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INCN)ZVE:;FI 8'_\1|ANEERS IN A PRI NTHEAD CH P FOR AN | NKJET PRI NTHEAD FI ELD OF THE

\ This in M es to a printhead chip for-an._inkj
printhead. Mre pmmm” ﬂmm"mmf this invention rel ates to-laggr‘?%ﬁgashi p
for an inkjet printheagd«wwhich includes discrete air and nozzle chanbers.
BAC:(GRQJND G/: THE | NVENTI ON 10 As set out in the above referenced
applications/patents, the Applicant has spent a subst ' unt of .tine
and effort in"@We&*8Pi ng printheads that incorporate rriic[:ﬁ]()“q’lomq%
el ectro-nechani cal system (I VIEMS) - based conponents to achieve the

ejection of ink necessary for printing. As a result of the Applicant's
research and devel opnent, the Applicant has been able to devel op

printheads having OpSTRETE ACEE‘?N O2ZRE CHAMBERSIN Acor porat e up-
sui tabl e
processor technol ogglmg@ Bfﬁéﬁ mﬂﬁ"%ﬁ?@ﬁ&m of such
printheads. In particular, the processor technology and the printheads are
capabl e of C(é;)pm‘L?ibﬁg]thmf@ﬁe resolutions of 1600 dpi and higher in
sonme cases. anpl es. of suitabl ' [
t he above refergﬁcéﬁ“ﬁ’&?@ﬁé“ﬁ%ﬁ’i“&%‘ﬁ%ﬁzﬁé@%eq n?t'p%ﬁ.ﬁeaﬁé&r%gaét%ﬁﬁ%gw "
over cone subst @ptidvahtiot ididtdsedd prinfh8ad chipdst lh iigetpginthbed, wisideischaieydiscreke airf | ow and
i nk drop separ atdl on ev.\:/ét in the ink jet printheads. A nunber of printhead
chips that th#® Rﬁﬁl T has devel oped incorporate nozzle arrangenents
that each have a nozzle- chanber with an ink ejection nmenber positioned in

the nozzl e chaghekcrOND OF TRiESSVERRTONENDEr is then displaceable within

the nozzl e chanber to eject ink fromthe _nozzle chanber
10 As set oJut in the above referenced applications}patents, ?ne IX%plic'amt has spent a

substantial amount of time and effort in developing printheads that incorporate micro
electro-mechanical system (MEMS) — based components to achieve the ejection of ink
necessary for printing. )

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. A number of printhead chips that
the Applicant has developed incorporate nozzle arrangements that each have a nozzle-
chamber with an ink ejection member positioned in the nozzle chamber. The ink ejection
member is then displaceable within the nozzle chamber to eject ink from the nozzle
chamber. |

A particular difficulty that the Applicant addresses in the present invention is to do
with the delicate nature of the various components that comprise each nozzle arrangement
of the prin£head chip. In the above referenced matters, the various components are often

30 exposed as a requirement of their function. On the MEMS scale, the various components
are well suited for their particular tasks and the Applicant has found them to be suitably

robust.
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A particular difficulty that the Applicant addresses in the present

i nvention is to do wth the delicate nature of the various conponents that
conpri se each nozzle arrangenent of the printhead chip. In the above
referenced matters, the various conponents are often 30 exposed as a

requi rement of their function. On the MEMS scal e, the various conmponents
are well suited for their particular tasks and the Applicant has found them
to be suitabl t. * ACTInN WO 03/086766 PCT/ AU02/ However, on
a nmacr oscopi c&%@ﬁ’gg%t he various conpogpents can easily E@%ﬁ’ﬁ%‘é@d by such
factors as handling and ingress of mcroscopic detritus. This m croscopic
detritus can take the formof paper dust. It is therefore desirable that a
means be provi ded WiRS60YonhiEcERRORAR R validhs ciMpBhdatcifkasi)BPldnfagddl has
found, however, that it 1s difficult to fabricate a suitable covering for -
t he conponent s byifich fctersia handling pnd ingress g@?’ﬁ?‘fﬁﬂ‘%&“ﬁ‘f‘s' T micropegpig ettty - o ect i ng
conponent  and cafthke@hedrin cEpapbi dag. of a nozzl e chanber. The Applicant has
concei ved this invglg.t'on i n, or eé) to ad res%id%ﬂvghseebd'{hgu C%Lt'ese. 10 SUMVARY
OF THE | NVENTI ON AJES Ff%“%’aﬁﬁ 2 AP B B Vi EeLeLY the SRR &2 pri nt head
chip for an i nipjotected. pypplivait descfount howpwer, thahibia diffidult fo feluicpe & giitalle @vesinpst r at e;
and a plurality,of cgﬂnéﬁllaxﬁsﬂﬂ'égtﬂ%m& of fordd R irlkOUAR EngQBmbdAEnt SUDS T T at e,
each nozzle arrangenent conprising nozzl e chanber wal IJs and a roof that
define a nozzl én gealie ofa Rogale ¢hg@ber. defining an i nk ej ection port in
f1uid comuni cati onrheiAlpplich Basitercéivel thib mwdEion indfller to Kddegsethiést digicaesber that is
positioned in the nozzle chanber, the ink- ejecting nenber being

di spl aceabl e towards and away fromthe ink ejection port so 20 that a
resul tant f1ouctSUMMARYIOF THEINVENEIONe wi t hin the nozzl e chanber results in
an ejection of ink from | | | ' : :
work-transm tting s‘i(ructB?ghét'ﬁ%?ﬁ{ngﬁgfggfog@é&aabq%&ﬁd?ﬁétrfggﬂpg?? to the
substrate and ipgnthesd.ibanriathead ship puanprisiig ej ect i ng nmenber so that di spl acenent
of the work transngdubdtiig;atd ructure results in displacenment of the

I nk-ej ecting nmenber

d plurality of nozzle arrangements that is positioned on the substrate, each nozzle
arrangement comprising
nozzle chamber walls and a roof that define a nozzle chamber with the roof
defining an ink ejection port in fluid communication with the nozzle chamber;
an ink-ejecting member that is positioned in the nozzle chamber, the ink-
ejecting member being displaceable towards and away from the ink ejection port so
20 that a resultant fluctuation in ink pressure within the nozzle chamber results in an
ejection of ink from the ink ejection port;
at least one work-transmitting structure that is displaceable with respect to
the substrate and is connected to the ink-ejecting member so that displacement of
the work transmitting structure results in displacement of the ink-ejecting member;
an actuator that is connected to the work-transmitting structure, the actuator
being capable of displacing the work transmitting structure upon receipt of an
electrical drive signal; and |
air chamber walls and a covering formation that is positioned over the actuator,
1 the air chamber walls and the covering formation defining an air chamber in which -
30 the actuator is positioned, the roof, the work transmitting structure and the covering

formation together defining a protective structure positioned in a common plane.



"an actuator that is connected to the work-transmtting structure, the
actuator being capable of displacing the work transmtting structure upon
receipt of an electrical drive-signal; and air chanber walls and a
covering formation that is positioned over the actuator, the air chanber
wal | s and the covering formation defining an air chanber in which 30 the
actuator is positioned, the roof, the work transmtting structure and the
covering formatiQ gether defining a protective struc [tigned in a
common pl ane. W86 706 pcT/ AU02/ 01469 3 The nvenc i RRRS L oned.
descri bed, by way of exanple, with reference to the acconpanying draw ngs.
The followi ng description is not intended to limt the broad scope of the
above summary. BRI Efe DbeaGE iFldwsédbed bEwRAMMNER, withteftefe RV Ngs, Figure 1
shows a sectioned, three dinensiqgnal view of a nozzl rrangenent of an :
printhead chi pacceppaayipgsrerangselhgifeliowing descrpfian ismg ,t°“é8ft°gﬁ‘i“t?‘ﬁgf°§ S°BR8 nt head:;
and Figure 2 spfiNeabovelsiin@grydi mensi onal view of the nozzle arrangenent of
Figure 1. 10 DETAI LED DESCRI PTION OF THE I NVENTION I n the draw ngs,
reference nuneral 10 generally indicates a nozzle arrangenment for a first
enbodi nent of BRIEFRESGRIPFION OFERE PRAWINGS accordance with the invention.
The nozzl e arrangemgdl%gmhss one of a plurality of such nozzle arrangenents
formed on a silicon wafer sSubstrate 12 to defjne_the printhead_chip of the
i nvention. As set &igurejlshowspseqsigrad ihrse dipensionl yiew of ganzple arpangemgsi ofap o g e
printhead can ggiead chip/i acddrdifice WA tiseid/antion Forzah tnkjret priathgaiymiat s. For the

purposes of clarity,an ase of description..onl e n r angenent
i's described. It if‘%‘iﬁb’gmﬁﬂp‘ﬁﬁ‘&% Frsign r‘{‘§¥”°5‘h%’é°rz;§f‘8%p“8¥em§‘rz“é¥ﬁ§‘%‘§i'ski|| in
the field 16an readily obtain the printhead chip by sinply replicating the

nozzl e arrangepRprih BRSERIFIIONGH PEE IWENTRIE 12. The printhead chip is

the product of an integrated circuit fabrication technique. In articul ar,

each nozzl e arr angdpibpfrawimss, eeference nymse, 14 gepgrally indiegies a nopzlRamangement (X 51 j on

techni que. As i Srskaholimet6Ekh ik febyintheatchip)in heoiiticewith theiuahtiaas t he

deposition of functjonal, |layers and sagcri,fi.ci N S of | r at ed

circuit materials. TREOZFS aheat I%I%?F&pga%{wgﬁg?%csﬁ%‘éfxgie gl Hoa
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

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
20  the wafer substrate 12.

The printhead chip is the product of an integrated circuit fabrication technique. In
particular, each nozzle aﬁangement 10 is the product of a MEMS — based fabrication
technique. As is known, such a fabrication technique involves the deposition of functional
layers and sacrificial layers of integrated circuit materials. The functional layers are etched
to define various moving components and the sacrificial layers are etched away to release
the components. As is known, such fabrication techniques generally involve the replication
of a large number of similar components on a single wafer that is subsequently diced to
sepatate 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 :

30 Dby 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



"to define various noving conponents and the sacrificial |layers are etched
away to release the conponents. As is known, such fabrication techni ques
generally involve the replication of a large nunber of simlar conponents
on a single wafer that is subsequently diced to separate the various

components from each other. This reinforces the subm ssion that a person

of ordinary skill in the field can readily obtain the printhead chip of
this invention 30 by replicating the nazzle arrangenen; el ectrical
drive circui t?%?“l”&’ﬂ?é‘ 14 is positioned,on the silicon \I;\L}egfré?méoﬁ@gst rate 12.

The electrical drive circuitry layer 14 includes CMOS drive circuitry. The
particular configuration of the CMOS drive circuitry is not inportant to
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shown schematically int uffice to say that it Is connected to

a suitabl e ni ytehemictosrostssesard psrvises dectricalcwrepttp thy pozls arggsmenblGypen oz 7| e

arrangenent 10 Bf arf R PLigAf frodiIsafI3aibbleRGcrsir@esadr. Ad Bmpladith saitibleabl e

m croprocessorfe% exa I%Q; a @ui tabl{e m CrLORFOCEssSar ﬁio§s ﬂ@ c‘[vi bed in

the above ref efEFPERISERISAGTPEAP Br EPOXFISToTeRsEt PARS PAFH 2pRRFAISRS M 18%R "t hi s

| evel of det ai thatthik level of delnil vsibtot beidet ouninttlis specifipationf i cati on. An ink

passi vation | ayer ] -1 ] ; . Y &ive k@i i 1adminl4. The ink
%g,dggpnapsgv%eh%lwfk ,Qﬂqsﬁg%flqﬁ Y v ik bty dy¥e 140HHR il

passivation layer 1 any suit e material, "such as silicon
nitride. The npassivatiomlayesAg eanbp of appsuitakle meterial, Frsh sq siliconpitiifer wal | s 18

posi It i Onﬁdngn thel :'I'ilkx])-oszﬂaﬁﬁtin ﬂ&pﬁﬂﬁwmﬂg@%gﬂmd sﬁ@pdsﬁoﬂblﬁsﬁth'ﬁmggd on |t|he
nozzl e chanber wal |l s so that the, 00 and t he z amber wal | s
18 define a noB?f‘@“EﬁH%é?'@??gZ?WHB‘?ﬂE%“ T’fé?%ee‘?ham‘?/%w]@qgéo ts?‘f%feude a

di stal end 10al kooP2 and the heuzlerhimbenehllnds defidda mealk chamier 22. The noggbocherdber si dewal | s
28. An ink ejegtdan. i Janed J: 0ot di198 fnd2Gatr 8f e fluid
conmuni cati on gfot‘&hsﬂﬁ‘ﬁ:%ﬂ‘réﬁ%%g?|°§dgﬁgir‘r‘b§&°’%‘%, The roof %6 de |?1$es_a,nozzl erim
32 and a r eces8dsvpllnis Ap inksiegtionppry 3 is defised in fhe of 30J0 bein Snidseramuriqation spr ead.
The wal ls 18 agsth e Qo hamier 2! theG6UTD0 EERAQE noRle kilivBR ahd Erestesz3alposiidaedrber 22
Is rectangular_in plan, A plurglity of .ink inlet channels 36, one of which
is shown in théb%‘f'%gﬁ“ﬂggf“ﬁ% °§’5ﬂ"%§’d°af]'hrough the subStrate 12, the drive
circuitry layer 14 Thacalldid ahdihe pafsiaveapinfignred sotknt the a@zle ThambenR is nl et channel
36 is in fluid | ion with the nozzle chanber 18 so that 20 ink can

r% Eé@ noizn%?%

be supplied to e chanber 18. The nozzl e arrangenent 10 includes a
wor k-transmitting opluelityofink inlet ghanrels 3fnopg ofhich is shown in the drawings, are

defined through the substrate 12, the drive circuitry layer 14 and the ink passivation layer
16. The ink inlet channel 36 is in fluid communication with the nozzle chamber 18 so that

20 ink canbe supplied to the nozzle chamber 18.
l The nozzle arrangement 10 includes a work-transmitting structure in the form of a

lever mechanism 38. The lever mechanism 38 includes an effort formation 40, a fulerum
formation 42 and a load formation 44. The fulcrum formation 42 is interposed between the
effort formation 40 and the load formation 44. .

The fulcrum formation 42 is fast with the ink passivation layer 16. In particular, the
fulcrum formation 42 is composite with a primary layer 46 and a secondary layer 48. The
layers 46, 48 are configured so that the fulcrum formation 42 is resiliently deformable to
permit pivotal movement of the fulcrum formation 42 with respect to the substrate 12. The
layers 46, 48 can :be of a number of materials that are used in integrated circuit fabrication. .

30 The Applicant has found that titanium aluminum nitride (TiAIN) is a suitable material for
the layer 46 and that titanjum is a suitable material for the layer 48.

The load formation 44 defines part of the proximal end wall 26. The load formation

44 is composite with a primary layer 50 and a secondary layer 52. As with the fulcrum



“lever mechani sm 38. The | ever mechani sm 38 includes an effort formation 40,
a fulcrum formation 42 and a |load formation 44. The fulcrumformation 42
is interposed between the effort fornmation 40 and the | oad formation 44.
The fulcrumformation 42 is fast with the ink passivation |layer 16. In
particular, the fulcrumformation 42 is conposite with a primary |ayer 46
and a secondary | ayer 48. The |ayers 46, 48 are configured so that the
fulcrumformation 42 is resiliently deformable.to permgt  .pi | novenent
of the ful cr uMOdM¥8i on 42 with respgct to the substrarpfctém@%’ﬂ%"ﬂe | ayers
46, 48 can be of a nunber of materials that are used in integrated circuit
fabrication. 30 The Applicant has found that titaniumalumnumnitride
(TIAIN) is a syitaple mRise be £ RSy df RUEEbAG npfistall Biatard iscBiti UM i s a
sui tabl e mat er#ﬁﬁ%r.’ﬁe&%?é?i%.e%% load formation 44 defines part of
the proximal ewigsmisd sircpisfabrivaton) Hoyeeverss peh oyt appve. Abp ipzlemapgsurt 0% t 1 g
primary |ayer éﬁié@bﬂ:&gmﬁd&eﬂo@m&hﬂ&cﬁﬁ&wp& fitToltokve tHat it i€ Eaimenient

PCT/ AU02/ 01169 03/ 086766 5 formation 42, .the S 0. 52 ¢ be of
any of a nurrbef"’w%a gq' '%‘PS" ‘Efﬁlé?tsa“éer%at%ead%lelluayerf ﬁé’g%ﬁé}f‘sége lca?'ermcsuar?2n
fabrication. HambyefTiABNand dthnionirespdstively, t he nozzl e arrangenent 10 is
fabricated by usin | L '%nn@_ bt MBI inShEBSk ofbd  f Ol | ows
that it is conveni %?S%Q?g?ﬁﬁ%%gw@g&g@s&% , 5% toébe ofmt he saoma mat eri al as

the |ayers 46, elagate Fgtgngular ppddlp %@g’@% S4qofixed to thejaad formption 44 andrytepds; ani um
respectively. {Redfedibe ad wAnd ik, tldbaldieisid@imeidnédil cijespotd Ng Menber in

the f f I t t I dd| 4. Th dle 54 is fixed t
e | oad f or MR peet S 24 bimPuL Sp e rRPaRPrpRR s oyt (U o
the paddl e 164 i adrayreors the ink efjedtion punt I0edth sufficiengencrgy sesblts ivihe ¢jectipreofpnz 7| e
chanber 22. Itmlgloh%\gﬁtge@e&egﬁoﬁ%%q&gig%ﬁa ¥vﬂibl_?dr&?é}&h@ni§é&hfe@éﬁ@§ds 10 and

away fromthe In jection port sufficient "energy results in the
ej ection of andesiribed idetpil nths¥bavn tefarqnred pptentyappliratinss aud istherefmgatter i n whi ch
drop ejection jg.selinG¥Pdbidieredescribed in detail in the above referenced
patents/applications and is therefor t L sed in . an et,ail here. To
facilitate fabri catTPé?fg]“ﬂ‘ “ﬁ%?ﬂ&lﬂéepé@lﬁr%g lso‘?fqﬁéﬁ%iﬁl?a{gﬁﬁaﬁﬁeﬁg%% 5Eﬁ'r“,“mt he
paddl e 54 is aextensisi efitid layer $9fof tha ad faynmtioyBt of theldver niedlaadisingB.mat i on 44 of the
ever Techani sm 36 mIRAaB St foffudbiss GPlbiAR) bRBRHARGs LpunSiderpot hen the

e

paddl e 54 agai nst f ure uring operation.
during operation.

The effort formation 40 is also composite with a primary layer 58 and a secondary
layer 60. : .

20 The layers 58, 60 can be of any of a number of materials that are used in integrated
circuit fabrication. However, as set out above, the nozzle arrangement 10 is fabricated by
using successive deposition and etching steps. It follows that it is convenient for the layers
58, 60 to be of the same material as the layers 46, 48. Thus, the layers 58, 60 can be of
TiAIN and titanium, respectively. '

The nozzle arrangement 10 includes an actuator in the form of a thermal bend
actuator 62. The thermal bend actuator 62 is of a conductive material that is capable of
being resistively heated. The conductive material has a coefficient of thermal expansion
that is such that, when heated and subsequently cooled, the material is capable of expansion

" and contraction to an extent sufficient to perform work on a MEMS scale.

30 The thermal bend actuator 62 can be any of a number of thermal bend actuators
described in the above patents/patent applications. In one example, the thermal bend
actuator 62 includes an actuator arm 64 that has an active portion 82 and a passive portion.

The active portion 82 has a pair of inner legs 66 and the passive portion is defined by a leg



"The effort formation 40 is also conposite with a primary | ayer 58 and a
secondary |ayer 60. 20 The |ayers 58, 60 can be of any of a nunber of
materials that are used in integrated circuit fabrication. However, as set
out above, the nozzle arrangenent 10 is fabricated by using successive
deposition and etching steps. It follows that it is convenient for the

| ayers 58, 60 to be of the sane nmaterial as the |ayers 46, 48. Thus, the

| ayers 58, 60 can be of Ti AIN and titanium respectivel I ozzl e
arrangement 1¥9%¥%8tes an actuator ip the formof a t%ﬁfﬁg‘f%g‘éﬂd act uat or
62. The thermal bend actuator 62 is of a conductive material that is
capabl e of being resistively heated. The conductive material has a

ffici f_i b Qb oS ; eand
coefficient o C%’%‘;‘Fgﬂ eﬁgagq%pﬂh%u ot R lé6§ qﬁgq%%agm;mwg{gmbﬁg@g an

subsequent |y ' eri | S capal “expansi on . and contraction -
to an extent sastiveless 6Gandths ppssive lsesnEarhleg 661 fixediemas of g pairef aaghorrne t her nal

3end figt ga,t or tﬁ%aﬁﬁ@%ﬁﬂo?@ﬁﬁmt thalt:;tedam_roﬁsahe iHeps si\&ﬁbnﬂaﬁeﬁliﬁ )
escribed in the ahove patents/paten i cations.. |.n one, ex e, the
thermal bend EASh fFYeARC ?q‘ﬁ%ﬁ“ﬁ%’é@‘s&h“%ﬁfﬁé%?“ﬁﬁ%‘ﬂy%?mﬁggggn active
portion 82 anddrive fifaify lagergdr ti on. The active portion 82 has a pair of

i nner |egs 66 and i Ay | S, ILRe s o 1 766
PCT/ At J02/ 01169 6%&%@?@5 ‘gﬁ%"%t&e{’e{‘gﬁfi‘%ﬂyo ,.ﬁ‘_’e’m“é’??’k‘??f‘?éﬁn@?&?ggs 66. A
bri dge porti onangi®ry 88that areelertrically isohnted figmithodave eigaitp By&Edth t he passive | egs.
Each leg 66 is fixeglstiRe 104a%6aid tfe thidked poftion 88165 nfigdr&dl s @dat WHRSE alcliirebhie f or m of
active anchors_70 that extend fromthe tklnggip@s |V t;{gon lé er %'g ¢ Each
active anchor fem thednvg iy iagr 4 FHRD PR e ackialor arm (R AT EPRIPS D |
connect ed 110 t differertialiheatingils parichlaty the aghetor drth 64Enshipep) acstbit ¥l phssiye legs 4t¢ xed t o
one of a pail Rl Al Beked AR B bidS o6 HdelndiAs o4 Y&an oChor s 88 that

are electricallTy rso rom Ive circultry layer 14. Thus, the |egs

66 and the bri ehgecipedthit $is @eedtheachiatar 4y 6 oberdpovydathefibsratg 12urrent  from

the dLi ve Cijf cui tfghédtﬁmg‘épo%nissith&ﬁforeldsﬁﬂéh%}ﬁnkaﬂSofﬁleactﬁatbegmﬂ uator arm 64
Is subjected to |1 i fferenti ating, | ardicu t he. actuator arm
64 i s shaped SW%WL%§$B%?$ng§§§$%&EWW%$%%f@E %J:B%fo\%%ﬁngé' | east a
portion of theThegse dfhatontd isdf FiANLIEhE Applicant Bas found thiis thatdiel ta pepwellcudeded t hat
this causes th?o %g%‘ﬁ‘%’?éz arm 64 to bend towards the substrate 12. The

bri dge portion 5 erefore defines a working end of the actuator 62. In

particul ar, the br Thejevepmechamism 3fdncudey ajevsr armdommationgR positiopedonpand st ¢ he
effort formati Qfin 43 secondary layers 48, 52, 60 of the fulcrum formation 42, the load formation 44
and the effort formation 40, respectively. Thus, reciprocal movement of the actuator 62
20 towards and away from the substrate 12 is converted into reciprocal angular displacement
of the paddle 54 via the lever mechanism 38 to eject ink drops from.the ink ejection port
30.

Each active anchor 70 and passive anchor is also composite with a primary layer 74

and a secondary layer 76. The layers 74, 76 can be of any of a number of materials that are
used in integrated circuit fabrication. However, in order to facilitate fabrication, the layer
74 is of TiAIN and the layer 76 is of titanium. '

A cover formation 78 is positioned on the anchors 70, 88 to extend over and to
cover the actuator 62. Air chamber walls 90 extend between the ink passivation layer 16
and the cover formation 78 so that the cover formation 78 and the air chamber walls 90

30  define an air chamber 80. Thus, the actuator 62 and the anchors are positioned in the air

chamber 80.

The cover formation 78, the lever arm formation 72 and the roof 20 are in the form

of a unitary protective structure 92 to inhibit damage to the nozzle arrangement 10.



Thus, the actuator 62 is of Ti AIN. The Applicant has found this material to
be well suited for the actuator 62. The | ever nechani sm 38 includes a

| ever armformation 72 positioned on, and fast wth, the secondary | ayers
48, 52, 60 of the fulcrumformation 42, the load formation 44 and the
effort formation 40, respectively. Thus, reciprocal novenent of the
actuator 62 20 towards and away fromthe substrate 12 is converted into
reci procal an ul ar .di.spl acenment of the paddle 54 VI a tEg t‘ll mechani sm
38 to eject | MOYMEBE fromthe ink e ection port ‘Er @%?"@e anchor 70
and passive anchor is also conposite with a pri mary Iayer 74 and a
secondary | ayer 76. The layers 74, 76 can be of any of a nunber of

material s that areq, ﬁ%b@stﬂu&&%%ﬁk%?oxfé'o’f&hﬂnﬁb&ﬁ%u&eﬁﬁ&lh%elkﬁi’iﬁver in

or der tofaC|I|tate rication is . of TrAIN and the |ayer 76
is of titani unintegratedeipit fabrostian Bhe Apalicant havfernd;thyt silicop diopideisaprtiglady 70, 88 to
extend over angefulfor Q8K the actuator 62. Air chamber walls 90 extend

bet ween the ink passi, t| on .| 16 and cover t Qs 78 so t hat
the cover formatio %%ﬂ?ﬁr ?‘ﬂgay(g"i’?t rt%’%gﬁlfverWéﬁnagﬂnfl 2% air
chanber 80. Thdisplacédrelathetathé caverfematin 78 hud themobfPA0sIt follewsthattheicoveed in the air
chanber 80. ThEGR4LHs do ¥ Hvbln ffinathh 72 kENElardelby PUGRE bRAg S @Nd Lhe T 0OF

20 are in the unitary protective structure tg Inhibit damage

to the nozzl e i epmpemication With thagjr dumbE G0 e pof20xyd shredeverrgm formation 731 ot ect i ve

structure 92 cgbddfr@iR@bd sictedbpehiag 96ih AR kahhmalicatiéd\dith the @z16&@mbe
integrated cirguit fabrication. The Applicant has found that silicon

di oxide is par%% cularly wuseful for this task. It will be appreciated that
it is necegsary f Ohtleer hmformationii2fand thetoof20 togethenndefire ridgesH8ittmtmind thé at i ve t o

e <01, 1 TRl S i, iy

formation 78 ve al’m ormat 1 on ar e slotted

openi ng 94 i n ddfings fuidie pesd duriegink eection- tl"hplﬂses%swwmmmm Yr oof 20 and
the |ever armﬁr@ﬁ&iﬁé&ﬂ%l?&h&fbh&nﬂ%rﬁ@ie@ﬁcub%r@e&y@ﬁ&:ﬂd opening 96 in fluid

and the roof 20 t odutNEiR BEFRRC TeiseE=cs pRte kBeieR 0 &R Bestid openi ng
96. Thus, whenpibtedivastartue 92HE@sionBrmiatonf 0D barvks Wi supportitiie levetrmechingbgedd 98
in position. Further, the torsion formation 100 is configured to experience twisting
deformation in order to accommodate pivotal movement of the lever mechanism 38 during
operation of the nozzle arrangement 10. The silicon dioxide of the protective structure 92 is
resiliently flexible on a MEMS scale and is thus suitable for such repetitive distortion.
20 Applicant believes that this invention provides a printhead chip that is resistant to
damage during handling. The primary reason for this is the provision of the ﬁrotective
structure 92, which covers the moving components of the nozzle arrangements of the
printhead chip. The protective structure 92 is positioned in 2 common plane. It follows that
when a plurality of the nozzle arrangements 10 are positioned together to define the '
printhead chip, the printhead chip presents a substantially uniform surface that is resistant
to damage.



define a fluidic seal during ink ejection. The ridges 98 serve to inhibit

i nk spreadi ng by providing suitable adhesion surfaces for a neniscus
formed by the ink. The slotted openings 94, 96 demarcate a torsion
formati on 100 defined by the protective structure 92. The torsion
formati on 100 serves to support the | ever nmechanism 38 in position.
Further, the torsion formation 100 is configured to experience tw sting

def ormati.on, i to accommobdat e pivotal novenent of r mechani sm
38 during Op§P§@ﬁ§ﬁ6of t he nozzl e arrgngenment 10. The Eé‘ﬁ?%ﬁy i oxi de of
the protective structure 92 is resiliently flexible on a MEMS scale and is
thus suitable for such repetitive distortion. 20 Applicant believes that
this invention provides a printhead chip that is resistant to danage
during handlin imary reason for this is the provision of the
protective structure 92, which covers the noving conponents of the nozzle
arrangenent s ofl. t heA pyinthead thipafdr antinkget priditheag rtimet priotheadehip bomaising e 92 i s
positioned in a conpppi.ang. !t follows that when a plurality of the
nozzl e arrangenments 10 are positioned together to define the printhead
chip, the printhead®R¥rISY pinegdsArangsmenipbatisrosifipned onthe pubstrpeseaptingedle t hat i s
resistant to daameeent coMprifiog 086766 PCT/ AU02/ 01169 8 WE CLAIM 1. A
printhead chip for an inkjet i nt head.. the print head,chip,c rising a
substrate; and a pIuralP?§E8?8%8?¥$%pﬁy?$%§8ﬁ?ﬁ@?ggﬁgpaﬁ?aﬁﬁgg@FGned on the
substrate, each nozmkzade chawmbenwith the mof definjng ias ink gjestion pértin dhid rdyemunivatidns
positioned on the sylshi@hAe.aafv@ roof that define a nozzle chanmber with
the roof defining an ink ejection port in fluid communication wth the

nozzl e chantfer, 10 an i Akkpisctiog mgmhe fabis pesitigned;in the pozzle chomber, theink-he nozzl e
CEam_oelr(, the ink- %&ﬁéﬁﬁnﬁ&ﬁ@@ﬁisﬁl@éﬂﬂeﬁ%&ﬁﬁﬁ%@@ﬁﬁmg&gaﬁ&n@%y from
the ink ejection port so.that a. resultant uct.uation in i nk pressure
within the nozzle cﬁ%ﬁﬁﬁﬂmﬁgﬁﬁngnﬁh presse ypip By aggleid q’\""rrff’I’ﬂ‘f’lénink
ejection port; at |<ationdinkfivortheink gegionpdring structure that is

di spl aceable with r eSpe%le&&ne%m-uwﬁﬁ%'ﬁg%?ctﬁr@qm{i§d&;ﬁ&%&%ﬂr&sﬁ’w@t§e

i nk-ejecting nmenber so_that djsplacenent
the substrate and is connected to the ink-ejecting member so that displacement of

the work transmitting structure results in displacement of the ink-ejecting member;

an actuator that is connected to the work-transmitting structure, the actuator
being capable of displacing the work transmitting structure upon receipt of an
electrical drive signal; and

20 air chamber walls and a covering formationithat is positioned over the
actuator, the air chamber walls and the covering formation defining an air éhamber
in which the actuator is positioned, the roof, the work transmitting structure and the
covering formation together defining a protective structure positioned in a common
plane.

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

3. ' A printhead chip as claimed in claim 2, in which the substrate includes a silicon
30  wafer substrate, a CMOS drive circuitry layer positioned on the silicon wafer substrate and
an ink passivation layer positioned on the CMOS drive circuitry layer.



"the work transmtting structure results in displacenent of the ink-ejecting
menber; an actuator that is connected to the work-transmtting structure,
the actuator being capable of displacing the work transmtting structure
upon receipt of an electrical drive signal; and 20 air chanber walls and a
covering formation that is positioned over the actuator, the air chanber
wal |l s and the covering formation defining an air chanber in which the
.actuator is pQsiti d, the roof, the work transmttin ructure and the
covering forngpwgﬁgpggether defining a protective strugfﬁ%@&%%g?tioned in a
common plane. 2. Aprinthead chip as claimed in claim1, which is the
product of an integrated circuit fabrication technique. 3. 'A printhead

chip as clai ned. i n &psithea@chip 43 clatiied i dldi@ 35k Which 8pleraiith 6f BTt dasiels aeOn 30

waf er substrat [] iroui try, | I sitianed on the sjlicon :
waf er substrat?wgﬁﬁg%%ﬁhlﬁﬂ%%g§§V@5Fp%%kF%%g?mgggﬁpﬁHWBB"@WmPﬁQD drive
circuitry | ayerchamhe.03/ 086766 PCT/ AU02/ 01169 9 4. A printhead chip as
claimed in claim3, in which a plurality of ink inlet channels are defined
t hrough the substrate, with each ink inlet channel opening into a
respective noz2te 4 Ranthsad chimas claimed inglaim 4¢in mhich thy oof, thewegkdrapsmitingi m 4, i n
whi ch the roof strichfe ahd e chverifiSoiniatibr e contifiréalst tet the Potbdife s&@MGE isng formati on
are configured so that the protective structure is wunitary. 6. A printhead
chip as claine ‘claim3, in which the nozzle chanber walls are 10
configured so that the nozzle chanber is generally rectangular in plan

view, with thegnozz)e. @g@f i ac . udi I si dewal | s,
a distal end wgll 5%%mgﬁ%ro |%ﬁ%ﬁﬁﬁguéﬁgﬁrg&@ghgfB%#%f ¢3% Cc fﬁgas cl ai mred
in claim 6,10 ncoifisumsd tofhat fhs pRzdlechambs is euprgllrestangulerimplpsviews; with thg hozglenpunt ed

Wi th respect t @hduiber wdllbSicudib@a per ol Gifposta sidéwdilsadstalend tvalPdnd e pRxRIaPiMal  end
wall, the work transmtting structure being connected to a proxi ml end of

t he ink-ejectiﬁb "menber so that the ink-ejecting nenber is angularly
di spl aced towards and away fromthe ink ejection port upon pivotal

di spl acenent ofy, t hex Yfidead &S Balrlo k1S 6UG WHICE hb Ghrd Lo ridifly seb i BUDST T at €.

pivotally mounted with respect to the substrate to define at least part of the proximal end

wall, the work transmitting structure being connected to a proximal end of the ink-ejecting
member so that the ink-ejecting member is angularly displaced towards and away from the
ink ejection port upon pivotal displacement of the work-transmitting structure relative to
the substrate.

20 _ . ,
8. A printhead chip es claimed in claim 7, in which the actuator has a fixed end that is
fixed with respect to the substrate and a working end that is displaceable towards and away
from the substrate, the working end being connected to the work-transmitting structure such
that the work-transmitting structure is pivotally displaced upon displacement of the actuator
towards and away from the substrate with the result that the ink-ejecting member is

* angularly displaced towards and away from the ink ejection port.

9. A printhead chip as claimed in claim 8, in which the actuator is in the form of a
thermal bend actuator that is configured so that, on receipt of a driving signal from the

30  electrical drive circuitry layer, the actuator bends towards the substrate, with the result that
the work-transmitting structure pivots away from the nozzle chamber and the ink-ejecting
member is angularly displaced towards the ink ejection port.




20 8. A printhead chip as clained in claim7, in which the actuator has a
fixed end that is fixed wth respect to the substrate and a worki ng end
that is displaceable towards and away fromthe substrate, the working end
bei ng connected to the work-transmtting structure such that the
work-transmtting structure is pivotally displaced upon di splacenent of the
actuator towards and away fromthe substrate with the result that the

i nk-ej ecting js angul arly di splaced towards and the ink

ej ection port T‘Tﬁg&?‘%&"%ri nthead chip as glaimed in claim W‘%ﬁr‘?z’%&ch t he
actuator is in the formof a thermal bend actuator that is configured so
that, on receipt of a driving signal fromthe 30 electrical drive circuitry
| ayer, the act ulk or Alpentieadichipas daimedie clgimiss tnrviioh thewtotiatrdnkisitting stilcfure hat  t he

wor k-transmtti i | e chanber. .and the
i nk-ej ecting ne %&ﬁ#glg%guJ a\réfﬂ)t}%ﬁl spif%cg . %&/%?t%@%ﬁ?g” M eg(j?(g&el on port.
WD 03/ 086766 PCFRaten 2load fogation cpnaested fo the inkreiprtingimerthien; a fiderath &irm@wni n cl ai m 9,

in which the wﬁmiﬁﬂm&&ﬂeaﬁo&fo&uﬁw;ﬁthed&‘ahifd?ﬁﬁﬁoﬁaﬁcf‘ﬁ{&&au%&h&%ﬁ“ with an
effort forrratlotg?%gnnect(ﬁaceile{'eg t he wor Ki n% end of the "actuator, a | oad

formation conne®t BERE 2p Prnetion fpferenmesing theeffort fulonwm and foadst i on

i nt er posed bet viemmtiodsghelevep arn fomratiat defuingamdntéghat piroaf thefpeotettivel s@iictuas) the

pivotal |y connggf feQer adnl ' I . rmation .

i nt er connecti ng ttﬁge e?e{ort ,_@H%&S%egﬁﬁpﬁla%ahﬁ%{gﬁa{ﬁgglﬁlbge,g%%ﬁl@ﬂf)g?}’@’rt arm
formati on defi rfbfigveasrm fammagontp pivatwithgespeckie thereof endithecoves formationr e, the roof ,
the lever armfornmation and the cover fornmation being of a flexible

material to,permit ,the.leye rm.formatjon to pjvot with respect to the
roof and thgpc er %Pﬁ&??ﬂﬁﬁw &a‘ﬂc?“dmt e?fk“}e@f“?‘b‘?i’ Fhim s sleined in claimd} udes at

| east one printhead chip as clainmed in claim 1.




