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| NVENTI ON This invention relates to an ink jet printhead. Mre
particularly, the invention relates to an ink jet nozzle assenbly for an
ink jet printhead. CO PENDI NG APPLI CATI ONS Vari ous net hods, systens and
apparatus relating to the present invention are disclosed in the follow ng
co-pending applications filed by the applicant or assignee of the present
invention simultaneously with the pretsent application:
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PCT/ AUCO 4. PCT/ AUOY 00535, PCT/ AUOO/ 00536, PCT/ AUOQ 00537,
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PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564,
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The disclosures of these co-pending applications are incorporated herein by cross-reference.
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PCT/ AUCO' 00512, PCT/ AUOQ 00513, PCT/ AUOCO 00514, PCT/ AUOCO 00515 The

di scl osures of these co-pending applications are incorporated herein by
cross-reference. MJI119- AU -2 BACKGROUND TO THE | NVENTI ON Vari ous types of
ink jet nozzle assenblies are known where a di spl aceabl e el enent arranged
in a nozzle chanber effects ink ejection through a nozzle opening of the
nozzl e assenbly. In certain of these devices, the noveable elenent is,
itself, an actuator. In other devices;2-an actuator is arranged externally
of the nozzle chanber and is connected via an opening in a wall of the
nozzl e chanber to the displaceable elenment. Where the actuator is arranged
external Iy of the displaceable elenent, a seal needs to be provided to

M nimse pAkgEREEND ROPHENGHSNTIONREN Ng. I n yet other enbodinents, the
nozzle itself is dlsplaceable for effecting ink ejection, In this case,

ink | oss ar ound™%* parsioREIYnBre i‘SFFglbh"iSﬁlk%"“ﬁé@%af“éplﬁ&abl‘?leﬁinf’ﬁt LEGECd SIMVARY OF
THE | l\l\/EMBlzz(H\bhAﬁhbﬂéfdttngk tjectibin@rougheaidtzleGipenirg b€ the ndzsle peambiyd @tkeAdin bfikesq et

nozzl e asgenhl y. whi &l d %lw s, ot o Pt [ale: demes%za.tf tOQIISSaRLnagaeeanxl arranged
65 AN L

relative to the su e nozzl e defining J h t hat,
in use, upPdn n@ﬁZ‘@p‘ﬁfiﬁ@@Mﬁ Cfmecqe%@a Hopging lrr%eW@tOf%nqzae thhrebest&b@tdrsa}@@ablq nk is

ej ect ed tdinRMIhWhde the QREMI NYarrad8td RBrndiR) NUr BHlet didpBcaMA DA, 2800 6eeds i 64 Medi at e
t he substrat and thepggzzleghor i nhi biting | eakage of ink fromaround the

peri pher y*"f H@mHB?% SSETOYER FUSh @RS fi cation the term "nozzle" is to be
under st ood asImnnem@nBMMmdmiMmmngb&mﬂﬂpﬁmhmg&amdﬁ&amgu&hgammemﬂmgmniself

The nozzl ing the nozzle opening and a
ifc Hﬁﬁéro Hlﬁg% rg et %éd"s LR mhibda!

skirt portion ron1t e crown portion, the skirt portion,
together with the i nhi biting means, defining an ink chanber with which the

nozzl e oganhm@Rwsqumﬁmvmkmgnnunication An ink supply channel may be

defined through t? bstr n L n. aperture in
t he substrate%‘ emv %ﬁ%ﬂe$ (wm?% f%n¥nwaeﬁ§§% %gﬁﬁﬁm%?ranged about

the aperture. aTﬁéﬂmmhlbltlng means may be arranged externally of the skirt

portion of the @%Zdiﬁlacezﬂf arrdnPRA Phtbve RYthEBRARReMRY nd A kil o2l @pleﬂlﬂ/g
inwardly directed i on or W per ortlon ext endi ng t oward

ext er nal U P v “R"HéhS%‘R‘i“”i"f“t Bo?e P?)Zﬁle Eﬁia“f"’n@ throspbgrae, “’#‘h'é ejeqitd tB‘iot‘%hﬁbe nmeans
may be f adpedigainéd by deposition and etching techni ques.

an inhibiting means arranged intermediate the substrate and the nozzle for inhibiting leakage of
ink from around the periphery of the nozzle.

In this specification the term "nozzle" is to be understood as an element defining an opening and
not the opening itself.

The nozzle may include a crown portion defining the nozzle opening and a skirt portion
depending from the crown portion, the skirt portion, together with the inhibiting means, defining an ink
chamber with which the nozzle opening is in fluid communication.

An ink supply chamnel may be defined through the substrate to be in communication, via an
aperture in the substrate, with the chamber, the inhibiting means being arranged about the aperture.

The inhibiting means may be arranged externally of the skirt portion of the nozzle. The
inhibiting means may include a radially inwardly directed lip portion or wiper portion extending towards
an externaf surface of the skirt portion of the nozzle.

The inhibiting means may be fabricated by deposition and etching techniques.

The inhibiting means may be of a ceramic material. The inhibiting means may be a conductive
ceramic which may be laid down at the same time as other components of the assembly and may include

titaninm nitride or other materials.
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The inhibiting neans may be of a ceramc material. The inhibiting neans may
be a conductive ceramc which may be laid down at the sanme tinme as ot her
conponents of the assenbly and may include titaniumnitride or other
materials. MI119- AU BRI EF DESCRI PTI ON OF THE DRAW NGS The invention i s now
descri bed by way of exanple with reference to the acconpanying

di agrammatic drawi ngs in which: Figure 1 shows a three di nensional,
schematic view of a nozzle assenbly fe¥-an ink jet printhead in accordance
with the invention; Figures 2 to 4 show a three di nensional, schematic
illustration of an operation of the nozzle assenbly of Figure 1; Figure 5
shows a tBREF IHISERHSIIONOF THERRAWINGHozzl e array constituting an ink jet

printhead; FigelifeRiof NOWSw dBHRE v§ M Felanifcdlvfn rdd@dnte Qf tht R&oRpdn@Ne OF
Figure 5; Fi %urgci 7 shows a three dinensional view of an ink jet printhead

i ncl udi ngHig" EYRA TN ET gures 8a to 8r show three di mensional views of
steps in the riguufiabiwsnerafdineniozlziceerascembdiy nok aanklykr gnéik j¢ ptintteldad;

Figures 9 onal side views of the nmanufacturing steps;
Figures 1 ggc?%iglrf%ﬁﬁq% ﬁ%lnouts of masks used in various steps in the

manuf act ur i ng fuese dde 4 Shqni gt!ilreeghnmsaon@ioscmemt@ Haswatiatrogan eerpboisedheaozald ews of
an Opel’at;isgbﬁlb@fof]t]g_@e nozzl e assenbly nanufactured accordl ng to the nethod
of Figures 8 an and Fi gures show section si.de A/I ews of an

operation of t er?&?‘?’fsé these ihepigpa "FF%Yr?g? ’é&%ﬁ?%""%%‘l’%ﬁ“ IR ERHES et hod of
Fi gures 8 and Fgurc[Disichis| dnbn BEGCRERE] f@lohe sHEoDRAYMENGS Referring initially

to Figure 1 of éuréel sgd’u@ &%uneﬁﬁ ({ﬁ%&%kw%f ﬂ'ﬁﬁﬂ%ﬁﬁheah Bclﬁlﬁfg%r g%ﬁ%ﬁanw t h the

invention is designate ener a eference nurrera ink jet
print head has Teur 8t 418 ‘th9W81Fee dﬁ‘%‘fﬂ%‘l“é‘ vige's ehisps s dhe penuicrE g 8 o7 afé?i“bll}hk array
14 (Fi gur &sn bk ghginfpadpn a si I icon substrate 16. The array 14 will be

described in eaétss 1 grshow ect1o alm‘c’l%mJ@e emamﬁ?ctl}{'m st Includes a silicon
substrate or vvagfure B on Wi e 2 V‘iec ric ?é’ls deposited. A CMOS

passi vati on | djzyres B tg @kd@wd@fplttmf Hmks tlSIQ@amdﬁ@luwm in the ragdactudi® prd€essh nozzl e

assenbl y 12 i %&QQ% & NRZE,E i Eednkital Gied HO%IZép%m%%?'tﬁwmgﬁe aéerﬁ:ﬁ}ﬂ”e(?ti ng
menber in the formof a |lever arm 26 and an actuator 28. The | ever ‘arm 26

connect s ‘P‘ﬁ‘éa%f‘ifﬁf"éqmg%thfB‘Eth‘tdh’ép‘%?zglaéd%2“ As shown in greater detail in
Figures 2 to &igfes tiDe talrianvsivgs secticn@l @z zibves A2arC OpEpEids 66 tha dEDIMAssembly

manufactured according to the method of Figures 8 and 9.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring initially to Figure 1 of the drawings, a nozzle assembly, in accordance with the
invention is designated generally by the reference numeral 10. An ink jet printhead has a plurality of
nozzle assemblies 10 arranged in an ink array 14 (Figures 5 and 6) on a silicon substrate 16. The array
14 witl be described in greater detail below.

The assembly 10 includes a silicon substrate or wafer 16 on which a dielectric layer 18 is
deposited. A CMOS passivation layer 20 is deposited on the dielectric layer 18.

Each nozzle assembly 12 includes a nozzle 22 defining a nozzle opening 24, a connecting
member in the form of a lever arm 26 and an actuator 28. The lever arm 26 connects the actuator 28 to
the nozzle 22.

As shown in greater detail in Figures 2 to 4 of the drawings, the nozzle 22 comprises a crown
portion 30 with a skirt portion 32 depending from the crown portion 30. The skirt portion 32 forms part
of a peripheral wall of a nozzle chamber 34 (Figures 2 to 4 of the drawings). The nozzle opening 24 is in
fluid communication with the nozzle chamber 34. It is to be noted that the nozzle opening 24 is
surrounded by a raised rim 36 which "pins" a meniscus 38 (Figure 2) of a body of ink 49 in the nozzle

chamber 34.
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portion 30 with a skirt portion 32 depending fromthe crown portion 30. The
skirt portion 32 forns part of a peripheral wall of a nozzle chanber 34
(Figures 2 to 4 of the drawings). The nozzle opening 24 is in fluid
conmmuni cation with the nozzle chanber 34. It is to be noted that the nozzle
opening 24 is surrounded by a raised rim36 which "pins" a neniscus 38
(Figure 2) of a body of ink 40 in the nozzle <chanber 34. MJ119-AU -4 An
ink inlet aperture 42 (shown nost clea#dy in Figure 6 of the drawing) is
defined in a floor 46 of the nozzle chanber 34. The aperture 42 is in
fluid conmunication with an ink inlet channel 48 defined through the
substrate 16. 4 iplainket aperfurd 43risheen hestirleddy infiezuredeot the dawin®) indedinedsit eitgs4@ipwar dl y

from the {8iQQb-zRRhdnibB448he afddre 45 i AuidABhknbARiH2vith @S ink Rt Galneidsaliave, of
the nozzle 22 defines a first part of a peripheral wall of the nozzle

chanber 34°BHECHEUBI% portion 50 defines a second part of the peri pher al
wal | of the noxghiepoethafberun®4he spéi@rewa lahd Gndd apwaatly frdmee dd)oypmmfmt aae lip 52

at its frege e fein ?:%Iascnpdl&%g\c{ﬁﬁe gﬁheaw?ofzil &qileﬁne§§ﬁ)r]ﬁt p%i)f%gnergjhgl—gli Fthet &%lescape

of ink when 1 ace as w gr eat
det ai | be‘?hé‘W’er $4and g ppll rt?éloaéquleé@qsaﬁeé@dnaﬁ‘aftfthe@er@hqr@ wekhel thﬂl@mhwwéﬂ the i nk

4E a{ld t h;a srmﬂ?}:g walll snemh momﬁgmg didiRd ﬁpm:at ncgfreebsﬁ& manseiv&eas |a|ﬂﬂld5%ea@-ﬁﬁic}¥ he t
skirt por n irec rface i on function
S T POl AR g Bcatelink BN etmb et b il Bt a8 il B R BB D 2L
chamber 3\4111 b§ hipprevited altag rdu@ 8 ths viscotily eof helinkoénohd dlet wall dimessivds bithe gatierct ed t o
an anc hOI’ ?’v%erfﬁsé 1?;!15%' aﬂcgthy&}ﬂ\@ﬂbglloﬂf 32, IhE 91%%1?911&%9 %glaaglﬁsu;lf@ce? nsmnrﬁ:?t{cﬁon as an

particul ar passivation layer e anchor 54 1s nounted
on conducﬁffe?ﬂé(efi’é‘cf%r%‘%%WC?%PW@PWﬂ?@ﬂbeb%nect| on with the actuator

28. The act uatme a@tﬁtoﬁﬁﬁ@ﬁthS@ﬁl w@nd dcfustbr, ama@t:m&@&ama&&omreﬁagag upReme a

second, Pas Ssth\éesubbea?en]@ or m e (]?FJ? reffr%lgrtl?e Clﬁg? gasswe} 1011 1a(y’eh%{') Tg? m{nﬁor%§ 1a nd 60

are of, or eram c “ORIPOM nitride
(TIiN). Bomwnbémn%wands %WM\i@'mmhelﬁqrrwﬁllcprslbctlemlﬁl therrctigeréd. t o t he anchor 54

and their oppogeg..aiFiss cofi&%@seacﬁrﬁdacﬁ@ b&ﬁ%s%ﬁ%?ﬂ@bov\é\ﬁg&o@ falskliwre%% doS pfaused
to flow through the active beam 58 thermal expansion t he beam 58

results. ‘iﬁ&ref{“'FFé e‘ﬁ‘ﬁ‘?ﬁ?‘*%"%%?ﬁ‘f‘%ﬁ ang Fpr%%%fh"r\}ﬂ’?l“%af%‘t‘cg"ﬁ °§"mﬁtﬁ ma{FF3 &96P 2% | ow,
does not wxfpandridaTiNyhe sanme rate, a bending nonent is created causing the

arm 2 6 an d h %ﬁl eargshﬁ 399 E& La%e %glé %l%f EQIQSH&HQ}??BB lt()at?lg 911(}90?\%@ V\l@drtgelryogtgcps%eng t h e

substrate 16 as s ure hi s caus ej ection
of i nk t hyoorsefpr to e awo%z M%@@ﬁrnﬁg caueda@ﬂ@hfbwghahe agre peympp ggymal Fpapfion he

drawi ngs. of\Na@Bant $¥QesusOWs @R p%glvehﬁﬁﬁ 60, SurduM@Ghekd 1979 dubié BSH, HNe@n@%ﬁﬁﬁcﬁ8 i.e.
by stopplﬁnghcurrent flow, the nozzle 22.returns to, its guiesc 05|t|on

as shown I'A"FEguf bS?d“‘tgHIé"“ﬁ?‘dWrﬁ"é"éj cagie i %?c??%lhé“"ﬁztﬂ? BY¥HF 75 T¥Fits
qui escent dispprosgli dowovardanwardkthe subgiae 16 G shogn fnOfigned’ afsthadmweisgs]l Thivfaudehan

br eaki ng é?éctltﬁlrbf 11‘[y<thrgllig9 Qlle%zz'ike&bgnu%smlag lslﬂ)% %2%9 F%Ere @%f the drawings. When the
source of heat is removed from the active beam 58, i.e. by stopping current flow, the nozzle 22 returns to
its quiescent position as shown in Figure 4 of the drawings. When the nozzle 22 returns to its quiescent
position, an ink droplet 64 is formed as a result of the breaking of an ink droplet neck as illustrated at 66
in Figure 4 of the drawings. The ink droplet 64 then travels on to the print media such as a sheet of
paper. As a result of the formation of the ink droplet 64, a "negative" meniscus is formed as shown at 68
in Figure 4 of the drawings. This "negative" meniscus 68 results in an inflow of ink 40 into the nozzle
chamber 34 such that a new meniscus 38 (Figure 2) is formed in readiness for the next ink drop ejection
from the nozzle assembly 10,
Referring now to Figures 5 and 6 of the drawings, the nozzle array 14 is described in greater
detail. The atray 14 is for a four color printhead. Accordingly, the array 14 includes four groups 70 of
nozzle assemblies, one for each color. Each group 70 has its nozzle assemblies 10 arranged in two rows

72 and 74. One of the groups 70 is shown in greater detail in Figure 6 of the drawings.
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in Figure 4 of the draw ngs. The ink droplet 64 then travels on to the
print media such as a sheet of paper. As a result of the fornmation of the
ink droplet 64, a "negative" neniscus is fornmed as shown at 68 in Figure 4
of the drawi ngs. This "negative" neniscus 68 results in an inflow of ink 40
into the nozzle chanber 34 such that a new neniscus 38 (Figure 2) is
formed in readiness for the next ink drop ejection fromthe nozzle
assenbly 10. Referring now to Figures-% and 6 of the draw ngs, the nozzle
array 14 is described in greater detail. The array 14 is for a four color
printhead. Accordingly, the array 14 includes four groups 70 of nozzle
assenbl i es, orle halktate globe rackingy of tRandszle psembliFOIthinghd tows (92 &, dwserM | es 10

arranged jsQmbMR 1(5 fﬂ\ﬁﬁ row 74 2 Yl fr sta%}?ed%th Fegﬁctwtg%%zlgagsefnﬁhé foie by AT eat er
detail in Fi g]u of the drawi ngs. M1 facilitate close packing

of the no25% &%@WF‘P‘%@S Hon g fft"h@ %—mgce% Epaﬁﬁ‘tff “'7911“3’ PhEomh ety piber togallery)  es
10 i n t hethe Bver efhs a6 ef tod fioA asgebhds d QY gethedw il tdpatsaspeditadfacent dogzldd 0 zﬁ the

assenbl i e sei]nghels ’10 Enht FOQJ\ME?% ]S topge n% dEhat ea Ozo%zlle ssaéﬁlﬁ rmlls su aljitQalll uni %eq{ row 72
uft ¥ RE™

are spaced apart I ci ent far Tromeacn ever arns
26 of t heshms% 5 that §1§§@3ﬁ1§$ }%ai8 thww T ef éetwmmvnoqzles B&Q%thb@t%bﬁﬁs af:ndneeeht

nozzl es Z&Zﬂéaskﬂghesmﬁgﬁm“}ﬂs 10 in the row 72. It is to be noted that each
nozzl e assenbly 10 i ubs antially dunbpell. sha ed so_that the nozzles 22
in the row 72 Fﬁ’éléef t%%{’\‘aﬁéﬁ"feﬁ’é’c%z‘%%é‘o@ Sand ﬂfe @taﬂ}gg‘bre?hﬁ‘gzzﬁf 2d4j acent
nozzl e assbirlidlle Bexdddnallp staped. r ow 74. Furt her, to facilitate cl ose packing of

the nozzles Z%t \Mﬂgg %re'f:lgtg\?lry? osgﬂ(qlez f]ﬁ » the Gt %gnzthgno%%es 23 latie %ﬁg?&%&h@ ly

hexagonal | y shape preci ate ose ski e art
t hat , whefhe ftuh%rafﬁd@ﬁ B, dio thtPfenwlg ﬁne@ze%%ﬂ ltemtr dight ppgde withyepechtodhelBzzld n use,

due It 0 t h@aRz 24 6k @rajaaemglag ofd e @Qpe’i\&mnﬂarshh@:cﬂ;adﬁﬂ@e%ﬂ% aﬁhgge&&}a@l% W0 the
nozzl e slight 0 t he, perpendi cu is an
advant agg‘p%? est(:; hareléggcr’i!rtge iy r’rﬁ*g‘n]fhalt tf’le acmatorﬁgp&é Gade BaREs é(P e tRE @ra&‘%/d hgs t hat
t he act uatbn&in2g sgfe ftldq'élomtsvm¢ gidegnd the ndyis 72 and /8. Hence, e inkoojwsted Rorathel ndgdles ext end

in the sags,dih&£hd 04 tﬁeqnlp@e%teéﬁgxﬁﬂe o318 23 WS 16w 7@&.@ offébt wilERGE (Jf G | NK
ejected fromthe nozz| es iz inthe row 72 and the ink ejected fromthe

nozzl es Z‘QhethPerfém?We’?e&““&‘rg@alt’i‘f“fl%r%‘tedwr‘ttﬁa“al“%éspect to each other by the same
angl e resul ti ngsol & smmllmg@yedftmdrmngquﬁl shiisiate A 1BObond Pads bmmg'emthﬁiegur e 5 of

the dl‘ aw \Hrgc% é) otvrglg th§ QIQ %rtlcaﬂ:m%ec::lt%n 9 § the 6 56? ﬁqflse aZtgatoaf'é%for}gi% n?z'%le asse q)lﬂes IY)\'hI

provi de t ectrical connections. & Actudtors 28 of
t he nozzIE’eﬁ§§@¥ml¢%Ctmsmefﬁﬁ@§@a@b€ms|1@a1(n®§ww@et| ons are forned via the

CMOS | ayer (NQdefesii® Whigurdedr@ifeldtaghed, ngdelgﬂ'ﬁe%t of tl'QfmvEJRi@n A LRWh.NGSh refrence
devel opnent of thg@l nvepntion is sho referen to the previous

dr awi ngs, © i REVPEAEY R ke ?f?f%'}c‘éﬁ“@e’fagneé‘?r t"tlﬁ‘e PRSP ?W‘SEWF%%&Q ot her wi se
speci fied. | n thissieckdnpabropmpatl gardrRdziz meungd an che8Obsirge NDoMhetrapn4.t Mie:

substrat eno;z@e éﬁgrd t861 fhciftdel Q‘Vod}ﬁlemg;pgz having a plurality of passages 84 defined therethrough. The
passages 84 are in register with the nozzle openings 24 of the nozzle assemblies 10 of the array 14 such
that, when ink is ejected from any one of the nozzle openings 24, the ink passes through the associated
passage before striking the print media.

The body member 82 is mounted in spaced relationship relative to the nozzle assemblies 10 by
limbs or struts 86. One of the struts 86 has air inlet openings 88 defined therein.

In use, when the array 14 is in operation, air is charged through the inlet openings 88 to be forced
through the passages 84 together with ink travelling through the passages 84,

The ink is not entrained in the air as the air is charged through the passages 84 at a different
velocity from that of the ink droplets 64. For example, the ink droplets 64 are ejected from the nozzles
22 at a velocity of approximately 3m/s. The air is charged through the passages 84 at a velocity of
approximately 1nys.
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nozzl e guard 80 includes a body nenber 82 having a plurality of passages 84
defined therethrough. The passages 84 are in register with the nozzle
openi ngs 24 of the nozzle assenblies 10 of the array 14 such that, when
ink is ejected fromany one of the nozzle openings 24, the ink passes

t hrough the associ ated passage before striking the print nmedia. The body
menber 82 is nounted in spaced relationship relative to the nozzle
assenblies 10 by Ilinbs or struts 86.-@ne of the struts 86 has air inlet
openi ngs 88 defined therein. In use, when the array 14 is in operation, air
is charged through the inlet openings 88 to be forced through the passages
84 toget her wilthhpirpdse offthevad i formgpintaiy thurgkpageh 8 pas gidgeign Baticled hie dingd exigs not

ent r ai nedyiNnekd Rrefhn padidies Eua:h & fiug panﬁﬂa@rc&@aifaﬁ faﬁtg%hmmeasmm@g@%dv%éﬂ,at a
different _velocity fronlt at of the Ink droplets 64. For exanple, the ink

droplets yhcting @“e}é]"@?ﬁ‘t@fﬂ it ey Ryision 24 fhe gir injey opgnings {hoip e W?leo%“arﬁﬁ‘ﬁﬁlﬁ-‘)(l mat el y
3n's. Theprabilém is,S0 £t e@dl, biviaedgh t he passages 84 at a veIOC|ty of

appr OXI mat el y Igégjﬂlﬂ fnc:}v]tc:!'%lgures 8@0 Tgl %urdpa%%lg Of I'(ECI’G]SeS fgl' ?anuéuf ?EI nt ql nt he

passages 84 cl ear § n artlc er exlrs hese foreign
part|cles%“@hbﬁl%gd@aﬁﬁdpartlcles could faII onto the nozzle assenblies 10

adversely af f®gfidgRgn il @ilufon@lﬁ@d:a%tdr Qh¥er IWtE@chélélﬁlc ﬁHyEN'S & d@[ﬂ)ﬂﬂ:ﬁ ob NQrfdebr | NI et
openi ngs %8 in the nqézle this 8' mis, to a_large extent,

obvi at ed. MREFEPi A B Jf‘%lléufr"é@e £y gf ap °’8‘F‘at’f‘¥1é5 FiCERR} gD %5y Besik s f or
manuf act uis spag o th éhe gz 2R end tidgentslis e@moseifo inssk d@sad is bbsbquebtiyadetdlaped. Wi t h t he

silicon subst rzﬂ%elebe g d\é‘@(&;ﬁ&l %{9 laé;:tr h i glaS’llla € clthgd o%wl] %ﬁg sililc§n fa}?eﬁgbepﬁﬁ? &'eglgtqs on a

surface of the wa tric layer e formo
appr oxi na@@#sylpnedBHththS1®$iea(5t\¢DTbl§<$tﬂ>éief%@¢1§kmler @e@mﬁ% on to the Iayer 18

%pd t hg | ayer Iﬂ-@ighrg Sglﬁpt?ﬁ @rdwﬁlﬁé m@klmmg 0&NHlcrbs ofblhﬁiﬁﬂﬁlmtd; Hepgﬁk’(ﬁclnﬂ@fd
ter e|n el.ope e a e Silicon
Mver te B B HGR BRReh BR G ETpm sb <ol e G500 £8Pl It rp
step def i ags Wivea tiled idpret tlapmdb laye 18,2he rbsist [isgipped aBbthofeviche claraiv Tigs,

appr oxi nastté1%| ﬂ{ovgiegthmb%d%& Qlti iR tLQ%]kl & agtﬁz[?&%st e[ﬁllsqaerwﬂﬁect quyg“l{ 18.

Resist is sgun on and t'he alum num 102 Is éxposed to nask
devel oped ™ ﬁéﬂ\ﬁﬁﬁlﬁﬂsm%damwwlgﬂeml%g%ae%qnéﬁ IIHBWME’%IW@%SJ&?% | ayer 18,
the resist is spbrokippel tanticbiier tBUVD @itrids 1ste@(ﬁi’ﬂﬁdls thElIIMOS wabseriopnQwimes t he

bond pads, and |nterc cts,to th ac {.0 s.interconnect
is to an Reﬂﬁ}(%s an an E‘% §0 %s exposegt malsfk f(}g where er 1t is ée,v%?{)e% Ozﬂ{ﬁre c(l:etv%] méentm de in

t he CMOS thayiwide (smbimammw mpberachmmaltledelyw@ an:fl ﬂm smcmisyeof6 iPleyDonpfthd de i s

deposi tedm@tsapéﬁam@wﬁﬁraﬁn.sl@m[%ga&@mleémecl@&ed Resist is spun on and the
| ayer 20 is exposed reafter it is deve|l oped. Afte

devel opnent, “t B&* ﬁ?% ?f.adémf ealﬁrﬂaﬂgﬂﬂs BELE T o %l@yeaﬁ%lf ﬁmﬁr?na%r 102
and t he sphbiogasititepBimidebor hpprdxhetelyeinD6t hdh tdnip@ature resist. The layer 108 is softbaked

and is then exposed to mask 110 whereafter it is developed. The layer 108 is then hardbaked at 400°C
for one hour where the layer 108 is comprised of polyimide or at greater than 300°C where the layer 108
is high temperature resist. It is to be noted in the drawings that the pattern-dependent distortion of the
polyimide layer 108 caused by shrinkage is taken into account in the design of the mask 110.

In the next step, shown in Figure 8e of the drawings, a second sacrificial layer 112 is applied.
The layer 112 is either 2 um of photo-sensitive polyimide which is spun on or approximately 1.3 pm of
high temperature resist. The layer 112 is softbaked and exposed to mask 114. After exposure to the
mask 114, the layer 112 is developed. In the case of the layer 112 being polyimide, the layer 112 is
hardbaked at 400°C for approximately one hour. Where the layer 112 is resist, it is hardbaked at greater
than 300°C for approximately one hour.

A 0.2 micron multi-layer metal layer 116 is then deposited. Part of this layer 116 forms the
passive beam 60 of the actnator 28,
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inlet aperture 42. The resist is stripped and the device cl eaned. A | ayer
108 of a sacrificial material is spun on to the |ayer 20. The layer 108 is
6 mcrons of photo-sensitive polyimde or approximately 4 gm of high
tenperature resist. The layer 108 is softbaked and is then exposed to mask
110 whereafter it is devel oped. The layer 108 is then hardbaked at 400C
for one hour where the |ayer 108 is conprised of polyimde or at greater

t han 300C where the layer 108 is high7tenperature resist. It is to be
noted in the drawi ngs that the pattern-dependent distortion of the

polyi mi de | ayer 108 caused by shrinkage is taken into account in the design
of the mask 11K Wyer tlGeis damed by epiterish dWAOA nf Flagun eitds @GN teherodidai0fys, a
second sagjidfel 6 a,haelneg/m &\i!Aah&am nRRRITRY- A & 1108088 T 2 sﬂm%tered énf}arowzd m of

phot 0- sensi t | ve@?\? g I's spun on or approxinately 1.3 .tm of
hi gh t enp®ri8faf By i‘%‘f‘he”l'ﬁ@ﬁ‘loé@@r 112 i s softbaked and exposed to mask
114. After eXLIﬁHeuﬁleteiﬁa&vﬂml’t&canmiaﬁdédﬂ:s'kéhdoi'hﬂaﬂeayEgIM&SLZZ)r(”IS Ad)ewel oped. In the

case of the | al¥1e ayerjfgé 1b§1 p%ﬁ(l Xmastkcﬁs deve%P d%ﬁcgplasgﬁ%gtcﬂeﬁ d(%wne}o ?)b% ﬂ Zat 400C

for approxi mat ef y'o I's resrs Y dbaked
at great ewhere@ﬂfﬁarﬁme@mmwﬂ@r thaﬁﬁmrdkﬁ: wateeqﬂsppm@lﬂmm not fp remve e eyrestlayens 1168 - | ayer
metal |aygnsl16 is then deposited. Part of this layer 116 forns the
passi ve beam 60 of the actuator 28, MI119-AU -7 The layer 116 is formed by
sputtering 1, OOBAI stritiGial et i Ppicd ey Crimmge & effleﬁﬁ@toeeeeve pAdYiIRERed by
sputteri g@péﬁﬂ\atlg@ 216ad REHHAInperdntré fQst( TaNayer Aod M kdabRed Jvheg%g& 1o eﬂBongh
sputtered op.fo r er
ot er ol SR En TR (R 1o drahir ot AP i i Rp T ape, Ty 1y
The | ayer lagei B20iishatdhaed @APOS € affproxivasly oddi@pr Cdet\@elampﬂd 3a0rd vqhéraﬂmrmy@umhed down
to the |ayer.ld2i Whereafter resist, applied for the |ayer 116, is wet
stri pped ta ing care not to renove the cured layers 108 or 112. Athird
sacrificial | dy#pordaultirlayerypistlilaxer 189 sepilighionly lanr LOmThT copiipenss efdliediver ve
po!c yib mkdelz@rare @p@:ﬁ@a@ltﬁ@lﬁﬁ} MG%ncﬁarEfg@h@hntlﬁ@f@g%gh& %t] msuesabpre%akela thaBoR 12g is
sof t bake expgsed to nmas : e exposed layer is then
BRIy ek B EERARG e e s

devel ope the case of polyimde, the Ilayer 120
i s hardbaked élﬂie 00 24 brxapd toxiskaledny ivhe dalmped rThataygridats glsmahe300C

wher e t hegl.aYihe i i e yer 124
is appli e%l to()q{1 h%%?'ede(eérp @igt @g'sl'lﬁgﬁg%%getrf %ﬁtziﬁl?g@%f 4 %ﬂ%q%‘&rt 5@4@43%% he

same as t}E PHYEmeverhe rrd laggra 0o peld0i K withies @%%atﬁlﬁﬁﬁ’ealmmglpﬁﬂ Rlithe laygie
appr eci ateddéﬂnestthdmﬁ»hbeahﬁyeftﬁea]cﬂ;&omd 124 are eI ectrically conductive

: g))ig:: S 121hlesl %?lg)grtr%szaél yﬁl Igy)%P(Pfgelg algp?ed”%/ sp1nI]1'11213§3 ona o? pﬁo?o?sgnsqge\:/ I?le?:@’ﬁg or The
approximately 2.6um of high temperature resist. The layer 128 is softbaked, exposed to the mask 130
and is then developed to leave the island portions as shown in Figure 9k of the drawings. The remaining
portions of the layer 128 are hardbaked at 400°C for approximately one hour in the case of polyimide or
at greater than 300°C for resist.

As shown in Figure 81 of the drawing a high Young's modulus dielectric layer 132 is deposited.
The layer 132 is constituted by approximately 1pm of silicon nitride or aluminum oxide. The layer 132 is
deposited at a temperature below the hardbaked temperature of the sacrificial layers 108, 112, 120, 128,
The primary characteristics required for this dielectric layer 132 are a high elastic modulus, chemical
inertness and good adhesion to TiN.

A fifth sacrificial layer 134 is applied by spinning on Zpm of photo-sensitive polyimide or
approximately 1.3um of high temperature resist. The layer 134 is softbaked, exposed to mask 136 and
developed. The remaining portion of the layer 134 is then hardbaked at 400°C for one hour in the case of
the polyimide or at greater than 300°C for the resist.

The dielectric layer 132 is plasma etched down to the sacrificial layer 128 taking care not to

remove any of the sacrificial layer 134,
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down to the polyimde or resist |ayer 120 whereafter resist applied for the
| ayer 124 is wet stripped taking care not to renove the cured | ayers 108,
112 or 120. It will be noted that the remaining part of the layer 124
defines the active beam 58 of the actuator 28. A fourth sacrificial |ayer
128 is applied by spinning on 4 tm of photo-sensitive polyimde or
approximately 2.6m of high tenperature resist. The layer 128 is softbaked,
exposed to the mask 130 and is then dével oped to | eave the island portions
as shown in Figure 9k of the drawi ngs. The remaining portions of the |ayer
128 are hardbaked at 400C for approximately one hour in the case of

pol yi m de or Tais stprelafines the mozzle3QOW@ef Wr the dwyprstrm 2Agmd thowrehpmb4Rifger ezl of t he
drawi ng a,Ri@f 1young' s nodul us dielectric Iayer 132 is deposited. The

| ayer 132 is constituted dy appr oxi rratel%/ m of silicon nitride or

al umi num oxi de* Mehe’ PO Y39 die]§°m°d€‘%5‘°6$]13 éﬂde@E’S“&d t dhp et 18 BuPshPYt he

har dbak eddeb@&rag 0.2dmi618iliodn nith® of Aol 1Gkiad at h RWEdESurd Bfow tleldedbakdDiemdedBue  The
primary cl reeslzg:cth?ml atérg I‘ﬁgl{% eg or this dielectric layer 132 are a high
el asti c nodul’ts em I'AePf\&s and good adhesion to TiN. A fifth
sacrificial | a:lghelr as:LsanlsleppISp efghetlyavdnzs, theilayer 168 is2nisaprbpigHpploms ewlsitd a/e

pol yi m deyepty of PPHOshsTBHE kv ll m?eﬁaeefm Juagthe G8LRR HRM YL Br hEieRE excémﬁle Liayer 134
i s softbaked, exposed to nmask 13 devel oped. The renai nj portl on of

the | ayerwﬂ?)ﬂ“}’% itlechlq larX%frl%%Hgé‘H S%T‘ﬁ%@(}.?@rflé"r Wﬁé‘teﬂérﬁfi‘eslﬂﬁ npHE rE@rypd  t he
pol yi m dethetiozAs opgiiiggti@ihich haia” ;‘Baﬁéﬁlsﬁlﬁmfﬁﬂbes de@Sbatabovdhe dielectric | ayer 132
I's plasma et Chedult(rja%o et (IIUfQ’[) '}'eﬁas]e%ﬁpgﬂ flé %{g d. f\l}ﬂ%i%es,g 8sst akl Carfqhecht

0
renove any of ‘the sacriffcial Fayer efThes t he
nozzl e opeafirig Phe wafeh&s & enpesed E)rrleH2aﬂdcl¢d1¥é tenefrot6 t54efmé thbinknﬂﬁbzlmhl@l

assenbl y &OThAemtglﬁeg(gH&gd%mgmfg%dl electric layer 138 is deposited. This
mof silicon nitride or alum num

| ayer 138|sformeéwy ositing

nitride at a teApes JF]éaST) %W&Sh%mhaﬁ%’awd* 7898 R Wefer, 16 andihe fapgpl40 s

sacri fi ciminovedyBieSaciifidal 132108120, 120)d28l28 134/ Bhafrippdisn SHGMPlabi tEp@u&e&heBp of
the draw ﬂgﬁnoz%lagssén%yye ajs%ﬁovdnt en%‘u% %racﬁE)IQ gIJtL%/ r \!vass.n%oetageho r rgncg‘ t"ldept h of

0.35 mcrons I's 1n ear el'éctri ¢ Fromall of the
surface eREepe nunwalsillggalcdin tes tof drpvkiess diedieseny 4s éholseay Bigurg 3 of thgdtavyipgs to

sacrifici ﬁtlllcakeah(eaéle\qa%arts-'ahih§nﬁl@&séﬁib@'ab ehigl-ia1 mm Isl%wrtnemp&ﬁmammalé he
nozzl e openi | ns' ni scus, of. §50r| bed above. An

W4 V\:htj e
ul travi ol 3é’iem TP aciue écp‘i%rd?f’ﬁ?)w‘iths %Efﬁﬁe?sélﬁscr‘%%al?ﬁ’f”e Y"%}b’ie fengedo EBUH Sn to a
rear of tdné9gnd thesofigurenairesporiiGo Fidiuna 2wed efithe BGwings. exposed to mask 142 to back

gt :‘:Ih t 23 }N?]; reantt \arllg bévgpfpg@fnje@@ pteg&s slgllﬁed 1rpljhce:L1 tﬁeﬁ' mgclus va%ﬁlons-r Eblglmr Ig(ﬁillfﬁtgtlohss then
PP may be made to the invention as shown in the specific embodiments without departing from the spirit or

scope of the invention as broadly described. The present embodiments are, therefore, to be considered in

all respects as illustrative and not restrictive.
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A further UV rel ease tape (not shown) is applied to a rear of the wafer 16
and the tape 140 is renoved. The sacrificial layers 108, 112, 120, 128 and
134 are stripped in oxygen plasma to provide the final nozzle assenbly 10
as shown in Figures 8r and 9r of the draw ngs. For ease of reference, the
reference nunerals illustrated in these two drawi ngs are the sane as those
in Figure 1 of the drawings to indicate the relevant parts of the nozzle
assenbly 10. Figures 11 and 12 show t h&- operati on of the nozzle assenbly
10, manufactured in accordance with the process descri bed above with
reference to Figures 8 and 9 and these figures correspond to Figures 2 to
4 of the HF&WMhgs. It will be appreciated by persons skilled in the art

t hat numerous vari ati ons and/ or nodifications may be nade to the invention
as shown ln the X %‘ngdl rrents wi t hout departing fromthe spirit or
scope of the |[Hlv F%'ﬁt eég 4 described. The present enbodi ments are,

t herefore, to asebstontitdeinedh plumlityalf nk n@sqﬂmmt:lsalﬂmcnﬂpbmtsstdrm mmmtqamh not
restrictive. ludes a
substrate thatw};cli%%fqﬁgsmgﬂ%urgﬁ jposnépediﬁltth% n Sé’t%c ann%[qs an l}ldr?glgr %r ates
drive ci rogfig FRpmbey igyflyd ﬁfrntwuatctttoy Wett opro¥ Aheeinky sk pgnnels sy epsh nozeln éﬁm@t‘w t he
substr at eincieiagh nozzl e assenbly defining a nozzI e chanber in fluid

comuni cation with Q etof the i k m%et ch s .and 1each n zzI eéiassenbly

i ncl udi ng an act uat d&f at‘ﬁélfa i 8urli’Stfa Lfbeé?‘:tr’éftlé C&W&:t dOUrst i cal iy
connect ed to torevitgrtp beedmpbpqalduwtﬂrrywtcowlﬂ@ sutistsqd caceaibtl of anvviledcinical égpEidm tho t he
substrate on rgceliplipf an electrical signal fromthe drive circuitry; a
nozzle that is connected to the actuator and is displaceable relative to
the substrate to BdoZlfitahts sagiep i hepstuaterapdie gplacealls iy to de gdrra nbe a

nozzl e openi nglispeh tyhiad actirabor, Uk nodd OdefinicH sptomeea;ﬁmttg @lfchttﬁhQ inagg ot €l ati ve

to the substr %s%laceg-% o.&' The ﬁ: (] atwfe rtc? me 5 strart]ep Z Qeadng‘) tmr)]zrzfg cgar}nbterhe
nozzl e openl ng, a palr | emantlary sea OI’ m ng Structures

posi ti oned onftfh‘@hﬁtezwlem@nla&tatﬁb substrate respectl vely, the seal form ng

structures bei ng QR b@éﬂtﬁl@m&ﬁ ko seMi&Rink BRIcRRZ sfionef BRMP G221k Sudfthd | €d
with ink, amekr;)scus i s qe];tl. etweenthe seal ormntg structures to
8 the"nhE2z %

accommdat e mSV TR fesRgfH @%ﬁﬁf"é‘“‘f’snwnﬁlcf’rlﬁﬁﬁeq WaRYgehep fhei REZls  om t he
nozzl e chanberchaniber Anfiliesh kvith etk, prmevishizasl defBed bawepdhd sealClomiify ductuas whi ch

each act Uat or qf Rl RNARNEHOREIRLRSHnBRUUAL B khRlch . 9ARG! 0 to

the substrate at one end I's configure an opposit
di spl aceable with respect to the substrate on receipt of said eI ectrical
signal. 2 An ink jet printhead as claimed in claim 1, in which each actuator is an elongate thermat bend

actuator that is connected to the substrate at one end and is configured so that an opposite end is

displaceable with respect to the substrate on receipt of said electrical signal.

3. An ink jet printhead as claimed in claim 2, in which each nozzle includes a crown portion and a
skirt portion that depends from the crown portion, the crown portion defining the nozzle opening and the
skirt portion defining one of the fluidic seal forming structures, with the other fluidic seal forming
structure extending from the substrate about one of the ink inlet channels.

4. An ink jet printhead as claimed in claim 3, in which each skirt portion and said other fluidic seal
forming structure define a peripheral wall of the nozzle chamber such that, when the nozzle is displaced
towards and away from the substrate, a volume of the nozzle chamber is reduced and subsequently

enlarged, resulting in the ejection of a drop of ink from the nozzle chamber.

5. An ink jet printhead as claimed in any one of claims 2 to 4, in which each actuator includes an

active beam and a second passive beam, at least the active beam defining an electrical heating circuit and
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3. Anink jet printhead as clainmed in claim2, in which each nozzle
includes a crown portion and a skirt portion that depends fromthe crown
portion, the crown portion defining the nozzle opening and the skirt
portion defining one of the fluidic seal formng structures, with the other
fluidic seal formng structure extending fromthe substrate about one of
the ink inlet channels. 4. An ink jet printhead as clainmed in claim3, in
whi ch each skirt portion and said othdfe-fluidic seal formng structure
define a peripheral wall of the nozzle chanber such that, when the nozzle
is displaced towards and away fromthe substrate, a volune of the nozzle
chanber i%ingofipeeria gt spded spntagss wien hepted aod subsegughtyi nged, fhe bireis éfiect i on of
a drop Ofpoblﬂd(neci r“(ﬂmrésb&t ROZEh 8th&ALD At heing ARd bdtind 6% mPRLiRE BEATraRs & ai med
in any on to 4, in which eacﬁ actuator includes an active
beam and ”§3¥8W&f$3§?FW% beam at |east the active beam defining an

el ectrical heating circuit and MJ119- AU -10 belng of a material that
expands d cont t 00l e t he bea bei ng
oo, 1 oned wi o PotbutiRE e Rk Bl 2P RAR R AR el BOAPPRT of “the
active bebo?ﬂ‘ieFfb%flﬁtsacfiVﬁ beadli %ﬂﬁ) fhg gebpfERtpsughfthag hﬁéma@tlmebmuent@xzmmwn iofifke PCGYB

pri nt heatheas re@dlt@lnﬁﬁdlcm:ﬂorfbblﬁg dMBpRiceditdvardd i BubbhR aBEGOINE 2RASHEN S BB ibsS
|nterposeq e substrate such that

f] { t t
heating and°&{ a&' X\Ee rﬁéeﬁ‘pts & eé%@?t?f%e%%/gip%&é‘gi’y Ig’él PERMFesul ts in the

act uat or belng dlsplaced tomards the substrate and cooling and subsequent

contraction of um]apﬁﬁﬂaam cgﬁ&mn aqmetoﬁmé Pedsdls %Mc mc#as 90291' Laaced

away fromthe substrate. 7. An ink pri nt as C y one

t he precéﬁ?ﬁbmewﬁﬂH%ﬂﬁHW%ﬁm$H@Pﬁﬁ$§¥ﬁﬂﬂﬁ%ﬁpéadﬂ@?@ﬂm@hﬁﬁlﬁﬁwwééﬁméw on the
subst r at eyzdldwesembliEez, e tgdahahberdetinig zﬂ@uﬂ}t}hﬂ’(ﬂyssdg&ﬂ@af paEng%tcoﬂre%poﬁﬁlﬁ’é:\eidl a4 romthe

nozz l € as[‘§ ?gm!/e n%ZZi (}RQH%%bSO(%¥ha{T%( eéeclEed g‘{)m BaCI'I n(%zle P&I}Ug%%l S!B ¢ féf |é% 8 ﬁorfeﬁsgg = eaC h

passage coO respon Spectl ve nozz
ej ect ed fhRegpgeeach nozzle openi ng passes through a correspondi ng passage.
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