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| NCLUDI NG DI SPLACEABLE | NK PUSHER' FIELD OF THE | NVENTI ON The field of the

i nvent i onweoale740 the field of inkjet printing devicgg 03/b1121
particular, 5 discloses an ink jet nozzle assenbly that includes a

di spl aceabl e i nk pusher. BACKGROUND COF THE | NVENTI ON Many different types
of printing have been invented, a |arge nunber of which are presently in
use. The known forms of printing have a variety of methods for nmarking the
print media with a 10 relevant marki ng nedia. Conmonly used forns of

printing i e offset printin | aser _printing and copyi ng devices, dot
v oy B Rz ASSEMBEY L TpRC RsREATEARLE WERS
thermal wax printers, dye sublimation printers and ink jet printers both of
the drop on demand and continuous flow type. Each type of printer has its

own advan¥iEbD QRIHE SINVERTINeN consi dering cost, speed, quality,

reliabili i L Ci nst rucki,on.and. operatjon etg.. 15 I n, recent
years, thtem? Fg*d:?? 6 © lk%{nﬁ?étr &%fgft%tt#enéé,lg%lé’%eﬁt Bg%tg@hde?’ﬁfﬁ Q}ﬁd]&&“aﬂtﬁl?@ of ink
i s der bvedistiosemandmniejeonozzteragseniblly thazintladeshadisfdeessteinkpasieasi ngl y popul ar

primarily due to its inexpensive and versatile nature. 20 Many different
techniques on ink jet printing have been invented. For a survey of the

field rsAMIRGROUND'OHTHRINVERTION € by J More, "Non-lnpact Printing:
Introduction and Historical Perspective", Qutput Hard Copy Devices,

Edi t or s RMouydiferent yres dipsintingbaye yesnGrvented pmlargeagmiper of which aeet presentiyt inruse.

t hensel ve QB }SantiL ¢ i m%] id. | L on. of . L1 NUous
stream 25%(# I nk F%Iﬁﬁﬂif ] et grh?ﬁ%?h’éﬂggﬁgars c#% fé}a@gﬂg%cﬁlg 8%%1&% Bast #9209
wher eilf USlevattgnarking metiiy Kddmdnly uddd figreis|of gistigrinelsdecofietngringing, daser minting

conti nuou a ectro-static ink jet printing.,US Pat.ent 96275, b
Sweet al sgndegépanﬁgésW%s’p 0862“32)‘ ?ﬁpeamg%ﬁtrfrﬁﬁ%sth?rﬂw parer PAniSEs; %}irﬁ‘iﬂr‘fﬂing
the step theansivaxiphiatetsnlyd sablimition dhintess aN0 M jaf [BHhtddyboth b tBOdrbp B8 HEREM and
el ectrostatic field so as é?;h 30 causge drop separation. This technique is

still uti FeYEEeYsyLeR, &P R OF PEnGT 198 | itsa Py advantages andyrehieay visoe

considering cost, speed, quality, reliability, simplicity of construction and operation etc.

15
In recent years, the field of ink jet printing, wherein each individual pixel of ink is derived from
one or more ink nozzles has become increasingly popular primarily due to its inexpensive and

versatile nature,

20 Many different techniques on ink jet printing have been invented. For a survey of the field,
reference is made to an article by J Moore, “Non-Impact Printing: Introduction and Historical
Perspective”, Output Hard Copy Devices, Editors R Dubeck and S Sherr, pages 207 - 220 (1988).

Ink Jet printers themselves come in many different types. The utilisation of a continuous stream
25 of ink in ink jet printing appears to date back to at least 1929 wherein US Patent No. 1941001 by

Hansell discloses a simple form of continuous stream electro-static ink jet printing.

US Patent 3596275 by Sweet also discloses a process of a continuous ink jet printing including
the step wherein the ink jet stream is modulated by a high frequency electrostatic field so as to
30 cause drop separation. This technique is still utilized by several manufacturers including Elmjet



WO 2004/ 002744 PCT/ AU2002/ 001121 2 and Scitex (see al so US Patgfje r2006
3373437 by Sweet et al). Piezoelectric ink jet printers are aI o) one?

of commonMwo ewibezed ink jet printing device. 5 Piezoel®eyLimosyEians are
di scl osed by Kyser et. al. in US Patent No. 3946398 (1970) which wutilizes
a di aphragm node of operation, by Zolten in US Patent 3683212 (1970) which
di scl oses a squeeze node of operation ot a piezoelectric crystal, Stemre
in US Patent No. 3747120 (1972) discloses a bend node of piezoelectric
operation, Howkins in US Patent No. 4459601 di scl oses a piezoelectric push
node act uatgs of the ink jet stream and Fi schbeck in US 4584590 which 10
di scl oses B 8H¥%r node type of piezoelectric transducer elenent. Recently,
thermal i rfecjaRb U Pabint NO. 3393437865y Weetdl aBXt remel y popul ar formof ink jet
printing. The ink jet printing techniques include those disclosed by Endo
et al in GB 2007162 (1979) and Vaught et al in US Patent 4490728. Both the
af or enent s that rely
Gpon the. aprustomkcRF Binels3ny A8 ch folebr Birhiibhi) e SRR, PR o7k

creati én Piszogledirid byrstemsnare disolosedr b}CKgsbrsqnaai.em YH Fateas No. BRI3DE (1970] Gzhlch

thereby c t ct| n.of ink fr ert ted to the
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and Hew eBQueE‘f.BCﬂwderﬂ‘dpﬂﬂfx&Cbﬂi PieRelddfric ey \St&ifhe W UB'I%teHQNB r'53147120 (h972)
20 A particul ar_problem associated with er fmal

el ectro-t her nal
printers ?clPFf"ﬁta%FWg a? %fmsﬁoelgemf apAretiopoHloykine i U RateNon d040L disclpwebhe of
hi gh defi Biekbeddtrr Ibd%hllﬂ&lie acttatlo bf ﬂfehﬁf‘?& st 1ah® FRoMSbY il ﬁsgﬁgﬁﬁgﬁ)w&[cﬁf

densel y packed nozzl e arrangenents that”span a print nedium

submi t! tﬁﬁt’OSeéﬁéh%fmﬁeWPeafmwdﬁ@tedtrmdt}melememl ectro-thermal actuators
woul d generate an unacceptable |evel of heat. This is the primry reason
why the Applicant has devel oped MEMS-based 25 printing technol ogy. Such

syst ens c&rcendy fthdymakiak gad ptintirgeHas ba:oprel antehﬁaﬁlely popagarifenti dSE]zﬂaJelt ﬁﬁﬁﬁi mugber

devel oped KaBLPikina FEipiacR rEME Tove dissioerebp bt con! lec??%ﬂogmtmwg)mr 20
pages per Veightteal ai USaahti4450ms, lmnmetmmﬁedi&rerexé&%kc%@mﬁs%&ﬁﬁ I ed

out many thoysands of simulations in order to achieve an opt

I'n thild" wisFniques fat elipon e actvatien oha cleckre-themmaknstinter whish ésultsri the cadatibeast
1 of a bubble in a constricted space, such as a nozzle, which thereby causes the gjection of ink from

an aperture connected to the confined space onto a relevant print media. Manufacturers such as

Canon and Hewlett Packard manufacture printing devices utilizing the electro-thermal actuator.

20 A particular problem associated with thermal printers is that they are not suitable for pagewidth
printheads capable of high definition printing. Such printheads require a very large number of
densely packed nozzle arrangements that span a print medium. Applicant submits that
operation of a required number of electro-thermal actuators would generate an unacceptable
Jevel of heat. This is the primary reason why the Applicant has developed MEMS-based

25 printing technology. Such systems can be fabricated to define printhead chips having a large
number of densely packed nozzle arrangements. In particular, Applicant has developed page
width printheads that are capable of color printing over 20 pages per minute at resolution finer
than 1200 dpi. Applicant has carried out many thousands of simulations in order to achieve an
optimal design. In this work, Applicant has found that the ink pusher should move at least 1

30 micron in order to achieve effective drop ejection. Applicant has also found that certain
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probl ens a0 sw4mazriy f abricati on when an i nk pusher is degi@Resoifpve nore
than 5 mcrons. It follows that novenent between 1 and 5 microns is nost
preferable. As set out above, piezo-electric systens have been devel oped
that act physically on the ink to 5 ejecd the ink fromthe nozzle
arrangenents. In order to achieve ink drop ejection, the ink pusher is
required to nove through a particular range. Piezo-electric systens that
use an ink sher .rel t.he deflection of a plate or the like as a

resul t of pé%?f?%%‘“é)?@ﬁ’[fg@“iaﬁo%w F1 @t QHS}FNEtde?lgnf‘g’éﬁMFWrﬁthan|5|Hgmon$angl es
to the di rxembwsntmm@me@ba%wpanwmwr % (LR that a deflection of
at |least one mcron wuuld require a plate aV| g a cross sectional area in
excess of 100 square microns. This 10 requirenent precludes the fabrication

of a pri ntﬁt?‘,es@pmﬁ d?/e{][ﬁérlﬂopr OEF%&%t@ﬂ%hﬁe%gen%U%igéﬁdqﬂqage % ly. gftll No¥ O:? i o

arrangements urt | ez0-¢e
di fficdlt et thcilﬂcefmmﬂnﬂnozﬂ'c qllmagmmntshh]tordﬁ to schjpab itk dikﬁp ﬁaﬁﬁnttﬂ@iﬂk bher is

nanonet er s_ of verre l.s. | ar to the fact that such 15
systens rery-g oﬂﬂ%‘[?qf‘:ﬁ’ﬁgtb?f Pagug "Ilaééfﬂ%f)r?y ?28"’ Mesydempdathise as wkpysheptebnemt .
Wien cr eatthedgflactionof @ plate? €e 1iXE ab 8 kds@lt of B @%erith h&bd&é&g@ﬁ B&fis Ea{emng t

pri nt head, essary or desirable to ensure that the printhe 3 i s of

a conpact “BE?WEN e digectip pf drop Pjﬁ‘itloflh‘éppélﬁw pcfaund M@efbﬂafpiloas’f girfedst ong
space as RA&shRodld rgcriﬂ& Afiate hdvi gsa G63 gécﬁglll E{ex@@sg ﬁ? ?dbsstﬁ% Cfortr)]ns? g‘ |22

printhead is as si 053| e an pre era e nu

const rifict irsMirpmment @r@tcluéﬁﬁeth?/fabnwtlon hEs prfinghead chig lhavmgtl's ireyuisite nmybemfand density
manuf act ug ﬁ}’?‘?é cRieferably each ink ejection nozzle is of a standard
size and © e I nk Ces associates with the ejection are regular across

t he nozzl e. 25 Further, where the ink ej ect [ on mechani smis of a nechani cal

type atta to act ator . device, it nprtant to ensure that a
subst ant i g’l%gpeéﬁf WIR DIsEsFlettBg Sﬁﬁ%%ﬁli‘atalﬁls df’ﬁémﬂ} teaehigye andefopusherahagist he

surface otagable opaed Ban 190/ BBSmerk @fﬁ@v&ﬁe%@m%lafg%lﬁfug r%@;%%cg @bt dubyp or der

of 10 mcrons in the case of a 40 mcron nozzle) a nu consequenti al
probl éfrs wnﬁrrplg@n bpglling or deflection to achieve the necessary movement,

When creating a large number of inkjet nozzles which together form a printhead, it is necessary
or desirable to ensure that the printhead is of a compact form so as to ensure that the printhead
takes up as small a space as possible. Further, it is desirable that any construction of a

20  printhead is as simple as possible and preferably; the number of steps in construction is
extremely low, therefore ensuring simplicity of manufacture. Further, preferably each ink
¢jection nozzle is of a standard size and the ink forces associates with the ejection are regular

across the nozzle.

25  Further, where the ink ¢jection mechanism is of a mechanical type attached to an actuator
device, it is important to ensure that a substantial clearance is provided between an ink gjection
nozzle and the surface of the paddle. Unless a large clearance is provided (of the order of 10
microns in the case of a 40 micron nozzle) a number of consequential problems may arise. For
example, if a mechanical paddle ejection surface and nozzle chamber walls are too close,

30 insufficient ink will be acted on by the paddle actuator so as to form a drop to be gjected.




exanple, if a mechanical paddle ejection surface and nozzle ch mB& 2606
are too close, 30 insufficient ink will be acted on by the pad actuat or
so as to o moanarep to be ejected. 1 Novemnber 2006 V\o@%{,@@gmﬁl

PCT/ AU2002/ 001121 4 Further, high pressures and drag is |ikely to occur
where novenent of a paddl e occurs close to nozzle chanber walls. Further,
If the paddle is too close to the nozzle4 there is a danger that an

unwant ed neni scus shape may occur after ejection of an ink drop with the
ink meniscus surface attaching to the surface of the paddle. 5 Further,
shoul d th% i 1k ctlon meghani Q(ﬁe formed on a silicaon wafer type deV| ce
utilizing “5“% afﬁﬁaff%sra :Aéacge‘é 312 RCHRVhEE sovementol g paddlgpreatsicdose to

m ni i ze inBe:1é Blaattep w1l Fudiyr, kaNepadale is %tc%sb%th%S%lé @He'?& RS dafiger WYF LEM
Due to differential thernal expansmns It 1s desira ensur e eac
layer is ORWARLRd mghiseysishaneanay aseurafter gjeetiotofen irtkedrbp wahuthmukj nghiséwsul t S
occurring a printhead system due to thernal
stress. Hgél:gae&lé&b&&lsgttgemSr%p%{;é:&tthéjﬂacdgnstruct a printhead systemutilizing
thin layers in the construction process. This invention is based on the

f act that nt . has..achi ved ner | MS structur t hat
facilitat egpﬁ é%‘?’ﬂdctﬁ E‘ke}eﬁﬂ%mﬂf ’E‘mdif‘ma"‘ns 1o walerrtgpe deyice aplising be

in the fosmanddrd a/afci:ﬁrd&aﬂﬂﬂgﬁec e IViaBsHEBle & midinizeite BRnQYbf ARANFer of
SUMVARY COF THE. | cco n to a first aspect of the inventlon,

there is PrRIFFIRYY %\ “PH% Sﬁ?F’i Yeda difamensial themmal expapsivese i ivdesiabieitsst r at e
drive cir epubd dacR Skt 13‘39%1.{1191 ﬁgés'égéﬁg @trgducﬁﬂglﬂte U lehYts 8I>cu?x%}g2| €

arrangenents p03|t|oned on the substrate eac nozzi e arrangenen
conpr 18 ngutirg the &absikatinpef awsinthsadsydtem duedb thwambl strasmt Heeéd, tttas desiralziz ke

chanber a@&l ﬁ’HCt arHrf]*mttlﬁéd g#(’)zgti {lfﬂl O t ll Perk h c construV\(I:af{oln plrocegsl ui d

communi cation Wt

This invention is based on the fact that the Applicant has achieved a generic MEMS structure
that facilitates a particular range of movement of an ink pusher, which can be in the form of a

15 paddle. The advantage of this is set out above.

SUMMARY OF THE INVENTION
According to a first aspect of the invention, there is provided an ink jet printhead chip that
comprises '
20 a substrate;
drive circuitry positioned in the substrate; and
a plurality of nozzle arrangements positioned on the substrate, each nozzle arrangement
comprising
nozzle chamber walls and a roof wall that define a nozzle chamber and an ink
25 ejection port in the roof wall in fluid communication with the nozzle chamber;
an ink pusher that is operatively positioned with respect to the nozzle chamber
and is displaceable through a range of between 1 micron and 5 microns to eject ink
from the ink ejection port; and
an actuator that is connected to the drive circuitry and the ink pusher to displace

30 the ink pusher on receipt of an electrical signal from the drive circuitry.



an ink pusher that is operatively positioned with respect to
chanber and is displaceable through a range of between 1 nic?gﬁwgﬁg& 006
m crons twatmwevodrek fromthe ink ejection port; and arp@giumbioriiiat is
connected to the drive circuitry and the ink pusher to displace 30 the ink
pusher on receipt of an electrical signal fromthe drive circuitry. 1
Novenber 2006 WD 2004/ 002744 PCT/ AU20023 001121 5 Preferably, each ink
pusher is displaceable through a range of between 1.5 mcrons and 3
mcrons. 5 The ink jet printhead chip my be the product of a MEMS
fabrication techni que. Each ink pusher may be in the formof a paddle
menber that is positioned in the nozzle chanber to span the nozzle

chanber . PRAEFIY, A6k HAIAEhIFBYdilMehte thRSL MG RS bRfoEeh 18lmicfonk @3 3 W th the
substrate at ong end aﬁ@ attaéﬂed to thgﬁpad e neﬁﬁ%r afnannopﬁ%%ed end.

The act uat™¥ 8 m may i ncorporate a thermal bend nechanismthat is
configured to deflect when heated by said electrical signal fromthe drive
circuitry to displace the paddl e nmenber. Each thermal bend nmechani sm may

i ncl ude aTheinktjétgmingfead bldp actyba therpradurt bfebEMS fibriaativatiehhue.havi ng a
coefficient of thermal expansion 15 which is such that the material is
capabl e of thermal expansion to an extent sufficient to performwork and

an el ect r Esdll ink pashengiag bé ithé fp@Ifaipad@e mbsAihgt 10 Pbdifisiad Hf e hgzAct uat or
armto heat a side 8{5 sai.d portion so that said portion experiences

di f f er ent FMbEROSRAR thepgzsle Flsmber-esul ting in deflection of the actuator arm
and the displacenent of the paddle nenber. 20 Alternatively, the roof wall
may define the ink pusher. Each actuator may include an actuator armthat
i s fadl wFadh achatos msytincleds agtacwator emuithatid fast with tecsubsiratdwe onoedd el | at an

Chat s canphed OBk R oo RATETIE, Rudiel 5 BBy ineEmerat AT om
t he dri vebaidmeashtniym tlet i copfigred totdefleofhenilkdted Dy@uidiclcctiibie sigifiFionate. 25
drive circuitry to displace the paddle member. Each thermal bend mechanism may include a
portion of the actuator arm that is of a material having a coefficient of thermal expansion
15 which is such that the material is capable of thermal expansion to an extent sufficient to
perform work and an electrical heating circuit positioned on said portion of the actuator arm to
heat a side of said portion so that said portion experiences differential thermal expansion

resulting in deflection of the actuator arm and the displacement of the paddle member.

20 Altematively, the roof wall may define the ink pusher. Each actuator may include an actuator
arm that is fast with the substrate at one end and attached to the roof wall at an opposed end.
The actuator arm may incorporate a thermal bend mechanism that is configured to deflect
when heated by said electrical signal from the drive circuitry to displace the roof wall towards
the substrate. | '

25
The actuator arm may be of a conductive material having a coefficient of thermal expansion
that is such that the material is capable of thermal expansion to an extent sufficient to perform
work. A portion of the actuator arm may define a heating circuit which is configured to expand
thermally on receipt of said electrical signal, said portion of the actuator arm being positioned

30 so that the actuator arm is deflected towards the substrate upon such deflection.



o
thermal expansion that is such that the naterial is capable ON@@%&OOB
expansi onw®@awoetdent sufficient to perform work. A paordi/Qe0indiia
actuator armmay define a heating circuit which is configured to expand
thermally on receipt of said electrical signal, said portion of the
actuator arm being positioned 30 so that the actuator armis deflected
towards the substrate upon such deflection. 1 Novenber 2006 WD 2004/002744
PCT/ AU2002/ 001121 6 There is disclosed herein an ink jet nozzle assenbly
i ncluding a nozzl e chanber containing ink to be ejected and a fluidic seal
conprising a neniscus fornmed by said ink between two solid surfaces of
sai d asseffhéry i disdlosed Hereinah adki jenoksle @ﬁemal@%&z@ding@ﬁ&zref&ﬁm%é%&%ixmgmwo
activated_in u%f, anfgf_gi wherein at |east one of said surfaces has a thin
lip adj acBnfieds] #hdr Fpidic seal somprisme pimeniscusforredly seid ink betereentivogplisheuroedsd at
| east onegpHid r I i ok . hout
m croneter _thi g{(éSmb Otﬁéllﬁg‘?‘% I?élsaﬁféufrétAﬁg%ng?gtﬁgéleg@ﬂagsreg{bﬁﬁlg%a%ﬁ%% %tu(%?foazné |l e
assenbfy Phemeicit lgst onens 32l surdisemiinera thinipragiaaentisaill dhuidinsehl 1oi indep wiakirigat | on
with an i I - zle in fluid communication with a
surroundi %%dg]'?%g)g%ﬁ%@gﬁg tgnec{\}g% Ser i ncl udi ng a fixed portion, a novable
portion and a cl earance space therebetween, relative novenent between the
fixed porgien.and.the.nmovaple portion in an 15 ejection phase reducing an
ef fecti veﬁvgr S%ﬁ&ﬂi’ﬁg’g? %@Fﬂ“@ﬁ‘d&&“f LiHgrometeg thigk- ve novement in a
refill phase enlarging the effective volune of the chanber; the clearance

space conﬁgi ning an ink/ajir interface, surface tension in ink across a
meni sdlis aRere raisclosed heseinam inkietnogzlg pssemblyl ingludingen t he chanber and

the atnospher &; noyRetiphiber RVidd 5 Hl&3h ?ﬂ?fc&%ﬂﬁﬁg%t}qgﬁ\ﬁiﬂ?é% é’ﬁ(e%?egﬁgipgnd nl et

The actuator armnmay be of a conductive material having a coe)‘I j

are dinensioned relative to one another —suc
pr ef er ent hegeleyin flgidmontmuni¢atind with asnoogldingwmogshetee i n droplet formin the

o Lo, PSSy Wby £ RSB BRASolSem
sai d fl uittieebgteaén, helativé M@vement between the fixed portion and the movable portion in an
15 gjection phase reducing an effective volume of the chamber, and alternate relative movement
in a refill phase enlarging the effective volume of the chamber:
the clearance space containing an ink/air interface, surface tension in ink across a
meniscus at the interface forming a fluidic seal between the chamber and the atmosphere;
wherein:
20 the clearance space, the nozzle and the inlet are dimensioned relative to one another
such that ink is ejected preferentially form the chamber through the nozzle in droplet form in
the ejection phase, and ink is alternately drawn preferentially into the chamber from the

reservoir through the inlet in the refill phase without said fluidic seal breaking.

25 Preferably the chamber incorporates a rim extending outwardly adjacent at least a portion of

the fluidic seal and is disposed to minimise wicking of ink from the chamber across the seal.

Preferably the movable portion includes the nozzle and the fixed portion is mounted on a
substrate.

30




25 Preferably the chanber incorporates a rim extendi ng outwardl J
at least a portion of the fluidic seal and is disposed to mﬂlﬁr:q\}:egﬁ@m@g@%%
of ink frwwotdweoettasrber across the seal. Preferably thedmxghbgodesti on

i ncludes the nozzle and the fixed portion is nounted on a substrate. 30 1
Novenber 2006 WO 2004/002744 PCT/ AU2002/ 001121 7 Preferably the fixed
portion includes the nozzle nounted on a7substrate and the novable portion
i ncl udes an actuator. Preferably a | argest distance between the fixed
portion and the novable portion across the 5 clearance space is |less than

appr oxi matgl ], CI ters. Preferably said distance is | ess than
appr oxi natpg?fémglygﬁh&r%tmw F’?"g'fdé? 3% QO%ZE‘E Bounisd Aece shbstrafecand thgapovable
appr oxi matpeltionlindhdes @Agétgstor. 10 Preferably said rimextends substantially

around a periphery of the fluidic seal, imrediately adjacent the clearance
space. Preferably a | ower section of the rimincludes a | edge portion

over hangi pgeféeah e : ' | _ink.,w cking acrass
The soal Tia erarerapey CRREC: bitmebP W FlaAuns 3hd HR mo b biish Aa5H %
nozzl e5t o clearsned spacens ddss thgn epproxiknatedy § cssometessit er surface of the nozzle

chanber. Preferably at |east one surface adjacent the cl earance space
i ncl udes a hydrophobic coating to 20 enhance performance of the fluidic

seal . PrefPesfabbly shidediftybedp haab iten cppiokidgtdls 3 RicPRfetas DB AMbLALY dist088 is

pol yt et rail Uﬁ]régeégh'gl_ene ;P‘I,’FE). 25 Preferably the ink jet nozzle assenbly
i s manuf adthFeR RRIPHTHRIE | BUEOREIF.0- nechani cal - systens (MEMS) techni ques.
| Novenber 2006

10 Preferably said rim extends substantially around a periphery of the fluidic seal, immediately

adjacent the clearance space.

Preferably a lower section of the rim includes a ledge portion overhanging a recess adapted to
collect any residual ink wicking across the seal.

15
Preferably an outwardly protruding lip extends around the nozzle to minimise wicking of ink

across an outer surface of the nozzle chamber.

Preferably at least one surface adjacent the clearance space includes a hydrophobic coating to

20 enhance performance of the fluidic seal.

Preferably the hydrophobic coating is formed substantially from pontetraﬂuoroethylenel
(PTFE).

25  Preferably the ink jet nozzle assembly is manufactured using micro-electro-mechanical-
systems (MEMS) techniques.
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Not wi t hst andi ng any other forms, which nmay fall within the scope o Fe
present i M@ed/002744 preferred forns of the invention w Igemeueodgodescri bed,
by way of exanple only, with reference to the acconpanying drawings in
which: 5 Figs. 1-3 are schematic illustrations of the operational
principles of the preferred enbodinent. 8Fig. 4 illustrates a perspective
view, partly in section of a single inkjet nozzle of the preferred
enbodiment. 10 Fig. 5 is a side perspective view of a single ink jet nozzle

of the pr | ' S illustrate the various
manuf act uﬁlﬁgﬁggmwﬁg&%%Mtrucu on of the preferred
enbodi mentNotlfhstinging hfly bihkrioih@ WwhichanYQhll WRRinHhe &Bp@c;fr t r¥§eﬁfé¥n9€fnt13n

print head ha ving a | arge nunber of nozzles, each Constructed 11 accordance
with the s prams Qfﬁhqlﬁﬁe“ﬁpéﬁ’éhlﬂo"i’ brdasenitsd, byrivay, of tamplovilyewitiprefeegpead of

the mat er i@y abdagh Xgﬁ}t ?dlla&lml: md@ to 28. 20 Fig. 18 to Fig. 28

illustrate sectio e manuf act uring steps in one form of
constraction of an ink jet prl nt head nozzle. Fig. 29 shows a three

di h £ I nbly f K j 5
or i nt head 5 &t b agriatnRond of 6 Brr RS pgbies e rosredbodiment cc

di mensional, schematic illustration of an operation of the nozzle assenbly
of Fig. 2% %0 FP%E 33 shows a three dinensional view of a nozzle array
const i t ut Ffg*ATPSITRRS 3 RATSHSFt e hva artly ingrstipmefra simiwinkipimczele 4f the prefetred

PCT/ AU2002486diteds.
10

Fig. 5 is a side perspective view of a single ink jet nozzle of the preferred embodiment.

Figs. 6- 15 illustrate the various manufacturing processing steps in the construction of the

preferred embodiment.
15
Fig. 16 illustrates a portion of an array view of a printhead having a large number of nozzles,
each constructed in accordance with the principles of the present invention.
Fig. 17 provides a legend of the materials indicated in Figs. 18 to 28.
20

Fig. 18 to Fig. 28 illustrate sectional views of the manufacturing steps in one form of construction
of an ink jet printhead nozzle.

Fig. 29 shows a three dimensional, schematic view of a nozzle assembly for an ink jet

25  printhead in accordance with the invention.

Figs. 30 to 32 show a three dimensional, schematic illustration of an operation of the nozzle

assembly of Fig. 29.

30 Fig. 33 shows a three dimensional view of a nozzle array constituting an ink jet printhead.




9 Fig. 34 shows, on an enlarged scale, part of the array of FKi }

35 shows a three dinensional view of an ink jet printhead incFu |Vr$3§%e'l:2@06
nozzl e guavr@i2004B0Fags. 36a to 36r show t hree-di nensi onal peviygigofho1$i1€PS i n
t he manufacture of a nozzle assenbly of an ink jet printhead. Figs. 37a to
37r show sectional side views of the manufacturing steps. 10 Figs. 38a to
38k show | ayouts of masks used in variou8 steps in the manufacturing
process. Figs. 39a to 39c show three-di nensi onal views of an operation of
the nozzl e assenbly nanufactured according to the nethod of Figs. 36 and
37. 15 Figs. 40a to 40c show, sectional  side views of an operation of the
nozzl e asgsé%‘gﬁﬁ O\ﬁsaﬁﬂ]aggﬁlﬁqgg@s %B%P#@e?ﬁaﬁ 1BePhod of Figs. 36 and 37.
DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS I n the preferred enbodi nent,
an inkjet printjng systemis provided having an ink ejection 20 nozzle

ar r angemehis SaeheY ke drmensionabview of an inkyjgraoriatend includingta dozzleguard. ej ect
ink froma refillable nozzle chanber. As a result of the construction
processes utilized, the paddle is generally of a "cupped" shape. The cup
shape pr oVigse3bartp Bor showhicedimerissmabfiews ofistdpsiin the nahefactafosfamals oned

robl ens. ga&@ IS 1l aterconnected to a thermal actuator device, which
Ps thermggalglb ct ua'?%kcf%ﬁé/mwt@egﬁ's of passing a current through a portion of
the thermal actuator, so 25 as to cause the ejection of ink therefrom
Further, the R addl e, al | oys for suitable construction process that
does not Fﬁﬁuﬁaégﬁﬂreﬁ‘f’gﬁﬁ‘&l%'rfl Vl?%?%fa%h%wlgmm- during the process
of construction. This nmeans that thermal stresses across a series of
devices canstructed on a single wafer are mnim zed. | Novenber 2006 WO
2004/ 6% 2 7Hiespide/toBBloghoroavoms ofrgasksset in pariomp eteps inttke mamfiaturitg mocess. ocesses
are such that the cupped paddl e has a range of novenent of between 1.5
mcrons and 3 mcrons. This ensures efficient drop ejection and an optinm
use of chFigsr¥alto 8% show.three-dimensional views of an operation of the nozzle assembly

manufactured according to the method of Figs. 36 and 37.

15 Figs. 40a to 40c show sectional side views of an operation of the nozzle assembly

manufactured according to the method of Figs. 36 and 37.

DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
In the preferred embodiment, an inkjet printing system is provided having an ink ejection
20  nozzle arrangement such that a paddle actuator type device is utilized to ¢ject ink from a
refillable nozzle chamber. As a result of the construction processes utilized, the paddle is
generally of a “cupped” shape. The cup shape provides for the alleviation of a number of the
aforementioned problems. The paddle is interconnected to a thermal actuator device, which is
thermally actuated by means of passing a current through a portion of the thermal actuator, so
25 as to cause the ejection of ink therefrom. Further, the cupped paddle allows for a suitable
construction process that does not require the formation of thick surface layers during the
process of construction. This means that thermal stresses across a series of devices constructed

on a single wafer are minimized.



5 Turning initially to Figs. 1 - 3, there will now be explain
operational principles of the preferred enbodinent. In Fig. T‘i{cwé?%b?rzooa

i1l ustrat et fyo4/edkset nozzle arrangement 1 having a nozgd@aghes®Aiz2 Which
is normally filled with ink froma supply channel 3 such that a neniscus 4
forms across the ink ejection aperture of the nozzle arrangenent. Inside
the nozzle arrangenent, a cupped paddl édactuator 5 is provided and

i nterconnected to an actuator ann 6 10 which, when in a qui escent position,
i s bent dovvnvvards The | ower surface of the actuator arm 6 includes a
heater el ?ﬁ’}f, is constructed of naterial havi n% a high "bend

ef fici encg ’ig?eé’ft ‘?%ﬂi’ISV“Ct‘PHé’rch’éﬁF%?reéP‘@rféﬁtﬂl%‘&’é’P%ﬂ paddlc hssagangeof ci ency
wher ei n t hevbmest oFbEtweb© NS ¥nikbfon

Modul us x (Coefficient of ther n%%ﬁé%gﬁ%ﬁ%é%m%g&gﬂt%ﬁ%u le%gt
Capacity aptimpmase ef ¢hip el estatéan be a copper nickel alloy of 60% copper and
40% ni ckel , hereinafter called (cupronickel) which can be forned bel ow a
gl ass Iayer so as to bend the glass layer. 20 In its qui escent position,
the ar#n 6 ThwidginitiallpyanFigy. 1t terewiihtovsbe ipdainddithé GpegiativnilgdintRiRjotte a

droplet of j.nk fr the hanber rrent is passed through the
act uat or greﬁergd %‘5’?’(& nlgﬁ; %ﬁtﬁ @Bﬂ%@?@dﬁ‘lﬁWﬂBéﬂ mentylhgvinga The
heater el ﬁdﬁlﬁclﬁnﬂbﬁrﬁﬁﬁicﬂﬁbrﬁﬂﬂa?(ﬂﬂ&ﬂﬁlthmktﬂ:br@a% s a8k 8fhécingney thereby
causing the arm6,to nove upwards as indicated in Fig. 2 an extent of

bet ween 1TERISFRSAfQENS 303 th iak gigetionapertyrs of the neesle penzewent; fesideghenoaste ar m
6 25 CaUS%aﬂg@ﬁxeﬁtUP Bifhed? ?Eﬁﬁh@acﬁlai& 5‘% Hﬁl{ﬁ% é@ﬂi Qsitﬁ?t%%ta&uht% Arpgner al

increase in pressure hin the nozz area surioundi ng
t he mihi swbichgwhetng quwgfaﬁnt Boaltmnalsg:emedownwaodst fIIho\lrowrfr suxﬁceaﬁdleacﬂuaﬂogamg of

the menis e heat.er e s
turned of ?H\%hllfhghyrﬁéf}stﬂl ?ezn e:ngg?ﬁg Sézgﬂsgfug{:d%%;eﬁ[aghavmgea high, tsn B.itcf?cy

gui escent position which further results in a downward novenent of the
cupped p S re uIt n Novenber 2006 WO 2004/ 002744
PCT/ Auzogg'ﬁg“éﬂ_"i%fh% caict glemenihan  bighiben SF&FFFQCY WRergintthe bendieffieney e chanber
2. The f ofafed agroment um of the i nk

Young’s Modulus x (Coefficient of thermal Expansion)
Density x Specific Heat Capacity

15 bend efficiency =

A suitable material can be a copper nickel alloy of 60% copper and 40% nickel, hereinafter

called (cupronickel) which can be formed below a glass layer so as to bend the glass layer.

20 Inits quiescent position, the arm 6 is bent down by the element 8. When it is desired to eject a
droplet of ink from the nozzle chamber 2, a current is passed through the actuator arm 8 by
means of an interconnection provided by a post 9. The heater element 8 is heated and expands
with a high bend efficiency thereby causing the arm 6 to move upwards as indicated in Fig. 2
an extent of between 1.5 microns and 3 microns. The upward movement of the actuator arm 6

25  causes the cupped paddle 5 to also move up which results in a general increase in pressure
within the nozzle chamber 2 in the area surrounding the meniscus 4. This results in a general
outflow of ink and a bulging of the meniscus 4. Next, as indicated in Fig. 3, the heater element
8 is turned off which results in the general return of the arm 6 to its quiescent position which

further results in a downward movement of the'cupped paddle 5. This results in a general




surroundi ng the nmeni scus and the backward nonmentum of the ink,resul i
gener al negki ng of the neniscus and the formation of a drop 15@‘%‘%5{’89"50&
proceeds 4@ idgodyid ace of the page. Subsequently, the gha OQ%OOtIEﬁ

meni scus 4 results in a subsequent inflow of ink via the inlet channel 3
that results in arefilling of the nozzle chanber 2. Eventually, the state
returns to that indicated by Fig. 1. Tumnning nowto Fig. 4, there is
illustrated a side perspective view partly in section of one form of
construction, a single nozzle arrangenent 1 in greater detail. The nozzle

arrangenment 1 10 jncludes a nozzle chanber 2 that is normally filled with
i nk. | nsi 8kekingebaglp § pethe inknwishin shej npzele chayakiir @. Tbe ferwerd Bombriteth of theiinles t he

nozzl e ch i ' n .which .supplies jnk from
a back surfac ed{g% Q}%@ Ig??%dca% ?fﬁ ﬁa lg%c%w}&é{n(sépﬂ‘g’ (gt:‘ﬂl%'f?)ey@%%fz%szWea %ﬁ%rﬁg%ei"k’fgi S

| ocat ed anf theimeaisors axdithsfowhatidn df aclropEsthat [pbaesds wakesurthbe Phé paye. and an

ext er nal roni gk orti 8. The actyat.or arm6 intercqonnects with the
onddl o5 SRR Ghe 5kt b e Gierih £ilf Bh s KnkieentPOE K ko3t eaMiber 2.
The sl ot dithnhél Jothat et lin 4licfBRG PRt #2618 chiiAber 2UHvERRallyS 1Ristife retumns to that
characterjstics reI‘:t_al n the ink wthin the nozzle chanber 2. Preferably,
the ext er Bfcalsgbyifddd- of the arrangement 1 are further treated so as to be
strongly hydrophobic. Additionally, a pit 21 is provided around the sl ot

19. The pit 21 20 includes a | edge 22 with the pit 21 and | edge 22
i Nt er act | Agning nesv todigrida thereze iuswatop p side perispictse vikwpattlyi in kéatigh ofibmnfgrth he

act uat or t SSi of .mninzi Of. W cki.n the arm6

i ncl udes ?%%ggﬁ’p%ﬁql%%&f% agﬂéjﬁ%e(%eﬁ{ th%grgﬁtgrﬂegazle'lgxe %gr?ange?ﬁm&ddi tion
to a o ghinchided £ubzzleahhmBér.2 th& iThanmlly filed widh idkh dngiadeitle ond ¢akder Dis a
Includes a slot 12. The slot, 12 aids in allow ng for the flow aof ink from
t he back %ﬂ@kﬁ?&lﬁ 53@8&‘1 ‘i“"é‘&% éﬁf‘&'fﬁ%dia&l% rﬁ%ﬁp 1%‘&!}@§Llé‘énplyr1=ha§n¢lé which
especi al | apbhies i8R EOmM AGHRR shifdck bh bi¥icdhRafRf [4ngenent is filled with air and
aliquidis injected into the refill channel 3. The dinensions of the slot
are such that, during operation of the paddle for ejecting drops, mninal
flow of fhy

Ot nge Qfﬂférn%zﬂ? 8]8&1@%{9 M8osd anbtuai? atm %l%%mﬁglugg(%%las\s/\@ow

2004/ 002744 PCT/ AU2002
15 portion and an external cupronickel portion 8. The actuator arm 6 interconnects with the

o

paddle 5 by means of a slot 19 located in one wall of the nozzle chamber 2. The slot 19 is of
small dimensions such that surface tension characteristics retain the ink within the nozzle
chamber 2. Preferably, the external portions of the arrangement 1 are further treated so as to
be strongly hydrophobic. Additionally, a pit 21 is provided around the slot 19. The pit 21

20  includes a ledge 22 with the pit 21 and ledge 22 interacting so as to minimize the dpportunities
for “wicking” along the actuator arm 6. Further, to assist of minimizing of wicking, the arm 6
includes a thinned portion 24 adjacent to the nozzle chamber 2 in addition to a right-angled
wall 25.

25  The surface of the paddle actuator 5 includes a slot 12. The slot 12 aids in allowing for the flow
of ink from the back surface of paddle actuator 5 to a front surface. This is especially the case
when initially the arrangement is filled with air and a liquid is injected into the refill channel 3.
The dimensions of the slot are such that, during operation of the paddle for ejecting drops,
minimal flow of fluid occurs through the slot 11.

30




12 The paddl e actuator 5 is housed within the nozzle chanber d

act uat edpso as to eject ink fromthe nozzle 27 that in turn ﬂﬁ?‘{?a@g%z?%n
28. The rixp 284/8@54tS I n mnimzing wicking across thﬁ’d‘ﬁfp”ﬁa A nozzl e
chanber 2. 5 The cupronickel elenent 8 is interconnected t roug% a post
portion 9 to a |l ower CMOS | ayer 15 that provides for the electrical

control of the actuator elenent. Each nd2zle arrangenent 1 can be
constructed as part of an array of nozzles on a silicon wafer device and
can be constructed fromthe utilizing sem conductor processing techniques
in 10 add'é_}li on . to mcrq nachining and mcro fabrication process technol ogy

(MEVS) andBePidsile actyater is heysed withinihe nezzle chamheroingd is actuated snép & diert ind
assumed. B e AR B tyhtTh b HRhide0a ki 7. "HET 07 9k 8Gk DARhE Yicisyst em
(MEMB) refer en%e is made to stan g?d p;‘fgocr?elfeé I ngggﬁl&éﬁﬁi@ﬁ@gﬂg%ﬁ@%di ng
t he pr oceedpssghofoptof theSppae chamber Bat i onal Society 15 for Opti cal

Engi neering) including volunes 2642 and 2882 that contain the proceedi ngs
of recent advances and conferences in this field. Turning initially to

Fi gi 68 afite &mrkoﬂgcke_l:blgmeﬁtm is vgtéreoringetadd ﬂm?pgh(l’jh post ﬁFdrﬂJm %mcl?ﬁ@} QM_C%S l%]f)ert hat
utilizes vipg.a region as cified'in Fig. 6a. The initia
starting ﬂ%ﬂgﬁ’r&l‘“ F%Pﬂg#&eiﬁcgftﬂa&on Bls‘gfetg‘? ?q%wq}m@?- 14 having a standard

0.25 mcroneter CMOS | ayer 15 that includes drive electronics (not shown),
the structure of the drive on electronics being readily apparent to those
ski |l ed i Bedhtnozge prrgngemvmsl ¢anthsgpatedted ias pat of aesiay o nozples ofjarsdlicos waferi n
the const ylisdd L8 ' nd_etc it 28 to a
depth of 25 13 &%?%‘ﬁﬁsggégdu@%gleﬁﬁféélrrr%gﬁ%&f‘%&ﬁ%@ﬁ%&%@&ﬁ%ﬁ%ms peci fied
29 as 1@ | | arktittent te dnicre rrachindeg andMeikto, falaricatibh protesa teetindlogyIMEMEPandsa il

m cronmet eg_|. r.o he sacrif.icial material 30 is deposited. The
sacrifici gafm%%thltﬁ%?gﬁec@b%lfssléggﬁd’ﬁftﬂ&ﬁ’? e sacrificial material 30 is

then etched wutilizing a mask pattern having portions 31 and 32 as

i ndi cat ed_at Fi g 7a. 30 | Novenmber 2006 WD 2004/ 002744 PCT/ AU2002/ 001121
13 or a general introdyction to a micro-electro mechanical system (MEMS) reference is made to

standard proceedings in this field including the proceeding of the SPIE (International Society
15 for Optical Engineering) including volumes 2642 and 2882 that contain the proceedings of

recent advances and conferences in this field.

Turning initially to Fig. 6a and 6b, in Fig. 6b there is shown an initial processing step that
utilizes a mask having a region as specified in Fig. 6a. The initial starting material is preferably

20  asilicon wafer 14 having a standard 0.25 micrometer CMOS layer 15 that includes drive
electronics (not shown), the structure of the drive on electronics being readily apparent to those
skilled in the art of CMOS integrated circuit designs.

The first step in the construction of a single nozzle is to pattern and etch a pit 28 to a depth of

25 13 micrometers using the mask pattern having regions specified 29 as illustrated in Fig.6a.

Next, as illustrated in Fig. 7b, a 3 micrometer layer of the sacrificial material 30 is deposited.
The sacrificial material can comprise aluminum. The sacrificial material 30 is then etched
utilizing a mask pattern having portions 31 and 32 as indicated at Fig. 7a.

30




Next, as shown in Fig. 8b a very thin 0.1 microneter |ayer of |
barrl er material (not shown) (for exanple, silicon nitride) i ilcg%r'ﬁgé'{gdebe
and subseduemiohpoaiched so as to formthe heater el errer}tcﬁﬁgzoﬁmnﬁlch
utilizes a third mask having nmask regions specified as 36 and 37 in Fig.
8a. 5 Next, as shown intended in Fig. 9b, a 1.1 mcroneter |ayer of heater
material 39 which can conprise a 60% cdpper 40% nickel alloy is deposited
utilizing a mask having a resultant mask region 40 as illustrated in Fig.
9a. 10 Next, a 0.1 mcrometer corrosion |ayer is deposited over the

surface. e, Cornrosi.o rier ain comprise silicon nitride., Next,
as illust }\g”f‘&& SFIPvE ‘a%‘%gﬁ a very. égwrhﬂ Sereeter Lo %w’z f celfmsd@h%nﬂtznat@al (not
deposi t ed shawg (fkr asa&nptaduhoahtﬂmd@ tgd’d@otl&a&n@@utﬁ&mﬁﬁy bchdd 5! 8%
specified 43 in Fi Qa. The gl ass [ayer 42 15 includes, as part the

deposi t i ofePfFlE ?3§r Db gtrlyptilizgs ¢ Hrigd mask havigg miask tgions epesifisd o Bﬁ@md Pt ocess
fol | ow ngif hg ¢pwer surface profile. Next, a 6 mcroneter |ayer of
sacrificial material 45 such as aluminumis deposited as indicated in Fig.
| I'b. ¥his layer is planarized to approximately 4 mcroneter nininuntZO

hi ck I
Next, e Shor FoBR et Fft it Epicng et 08 Bt >hadieRiad: no

regi ons 480mﬁ199ea550i% bap@elrzmedmka allbgis dkposited atilksing makion febidiast Mhskt he
nozzl e waII 0 illustrated in Fig. 12b, a m cronet er

| ayer of ﬁ‘?“ﬂ%ﬁ F’tgeg" The 3 25 micrometer |ayer is patter ned and
etched to a depth of 1 mcroneter using a mask having a region specified
51 aS|IIustrated|n Fig. 12b so as to forma nozzle rim Next, as

i |1 ustfat Bgxh #ul@lcr%reﬁeorgezabxen igdeposited averthe surfitce! Thé egragiohbatriveramas k
as il 1lust e Which | eaves glass portions e.g. 53 to form

t he nozzlgﬁé r%ﬂhsegﬂ]??n post portion 30 54. 1 Novenber 2006 WD

2004/ 002744 PCT/ AU2002/ 001121 14
Next, as illustrated in Fig. 10b, a 3.4 micrometer layer of glass 42 is deposited. The glass and
nitride can then be etched utilizing a mask as specified 43 in Fig, 10a. The glass layer 42
15 includes, as part of the deposition process, a portion 44 that is a result of the deposition process

following the lower surface profile.

Next, a 6 micrometer layer of sacrificial material 45 such as aluminum is deposited as
indicated in Fig. 11b. This layer is planarized to approximately 4 micrometer minimum

20 thickness utilizing a Chemical Mechanical Planarization (CMP) process. Next, the sacrificial
material layer is etched utilizing a mask having regions 48, 49 as illustrated in Fig. 11a so as to

form portions of the nozzle wall and post.

Next, as illustrated in Fig. 12b, a 3 micrometer layer of glass 50 is deposited. The 3
25 micrometer layer is patterned and etched to a depth of 1 micrometer using a mask having a

region specified 51 as illustrated in Fig. 12b so as to form a nozzle rim.

Next, as illustrated in Fig. 13b the glass layer is etched utilizing a further mask as illustrated in
Fig. 12a, which leaves glass portions e.g. 53 to form the nozzle chamber wall and post portion
30 54




Next, as illustrated in Fig. 14b, the backside of the wafer i n

and etched so as to form an ink supply channel 3. The nmask uﬁﬂﬁﬁ%%ﬁﬁgﬁﬁﬂﬂﬁ
have regi w20é0ams4speci fied in Fig. 14a. The etch thropghathebasksi de of
the wafer can preferably utilize a high quality deep anisotropic 5 etching
system such as that available from Silicon Technol ogy Systens of the United
Ki ngdom Preferably, the etching processt4al so results in the dicing of the
wafer into its separate printheads at the same tine. Next, as illustrated
in Fig. 15, the sacrificial material can be etched away so as to rel ease
the 10 actuator structure. Upon rel ease, the actuator 6 bends downwards
due to its release from thermal stresses built up during deposition. The

pri nt head Neaf) at hRBtried B m?.hrm B0 8adkBidD b e Whferds Mkrfeégqn&A&tﬁrll\e@‘éB%L o ! Ot em

for the supply of ink to the back surface of the wa r
suppl yi ng 2BRCPPlY chenmet 3| Thomeask widiged eah haveregionn 66 esspecifind initip. HMe. Mbaded

utilizingetdi [ ' : surf.ace area can .t hen, be

hydrophobieca_l y rigg\tE %‘g‘gfggg?%k‘f”?%?ﬁ%é feﬁzg;[?bﬁﬁﬁzse phdﬁ?'ifq‘%??f n‘?f’gP ARG REZ 21 e
chanbeb f ictching syéterh sichkasftioat availeblerfopm SiioaeTedhsoloky 89dtémad 6fthé Uniddy. 16, a
pagew dt hpprinth havi tepetitive structyre, 60 can be_ .constructed
for full co %i%lp&f}%{eﬁﬁé" H’%iegp.h”’fé’r%(f? Soaref}ﬂptl?gﬁ diging efdhe Wakr g itht head
st ruct ur e sgpathte privitheade st thhiseee tgepar at e groupi ngs 61-63 with one groupi ng

for each color and each grouping 20 e.g. 63 in turn consisting of two
separate rows of inkjet nozzles 65, 66 which are spaced apart in an

i nterl eavarxpad A185thatediiif) A5Z(he s&ﬁﬁg@ﬁrg%ﬁal;p:ﬂ# 68 efdhe vfag%é %%58 r?ﬁegsettiler:m s S0

as to forman output inage as wou readi Iy unders ose skilled
i n t hd0ar actegtorgmsiure, dfpaprelstse) thi pettatonty bendh downwitds uento ita rdesse omb8

i ncl udes | . i C in.order to forman, extrene|y
conpact aﬁegﬁ"g\éﬂn%%%mﬁfst B%Pg#@r‘ge%f’%?% ?ﬁ}?d’“é’ © c?"otgffégegcg]?f'é‘F%F‘@mB‘é‘ﬁ? With
rﬁSpect lt@mbﬁlded?mkl éupﬁlymwmﬁdithgh?plytﬁ_iﬁmha hth@wcnfsmm?zbﬁﬂﬁ-wal?ér.ew%?hg%, a
three co rrangenen 1.S rovi ae | as one of the groups ol-

dedi cat edﬁ[%?oéﬁﬂ?ﬁylﬁﬁgﬁ%ﬁ?‘ﬁ chrsep! s, F1igF °§§1"IP6W'3€%H e thesy berhondest uttizingous| v,

f our - col ohomiat TABnai &t The 3fRe afqn ' ' venber
2006 WO 2004/ 002744 PCT/ AUZ002/ 001121 15 %‘Eglﬁégp’ggYﬁP@%&ggﬁgﬁtﬁaﬂ?series

of bold pHEElygheinksupply ehangeland ngrziehamber Elledevitloinkforgestinger t i on

Hence, as illustrated in Fig. 16, a pagewidth printhead having a repetitive structure 60 can be
constructed for full color printing. Fig, 16 shows a portion of the final printhead structure and
includes three separate groupings 61-63 with oné grouping for each color and each grouping

.20 e.g. 63 in furn consisting of two separate rows of inkjet nozzles 65, 66 which are spaced apart
in an interleaved pattern. The nozzle 65, 66 are fired at predetermined times so as to form an
output image as would be readily understood by those skilled in the art of construction of inkjet
printhead. Each nozzle e.g. 68 includes its own actuator arm 69 which, in order to form an
extremely compact arrangement, is preferably formed so as to be generally bent with respect to

25 the line perpendicular to the row of nozzles. Preferably, a three color arrangement is provided

which has one of the groups 61-63 dedicated to cyan, magenta and another yellow color

printing. Obviously, four-color printing arrangements can be constructed if required.



of a tape automated bonding (TAB) strip which can be aligned ans. o
alignnent rail e.g. 72 which is constructed al ong one edge Oﬁ)ﬂﬁemgerﬁooﬁ

print headvwapzwibioed |y for this purpose. 5 One form of dei@ibRe2001121

manuf acturi ng process which can be used to fabricate nonolithic ink jet
print heads operating in accordance with the principles taught by the
present enbodi ment can proceed utilizing the follow ng steps: 1. Using a
doubl e sided polished wafer 14, conplete drive transistors, data
distribution, and 10 timng circuits using a 0.5 mcron, one poly, 2 netal
CMOS process. 1 This step is own in Fig. 18. For clarity, these

di agr ams ?f&ifeﬁg Y> Hone §ide @ gpries OZEQPWS 8t %r up famed plong theptids fortheiinsertionough
any singl of RkaRauLinatdd®onda ' i '

vari ous mat er?gl s in thesg égﬁf%g? g}%rlllg ?%gl‘r?%ﬁg?ygﬁgﬁsteﬁgai%ﬁ%w%hgg

cr oss- r ef P &vlieis constiuesed along pepadge obthe printead spetifiballyxdorithisugost.o si | i con
or alum numusing Mask 1. This mask defines the pit underneath the paddle,
as well as the edges of the printheads chip. 3. Etch silicon to a depth of
8 nicréns (88 fomi nfjdethitddatamtictiring pracessaskich Thebs istavialfbrizheRLorRithiding jetet ch

is not critical .(60 to 90 degrees i cceptgbl e), so standard trench
etchers cgﬁn‘bﬁeaﬂsg QRFrating; 18 accégéaé'f% B’"ﬁstﬁ% H%'s)ﬁ‘ﬁf’snta%% .Si’yltbﬁ’ prgsenbepediment can
m crons oproseanitiliziap @le foMdwEhE &kps81 (€. g. al um numor polyinmide) 5. Etch the

sacrificial |ayer using Mask 3, defining heater vias 82 and nozzl e chanber
walls 83. 25 This step is shown in Fig. 20. 6. Deposit 0.2 mcrons of

heat er mayetkghk Sbo TH tg&;ﬁ t Lal Jusi:ng.Mask 3
defining the hgat .erubgehgg%q b&_\lﬂﬁpéi ‘s”t%eegqiz;’s S ogvfn% @E{e %s.q&éri’. dﬂ%&s%%%rﬂ?gr
2006 1NO Loy GEERABIRET. AUROGR SOOI 2 ridal BMORGfeessd50liss stép is skdvatinFig al

connectio Bnﬁ! te a hi s i Nt ond, pads .are accessible, and _the
chi ps ar erﬂ%o@ ; ?/léiﬁ éeﬁ%r‘g%%%'.lé gay 5%8033? Fca%, Pf’i‘%’?’%gmcf?pr%ﬁfr@?séﬁ@ogghw%
any single plane of the nozzle. Fig. 17 is a key to representations of various materjals in these

manufacturing diagrams, and those of other cross-referenced ink jet configurations.

15 2. Etch oxide down to silicon or aluminum using Mask 1. This mask defines the pit undemneath

the paddle, as well as the edges of the printheads chip.

3. Etch silicon to a depth of 8 microns 80 using etched oxide as a mask. The sidewall slope of this
etch is not critical (60 to 90 degrees is acceptable), so standard trench etchers can be used. This
20  step 1s shown in Fig. 19.

4. Deposit 3 microns of sacrificial material 81 (e.g. aluminum or polyimide)

5. Etch the sacrificial layer using Mask 3, defining heater vias 82 and nozzle chamber walls 83,
25  Thus step is shown in Fig. 20.

6. Deposit 0.2 microns of heater material 84, e.g. TiN.

7. Etch the heater material using Mask 3, defining the heater shape. This step is shown in Fig. 21.
30 |



10. Etch glass layer using Mask 4. This mask defines the nozzle,chanper
wal |, the paddle, and the actuator arm This step i s shown Iam\berﬂggrzqqe

Deposit 6wociensz7af sacrificial material 86. 10 12. Etghyibaesediisficial
mat eri al using Mask 5. This mask defines the nozzle chanber wall. This

step is showmn in Fig. 23. 13. Deposit 3 mcrons of PECVD glass 87. 15 14.
Etch to a depth of (approx.) 1 mcron usiéng Mask 6. This nask defines the
nozzle rimz28. This step is shown in Fig. 24. 15. Etch down to the
sacrificial |ayer using Mask 7. This mask defines the roof of the nozzle

20 chanber,, d the nozzle 27 itself. This step is shown in Fig. 25. 16.
Back- et ch SCX%E? ‘«Q’Fyﬂ‘ﬁ) ﬁ'ﬁﬁﬂ&ﬂ conpEcuqns pre sAMpleteaat thispaint, bond padsesgascessiblenandSE
Advanced ﬁﬁédmmrerﬁ;tggggpa}gtm Surface Technol ogy Systens) using Mask 8.
This mask defines the ink inlets 3 which are etched through the wafer. The

wafer is also diced by this etch. This step is shown in Fig. 26. 25 17.
Etch the gapLidiis CﬁI’D ozzl e chanbers are cleared, the
actuators frééegl,t%n%mﬁgéﬁﬂc |p§1-£pse85n

a are 'separated by this etch. This step is
shown Bn Fig. 27. 18. Mouunt the printheads in their packagi ng, which nay be

L LB B ORIl DAl

November 26Q#ior 340, 209 4kPR2En BGFLA2002/ 001121 17 19. Connect the
printheads to their interconnect Systens. For a |low profile connection with

m ni mum di sruption of airflow, TAB nay be used. Wre bonding nmay al so be

used if the Mol &micrbis dfachf 8¢ WM th sufficient clearance to the
paper. 5 20. Hydro%%%%ze % ec?%%t?ﬁig%?'f ace of the printheads.
10 ,

12, Etch the sacrificial material using Mask 5. This mask defines the nozzle chamber wall. This
step is shown in Fig, 23.

13. Deposit 3 microns of PECVD glass 87,

15
14. Etch to a depth of (approx.) 1 micron using Mask 6. This mask defines the nozzle rim 28. This
step is shown in Fig. 24,

15. Etch down to the sacrificial layer using Mask 7. This mask defines the roof of the nozzle
20 chamber, and the nozzle 27 itself. This step is shown in Fig, 25.

16. Back-etch completely through the silicon wafer (with, for example, an ASE Advanced Silicon

Etcher from Surface Technology Systems) using Mask 8. This mask defines the ink inlets 3 which

are etched through the wafer. The wafer is also diced by this etch. This step is shown in Fig. 26.
25

17. Etch the sacrificial material. The nozzle chambers are cleared, the actuators freed, and the

chips are separated by this etch. This step is shown in Fig. 27.

18. Mount the printheads in their packaging, which may be a molded plastic former incorporating
30 ink channels, which supply the appropriate color ink to the ink inlets at the back of the wafer.



21. Fill the conpleted printheads with ink 88 and test them il]
nozzle is shown in Fig. 28. 10 Referring nowto Fig. 29 of tﬁ(ﬁ%‘f%ﬁﬁﬁ'@goog
nozzl e assambiog/jood7m accordance with a further enbodi mengc@iuidiSodipent i on
is designated generally by the reference nuneral 110. An ink jet printhead
has a plurality of nozzle assenblies 110 arranged in an array 114 (Figs. 33
and 34) on a silicon substrate 116. Thel7array 114 will be described in
greater detail below 15 The assenbly 110 includes a silicon substrate or
wafer 116 on which a dielectric layer 118 is deposited. A CMOS passivation
| ayer 120 is deposited on the dielectric |layer 118. Each nozzle assenbly
110 includes a nozzle 122 defining a nozzle opening 124, a connecti ng
nerber i n 19N Eoh@ctiRf pdnthed ihifeoffid r 3"2@}1’ h - m
126 connects the 20 .%ct ue}gﬂo %{fgq Ilitl]o t he F}g{;s;fhgst l]?g%% l/gs gl\-/%n‘?%nh&é%ﬁgjr

det ai | i nTApgEm digruptorsof aiflowh TABrmay bryesed.t Wire homdingemayp flse berpsedl $fthe primterown
portion 1 ] I i ing fromthe crown portion 130.
The ski rt%g%itogen&eq?ﬁﬁ%%@gn%}dpcg%g%mgﬁ%g@?%heraI wal | of a nozzl e chanber
134 (Ffgs. 30 to 32 of the drawings). 25 The nozzle opening 124 is in fluid

conmuni catyj ith,th zzl e.ch er.134. It is to be noted that the
nozzl e opggﬂ%@dyﬁ@fbﬁzgﬁ?gﬁ’%ﬂmg%ﬁg%m%d rim136 that "pins" a neniscus
138 (Fig. 30) of a body of ink 140 in the nozzle chanber 134. 1 Novenber
2006 WO %?&ﬂ 02744 PCT/ AU2002/ 001121 18 An ink inlet aperture 142 (shown
nost cl ea | fhegpgpleteaprintheatspwithdpk fand test shom. Aqfilledinortiesishowd i FigR8nber
134. The aperture 142 is in fluid conmunication with an ink inlet channel
148 defined through the substrate 116. 5 A wall portion 150 bounds the
apert Uf e Referrifigonawy todrig 29 qf e dihwyings,amottle assembly, poactordmct 46th a fiftkerski r t

ortion 1 | NeH ve . of the n | e, 122 defi nes irst. part of
g per i phe%PO%+M§%ﬁ%tﬁggsz‘%glggﬁtgﬁarﬁ@'em?é}yihﬁr %%“C\‘K/&Fme’ﬁgdd g T@Oet
defines apsetbeadchapaplurality blirozakerasshtbiiaé 110/ tdnged intdhemapI?d @ighanhear 34434, 10
The wal |l 150 has arg)ﬁi n\/\qiﬂl directed | ip,152 at its free end that serves
as a flui Of &SGR SYostRte 16y aray 1@ will pe described; ip jgragfes detpihbelawz 21 e 122 i s

di spl aced, as will be described in greater

15 The assembly 110 includes a silicon substrate or wafer 116 on which a dielectric layer 118 is

deposited. A CMOS passivation layer 120 is deposited on the dielectric layer 118.

Each nozzle assembly 110 includes a nozzle 122 defining a nozzle opening 124, a connecting
member in the form of a lever arm 126 and an actuator 128. The lever arm 126 connects the

20  actuator 128 to the nozzle 122.

As shown in greater detail in Figs. 30 to 32 of the drawings, the nozzle 122 comprises a crown
portion 130 with a skirt portion 132 depending from the crown portion 130. The skirt portion
132 forms part of a peripheral wall of a nozzle chamber 134 (Figs. 30 to 32 of the drawings).
25  The nozzle opening 124 is in fluid communication with the nozzle chamber 134. It is to be
noted that the nozzle opening 124 is surrounded by a raised rim 136 that "pins" a meniscus 138

(Fig. 30) of a body of ink 140 in the nozzle chamber 134.



detail below. It will be appreciated that, due to the viscosi he .
140 and the small di nensions of the spacing between the |ip ié‘?q%r?ib?rh%dﬂ%

skirt por wW®modBexr44 he inwardly directed |ip 152 and swdpggcheitaiAN
function as a seal for inhibiting the escape of ink fromthe nozzle 15
chanmber 134. The actuator 128 is a thermal bend actuator and is connected
to an anchor 154 extending upwardly fro the substrate 116 or, nore
particularly, fromthe CMOS passivation |ayer 120. The anchor 154 is

nount ed on conductive pads 156 which forman electrical connection with 20

t he actuator, 2§. The actuator 128 onPr‘i ses_.a first, active beam 158
arr anged mietapeiyg 145 fsboywvy moskelrarlyip dig. pA) is defirsddn p dlgor Hofithawnzzlehot h

bearms 158 chgfibekG94 2TRe Hlertul 142 REMUTE c@mggﬂ;@&mhvf%ﬂﬁ%@ghfcﬁmﬁysa' such

as titaniumnitride (Ti'N). 25 Both beans 158 an elr tirst ends
anchor ed definadehegnyeh e suburaterld 6t hei r opposed ends connected to the ann
126. When a current is caused to flow through the active beam 158 thernal
expansi on of the beam 158 results. As the passive beam 160, through which
there 5s Anwaltpontientl 59 bounds deepernot 14X pahktaids tiardBifeoni Sedloofpdaodil 16

monent i s.greated causi.ng .the 30 arm 126 and, .hence, the nozzle 122 to be
di spl aced Tﬁs\%ﬁ\%"&r‘i}lﬁr %dﬂ‘%‘c% oty 0%%? %%eézigfﬁiﬁéﬁ‘@ﬁ Pars 962 peppheral
2004/ 0027 44l RETHA2R0 2hAcE 214 A the'wall PBRiohQ$E-UEnes RReMl Phrt B fe %&@%}ﬁm
shown in Fi 31 of the drawi ngs. This causes an ejection” of 1nk through

t he nozzl @’agﬁmerﬂ?@@&h%b%ﬁ%m at 162 in Fig. 31 of the drawi ngs. Wen the
source of heat is renoved fromthe active beam 158, i.e. by stopping
current flow, the nozzle 122 returns to its quiescent position as shown in
Fig. 32 offhe welldp@hrsrysinwklbrditented hip AP et itPRectendahat serses a3 ai fddic séab gment

position, .aR.i ropl et 164 is for as.a result of the breaking of an

i nk dropl & ﬁ{égﬁe %Sggé%ﬁ?ﬁ%ﬁl‘?@?‘e%e %‘Ezz%g'gzi‘%d‘é?la?e 53 il beydess ﬁ‘glnrﬁga.qerThe i nk

dropl et 168éail below. iy willdeappreciared thie, dueitmthevRdodtyofekt ial 140 stwaBeé s@all paper .

As a result of, the t%or maf i _%n of the ink droplet 164, a "negative" meniscus
[

is for medSEISRBUR G presibaery thedip 1o apd dhekiriportian 1 3pthe inwardly directed

lip 152 and surface tension function as a seal for inhibiting the escape of ink from the nozzle
15 chamber 134.

The actuator 128 is a thermal bend actuator and is connected to an anchor 154 extending
upwardly from the substrate 116 or, more particularly, from the CMOS passivation layer 120,
The anchor 154 is mounted on conductive pads 156 which form an electrical connection with

20  the actuator 128.

The actuator 128 comprises a first, active beam 158 arranged above a second, passive beam
160. In a preferred embodiment, both beams 158 and 160 are of, or include, a conductive
ceramic material such as titanium nitride (TiN).

25
Both beams 158 and 160 have their first ends anchored to the anchor 154 and their opposed
ends connected to the arm 126. When a current is caused to flow through the active beam 158
thermal expansion of the beam 158 results. As the passive beam 160, through which there is
no current flow, does not expand at the same rate, a bending moment is created causing the

30 arm 126 and, hence, the nozzle 122 to be displéced downwardly through between 1.5 and 3



"negative" nmeniscus 168 results in an inflow of ink 140 into t{ﬁ nozEI e
chanber 134 such that 10 a new meniscus 138 (Fig. 30) is fornadi@yember 2006

r eadi nesswmzoohbgz7pext ink drop ejection fromthe nozzlg@assa09boi1410-
Referring now to Figs. 33 and 34 of the drawi ngs, the nozzle array 114 is
described in greater detail. The array 114 is for a four-color printhead.
Accordingly, the array 114 includes fourl9 15 groups 170 of nozzle
assenbl i es, one for each color. Each group 170 has its nozzle assenblies
110 arranged in two rows 172 and 174. One of the groups 170 is shown in

greater detail in (gi . 34 of the drawings. To facilitate close packing of
t he nozzl SUEVSBINEIarEne suesirate { Huasbawn ivbigahliofithe drapings nBhis Fausespnaisstion| i es

110 in t hefihibagh MHeGopsiE 5@%@1&&%9&%‘9 1%h § .Fif'g.eﬂ%%? glg\sw&{ggo%ﬁﬁeﬁ{t@ee Cow

assenblies 110 in the row so, the nozzle“asse
172 are spewediofhsaris rengved droanthe petiviedearh 1 68 isabih stopieg curceneflal) the hdwzld ever

arms 126 : . .. €S ' N 174 to ss bet wee

2 acent no SRR AR RIGGre Ao BTe Qe deivinps., MR aRGiapge 122

not ed hatetumachitnqrakent positon lay ifkldoplst 154hs formed ad 4 yeseltighbeblealahapesh 3 0 .
that the nQzzles, 122 in the rq 5 172 ne etween_t he nozzles 122 and the
actuators 0@# 6 Q%Iélr"fftr%‘féafﬁlégé&égnﬁ ?@é@ ‘grfﬁn}gﬁ- Theinkdsoplet284 thegy t her |
to facilitaves 64 @B khéila Rlch b8 sHreZdipaperl 22 4 OBk 74,
each nozzl.e : iscgﬁgstant ially %exaggﬁgﬁrl %sahgzlgﬂc}?t%o 1 &N%)\%eo?rrbmelrl 006

22

WO 2004/ 0820Pkes 1667/ Repatiye] meriscps 1sgrmedias\shown picl 63(ip Fige B2 0Ede dsawitgss dhis
skilled i mdohfveitenta! 168Y081Ks I : g| ﬁgll t r t he
substrate 1éf6, in el]jlse, due to %ﬂ%%ﬁé‘?l@%@ﬁi%ﬁl é’?ﬁ%"d%“t’ lgxg‘f“g‘g‘h‘%t

angl e 10 t Aneywappisces 138 (Flge 300z fdrmed hemehdiness St thevkexit mkeiraréjectioalfioghthey of

t he per pepdi As an advantage of the arrangenent shown in Figs. 33
and 34 of H&ﬁg"%é%”v&ﬂ#géd't hat the actuators 128 5 of the nozzle assenblies
110 in the rows 172 and 174 extend in the sane direction to one side of

the rows 172 and 174. .Hence, . the. jnk droplets ejected fromthe nozzles 122
in the ro%ﬂ%ﬁlg now to Figs. gg and %4 of the dramngrs), the nozz{e array 114 is described in greater

detail. The array 114 is for a four-color printhead. Accordingly, the array 114 includes four

15 groups 170 of nozzle assemblies, one for each color. Each group 170 has its nozzle assemblies
110 arranged in two rows 172 and 174. One of the groups 170 is shown in greater detail in
Fig. 34 of the drawings.

To facilitate close packing of the nozzle assemblies 110 in the rows 172 and 174, the nozzle

20  assemblies 110 in the row 174 are offset or staggered with respect to the nozzle assemblies 110
in the row 172. Also, the nozzle assemblies 110 in the row 172 are spaced apart sufficiently
far from each other to enable the lever arms 126 of the nozzle assemblies 110 in the row 174 to
pass between adjacent nozzles 122 of the assemblies 110 in the row 172. It is to be noted that
each nozzle assembly 110 is substantially dumbbell shaped so that the nozzles 122 in the row

25 172 nest between the nozzles 122 and the actuators 128 of adjacent nozzle assemblies 110 in
the row 174.

Further, to facilitate close packing of the nozzles 122 in the rows 172 and 174, each nozzle 122
is substantially hexagonally shaped.
30



and the ink droplets ejected fromthe nozzles 122 in the row ar
parallel to one another resulting in an inproved print quali f‘ﬁwﬁﬁ'ﬂ?%‘?“ﬁ
as shown wo tGogoo238s of the drawi ngs, the substrate 116 hasyPend nads 176
arranged thereon which provide the electrical connections, via the pads
156, to the actuators 128 of the nozzle assenblies 110. These el ectri cal
connections are fornmed via the CMOS | ayé®® (not shown). 15 Referring to
Fig. 35 of the drawi ngs, a devel opnent of the invention is shown. Wth
reference to the previous drawings, like reference nunerals refer to like
parts, unless otherw se specifjed,. |In this developnent, a nozzle guard 180
i s mount ec}t‘B‘ii tfer?é’pgfi‘ib’%“?irbé(tt osff%lﬁS‘i iy the ath thaty ywhen Ahe npgales hiare displacadd 180

i ncl udes aowhadytheRalehte138, Navd @ ' . i 20

t her et hrough. The passages 185 a?%ﬁ}tﬁé%%?ésﬁ?ﬁ%lgﬁﬁgﬁgsﬁao% te&g%evﬁ?ggs 124
of the noF$Pect iqEwanele ehambep] sk ink fresiestedp)ightivioff tdetpetradiculah dhisiank i s

ejected fr, aﬂfali | he. i n sses .t hr.ough

t he assoc iagfggg#gggg%ge %e%%gg%%%% F %?%nigh%t% ﬁjeo %éhre”l %?wmﬁ%éé‘?gt. ¢ ?g”af‘?fé ]ggdy
menber 5182f the noetle tssembliesdadethe reval 12cmd Ni7p extehdin ti€sdnte diRetidOBHhe side
assenblies,110 b i or, stryts ,186. One of, the struts 186 has air _inlet
openi ngs j_’gé‘e&%‘ﬁ x?ﬂréﬁzﬁe ?‘ﬁ?“'er ﬁ‘ed%‘?roﬂ;ﬁ@ﬁletcﬁg from the nezzles; 122 imthgsew 472 on,
air is chandd iikdopeh &dediftntihe ABLNsNS il 82 16W 198 arc’pRFB8C LRE Skt he
passages 184 together wth jnk travelling through the passages 184. 30 1

Noverber ZRSBSNSUWRDIRMPYRIPrMEQYELY. AU2002/ 001121 21 The ink is not
entrained in the air as the air is charged through the passages 184 at a
different velocity fromthat of the ink droplets 164. For exanple, the ink
dropl dfs £, ay shownde Fid33 ebtle dramingsothe bebstrae 2 16 hasbondipads 176 aafinged

appr oxi ma . I .r.l.s. charged through t ssages . 184 at. a
vel ocity O L%Bg‘%% lﬁé—{?ﬁgf’ glelerl#s ."ﬂ@"ilﬂ%’%%ﬁ' Ef@;tge B?dgﬁﬁgqﬁ;a}e chators 1a8iqfthe n ¢ he
passages hezledsgamblizs 11@r Ehayaelparitdl comctichs s @ahed via the CMOS layer (not

shown),

15 Referring to Fig. 35 of the drawings, a development of the invention is shown, With reference

to the previous drawings, like reference numerals refer to like parts, unless otherwise specified.

In this development, a nozzle guard 180 is mounted on the substrate 116 of the array 114. The
nozzle guard 180 includes a body member 182 having a plurality of passages 184 defined

20  therethrough. The passages 184 are in register with the nozzle openings 124 of the nozzle
assemblies 110 of the array 114 such that, when ink is ejected from any one of the nozzle
openings 124, the ink passes through the associated passage 184 before striking the print

media.

25  The body member 182 is mounted in spaced relationship relative to the nozzle assemblies 110

by limbs or struts 186. One of the struts 186 has air inlet openings 188 defined therein.

In use, when the array 114 is in operation, air is charged through the inlet openings 188 to be
forced through the passages 184 together with ink travelling through the passages 184.
30




exi sts that these foreign particles, such as dust particles, ﬁﬁld fgll
onto the nozzle assenblies 110 adversely affecting their ope QVGEMbeE 2906
the provi ss@mosbosriee air inlet openings 88 in the nozzlwghgdodddfaqt his
problemis, to a |large extent, obviated. 10 Referring nowto Figs. 36 to 38
of the drawi ngs, a process for manufacturing the nozzle assenblies 110 is
described. Starting with the silicon sub8trate or wafer 116, the dielectric
| ayer 118 is deposited on a 15 surface of the wafer 116. The dielectric

| ayer 118 is in the formof approximately 1.5 microns of CVD oxide. Resist
is spun on.to the |ayer 118 and the |ayer 118 is exposed to mask 200 and
is s 5bs eqUERLTKS 88(/%‘%’615‘@% in the pigas Msiaigs ehavaed Shyeugh the passages 184 at: diffepshtas ma
et ched dowelob®y B tBdtlok ’ . i . RSP St.I] d and
the | ayer 118&{5 cl ezgr?gggq%%ﬁ s?%sje%ﬁdgg’?ﬁ(gglﬁﬁhgﬁil?llé&)ﬁohﬁgtes‘tl%g%r%’%‘:}%qﬁ%.
Fig. 36b &t nafaeyiRatiagslociippf wpronimetely 330/8 Thecainis shafedihrtvigh tia (A8R2géss

deposi t ed 194 . N&e1od; | i's spun on and the al um num 202 is

exposed to nﬁéﬂﬁﬁ%ﬁ§§ﬁ5“%@@8?%%@93&'The al um num 202 is plasma etched down

to the5oxide layer 118, the resist is stripped and the 25 device is

cl eaned. LS Ste rovi des the .bgnd pads .and i nterconnects to the ink jet
T pubiiartheiie o] s

act uat or WPRYS € AR Lo matan fhe pazsagss argfi fowignnatigles: dy dasger a power

pl ane Wi t bxis e GebofoSeignBaRC1Es) sidhes GMPSaMiNS ol TR § biled el'y
0.5 mcro of PECVD nitride is deposited as tcﬁe G%H%\g%?o\%???g% ggster

n
120. 30 RIQpdersely affsetingghelnpprratine. (Vijlothe prayisien efthosiethlet operasgs 88056 the
wher eaf t €hodde furdB0RhRRRSIcAYd B 2 | 2096 VIO 2004/ 002744
PCT/ AU2002/ 001% 22 d@vel%pm’anﬁ %{%Xﬁﬁ?ﬁ‘aég?s pl asma etched down to the
al um Alm | ayer 202 and the silicon layer 116 in the region of the inlet
aperture . : ST o) rd d and the deyvice cleaned. A |layer 208 of
a sacrifi %?%Pm g{tl%z?:lgsf %6 gopﬁno%ﬁg$%wﬂ%alpéwfs grangipetuying the nogl | 5 6
m crons o#sserpblidsdil O ssedes¢ritiede pol yi mi de or approxi mately 4 mcrons of high
tenperature resist. The layer 208 is softbaked and is then exposed to mask
210 whereafter it is devel oped. The | ayer 208 is then

Starting with the silicon substrate or wafer 116, the dielectric layer 118 is deposited on a

n

15 surface of the wafer 116. The dielectric layer 118 is in the form of approximately 1.5 microns
of CVD oxide. Resist is spun on to the layer 118 and the layer 118 is exposed to mask 200 and

is subsequently developed.

After being developed, the layer 118 is plasma etched down to the silicon layer 116. The resist
20 is then stripped and the layer 118 is cleaned. This step defines the ink inlet aperture 142.

In Fig. 36b of the drawings, approximately 0.8 microns of aluminum 202 is deposited on the
layer 118. Resist is spun on and the aluminum 202 is exposed to mask 204 and developed.
The aluminum 202 is plasma etched down to the oxide layer 118, the resist is stripped and the
25  deviceis cleaned. This step provides the bond pads and interconnects to the ink jet actuator
128. This interconnect is to an NMOS drive transistor and a power plane with connections

made in the CMOS layer (not shown).

Approximately 0.5 microns of PECVD nitride is deposited as the CMOS passivation layer 120.

30 Resist is spun on and the layer 120 is exposed to mask 206 whereafter it is developed. After




har dbaked at 400C for one hour where the layer 208 is conpris of

polyi mde or at greater than 300C where the | ayer 208 is hi gﬁ%%‘f?ﬂ@?%%@%ﬁ
resist. |wosoosoodygs noted in the drawings that the pattnadapsirsnt
distortion of the polyimde |layer 208 caused by shrinkage is taken into 10
account in the design of the mask 210. In the next step, shown in Fig. 36e
of the drawi ngs, a second sacrificial |a3er 212 is applied. The |ayer 212
is either 2 mcrons of photosensitive polyimde that is spun on or
approximately 1.3 mcrons of high tenperature resist. The layer 212 is
sof t baked ncl ex&os d to nmask 214. 15 After exposure to the nask 214, the
| ayer 212 SFECORIGALIBeRirdeds plagme giched fowna theapaminpnlayes2Ag andybe yilindrdlayert he
| ayer 212 1i16 il dQaHEsk 8BS i ¢ LiAt M Mher he | ayer
212 is resist, it 1s har dl;gélggge@?é b‘?g?:l@?bﬁg%‘%%d%@g‘?@%éiﬁﬁ%%ﬁn’é ely one
hour. A 0.2 mcron multi-layer netal |ayer 216 is then deposited. Part of

this | r . ] I beam.,160 of .t h tu r 128. Th

| ayer o167 B AR shoifciaf BaltEfs VSRR B ab o hyel R s brkiomat i g

at arodnd fph@@%siﬂiulrb bgigMdAbyr apputxﬁrﬁﬁt?ﬂﬁr% 1hidroN3 @S high mﬁn%grath@?éﬂt.umhﬂia éﬂzgg
TaN). A further ngst roms o is sputtered on followe

,(Angglz rons 130?"@%&[‘1&%8 Isath?rh‘?’&’ﬂﬁd 19 m3g2 %‘yhﬁﬁ%fﬁeggﬁ%gﬂfﬂoﬁ#\l. They Ippeer 2%iséh¢l?al s

that can berdysied at 460°€T0r éHe hbuNvBE®S thel 1BZr 209 Ricdmprisdddf TgMe oil'alj\é}é/a(?é}b er

2006 WO 2004/ 002744 PCT/ AU2002/ 001121 23 The |ayer 2 I's then &xposed to
mask 218, the3e0Ypwhers it layendAd isdtightsthpeiature tesist, Heisltapenote® kithuthesvivas tieit

resist, applied for the |. r 216, is.wet strinped taking care not to
renmove th@pe ﬂ(? }fg‘é‘a“oef’%“ydg‘r“s‘i‘%%"% P }'g'f?.oﬁ’gnvﬁetl?ﬁc’f %O%Stzi‘l'}?qdfayégﬁllkqgaiﬁéﬁk"EZWOi s
appl i ed byccophtrinithegdesign 4f the@iaeRg1®f phot osensitive pol'yi ni de or
approximately 2.6 mcrons high tenperature resist. The layer 220 is
sof t baked whereafter it is exposed to mask 222. The exposed |l ayer is then
devel opedidf @k hewatnbshohal Ki f 1Rl deq - er 220
i s hardbaked_ at 408’0 _f"@?@%%f%ﬁ?"rfé%‘g yaglr%’ og?ﬁgﬁaﬁcyeg?aggfze]rjlpﬁ%gr@émc
wher e t heThalager 2120s eihep? miereny efgihotosensitive polyimide that is spun on or approximately

1.3 microns of high temperature resist. The layer 212 is softbaked and exposed to mask 214.

15 After exposure to the mask 214, the layer 212 is developed. In the case of the layer 212 being
polyimide, the layer 212 is hardbaked at 400°C for approximately one hour. Where the layer

212 is resist, it is hardbaked at greater than 300°C for approximately one hour.

A 0.2 micron multi-tayer metal layer 216 is then deposited. Part of this layer 216 forms the
20 passive beam 160 of the actuator 128.

The layer 216 is formed by sputtering 1,000 Angstroms of titanium nitride (TiN} at around
300°C followed by sputtering 50 Angstroms of tantalum nitride (TaN). A further 1,000

Angstroms of TiN is sputtered on followed by 50 Angstroms of TaN and a further 1,000
25  Angstroms of TiN.

Other materials that can be used instead of TiN are TiB,, MoSi, or (Ti, ADN.




10 A second nulti-layer metal |ayer 224 is applied to the |aygr,220.,.Th
constituents of the layer 224 are the sane as the |ayer 216 idﬁwgygberﬁooﬁ
applied i wobmspeares manner. It will be appreciated thatpd@kfhdavais 216
and 224 are electrically conductive |ayers. 15 The |ayer 224 is exposed to
mask 226 and is then devel oped. The |ayer 224 is plasma etched down to the
polyi mi de or resist |ayer 220 whereafter23resist applied for the |ayer 224
is wet stripped taking care not to renove the cured | ayers 208, 212 or

220. It will be noted that the remaining part of the |layer 224 defines the

active be %58 ?{Fgftgﬁ: actuaﬁsor 1 821 2& fourth sacrificial |ayer 228 is
appl i ed biﬂ‘]g Rt Hyts Shensxpesed a2 18ndrvelopedand Rlesmscitshicd dgnan tosfhe layer

appr oxi maRed whérebftériredia\ippRtd 1ok B2 1HRFD E4, 3 WeStSal Skine afe n S
sof t baked, exposed to ?ﬁg mask 230 and i s the&ﬁﬁeégﬁgﬁggnéo&ﬁ%géggpﬁe

i sl and portiedRyes08isdi2i n Fig. 9k of the drawings. The renaining
portions of the |ayer 228 are hardbaked at 400C for approximtely one hour

in the case of polyimde or at greater than 300C for resist. 25 As shown in
Fig. 361 @&fthirleaatifmicl lyer220iighppYied hy sminmng vh dsnidioas efHotdsetstit@poRdRideor

deposi ted r. 232 1S. constituted.by roxjimtely 1 mcron of .
silicon nfPe %gla(k)erygpd’?ﬁcﬁ?ﬂfrﬁlgg ?ea‘@’.efa“i*ﬁé“ﬂ%yﬁ&%ﬂZQ lwéﬁdé’ﬂleﬁafﬁr itis

t enper at uegpdsed Panisk@2DATHDSlpBsedlleyER & BEn/d& eRbed RBoREE bY hidbaing. 1AV S 208,
212, 220, 228, The pripary characteristics required for” this dielectric
ayer 232085 6f paigimidn b aer220 i hahakied & A00THe for epproimatelnewshoandr good

adhesi on ' 744 PCT/ AU2002/ 001121 24 A

fifth sac%??ﬁplg?%m‘?ﬁ%ggmﬁ%%g%%%ﬁ%%%%llgthni ng on 2 mcrons of

phot odensitive polyimde or approximately 1.3 mcrons of high tenperature

resist. The Ie%?éer 1%314 IS szﬁ?&b ed, eﬁ,pﬁsed to mask 236 and devel oped. The

remai ni ng”pEFYIORMBr X Befa¥rr 22445 mrplich htha ivanidle dhgcomtipents of dhe layes hour

in the caght at Hrampak HeMhwie2 0 alﬁtarggﬁ'ﬁ%@fn ﬁlbé‘ﬂ%@ﬂ%& t will% Eﬁﬁécﬁte The
down to t a dz

dielectri ﬁ:@l ayer 232 is plasma etche . e sacrificra yer 228
taki ng cathat btk layers 218 apd, 24mg cleetrieally condudtive biyats. | ayer 234.

15 The layer 224 is exposed to mask 226 and is then developed. The layer 224 is plasma etched
down to the polyimide or resist layer 220 whereafter resist applied for the layer 224 is wet
stripped taking care not to remove the cured layers 208, 212 or 220. It will be noted that the
remaining part of the layer 224 defines the active beam 158 of the actuator 128.

20 A fourth sacrificial layer 228 is applied by spinning on 4 microns of photosensitive polyimide
or approximately 2.6 microns of high temperature resist. The layer 228 is softbaked, exposed
to the mask 230 and is then developed to leave the island portions as shown in Fig. 9k of the
drawings. The remaining portions of the layer 228 are hardbaked at 400°C for approximately
one hour in the case of polyimide or at greater than 300°C for resist.

25
As shown in Fig. 36l of the drawing a high Young’s modulus dielectric layer 232 is deposited.
The layer 232 is constituted by approximately 1 micron of silicon nitride or aluminum oxide.
The layer 232 is deposited at a temperature below the hardbaked temperature of the sacrificial
layers 208, 212, 220, 228. The primary characteristics réquired for this dielectric layer .’i32 are

30 ahigh elastic modulus, chemical inertness and good adhesion to TiN.




10 This step defines the nozzle opening 124, the |ever arm 12 nd tG
anchor 154 of the nozzle assenbly 110. A high Young's nodul u er £006
| ayer 238wepesid ed. This layer 238 is fornmed by deﬁ‘@l‘/AUihgz/&ﬁzlm crons
of silicon nitride or alumnumnitride at a tenperature below the 15

har dbaked tenperature of the sacrificial |layers 208, 212, 220 and 228.

Then, as shown in Fig. 36p of the drawi n¥s, the |ayer 238 i's

ani sotropically plasma etched to a depth of 0.35 mcrons. This etch is
intended to clear the dielectric fromthe entire surface except the side
wal l's of the dielectric |ayer 232 and the sacrificial |ayer 234. This step
creates 20 the nozzle rim 136 around the nozzl e opening 124 that pi ns" the
meni scus of fifAkacriRial B§e 13268ap pﬁQ&)Bﬁspléﬁln%'Bﬁ Q%Yibl%&lgsf[(}#g}qs ﬁsﬁlv%%l% 43, 240
is applied. 4 mcrons of resist is spun o a rear f con mefer
116. The \Repremlatey s rewpms efhigh tmkatmztesusn Bhelayet23H id mﬂtbataafdeepraﬁ tbo

define ISt [ d f the
waf er 116 RXE? ur t?lﬁi ?de r@%sr} glh }n%g PR octn ¢ %ﬁijer 234 E&E?fi gﬂd'tagg r‘@g

t he waber fatonehdut ehd ﬁﬁeoﬂﬁ@pbl?tmﬂ@%%ateﬁﬂﬁn%@m@ for theAlesibrayers 208, 2 12,
220, 228 and 234 are stripped in oxygen plasnma to provide the final nozzle

assenbly 110 as shown in Figs. 36r and 37r of the drawi ngs. For ease 30 of

ref erence; | S .1l in these drawi ngs are the
o oot Rosar eI ARE 2% BTBHR ot B B el S B8 i g
29 of t he ranexeanyf the saqrifichiayert28d. r el evant parts of the nozzle assenbly
110. Figs. 39 and 40 show the operation of the nozzle assenbly 110,

manuf actured in accordance with the process described above with reference
to Figs. msasr@ R finesthiené 2R Pehihg V2L hECRVEAHRADE ahPthe Eﬁ&ﬁr 13Pofi1Re 3SR the
dr awi ngs. Jggf Igl resently disclosed ink jet printing technology 1Is

pot ent i al PYSEah & to a wide range of printing systemincluding: color and
nmonochrome office printers, short run digital printers, high speed digital
printers, offset press sup | emental printers, |ow cost scanning printers

hi gh A high Young's modulus dielectric layer 238 is dep031ted This layer 238 is formed by

depositing 0.2 microns of silicon nitride or aluminum nitride at a temperature below the

15 hardbaked temperature of the sacrificial layers 208, 212, 220 and 228.

Then, as shown in Fig. 36p of the drawings, the layer 238 is anisotropically plasma etched to a
depth of 0.35 microns. This etch is intended to clear the dielectric from the entire surface
except the side walls of the diclectric layer 232 and the sacrificial layer 234. This step creates

20 the nozzle rim 136 around the nozzle opening 124 that "pins" the meniscus of ink, as described

above.

An ultraviolet (UV) release tape 240 is applied. 4 microns of resist is spun on to a rear of the
silicon wafer 116. The wafer 116 is exposed to mask 242 to back etch the wafer 116 to define
25 the ink inlet channel 148. The resist is then stripped from the wafer 116,

A further UV release tape (not shown) is applied to a rear of the wafer 16 and the tape 240 is
removed. The sacrificial layers 208, 212, 220, 228 and 234 are stripped in oxygen plasma to
provide the final nozzle assembly 110 as shown in Figs. 36r and 37r of the drawings. For ease

30  of reference, the reference numerals illustrated in these two drawings are the same as those in




speed pagewi dth printers, notebook conputers with inbuilt pagew dth
printers, portable color 10 and nonochrone printers, color an?&lﬁ‘fﬁﬁh?ﬁﬁﬂos
copi ers, b evodaextsqronochrone facsimle nachines, combi@edsfidesh@ig
facsim|le and copyi ng machi nes, |abel printers, large format plotters,
phot ograph copiers, printers for digital photographic "mnilabs", video
printers, portable printers for PDAs, wel | paper printers, indoor sign
printers, billboard printers, fabric printers, camera printers and fault
tol erant commercial printer arrays. 15 The fully forned printhead being
able to bg:.u ilized in a wde range of printing systens. |t would be
appr eci at (’ﬁ'é? ogﬁt‘?cﬂ"%‘ﬁ‘l’i‘g%ﬁ ipgigate thie relpyang partsiafshe nazmiestemblyat 0atRigm39 awdl/ or
modi fi cat i4pRRcWRE dYRrdfRA 8f the nbiiSe AL&AYY 10 | L Qithl1g. SPecific
enbodi ment 20 wit hcg'ﬁ{ depart inng ?‘rom tge s’g?‘?ﬂ?d‘;glr}“g%‘&%g&g%}“’?E’éﬂi{aﬁ%enti on
as broad| yrefessciesgyihgd alivne witherséemence tnffigsli3omnd 37.sandtthese Sfmeecortespdid to
consi der eg;d.n . be illustrative and not restrictive. 1
Novenber gb%&%&%‘%ﬁﬁ%@ﬁf?q Recei ved 21 February 2003 26 W Claim 1
An ink5jet printhead chip that conprises a substrate; drive circuitry
positionedyin the substrate; and . a plurality of nozzle arrangenents
posi t i one§h8Hrefﬂglyéﬁﬁzcisfe‘g’t“gﬂeté’é@ﬁ“%%ﬁlﬂ gyd%?%ﬁ%‘ﬁﬁt‘“@dﬁﬁrwl ¢ rgenelzl e
chanmber walihtinggigtea ine1alingekdlot ﬁﬂtmﬁﬁim&e%m%&&@ﬁmgﬁl (tﬁ%lﬂu tefs"K

e ho

ejection port in the roof wall in fluid communication w zzZl'e

chanber ; spepd Jigitah arintersaeifses pigpreipplpmentg! printérs.ilowedstesanning esiptecs higlo t he

nozzl e chgydag i beSP of .bet ween i croon and
5 or ons pa. Paeayprlry bR SrpILR R Reb A Mt Al ol R <
conned? ed aadbmphechehme/prirgérs,celdragd awdodhhemé cdpigraisbkE aidmonochrome facsimile

machines, combined printer, facsimile and copying machines, label printers, large format

plotters, photograph copiers, printers for digital photographic “minilabs”, video printers,
portable printers for PDAs, wallpaper printers, indoor sign printefs, billboard printers, fabric
printers, camera printers and fault tolerant commercial printer arrays.

15

The fully formed printhead being able to be utilized in a wide range of printing systems.

It would be appreciated by a person skilled in the art that numerous variations and/or
modifications may be made to the present invention as shown in the specific embodiment
20 without departing from the spirit or scope of the invention as broadly described. The present

embodiment is, therefore, to be considered in all respects to be illustrative and not restrictive.




di spl ace~the ink pusher on receipt of an electrical signal fr I
circuitry, each nozzle arrangenent being the product of a W@%@ﬁ??@ﬁ%ﬁq
techriique. 2. An ink jet printhead chip as clainmed in claimi, iRCRMGOR/0ME)
ink pusher is displaceable through a range of between 1.5R¢feiyed2% Fabmhad 2003
mcrons. 3. An ink jet printhead chip as clainmed in claim1, in which each
ink pusher is in the formof a paddl ggrenber that is positioned in the

nozzl e chanmber to span the nozzle <chanber. 4. An ink j et printhead chip

as claimed in claim3, in which each actuator includes an actuator arm

that is sttt h the substrate at one end and attached to the paddle

menber at an opposed end, the actuator armincorporating a thermal bend

mechani sha t hadniisk jebpfinthendetiiy at@idpeigés When heat ed by said el ectri cal
signal fromthe drive circuitry to "displace the paddle nenber. 5. An ink
jet printhead 8PS clained in claim4, in which each thermal bend

AMENDED SHEET&@M@M%@H%@Q&%S&A?QT U02/0& i i al | Received 21

February 2003 27 nechanismincludes a portion of the actuator armthat is

of a nmteri al? Pluwlifgofnozeletirangenteits pokitiohed SRIheRURMAR, Sibnifapal | s such that

the nmat g i l.e of thermal expansion to an extent surficient to
perform marﬂgerh&é%gﬁﬁgf%%”i cal heating circuit positioned on said portion

of the actuator arwile chaaberdvadls88d #octafl tﬂé}r&ehﬁgflﬁgzqﬁ%%ﬂ%iégﬁo” | on

experiences differential thermal expansion resu Bh of the

act uat or ar m3RECERR RArkiBIthrrentwall of Nuideonmadddationwitiahe nérlhatddky.] €t

Pk bhsher " i S0Pl kR Bl e ofdmmaste | n o
each act uat oché#mbdriadd ss displaceable through a range of between 1 micron and 5 microns to
gject ink from the ink ejection port; and
an actuator that is connected to the drive circuitry and the ink pusher to
displace the ink pusher on receipt of an electrical signal from the drive circuitry,

each nozzle arrangement being the product of a MEMS fabrication technique.

2. An ok jet printhead chip as claimed in claim 1, in which the ink pusher is
displaceable through a range of between 1.5 microns and 3 microns.
3. An ink jet printhead chip as claimed in claim 1, in which each ink pusher is in the

form of a paddle member that is positioned in the nozzle chamber to span the nozzle
chamber,

4. An ink jet printhead chip as claimed in claim 3, in which each actuator inéludes an
actuator arm that is fast with the substrate at one end and attached to the paddie member at
an opposed end, the actuator arm incorporating a thermal bend mechanism that is

configured to deflect when heated by said electrical signal from the drive circuitry to
displace the paddle member.

5. An ink jet printhead chip as claimed in claim 4, in which each thermal bend

AMENDED SHEET
IPEA/AU



i | t one end and aj fibd P20
“armthat is fast with the substrate at _ _
?gg?a.\tfvg[l a;t an opposed end, the actuator armincorporating a pEgf, %/ & |

nmechani smthat is configured to deflect when heated by lsllggc?ig%rggg%cgryzboj
signal fromthe drive circu!trK tg dlhjsgl ggecfgiemrego{n \é\?aim7 s e

. 8 An ink jet printhea chi| _ ai | ,
Zgﬁ;{gﬁeari Is of a Jconductive mat erd7al having a Coef;ICIhen?me e;B:Flrs]?l)n
expansi on which is such that the material is capable of t ert | oxpansi
topan extent sufficient to performwork, a portion of the actu

Fecel pt Jor. sai g o eery s BBt 60 abiBaP Rl Bl R s GreleTrl Padngiaconthicions bei ng
ng Tiho rgdhé’gll fieRantipe whichtia aichrthatithe insteflel & e63afh JANGRAP AR SLPSLT at ©
upon su Céitéﬁ?éﬂfﬁﬁi%h% 'peélc\{r%ﬁl I‘:J)VI(EJI‘ aSnl_fa%lTeleclmPEal}/ﬁLellﬁng circuit positioned on said portion
of the actuator arm to heat a side of said portion so that said portion experiences differential
thermal expansion resulting in deflection of the actuator arm and the displécement of the

paddle member.

6. An ink jet printhead chip as claimed in claim 1, in which the roof wall defines the
ink pusher.

7. An ink jet printhead chip as claimed in claim 6, in which each actuator includes an
actuator arm that is fast with the substrate at one end and attached to the roof wall at an
opposed end, the actuator arm incorporating a thermal bend mechanism that is configured
to deflect when heated by said electrical signal from the drive circuitry to displace the roof
wall towards the substrate,

8. An ink jet printhead chip as claimed in claim 7, in which the actuator arm is of a
conductive material having a coefficient of thermal expansion which is such that the
material is capable of thermal expansion to an extent sufficient to perform work, a portion
of the actuator arm defining a heating circuit which is configured to expand thermaily on
receipt of said electrical signal, said portion of the actuator arm being positioned so that the
actuator arm is deflected towards the substrate upon such deflection.
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