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WD 03/086767 1 PCT/ AU02/ 01164 PUSHER ACTUATION I N A PRI NTHEAD CH P FOR AN

| NKJET PRI NTHEAD FI ELD OF THE I NVENTION This invention relates to a
printhead chip for an inkjet printhead. Mdrre particularly, this invention
rel ates t%(?o:{)({skﬂtlhead chip for an inkjet printhead that pomRAUQROLESES
pusher actuation in order to achieve ink drop ejection. BACKGROUND OF THE
| N\VENTI ON As set out in the above referedced applications/patents, the
Applicant has spent a 10 substantial anount of tine and effort in

devel opi ng printheads that incorporate mcro electro-nechanical system

(HEMS) - based conponents to hi | gedrb f " PFENAYEA DY
printing. M@M@QMﬁTiégﬁﬁlm*@Aﬁegaa'?E)Igrﬁ\(y evel opnent, the

Appl i cant has been able to devel op printheads having one or nore printhead
chips that together incorporate up to 84 000 nozzle arrangenents. The

Appl i cant rmwm* _ EONt abl e processor technology that is capable
Of pont ol 11ng. ORGE ANk AuGkNES, BRARERRARS for b g prinibbar Mdrb artipelots s or

t echnol ogy and t s are capable of cooperag;p ng to geineraile

r esol ut i ONSthisGhvehioR relaes taradprhitigad chipfossrinkiehprahe -%?%}@@0 TSP 901 e
processor technol ogy .are provi ' above referenced patent

appl i cat i ondStYAHOR M éde%aﬁglﬁ%wgﬁgéoﬂn%g%&gf the printhead chips that the
Applicant has developed is a conponent that noves with respect to a

substrate to eject ink from nber. This conponent can be in the
formof an B @B&m%@ﬂ?ﬁﬁlé i spl aceable in a nozzle chanber to

ej ect the ink frgmbhe AR hisove RereRaced aplicaiond/saens, el Applisantiine spasbo e
applications, Applicant has devel oped a nunber .of L Leh. achi eve
the ej etd i ombsfantiallanfounhefitizee ﬁ@ﬁ%&%ﬂ@"ﬁ%@% B“‘&“%%%‘FWE ?n"ﬁfp%‘]'c‘%%‘%‘?y of

these are baged, o big P8R! (MAVE) baitilBtipdhertstslanticee hoejettiar afiink of
a

thermal  expSHEBH° 'S su hat, on a HEMS scal e, expansi on upon
heati ng andnédtesegfoe ptintiggont racti on upon cooling can be harnessed to

performwork. The material. is for i i aAkd dantiiasdether mal
actuat or that in@Is%@E@?%SPWS:%%SE%@%&@%&??ng cilrkggliﬁt_ 30 i s shaped

to be resi Sti}eh Meltfi fhti¥aashavingoreaTtmrapsnthead phinsghat together IcoIPLTatoyRy
current is suppliedto the circyjt ,in.the for Ackdsgauency
t hat dependso 8400heozsle; qqapggneqt%g'hf! ﬁ@ﬁk?ﬁ“ﬁh%ﬂ@%&?@ﬁé&g’%ﬁg&m 'y supplied
froma CMOS | aver gge,a{%ic\%s\a%@e StoRtrsIAS bpériton effsutihprinthéads. e particwlan theThe
pul ses are s ape8 n ave a magni tude that s fal SO derpend%‘% 1@ BasoRGTHEON
*166166* processor technology and the printheads are capable of cooperating to general

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 nozzle
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,ona 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

LT AR
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WO 03/ 086767 2 PCT/ AUO2/ 01164 the printing requirenents. The generation and
control of the pulses is by way of a suitable mcroprocessor of the type
described in the above referenced applications. On a macroscopic scale, it

IS counter Wd’&s('rjﬂs&%?’e to use the expansion and subsequent pe@AlgoBeiikPN Of
material in order to achieve the performance of work. Applicant submts

that the perceived slowrate of expansi@ and contraction would | ead a
person of ordinary skill in the field of nacroscopi c engi neering to seek
alternative energy sources. On a MEMS scal e, however, Applicant has found

t hat expansi on and contraction of such a mat?r%ﬁgl can _b% har ngsse 0
per f or m wor the piintng rgsivemdnty. The generasiontaad contiol pHihe pulses ig bY Way SLASYHR %
contraction are rel atively rapid. r ' atemky high force. 10
There renai ﬁ)gcrgpfoffﬁggq;é)\fg]@ encgéég%tgﬁqn%%%g%\{ﬁ@%ﬁn}:eed fﬁiﬁg&expansi on, and
contraction ar eoh@tnhack@popic sdaik, ftds cater-intnitive tcesathepxpansionandisbseapentwoul d

be desirable for a nechanism to be, proyi e C > AT IR BYE
force of noveHEatonefuNeTAl it prgeT 1P, a&%‘gzﬁ ﬁﬁg%?rg%%ée %‘%’ t eh% %%E&lﬁls@ﬂﬁt

requi red toyg eekielSlowtate o eRpdn@iontayid obntiaborneauld dead miparsge pbondinagikdied by
t he above appliications and patents use g‘i%ffer ntir?ér e §i on in the
t her mal act irathe fietdoof adsraseepip erpmaTENS o $© alfef??ﬂ%r‘fﬁf gctUator. This bending

novement is transy ty LR 8plitme hadoanhat expiaion sdebhtmtion of
rectilinearly or @nagl\t}ﬁgﬁ%a%%dﬁggﬁé eject the i neg-p A$§| iagantthlhas f ound
that it woukgcheematesalrcatbehamessed toesfopr Mork. (The sasendon Hus 15 ihalronhissgaley o
actuator to be transmtted.to ' ' ' eBlhtively iR fergeh sinpl e
20 rectilin&5pansiopand pojica 'ﬁo%ar%?:ﬁ\l@usgaga@ﬁ}ag@rel at | @gl y g}{f%llgl?gnt . The

Appl i canp has compeievesaihdinsissurvafmarigeiof movemens: While Bieiexpapsiongad geriracaen
transm ssion and anplificatjon, of. o) | abRAVARYe cEImidrhiE

| NVENTI ON Aceobath Fpid @dtfﬁ@eﬁi)n/’e?ﬁ'ﬁcg‘ﬂfha? ﬂ%?”@“’fa*sﬂ?)‘?%‘v‘?‘%e gié pri nt %ﬁd chi p
for an inkj 6§ v Bidvitiel $Akreby BEchREpiaih emTifordei of movamentsivig be agwhiSied st ategiond a

plurality of nozzl e arrangenents that is positioned on the substrate, each
nozzl e ar r awlpesrtawogkispequited o SectheB%z1 e chanber structure that is

posi ti oned on t he, subShy &6, ABf1d hithelifkr @ed by arzdbeveipiibaiont eodn whi oh
ink is to be €] ed%e ) i nf<-ej e_ctlngg nmechanismthat_ is Oeﬁﬁxrati\ﬁgelté
arranged wi tpatenesedifferentinhexpangioryinghe tharmal petutpiioraghieve B ng,f 1§ Begmal
mechant sm i naccltu%(tjc;r. 's?{)enldlenagsrho%%npﬁ\ﬁlaﬂﬁnitted 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 pririthead chip comprising '
a substrate; and _
a plurality of nozzle arrangements that is positioned on the substrate, each nozzle
arrangement comprising
30 anozzle 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



WO 03/086767 3 PCT/ AU02/ 01164 conponent that is displaceable to generate a
pressure pulse within the nozzle chanber to eject ink fromthe nozzle
chanber; an actuator that is positioned on the substrate and that has at

| east ong, 5}?6[71(9, menber that is of a material havi ng RCT@A&P191dédent of

t her mal %ﬁr{ 'on such that the, or each, working nenber is capable of
substantially rectilinear expansion and contraction when heated and
subsequent|ly cool ed; and an energy transmtting nmeans that interconnects

t he, or each, noving conmponent and the, or each, working nenber so that
energy generated by the, or each, workin ner : I expansi on
and subsequent compeneatthaa displageable tg ﬂe@éagﬁ? Prf%&%‘?"ﬁ%nvgiﬂﬁn@%g trozlﬂeﬁé

transmitted to {h . IRvhdhzeleRhansent resulting in displacenent of
the, or each, ﬁh@q‘e%eé?%?}g&qpkfr

nmponent and generation of sajd p 4l se. The
i nvention i s now slesaratdyenkt imosmeg?n B aHhsiae %ﬁ‘f‘ﬁ‘%f @?%ﬁ{égw? %je
acconpanyi ng draw _ngs. ., The fol | fridiink 6Nthednal expansioresbdbat thd, i mi t
the broad scopdn® e9mls£&yiat%ﬂ%*n‘$‘%?". %dl% EF DESCRI PTI ON OF -THE DRAW NGS
In the draw ngs, efingWotkids mbmber incapable pfsubstantially reqtilized SN B PP Gngenent  of

a fast enbodinment of a 20 pripthea | ' rdance with the

i nvention, for qgnuaqmppéﬁhc}ahm?‘ﬂ%‘@cf?gﬁ?ﬁ‘géﬁm°§&§‘ﬁ%ﬁ§ a schematic view of a

nozzl e arrangenent . of.. §§ﬁgﬁ1@{n€@m§immttercmmeas thei mqaélhdn%’mg‘fon}mnent

accordance with the invention, for an inkjet prin - thel Géhéh, Joskiags a
e e

schemati c vi ew afd the, oo gachewarki | 1r1rent gﬂs

printhead chip, in,accor LanBoh RE] duByeRGént contraetigruefthe, o By a
schematic view ’S'Fmgerr‘?gzazr%zﬂ?r??gﬁnge?mnt of a fourth emog'ngﬁg%m\rl\lg{n a
printhgad chi p, wofkimonenbkaris gansimittedito the; PRASFL Y MESGEPE™5 "Shows  a
schematic view of a nozzl arrgg_tgle ebmporiehf dnld gendasritinraf waid pfessige

print head chi p, dﬁswa%?%?ﬁitﬁg’eorw E’?ﬁiglgi nn\}g%t lon; Figure 6 shows a
schematic side yjjgw show ng further detail of the nozzle 30 arrangenent of
Figure 5 in a quiescent conditjon: Fi Rits feieBRkitstiei de vi ew of
the nozzle arraﬂ“genﬂﬁlm%lflsFPﬁﬁ‘F%ng“th r’ﬁ%%er \tﬁ?'ilel condi tion: Figure 8
shows a schemat iaﬁyiﬂg ﬁfﬁvﬂﬁé@»‘.’"’rﬁg follbRingdestription isantjiatended tgflingit 'ﬁﬁbg’ag, Cehd

accomp
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 ofa

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 Sina quiescent condition;

Figure 7 shows a schematic side view of the nozzle arrangement of Figure 5inan

operative condition;

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



WO 03/ 086767 4 PCT/ AU02/ 01164 Figure 9 shows a schematic side view of a
nozzl e arrangenent of a sixth enbodiment of a printhead chip, in
accordance with the invention, for an inkjet printhead. DETAI LED

DESCRI PTI Q¥o%h/0de I NVENTION I n Figure 1, reference nuner BCT/AOOpEne&r al | y

I ndi cates a nozzle arrangenent for a first enbodi nent of an ink jet
printhead chip, in accordance with the idvention. The nozzle arrangenent 10
is one of a plurality of such nozzle arrangenents forned on a silicon
waf er substrate 12 (Figure 6) to define the printhead chip of the

i nvention. As set out in the background t bl | .1 B, a single
printhead can cdAgerd shﬁwﬁés@ﬁn@%g’fﬁv’se&'c(ﬁjanngg? gﬁgrfgr%glﬁgg%ﬁts. For the

pur poses of A eas5d &ip A8 a6dokqintOWith diel ipventien, fovawinkjetprinthepdnent
I s descri beﬁﬁﬁﬁﬁ%%{o?gq’ge apprel():i ated that a person of ordinary skill in
the field can readily obtain the printhead chip by sinply replicating the

nozzle arr I PRVENTEON.. The printhead chip is the
product of aﬁ?ﬁ%@é’&ﬁ%@ﬁ?ﬂ@?%@m I on technique. In &art{{oul ar,
each nozzl e arr apgapmatl, tferercenmeral 3Q generally indigateacs 1025l AENEeHIEAY 1048 on
technique. As is known, such a faht] |0 ) QURLH daY Al védsont he

deposi ti on Bt pmReqimgRELT an! Fgmzii%n%a%gy@r’ﬁ%cgl&gl%#ayers of i ntnegrat ed
circuit material §pe J91d apehdmealiolisyers aphealsy ofsuth npzrlejarsngeracals fasmed

novi ng conponents and the sacrificial_layers are. . : egRse
t he conponenn g siliaen wafeg sehstratedi 13“5?@?%&%’5&% ﬁ%‘ﬁh&g&%& geneelbgﬁti?h'i ﬁ%ol ve
the replicatjof %Shgf)ac?(tglio%g Bf MMUREIfiOdtion] Atihgle ﬁﬁmwmntcentaim up toBAGR

y

wafer that P& % seqguen Iced to separate t '

g varigus .corrrlp&gls%g from
each ot her. sidhmzzleiarrhngeoestst For theipwpeses shclpmptyand eass of SR Py nary ski | |
inthe field can readily.o ! ' tedth4? a@krsbh bf ordinasyrekilbin théy
replicating?® C%%Fr@e%t?? g‘%’]sg{égn%&n?qigmﬁt%?gcdtar i_caﬁ’E rive . circuit LY Ioayer
14 i s posi t ifRREshn@eadilh@bmin ihe printheadehip by simpht wpHcatng QNoz7lg AT eRmpnt 4075 o
circuitry layer 14 inc¢ludeg,CMOS drive circuitry. The particul ar
configurati(ﬂﬁtbqwﬁﬁés 3321 ve circuitry is not inportant to this
description and kg pribthRa®Ep & the prodattaian ingégrated Fisat fgbrigatieiechIEgNG fys .

Suffice to say that "it is connected to sui.t ab| e o) and
provi des el quitidulay ea@lunezé}ﬂaliaag?%“&@&%&PWP%ﬁégn@n@sf@agﬁﬁﬁéagggi pt of

an enabl i ng %9@3 K& QRnS@hdsush a traticarict émRiuedreasivss theAtepesitionpofcfungtional
suitable 30T oprocessor Is described in the ab,i)ve ret}c %%Jeln%esdar etch
pat ent s/ pat elajeraup sacaficiairiayers of intseratpdeircuin matepinls s Thefypetioge! WEFLTF o ¥ not
be set out in this specificati ]iﬁﬁs | ikhdasafivial lagds e ¥hed Hvdytopelsasei oned
on the dri vetoéfeg’&‘hY SF“MI%CEQ&’ e ﬁhfr?k. passi_vat?aci;?\ Layer 16 can.be. of
any suit abl eqgeé@porhts. Abiskmesms suchdahmication tehmiques generally involve the replication

20 of a large 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

ordinary skill in the field can readily obtain the printhead chip of this invention

person of

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.



WO 03/ 086767 5 PCT/ AU02/ 01164 The nozzl e arrangenent 10 is shown in Figure
1 as broadly conceptual. The nozzle arrangenent 10 includes an actuator in
the formof an electro thermal actuator 18. The actuator 18 includes an

el ectrical reﬁi s,%j ve heating circuit 20. The circuit 20 RCRAV@ROMHies a
wor ki ng ERIP88"Y the form of a conductive heati ng el ement 22. The heating
elenent 22 is of a material having a cdefficient of thermal expansion that
is such that when the material is heated and subsequently cool ed, the
material is capable of expansion and subsequent contraction to an extent

sufficient to performwork on - 8§C ﬂégﬁagn_ THe nogElEeri al s
used in integr aTMW@E@g%?F&gES/F%‘W ?oﬁ%%e g'g@?ﬁﬁgﬁcge. glsq%CE%%k{eﬁri al s
could includ . fanQbtuhiot fnthe! formidfen Alepird thermallag@iatop at

i tani um aPOEROE A0 gRR g (TL AL B L UL e S 3Bl Bl

pur pose. Thenared 1&nplades areleotarat esisHYEReAERE GEOLAS: p&TOMI " Ien 022_the
heating el enent 22 . as. i D¥d et elentionoThd teeating glement 22 18
arrangenenf""ollﬁn$§1°{ng°’:p‘%€el%glg}tglggc ﬁggltci ng eféen%nt .22 With §Uf1§3!3§a a1lenat h
SO that thgsgylafifal Kdvingyereiciensioftherrhad expansion ghab jsaieh that WHrnRR XL 4 Ty
contracts is sufficient t ener I & \expakidion,antl bebskgrept h of t he
heating el é‘ﬁﬁﬁiW“P%eq&e‘ft&c?%éégtﬁé?laﬁﬁ%gg&g useful ener transmtting
means. In Qg{l&gcﬁgéﬁf an exitdh® stifidiehttg petfemeworkxn 4%@335?%%%?3? F5%such
that the extent of novenment is simlar.to toyeh nmineREsduldf the
conponent s rodteridieused iy integEAtedy ?‘R”fatéoé‘s%orulidg%dﬁ??\ﬁtghse _ above refrtcle%i%gced
pat ent s/ pat.ent , apph i ' e The atpphigine hasrfomid that titaniv@lEEpEy n

i nk-ej ecti H@aﬁ%ec&i%icgﬁﬁrﬁptﬁﬁgform,o an 20 ink-ejecting nmenber or piston
24. Theypi SToAING4s patiqiady suitabld forthis PHBP3S-e chanber structure Q216. 1;8262
nozzl e chanmber structure 26 BRfti gmfgiﬁfumldl 8 theristating ddemeB(X2 The
roof 30 define Hn?lﬁ%pﬂ]séo&%oﬁ por%l&éz. The heati,ﬁtél el 3@&?& lie% .has a
fixed end 34 ;aRsbvih. WaE kiingpertehias themozrlaerrangsmert 4048 1 BY Bt act i on of

the heatlng o o igrsnshicont Ionett & . b$&hat GMbh che heatingoelement
rectili nearelemeniae With ¥ 191@@‘3%&% ﬁogh?cﬁfge %?edégf o9

X end 34. Thi reséﬁjln(%fsthi n
reci procal thes RisGifielenti gendrateiuseful eneryeThysothe 19 ©
subsequent g?)éé( tl‘ggnang% innk fromthe_ ink ej L ok §§ A3, Tl it etk
. tti . A
ref erence nhmﬁngblezt@ntg@méﬁé@qtvra‘ﬁcﬂeggﬁs@susjsﬁgoﬂzeg@eu%(rgr angelrjrlgnt of a _second

enbodi ment g{ei tﬁﬁ@;@&ﬂ@@?ﬁ b lohgth MBRATSIARN chantierextenbof moremenbis sl tan

I nkj et 30 reference to Figure .l

refer to |i kg axent 6f movdmensof e remppnsatsob SENOZg ?“!%@%l%ﬁﬁ'g@g{@%mm als

PCT/ AUD2/ 01 ]éggve referenced patents/patent applications.

The heating element 22 is connected to an ink-ejecting
24 is positioned in a nozzle chamber structure

mechanism in the form of an

20  ink-ejecting member or piston 24. The piston

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 nuineral 40 generally indicates 2 nozzle arrangement of a

in accordance with the invention, for an inkjet

e numerals refer to like parts, unless

second embodiment of a printhead chip,
30 printhead. With reference to Figure 1, like referenc

otherwise specified.



6 Again the nozzle arrangement 40 is shown only conceptually. It is

respectfully submtted that a person of ordinary skill in the field of

MEMS fabrication could readily fabricate a nozzle arrangenent that

utilizes ”Wo%%ﬁs?@/t illustrated in Figure 2. The nozzl e acrAuvgromet 40

al so includes a heating circuit 42. However, a heating elenent 44 of the

heating circuit 42 is a convenient |ength® The nozzle arrangement 40

utilizes a hydraulic principle in order to achieve a useful force

transmtting neans. In this enbodinent, a cross sectional area of the

pi ston 24 and thus the nozzl e chanber 26.are a £l G ' unber of

orders of magnit J4gain e sezzle arzzpegment 40 is %’8%’%081#5? Héep {éuéhgp { itsﬁ%s%%ﬁlugej ection

port 32. Th Kbttt la"fResoR6E flina skiIDivaneAiéld of MEMS fubsitation2duldaeadily

reduced 10 consi derably from what woul d usual | ,ﬁe regui{:,ed if t he nozzl e

ar r angenent sfabkﬁxsanerawdlawangwné@éb'@lﬂéﬁ@?éWG%“ Pvafee AR FEHE < whil e still

achi eving drop ej.gction. ' . -ﬂymﬁi@hz,\'ﬁb‘,@a hakatih

i ndi cates a nozzl &4 ﬁalg&ﬁeéﬁgﬁﬁaﬁsotlﬁﬁﬁlgsg%gﬁi nment of a pr%t head gchi p,

i n accor dancgemmérit A4 toh thei Heuting dirnit 42 dera convenigat kngthpTheworalgarrangement 49 er ence

to Figures 1 and 2 | ke reference.n ekar ' i i £SS

ot herwi se sp¥dizes %bY‘JI Rty eemg?eégog%hgekgaE]Beffﬁﬁsfofgggﬁléﬁg@% 6328 tl)f?j ggﬁl y

concept ual . {HndhbitCa/bdEs sebiihal aeaaf the pistoaddandtitis 66 nokilechamberdt atgay

i nstead of having the di mensignal canfiguration descri ' | ous

enbodi nent , sufficipnththigh Repbesef SWﬁTsiogﬁaﬁg'“Wﬁif’r'iger ncafﬁo%égc%%ggﬁéaﬁggé fik

bet ween the an}dgﬁ%ﬂ%‘?ﬁ% 2 $énuftBslestbift oPindVeen? 4 th pistomaican bargdhcddyi ng
an nu

means 20 52 e a er of different forns. Iﬁlgparticul not i on

, t
anpl i fyi 1y meansilershly foem what wold penally be requisshipdbs 197 |mﬁ?&?F8“?a?@8ff5‘??fe*‘ééﬂ
arr angerrent &%% ?‘%zre 1‘ %g& F@gig&y&g,%lelsﬂu %?E%Vlﬁ% (ﬂmp eﬁf;@c;nence numer al 60

generally in 0Z7 rrangenent o _ Tourth enbodi nent of a
printhead chip, i Fgaendrfaencenimeths0 ganorahy insicates gnoge Araeement®f Ant head.
Wth reference to Figures.1 to 3 i kK e LS r inkfet | 1 ke
parts, unl e%‘%ﬁ“!@l‘i&i‘%ogﬁBE?tP?dg&hplﬁe&g%gémgg@P r anggﬁdet%{l ’ 1g)](;)%:i.3snlkjcséhown as
broadly concﬁﬂﬁm@dd. With {ehirénce tBigire® D and 2, like esferenceamimeralssiefes 20 Jike passi t i oned
internedi ate"the working end 36 of the heating el ement 44 and the piston
24. The | evennlescttbervisespecifits an effective effort arm 64 connected to an
ef fective | oad ar 08014 fird gl 50T f2in shiwi s Broadipanotpoblt ngarticular tho er

mechani sm 62 30 shown in Figure 4 is schematic _and {hat "%‘?ﬁ/ of. a_ urrlmer of
m cro nechaninozdle sysigement SPdHnstiateg ﬁ}aémé‘iea‘h%fm&ﬁgélﬁ&@in% gnfiglagons o
| ever mechanism 62 is,caonfidur hat b nfhibs GinplBingdahna 5P chbbd S
t, )

bet ween apptd ‘Pé’l‘{’eg Vhoﬁge@gocgﬁﬁltés fucl)n er than ?hgl effective effort arm
64. In parti %bi&bnedtﬂtanéwtﬂé%h@ﬂﬁgﬂé'mentM 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 ofa

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

Jever 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



7 PCT/ AU02/ 01164 | ever nmechanism 62 is configured so that the effective

|l oad arm 66 is approximately 40 tinmes |onger than the effective effort arm
64. In Figures 5 to 8, reference nuneral 70 generally indicates a nozzle
arrange 09386 & fifth enmbodi ment of a printhead chip, BGU/Ad2Ot¥dnce with
t he i nvention, ?or an inkjet printhead. Wth reference to Figures 1 to 4,
like reference nunmerals refer to like parts, unless otherw se specified.
The nozzl e arrangenent 70 includes nozzle chanber walls in the formof a
distal end wall 72, a proximal end wall 74 and a pair of opposed sidewalls

76. A roof 78 th Lls 72, .74 76,710 : 72,
74, 76 defewemechisiem 6 insenpies ) i oo PRtV 38) ofh BfoaRele © T

port 82 in. fluj ' I it ird &8 Nozzl e chanber 80. The walls 72,
3, 76 andierdofhsE R SR

e are di nensioned_so that .the nozzle c has a
rect angul ar . shdn®iguesrd toi e vaferenge nymeral 7?%8“‘?‘%&%’ ipicares %ﬁoﬁr%%eg §Qf
positioned adj acent. a . dist i34 O QE It iahanioay foBsn inkjepl ural ity
of ink inlae&%tﬁ‘&ﬁ?‘ép‘gn@%%pﬁgjggf@gggﬁgl%&%%gﬁlthe substrate 1]% and the
| ayers 14,prkfheaaWithiretiérencs @tFigirenhts 4, e referercemuge LEHTAERE SN with a
respective nozzl e _chanb%f d80. Further, an opening 88 of each ink inlet
channel 8emless RfhegMise SBECHTt he ink ejection port 82 of its assocgi g]';]ed
nozzle chanber Q. nAReARERRmeOTORIKCudes dovzletebambsradls imthg et o2 Afithor s 90

is fast wth the substrate 12 on a proximal sjde. 118 paadiper 80.
The heat i nepdowalbT2,ta praximakendguall 4 a'éfaewrr(g%fagsteﬁglrd rgr‘g’?lisgﬁbgﬁgiéon act uator 92

that is fast.w t : Xbeny 6 tdefiwe aisozbleehapben30rie Al wal |
74. The th@?ﬁi’gﬁpﬁgﬁggﬁgﬁﬁgfgéﬁﬁﬁi Sez)t?] a_conductive n%@a?nrﬂ%glsoaﬂg i s
nozzis :

shapedjd 0 defiémps pa itk aéctiohpott@atin Ayidcommymicaon Wity ine I's of a
material that has .a_ _cogffici of: I Sio@2Z)e thpbber 80 Basch t hat
when heat ewaﬁﬁaz’?ﬁbzgﬁ‘ﬂﬁ??F?Ofggtgfee%#&gé%a;r?gﬁ?gmgnd Qontracti\ocp of . t he
material caRReubashags saen viewpd irf plam Theink eiection PRS2 1SROstoneRIUAEIES ¢ of a
suitable material is_Ti AIN LN artdcular, the thermal expansion actuator
92 has a pédistal grd & pEthg RoFgies [ it er connected by a bridge gg({&iﬁon 96.
The hact uat 0][ 9%%&&#€y$ﬂiiﬂemmﬁhﬁmh &géé defoed hyroughthelsubsate 43 he arns
94 that are fast Wt respective anchors .90, Eac, / Sear e
confi gur edla}arsph%\lfﬁcﬁacblﬂﬂtmeléﬂnn@%d%g‘tﬁ‘gﬁc‘r))ré'.welrea%&{nh‘glla?%gég ig{e]?i.nends 98
and the el eﬁ”' S ' e?daﬁicf Chihb BE of 6B inkliflet timnpelrdtiicaligned withéhedinkhor s 90
are confi.ﬁ PRI priovide (gl ectrical connection between one fixed end 98
and a negatejééﬁonp@;msaofitamod;ihtedwﬁéﬁrcméﬁs%nd 98 and a positive contact.

The electrical drive circuitry. hiS of RHIRGKS DO & fagt withthe suiptratedgsor
of the type descht %305{?% O%Bck)l\?/%ﬁgnéfogégﬁggg

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

I
|



WO 03/ 086767 8 PCT/ AU02/ 01164 patents/applications so that electrical
current pul ses of suitable shape and nagnitude can be supplied to the
actuator 92. The bridge portion 96 of the actuator 92 defines a working
portion of, éﬁgm@ﬁﬁuator 92. The nozzl e arrangenent 70 i PETEAI®OH6HI vot
menber 106” at 1s pivotally arranged on the proximal end wall 74. The
bridge portion 96 of the actuator 92 is &onnected to the pivot menber 100
at a position internediate a pivot point, indicated at 102, defined by the
pi vot nmenber 100 and the proximal end wall 74. s to be understood that

It
the pivot point 102 can be defined b f nhi abmbideran 88 t he
pi vot nmenbeetentslpplirationssothats Bﬁcﬁa‘im%ﬂ%ﬂi ?@.ablg(g}rlﬁtahi s rggson, t he
pi vot poi htsu %ditéthie_raggu.“ tegl schematically only. In one possible

enbodi nment, € proximal end wall 74 could, define the pi el 0. 1In
this case, the [Thebtidgeoporion dPofibe pEuHer lﬁﬁ%aﬁmr?’(ﬁ{eoﬁom el end
wall 74 and _the sidewalls 76. In particular, this would entail hingedly
connecting “t*he proximal end wall 74 to the sidewalls 76. It will be 4

appr eci at ed t hatpheingzA@yrmgement T0hnclpdes amives msaber HP that 13 BWPE?WWB%L% of the

proxi mal end wall 74. Thus eal in LiSiatef 0¥ isdodndceddas tedi at e
t he pivot Q?éhﬁ)ﬁﬁoxmeaﬁﬁ’apﬂg'anggggﬁg??gﬁiﬁgfera16. ‘I§he seal i gﬁlgenber

104 is confjgured t.0106ec008Rda itemiedoted pivosminsrindispted Rl GBPAEMRT 100

upon expansi on and subsequent contracti oeeb
q e & wali 7%, 1‘%& th@@ uh8&65d thBR3BioD point

act uat or gmivmemrﬁwﬂm@hﬁ e es an 1 nk ejection nenber
in the forﬁ@caﬁbgﬁgﬂeﬂ]bg]aggnuﬁbé JPaestigraidas bithe pivenmienherdl 00¢ne dier espond
C

general ly he 'nozz anber 80. In partjcular Al is

di mensi pnedpregintdand wall #hdFop gt 1easpny thg PhYoL Bwat oty r“éﬁ“fk@esf’@ pSQ?‘%‘ﬁ%&d
internediate the ir e'! ﬁci.i r 2P wdlie74deald defin theqfivdt membek | et
channel 86.I“I9¥’§PB§F%F8 m%ﬁ%lﬁigﬁg(’%%vot menber 100 are %fnf"géﬂff‘ﬂg_ﬁi)thghat
the paddl e #{isicase, BRiphae pomppOwoutd bedsfined behrres the RIAEE Hﬁfg n an
effective lever arm_indicated. at e”z‘ﬂ' | &h fingl éabwalddat he
pi vot menbepidawdls FonInparq ftg}s,w?"\]i% pa&%?géd}%gon?gcr?ﬁ beep%gproxi mately 40
tinmes | onge&0 fhD3Rewhes #f.fective lever arm 110. It should be noted that the
| ever arm 110 1s only shown schemati cal | C Wit Sl rhadattQIf YheOf

di fferent 30 posﬁi“dllé)e@BPFF?lé@gg'tait’dﬁ@%‘?/viﬁ’g%lpﬁg}em g%%‘#t&tﬁ)heaf{ ever arm
110. Further, & 5ahhQ fl740¢HeN, sseahiﬁggiehxbemomvpromdﬁmmgm%tq:@ﬁ pivaty wi del y

fromthe 40:piiox|1 1 0. I's could depend o nunber of C as
G Vi ng. 51 Ommtet Lagtd thaink piewvaiob ayARLG b g Pemper AGS ComEiENto

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 paddie 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

60 times longer than an effective lever arm, indicated at
the paddle 106 can

that

between approximately 20 and
110, defined by the paddle 106 and the pivot member 100. In particular,

be approximately 40 times longer than the effective lever arm 110. It should be noted

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 dependon a

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



WO 03/086767 9 PCT/ AU02/ 01164 enbodi ment, the Applicant has devised the
actuator 92 to expand by 50 nanoneters while the end portion 108 of the
paddl e 106 noves through between 1 and 2 microns. It will be appreciated
that a rraxir% ,extent of novenent of the paddle 106 taI?éTé”A‘{oﬁ’Pg“‘éxtent of
movenent WO gg pl ace at the end portion 108 of the paddl e 106.

Furthernore, to 40 tines greater than 2 range of novenent of the effective
| ever arm 110. It follows that the expansion of the thernmal actuator 92 is
substantially anplified at the end portion 108, therefore facil ihtﬂati ng the
gj ection of ink 112 fromthe ink. ej ' Yyis0dianaheers athile 114 i n
Fi gure 7.eniimentethe dpplieast hasLeyisy @85&3 glgﬁu%r??&é‘gngr action of the

act uator ?é q PorTioR 108 of (8 aaa@mmbmthronglﬂvmwﬁt%#?‘ﬁ@“%nd portion 108
back i nt o4 FAPYSERAL" 10 posi tion shown in Eigure: B¢ offth paddie 106 mkésn
separation of 1 kuetll iba kepgrediated thet @ MEXImpm et OF ?orman ink drop .116. The
paddl e 106 incl udes rq%hnfﬁfcdf%vﬁddﬁﬁ 104 Suirthersare nlgjs BRtANt:oh BONSRIEAAS Ye.  Thi s
i's -necesﬁlﬂﬁ?aﬁh‘%e‘ﬂf 10 eg] ative length of the %)fldgljagmjiqg Rrhowstasul t ant
bendi ng Wﬂ&@%&g@ﬁ&ﬁﬁmmﬁnﬁeomdﬁ@nm@wF eqi'Y VB¢ appreci at ed that, in ;
i ght of the abové referenced a%BIM: e HAnfarsifedasthe endporion 10% |
ar r angenenhe @@ansiorsefi thetherat 2PWHP} Tati"on with an i nt eq&%edmﬁw&y&t -
fabricati 3ﬂ ﬁoectgghgaﬁﬁoﬂ{élyjécti@ﬁ shink 112 fremphe/ink eieehefePor oo dRd“prvot poi nt

102 can bd"FEPTHER "be Por ned nu:ﬁier f it AERhefbrel thasdamadiZent s.  For
exanpl e, a 1ilig FigotesT. Vhdnche RRALQT épﬂlgtﬁ“g%é %he pi vot menber. 100, and the

sidewal | s 76 or proxi Ldmetd of theend portion 108 Rackinta g 5% % ommdat e
pi vot al nﬁ?é?@ﬁ?ag?ﬁb%@éxﬁg{\}gfﬂﬁen%er, 100. .ar r@'{l&fiﬁf[‘ﬂf?@m%eihﬁlﬂ@”re 9,
referepre fuiRndhowR th Figme 6aT hiy resuls R seRAratEn O 315 58

print head chi p, é{\ﬁégg dance with the invention, for an inkjet printhead.
Wth ref eriomgand 's 1 to 8, like reference n I Thizis i ke
parts, unless gdieidieS06d et '[qu_orcirrgenhﬁ&ig%%‘H‘F‘gﬁ%g‘%@ﬁ?‘ﬂ%?i nclludes a

nozzl e chanber structure jin the 1 @06ﬁﬁtdf¢@1thm4>eajiiagm0ﬁ'§n‘structure
122. The anedevsar)imtéﬁl?dﬂaﬁ‘ée@??%g’%ﬂf&a%% has a roo 124 and walls 126

t hat exten(g’xf;‘r M the dRRf10624 tovwards the substrate 12. The roof 124

chanber an®*% ej ection port 128. .The :r0o 4iadided Asplicatidns adPpatendyyet her

define a nozzl elth&ill.be a?pl@chﬂ@ﬂlﬂ%at’f%‘ o%%gst’g% pr oxi rrgilﬁ) end f}QEI.I é§2 an

opposed distal end wall l,ffoi’éQuﬁéu#oafabﬁeaﬁonmmmnogtwa@fiag%ai NPYEY The i nk

ej ection pd]i“t nogs W%%el I oned adj ace%ot hcf-z ivot point 102 can be defined by any
technique. Furthermore, the pivot member 100 andp

of micro mechanical arrangements. For example, a flexible member may be formed
76 or proximal end wall 74 that is

asl xth enbodi nrent of a

number |
intermediate the pivot member 100 and the sidewalls

20 distorted to accommodate pivotal movement of the pivot member 100.

umeral 120 generally indicates 2 nozzle arrangement of a

in accordance with the invention, for an inkjet
refer to like parts,

In Figure 9, reference n

sixth embodiment of a printhead chip,

printhead. With reference to Figures 1 to 8, like reference numerals

unless otherwise specified.

The nozzle arrangement 120 inclu
9. The active ink-ejecting structure 122 has a roof 124 and

12. The roof 124 defines an
ne a nozzle chamber 130.

des a nozzle chamber structure in the form of an

active ink-ejecting structure 12
walls 126 that extend from the roof 124 towards the substrate

port 128. The roof 124 and the walls 126 together defi

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

ection port 128 is positioned adjacent the

distal end wall 134, while the opening 88 of the ink inlet channel 86 is positioned adjacent
1 )

30 and a pair of opposed sidewalls 136. The ink ej

the proximal end wall 132.




distal end wall 134, while the opening 88 of the ink inlet channel 86 is
positioned adjacent the proximal end wall 132. WO 03/086767 10

PCT/ AU02/ 01164 The proxinmal end wall 132 is pivotally nmounted on the
substrate g o$fschéat the active ink ejecting structure 1RCI/ABOZilMdtal with
respect to the substrate 12. In particular, the active ink-ejecting
structure 122 is pivotal in the directi ol of an arrow 138 to an extent that
is sufficient to facilitate the ejection of ink fromthe ink ejection port
128. The roof 124 and the walls 126 are di nensioned so that the nozzle
chanber 130 is rectangul ar, a as._a ' Pathat the "es a
hei ght of the ndheREOXIRY W;l]gé}lsfmoéaw?%%&eﬁg%tfﬁ%u%ﬁ%lfact that the
ink ejectiq g@égﬁ%ﬁ%%rﬁn% Bghdlie 107 &y pingalbHittarespeobiithe svbsigate A2. 18 pdistlae thends

of the nozz 30 facilitates t.he retardatd ' ftR4n t he
ink ej ecti catipoink-ej@8ing simaters 12A & R¥AL IR %@re\ﬁﬁ%rh&ltaf%e%%h 1113‘(?{& 8%}(139%%% i's

pivotally di sprace ili i ttRe ibR ejedtiomspdrt 28.i s referred to
J,egg wffgﬁ&we’g@m FYRS b £j p

o

as backfl ow®&h y undesirable. The bridge rtion 9 thg:
actuator 92 is frheadof 124 dnd the wallskd6 aéﬁ@%ﬁ?“@é%*#ﬁ*&%‘}“%ﬁgﬁng%?ilgglsand
subsequent expansi on of the r | B4ildag mwﬂmﬂbbmnbﬂndﬁé, t he
i nk-ej ecti n@C@PN@’tﬁ?ﬂgaiﬁ ng@ﬁ%#@%?lgr g‘t%?)ré/\g?ds The substrate 12. U

) on
cool i ng andygyhsgdkGith BERict at theiniodjedtios pattldderst tho opemng ﬂﬁﬁﬂﬁﬂ?“ed

descri bed above, “the ink-ejecti tr . ' ki fkaWVfrérh @ t he
substrate 1@.0pvh$l;i$qﬂé%?ﬁ)‘?‘%B%ZHMﬁﬁﬁélﬁﬁé%ﬁ%ﬂe%f%?ﬁﬁg structrure 122

results in SRR dth&o §8 whert the stiuckure L 32 isipbyptallyrdisplased  The
bri dge portfn%ﬁej%ggﬁgb%g%ﬁ{eocﬁ% to ﬁlrﬁeuggro i mah d %@Mslﬁ Ahdedirisi tion
in  whic¢h atdveinds the sibstrhte 12nkhis flowtis Frierzadtgds ?cgﬂ(ﬁ r's u%a 1640 tires
greater than a I@ggf,h LY &é{;ﬁﬁé hM@athiEDOSE fijédMo thetprionad éndiwall 432. Thus,
follows that piv I emennt of the effective |ever 20 ar,m 1§&a%§v€tﬁeesm t

of di spl aceighhbatify dnb eubzequipeexpansion af the agipYAr Yeinihemansich deSTBREATRY

cooling of the actuator 9 an | fal flac &solifd b tl t
has begn foéiﬂﬁelﬁ‘iﬂngtsﬁ'é"tﬂﬁé‘lzi d&R’?gFﬁg@l’ ét‘tE% gqus g%:éitl?tietlgt telgd.snef f i]c,iggtﬁ i?\iiggop
hat

ej ection. TQSntE&E%h of fhe 281G FBDIn the tnanner|destaibed abnvey the inksaieaHRE SIS
extends fromthe ink passivation layear. 1 Sibaiaet he
seal i ng st r iepivpied 2way mtthé’?“bé“?tﬁ}?dﬁ@sIegg’éa&??%#%ﬁéﬁﬁg%en fhe
seal i ng strycture wh2 and i 18 epelibsofl@fnitap ftdrethe dueejectionparéd. 130 is

filled withnk. Applicant. believes that this inventio i 118 fEans
wher eby si npl e t Hihertmidge portian 96 érconperteiRtRe PR ,erfan§1 ?geég%{iaﬂlﬁﬁltelg? manner ,

can be co nve‘;/ltﬁgﬁi a llc%t oﬁﬁé fﬁk(—e‘ﬁé%{ihg sARuA3A 9BE 7S Fo 40 times greater than a length of an
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.

licant believes that this invention provides a means whereby simple thermal

App
expansion and contraction, in 2 rectilinear manner, can be converted into useful work.




PCT/ AU02/ 01164 WE CLAIM 1 A printhead chip for an inkjet printhead, the
printhead chip conprising a substrate; and a plurality of nozzle
arrangenents that is positioned on the substrate, each nozzle arrangenent
conpri si ngosfae@ét € chanber structure that is positionedPEHAURIdkbSt r at e
and that defines a nozzle chanber from }[\,hi ch ink is to be ejected; an

i nk-ejecting nechanismthat is operativé y arranged with respect to the 10
nozzl e chanber structure, the ink-ejecting nmechani smincluding at |east one
noving conponent that is displaceable to generate a pressure pulse within
t he nozzle chanber to eject ink fromthe nozzle chanber; an actuator that
is positioned on the substrate and that has at |east one working nenber
that is of weratgmvial having a coefficient of thermal expansion such that

the, or each, working nenber i.s, capa 0, § ilinear
expansi on dnd Adminthgadc %@H“h@gg%rgiw%ﬁd&ggg@%ﬁ%ﬁd%bc%ﬁ%; and an

ener gy transn’ithis{l\ggugﬁeggmthat i nterconnects the, or each, noving conponent
and the, or each, working nmenber so that ,ener.é%agen%at Béérate%/e Croz2fe each,
wor ki ng nenber aghurality of nozzlesrraagsingids Gt 15 Ref! QY ERPEBRTract 1 on of the,
or each, 20 working nemher is transmtted to the, or each, noving conponent
resul ting iHFPERTEPr ACEMENT of the, or each, noving cormponent r{% eneration
of said pressure a)nbzahchﬁmbékspmttm&fb@idsE‘Pﬁlth)nﬁéoi’:&&isﬁg%mfwtg? e%‘,"‘ss\/ﬁﬂch
is the product of an jntegrated.ci i f jgcation technique. 3. A
printhead chip a’gﬁ?a‘?@’ag mgﬁg?ﬁn{n%?éfonbe |(E:ér(11’the substrate includes a
silicon wafer subﬁ{ﬁmteg?ecaﬂgimacmmﬁiaﬁiveparath@marrapgfrda‘-y’ébreﬁa%‘itfq fied on the

silicon wafer substrate. 30 4. A printhe i Gt {elst@nddBving 1 N
whi ch edch act udwosfle Fhamleg 8EUCHE: tR%}‘Bﬁa%%ﬁgg\i\%‘E‘“u ljEnggﬁ1 ig#l?ﬁmtﬁ%at has a fix6d end
portion and a Woiki-Bfer Bkt RQLidplRBablé Repenamieiapyessaeipulse Wil BanPERl ed t o
define part of a resistive heating circuit, the working armalso being

el ectrical |y cormhemberdoeisct ink figm the nerzledhabet| ayer so that a current pul se
can be set up WO 03/ ?égazgr@l&t?is gﬂéﬁﬁ%ﬁ%ﬂs&a& irldahabakatrigashoma workifigs pl ace

t he working end poF"l1 onrelative to the fixed end portjon u($>on Rgﬁ#?@g and
subsequent cool imanaérmmsmmatngalaxammagcaefﬁ@gmqfﬂ?ﬁm PALYLHE Y
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



5. A printhead chip as clained in claim4, in which each nozzl e chanber
structure includes nozzle chanber walls and a roof positioned on the
nozzl e chanber walls, the roof defining an ink ejection port from which

ink is ejgplessespon generation of said pressure pul se. BEET/AYPIIG: head chip
as clainmed in claim5, in which each ink ejecting nechanism 10 i ncl udes one
novi ng conponent in the formof an ink-€ ecting nenber that is positioned
in the nozzle chanber and is displaceable towards and away fromthe roof
to generate said pressure pulse. 7. A printhead chip as clained in claim

6, in which the energy transm t.ting. | ivE RFthB Yixédénd poiti) ecti ng
mermber havinihe warkingarg) o disp egﬁr‘ﬂglggggl?g%drtﬁ%%?ﬁ?lgga prgdeterp%ed or der

of magni tugde, | \ALGRS addaBseqten® posling@f thearorking ameas wreswf elcthe SHTPLPHSS0  t hat
a hydraul i c advantage is achieved. 8. A printhead chip as clainmed in claim
6, in which the energy transmtting neans is in 20 the formof a notion

anpl i ficatlon ”gg{}ﬁntﬁeQ&E ib%s EaithddaH CREn d0intwhich guoly oonzhe chambenfUEHEE ej ect i ng
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7 A printhead chip as claimed in claim 6, in which the energy transmitting means is
defined by the ink-gjecting member having an ink-ejecting surface area thatis a
predetermined order of magnitude larger than an opening area of the ink ejection port so

that a hydraulic advantage is achieved.

8 A printhead chip as claimed in claim 6, in which the energy transmitting means isin
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 thatis 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.



