WO 03/ 086766 PCT/ AU02/ 01169 1 DI SCRETE Al R AND NOZZLE CHAMBERS I N A

‘PRI NTHEAD CHI P FOR AN | NKJET PRI NTHEAD FI ELD OF THE | NVENTI ON Thi s
invention relates to a printhead chip for an inkjet printhead. Mre
particularly, this invention relates to a printhead chi Q‘l-m?}» 1.8
printhead, which includes discrete air and nozzle chanbers. BACK D OF
THE | NVENTI ON 10 As set out in the above referenced applications/patents,

t he Applicant. _has spent a substantial anount of tine a g_ﬁe%f r{ in

devel opi ng pr?vﬁtof‘{%séﬁg that incorporate mcro el ectro-ng AP system
(MEMS) - based conponents to achi eve tlne ej ection 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 one or nore printhead

Appl  cant  has-al 2?3&%@{%&1"@'”"“?22% OH "‘"’BEEE{,‘S‘WKEQE s capabl e
of controlling operfath E Lcth |mmiiﬂﬁ"§ r?iﬁ{' .Qﬂé e processor

technol ogy and the printheads are capabl e of cooperating to generate

resol utions OfridWF Hitk IRVENTiGNEr i n sone cases. Exanpl es of suitable
processor technol o are 20 provided in t_hgqrab,ov,e r,eferencedargguﬁent

appl i cati ons/ pat entBis inyepdionusiaics toaprinthend chip fr aninkietyripthead Mprgparfelarlye ) ¢ es
in achi evi ng 8 ifveos fehits td 4 Pfinthbddakip ordn inkjet pHndhieads @hieli tludeadivdrétbain t he i nk
j et printheads. Azgtmper of printhead chips that the Applicant has
devel oped inco”r“BB? © 1e arrangenments that each have a nozzle - chanber
with an ink ejection nenber positioned in the nozzle chanber. The ink
ej ection ne ' ' Ni thin the nozzle chanber to eject
I nk fromthemrzﬁ(;éz %R chan iér. particular difficulty that the Applicant
addresses 10 the pAsseaetin hytheys sierenced pppligations/patepts.thicAnplitanthss wenat ur e of
the various cogpaaaRtathotdd 8 tinke b Effiin B8velopif FridtiRadd iHabingRpaRdd micf t he
printhead chip. Int e.gagovnr nced. matt er t he various components are
of ten 30 exposﬂﬁ’“&?“’g‘af“ ﬁmé'n@r%ﬁsgfgf'sﬁ%ﬁmp?ﬂeﬁgﬁﬁﬁwe S SREoRE” o ol e, the
vari ous conponseagssary for printing,

As aresult 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. : o

The Applicant has overcome substantial difficulties in achieving the necessaq} 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 ﬁw delicate nature of the various components that comprise each nozzle arrangement
of the printhead 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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are. well suited for their particular tasks and the Applicant has found them
"to be suitably robust. WO 03/ 086766 PCT/ AU02/ 01169 2 However, on a
macroscopi ¢ scal e, the various conponents can easily be damaged 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
nmeans be provi ded whereby the conponents are protected. Applicant has

f.ound, however. that it.is difficult to fabricate a sui covering for
t he’ corrpOnent‘%dWW@ still achieving g transfer of for 8&%?{50%8”?% nk-ej ecting

component and efficient sealing of a nozzle chanber. The Applicant has
conceived this invention in order to address these difficulties. 10 SUMVARY

O THE | VENTI ON 35006/ 19 ol MR oy bl i Bty P | 1 hea

chip for an inkjet printhea he printhead chip conpri “si n%Fa substrate; -
and a pl ur al i bysueh fagters 23 hendling apdjnpress omicrpsaopie detrifys, This witgseopis dptHBIS subst r at e,
each nozzl e %rt&@gﬁmtofg@mugtsi ng nozzl e chanber walls and a roof that

define a nozzle chanmher wih th oof definjng an i.nk ejection port in
fluid comunicat i Bﬂg%eﬁef?ret‘i‘?ﬂfmh%g’ff%mﬁaﬂ%% v;lde?a%h‘?r%ﬂ?j"%‘@é(’f’ Fermber that is
posi tioned i npioteeted dpplicent hiscfimiody howetrs, thahit is difficdttte fabricate aisdtably eiveripg

di spl aceabl e r ﬁ% il SRIDih N Eirdnl¥sr T Gltd AR QEdkin hat a
resul t ant fluggﬁgfﬁ%%ﬁgﬁ%i n ¥%ﬁ%§sur t?Wlthin tﬁ% nozzﬁe é%a er éesults in
an ej ecti on ofnd efficient ssaling l9ba pogde ehamberi on port; at | east one

wor k-transmi t ting 1%k Apgichtit BastobfeiveSthid ifvRrtids BRdlefto\dlidréts ek BBl t he
substrate and is connected to the ink-ejecting nenber so that displacenent

of the work transmtting structure results in displacenment of the
i nk-ej ectilng STMMARYOF FHE INVENTIOMt is connected to the work-transmitting

structure, the actiglgig ot idnf@PBbe S pRividdh PRlhd Whip'ien WRJelC L ransm tting
structure upon recel pt an
printhead, the printhead chip comprising
a substrate; and
a 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 ch;amber results in an

ejection of ink from the ink ejection port; B

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 metﬁber;

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,
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.



electrical drive signal; and air chanber walls and a covering formation
‘that is positioned over the actuator, the air chanber walls and the
covering formation defining an air chanber in which 30 the actuator is
positioned, the roof, the work transmtting structure and the covering
formati on together defining a protective structure positioned in a comon
pl ane. WO 03/086766 PCT/ AU02/01169 3 The invention is now described, by
way of exanmple, with reference to the acconpanying dr The follow ng
descri ption |§V°r??ff’8676htended tolimt the broad scope a& mﬁb%ve sunmary.
BRI EF DESCRI PTION OF THE DRAWNGS In the drawi ngs, Figure 1 shows a
sectioned, three dinensional view of a nozzle arrangenent of an printhead

chip, in aCCOfdan%%&éau&{wndw&&hwﬂywiy%eﬁ&pk,%%fe@ﬁaemtb@ad and Figure

2 shows a three dinensional view of e nozzle arra errent of Figure 1. 10 -
DETAI LED DESCRicfompanyingrdrapripes; Togtallpyiogd ?smﬁﬂﬁ%lsa?tmﬁ PERE ¥Pfuneral 10

general |y i ndi sieQbovd sitid&y.e arrangenent for a first enbodl ment of an ink
jet printhead chip, in accordance with the invention. The nozzle
arrangenment 10 is one of a plurality of such nozzle arrangenents formed on
a silicon waf eBREFmES(RmTlQNDG‘MDRAWINGSpri nt head chip of the invention.
As set out in the d of this specification, a single printhead can
contain up to 84 0 uc hozzl e arrangenents. For the purposes of clarity
and ease of descri pigusr shoyslapecsaned;thrse dimensions! yiey ohbrazzle yTangsaientiob®y. It i s

to be appreci ajfuthebd\ip ﬁa&%fcﬁ%wﬁtﬁﬂﬁﬁﬁbﬂﬂﬁ,}for&hidldetprﬁthfeﬂeaxfdl eld can readily
obtain the pri nt he 2_{ | replica t.he nozzl S Bk genent 10
on 20 the wafer E“i%tﬁﬁr%méﬂ ﬁﬁh‘@‘ﬁahbﬁ%ﬁﬂf grapgemen| g“ﬁ'gf?of an

I nt egrat edi1gi rcw t fabr| cati on technl que In particular, each nozzl e

arrangenent 10 Fh fabrication techni que. As
I s known, such iﬁ Ii‘ri)lgg?l on echnl que I nvol ves the deposition of

functional | ayer s Inthejdrawings, fefereneg mumetabl0gepprally indicates-a noazle-qrapgement fxt er j al s.
The functi onal , hRydibadiMes ofdaGREsR: eﬁ%&b,n@a&aamwﬁmym{?@u&mponent s and

the sacrificial | a%%e nozglg & Etge%]egt 101s o}a plurghty gtssuch nozzle arrangements formed
on a silicon wafer substrate 12 to define the printhead chip of the invention. As set out in
the background of this specification, a single printhead can contain up to 84 000 such
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 thé product of an inte'gratéd circuit fabrication technicjue. In
particular, each nozzle arrangement 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 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



t he conponents. As is known, such fabrication techniques generally involve
“the replication of a large nunber of sinmilar conponents on a single wafer
that is subsequently diced to separate the various conponents 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 nozzle arrangenent 10. An electrical drive circuitry |ayer
14 is positioned on the silicon wafer substrate 12. The electrical drive
circuitry | ay®P %%l udes ovOs drive, circuitry. The pErATCNYY
configuration of the CMOS drive circuitry is not inportant to this
description and has WO 03/086766 PCT/ AU02/ 01169 4 therefore been shown
schematically |j | > | dfisR [t S s to a
suitable mcr o%?rg%%;%g%;ﬁang g%a\?l .;éian% ectri %sgﬁagﬁrs}#eﬂrlldttﬁtmg&t e &ntggzl e
arrangement 10suitpieymicroprossspor anskprevifleplectsicl sureat tg themozle gringement L Hremb| e

M Cr Opr 0CESSOr receiiil ofarEARS1ifg SfnaPfrditidaldatitable nidr6rapisQCASS@iple 6f dbaftdblel bed i n

t he above referenced patents/patent, a i catiqgns, It faollows at this
over of det o TReRRrCesi s Qs B foPretrrie e Rfopiel sblssiotal AIRRS
passi vat i on | ashetrthid evél of deailivill oot beisebout intilds ghedifivetiani rcuitry | ayer 14. The ink

passi vation |ayer 16. .Of SUi f. .2 f 1] 1 con
nitride. The nozzl é“ar r ansg‘%ﬁ%nl?ﬁ{l% l?#lug{hu egnﬁggﬁe_e_ c ?ﬁn%g{h%eﬁ% 18
posi ti oned on passivitinklayesd canpe of agy suitshlesnatarigl, sysh pysdlicorpmitride, posi ti oned on the

nozzl e chanber wal ke A@18 Grrdnpdient ®8nchided HaSde Rt Halk 1€ pddfidRdddn t3dkDEr Wwal | s
18 define a nozzle chanber The nozqﬁe ha IT

22. A er, V\aglflés %ncludea
distal end wal Pesgyation laye 16 APt 20 3 posite P ChEIT walls IFSOBELE  si dewal | s
28. An i nk 16 efof ZNanf Gk no R chanbeells E8idefine 4 dvezle chahibeP 2. The roezlé chathbeni d _
communi cation ) Eflgi'£°ﬂ‘ﬁfQgﬁﬁd%ﬁiﬁ%’ﬁ’&%ﬂmm%%g&i‘g‘e‘tg’h&%& a nozzle rim

32 and a recess positioned ~the rim 32 to acconmodat e ink spread.
The wal | s 18 apidewaHe2%: Ao fokzipctipnport HHs fefinedin the gof Pp be indluid sommunieatiember 22

is rectangul agitd fhe RbAIR chahbied 23! Pleirdof 20defihéds nbHe@in RhadDRLSs FFosifdred of whi ch
I's shown in the draw_n are def]ned %hrough the substrate 12, the drive

.ngs
circuitry Iayer"’fhth%tﬂ‘Hg?f?é“’TW%ﬁ% WE®fon |ayer 16. The ink inlet channel
36 is in fluid comuneiwallisand e fobf 20he: contfighied soote the eozzlk Shasbertat 20 i nk can
be supplied towtcgg agzzb& chanber 18. The nozzl e arrangenent 10. includes a

wor k-transm tting rudtUire in the formof a

A plurality of ink inlet channels 36, one of which 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 can be supplied to the nozzle chamber 18.
The nozile arrangement 10. inciudes a work-transmitting structure in the forml ofa
lever mechanism 38. The lever mechanism 38 includes an effort formation 40, a fulcrum

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 42is 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 titanium 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



| ever mechani sm 38. The | ever nechani sm 38 includes an effort formation 40,
'a fulcrum formation 42 and a load formation 44. The ful crum formation 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 defornable to pernit pivotal novenent
of the ful cruM3BM&ion 42 with respegct to the substra'fcéw%ﬂ?’o"l‘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 suitahl [ r . I'J%E@Qiumisa
sui t abl e mat er?"gf' %gz’ﬁté& a?/‘sérs{%ﬁ”%ﬁ%ﬁ%ﬁ?ﬂ@%ﬁ@ﬁﬂ%e | nes part of
the proximal esnte cirei fabfigation. Howeveipssisetoptahovehe nogzle yrppgsgieptd i t h a

primary |ayer p#saRds §0&/dehHiBh adddichifiS stis IFolldWR thith LouiRe@)t 03/ 086766
BT/ Ab2] 01160 Rapabf bR chif} st 10¥o

42, the | ayers 5 52 ¢ be of an a nunber
of materials tFaelayes off agiobpof the pmemal ”&%W%G’ﬁg%“&élleilﬁ'ﬁfsgﬂ%ever, as
set out above, cinlve of THAIN #d Htahiamgespeativeld0 i s fabricated by using successive

deposition and et c%g}goz?tﬁe zgc#g& 1f°%{“9%§§%ﬁdgﬁrdgﬁ‘b&%‘%§&"ﬁ§*_m for the

| ayers 50, 52 to be 0 e material yers 4 Thus, the
| ayers 50, 52 elougateisestapgulaT patifie|S4 THe paddle it ig fixedrtethp logd fogpation 44mmd exiendy | e

arrangement 10juamk #d8Stafind WwikoSk b BOpAME L dintndidied foRbMes@inaan el ongat e
rect angul ar paddl e 54. The pa Is fixed to the

. ddle 54 ) I adﬂ{dgrgation 44 and
extends t owar @@eriiuwi the nozzlechambes p2- rfollows that displacementof the paddie 54 jowards
di mensi onedot 0 akiuwag HHH e ink@fectdh port 30 withishffitie eiepg@yzbselicih thwkjection 8f anl t f ol | ows
t hat di spl acenent, of. t .paddl.e 5 vards, 10. ¥ [ 9 i nk
ej ection port df/ﬂptﬁﬁmrslﬁ L%Gc}?cLeon pogt'n—%h(rggy gﬁ%&v ?ggﬁgﬂ%t@%én%j ectH}ﬁ of an ink
drop fromthe deskribef mcietaidin thrabeve reférencedepsierts/anplicalipns érd ig fhepsforgnott i on i s
achieved is dgagkleffdn} fetft@tRi | i n the above referenced
patents/applications and is therefore not, I, sed, i.n an etajl here. To
facilitate fabri catiodpfilititefabrsatipn tae v dl?gd"f)?fd]:ﬁiﬁj pagtiqular, ‘fﬁlaé%Fg 3% he
paddl e 54 is a®xteih 6Mthé Iayer S oftedoall foydstioh 84 affthetléver hadshisr@smat i on 44 of the

I hani 38...Th I >4 h i . h h
e e o 3 a3l Sl M R s 8041 e e

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 arranéement 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 aleg



The effort formation 40 is also conposite with a primary |ayer 58 and a
"secondary layer 60. 20 The layers 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 TiAIN and titanium respectivel ’ The nozzle .
arrangenment 1Y H¥les an actuator in the formof a tﬁ£¥ﬁgpmgghd 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

o e AT BT k43 bt

subsequent |y 0 IS ca expansion and contraction-

to an extent <agfiveilegs 6Gvndihs ppssive lsgFash ek 6% fisedyrmas of g paizofanghorThe t her nal
bend actuat or B52,.630 idiEe BAY ofabtivd aftHeHIFY thA ExtérldofiBthe 1€ pHlsiaG b 1afeP 165

described in the above patents/paten lications.. Ln one ex l e, the

t her mal bend %{’Ell%Yecﬁ‘cbé’?m‘ﬁ‘é‘i"ﬁg’é?s&ﬁﬂgﬁﬁfﬁggmﬁgm‘ﬂymﬁmﬁﬁ’gﬁgn active
portion 82 andirixe fiftsifyylagerflérti on. The active portion 82 has a pair of

I nner | egs 66 and §h LV rtj | .S.: i . 6766
PCT/ AU02/ 01169 6 %%’EP%%%%‘%#&%%&%J&%?% %‘e‘qﬁ%ﬁ%’%@s %?g ifér?@é?ﬁ‘?%%s 66. A
bridge port i orengi®rsi8h that aselertricelly itolated fgmitheddve gyt Byerlé t he passive | egs.
Each leg 66 is fixeghsle 180%6ad the thidjd poftion 88166 nfigdr&d s0@iat WHRE a birehthe f or m of
active anchors_70 that _ex_egd froqmihe 'k]négﬁp{%s |vat|0§_mlqu er,.16... Each
active anchor 5o thedrvs ArquiRriagr 14ds sehmpdn g, pae EEraker PP
conne](c:t ed 10 thﬁaeﬁﬂihvﬁn%imﬁdnﬁ@mythbm:oraxﬁxﬂﬁsshkpipmumpmgeleﬁ&d xgg E?\ t
one of a pair g n | . chors a
are electrical ?’W%%P%‘E’%eag{l%{n%p?ﬂén%e&%s&g %&e%rbsg a?%?%?gThus, the | egs
66 and the br i abgrecigedtthit this @Ssestheachgiarang G4 toderdovndathefibsiaty 12urrent  from

t he d[)l vetcijr;:ui trlghgdb'g,-%d po%{lbg;tlh@fﬁfore;dm‘fi&ﬁné@ﬁfi’f@llémﬁa&fgﬁﬁ uat 0{ arm 64
is subjected to | ifferentia at | ng, articu . actuator arm
64 i s shaped setcHas ‘hfh‘é‘fgﬁa%"g?’\ﬁé dF@’Q§$ﬁﬁ'@“ﬁqﬁ§%${)?§g}€cfg%f%§ﬂn g‘i | east a
portion of theThuegik att0atéred is df FiAINIThE Applieant Bas fdund this|hatdniel tappwalichitaled t hat

thi s causes thgé@g%@ﬁ%go . arm 64 to bend towards the substrate 12. The

bri dge portion retore defines a worKki n% end of the actuator 62. In
The lever mechanism 38 includes a lever arm formation 72 positioned on, and fast

with, the 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 t;ject 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 pa;sivation 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.



particular, the bridge portion 68 defines the primary |ayer 58 of the
‘effort formation 40. Thus, the actuator 62 is of Ti AIN. The Applicant has
found this material to be well suited for the actuator 62. The | ever
mechani sm 38 includes a | ever armformation 72 positioned on, and fast

wi th, the secondary |ayers 48, 52, 60 of the fulcrumformation 42, the |oad
formation 44 and the effort fornmation 40, respectively. Thus, reciprocal
novenent of t fyator 62 20 towards and away from't te 12 is
converted intg%P%%Fﬁgocal angul ar di spj acenment of thehggégﬁ%ﬁﬁg via the

| ever mechanism 38 to eject ink drops fromthe ink ejection port 30. Each
active anchor 70 and passive anchor is also conposite with a primary |ayer

74 and a secondar ¥nd @yiedive @ructll 62 LAYE6 of Amunttr GFadatchfls Bt sRWd® 2 number
of materials that are wused in |ntegrat§d £l reul t.fa ation. However, in-

order to faci |iptegrpied sizgit faprgation, TheiAppli und that silicop I%‘i $ RPN e | ayer 76

is of titani umsefil fopikask.Or mati on 78 i s positioned on the anchors 70, 88 to

extend over and t oy, GoYEL,LOGARLYH Realify ro/thd1ohDBINGEHRIH 3,0 ext end

bet ween the ink paSsiva alpBrﬁGTayer G e cover tormation 78 so that
t he cover for ndisplased rEl@tivenaithe ¢pverformaticnRbed thewapf 2. Iofllows thasthe paveran ai r

chanber 80. Thfaﬁnaﬁw%ﬁem@év&rm@%ramnwgem&&bﬁ&t@&w@qﬁ inthe air

chanmber 80. The cover formation 78, the | ever armformatio 2 and the roof

20 are in the fiwd sammppmicationith the gir ghagber80; The reof 29 aod fhedeversmp rmatin 7 ¢ ganmge
to the nozzl e gtlaeRREDY a sléited M¥Shi0B9a%B Biid Gorail AtikiAVith ¥ zzle chakiber pr ot ecti ve
structure 92 c% be one of a nunber of materials that are used in
integrated cirtuit fabrication. The Applicant has found that silicon

di oxi de i s 1parti culTheleyer anysforfmationf Z3rand the wof 203beethen define ridges @8 thathoendithet ed t hat

It I's necessar Motie@'&pe%:%@é&.gﬁﬁ‘srw%%efngmm&iﬁs fiffeaRem ikl @Pdidaea relative to

the cover fornmatlon nd the roof 20. |t foIIows,tt%at, t he coyer

formation 78 afffing¢Euiiegealdusingink eection. Theridees 98 servefa inky e dnksaresipely s ot t ed
openi ng 94 in phlitingsutebFadnésion irfates forta fehisms Pimedbiyaietisk. 80. The roof 20 and

the | ever arm formglgn 42 are demprcalef i, #.30hi6r:aRaY, BY 96 1n fluid

conmmuni cation wth r
protective structure 92. The torsion formation 100 serves to support the lever mechanism 38

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 protective
structure 92, which covers the moving components of the nozzle arrangements of the
printhead chip. The protective structure 92 is positioned in a 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.



10 The lever armformation 72 and the roof 20 together define ridges 98
"that bound the slotted opening 96. Thus, when the nozzle chanber 22 is
filled with ink, the ridges 98 define a fluidic seal during ink ejection.
The ridges 98 serve to inhibit ink spreading by providing suitable

adhesi on surfaces for a neniscus forned by the ink. The slotted openings
94, 96 demarcate a torsion formation 100 defined by the protective
structure 92. sion formati on 100 serves to supp lever, o
mechani sm 38 leﬁ?/%s(%?g%ti on. Further, the torsion format ﬁ{gﬁ,@@@u@ configured
to experience twisting deformation in order to acconmopdate pivotal
novenment of the |ever nechanism 38 during operation of the nozzle
arrangenent 10. The silicon dioxide of the protective structure 92 is
resiliently flex n a MEMS scale and is thus suitable for such :
repetitive distortion. 20 Applicant believes that this invention provides a
printhead chi p 1t hatA printkead¢hipt fardn itkjet priiread) ¢hegprinthad cipodiptisig.  The pri mary
reason for this is f{gReqyysion of the protective structure 92, which
covers the noving conponents of the nozzle arrangenents of the rinthead
chi p. The prot ect i P&y ehngrale agrongements byt is nositioned op the substrptn sach pedale. | t
follows that \Wh&igerenpéadipsibihg y Of the nozzle arrangenents 10 are positioned
together to define the _printhead chip.. the printhead, chi sents a
substantially uniform sﬂégﬂgg%mt%ﬁrﬂ"ﬁf%d%}lg%l §?§’ﬁfurgsqa§aﬁda’1’f§§@.‘“%%“ﬁ%/ 086766
PCT/ AU02/ 01169 8 ImzA¢chuBbetwith fie foof defiping ant inleciettiorpop irf fyid Gmmiunikgtion
printhead, the pring oiﬂé&aﬁf?é}}”i sing a substrate; and a plurality of
nozzl e arrangenments that 1s positioned on the substrate, each nozzle

arrangement %onpri si ng MRkpectipgmemesr hakis positipeed intheneade dhpmben dednkbst rat e and
a roof tpftt_ gefi ne @qcﬁﬁﬁ&nitﬂr&fh@ﬁ[ﬁﬁﬁce&ﬂlétbw{rﬂﬁnﬁ ﬁdﬂftﬂeriﬁk_rhﬂsﬁ@dﬂ_pbﬂkq ej ection
port in fluid co i.cati.on th t nozzl e. G er, .an _ink-ejecting
nenber that is posi 85&8'61%?%1%% @“@ﬁ&%‘@?,ﬁef © fhamber il in 8y nenber
bei ng di spl aceabl e dwtiwrdinkdron therialycjéctionpatthe | nk ej ection port so

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

20 air chamber walls and a covering formation that is positioned over the
actuator, the air chamber walls and the covering formation defining an air chamber
in which the actuétor 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. '

3. Aprinthead chip as claimed in claim 2, in which the substrate includes a silicorr
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.



that a resultant fluctuation in ink pressure within the nozzl e chanber
‘results in an ejection of ink fromthe ink ejection port; at |east one
work-transmtting structure that is displaceable with respect to the
substrate and is connected to the ink-ejecting nenber so that displacenent
of the work transmtting structure results in displacenment of the

i nk-ej ecting nenber, an actuator that is connected to the work-transmtting

structure, or being capable of displacing t ansmtting
structure upogv %élt‘ééeé%%t of an electrical drive signal; Inkg\lcﬁ)c%m;?'lfor''t61(;:harrb

wal | s and a covering formation that is positioned over the actuator, the
air chanber walls and the covering formation defining an air chanber in
whi ch the actuator Asmmhadbmlna&thmddheclmafmwhhbapwﬂstybfmﬁmcthhnnaﬁaﬁtructure

dth { t
posi {1 oned | n oo SadlBh MR AC kO il Bl BESACGER pKSptye A 2 1 1

which is the probaguket. of an integrated circuit fabrlcatlon technique. 3. A
printhead chip as clainmed in claim2 in which the substrate includes a
silicorr 30 wafer substrate, a drive circuitry |ayer positioned on the

silicon waf er 55Ubst1"3’(’”@1‘%6@1’§ﬁ149ﬁ9“bﬂ§§ﬁﬂamhm?w&¢°&6§ﬁ%@$ on the

CMOS drive cir gridniry addaheabveridfYoldaioBad Eafificdd/sé it Ahdbick&lve sBudure A Pri Nt head
chip as clained in claim3, in which a plurality of ink inlet channels are
defi ned through‘m’ttﬁtv—:' substrate, with each ink inlet channel opening into a
respective nozzle chanber. 5. A printhead chip as clained in claim4, in

whi ch the roof, theAwtheaamp&raasnsadrﬁgdmatsnu%ﬂmemekﬁ;ﬁ,b&%ﬁ;wg formati on

are configured so that the protective structure 1S unit pri nt head

chip as cl ai%@?ﬁﬁwa‘?ﬁ?‘ﬂhenPﬁ-‘WlﬁH@%ﬁ@%ﬁ%&“%m%maﬂ@ﬂfo

configured so tdhihibet WalsAREAING a fdioTBFPosdd SidGRINE b distalend &1l @A d ploRimal dadP! an
view, with the nqzzle chanber walls including a pair of opposed sidewalls,

a distal end walf" and a proximal end wall. 7. A printhead chip as clained
inclaim6, in which the work-transmtting structure is

7. A printhead chip as claimed in claim 6, in which the work-transmitting structure is
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 as claimed in claim 7, in which the actutor 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.

0. 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 réceipt 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.



pivotally nounted with respect to the substrate to define at |east part of
“the proximal end wall, the work transmtting structure being connected to
a proximal end of the ink-ejecting nenber so that the ink-ejecting nmenber
is angul arly displaced towards and away fromthe ink ejection port upon

pi votal displacenent of the work-transmtting structure relative to the
substrate. 20 8. A printhead chip as clained in claim?7, in which the
actuator has a fixed end that. is fixed with.respect torc Q%M%l@?trate and a
wor ki ng end t i 0PaeTeg; spl aceabl e towaggls and away fromthe substrate, the
wor ki ng end being connected to the work-transmtting structure such that
the work-transmtting structure is pivotally displaced upon displacenent of
the actuator tlowar Algrinthedd chiyas clainednirt diedm 9,ib 9/hiclathe wodkithandntifing @Gethde t hat t he
ink ejecting i : ' . fr t he ink
ej ection port. 9. Aa%??rnt Eea}g %%%@%@%ﬁég&@%&?l@@?ﬁ%ﬁgﬁmﬁ%h t he
actuator is in eetHeor $lpsd fogmation coppepterhtp thydnkcrjegtingureamer, ¢ fylerunk Hrmatio | gur ed so

that, on recei BitersePbetiided tho effos ferRation ah@IKb folefoRRhie) SADIVOGR) collhderoCi T CUI LTy
| ayer, the acttﬁetor bends towarg[is‘_gthe,substrate, with the Tesult that the
“%W?P%Fﬁ’i“’(gﬁ’%e%

wor k-t ransni t t i USRI T AT Algurgadised and the

i nk-ej ecting rfemtions,itle leveath &rinytiod idefning ar thtegal writ @ the protebtivié sttjcRfd, then port .
PCT/ AU02/ 01169 d re Ntk . chi clai.med in claim?9,
in which the m’?‘i\gqt‘eﬂg‘lr?ggn’%tf?’?‘ﬁ%&é%%%Y%J?’ef&%gﬁg’é‘é%%’g@%@%@ﬁ% with an
ef fort formati ¢k levsravedermationdo pives withreigieetdo thergofrnd tha covepformetivor, a | oad
formati on connected to the ink-ejecting nenber, a fulcrumformation

i nterposed petween fhe effort forpation and the |oad formation and

pivotal |y cthndét ed™tigkict prnthessiat pnglndes atjepstone printhead ghip a6 glaagd incshpim 1.

i nterconnecting the effort, fulcrumand |oad formations, the lever arm
formation defining an integral part of the protective structure, the root
the lever armformation and the cover fornmation being of a flexible
material to permit the lever armformation to pivot with respect to the
roof and the cover formation. 10 11. An ink jet printhead that includes at
| east one printhead chip as clained in claiml.




