; e3e=@r<<=| >L>X@@ @\ B WO 02/ 060695; PCT/ AU02/ 00065 Nozzl e Guard Alignnent &Y
for Ink Jet Printhead 5 CO PENDI NG APPLI CATI ONS Vari ous net hods, systens

and appar ¥¢'§26@6RAt1 Ng to the present invention are discl ogggai@/hés
foll owi ng co-pending applications filed by the applicant or assignee:

PCT/ AUO0/ 00594, PCT/ AUO0/ 00595 PCT/ AUOO/ 00596 PCT/ AUOO/ 00597 PCT/ AUO0/ 00598
e di scl osures of these co-pending

PCT/ AU00O/ 00516 PCT/ AU0O0/ 00517 The di scl f th di
applications are incorporated herein by cross 10 reference. FIELD OF THE
| NVENTI ON  The preseqt._Lnv i re ' uction and in
particular ink jet $Pﬂ??63§@é§éﬁkﬁééqﬂ%€m%&%%%8fet printers
are a well-known and w dely used formof printed media production. n

11 -k d w del d f f i d nedi d i 15 I nk
is fed to arr e TR trolled nozzles on a printhead. As the
print heaﬁ@?ﬂ@ﬂ%«%&@ﬁ@ﬁgnk is ejected fromthe array of nozzles
to produce an inmage on the nedia. Printer perforpmance depends on factors
such as oper at i ¥ariQuss methods.nSystams ARY, apBYaNSt Telfingpios the, REPSE SBVERIORS &I The
mass, frequency .and V. [ L.Y.~0f. ladi vi j £ b &i.qm.t he
nozs es it TG 3R e RUBEskoonbElabbikiiRbnd ka8 MENBHERK BFaciEL 10 o1

nozzl ¢s hapCcpRamd/orsvad uspPOy ATOYImSHECt PATEAB0I008D6 s YRTEMU00/GG925 ( MEMDS)
t echnol ogy, which have nechani cal structures with sub-m cron thicknesses.

This al | oWRCTHEIQNYORARSt i onPOF/ A3A0M08e6ds PATAAUOAN0PEDi di y ej ect i nk
e > e on . ) s .
Thctures or v B UOoRkER B IS pdite BobicRlod 0o ok haGiThPERREOP! ©

structures of t s can‘pro speeds an
qual ity atrefbmlel vely | ow costs, their size nakes the nozzles extrenely

Qust o the redia substraie. This can make t he prINMUMNONRY ac: i cai *f o

many appl i EERLRBAOFWRHEINVERHON, | evel of robustness ggenecessary.
Furthernore, a damaged nozzle nmay fail to _eject the ink being fed to,it. As
ink bgi | ds up and BEedpressnt inyentiopirelaies fo printed mediszprpductipn andiNRAtiHar dnk j ni
from WO 02/ U r§1(9j PCT/ AUU2/ (1 U(16S surroundi ng nozzle may be affected
and/ or t he/°tBIH§Bd nozzle will sinply leak ink onto t i ubstrate.
Both situations are detrinmental to print quality. To ”mmmuwmnlmm an

aper tured BUCRGROUND TOTHEINVENTIONZ2] es to shi el d.hGm agai nst
damagi ng contact. Ink ejected fromthe nozzl es passes through the apertures

on to the paper yfijeObdiRérs arbwWEIRk oW R amBwRielyied foriPvepriited Medi® bfattioe! y
protect the nozzl és the apertures need to be as snall as possible to

mexi nmi ze t & is &sttoiaptarmay of digitaldy cantrelledhppzeles onfa pratthgagn Asdhe Riint ipad passes | |

all owi ng the passage of .the i dropl ets.. Preferabl each nozzl d
o) eor iy ok Pree g meras i inOFrid oA Ehiet o Bef I Patoes iR B BLME LS,
the m croscopi prigepb&fénalEdMipddl chefactofsl subinhs Spedatt gk plist quakivpeperitigy

guard and the to nozzles will obstruct the path of the ink droplets.
SUMVARY  OF spikE ahd\easkiDif Gpé. AEeomalis nigequency dnidrvslociiy 9é individupd inde drgpsieqteth ent i on

provi des a_printhead for ihk jet.printer, the printhead including: an
array of nggﬁq gnp e%‘]"ﬁ’ci?ffeﬁbﬁlﬁége ar}?sw%erffe printed; and 15
al i gnment  f or MRLEQAS, heRfrhPuf RizIed hash@a Jammidt ushigt HicERIaetrenRsHagicyl systems
formations on an apértured nozzle guard having an array of ink apertures
cor r espondiMEMS) tedimolagyayhish have mechanical structures with sub-micron thicknesses. This
allows the production of printheads that can rapidly eject ink droplets sized in the picolitre
(x 10" litre) range.
While the microscopic structures of these printheads can provide high speeds and
good print quality at relatively low costs, their size makes the nozzles extremely fragile and
25 vulnerable to damage from the slightest contact with fingers, dust or the media substrate.
This can make the printheads impractical for many applications where a certain level of
robustness is necessary. Furthermore, a damaged nozzle may fail to eject the ink being fed

to it. As ink builds up and beads on the exterior of the nozzle, the ejection of ink from



nozzl es; wherein; engagenent between the alignnment formations and the

conpl enentary formations holds the apertures in registration with the

nozzl es sysdodiddadost he guard does not obstruct the 20 nor nglictiA@i@es@ary of
ink ejected fromthe nozzles onto the nedia. In this specification the term
"nozzle" is to be understood as an el enent defining an opening and not the
opening itself. According to another aspéct, the present invention provides

a printhead assenb f.or _an i nkjet inter, the printh e

ncl udi ng: SSERE 2 e A AR b el W‘?_rasg%ﬁi’i?ﬁ%y%tﬁ ont o
media to bgeRrintidadbstAid, Boh stBAInY bRl B pantqiaiy.ng an array of ink
apertures corresponding to the array of nozzles; thée printhead further

i ncl udi ng al i gnireaddrbss thist aaperiurddeguastgagbalfitigd over dgphazates tashjeld remut | ons
on the apertured nozzle guard .ta ho the apertures i,n 3 egistratiqn with
Che. nozs! S HATRIRE EEAg Lk e TR BUEIeS Ceeh EMABRAF T HrReraPy of
i nk ejsect Mﬁ%’r%%%e?gﬁ!tﬁgatgﬁkgphﬁﬁ Rdeder, to é@@cgﬁél@lp%a%e'&_zzles the

PCT/ AUO2/ fera the nozzles in thearray is indivi duaII.y
al i gned w tpertuns neéd tohise asrdmadipasrptossibls toé magindze SezéwtsctipreagdinsHbevingeass of one
forms of the invention may. have t r nore of the npozzle aring one of
the ink pafysigeamager ywhide ﬁ&gﬁ%mggﬁecpasqage Qgﬂ’é lﬁgwﬁpﬁﬁé@%&?ﬁx’ R IRFESt i on,
the array t'linsﬂ rﬁ%q,l, RicRlh] 4 ' HRGEYRO%iadd Mg t he

al i gnnent Q{S’Pfﬁ%ﬁ%&éﬁé‘_ ufgﬂrllozz ngﬂgﬁédrﬁgi %P%gﬁ‘ﬁ’?g?%a@%ﬁ‘?e g codri:i li rﬂ ng the
array of i mkcrap@picucals of MIEMSHeslcds, BRgingnisgipnentnisrbhenvednahs ghdrd and thabst r at e
by integrally formed struts extending fromthe shield for engagenent with
the ald gnndpgzlasoyithbsiana the path Rbthedpl/&RPEHt form the al i gnnent formations
are spaced ridges on the silicon substrate positioned to slidingly engage

t he sides E?Er he to apertures in alignment wth the
nozzl e arrg/uMFﬁAQ%?ﬁFF%oﬁ]v elbar?i gnnent formations are recesses in the
substrate posi i o 1+dj - & ; s ® et
mai ntai n the n%‘%gcf}gﬁ@&g? Zir%tg&%élﬁ%%t?&\%@ﬁﬁ%@eﬂﬁ%g g% %bgﬁtrh a@qﬂ&O;n cg ?se
ot her for W?dﬁtfer,ttlhlfpﬁmh@tmtihdndmgy have struts integrally formed and

extending fromthe silicon substrate to engage continuous ridges or
recesses for medn payt ofenogeles frAjecting inkranto mgdia tp ke privtedasndy preferred

enbodjrent, the.alli nt . ] i fols r y f
the aray of  naig s RRHacbRLIREAT 5 dhep SE M olibIGrith B EHEHLR P

al i gn the REzgdrRGcENSEzld @ARBBSAGEs Artay W il 4peBluies Toatsgpondingtd thearrayef it is
preferable to formthe nozzle guard fromsilicon for ease and accuracy of

m cr o- machinAres; whetelligt h, 20 rigidity and a coefficient of thermal
expansi on that match t h [ i j ONS
necessarily us& aﬁgrgg’%rbgt&géretnﬁg%&ﬁ n??g&éﬁgﬁ%eaggﬁggé%&?ﬁgﬁtg& ff%{ﬁ%{(&g? and
this adver sigld¢ tif dpegthes i fegivbrarbe with cd mugzide msdht that théguad does ot bbdtiveattiechi p
area required adds to the cost of manufacturing the chip. However, in

si t ua2d ons narmed draiestore Af inkeagctedeirora e noezlss griglihe m§dithe print head and t he

mventi on wi 1| TPFSEEHORRSLAKAR pplcTs IR ERGR Alendf SAEAEEY

rate. The édih £ aihestdh ninffitsedr i nclude fluid inlet openings for

directing fluid through the passages, to inhibit the build up of forejgn

particles on tHecerding te anpthgyaspeet, tha Presentiventian provides aprigthead pysemblyfehi ngs

may be arranged .in. the . i .be appreciated that, when air is
3t Rﬂﬁéeqb%lg PilirRad 2Qehblythdibaibs:

directed tH#P ngs, over rhe noz2le array and out through the

passages, the Iagrilnd'leu@ h&¥ing ah ehrgofaiztlecio? $jeting ik dHOE Ble€iadd baprintsd; and,
i nhi bi ted. W O 02/ 0C>0615 -4 ) ) : )
an apertured nozzle guard having an array of ink apertures corresponding to the array

of nozzles;
the printhead further including alignment formations inter-engaged with
complementary formations on the apertured nozzle guard to hold the apertures in
30 registration with the nozzles such that the guard does not obstruct the normal trajectory of

ink ejected from the nozzles onto the media.



PCT/ AU02/ 1100G5 The fluid inlet openings may be arranged in the support

el enrent renote froma bond pad of the nozzle array. By providing a nozzle
guard for wdedodeat head, the nozzle structures can be protmayegh2fon@m bei ng
touched or bunped agai nst nost other surfaces. To optim ze the. protection
provi ded, the guard forns a flat shi eId_gc_)veri ng the exterior side of the
nozzl es wherein the shield has an array 0f passages big enough to allow the
ej ection of inkpgfQmiplenckut theTBklesin Ohtdhirdyds BdRViandlly Neveniteohe 6DMEact or
the ingress of nost dust particles. By formng the shield fromsilicon, its
coef fi ci eninkabertires megthe espressguard. Hldwavenspmelfgmeiche mverian vy haye the oz | e
array. This wl] help to. prevent the array of .passages in the shield from
1D f al | i ngMetR ofghe 1 i%tsggn% ¢ qfjthe IHE?Q?S geérqu}gf‘. n?ﬁgﬁrﬁj}aﬂq‘l icon also allows
the shield to e AeUHRdEhdnEbEMS idRARTIBEE eyt ENES S96MEdNSSsilicon
Furthernore, silicon is very strong and substgntl all'y non-defornmable. BRI EF
DESCRIsPTI Chbslraté fcobdtingGhe Bl gfreent &sfmatibied i Trenteezlefguatdemaybayn tiisbicldar e now
descri bed, by way of exanple only, |S vvi%ﬂ?ﬁr_eferen to thE acc rrt%an i ng
drawi ngs i FPRkRiNIEE theargy f 1K aprstEcsathe shugld beingpipapghizem e HECRRUBSHAIRRY of a
nozzl e ass ' j DL =1 . ee

di nensi onaﬁ'?‘?glsr%:l1 G%BETI cS‘HlFﬁJéttg ltrl%?‘% gﬁhgﬁ@%ﬁelgggf%@?%%n%@ “?@Bﬁcx)g@lnﬁaéﬂassenbl y
of Figure formagors. dbiofe bosfenisat formhthe alighmen fommaiony iewpadedaidgowal thear r ay
constituti n.g an ink jet _gri nt head with a nozzle rd or containnent walls;
Fi gure 5a SHeqwsubsiraip pesitipndisishinelysagigedhe#des NG TS i MAPKILRCW th a

nozzl e guard . %mﬂ - Elgure 5b shows a sectioned plan view .
of nogozl esa?eé@geglﬁﬁjr}%rgﬂ& t Eeh t\g{glrrll gzi’len%reeﬂ? 25 wal I's isolating each nozzl e;

Fi gure 6 showsin fitiRp &R, digaiEnareal formftions aed retdpeesinniy subktrdte positorted t&i gur e
7 shows a three dinensional view of an ink jet printhead includi ntg{h%ozzl e

guard wi t helidinglyengagaths videsal thiastyuis topnajptain the nerdG v balisnmeaEW
di mensi onal. vi ew of (an.ink | - - SR i
Cheoor | 1o oRods Bl HbolitS dufe il BRAf vl i) b ST Moy B R B En "

PCT/ AU02| OgXhdin® frbinatie Bic8a siikatrBie t6 bipgé bombrudunaogds@nadcesseefusmed irstheps i n
the manufacture of a nozzle assenbly of an ink jet printhead; Figures 9a to
or shifv sevoizdasguardt. de vi ews of the manufacturing steps; Figures 10a to 10k
show | ayouts of masks .used i.n_vari.ol I e i SS;
Figures | la th“i&%%%ﬂgay P W;%ed%mrpgﬁg?%&fgﬁé\%%ﬁé&gf an“é%sg%rgﬁrg%d(@? Hﬁge
nozzl e asseEYryvaBH batle Ry oRaeadl Mds bAvitdbed Mt sl sptentoOptogsctiBnavill 9;
and Figures I2a to 12c show sectional side views of an operation of the
nozzl e asselign the maralésand the gassagesteivithint Q1 mierope FHBlerBorGitge preferablatl 9. 10
DETAI LED DESCRL PTI ON. OF THE W Ref erring inicti.all Fi 1 of the
drawi ngs, 2O'HbEY pgzﬂggg@%?gﬂm%c%l\}%?% ﬁg%a(\:lﬁu?%yﬁiigu ?llr?vléﬁ‘%h?%ﬁ"’igg&gﬁt%’l gnat ed
genergd |y ByidifyantalcosgiRemt BENBmM edfhnsidn thatkndi€tes Bidt Of theaginthead.a plurality
of nozzle assenblies 10 arranged in an array 14 (Figures 5 and 6) aon a

si licon subst r Zhe alignmert dormatigns neresgptily use ug apeepastion phithg serdace aregof e

2 di ol eot r PETIEFBEn it e HIER Ao, e bfncdn 1 €0

deposi ted QRatrBfiiRiiAEEtD the coRVEMmakFactbasthRCAEY. Sieweenhh yitddiohwheides a
nozzl e 22 defining a nozzle opening 24, a connecting nenber in the form of

a | ever ar eo@@&ntinepl methedsiaf nssembling thepringhead and theawzzls gradtis likehp torevide or

ozl 825 dsnreeciog SR BEe eBi i edtElThy abchuit R Hafab i ng”

fromthe cr@wleBefetirae. 30. The skirt portion 32 fornms part of a peripheral
wal I of a nozzle chanber 34. The nozzle opening 24 is in fluid .
conmuni cation wi t h Thenezrie guard maprietheginclude flud indettnpeniogetor disetingflwidhozz| e

RELE D ER TETIENER I IE MR IHON, R

. embodiment, the fluid inlet openings may be arranged in the struts.

30 It will be appreciated that, when air is directed through the openings, over the
nozzle array and out through the passages, the build up of foreign particles on the nozzle

array is inhibited.



An ink inlet aperture 42 (shown nost clearly in Figure 6 of the draw ngs)
is defined in a floor 46 of the nozzle chanber 34. The aperture 42 is in
fluid CO”W&EM%%@” with an ink inlet channel 48 defined tgFONGH/dbR
substrate 16. wal | portion 50 bounds the aperture 42 and extends upwardly
fromthe floor 30 portion 46. The skirt portion 32, as indicated above, of
the nozzle 22 defines a first part of a'ge'ri pheral wall of the nozzle
chanber 34 and the m!ﬂuie%léﬂ@@m%g\%ﬁﬁgbe%ﬁa@ea%mllgggg clefneht8mPRY freihiar al
wal | of the nozzle chanber 34. (12/ 11C(1TE0S -6 / ALJ112/ 0111165 The
wal | 50 habomipadrofahethyzzid vyt ed [ip 53 at its free end which serves as a
fluidic seal which inhibifs the esca of ink when the qozzle 22 1|

di spl aced, as will| BRDPERY 78 BROPZIE ERGLLOF She BRSO 16 Pte Fruytes cagbe
appreci ate , I i i _ SiiBelthe.

di nensi ons&ggé&?ﬁtﬁleﬁspgjglltn égﬁfﬁéﬁﬂﬁﬁgyﬁ%s@‘%n tr%glf%ggr?gggrtl ort1h632, t he
i nwar @l y dpfoeetiea ptovid&R thenpdasifofrace flhteshidld tovering thecsxteator aideef theatozvles seal
for inhibiting the escape of ink fromthe nozzle chanber 34. The actuator
28 is a thwhergin the shieldhasan grrappbipassagss higsoough toplla the eisetionsof 18k fdeplethg

upwardly f e rfi Y, a%%ﬁ@
passi vati O%ﬁ{?g&x@re@ggﬁ %Egeﬁ%ﬁ]& {I%ng?gé&rtr%%r?k g%‘f%%[agcsgg%og@%% pads '5gyvvni ch
form an el fghingchb shiRlTRameailicon/itswokfficidne ofithettail @k pafion Babstamtiallg oatclies

conprises a first, active beam 58 arranged above a second, passi beam 60.
In a pref ethabef bapoerleramey. Bus Wilhbelmto BB vendheoyrayof passagesinithaghigid from

condugcti ve,ceram.c terial I LU L | ans 58 .
and havgaﬁfl}gewt off?%sl%élje‘ﬁ%% ﬁ%ﬁl@ ﬁ%? a%’a;{ gﬁ%lﬂgls 125 ﬁé‘% %1?8 &%%etsﬁglfd:}o% opposed
ends connegicaehtdl9 niib®-maehiRd usWRVIEMS teehtigiesl Fuerhetnmee, isilicoh Wwernsioogh t he
active beam 58 thernmal expansion of the beam 58 results. As the passive
beam 60, t Axdbswpstannalbhnerhésfermableao current flow, does not expand at the
sanme rate, a bending nonent is created causing the arm 26 and, hence, the

nozzle 22 ' he substrate 16 as shown in
Fi gure 3. I&:g’ﬁéiﬁﬁﬁﬁ&é\pﬁﬁnglm%gh t he nozzl e opening 20 24
as shown at 62. en th ource . | i r I 58,
i.e. by stoppi nlér\éfeme eeﬁ?ebo?l}rgwffs? ée ilhggéﬁl%é?é%g@taﬁ?cﬁ];be?’org ){\ng gtﬁe:-xl'éﬁsﬁ leeﬁ(ﬁ?}m
posi t{son asvitﬁf}@w&dcetﬁ}ﬁ%@rﬂpmyﬁgmmﬁgmmehﬂ returns to its qui escent
position, an ink drogl et 64 is formed as a result of the breaki ng of .an ink
dropl et neck asFignteukshaxtsedthese dggensipngl, gelreanatic vigyeof Hrozgleggssenpblp dor andpk
travels on.to.the print nmedia such as a sheet of paper. As a result of the
f or mati on Jﬁi_PEB A% ink droplet 64, a "negative" neniscus is formed as
shown at 68 in Fifgﬁtersqtﬁmowfh&hfbe@%aﬁﬁmambmﬁdﬁi@gmsw@anaﬁﬁﬁ@ﬁbmioﬁ%fthe |
results in an inflow of ink 40 into the nozzle chanber 34 such that a new
meni scus 380Zzk¢ gesembbjofilgiredived i n readi ness for the next ink drop

ejection fromthe nozzle assenbly 10. Referrdn w_to Figur . 6 of
Che dftomi nge. +HEUROS Sty P Aisponstongl e drad e R Iy s skl Rg af Y T
array 14 i $rif@eadwitiendidleGuamidr ebiamhent@ans;di ngl y, the array 14 includes
four groups 70 of nozzle assenblies, one for each color. Each group 70 has

its WO 112/ (| BigugaSa showp@thrapidimensivnal sctiencd| vicva ebepinthead with apezailged in
two rows 72 a]rc‘ld 74, tChe o} ,tﬁe groups 70 is shown in greater detail in
Figure 6. PBAALRACPRAIMIGE Y&l hocking of the nozzle assenblies 10 in the

rows 72 and 74, Fidife SR Asestiel iphh vidv ofndiesitan (Kroasietheicba@innnt
staggered with respect to the nozzle 5 assenblies 10 in the row 72. Al so,

t he n2izzl e wadls asoldtingsaclonezzles he row 72 are spaced apart sufficiently far
fromeach other to epable the | ever ,ar 2 t he nozzle assenblies 10 in
_the row 74 to pgggélr%ggb\%\gsnoga?gl?gﬁgfdﬁ@ge;pggoggwoqnayﬁgﬁ%lgee lies 10 in the
row 72. 1t is tgidyge PORGH 4 thile ARRERSIGHRAT Fle @}?a%qm?je‘{gﬁﬁ)chbﬁ molainanidoakley
dunbbel | shaped so that the nozzles 22 in the row 72 nest between the

nozzl es 22 gaad witlouh tteuantisna® walls;adj acent nozzle 10 assenblies 10 in the
row 74. Further_.to facilitate clas cking of the_.nozzles 22 in the rows
72" and 74 eaonTifse 1 eyl <SlabaeheF ArpruRLYEN of Ay Tl bRl Wil Do
appr egj at eq}iBYmbRTSAnstldnk bfthe sliddn8v A enlgAgihg M 1RR2IE RBard0zz] s 22 are




di spl aced towards the substrate 16, in use, due to the nozzle opening 24
being at a slight 15 angle with respect to the nozzle chanber 34 ink is

ej ected sh{ Qff the perpendicular. It is an advant agep@fatédRooss
arrangene &E%%&%gin Figures 5 and 6 of the drawings that the actuators 28
of the nozzle assenblies 10 in the rows 72 and 74 extend in the sane
direction to one side of the rows 72 and574. Hence, the ink ejected from

th les 22 jn th 2 and the ink ejected f h 2inth
row 74 ar o of SEuRF Eis Bishenlihies Eerriont UESS Soylhy M helibtufSe 1" 1"

resul ting gﬁzﬁ@asggﬂ}ﬁlg\ﬁ?qnmﬂj&pmgdgy. Al so, as shown in Figure 5 of the

drawi ngs, the substrate 16 has bond pads 76 arranged thereon which provide
"the electrical Rigmee®Ohti®Msshow sctidvl pidel sie¥8 of the maraifactuning sseps; 28 of t he
nozzl e assenblies 10. These el ectrical_ connectjons are fornmed via.the. CMOS
| ayer (not showhigures30gey Lk shoy layouss of ypasks Bspd R yagpus S¢ps 1 APURAGHIENE,) 4
'shownug' n Fi g)%&,S has been spaced to accommbdate a contai nnment formation
surroundi né’ each nozzl e assenbly 10. The containnent formation is a

cont ai nment wal Figl#4 1341t Dlowhonghtdselimanitinal Aiawsnflarespezattinng the worztehe
silicon substrate 16 to the underside of an aPpertured nozzJ e guard 80 to

forma conwsierbbrmanyfagiwed agemsdingfo fheymgthod ofiFigyrgs,d ang 9eddet ed because of
nozzl e damage, i i : ion
of “sur rounding Tagtazs S (Ao b0l 186w EGs BF affBperbfortls BE haielieastetibl, O

146 Wi || haygutfberabiccbiding © tHetediodiohBigarassemdd. of | eaked ink and provide
f eedback to the m croprocessor controlling the actuation of the W O

112/ 110l 119~ PCT/ AU02/ 0011GS nozzl e arr Using a fault tol erance
facil iy, tDETBﬁEﬁQeQEﬁﬁBB@TEQNpQES Eooﬁﬁwmaé he remaining nozzles in
the array 14 thpeRByndWitIgitdFGrd1 ofthe detalings/ a ndbgle ageindly) iescontahdeswitld 4
necessarily occupy a proportion of the silicon substrate 16 whi ch decreases
the nozzl e theiokéntigndedesignatask genprally by the refpranse npmenat K0. AR ilgisbRrinthgad has
production cqosts of. th rinthead. chip, i.ng

t echni ques % graﬁtty of Hoﬁﬁ? E?Sﬁﬂtbggsl @%@%%@%‘Ie%ﬁ tl\tﬁ'ﬁrtlﬁ{%%é‘%%reglt@% %%lh\}/&iroh ual
nozzl e contgghdarnic. MHeHtayAASyiN el desciibRi th grehitePdethieBElbwi ni mi ze any adverse
effects to the print quality. It will be appreciated by those in the art,

that the cont ai Wheasseinbhni( inohidesusiticen sibstise eowafey L el vhich adplgetaicdastips

of nozzles. lsqlatin r of .nqgzzl es ovj des beiter. n packi ng
density butlgdﬁﬁiigﬁ‘é‘?a‘gi‘%ﬂ@ﬁ ReShaed IWSE%? S5 eB%%“Frg olnﬁ@e igles %ﬁcﬁ erﬁég"nozzl e
groups Is nore gbéﬁ hSM1d assRRPIONOIAdudeR afoghlé 82 defifinp a%ohAe @F@kﬁﬁg #qm t he
protection of the nozzle array is showmm. Wth reference to the previous

drawi ngs, |dokrectieg ercenteeimthedom of 7 leveararm@6land en pefuater 28nThe ever #Br 2 se
specified. 15 A ngzzl e gu %g %0 islrrgynt ed on the silicon substrate 16 of
the array I19nneeidhf oty fg G @ 88%'hetudes a shield 82 having a plurality
of apeth ures 84 Adefbngth blafefUbhl Udhizurth e t@REhE Ubsse Q@c@rh?ri&e@ alcRGIBHeredh on
wi th the nozzle openings 24 of the nozzle assenblies 10 of the array |4
such that, 3theith a skirtiporégre3? depehdingifromythe geovarf partien 38z Theskipartipgsd2darms he

i nk passes thrqugh .the assocjated.,apertur bef ore striking the,nedia. 20
The Suard AT agaePPE“d?ﬂa %%‘?Pﬁ%dlo%zﬁe ‘ﬁ‘&@t"%_“-n e‘é"&g‘:"fpg?‘r'%éét‘%‘“afpn“gdri gidity
to protect Qe nRZAi8 vﬁ]ﬂf % nd2z1E ERIMBEABRITROt0HRHoRsd thid thé nBAMESpentligSi4 iOr

the users' fingers. By formng the guard fromsilicon, its coefficient of

t her mal  expmasindeddybskizad rim 8¢ whichd'hias” 2 menisafs 38 (Figwse 2) of ahadypf inkAkingi ns
to prevent the apertures_84 in the shield 82 fromfalling out of register
with e nohepezds hamben3%s the printhead heats up to its normal operating
25 tenperature. A3 dkGRIRt dger@tes Whbn fidbt @chriyGn BESHE 8L HE RAWMENHGEH HeTirRE

usi ng MEMS techniques discussed In greater détail belowin relation to the
"manuf act ur einaffldon d6 06 tel rwzaleshaibercid. The apéreure K2 ¢ i fBod femmppiseéen With 8baced

relationship relative tq the zz|l e assenbl i 10 by linbs or struts 86.
_.One of the %‘Fr"ﬂ?‘s"ﬂ".é nqllég dﬁBPe$§F%{gﬁ 1 _?{f’éeg‘% defined therein. 30 In use,
when the array %wfaﬂ PoRidPsy mdnepuﬁaabéudré 48 934 88Endspwsdy i thefRbr

orced thr Kk

openi ngs 88 to be ough the apertures 84 togethef with in
traveldong tporcogho.t The siieportiens3234s indicied GRSVCHS 188 nozge 22 defines a first part of

a peripheral wall of the nozzle chamber 34 and the wall portion 50 defines a second part of

the peripheral wall of the nozzle chamber 34.
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PCT/ AU02/ O0O1L165 The ink is not entrained in the air as the air is charged
through the apertures 84 at a different velocity fromthat of the ink
droplets heexampl e, the ink droplets 64 are ejected ddaomdRRodiozz!l es
22 at a v%%?:ﬁ%(%f approximately 3 nis. The air is chargethhrough t he
apertures 84 at a velocity of approximately | m's. The purpose of the air
is to maintain the apertures 84 clear of6foreign particles. A danger exists

t hat these forejgn jcles, such.as st r.ticles oul I t he
nozzl e assenbl i %@ﬁé@b@r%’éi’v”ﬁ%&%‘%‘ﬂ??g?atr‘&ége R inghc-tlll %{eﬁa% gmd?c
provision af) {hen %Hibiitﬂhete_s&?@af RYWIRA thénd2R 10K BlspladsBias wiidbé Béssribsdhl em
is, to a large extent, obviated. The alignnment between the apertures 84 and

" the nozzl egre@er degait belowallt wiliheeappreciatdtethat) dwe torthe visposity o thednlo 0 pEMbe
devi ces nakes_ precise itioni of the., rd,.80 over the,pnozzles
Cdifficult.smal EIHWOM&%SI@&W&"%;’%‘WFW ?llgggﬁne\ﬁ?eeﬁ?“rbl’oéa%ét@’rt T V¥ an be
provi ded w. |1 kL : j E&Hargd to
d %1%&&% 1@% su&ﬁ%ﬂ%ﬁéﬁﬁ' ﬁm%Hglg aé%iﬂ?%?lgg sdal ﬁg‘ﬁmbﬁﬁg RISt AP o

engagé the Tree e struts ges 148 may Dbe accurately
f or med t ogekheym Wetdoztleehanbearlds 22 using the sane etching and deposition

techni ques. Figure 7a shows trapped sacrificial material 15@}50? as
pol yi i de f or m Hig ackater 284 athermal hegd actiatgr andyis soppscted o ap gaoned, extra

ri dges 148 i i { In
hi o or m NRES Rty RBhiErS ke PSP DA EMOS pRaE aon

af f ect t helapgza), erteatiksharg4de amunted obh cbnductive phds 56 whigh Fartnchnedledtriegber t ur e 84
in alignment with the respective nozzles 22. O course other arrangenents
can plovi deonap¢tipiuiil thecHatordfs such as recesses or 20 sockets in the

waf er substrate.l6 . CO 3 (el 7 ' i he
guard 80. Ali g‘ralr en%& hagérrr%?c?) gﬁ)gsgso@négggﬁ%%%. ??\%&g%&hgﬁgb I tSI| on

t echni quesh&AN6Or BVd prefarred@hibodit, badcbeaatsysodndtddarest) e inofude, alconductive
Referring now to Figures 8 to 10 of the draw ngs, a process for

nmanuf act ur ¢argmichpateBalfygh petigaigertiide{TiY).i s described. Starting with the

silicon substr + L6 i ri . { i face of
the wafer 1o, TRGMGeRreds a6 Bihdip kRt Bhas ichoiedRARE pheifbr SB0fs Sy DU
m crops of ofAdRe@¥hdiGonasddsto theSari26) Wheh @ ctitentlioyaredl® fRowdthidughl thy sotive8 i s
exposed to nmask 100 and is subsequently devel oped. 30 After being .

devel oped, beane 58 thesmaliexparsion efsthe beane ﬁgéleSBB%mAﬁ therpgssivg beapo), thrgesh whichThe

resist is then stripped,and,the | ayer is cl n Jhi i.nes the
ink inlet d B aPEY pt%o%oiﬁagtm ajtg?fﬁaﬂf: %%2? ﬁﬂdﬁ@oﬁx&%ﬂf gl%Hegur e 8b
of the dr ah s, th@Rith 08 afidtHeht, theSoRle RORS bOtHisplavsd duwnwledyitGwadpdsi t ed on
the | ayer 18. Resist is spun on and the alum num 102 is exposed to mask 104

and devel opatrateHé asishown imFigoe 3. Thisicavses apeigstien gbipk threugihihe sR77eOpeRE

18, the resist jis strip d the device is ¢c Thi rooyx], des
the bohd pahes S et URHERE so s OFeer Rt Pofe e RS oo B Aoty

i nt er connegloppinglcrran MSehdhidz¥R 22r3fshstoqts qaldceht Posigsn 4l shB@n imFigare 4.
connections nmade in the CMOS | ayer (not shown). gﬁprOX|nately 0.5 mcrons

of PECVD niWhendhe hezziepdsiturasitots quirscanmesigiaBsaniak depplat ¢ és fopmed pgeastesylt s

spun on and_.the | ayver 20 .is.exposed to,mask 106 wh f it i | oped.
Af t er devel"gg‘r‘?g’ﬁ?a?c_\{r% aﬁilfﬂ?fiffgpe’l _ge‘%l aﬁéﬂﬁ%@_‘fe aggé%%gﬁ%oit he lgi‘t‘}?ﬁpgegég'l ayer

10 102 and fdhQravblsionqs theprfiit me@id sich Bea KRGt @F‘ﬁ)@f:r.thﬁa ieshiebf mpEorinatien42. The
resist is stripped and the device cleaned. Alayer 108 of a sacrificial

mat er k&l i shesipkdrepietttd, a freeghtives meniscus sdformgbas shognias6%inigurs of dhe

phot osensi tj ve polyi.m,de or ,approxipately 4 umof high te re resist.
The |ayer PEEVIPES: s'gtflf b%ﬁg@'dvea_ Teug ﬁgff’sgﬁsp%lsaé‘ "ﬁ%wr?ggﬁ( @fgg)&hgéézaz% er it is
devel oped.  fhgbekB4l ¥ thal D 8ew tnenfi8is FRFIARK ©5lisHbridéiDiy ré4diness for it rex ek €
the layer 108 is conprised of polyimde or at greater than 300C where the

| ayer 108 idsophgjegtiondngie thetnozeleasssmbly 10.t is to be noted in the draw ngs
that the pattern-dependent distorti f. the polyimde.layer, .08 caused by
shrinkage is tagé%’r‘g’?ﬁ B e bl S?ﬁ“&ﬁé’?(ﬁl&s&@}qﬁﬁ’ *‘ﬁgoﬂe_s#af_l]&.ls ﬁﬁsc ﬁ% ext
step, thowgréa&r'ae%r rH3aray 14 Refoflh airRGfor pRinBRAGNAcSAGihbly eatray dyer 112 is

20 applied.” The layer 112 is either 2 um of photosensitive polyli mde which
i s spun on imsludes four groups 70 of nozzle assemblies, one for each color. Each group 70 has its

[



_mask 118, BRAHS asprIoPlics

"silicon nitri

4

approximately 1.3 um of high tenperature resist. The layer 112 is softbaked
and exposed to mask 114. After exposure to the mask 114, the layer 112 is
devel oped,,, scase of the layer 112 being polyimde, thg,Agwfbecsl2 is
har dbaked“a(i&éfﬁ’ﬁ@af or approxi mately one hour. Wiere the layer 112 iIs
resist, it is hardbaked at greater than 300C for approxi mtely one 25 hour.
A 0.2 micron multi-layer netal |ayer 1167+s then deposited. Part of this

| 116 f h i ve beam 60 of 8, Th 16 i
o rod by SHASHRIE IBOTANE D ARG Tt gl MR '

fol | owed bgreﬁtlé#&étﬁﬂrﬂ@lo@x@%. of tantalumnitride (TaN). A further 1, 000A of
TiNis 30 Sputtered on“foll owed by 50A of TaN and a further 1, 000A of TiN.

" Other mat eri al sSToracititate alosdpackierbfithenazalt asfenitlids 40 én theBews B Sh@7hthg Ti |

Al)N WO 02/ OGURs. -11 .PCT/ AU02/ 11011G~ The | ayer. 116 i hen exposed to
é%;ﬂ’ %faweﬁ:ﬁsa SRR SPEE WI“&&%P%?@W&F@% ter
resj st, appl.ieg.f.omn .t , th i ihakd ) dh
Femoud ¢ heleragits b M P ALD: e Rolit ashhORBIO it M R PR R bt
appl i ed by satiendyitar flondeadmotier phatableshaieiver arms B6lof it mbezlerassepybliox 10rat el y
2.6 um high temperature resist, The |ayer |20 isgsylgf_tb ked. wher fl[Ber it is
exposed t otheaew 7410 pasphstvesepadingentaipesies &2 ofifbe 2% I“EﬁpﬁhmftB?I {5 Rar d
baking. In _ i,[00 : ' or
appr o mat Bt JOist Rt B oeribry 108 QuiEl B2l BuaRRY il g fOhcs
conpri ses DB tht rovA 73 @ebdtwaehtthe heurks 20@hdthel aayatord 28 of adjagepl nazdlet o t he
| ayer 120. The constituents_of 10 the |ayer 124 are the same as the |ayer
116 ad ar assgmbligself inghe 10w ¢hne nanner. 1t will be appreciated that both
| ayers 116 and {2 I L rkcal . i I [ I L is
exposed to mskﬂ“f%ggéﬁgﬁ? lggéeﬁg%gglgé%ﬁ%g%gjgk%geslzglgrtﬁelrf}g?g ag?{gg’rf%g}itched

down to thgopM ¥ #¥isdbst@itialle hesigohalyeshapatlD whereafter resist applied for the
| ayer 124 is wet stripped taking care not to renove the cured | ayers 108,

112 or 120. |t Kuwill be spprecinse &y thasaskillpdin theart thatgvhstythe pzzles22 45 er 124"

def i the. active b 5 t _ _
L e e L
appr oy mat %ﬁ%le FitBuBRpett Btk ndzermMaaber Bt RS dected $liphtlawefthd pépemlicandrt haked,

exposed to the mask 130 and is then devel oped to | eave the island portions
as shown i is @rdranfageeofdhe afrangsment hawnds Figprs andd of the dppsrrgsdh thi t he

| ayer 128 are hardb d_at.400C f.or .ap XJ <] k- e of
ol yi m de BFHPRGPaLtE Ml osan D HETaFE TAa PE S e bl el fREEn )
drawi ng a ki ghe sy@usrahs rawdnl atfl Ti. eli@et Mth€ink@yetedlf8di itfe ktRRIRS DL atthe Thve TRayer
132 is constituted by approximately 1 umof silicon nitride or alum num

oxi de. The ahdsherink giected frioppibs inpeales?? in thetppeThira O&sefavighrespret Ipfaghather 25
t enper at ur f the sacrificial |ayers 108 . 11 120, 128. The primary
charatt eri z’ﬁ'i(t)]l"ssap’&fﬂgﬁerasufltbqg’f‘Iﬁn§X’c§’f°evleégf‘PI%uaﬁ§yer 132 are a high elastic
nodul us, chem calsol AEHLAASH Fsikle § 0P theddVAR S thel Sabdtrdte 16 \héd Hdnd paaeTd fi ci al
| ayer 134 is applied by spinning on 2um of photo-sensiti ve_iéol yi m de or

appr oxi mat efrynged3here@f which iproidpibe glegirisak eonnentions;iéa thgypeds 1@ 40 the agyptobaked,

30 d K 6 ad I d. i ni ‘ .
134715 ¢ her SR e ssEm e fof han st bichiond sBIohmel g e Moser
at greater f\RamogYwi)or the resist. WO 112/11(i1169; -12 ‘

PCT/ AU02/ 00 1(|(hs The dielectric layer-132 is plasma etched down to the
sacri t§ ci al | aRefernngta Eigireg Sa and Shdke nazzleamay d4 shgwnin digure  bas haeg| al

the. anchor SBBIO HRBTRISRRE sentimBrg far AR Rbdmlng SR8 il B Bb AR, 21T,

layer 138 iﬁegﬁﬂﬁﬁﬂe@n@fqﬂﬁﬁ% {saV@ntatiflerit Wall QUARG BN ERPOE inbkN@2Pard M Of
e or alumnumnitride at a tenperature bel ow t he hardbaked

t enper at ur exthdingdrosmtheistlicon ahbsteseektsto tigyndetsiie of 20 apertured 8ozzithgusrd 3@ tashown

in Fi 8 f the d , r 138 i i i call I
et ched 1 o do@RpERPBRTSALERdtE b 1 s natwpety PR iR abadls SR
dielegric qﬁé RARABSs EShiRBA b 8 MHth BTEt METBRLUIInIE siirSeh i AdzzRE. th€also

dielectric layer 132 and the sacrificial layer 134.
envisaged that each containment chamber 146 will have the ability to detect the presence of

leaked ink and provide feedback to the microprocessor controlling the actuation of the



This step creates the nozzle rim 36 around the nozzl e openi ng 24 which
"pins" the neniscus of ink, as described above. An ultraviolet (UV) rel ease
tape 140 “ﬁ)“@m‘{f&ed. 4um of resist is spun on to a rear QictiA@2mbdgscon

waf er substrate 16. The wafer substrate 16 is exposed to nmask 142 to back
etch 15 the wafer substrate 16 to define the ink inlet channel 48. The
resist is then stripped fromthe wafer 18- A further UV rel ease tape (not

shown) is a ied t rear,. of the wafer. substrate 16 and the tape 140 is
Femoved. TSRy I e Lipal Rt S fute i e EF R Bled T
oxygen pl agEBehAnReRbLASs ke hirfipl4 M7l nAsFama! pint Quaiyshown in Figures
8r and 9r of 20 Lh& draw ngs. For ease of reference, the reference nunerals
“illustrated i nTheameinmentovailaildgsecassarilyeceypire peeportiansef the siticeusubstratefot he

drawi n to . indicate the rel evant part f the nazzl.e assenbl 0. Figure
11 and 12 Shish defreaten i Parone BsyY of thelal8undfs IR bR TGRSt e n

accor dance, wht b ’ inflf3§ bhipe HARAKLWHEE the' BARITSNESENS Rchtiiguss essuft and
9 andgt hes Wfipgbotrr%gmgg?ﬁlgiggn tohlgl gures 2Wtor 4 of the draévvi ngsquS I t
will be apipreeilatively hish merkansitiok irdte gddividuaheozaletcontainment fiematiens/will at i ons

and/or nodifications may be made to the invention as _shown in the specific
enbodi ment avaifltds Sl lcay E¥RIRIZE, g 3AYRTSER CQBFQ&‘PPBW Be of the invention as
broadl y descri : tHEERt , i 189R8 beer ed
in all respectfs?%gg bﬂﬁ‘ﬁ%rg@?%tﬁl’ﬁ él%agg %ot rgjgfgh?ggét\%@hgggf&m\?\%eﬁ% Ogrl Ib( 9s

- 13 CLAI MS:orkigufedas iiseldie grdupoof muzzlenk Isobiting gioupe of ndzztes providésedutienndzaldi ng:
an array of nozzles for ejecting ink onto, medja to be pri nt&ﬁ; an? PCT/ A
U112/19) 006Backingyienaifk byt sprpensaies fsdamaesdrrzeiss LR HigavEREnging pozzle

conpl enment YA if&rrﬁr&%idﬁﬂgul?” an apertured nozzle guard having an array of

i nk apertu?espcorrespon ing to the array of nozzles; wherein; engagenent
bet ween the al i RefeBNg tb Bigued 7,ansozaleckuatisfoe drepretawtitnaof\thd wozzikt droyss steivas t he
apertures in registration with the nozzles_such that th uard does .not
obst ruct -t Métm@?mcetw Bledaevious dBawings, likegefesgce P‘Hﬁ?rta]r?éeﬁlig%ﬁ]@sp%ﬁt Hlesie
media. 10 2 DI d according to Claim1 wherein each of the nozzles
in the arrgg}neﬁg@%%;%%ﬁﬁQUal ly aligned with one of the ink apertures in the
nozzl gs guard. BA.nofvlpkiditiiseagdmannied dnnlye dilicdd sabstrate Yéef the araj é4.aThayozaie
nozzles is forned on a silicon substrate incorporating the ali

nnent,

f or mat i ons guard 84 ingindes Bshigldb® T baving gy Plusality of saeguigs St &F 'HQ%@GWHEQE‘F - gihgr d
has a shield contai nin i i I
spaced f roﬁ?etrﬁ' esS§a4| e brﬁreéﬁgét?oﬁma@gﬁ %e rIR{%P fgg% :ﬁgﬁﬂpgsr%&oéfﬁtg%né@%? %érgé?eesﬁ |dr¥g
from t he - s etrfhyf1arsuen@ag dmen inkws E{Ectdﬂﬂ’rcﬁh @RS theofiomald apeaingd2p thatnkead
according to Caim3 wherein the alignment formations_are spaced ridges on
t he sil i copassebtroughdheessecistedhappriuge 84 beforpitykiag iedeedihe si des of the
struts. to maintajn th ertures din.alj it . 6.
A pri Tt head acooraeies BRGNS it aPhdsT TRk ch el BTGy RE oot B

recesses i Ropd)€ agpEs frainQlam@gingiconet with Fiqied,i dugl of teegsege finlzerss Bydormihgt he
struts to naintain the nozzl eq??uard in alignment with the nozzle ar)r??éﬁ 7.
d

A pri nt heatheogused fipmgiliconGtsegosfiirient of Sesmplxpansion spbstantially mastehes dhat

A pri nt heathe | _ _
noel es. guaptiie 355 T Bk b ReSARARE b RE O ASHERG 88 ot Mg Qe bP ey

for mat i ons r@yigef WHNEE 1dAle Btaf Mcasphopiinthéaiheals uphe itehoayalopendag| es. 9. A
printhead according to aim1l wherein the nozzle guard is forned from

silicem. riempesatpre. iftilesads alse sl syitedio agauiaternisto-pachiniag usingdMEMSht head

assenbly i rt]gclhllegqluggéiscussed in greater detail below in relation to the manufacture of the nozzle

assemblies10.
The shield 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.
30 In use, when the array 14 is in operation, air is charged through the inlet openings 88

to be forced through the apertures 84 together with ink traveling through the apertures 84.



a printhead having an array of nozzles for ejecting ink onto nedia to be
printed; and, 30 an apertured nozzle guard having an array of ink apertures
corresponqw;l?#(g he array of nozzles; WO 02/ A 008S PCHAAfobAbsc1( 1 CS
14 the prin “further including al | gnment formations interengaged with
conpl ementary formations on the apertured nozzle guard to hold the
apertures in registration with the nozzl 8s such that the guard does not

obstruct the normal, tra 0

medi a5 11 A el BB § ol BEpEhEaI0 el AT hGeOREAERRTER L3, |
nozzl es i ndlrfe&nawamy Sorn Kkt \6F ﬁiéahll: droplét gL AP ek BmpRethe fink Meplersodogrer t ur es
in the nozzles guard. 12. A printhead according to Caim 10 wherein the

“array of nejectedBoinsthe npzries 23t a velority ehappigimatele3mise dhp girds Fhaggadihrough
alignment formation ri.nt head | y according to Claim 12

wherei n t 8 ABFHES g‘h?;\tr %%Fé@é’féPRfSP&@’g‘yggﬁi aining the array of ink
apertures, the i &lHoRekne ﬁﬂ@@@aafn&amﬂé“@e&mes 89 Rleat BiFbfeidiepticlet RO al Ly
formed struts extending fromthe shield for engagenent with the alignment

f or mat i onsdangér exstp thanthesafbraigs particlys, aucloacdusypartcies, sbwhd 131 antortes mozzive

I t f L d t b t. t d
fo ST G noPyoBRkssl adesed BEECHE hEoRn Rt iP1hs HEPRRtn Har uBRr  ur o8 i n
al i gnnent W&f}ﬁetnlih %%IH%ZA&Z rTéﬁJQMSOJtﬁrsp?otﬂérh% he athrassasht! sbvigie®r ding to

Claim 13 wierein the align formations are recésses in the substrate
positioned to sThedilipnpmenebgaem théepetudessSdodndtthenstzieat28 is crupial. riﬂawwetrmae

nozzle guard in alignne t he no zle array,. 16. A print senb

accor @ ng MEFIEECRPIR ngl \EEM%%F qsfr?%ﬁer%’a‘tlé’?‘rne t@)&”@ﬁﬂ&g the

silicon S“Hﬁz‘ziegtd‘?ffﬁcﬁlte]i\gfz‘,ﬂ&nﬁ irgl@lgére% {h%%ﬁﬁéﬁ%va?é?ro?%str&etlﬁ%aﬂ% ék&ﬁd&uaf d.
y accor

| 7. A print assenb g to Carm10 wherein the alignmnent
f or mat i onswithaligmmentdorhationg suchens spavdd cidgeni 4¥ configurad tagngoge thedceends 458. A

prlnthead accordlngto Claim 10 wherein the nozzle guar S from
B com - 2the U AbA ThagIdEe A BAcRRLy Sasmee A0SRt REGIOSPUHAS A Using

zupkf a\ W cak oAl A eAlRbOM GAb ARGk C Rl %‘J}&%%b@&?da&ﬁﬂx&ﬁlh’ﬁﬁi@h’hcal ca]

| X0 (8Dt winohl g polifmitlectetshing Headlipaineni idges a}t 8 alroatheralangeradnts prad tdgesal ca] ¢
a] ca] caj ca}caU] calca] ca a] ca] ca] c‘r]:ca] cal] ca! Cw ?HJ

}xsni d_Z] cltprerge decani shavdy adfgueeq ‘B’é‘]\%a]lﬁ this fgreathedidess ca) ¢

TS T EMEb G %@%ﬁ%‘%ﬂ@ﬂm Pl U P PAIB IS L ca ca
] ca] ca] ca] Q@Uhﬁﬁl}dﬁ]l@ ae}ahaabenﬁxeam;am@im@]t odfhahd eapevaye a],me]s@a] ca] cal] ca] ca]
cajcal' " ((*)p))k***M [al 0C1112d222>33K44{v ] ca] ca] ca%ca] caj

ca] ca] ca] ca] ca] @ﬁf@ﬂ%ﬁpﬁaﬂlﬁagﬂfﬁﬁ]‘%‘éﬂ“ﬁ?ﬂﬁf ehmm&gqrea 183§ s(‘:‘ﬁ‘]‘ gaIEeyseBPcal ca
| 4 SEssEe<Yes0
] caU]éoa] i R%ng]qggf %é';]ﬁﬁ)gt? ? 1]% I? §f OTBa ca a?/ﬁ%pm uon]sga(fvcg dc% 1é]g] cal ca

] cal] ca] capgali®d] ca] ca] ca] ca] ca] ca] ca] cal u@@ AA! BBB6CI CMC] CCCDVDMEEE\ FFF" GG
GGHDI | | JKKLnL| wr mhc”Y] ] ] ca] ca] ca] ca] ca] calca] ca] ca] ca] calca]ca]ca]ca]ca]cal
Aw NG FNEGRISB00? PP

ca] ca] ca] ca] ca] Akipemprifopmations feapd yring (MPS gidungand

R] RRS' SSTTcTTTUk a] ca] ca] ca] ca] ca] ca] ca] ca] ca
c!a] ca] ca] c8]°vé CLJ]U\{]a%“'Ijrl %QQ‘E ﬁla% tglg})g%}'cgi)g ca]U] c!a] c!a] CL' V]VVVL‘QV\]Y(VW]YZe]ZyZ]Z
(LLT 7NN/ T] " N_Referring ‘ﬁcﬂaﬁbﬁxigﬁleg Bko<10 @ﬁih@@}mh?@h@adceastﬂoﬁﬂiaﬁahc@hﬁgma] cajc

a] ca] ca] ca] ca] ca] ca])ca cal caJca] ca] ca] ca] ca] caJca] caU] ca] ca] ca! bdeef ggj h"i 3
i 1Pkl kiokz2te p3samblies 10 is described.

?0l 00T mhch
T2 ca] cal) oa] coPRae S FAlh Rt ler Bl SR MR RGBT OB EbEf uitee o
ttottt’ uuveEmeMArsYs ZPRd ditleawio el § isGa kst lof ap ailﬁaleq lcsah@ﬁin@@rca] cajc
a] cal ca] cal ca! ca] ca] ca] ca] ca] ca] ca] cal ca] cat])ca] cai,a] caj ca] cal éﬂﬂ% i | p: =ss
ttottt' uuv 3Wmu1§{quwnmdhe/]a]yq=mb&]mi] aayer] Baip capasead tuipe ad] ca] c
KL K- Y- 10%

) ?]&c?] cg] (ig %beﬁj ca 1313%)@]1)(:@] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caKLMXgi
910% & () - Ly S10%feer ﬁémgaé\ﬂe@c?ﬁe& the iayéﬂﬂé)/isﬁslés}nawf&lﬂﬁdz(wﬂ;@&(& siEbA Yy&r (6. 10% &
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developed. After development, the nitride is plasma etched down to the aluminum layer

10 102 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 photosensitive polyimide or approximately 4 m of high temperature resist. The
layer 108 is softbaked and is then exposed to mask 110 whereafter it is developed. The-

15 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

20 applied. The layer 112 is either 2 um of photosensitive 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

25 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 50A of tantalum nitride (TaN). A further 1,000A of TiN is

30 sputtered on followed by 50A of TaN and a further 1,000A of TiN. Other materials which
can be used instead of TiN are TiB2, MoSi; or (Ti, ADN.
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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

10°  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
Jayer 124 is wet stripped taking care not to remove the cured layers 108, 112 or 120. It will
15 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

20 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 8l 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

25 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 1.3pm of high temperature resist. The layer 134 is softbaked,

30 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.
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1mLO%& () - by dépuskiting 0Rpmd Gf/dilmfdrrmtr@ Q¥&lufyindn nitride at a temperature below the
hardbaked temperature of the sacrificial layers 108, 112, 120 and 128.

Then, as shown in Figure 8p of the drawings, the layer 138 is anisotropically plasma
etched to a depth of 0.35 microns. This etch is intended to clear the dielectric from the

10 entire 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 uitraviolet (UV) release tape 140 is applied. 4um of resist is spun on to a rear of
the silicon wafer substrate 16. The wafer substrate 16 is exposed to mask 142 to back etch

15 the wafer substrate 16 to define the ink inlet channel 48. The resist is then stripped from the
wafer 16.

A further UV release tape (not shown) is applied to a rear of the wafer substrate 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

20 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
the nozzle assembly 10. Figures 11 and 12 show the operation of the nozzle assembly 10,
manﬁfactﬁred 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.

25 Tt 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 invention as broadly described. The present
embodiments are, therefore, to be considered in all respects as illustrative and not

restrictive,

30
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engagement between the alignment formations and the complementary formations
holds the apertures in registration with the nozzles such that the guard does not obstruct the
normal trajectory of ink ejected from the nozzles onto the media.

10 2. A printhead according to Claim 1 wherein each of the nozzles in the array is
individually aligned with one of the ink apertures in the nozzles guard.

3. A printhead according to Claim 1 wherein the array of nozzles is formed on a silicon
substrate incorporating the alignment formations.
4. A printhead according to Claim 3 wherein the nozzle guard has a shield containing

15 the array of ink apertures, the shield being spaced from the silicon substrate by integrally
formed struts extending from the shield for engagement with the alignment formations.

5. A printhead according to Claim 3 wherein the alignment formations are spaced ridges
on the silicon substrate positioned to slidingly engage the sides of the struts to maintain the
apertures in alignment with the nozzle array.

20 6. A printhead according to Claim 4 wherein the alignment formations are recesses in
the.sub'stréte positioned to slidingly engage the sides of the struts to maintain the nozzle
guard in alignment with the nozzle éirray.

7. A printhead according to Claim 4 wherein integrally formed struts extend from the
silicon substrate to engage ridges or recesses formed in the nozzles guard.

25 8. A printhead according to Claim 1 wherein the alignment formations are formed
during the production of the array of nozzles.

9. A printhead according to Claim 1 wherein the nozzle guard is formed from silicon.
10. A printhead assembly for an inkjet printer, the printhead assembly including:
a printhead having an array of nozzles for ejecting ink onto media to be printed; and,

30 an apertured nozzle guard having an array of ink apertures corresponding to the array

of nozzles;
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integrally formed struts extending from the shield for engagement with the alignment

formations.

14. A printhead assembly according to Claim 13 wherein the alignment formations are

spaced ridges on the silicon substrate positioned to slidingly engage the sides of the struts to
15 maintain the apertures in alignment with the nozzle array.

15. A printhead assembly according to Claim 13 wherein the alignment formations are

recesses in the substrate positioned to slidingly engage the sides of the struts to maintain the

nozzle guard in alignment with the nozzle array.

16. A printhead assembly according to Claim 12 wherein integrally formed struts extend
20 from the silicon substrate to engage ridges or recesses formed in the nozzles guard.

17. A printhead assembly according to Claim 10 wherein the alignment format.ions are

formed during the production of the array of nozzles.

18. A printhead according to Claim 10 wherein the nozzle guard is formed from silicon.



