; abe3elLdLa(D62T; A 1 PCT/ AUO0/ 00591 "FLU DI C SEAL FOR AN I NK JET NOZZLE
ASSEMBLY" FI ELD OF THE | NVENTI ON WD 01/89842 This invention relates to an
ink jet pwyigélwasd Mre particularly, the invention relateget dsoK | et
nozzle i 5 assenbly for an ink jet printhead. 20 15 20 25 (%%EaN%?N

APPLI CATI ONS Vari ous net hods, systens and apparatus relating to the present
invention are disclosed in the follow nglcopending applications filed by

t he applicant or assj erRhe j j ' ously with the
present applicati OHWW@EM%@%IQ%WQ%% %mwgﬁowo,

PCT/ AU00/ 00521, PCTI AU00/ 00522, PCTI AUOO/ 00523, PCT/ AUO0/ 00524,

PCT/ AUO0/ 00525, PCT/ AUOO/ 00526, RGEYpASEMERSRNTIORCT/ AUO0/ 00528,

- "PCT/ AUDO/ 00529, RGTH AUOO/ 0053 ; 0531 PC1' | AUOQ/ 00532) .
PCT/ AUQD/ 00533 P’CT'?th“oilooébgf“kg‘gxé‘f%%%@ﬁéﬁ%’,‘” SV e K jet nozzle
. PCT/ AUDD/ 0083570l BEF/ KiHB"8e8 38, PCT/ AUDO/ 00539, PCT/ AUOO/ 00540,
PCT/ AU00/ 00541, PCT/ AU0O/ 00542, EEPENDINGAPBIOEABIONPCT/ AUOO/ 00544,

PCT/ AUOO/ 00545, R&blsMAs AQRASand R@Téﬁw% QURPRsentvdntiN AL QDR 3 ne following co-

PCT/ AUDO/ 00 . PCT| AU00/ 00558, PCT/.AU00/ 00559
PC f/ AUDO/ og%g%g 5%@%88‘% g"f',’“‘g&‘rﬁﬁ'ﬁd’? 8‘68%‘2‘,“ "BET "A%ﬁ?"ffd%’es‘?fh the present
PCT/ AUDO/ 00&BHeetoBC £/ AUDO/ 00565, PCT/ AUDO/ 00566, PCT/ AUDO/ 00567,

PCT/ AUSD/ 00568, PCITAWIOOG  0GBAJ00RGTY, PAIDQJ00 QB 200 CTIRTIDO/AISDIOP T 0G63/00522,
PCT/ AUOO/ 00572, RETASNI065:1) BT Ru0okisd, A&DQI0OBIA T obhMdsR0s @OR;

16860527,
DT Aoor soses. BB Rel ool RrBRHRL ecritebp Aol osss
PCT/ AUOO/ 00588, BEI L0007 5 BSEA00RETY: KIS 100/ A58 3P CTIPP/MSROP (TS 108300537,
PCT/ AUOO/ 00590, PFOITAVROGAE) 0GI4Y00/MBTY, Kt100/00/05 A2 pCTRUBH/AISD0P QDG Be00542,

~ PCT/ A4B0/ 00585,  R&j/Auofeb¥ed, 0858Ho0/0d3T éeﬁ#ﬂﬁ&&ﬁ%@ﬂcwﬂﬁ%@kﬂ%ﬂ%@&ma
1 om0 ooas, PeAGUBINSS Bivopbori St lobig eter Achodos S ks s
_PCT1AU00/ 00503, PIH000%,0 BOAU00/RETY. U000 6PSP CTREIPP/MSEIOr T OSI0EBI0564,
PCT/ AU0O/ 00507, ROTAUNOEGAS) cE4,00/B36dd, ReiR0/o0r s 6£9p CTIXUDH/GUsERPA DB 600569,

PCT/ AU00100512,  RGTAveIa8 O PSR Ai0008571, AOQUBR % ciabb P QhR0dig0s7430 The

di scl apur es of tp W@?’&Eg}% k?f?at' ons_are | ncorpor at eg ?1ere| n by
cross-Tef erence. @@2 RV RRT 7B THE P T8 ANIURS 0f i nk | et
nozzl e assenbl i e BCTAAOORSWACTIHIEL/B0580, B TEI08(@A580PCT/ALI0R/PASET PCTIAUAMEPESS, i n a
nozzl e chanber epéTraton/isBd PEY ARY/OIES, PATVANISS, FETZAJ0ernmBReRIT@oRdosdine nozzl e
assenbly. In cer Fé’q‘/KUo%osBi‘Fé‘ﬁALﬁ@/\{d5E4,eﬁcT/AFJB&OO‘?B‘,’F&PAL@O@Qgegfdyﬂo&oos%ﬂ self, an

actuator. In other devices., an actuator |s arrange a of 't he
nozzl e chanber ahdOYAGHHRTAROGS%: Bl AU HeP qT%‘LQO’Wé?s} PCSfAUP%@“ﬁozzI e
chambe®® to t he dPSPHAEREHDT BCTAAUSNEASH 1, PORHEIORO005H ePCTELINR00502, RAT/ANOYAg e d
external ly of thecuiwphaosedicuoebmoseriT)Ausy/euses PaTREEs00ser, Ba/Avo@oseed t o
m ni mse ink | ospcLso0Ha, ﬁ(?‘ﬁkbo%’(ﬁm !f‘tﬁmdo&oo\ﬁﬁg A AtfRb Q?M%A%W?’?M, the
nozzle itself is_displaceable for effecting I'n ejecglon. n i s case, ink
| oss around a peF?%‘gOP’;‘}OSbe the nozzl e needs to be mnimsed. RECTIFIED
SHEET _ 1 PCTTAdEdysa6 50 ese cp-bduflign| apdli@Fohb ar@Rrpgipied hitiin Byetosshd@rcate ASSEMBL YY"
FI ELD 30F THE | NVENTI ON WO 01/ 89842 This invention relates to an ink jet
printhead. Mre particularly, ghed '&Y@gtrﬁ'ﬂﬂll@\llﬁ}ﬁcﬁvto an ink jet nozzle i
%eaé‘.

5 assenbly for an ink jet print _
Various types of ink jet nozzle assemblies are known where a displaceable element arranged in a nozzle

chamber effects ink ejection through a nozzle opening of the nozzle assembly. In certain of these devices, the
moveable element is, itself, an actuator. In other devices, an actuator is arranged externally of the nozzle chamber

35 and is connected via an opening in a wall of the nozzle chamber to the displaceable element. Where the actuator is

. arranged externally of the displaceable element, a seal needs to be provided to minimise ink loss through such
\ opening.
In yet other embodiments, the nozzle itself is displaceable for effecting ink ejection. In this case, ink loss

araund a periphery of the nozzle needs to be minimised.
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20 25 CO- PENDI NG APPLI CATI ONS Various nethods, systenms and apparatus
relating to the present invention are dlsclosed in the foll ow ng copendi ng
applications filed by the applicant or assignee of the present invention
simul taneously with the present application: PCT/ AU00100518,

PCTI AUOO/ 00519, PCT/ AUOO/ 00520, PCT/ AU00/ 00521, PCTI AU0O0/ 00522,

PCTI AUOO/ 00523, PCT/ AU00/ 00524, PCT/AUOO}ﬁOSZS PCT/ AUOO/ 00526,

PCT/ AUOO/ 00527, PCT/ AUOO/ 00528, siiavraRVOPAHE RaENTIRSNT/ AUOO/ 00530,

PCT/ AUOO/ 00531, 1 AUDO/ 0053 PCT/.A 0053 PCT/ AUDO/ 00534,

PC f/ AUDO/ 00535, A i%%ﬁb%ﬂi% e 58?7‘9&%8‘0?"6%%‘% 855 /W/R‘[%tﬂf'ﬁ‘ﬁss%

.PCT/ AUOO/ 00539, ¥EBI#00/ 00540, PCT/ AU0OO/ 00541, PCT/ AUOO/ 00542,

PC f/ AUO0/ 00543, a t8eTe/dAhIReb ) D ardedd rel R kAWMrﬂO&éM!R@WnAUQQﬂQﬁMZ;uch that, in

PCT/ AUGO/ 005&@ onldisphdcAhdQF thquié relatie 1d :ﬁlsQ)QlaQQrﬁé ecthql;AMeQ/ QIQI Qr?df
.PCTI AUOO/ 00558,  PCT/ A0/ 005 E@gu 009 s
/’l%) % InK from

PCT/ AU0O/ 00562, B )"At’b’bf‘ﬁé’?@%“ ‘“ﬁ@?;‘%“ﬁt?d?q’fffﬂ% ag the ﬁ&‘q
PCT/ AU0O0/ ooereed therephay 0967, PCT/ AUOO/ 00568, PCT/ AUOO/ 00569,

PCT/ AUOO/ 00570) E@Ts/smﬁmmsm "nREF fisAAIR O Ot Eud 25 an BIGEEALALIN RS MQPeARg and not the
PCT/ AUOO/ 00 4n 24T/ AU00/ 00575, PCT/AU00/00576 PCT/ AUOO/ 00577,
PCT/ AUQO/ 00 CT/AUOO/OO%?Q PCT/ gos . PCT/ AUQ0/ 00580,

PCT/ AUJ0J 00582 Eﬁﬁ‘ﬁtﬁ%f‘ﬁ'ﬁ & FOVHPTINACITE BB BB OPIB(Rg IA kY reEgPending from
PCT/ AUOO/ 0068QOWﬂIPQI‘Ianw@G%GOEC‘WMWIWGEW& dFF@TTiE MUXQRa@OE 9ith which the
PCT/ AUOO/ 00h®3e opbXaE AsA I/ Q8i1ionPCT/ AUOO/ 00585, PC r/ AU00/ 00586,

PCT/ AUOO/ 00594,
PCT/ AD0O/ 00505, et AG G0 Bk 0y (ks Sy Mgl e
PCT/ AU0O/ 00852 BEvheitber Gl e2 iingeet ™ RS 0& B9 theeerrue 00/ 00504,
PCT/ AUOO/ 00505, PCTI AUOO/ 00506, PCT/ AU0O0/ 00507, PCT/ AU0O0/ 00508,
'PCT/AU00/00509, PCT/ AU0O0/ 00510, PCT/AU00100512, PCT/ AU00/ 00513,
PCT/ AU0O0/ 00514, PCT/ AU00/ 005 | 5 30 The di scl osures ofthese co-pendi ng
vapplications are incorporated herein by cross-reference. BACKGROUND TO THE
| NVENTI ON 35 40 Various types of ink jet nozzle assenblies are known where
a di spl aceabl e el enent arranged in a nozzle chanber effects ink ejection
t hrough a nozzl e opening of the nozzle assenbly. In certain of these
devi ces, the noveable elenent is, itself, an actuator. In other devices, an
actuator is arranged externally of the nozzle chanber and is connected via
an opening in a wall of the nozzle chanber to the displaceabl e el enent.
Where the actuator is arranged externally of the displaceable elenent) a
seal needs to be provided to mnimse ink | oss through such opening. In yet
ot her enbodi nents, the nozzle itself is displaceable for effecting ink
ejection. In this case, ink |oss around a periphery of the nozzle needs to
be m nimsed. RECTIFIED SHEET WD 01/ 89842 -2 PCT/ AU00O/ 00591 The
i nhi biting neans may be arranged externally of the skirt portion of the
nozzle. The inhibiting neans may include a radially inwardly directed lip
portion or w per portion extending towards an external surface of the skirt
portion of the nozzle. The inhibiting neans nmay be fabricated by deposition
and etching techniques. 6 The inhibiting neans nmay be of a ceramc
material. The inhibiting nmeans nmay be a conductive ceram c which may be
| aid down at the sane tine as other conponents of the assenbly and may
include titaniumnitride or other materials. BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention is now described by way of exanple with reference to
t he acconpanyi ng di agrammatic 10 drawings in which: Figure | shows a three
di mensi onal, schematic view of a nozzle assenbly for 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;
15 Figure 5 shows a three dinensional view of a nozzle array constituting
,an ink jet printhead; Figure 6 shows, on an enlarged scale) part of the
“array of Figure 5; Figure 7 shows a three di mensional view of an ink j et
ptinthead including a nozzle guard; Figures 8a to 8r show three di nensional
views of steps in the manufact ur REGTIFIBDy SHRETassenbly of an ink jet
printhead; 20 Figures 9a to 9r show sectional side views of the
manuf acturing steps; Figures 1 Ga to | Ok show | ayouts of masks used in
various steps in the manufacturing process; Figures 11 a to 11 c¢ show three
di mensi onal views of an operation of the nozzle assenbly manufactured
according to the nethod of Figures 8 and 9; and Figures 12a to 12c show
sectional side views of an operation of the nozzle assenbly nanufactured



25 according to the nethod of Figures 8 and 4. DETAI LED DESCRI PTI ON OF THE

DRAW NGS Referring initially to Figure 1 of the drawi ngs, a nozzle
assenbl y) wdlogésgy dance with the invention is designated gepgadb¥osdy the
reference nuneral 10. An ink jet printhead has a plurality of nozz(r
assenblies 10 arranged in an ink array 14 (Figures 5 and 6) on a silicon
substrate 16. The stray 14 wll be descrided in greater 30 detail bel ow.

-cli_hel anean ly 10 m}kﬂ%mﬁnsﬁﬁa& b&ﬁﬁg&%ﬁ&ﬁﬁlﬁf&e%ﬂ%@@&f thlﬁozﬂtp ngmems
lelectric a%l

assivatio osited
on the diel €€ ‘P‘fhgefmé‘élrymfg’glyﬁﬁh hﬁB%ﬁ“@"ﬁ%eé%%B? FteR glt‘t’%ﬂ%'iﬂﬂ‘e’g""é“? i’f‘g? tfero
defining a ﬁleézqﬂenefp@mmig 24, a connecting nmenber in the formof a |ever
‘arm I26 agd gn actmatmungﬁeansmebelf@u@fedWdaaoa@m@ﬂrmﬂﬁgtt&mtdae act ]yat ﬁr 38 to the
nozzl e 5 As hgm;q r [.es to 4 of the draw ngs,
the noz5§I e 22 conprl Seskxﬁm&nﬁgﬁ%ac‘gﬁﬁu@ t?ﬂ?pﬂ:“f’%Hbméfzmm?mﬁg??mdum?f“mc
"dependi ng f MBIt THEe EH 4R a‘p}’éfrs‘t"ileé‘ﬁ‘e a(ptherpppaporeRtp plithe gigembly gl rapinglygle Higniygpnitridegf o
peri pheral whérimaedalsa nozzl e chanber 34 (Figures 2 to 4 of the draw ngs).
The nozzle opening 24 is in Bwﬁmﬁwiﬂ‘nﬂ%ﬁdshe nozzl e chanmber 34.

1t is to be noteghthat t he gozzle openin IS surrounded by a raised rim
36 whi ch "pins YRSV $8orPpd by vt %ef“'“a T95EST the Argampanyiyie digerammatic, 07 7| e
chanbe¥0 34, da@ingsin vhigk- i nl et aperture 42 (shown nost clearly in Figure 6 of
the drawing) is @I@fre Néh6lvsia hred difnbr@ioral, ¢Renfiic idhRr HoZR hflenfoly tr RORY jet 3fnthedd 1
aperture 42 a&a tk-%%%:%)ﬂwm cation with an ink inlet channel 48 defined
t hrough the su WO 01189842 -3 PCT/ AUOO/ 00591 A wall portion 50
bounds the apert E‘ﬁ‘ées&? 4y adbrecdimsasiopah iekereptis/llpstresien of Areoperitionof ths a2¢l¢ asigmbgol The
skirt porti oswdR, as indicated above, of the nozzle 22 defines a first part

of a pgyipheral waklsfbwshBfee BRGRbLE &mmetzxe%éaﬁ&%khgem\ﬁ@' & prid@kdsl On 50
“defines a second lgﬁ %ﬁhof t he erlgrera gF he nozzle chanber 34. The
wal | 50 has an i FEY V'Stf’l“f”ee@ € ?mé?t“"‘i‘yf i#2= end which serves as a
Jfluidic seal whi Elhur??ﬁhv‘hlaﬂtseeEllntmab’wa’p@u%etpmﬂlemmdmmomlemde 22 is

"di splaced, as Wi Fluk@a @ @shd theideion GalsRr subleh ab tnmhetu@é/tsfat&zwsderhm}hﬁmm
appr eci ated hah..qdue to the viscosity of the ink 40 and the smal

di mensi ons PR spaC|ng between the lip 52 and the skirt portlon 32, the
i nwar #% di rect e Higyres§a 19 5r shayipectionpliside viewss af ke myplumngsteRSn as an effective seal
for inhibiting tReuwedleapwkdbw iayhts bfin@sks dskibin diaE keps iR Matfactitdhg prdda®, act uat or
28 is a thernml h@t}g lﬁqsH@thmmnﬂméﬁoﬁ%a@&wgﬂm fhe Faﬁtt@temﬁ%ﬁﬁz%%g' ng

upwardly from 0 su rate nore particul ar

passi vat i on %4 t°'%bme‘th%f¥2§Ffﬁst§6f‘ 9’5%‘ is nounted on conductl ve pads 56 which
form an el ectri cEguesd?aiedt homseionahside igwseof an eperation of B¢ nofftpansseratiyraedactuz

conpr iges aatcbrmﬁgtomaﬁauioaaptgwmaﬁﬁp arranged above a second) passi ve beam 60.
In a preferred enbodi nent, ’Eﬁ#ﬁ%&q i nclude, a
conductive ceram c materi aI such as titani um% Iﬁgwﬁ*c's 15 Bot h beans
58 and 60 have t Reffrrngfinitally to Bigrd! %ﬁ%ﬁﬂt‘@&laf‘@ﬂ‘t%@mﬁhéﬂwfdﬂﬂe“a‘héhetnmmmsopposed
ends connec tdeignated gdntraly &y tha referencAMimeral 20. CrinkGa printhSad Aasld pREItY Gt"nﬂzlzlevs'setnhremog h the
active beam@sliheh mﬁtmfwgﬁes%d@tmtQﬁcohméﬁs Fraibthy! 19 wittde adsdie B@%e%{e{'e
beam thrg%]q) WhIC here is no current flow, does not expan

sane A1 ng nmonent is created causing the arm 26 and, hence, the
nozzl e 22 to be Eﬁegﬁfméﬂmdmmékﬁlwst@@mm16t°hehi§1ﬁtﬂ§tcmlaerll6isa@°8§hbm in
Figure 3 of cmpdslamnmazo;Ihﬁp&naam&semaﬁcﬁieemti on of ink through the nozzle
openi ng 24 as ZOE%p?Weagerhb%Zm J:LQI'(;A{ZEZ; nmﬁangzz I‘BpemnaWI Saconm r]mteme madg! ¢

of heat is renove |ng arrent Tl ow,
the nozzl e ?Z“Pfétlﬁ?rﬁ%n’téﬁ“"la‘t@“ﬁ}i’hz%s@éﬁt‘”‘1563‘??WEW%"%W° thepopAedtr e 4 of the
drawi riifs. When t Aeshovovizdr@teidtail i FiguresS td 4of iht dravginps,ais aezelé 22pafyirisds D&own@brtidn38

*dropl et 64 iwgn{ RIriRedos de%enﬁﬁéﬁbk‘ntthe@owﬁ ﬁbﬁmpﬁ(ﬁ 3l g ﬁ&&ongflfoﬁxﬂ M‘f‘ Gﬁgral%ﬁ: k as

illustrated t6 |nF re he dr e Ln dr Iet 4 then
travel s on tg y PRE 4%:‘% 5‘ ‘h §%g?m%?mﬁﬁ5%'?m opmppietign vt e ¢ he
*formation oF\OZ!‘h@mPth“dR 5ol betlotﬁeltmt the nbzple opguing\ 2é is smmdsicbusram;l tifu3p wieich "piss" £5
shown at 68xﬂeﬂscﬁiagmg&eé)ootbotmmﬂxmhg&lecﬂ;himw negative" meniscus 68

resultgin an inf new
Teni sc‘g)s 28 ( FI AL 5@: aPénQJTé @Egﬂ?’tcﬁt cﬁet}gr dpﬂélg %F tg{'t@s{l%g{:s g’ fl?eﬁma oo, |416a tft.he
ej ection fr 3% Wz%“’?&g‘g"e‘}?’bﬂ”;‘/ %@°%°§P¥W%W‘%Wlﬁﬂe@§d@°¥gﬂ‘e6 of

t he draw ngsybsttatedé.nozzl e array 14 is described in greater detail. The array
14 is for a four color printhead. Accordingly, the array 14 includes four
group 70 of nozzle assenblies, one 30 for each color. Each group 70 has its
nozzl e assenblies 10 arranged in two rows 72 and 74. One of the groups ?0
is shown in greater detail in. Figure 6 of the drawings. To facilitate
close packlng of the nozzle assenblles Il O0in the rows 72 and 74 the
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The ink is not entrained in the air as the air is charged through the
passages 84 at a different velocity fromthat of the ink droplets 64. For
exanpl e, polgokadropl ets 64 are ejected fromthe nozzl es gérAalyododssl ocity
of 20 approximately 3m's. The air is charged through the passages 84 at a
velocity of approximately Ims. The purpose of the air is to maintain the
passages 84 clear of foreign particles. 'A”'danger exi sts that these foreign

aver sel y affoc ﬂs”“‘d“%"fm‘“‘wﬁ : %&"t‘%“P“’%??‘if“g“&%mﬁa%?ﬂﬂ' ot
openi ngsy88 ?r?\"“%&gﬁ%?tf °V§’l? ‘b“°§ 2”??%‘ ?rf}l!? P"’Ep heralyvall of; the nazzl g’ﬁ’l‘

,obvi at ed. ZSHdNef“eHPWgSQT’eWeQ@e@dgm@@e&nphsra[b@lloffthetnmledlmawﬁgs a process

.surface of t & ha

for manufacturi nghetdamsmmmma@amml @5 at #t0frde Snd WRIBHCiv 86h flufdlc Aal WHRE inffbilsh t he
Sili CO% subgtrat e?f%w%fm%%%égg 8| la%!# i%%:%ﬁégdér He?ég:eatergemﬂ%ﬁe ]Htg\n%hged on a
appr oxi mat ePRpregiatesl that, dyedhe VéfF°S'€!\YBh@R‘1 and ﬂRé@?"sdtmeF@n%%@ﬁSWi’ﬁwquée lipfyend 18
and the | ay e skirBpottion R2Xpoise@skly directes §K52 bl ubiostenisitn MritliR @Cd effectvy seal @t @hibifdhe 30

After bei ngegﬁym&mm;‘m‘emg@w is plasma etched down to the silicon
| ayer 16. The resjst 1s_then h‘pped and the | ayer 18 is ¢l eaned. This

step defines the AR R 32 AEHcs mdl‘srP’PfcfjﬁF’é“ SO eYding HPRHHLY Frm the
appr 0xi0mat ebupst@te 86 ori reprecparticulyfly fa*mmnmmpm%nw@aydep Ot dnehdir 39 1is molvgied|omyoaduct 6 .
Resi st i s SpidRseQmicRiden &bﬁch&ﬁ%ﬁé@h@wﬂtﬂ@e Acaatawos ed to nmask 104 and

d | d. Th
evel ope e all'hu {émsconptnﬁesap r{;eabea.mg{' ange gg}eﬂtﬁ%mtg gafsgv)é Q&!‘Sé/q%%s the

the resist is strip e e R 4Tas
bond 35 pad#&refsFrd e’i“i’?t’l@%éﬁh bramssS8 P‘G 59 fieof; onjaclpdata C‘H'éltcﬂl‘atiwnl%‘emf Biicksas titanium
i Nt er connechitrids(T). an NMOS drive transi stor and a power plane with

_connecjg ons madegyhiSs mawe%m(aatmﬁmwe mapr@meamz@sp%sga est%nH@c&J ons

of PECVD nitrjde | sg?deposl ted as CMJS passj vat i on es| St is
spun on and '4HfE™ %y Speasuren ‘secﬁ‘ﬁiﬁls‘etdwf'o“%?“fb%ewm T"Bﬁ“s“?”t“ hebeiPel oped.

CAfter devel esuitenis thepiyeverppamroD digouglswhirh therais ne tugénefibwoldpwamottegpatdubthesamevitaam | ayer

-

102 and t he v&iiihd fioRient isApéd chibing the S aﬁ@mnmheqimiebﬁo mlsgtce@&%&m ovhidls thd N€ 40

resist is str| the device cle P AUO0Q/ 00591
A | ayer 108°( "Ble%sjaé%‘r" |?:1| 5 grr"“l"m saﬂlsmsesmqoc “°‘t°<§ °“%“é*‘ eé‘?zziﬁ’em?%% ® ayer

108 i 206 ni e*wm 6% Figiort ngleﬁrswas v‘@epemnmqﬁéeamwwprﬁemwéqw& igrbyof hi gh
t enper at ur e stogpip Girent fidugthé WyR22 detifhs ioSts Guizhckid pdsitih ag 6l iSFikdReIbf BX @SS Wikn mask

110 wher eaf m%rmm%]zz'relim@%o s'i,aaedmsmgda¥£ 31e£l&l$sfb e&abagsuﬂ@fuﬂfaﬁehagoahmﬂooc for

one hour where e or at eater than
300C wher e fiﬁ‘%@e‘f‘§§@l’““i“@§d?t§6 RAfigHe 1 é‘?‘ﬁf‘ﬁirg‘eF‘E@P@?“‘P"P“F"slsg“?@e%‘%?ed in
the draw ngsuch dsashett hipagsatas e remultaEtrdomiaion of e Sk duwplét 64 a bibgativalomapisduyis fimgteas| ayer
108 cappsed bwsdied ak@g& df e BraGRSS. mt"&gaaee@aumus Bﬂemgn AW b inkla0 {n{%@xe'ﬁ&ﬁg

110. I'n the e%(er 34S c% t aSnQv(v) 1\1/1\Qnrscus %IBF(%% I’ﬁ fs§onm% 1 ess trora{h:/\/![nﬁn)g ink Qrgir %e%ncos fnmm the

sacr|f|C|aIl}m5 ayer I's e

phot o- sensi f‘?’\’v“é”iﬁd?lylom de V\:hl ch is spun on or approximately 1.3 N.m of high
t enper at ur e r esi Béferring @ tb Bigieds 5 AnliB of the deadinigd) Ak @ebleans) 1€k daGBE ik GeattBilail. 1Thd .

After eXpOS 14 x@fo?iﬁu%??nn&nlaﬂ A&Q&nglyaﬂ{%aﬁl%clh&s énQ ﬁqﬁ’gbakp‘)g& asslrgbhg;'& Case

of th aye ed at

|
appr o telf°§'/e éhcéb Effgg‘gwgl’*’é"ﬂ‘i‘”élelaﬁ P"s):{(l?m?g%d ‘?8‘@ FoR 72 apq 74; 9"‘11’5’!"8‘5%&‘!2%78 at
greater thansm@@sfe@ﬁdapmbwmeﬂmwe hour. A 0.2 micron nufti-Ilayer
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@ﬁosedlt@ sk ( Jo-wili 04 is( develdted (e tadp (@B 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 pm 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 actuator 28,

The layer 116 is formed by sputtering 1,000A of titanium nitride (TiN) at around 300°C followed by
sputtering S0A of tantalum nitride (TaN). A further 1,000A of TiN is sputtered on followed by 50A of TaN and a
further 1,000A of TiN.

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

The layer 116 is then exposed to mask 118, developed and plasma etched down to the layer 112
whereafter resist, applied for the layer 116, is wet stripped taking care not to remove the cured layers 108 or 112.

A third sacrificial layer 120 is applied by spinning on 4 pm of photo-sensitive polyimide or approximately
2.6 um high temperature resist. The layer 120 is softbaked whereafter it is exposed to mask 122. The exposed
layer is then developed followed by hard baking. In the case of polyimide, the layer 120 is hardbaked at 400°C for
approximately one hour or at greater than 300°C where the layer 120 comprises resist.

A second multi-layer metal layer 124 is applied to the layer 120. The constituents of the layer 124 are the
same as the layer 116 and are applied in the same manner. It will be appreciated that both layers 116 and 124 are
electrically conductive layers.

The layer 124 is exposed to mask 126 and is then developed. The layer 124 is plasma etched down to the
polyimide or resist layer 120 whereafter resist applied for the layer 124 is wet stripped taking care not to remove
the cured layers 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 layer 128 is applied by spinning on 4 um of photo-sensitive polyimide or
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 8] of the drawing a high Young's modulus dielectric layer 132 is deposited. The layer
132 is constituted by approximately 1um 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 2jum 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
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10 0.35 microns. This etch is intended to clear the dielectric from all of the surface except the side walls of the
dielectric layer 132 and the sacrificial layer 134. This step creates the nozzle rim 36 around the nozzle opening 24
which "pins" the meniscus of ink, as described above.

An ultraviolet (UV) release tape 140 is applied. 4um of resist is spun on to a rear of the silicon wafer 16.
The wafer 16 is exposed to mask 142 to back etch the wafer 16 to define the ink inlet channel 48. The resist is

15 then stripped from the wafer 16.

A further UV release tape (not shown) is applied to a rear of the wafer 16 and the tape 140 is removed.
The sacrificial layers 108, 112, 120, 128 and 134 are stripped in oxygen plasma to provide the final nozzle
assembly 10 as shown in Figures 8r and 9r of the drawings. For ease of reference, the reference numerals
illustrated in these two drawings are the same as those in Figure 1 of the drawings to indicate the relevant parts of

20 the nozzle assembly 10. Figures 11 and 12 show the operation of the nozzle assembly 10, manufactured in
accordance with the process described above with reference to Figures 8 and 9 and these figures correspond to
Figures 2 to 4 of the drawings.

It will be appreciated by persons skilled in the art that numerous variations and/or modifications may be
made to the invention as shown in the specific embodiments without departing from the spirit or scope of the

25 invention as broadly described. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive.
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3. The assembly of Claim 2 in which an ink supply channel is defined through the substrate to be in
15 communication, via an aperture in the substrate, with the chamber, the inhibiting means being arranged about the
aperture.

4, The assembly of Claim 2 in which the inhibiting means is arranged externally of the skirt portion
of the nozzle.
20
5. The assembly of Claim 4 in which the inhibiting means includes a wiper portion extending
inwardly towards an external surface of the skirt portion of the nozzle.

6. The assembly of Claim 1 in which the inhibiting means is fabricated by deposition and etching
25 techniques.

7. The assembly of Claim 1 in which the inhibiting means is of a ceramic material.



