WL41-SG 1 A M CRO ELECTROMECHANI CAL FLUI D EJECTI ON DEVI CE | NCORPORATI NG
A MOVABLE NOZZLE STRUCTURE FI ELD OF THE I NVENTION This invention relates to
an ink jet printhead. Modre particularly, the invention relates to a nozzle
guard for an ink jet printhead. CO PENDI NG APPLI CATI ONS Various net hods,
systens and apparatus relating to the present invention are disclosed in
the fol |l opipgco- pending applications filed by the applicant or assignee of
the present invention simnmultaneously with the present application:

PCT/ AUO0O/ 00518, PCT/ AU0O/ 00519, PCT/ AU00/ 00520, PCT/ AU00/ 00521,

PCT/ AUO0O/ 00522

PCT/ AUOO/ 00526 E@ﬁ%@ggﬁﬁgﬁé&@%éé@ﬂ%ﬁ‘gﬁ%@

PCT/ AU0O/ 00530, PGNORPOIOL BINEA MORYNVEIOD 3D

PCT/ AUOO/ 00534, PCT/ AU00/ 0053 5, PCT/ AUOO/ 00536, PCT/ AUOO/ 00537,

PCT/ AUO0/ 00538, PCT/ AU0O/ 00539, PCT/ AUOO/ 00540, PCT/ AU00/ 00541,

PCT/ AUOO/ EiBRD D rPGTE MHNTA0S843, PCT/ AUOO/ 00544, PCT/ AUO0O/ 00545,

PCT/ AU0O/ 00547, PCT/ AUO0/.005 PCT/ A 0556

PCT/ AOO/ 00557 PCTPATDET GOBER: & }“%887‘8’6?33‘ syl i@‘(‘)‘%‘é“‘ﬂf“m relates 0 a

PCT/ AUOO/I@%@PMP@FIA@KJEH@@@%-, PCT/ AUOO/ 00563, PCT/ AU00/ 00564,

PCT/ AUO0/ 00565, PCT/ AU0O0/ 00566, PCT/ AU0O0/ 00567, PCT/ AUOO? 00568,

PCT/ AUOO/ /. AU00/ 00570, PCT/ AUOO/ 00571, PCT/ AUO0O/ 00572,

PCT/ AUOO/%%%%"E‘%‘ RIS ASHENY, pCT/ AUDO/ 00575, PCT/ AUDO/ 00576,

PCT/ AUOO/ 00577, PCT / m&@/nﬁ%«ﬁ&yﬁéﬁ's/ AUBDAOEE BN G hALBRGDSRiol are disclosed
T 8. BT A AR GTL AR D05 e e

PCT/ AUOO/ 00589 P /AUO 1
PCT/ AU/ S5uEiencoysig-pith the presseisogtionion) AUD0/ 00584, PCT/ AUOO/ 00585,

PCT/ AUO0/ 00586dRAkf080004,005 ¢ PaTitodo D, 882%TR@66/M% 8821?%1‘/AU00/00521
PCT/ AUOO/ 00597 0059

PCT/ AU0O/ 00517 ‘ﬁgﬁﬁwgﬁoowﬁcﬁw oosé"g'rgg?%ﬁl 00502 /AU00/00525,
PCT/ AU0O/ 00502 OPEH/0M00T6,0050BCPATIASD, 005F6TROT/EA09/ 005BTL/AU00/00529,
PCT/ AU00/ 00508 rGTiotb436, 00508 F75tibcd95l 0051rRehb 68499/ 005y Ato0/00s33,

...
i
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PCT/AU00/00534, PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537,
PCT/AU00/00538, PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541,
PCT/AU00/00542, PCT/AUGG/00543, PCT/AU00/00544, PCT/AU00/00545,
PCT/AU00G/00547, PCT/AUQ0/00546, PCT/AU00/00554, PCT/AU00/00556,
PCT/AU00/00557, PCT/AUQ0/00558, PCT/AUG0/00559, PCT/AU00/00360,
PCT/AU00/00561, PCT/AU00/00562, PCT/AUD0/00563, PCT/AU00/00564,
PCT/AU00/00565, PCT/AU00/00566, PCT/AU0G/00567, PCT/AT00/00568,
PCT/AU00/00569, PCT/AUO00/00570, PCT/AU00/00571, PCT/AU00/00572,
PCT/AUQ0/00573, PCT/AUQ0/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AUG0/00579, PCT/AUO0/00581,
PCT/AUG0/00580, PCT/AUQ0/00582, PCT/AU00/00587, PCT/AU00/00588,
PCT/ATU00/00589, PCT/AU00/00583, PCT/AU00/00593, PCT/ATI00/00590,
PCT/AUQ0/00591, PCT/AUQ0/00592, PCT/AU00/00584, PCT/AU00/00585,
PCT/AU0GD/00588, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,
PCT/AUQ0/00597, PCT/AU00/00598, PCT/AU00/00516, PCT/AUO0/00517,
PCT/AU00/00511, PCT/AUQ0/00501, PCT/AU00/00502, PCT/AU00/00503,
PCT/AUG0/00504, PCT/AU00/00505, PCT/AU00/00506, PCT/AU00/00507,
PCT/AU00/00508, PCT/AU00/00509, PCT/AU00/00510, PCT/AU00/00512,

PCT/AUO0/00513, PCT/AUQ0/00514, PCT/AU00/00515

The disclosures of these co-pending applications are incorporated herein by cross-reference.



PCT/ AU0O/ 00513, PCT/ AU0OO/ 00514, PCT/ AU00/ 00515 The di scl osures of these
co- pendi ng applications are incorporated herein by cross-reference.
MI141- SG 2 BACKGROUND TO THE | NVENTI ON Qur co-pendi ng patent application,
United States Patent Application Serial Nunber to be advised when known
(identified tenporarily by our Docket No. 1J52) discloses a nozzle guard
for an inkiLt printhead. The array o£ nozzles is formed using

m croel ectronmechani cal systens (MEMS) “technol ogy, and has nechani cal
structures with sub-mcron thicknesses. Such structures are very fragile,

and can bg,dRreRESRDDO FRORAGENMOAD Paper, fingers, and other objects. The

present invention discloses a nozzl e'\s%ﬂard to protect the fragile nozzles
and keep t hem cl edtr &t PepdipsartoghiarlicaiSuVRENS b PRI AppigRIT Said Meebor dibng t o

t he i nvenddviedd, whedigiben (1&nt|if[eﬂ)‘téhnﬁ&ﬁhlﬁbm1 Db&etg\wandz) ﬁanosao,ra rofde guﬂa fPkd ik head,

t he nozzle incl uding a nmoun t a su strate whi ch
carries 8’%}2&'} e%‘parﬂ% Y r‘fg nBZZPS i rﬁ%%n&) PSR PR "gtmﬁle‘%‘f”ﬁ FLETEPs SMENSS sages
t hrough i fpchSQlQﬁw anfh hys mechameﬂé emcﬁeaas:\wﬂnalsmgne thigkndssys. I Sigh Stueresydird Rrydfragifpz z| €
openi ng ofud eRGe Qimatggﬁoyr@:&?tgc '91%1 lﬁ%er ttﬂgeréa Lifd¥ne S tts h?he%?e@éﬁt Hﬁeﬁ@ %rdlsr:lggeé i] er

defining fluid inlet “op Irecting hr ou he passages,
froman i KFEeEAL Rﬁ?tecé'afHagﬂ%l%%]@é%dkefﬂﬂ"mfﬂ?‘ﬂ‘Eﬁpﬁﬂeh‘éj‘“t he bUI |d up of foreign
particles on the nozzle array. In this specification the term"nozzle" is
to be undﬁﬁqm SFrRP s EPEDk defining an opening and not the opening
itself nozzl e guard may 1 nclude a support neans for supporting the
body menber on t hetccosditss'e tha irentith ghemiippyovided preerals epag fober ifiloierethbadt egr al | y

wth the ﬁ@@ﬂ%}’gﬂﬂﬁ'ﬂlﬁlﬂmg § B&y SRR toudBRNS 2 sQRER $iSdnNGrids LR Qiray, ﬁ')g
support el mge one bej ngfavrran ed at elach end of the body rrenb Then,
F'e

the flui d"TRFFIEFHTRGLY FERP s Troght st Mt girise 51ch prsase eﬂbagetewenem s.
w il be appﬂleemeangqf dohat the whelts af the lagaytind @ettedy mbritet Githdr iefiaRemid gk over

the nozzl @Al kA¥ird Mﬂ&%%%ss&%@ ARASE 398 Sng &d@gééﬁge%%f% Hntiiehe” | s

created above the nozzle arra IS envisa 't the
bui I d up liﬂfld‘fpcﬂf@?“?jﬂ’ilpﬁ‘a?lfsloeﬂ’é§°26‘ﬁaffﬁe nozzl e array. The fluidi nI et openi ngs

may be arr angeglthis BpetiR@tiGi kP "nlz8 1. B be L i¥RI6d {sfaf Qibxﬁenp&ﬁﬁin cJ)pen@.lfg ahd€
nozzl e arr?tXeOThe {sgtventl on extends also to an ink jet print head whi ch

i ncl udes 0zZ1%"afray carried on a substrate; and a nozzle guard, as
descri bed above, emizdel quard hdyancidd g supadremeatdior suppoeting itte rbodyxha@ibekSonshd | |

further ts@ns@atémﬁ"@gpﬁbfrt A& ﬁﬁ)} Ebgfogmgedihﬁ%éll?twdtﬂ rtﬂerﬁot})eﬁlgmbeﬂsﬂle support means

comprising a pair of spaced support elements one being arranged at each end of the body member.

Then, the fluid inlet openings may be arranged in one of the support elements.

It will be appreciated that, when air is directed through the openings, over the nozzle
array and out through the passages, a low pressure region is created above the nozzle array which, it is
envisaged, will inhibit the build up of foreign particles on the nozzle array.

The fluid inlet openings may be arranged in the support element remote from a bond pad
of the nozzle array.

The invention extends also to an ink jet printhead which inchides

anozzle array carried on a substrate; and

a nozzle gnard, as described above, mounted on the substrate.

The invention extends still further to a method of operating an ink jet printhead, as
described above, the method including directing fluid through the fluid inlet openings of the nozzle guard
and through the passages to an outlet end of said passages for inhibiting the build up of foreign particles
on the nozzle array.

Then, the method may include directing air through the passages irrespective of whether

or not ink droplets are being ejected through the passages.




descri bed above, the nmethod including directing fluid through the fluid

i nl et openings of the nozzle guard and through the passages to an outl et
end of said passages for inhibiting the build up of foreign particles on
the nozzle array. Then, the nmethod may include directing air through the
passages irrespective of whether or not ink droplets are being ejected
through thg,Rassages. MJ141-SG 3 The nethod may include directing fluid

t hrough the passages at a rate different fromthat at which the ink
droplets are ejected through the passages. Preferably, the nethod incl udes
directing the fl u .nas |.ower .than th at

whi ch the ink dro hg'fn tseag(frjﬁéagrg? c&@?%%aﬁ?lglﬁgﬁ&%%ge E%%gegaagaersat.e d1 ﬁre{l}rﬁorsn aﬂtFattagar d,
the air n#yhisithe ik dpelgts e cistiefihered hypassapere Srefirablipibe owthodeinodides dmgtisg thé n use,
i nk i_S ellthﬂ(lﬁﬂlﬁgg}f ﬁ@ﬁ@sfja@@ aﬂ@Zzlié ﬁrﬁnﬁdﬂitﬁﬁ ?ﬁ&hi@ thO#E h%pl@t{s afeNGc@d fhﬁﬁ%@%e  hat
appr oxi mat e S an ravel s ro passage at approxi mat e a
vglooci ty.paﬁf?geﬁ “ﬂﬁ%&ﬁr%%ﬁaﬂmaﬁ’&ﬁ&ég%%&w@%@%%m% {s- g ed® cr i bed
by way ofis eixagigion tin riobele g @ eozkle of thearay @ appp@iytaPm/dind givaladupicthelr awi ngs
i n-whi ch:, BLaur 200:3R0WG.Abliee di mensional, schematic view of a nozzle
assenbly for an'ink je printhead; Figures 2 to 4 show a three

di nensi onal, schematic illustration of an operation of the nozzle assenbly
of Fi gur eBHIEFBI3URE'BION vEIEDRANWERGSli mensi onal vi ew of a nozzle array
constituting i.nk .jet. printhead; Figure 6 shows, on an_enl arged scal e,
part of the a??laﬁnvgfdof—'ilsg 8?‘73 q?fﬁﬁ?é’ 0l r“éayg)ltlseﬁ%n\ﬁée 31%1 FFEEY P BRSFEREIY DS ew of
an i nk j ediagmmimatidysadngs mothisit ng a nozzl e guard, in accordance with the
invention; Fi GRS §RwtQ Bfee IRQWII SRl BRS @NALoME GWEmRY s tEAK Jep t he
manuf acture_of, a nozzle assembly of an ink jet printhead;” Figures 9a to Or
show sectA™8R&® side views of the manufacturing steps; Figures 1 Oa to 10k
show | ayout s dlguragks 4 Wieeda ibfee Viadchsiinsl, fh@psc illGsthita offam bfeRGbiIff tROnopOCESS;

Fi gures - ow t hree di nensi onal views of an operation of the

nozzl e a?é%ﬁ%lgom%ﬁgﬂﬂf actured according to the nethod of Figures 8 and 9;
and Fi gures 17#ued shopeg 2 Simsdimsesionplyivaliof siodde apjapeystipfingay idjetpantheats of t he
nozzl e assenblppure®RiHhs 6 blénReked a0 i PGhd 8o d1€iieEN0d of Figures 8 and 9.

DETAI LED DESC%gErD’?%ﬁ‘o“CISF a |;|e|>5 dlmensYt\Jynf'i}l view of an ink jet printhead including a nozzle guard, in

accordance with the invention,

Figures 8a to 8r show three dimensional views of steps in the manufacture of a nozzle assembly
of an ink jet printhead,;

Figures 9a to 9r show sectional side views of the manufacturing steps;

Figures 10a to 10k show layouts of masks used in various steps in the manufacturing process;

Figures 1la to llc show three dimensional views of an operation of the nozzle assembly
manufactured according to the method of Figures 8 and 9; and

Figures 12a to 12c show sectional side views of an operation of the nozzle assembly

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 will 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.



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

i ncludes g,sidd con substrate or wafer 16 on which a dielectric layer 18 is
deposited. A CMOS passivation | ayer 20%i s deposited on the dielectric |ayer
18. MJ 141-SG 4 Each nozzle assenbly 12 includes a nozzle 22 defining a
nozzl e openln 4 ' rmof .a lever arm 26 and
on actuator oadirmeBe SARREH Duada TR, o gl b R pellny B S epREME? e
22. As sh’BW’Pelilﬁﬂgrf‘é’altoéP}eﬂ@ta@i 36 qnf agciyatpred$. The bvezlal@lf26tcmeq§srtmcmgtsr,28tt¢1e

nozzl e 22mepppéises a crown portion 30 with a ski rt portion 32 dependi ng
fromthe crown P rt on 30., The on 32 f art of peri pher al
wal | of a nozZI%¢ dﬂﬁré?terfﬁta E, Q@Feéé t‘ggf’{)&ﬁdrﬁ‘f’m%sh g/%‘boé‘)‘msesl' hEHDZzI e
openi ng 2ebrtiog 3 mthzi*km@nwommﬁpmdmgl&anﬂwctohmbdsr&onrﬁozzheeskmtbambesz Benspht is to
be not ed &Q%Lﬂp&l‘gﬁ vJafPGIZal n@zz%n:ﬁmbglgﬂ%ﬂigdr%g ééyg{tﬁ%%fgbh%e‘%o%z@ % 24 i8 u§ 6 whi ch

"pins" a nmeniscus 38 (Figure chanber
34. An i nfid ?ﬂﬂ@ftumaﬁle?m %E’ZZ(IE‘S%W?F r%stlt | te &p Ingted fratthey pezale @P@fngtzﬁes

drawi ng) suorleddivh@Gaided ritk 36 WaRA "W 2 aknidchiesnPigdt 8 FhasLAK ink40 nlhenaner t ure
42 is in fI d com*rum cation with an ink inlet channel 48 defined through

t he substr 3fL6 A wall portion 50 bounds the aperture 42 and extends
upwar dl y fromﬁtnh@c ihlpigostupei t(ihowe W@! cléde in Fdurerttof e dtaiving) i8@finwlsn & fiabr ¢@t ed

above, Ofofrtdgﬁoﬁfa%ﬁﬂ!m@erz_’z 'ﬁﬁfabé?ﬁr% 4913f1ﬂ ﬂé&co%%ca@(tn ‘ﬁthgf?ﬁ]k Hlﬂ?éhgﬁnelvﬁldl:ﬁn?({ the
nozzle chanber 34 and the wall portion 50 defines a second part o

per i pher dfrovgite SYrPra8- nozzl e chanber 34. The wall 50 has an inwardly
directed |ip 52walpoitibs 5¢ boasetrtpamtiieCh afddxisnB uﬁbﬁarc&y fr&rﬂihdﬂ@orgaaxkn 4M1lrﬁeh

i nhibits -] t zzle 2
descri beofmﬁ](ﬁ?]ggzt?gsr&%ce eﬁllﬁi w%Q{% gﬁlﬁ?ﬂ dZtLuFT mp A gyaé’c’ilpg 1 afl ﬁfstf'en Gue t 0 the
vi scosi tyCh@ﬂlbet Heand ik walpporing 5¢ deéines ﬁ‘é@P‘Pﬂdmrh@ﬁ@mmerdfwalﬂ bfehegrpm?whﬂglbe@ét ween

the lip 52 and‘h& Qe ﬁj@la§ hn IRRdrd1; @ﬁ’ectg@hp 5hg idd ﬂ%@tv&ctﬂéefv@s%%@uidie@ea%%mwd
surface t. r]%l n functjon as an fective seal for inhibiting the escape of

ink from VA %W@Fhef?ﬂzz}e?ﬁés drplrediappillds d?S%“béd pgeptErdeeh ey dct uat or
and is comheetamlecta@d dnt, dncloahe ﬁéboﬁxtoéﬂﬂhﬂgﬂlﬂl,lqmtﬂ’feckhiﬂl dinfefditnd Beths slaGhg at e 16

or, nore bg%én' %5 lauyd Jler gﬁppé%ig Vﬁ%m?ﬁ‘ﬁlﬁ}d%e%&h Psz 24 &l czeQenm r}ﬁ}c or}lcahor 54 s

m)unted on conutlve aneectrlca connection-Wth the
act uat or e§8°“"°l*ﬁ§f%e‘lhl!?a@@ﬂle?@Peefrrﬁ‘r&%bef@ﬁqqhﬂbﬂ%ct| ve beam 58 arranged

above a secondhe pasGi 2833 DEARMIGRd eatordndi @Jnﬁécfe@q) ARad saeiindinP BlWArdBeams 58

ude, a co utlve moc material such as
and 60 arfreo TLé su% tratenl% or, more pargcu[;g %'om the g passivation iayer 20. The anchor 54 is

mounted on conductive pads 56 which form an electrical connection with the actuator 28.

The actuator 28 comprises a first, active beam 58 arranged above a second, passive beam 60. In
a preferred embodiment, both beams 58 and 60 are of, or include, a conductive ceramic material such as
titanium nitride (TiN).

Both beams 58 and 60 have their first ends anchored to the anchor 54 and their opposed ends
connected to the arm 26. When a current is caused to flow through the active beam 58 thermal expansion
of the beam 58 results. As the passive beam 60, through which there is no current flow, does not expand
at the same rate, a bending moment is created causing the arm 26 and, hence, the nozzle 22 to be
displaced downwardly towards the substrate 16 as shown in Figure 3 of the drawings. This causes an
gjection of ink through the nozzle opening 24 as shown at 62 in Figure 3 of 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



titaniumnitride (TiN). Both beanms 58 and 60 have their first ends anchored
to the anchor 54 and their opposed ends connected to the arm 26. \Wen a
current is caused to flow through the active beam 58 thermal expansion of
t he beam 58 results. As the passive beam 60, through which there is no
current flow, does not expand at the sane rate, a bending nonent is
created caly |§&g the arm 26 and, hence, the nozzle 22 to be displaced
downwar dl y fowards the substrate 16 as®shown in Fi gure 3 of the draw ngs.
This causes an ejection of ink through the nozzle openlng 24 as shown at
62 in Fi dr.aw.n sour.ce of. from
the acti %E%éa Q%ﬁqt%ﬂm Fon%atw]g?sﬂhemn%pli:eg?e‘% ant=t1%o memfcﬁs ' Ir‘?gxi%lase&' ﬁg% urns to
i ts qui ese&muregositeidomings Wivdweatve’ Mingens &8 4506 it fnenidvefinkds ind/hermztlhe
nozzle 2 2chEt@$eH ﬁ@sﬁcﬂ Bat b S ﬁlblﬁs@l?s@@ Retigurd D3 thinfA in r@a'ambs@ kor e QB Bk dﬁ)? efectiod OF Med
as a resuil6 @ %t] é%,mﬁ klng of an 1nk droplet neck as illustrated at 66 in
Fi gure 4 Of" CH&“dt @é The ink droplet 64 then travels on to the print
nedi a such as Refesingebw af Fijfih51anB6 ob thp dp@ings, AB ndrzteriblf 14 i9Hestribed inogrermtl on of
the ink dJ %Hl ﬁﬁ agrﬂy 14?15 fogg (::o\sfog prugi%g.(% S&c%&rdﬁé fOI‘ F ]éig clu%esqllé\?r grou]ﬁ; of

Figure 4 o raw n% i'ScUS resu an | nf | ow
of i nk 40noFHR B5serhkies g for eech eolpsntrsh 81314’ Bhehitstnhzrie agsemidigs Hearrzedis t88oFF| gur e

2) is fOrmﬂdTmdn@@ﬂihég%ﬁ&fo%sh&hﬁnﬁ%détﬂfﬁn@%ﬂwGQﬂtﬁ‘&frd“%s fromthe nozzle

assenbly 10. rring now.to Figure e drawi ngs, the nozzle
array 14 is dgg’cf? iy vow RgPing: o e Wé%%\iaﬁsemr@fzfemaﬁ%%/mﬁ 7t &ng g‘F the $988F col or
pri nt heachssebies i Cin g gy 74taree et pappedbtkd il fesrti o thonsrzlguseiplies in ¢k rowaz z| e
assenbl | efico, RGoARsGAR f0h Bk 1ooFACR: ggcgwﬁpam ) bR rlioegh Endtegihl | es 10

arranged |ntvvo I OWS . roups IS shown I n reater
detai | i ribsPevstires 86 pffthy Wézimsmbkfgéo “‘FE‘F Pyt g Haﬁtbé‘wé?“c?élécepta‘@%kﬁ@z ofthe he
nozzl e assgehibics €8 inlfk io 2N ik @& néild aBkadldnozAld1RseMBE 2b & su@s&tﬁ@l’[p i@®elll O i n

the row 7 set .or st ere th respect € nozz ssenblies 10
in the rowp?g API oda g n%gz e é‘g%v%er%ﬁe?glsgfﬁleﬁgﬁaf]%g ?cgwo§§§3$@ JgBhced
apart suftokgd assemblies fGip the ragrideach ot her to enable the lever arns 26 of the

nozzl e assenblplm%%r 1Peabilkatk bﬁserﬁawmg%f&@ nPARS 2 DRUNEER PURGL UchN0Z 7%l B 22 Of
the assenplies in the row 7 is to be noted that each nozzle

assenbl y Si'?ftaP%a“%]EPﬁ%gP%qt’Fhéﬂ’efiy durrbbell shaped so that the nozzles 22 in the
row 72 nest betwitefiappReiaitiDRzh@sskild ankk i, aGniod @bHes28 @ lispseapemts nozzl e

assenbl i i Fur,t her. facilitate. cl.os n f the
nozzl es (;%' Sﬂl%tr%t ég P%l\}\slse ‘gfﬁz{’%ﬂdn oﬁe OPEHI%&%’SZ f’t a %h ' ansgle H]b Q;? ’% e
hexagonal shymbstigaldis eipgtedglighily pfé the pppenditiar.cH ispm advansame ofthé #rtae@mﬁm sltOIwe irar t

that, whefgutde aﬁmaﬂﬂeesdra%%lg@{h@nﬁua%mté@@sﬂofttﬁméz@éasseh%s wmﬁe 3he2hQa7d N use,
duetothe noziheoenln elntcljlgat a sli le with respect to the

nozzle CHEHHBMC S dHRCHP%tOé’f“‘esédteé’H F"g Kt faf 7%1‘ Herep dhe ko eisstrdifram g pozzley s an
advant age2add tht ke 2rand rhg dvkefbted h@uthe ndezlefE in niesod umel offseOitl lageddl koratings t hat

t he act Uaotth%f@ ﬂ?e%ari?JanElQi%sﬁ%ﬁaﬁ hﬂﬁ&r@m& &%I}_O in the rows 72 and 74

Also, as shown in Figure 5 of the drawings, the substrate 16 has bond pads 76 arranged thereon
which provide the electrical connections, via the pads 56, to the actuators 28 of the nozzle assemblies 10.
These electrical connections are formed via the CMOS layer (not shown).

Referring to Figure 7 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 80 is mounted on the substrate 16 of the array 14. The
nozzle guard 80 includes a body member 82 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.



extend in the sanme direction to one side of the rows 72 and 74. Hence, the
ink ejected fromthe nozzles 22 in the row 72 and the ink ejected fromthe
nozzles 22 in the row 74 are offset with respect to each other by the sane
angle resulting in an inproved print quality. Al so, as shown in Figure 5 of
the draw ngs, the substrate 16 has bond pads 76 arranged thereon which
provide theg.edgectrical connections, via the pads 56, to the actuators 28 of
the nozzl e assenblies 10. These electfical connections are fornmed via the
CMOS | ayer (not shown). Referring to Figure 7 of the drawings, a
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Approximately 0.5 microns of PECVD nitride is deposited as the CMOS passivation layer 20.

Resist is spun on and the layer 20 is exposed to mask 106 whereafter it is developed. After development,
the nitride is plasma etched down to the aluminum layer 102 and the silicon layer 16 in the region of the
inlet aperture 42. The resist is stripped and the device cleaned.

A layer 108 of a sacrificial material is spun on to the layer 20. The layer 108 is 6 microns of
photo-sensitive polyimide or approximately 4 um of high temperature 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 8¢ 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



then stripped and the layer 18 is cleaned. This step defines the ink inlet
aperture 42. In Figure 8b of the draw ngs, approximately 0.8 m crons of

al um num 102 is deposited on the |ayer 18. Resist is spun on and the

al um num 102 is exposed to mask 104 and devel oped. The al um num 102 is

pl asma etched down to the oxide |layer 18, the resist is stripped and the
device isygheaned. This step provides,the bond pads and interconnects to
the ink jet actuator 28. This i nterconfect is to an NMOS drive transistor
and a power plane wth connections nmade in the CMOS | ayer (not shown).
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cured | ayer gotl@@mowrthe_‘pmd 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 pm of photo-sensitive polyimide or
approximately 2,6pm 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 2um of photo-sensitive polyimide or
approximately 1.3um of high temperature resist. The layer 134 is softbaked, exposed to mask 136 and



A third sacrificial layer 120 is applied by spinning on 4 m of
photo-sensitive polyimde or approximately 2.6 pm high tenperature resist.
The |l ayer 120 is softbaked whereafter it is exposed to mask 122. The
exposed | ayer is then devel oped followed by hard baking. In the case of
polyimde, the l|ayer 120 is hardbaked at 400C for approxi mately one hour
or at gregj,gfsd han 300C where the Iayer 120 conprises resist. A second
nultl-layer netal | ayer 124 is applled to the layer 120. The constituents
of the layer 124 are the sane as the layer 116 and are applied in the sane
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indicate the relevant parts of 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 numercus 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 invention as broadly described. The present embodiments are, therefore, to be considered in

all respects as illustrative and not restrictive.



depositing 0.2um of silicon nitride or alumnumnitride at a tenperature
bel ow t he hardbaked tenperature of the sacrificial |ayers 108, 112, 120
and 128. Then, as shown in Figure 8p of the drawings, the layer 138 is

ani sotropically plasma etched to a depth of 0.35 mcrons. This etch is
intended to clear the dielectric fromall of the surface except the side
wal | s of phe.gdelectric layer 132 and jhe sacrificial |ayer 134. This step
creates the nozzle rim 36 around the hozzle opening 24 which "pins" the
meni scus of ink, as described above. An ultraviolet (UV) rel ease tape 140
is appliedpafin 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 then stripped fromthe wafer 16. A
further W.rel ease tﬁﬁl&r((él@&orﬁdamalﬂhlﬂeﬁ@@lw&ﬂeirlﬁclﬁndl@@sr of the wafer 16 and
the tape 140 is rempy sac ici.al 128 and 134
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comuNi Caitive Beam results in the actuator being deflected towards and away from the substrate.

3. A micro-electromechanical fluid ejection device as claimed in claim 2, in which both

the active and the passive beams are of a conductive ceramic material.

4. A micro-electromechanical fluid ejection device as claimed in claim 2 or 3, which
includes an arm that interconnects said opposite end of the actuator and the movable nozzle chamber
structure such that movement of the actuator towards and away from the substrate is conveyed to the

movable nozzie chamber structure.

5. A micro-electromechanical device as claimed in any one of the preceding claims, in
which each movable nozzle chamber structure includes a crown portion with a skirt portion depending
from a periphery of the crown portion, the crown portion defining the fluid ejection port and each fixed
nozzle chamber structure defines a wall portion, the wall portion and the skirt portion being configured so
that when fluid is received in the nozzle chamber, the fluid defines a meniscus between the wall portion

and the skirt portion thereby inhibiting the egress of ink during operation of the nozzle arrangements.



with the ink inlet channel, such that when the actuator and thus the
novabl e nozzl e chanber structure is displaced relative to the substrate,
fluid is ejected fromthe fluid ejection port. 2. A mcro-el ectronechani cal
fluid ejection device as clained in claim1, in which each actuator
includes an active beamthat defines a heating circuit and is capable of
thermal eygpangi on and contraction and a passive beam i nterposed between
the active beam and the substrate and Hechanlcally fixed to, but
electrically isolated from the active beamsuch that thermal expansion and
contractign of the A 4RBRAMLEATH: bRulRadeAFIMALOL, BEIAG. delhget e
towards and away fromthe substrat AR M Cr 0- el ectromechani cal T ui d
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and t he npwaizheaspbrpthahaghgmber structure such that novenent of the
actuator towards and away fromthe substrate is conveyed to the novable
nozzl e chanber structure. 5. A mcro-electronechanical device as clained in
any one of the preckdiFlgmiroicrgomephanicahifieripe. esHbsintpdy o8| dosobedz heseinhgither

St ruct ur erefefifide tiBSaceonPERIM dfa@ingsl ON Wi th a skirt portion depending froma
peri phery of the crown portion, the crown portion defining the fluid

ej ection port and each fixed nozzle chanber structure defines a wall
portion, the wall portion and the skirt portion being configured so that
when fluid is received in the nozzle chanber, the fluid defines a neniscus
between the wall portion and the skirt portion thereby inhibiting the
egress of ink during operation of the nozzle arrangenents. M141-SG 10 6. A
m cr o-el ectromechanical fluid ejection device as clained in any one of the
preceding clainms, in which a nozzle guard is nounted on the substrate, the
nozzl e guard including a body nmenber that is supported above the nozzle
arrangenments with support structures and that defines a plurality of
passages, each passage being aligned with a respective fluid ejection port
so that fluid ejected fromthe ports can pass through the passages. 7. A
new m cro-el ectromechani cal device, substantially as described herein, with
reference to the acconpanyi ng draw ngs.



