seﬁhetﬂﬁ‘émm%tlo%@f%b‘ﬁ b@l@@lﬁg&ﬁt@%(ﬁ‘mfgw 8“@‘@(8@3%@8 e
contract i ofy&faifshe. ﬁ%laﬁﬁﬁ’%éﬁ#ﬁ!’ém@aﬁtﬁiﬁ%&[y %ne&ﬁxg?ﬂ@ﬁiﬁ%ﬁél%n&ﬂﬂaﬂ”ﬂlﬁmm

70 includes an 1 nk ej'ection ne in the Tormof a padd 106. The paddl e
106 is di nenke sidewalisé/écorrespond generally with the nozzle chanber 80. In

a1 RS 050 STl S0eH 82, R BRI RS FusgdfB AL e
openi ng 88,8%int18nd Walli7al Thus B3EME méthber 104 is provided intermediate the pivot
member 100 and the ink passivation layer 16. The sealing member 104 is configured to
accommodate pivotal movement of the pivot member 100 upon expansion and subsequent
contraction of the thermal expansion actuator 92.
20 The nozzle arrangement 70 includes an ink ejection member in the form of a paddle
106. The paddle 106 is dimensioned to correspond generally with the nozzle chamber 80. In
particular, the paddle 106 is dimensioned so that an end portion 108 of the paddle 106 is
positioned intermediate the ink ejection port 82 and the opening 88 of the ink inlet channel
86.
The paddle 106 and the pivot member 100 are configured so that the paddle 106 is
between approximately 20 and 60 times longer than an effective lever arm, indicated at
110, defined by the paddle 106 and the pivot member 100. In particular, the paddle 106 can
be approximately 40 times longer than the effective lever arm 110. It should be noted that
the lever arm 110 is only shown schematically because of the wide variety of different
30 possible configurations available for defining the lever arm 110. Further, a ratio of paddle
length to lever arm length can vary widely from the 40:1 ratio. This could depend on a

number of factors such as driving signal strength and actuator material. For example, in one



The paddl e 106 and the pivot nmenber 100 are configured so that the paddle
106 is between approximately 20 and 60 tines |onger than an effective

| ever armvoiondserat ed at 110, defined by the paddl e 106 amdTiAt®2pinrat
menber 100. In particular, the paddle 106 can be approxinmately 40 tines

| onger than the effective lever arm 110.921t should be noted that the |ever
arm 110 is only shown schematically because of the w de variety of

di fferent 30 possible configurations available for defining the | ever arm

110. Further, a ratio of paddle, length to |lever arm/|ength can vary.w dely
from the 4mbpdmagntdhe fypplicand Pﬂd‘ﬂ’éﬁ‘?aglae Fiiuator G2 I sEPanst Oy gé?%’l%‘%ﬂ%ﬁ%gg
driving si i Birdiddh- behPEeneXai} Micrbik. one WO
03/ 086767 t@ﬁd&%%%@%zﬁﬁg pg&n%ggpﬁénr???gthe@kp eI i cegnt has dcervi sed the

actuator 92 to Iewjlhbe afypredored drad renaximumeixiest of mevement v e paddled@6 ddkes he

paddl e 106 _noves thr.ough b en 1 d icrons. |t wl]l i.ated
that a meoBI 3R AL g&ﬁeﬁﬂtpoﬁoqﬁ?\é\gféﬁ? p?)cﬁ?et Hﬁa E&’g@?rgmf%éhlts siisat prp(g‘%gﬁeglf 18t e end
portion 1§ 40%indiGrdaddh 428 ge bEbRGHEMIOE thel dFfedti Pxle@dt arff 11D0LEORM s that up
to 40 tines greatér than a range of novenent of the effective |lever arm

110. It f ché expmnsionof thetthermap agivatonddis subetantipdlypamplidied ghthgrend postion 108,

substantig|ly_.anplified at the end i : 1] ] ing the
ci ect i on gPeFRE BE TR e o OCBa p Oy sg bRl &2 pfich@hl 79, |
Figure 7. Mg Figiee ACWHaA e BRatRORTooRBGIbeEH RN conaattiacdf theracbatbn@2
actuator 92 causes an anplified extent of novepent of the end portion 108

back i nt o causpsiascewhificd exysatofimeyerasms Ahthe knipgtion 198 berrk nte agmesent n
separ glb'lgg,o%ﬁiq%llgo&zﬂ Kn Bbdid 6. O g@lﬁ}éﬂ? f%aagraﬁd?l of tRE rl4'fﬁﬁgn‘ﬁ{eq{qk 11P¢o The

paddl rnctudes relwrorcing ri 0 strengthen t paddl e 106. This
IS necessfafni aflick droptllé. rel ative | ength of the paddle 106 and a resultant

bendi d h ddl e, 106. | i) | hat, |
ot o the asBigoHBragoean waiedihe R4 pamsiea e bRt "

arr angerreq;eczsgglé,sd@% tt}ﬁaqefaﬁ(/%iee;ﬁ%gj (?feﬂtuif ﬁmcm@ 106 A1 4 REQEMAbEMHISH fekhkht

fabrication hni que. Furt re, e pivot nenber 100 and pivot point
102 can besxdetd orthepaddleylOnunber of m cro nmechani cal arrangenents. For

exanmpl e, a flexjble nmenber. may, be. fo internedi ate t i vot r 100
and the si dewaﬁté"’lﬁ@eﬁpprﬁ%‘ ﬁl&aﬁ @Htﬁ%ﬁhe? OYHE ef?f§egapﬂfcéﬁéﬁr/%aé1&rﬁ%o%%’
accomodat §e RbYAL HradBRURAETS isQhitédRor PAb+Rbt 6 W lan 1848grated cnic@it fdridation
reference nuneral 120 generally indicates a nozzle arrangenent of a sixth

enbodi ment tectiniquep Firthérewmee, ¢he piyoi memberok09ane @ivit PRIt A2 panhdaliznd by 8RY an
:,] B lr(rieregl s p; Ilél?rtggeer?)g hp%:’ylgég%fﬁ%igz,rﬂearr]r%% géxﬁen'%é. Y4t g)'?an}plg % éexilgl‘e K &a51eFormed
intermediate the pivot member 100 and the sidewalls 76 or proximal end wall 74 that is
20 distorted to accommodate pivotal movement of the pivot member 100.

In Figure 9, reference numeral 120 generally indicates a nozzle arrangement of a
sixth embodiment of a printhead chip, in accordance with the invention, for an inkjet
printhead. With reference to Figures 1 to 8, like reference numerals refer to like parts,
unless otherwise specified.

The nozzle arrangement 120 includes a nozzle chamber structure in the form of an
active ink-ejecting structure 122. The active ink-ejecting structure 122 has a roof 124 and
walls 126 that extend from the roof 124 towards the substrate 12. The roof 124 defines an
ink ejection port 128. The roof 124 and the walls 126 together define a nozzle chamber 130.

The walls 126 comprise a proximal end wall 132, an opposed distal end wall 134

30  and a pair of opposed sidewalls 136. The ink ejection port 128 is positioned adjacent the
distal end wall 134, while the opening 88 of the ink inlet channel 86 is positioned adjacent

the proximal end wall 132.



unl ess ot herw se specified. The nozzle arrangenent 120 includes a nozzle
chanber structure in the formof an active ink-ejecting structure 122. The
active i mMwoapmedTong structure 122 has a roof 124 and wal lPeTIAB20NEE ext end
fromthe roof 124 towards the substrate 12. The roof 124 defines an ink
ejection port 128. The roof 124 and the Malls 126 together define a nozzle
chanber 130. The walls 126 conprise a proximal end wall 132, an opposed
distal end wall 134 30 and a pair of opposed sidewalls 136. The ink

jecti t 128 is positi dj he . di stal | whi |
the openi hg 88 e mRemALRnd HRAA S emtnop s taeien st By affbidrsedi e ©
pr oxi mal %ﬂvéﬂﬁlklgﬁing HRAR PGS ?%o?ﬂiﬁ%@ﬁe@tltbﬁﬂe s trdia e 2pTropr i arg the

wal | 132 i's pivot mounted on the substrate 12 so that the active

i nk- ej ect i aegvs inkugjeating srBuies133i i pivatal i the dirsstiercel anarrdve 133 ey etent that |
particular, the, active ink-ejecting.structur.e 122 .] | al in the

di recti on ®fuieRt @%{%eﬁﬁ‘fﬁwt@wﬁ‘ t%%%&he ifk e@ﬁ?%?%&é%?é't o facilitate
the ejection ofidikof [ Mid@e Wikis 826 Gl deRQbriedlsdGhat Thens20 chhdbenlB) khe
wal I's 126 are dinensioned so that the nozzle chanber 130 is_ rectangul ar

and has a ieemggiian dndthas g lengttethatigm@e thapskstimenahejaht ofithe prezleghamber er
130. Thi Az t W th. the fact. that.. j i i . h
openi ng. seThibdSguRstoheg fic)Foas Biink ARbubT G 14 S OPRERS alpbeflifled e

facilitat eg oppssite@hnas oedht 28z0E chaikber [180vEdcilevaes e reiardatien o€ irikdipvp from hes

towards the opening 88 when the structure 122 is pivo&g%ly.diaﬁlﬁpﬁd %P
towar ds t haksigsion peré 128 fowaiflssthe jopaping S8 thep testiugtuas Lpa Sia Y S At A

hi ghl ylgﬂ{‘%@%a%c%ﬁhﬁgq‘aﬁ}%gg?@ ?fﬁlg éﬂ?)w 590881 Pls ﬁafegﬂag LH@LHigfg uhdesirapred to

the pr on heati ng and subsequent “expansi on of
the actuator 92Thébiidie poRHMED6 dithe nithetdr Ab esvfixedith ¢he prokinegl end ival 182+ Tivtsur e

122 i ivoted t ds th bstrat 2. U l.i d b t
el o iR e SR o6 e 838 M PR B RBREAL, e
i nk-ej ecti fﬁ%—e@éc‘#é%{sﬂ%t?u%ezlzzzib EivBteH%@Qrd@WsuBét?ﬁé i heusstbeiotial 8nd fubsddtiest

reci procal nove he ink-ejecting structure 122 results in the
ej ecti on oforamciiorkofthe pctiiatond2 frethe mianepredsseibedpbeve, trginkFiectipg see@uisd2Ei on

96 is connected to th r oXi e |1 132 at a posjtd.on.in. i.ch a

| ength of tsr%vqt?i@%%gﬂ%ﬁge §‘lr$h3tf’3§e¥%§ SeGRIOf nil%ve%ﬁ%t clt)i‘rrtgg lﬂgﬂrjeég er than a
length of @p,cu&Ef188tdsHRs IHEE{cBAM of Aink Ak@irad tHhk efdctibalpbavast hat

pi votal novenent of the effective |ever 20 arm 140 as a result of.

di spl acement of Thhbritigs prytiomd6 is ewmnemediipdhe preatPHEndTrlsI =¥ qReRtion ddol i ng
Found by bRistaare ZRmemar el Sufite T2 REl e PhanleteRt At alongE 10T
effective lever arm, indicated at 140. It follows that pivotal movement of the effective lever
20 arm 140 as a result of displacement of the bridge portion 96 upon heating and subsequent
cooling of the actuator 92 can be amplified by a factor as high as 40. It has been found by
the Applicant that this facilitates efficient ink drop ejection.
The nozzle arrangement 120 includes a sealing structure 142 that extends from the
ink passivation layer 16. The walls 126 overlap the sealing structure 142 so that a fluidic
seal is defined between the sealing structure 142 and the walls 126 when the nozzle
chamber 130 is filled with ink.
Applicant believes that this invention provides a means whereby simple thermal

expansion and contraction, in a rectilinear manner, can be converted into useful work.



The nozzl e arrangenment 120 includes a sealing structure 142 that extends
fromthe ink passivation |ayer 16. The walls 126 overlap the sealing
struct ur ewddd/08¢61 hat a fluidic seal is defined between toa/g®abitg
structure 142 and the walls 126 when the nozzle chanber 130 is filled with
ink. Applicant believes that this inventibn provides a means whereby sinple
thermal expansion and contraction, in a rectilinear nmanner, can be
converted into useful work. WO 03/086767 PCT/ AU02/01164 11 WE CLAIM1. A
printhead chip for an inkjet printhead, the printhead chip conprising a
substrate; and a plurality of nozzle arrangenents that is positioned on the
substrat e, yaoglf AxMzl € arrangenent conprising a nozzle chanmber structure
that is positioned on the substrate and that defines a nozzle chanber from
whi ch ink is toAeintheadchip, fonan inkjet griatheprdhdgherpdntheddsabin eemprisingdper at i vel y
arranged with res egt torécghe 10 nozzl e chanber structure, the ink-ejecting
mechani sm i ncl uﬁ?‘ﬂ@ 131 f¥hst one novi ng conponent that is displaceable to
generate a pr eS§Bfu@alﬁ?' loB Boild &tdhgbMentd @t kseposiivasberh thesubjtent, cactkndzziem t he
nozzl e chanber; an actuator that is positioned on the substrate and that
has at | eastrangamengtoimingnenber that is of a material having a coefficient
of thermal expansion _such_that . J i i of
substantial ly recti qqzéégﬁarg)@%ﬁ@? %ﬁe gl%gls%?glﬁf) P%é%@%q%%{ﬁ@gttgﬁqgﬁgg £
subsequent |y copbgtk clantbepfropneliigl il iansbe ¢jettad;, neans that interconnects
the, or each, noving conponent _and the, or each, working nmenber so that
energy generated AR RkEJeCHRS Bgehanisy thaf 1 pperabinglyargaged v {ﬂSPe%f‘)%ﬁpansi on

and suﬂfequent gie}flé é}%ﬂb%{:'ﬁt.?ﬁctﬁrja?the %k.ﬁp@%tﬁ,egnrﬁ&h\mﬁi iRYudRERleadtDne moving

transmited to or eac novi ng co t resulting i di spl acenen
the, or each, nosmpenenotipabisetidplanablgengmatitonpesswsapdspwitbguhenogald se. 2. A

printhead chip as clainmed i.n ¢lai 1,6ﬁ,h|ch is the product of an integrated
circuit fabric# Wrg%gﬁgﬁla]&gr_ongt@eﬂo ? FRaTEE chip as claimed in claim 2,

i n which the sub StJn%%a&&QﬁM@@?o@ti&iehioﬁQﬁb sBERE afid it hat £ 1eRtoe wdidngdr i ve
circuitry layer positioned on the silicon wafer substrate.
member that is of a material having a coefficient of thermal expansion such that the,
or each, working member is capable of substantially rectilinear expansion and
contraction when heated and subsequently cooled; and
an energy transmitting means that interconnects the, or each, moving component
and the, or each, working member so that energy generated by the, or each, working
member as a result of expansion and subsequent contraction of the, or each,
20 working member is transmitted to the, or each, moving component resulting in

displacement of the, or each, moving component and generation of said pressure

pulse.

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 includes a silicon

wafer substrate and a CMOS drive circuitry layer positioned on the silicon wafer substrate.

30 4. A printhead chip as claimed in claim 3, in which each actuator includes one
elongate working arm that has a fixed end portion and a working end portion, the working
arm being configured to define part of a resistive heating circuit, the working arm also

being electrically connected to the drive circuitry layer so that a current pulse can be set up



30 4. A printhead chip as clained in claim3, in which each actuator

i ncl udes one elongate working armthat has a fixed end portion and a

wor ki ng ewo oposd7ebn, the working arm being configured toPdafAtseopmst of a
resistive heating circuit, the working armalso being electrically
connected to the drive circuitry |ayer sl that a current pul se can be set
up WO 03/086767 PCT/ AU02/01164 12 in the working armto displace the
wor ki ng end portion relative to the fixed end portion upon heating and

subsequent cool i of the. wqrKki ar.m as resul t of t [ t pulse. 5.
A pri nt head® Bhgrides ?:‘F%for@\é\ﬁf“?? tﬁ?&i"ﬁ‘?ﬂ% e‘i“ﬁp%ﬁf”& EESNGRY Elgezé}keéf e%ﬁ&’r#%]ér?
structure %dﬁq{e'd aliPEBE & e REEERAh g WRlhe Sy g Ak Q9 b 1O of e @ereanpilie
nozzl e chanber walTs, the Toof de%| ning an Irnk ejection port from which:

ink is ejected upon generation of said pressure pulse. 6. A printhead chip
as claimed_in claim.y>5, .ipn which each .ink;ej egt.i i i des one
movi ng conponent® AtRteRd CF’(Pr%CEq‘ImS a ﬂﬁlpéft’eljgsxﬁj ﬁ%ﬁgﬁ%ﬁégﬁg ﬁg%ﬁﬂlgeg Stﬁ@@?ﬁ oned
in  the nozghResheRathamber WallsiRid ROEphitoriedwartis nentt champbef walls, theraof of
to generate said pressure pulse. 7. A printhead chip as clained in claim

6, in whi céefinieg snwkgjectionpertifton whickdéakis qiectediurongeactBlion AlSahRESUEt i ng

menber havh‘gg an ink-ejecting surface area that is a predeterm ned order
of magnitu ff'arger than an opening area of the ink ejection port so that
a hydraulic advantage is achieved. 8. A printhead chip as clainmed in claim
6, in which the energy transmtting neans is i.n the formof a.notion

. 20 .
anpl i fi catPon ndaminthasdchipsascpimed in elaim g, %‘H’élilcwgr‘}’élﬁ'ﬁ%tﬁnﬁ Rechagism
ej ecti rel | ] I TR istdanRidnBatn of
Fhe. o e b e b I AT on g
cl ai med i nttelndizzte 8harhberwhil ihdisplecaablei towamlsphd Awenfromrtherenido génseateigad a
| ever nechani sm the | ever nechanismdefining an effort armthat is
connect ed PESSWHBUS®r ki ng end portion of the working menber and the
i nk-ejecting nmenber defining a load arm the |oad arm having an effective
length that is a predeterm ned order of magnitude greater than an
ef fective lengt A minthdad chif avrdlaimedin tlhim Peinerhigl Hieamietsn FaRFnHERE M§aRS 18i ng a

fulcrumthat.connects.the effort, and | oad.arx | V of the
substrate g%f(‘)“egﬂﬁ' tg?‘\glkﬁ%i%n@ TE‘HB‘R%&PV%‘?F 0t u%g‘?tﬂ{ﬁo&%# fxrﬁé?lea? Egar i nt head
that incl udpgeRimin8@skdep BEMABAIRIdRaageCinbP aRSpetigd areslof the dhlajsotibn port so

that a hydraulic advantage is achieved.

8. A printhead chip as claimed in claim 6, in which the energy transmitting means is in
20 the form of a motion amplification means that is configured so that movement of the ink-
ejecting member is a predetermined order of magnitude greater than that of the working end

portion of the working member.

9. A printhead chip as claimed in claim 8, in which the motion amplification means
includes a lever mechanism, the lever mechanism defining an effort arm that is connected
to the working end portion of the working member and the ink-ejecting member defining a
load arm, the load arm having an effective length that is a predetermined order of
magnitude greater than an effective length of the effort arm, the lever mechanism further
defining a fulcrum that connects the effort and load arms pivotally to one of the substrate

30 and the nozzle chamber structure.

10.  An inkjet printhead that includes at least one printhead chip as claimed in claim 1.



