WO 02/ 062582 PCT/ AUO2/ 00068 FLOODED NOZZLE DETECTI ON FI ELD OF THE

| NVENTI ON The present invention relates to printed nedia production and in
particul awoimkeiset printers. BACKGROUND TO THE | NVENTI ONPETIATO2/0@168
printers are a well-known and wi dely used formof printed nedia production.
Ink is fed to an array of mcro-processor controlled nozzles on a
printhead. As the print head passes over the nedia, ink is ejected from
the array of nozzles to produce an inmage on the nedia. Printer performance
depends on factors such as Fh@QDERNOZZLE PETRECTION ity, operating speed
and ease of use. The nmass, frequency and velocity of individual ink drops
ejected fromthe nozzles 10 will affect these perfornance parameters.
Recent | y, AIERDOF IPEBINVENTION has been forned using mcroel ect ronechani cal
systenms (MEMB) technol ogy, which have mechani cal structures with

sub- i cron t hiTbxpressgieiaventrpn wlags foptnted proianrergtien 2 ivparfirulasitkdei@EneRat can
rapidly eject ink droplets sized in the picolitre (x 10-12 litre) range.
15 Wile Eﬂﬁ: these printheads can provide high
speeds an E é??ﬂFpTngqF?§vg?ﬁ$gPLtlver | ow costs, their size nakes
the nozzl es ekiklj@pahiérsfakegwtiPkrivnch aﬁ&kwﬁt%[yﬂhé@fohﬁofﬁﬂi@gﬂedid’;ﬁmutm ghi ght est
contact with flngers dust or the negla substrate. This can ‘tﬁ%the
pr i nt head &t Eayiof Bicre-grocsssryonpalie Borzlen AR pFLPead o AR e PHPhepdRAStes BYer
robust nesﬁle'&dﬁeﬁﬁ%se?é’c}éd frofrtthé RYedy B hBazled tEiRBRLE th ﬁ‘&?éb@thmdﬁ] sdirect the
ej ected drops_or si fail to eject the ink at al 20 I f the nozzle
fails to e ec?mﬂtﬁfé’e?fp Rrance depgfils ep %a%or% Yelbesaperanng cost it auality. opaiefing gpeed
nozzl es. Ly dabd@Fusd. IThe TR¥s, HegRnd SRl vue&tmtnmntldnﬁl Pk dfpedeqtdRd e Qoz et her
the ejected ink is msdirected or the ink beads on the surface of the

pri nt hBad wilbgfast these pedermapes PafaEeE: ri mental to print quality. To address
this, the pri RE&ﬁf'f)d tlfeaaPra?Sf REAY lﬁ?ﬁeél‘(‘f&li’neé'Elsm?ﬂi%?&e%ﬁ&ln&ﬁ%&l Q¥Rhst he

exterior of the nozzles to avoid damaging contact fingers, dust or the 25
medi a. Ho(oMEMS) technologyavhichieye aedenisd stracteres it wbanieropthicknessest Bais aliss

droplets olﬂl%f hﬁlﬂﬁ@&qs hhi cgng}'a%?d’%gcq 1&%&%&&%1&5% e Sﬁ%&é (Quar re1

| eakage, nozz can Imted
prevents mnsdl rect ed i nk dropl ets fromreaching the nedi a Unfort unatel Y,

the pr 15nt q“a’v&hﬂX hsetnlnlc lgsc%glﬁ s&uc%urgse&"%ﬁg% %ﬁx;thegg Jag ﬁ%%[de Ih E%??an%@? cf r]rk(ntf rom

the damaged NoZZl S r nore e con ment 1 on S wth
ink, it cgmlisg atlrélatb/elydow postshtheir Side makes theowzadds ekdncanajyjﬂagiletaod allgegabldte

;g/r Zldgg; %Ba(gg?r %;B s té&%ﬁ@o ot Og@?&g%egia substrate2/ ’9&1% ?z%zmake the
printheads impractical for many applications where a certain level of robustness is necessary.
Furthermore, a damaged nozzle may misdirect the ejected drops or simply fail to eject the ink at all.

20  If the nozzle fails to eject the ink, it can start to bead and affect surrounding nozzles. In time, it
may also leak ink onto the printed substrate. _

Whether the ejected ink is misdirected or the ink beads on the surface of the printhead, both
situations are detrimental to print quality. To address this, the printhead can be provided with an
apertured guard over the exterior of the nozzles to avoid damaging contact fingers, dust or the

25 media. However, the guard may also be used to retain misdirected ink droplets or any ink leaked
from damaged nozzles. By localizing any ink leakage, the number of nozzles affected can be
limited. The guard also prevents misdirected ink droplets from reaching the media.

Unfortunately, the print quality still suffers because it no longer includes the ink from the
damaged nozzles. Furthermore, as the containment formation fills with ink, it can still bead on the

30 exterior of the guard to clog the surrounding apertures and or leak onto the media.



Accordingly, the present invention provides a printhead for an ink jet
printer, the printhead including: a substrate carrying an array of nozzles
for ej ectwog2ioedssonto nmedia to be printed; 5 an aperturedPgiayi2passti oned
over at |east one of the nozzles such that ejected ink passes through an
aperture and onto the nedia; the guard and the nozzle at |east partially
defining a containnent formation for isolating |eaked or m sdirected ink
fromthe SUMMARY OF THE INVENTION of the other nozzles in the array; and
nmeans to detect a predeterm ned anount of ink in the contai nment formation
and stop furt BesordinglySBHRESFIAVEnHRN pravidesa prigsheadsfor anink fet printeretbe printheadon t he
term "nozzjfdidgS t0 be understood as an el ement defining an opening and
not the opening itself. Preferably, each nozzle in the array has a
respective conseisiteparryingrararpnef noazlessor eigating inkjoptgrmedig|tp be prantesk her nozzl es
|n the Array anghh ot bRiROTOR! MTER ork BF FRhOARS st BEG inf Blsths

er t ave a

. d
detection 15 ans. we sone 1orns O e I nvention 'may

cont ai nnerthrotighranapdrtum&nénﬁﬁogﬁme@iaf;or i sol ating predeterm ned groups of
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associated w eac e contai nne trons 1s configure stop
further sigapédorafisdiradted ink fiom the weiele Eomiankedst gonoeigf thepwier sesziss ngthaarray; and

predeterm ned_| evel .of ink.in th cont ai nnent formation. 20 |ln_on orm
Brch of the ngssieagddiess Beabylid anRlo LR FERG iR Rlmah opd OB R T
i nk  witer eupplyt dfénldetteaiorder neans di sabl es the bend actuator to stop further

supply of ink.to.the.nozzle. 1n a preferred for t he detect.ion neans has
2PRiT of el ol PiscRri iSRG e oaPrPURieh @b dlsan SRmeE ERT B TAGROR such
t hat an aandidikigtopaingitselfhe predet ermi ned anmount of ink closes an

electrical ciccuit such that.a co rator disables the actuator, 25_In sone
erbodi ment s. - CHECTREaR AOA inhs 3P Pes LRSS COTPIBMER SLTREOT 8 SRISHE o) | s

ext endi ng afl iRrotteh Rozgl@indhd Qralylafd exh of the Eondinia€ for@itichhBasae 8t sall.defettich
further preferred form the zzle guard is forned fromsilicgn. In one

n
parti clil amepnsy HEYTexame TS of the IyeRtiop may hayra-eatainmstt famatipneqtbgerd fo5r  a

fault t oliRIBRE Frededdiinirell ¥roufs Fhokkids floRthOBBERHoLAR iRthe @kEvhBeAz] es with the
array to conpensate for the 30 danaged nozzle, An ink jet printer

print head accéiedetsgtiangnaapeaspacinsdriyith eacheefithesipntagentfamatipasys eandigurathip ok

| eakage siggihet iﬁ%lyi& ink $o € Bkﬁét&%ﬂnéd%r&sp%b&géeﬁsiwﬁrk&t%n% RVA oPink RPAE! €S,
but senses the acCunul ation of ink and stops further supply to that nozzle

or group &Pntgipmentéamatity s prevents the supply of ink to damaged nozzles to

go un Cﬂf" cked. Mquérg ey thE AN PONE Bctuator attached to a paddle for ejecting ink

wherein the detection means disables the bend actuator to stop further supply of ink to the nozzle.

In a preferred form, the detection means has a pair of electrical contacts positioned in the
containment formation such that an accumulation of the predetermined amount of ink closes an
electrical circuit such that a comparator disables the actuator.

25 In some embodiments, the containment formation further includes containment walls
extending from the guard to the exterior of each of the nozzles. In a further preferred form, the
nozzle guard is formed from silicon.

In one particularly preferred form, the detection means provides feedback for a fault
tolerance facility to adjust the operation of other nozzles with the array to compensate for the

30 damaged nozzle.

An ink jet printer printhead according to the present invention, not only isolates any ink
leakage such that it is contained to a single nozzle or group of nozzles, but senses the accumulation
of ink and stops further supply to that nozzle or group of nozzles. This prevents the supply of ink

to damaged nozzles to go unchecked.



-3 The contai nnent walls necessarily use up a proportion of the surface
area of the printhead, and this adversely affects the nozzl e packing
density. Wbhe2esxssa printhead chip area required can add PO¥A206068 COSt S
of manufacturing the chip. However, in situations where nozzle manufacture
is unreliable, the present invention V\n_# maintain print quality despite a
relatively high nozzle defect 5 rate he nozzle guard may further include
fluid inlet offbaconggnrient wallsmecsssanidy sk up dptObOItIiUlybf rhhalrfaeqmatqftttes)rmmehd)hi bi t
the build_up.of .for rticles ' nl et
openi ngs rracgthbc’ gdvg Se?ytalq%ﬁtgglerngzrrztl)et Bt %éﬁnélt)bolﬁjﬁ B5t r"@é ﬁ%rfazfegméerd 4y. By
provi di ngadd 209z tnl the guei pflmhwifacthiriag jhiel chiph em/pvdrhe smmzlmhsavleternmzlummfmne be
protected.fro 10, bei ng .t ouched. or .bunped a st . nos oth r.sur
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t he extserif¢. side of the nozzles and has an array of apertures big enough
to aIIowtheeection of ink draopl t snal | h to_prevent

i nadvert ent cajﬁf nozgle gpard gay f ‘Fﬁ%&r‘é‘élgéeoq“‘ lef opggs %aﬁg?%fl%g‘%d BYOUgH b ng t he

shi el d fr apartakdsit®@Ribit iHeDul @) bf BleBRpaitiel BEhERbzzIc¥AANSI on substantial |y
mat ches that of the nozzle arra¥ This will help to prevent the array of 15
¢ P

apertures in tRefledidstepeningsmayioe pesiioged repetefeg %‘?‘@F‘Pﬁﬁ‘ efiihe mogzlpagat e arr ay

as the print hgwrdwﬁﬁggd niéRz1t Buard for%%ﬁa&leaagm& ﬁmaﬁers%aﬁ@s cadbe ?/%te%{eh'ﬂ%ﬁf‘ al so
allows the shiéld to accurately mcro-machi ned using t echni ques.
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are now déescri bed, ge exanple only, with 20 reference 1o the
acconpany enrygh Fcawowg EUWIWN P@hk leP’g@ bt smalljspousgh o praveabinaivarens pantagt or the

schemati c; &Woﬁﬁos@dﬁlpﬁ'ﬂlﬁes ﬁihemﬂg ti19§ 1%&519'&1&@& its ?6%&?@ﬂherﬁfaﬂur es 2 to

4showat ree di mensi onal (I stration of an operation of the
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cont ai nnen ure artla sec I on rint head
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a three dinensional view of an ink jet pr| nt head i ncI udi ng a nozzl e guard

wi t hout t IBRIERDESCRIPTYON OF THE DRAWANGSSr show t hree di nensi onal
views of steps in the manufacture of a nozzle
Preferred embodiments of the invention are now described, by way of example only, with

20 reference to the accompanying drawings in which:
Figure 1 shows a three dimensional, schematic view of a nozzle assembly for an ink jet
printhead;
Figures 2 to 4 show a three dimensional, schematic illustration of an operation of the nozzle
assembly of Figure 1;
25 Figure 5 shows a three dimensional view of a nozzle array constituting an ink jet printhead
with a nozzle guard or containment walls;
Figure 5a shows a partial sectioned view of a printhead according to the present invention
with a nozzle guard and containment walls;
Figure 5b shows a circuit diagram of the ink sensor;
30 Figure 6 shows, on an enlarged scale, part of the array of Figure 5;
Figure 7 shows a three dimensional view of an ink jet printhead including a nozzle guard
without the containment walls;
Figures 8a to 8r show three dimensional views of steps in the manufacture of a nozzle

assembly of an ink jet printhead;



assenbly of an ink jet printhead; WO 02/062582 PCT/ AU0O2/ 00068 -4 Figures
9a to 9r show sectional side views of the manufacturing steps; Figures 10a
to | Ok sheww d2myrsar s of nasks used in various steps in thepoamifiaodassi ng

process; Figures l1llato | |c show three dinensional views of an operation
of the nozzle assenbly manufactured acgording to the nmethod of Figures 8
and 9; and 5 Figures 12a to 12c show sectional side views of an operation
of the nozzl eF'@ss:eﬁdatloprshmttamahsﬁded'imwﬁﬂdimgufacmmimt%t hod of Figures 8

and 9. DETA.I L %:Ro 10K sq\l w aey nﬂ{_( of masks uggsn Relfogsr srtcla rslgrhfh? hﬂuﬁ’actlYn L %roFcl dure 1

of the draw ng$ ™ & foZzl e ass PR &ECOT faRee I HVERETOR T s
desi gnat ed gemgnalsIlyatbyld&hewrtla‘ée«lnﬁmﬁsﬁomumedfaﬁﬁperﬂmmofnthejnezzlemssembt;ead has

a pluralit 0o zIe inan array 14 (Figures 5

and 6) on"é ‘éfl“it?rﬁ‘g)?fcgr B‘§t‘? ri[‘g éurﬁsr g‘g\n be described in greater

det ai | sbel ow. Figies azase shoa;QednnaﬁAluﬁesleas of 4nl dpeﬂausru&fsmermae dGeribly Whi ch a

dielectric layer 18 is de sMgﬁ 5@ ssivation layer 20 is deposited
d QbGigyres &

on the di 8128 ‘i‘i‘rﬁdi‘cﬁ?éfng ly 10 includes a nozzle 22
defining a nozzle opening 24, a connecting 15 nmenber in the formof a

| ever ar mpETALEDPDESTRIPTIONZOF THE DRAWINGSN 26 connects the actuator 28
to the nozzle 22. As shown in greater detail in Figures 2 to 4, the nozzle

22 conpri ses Refefringtinifialyttd Eigufé(l ofittieliraveingska ndzzlp @ssebdly, i8 dcabejasdediitigrhé r om t he
crown portion. 30.
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t he 2010n03E2hc2zIe Aasiblies 3@ arrdniged B ah @rrel 4 @igacks Shand 6)dhe silizaa bubsteyde 6. Ithe24 | S
surrounded ed.rim 36 ich "pins" a nmeniscus 38 (Figure 2) of a
body of |ﬁ§aywwlh%ﬁﬁ%scﬂ?fili?€re&tﬁ%4}{fé‘ﬁ’e@ > An ink inlet aperture 42 (shown
nost clearly iTRe dskénble1@ineluddsARilidorasibREE) 16 ¢h witdH ideledtfic RyerflB @epdsftedf the
nozzl e chanber 34. The aperture 42 is jn fluid communication with an ink

inlet chAfndPSpassiyatondayer efissgepsitedpn tgdiglesiss laverd8- 25 A wal | portion 50

bounds the apegkdhtofzidtasaiily EXinEI0gks ahoY 2 defihin® AnbAae 5&9@% 20kbine&ting6. The
skirt portion 32, as indicated above, of the nozzle 2 ines a first part

of a pBri PisEbein fhsformt a levsparadAnd a peatites 28 3Ehedpver am 2q gompectsdhe acgiatas o
defines ajgeffbgbp@bhb. of the peripheral wall of the nozzle chanber 34. The
wal | 50 has an inwardly directed lip 52 at its free end which serves as a
fluidic seal Agehanmiiebreptarderiikis Fighes @ sahple nogzle %CWS@W@W@ 3Powithg

0 P20 i TSR e AR, 96 08 s
di nensi ongeripheral wall of a nozzle chamber 34. The nozzle opening 24 is in ﬂmd communication with the
20 nozzle chamber 34. It is to be noted that the nozzle opening 24 is surrounded by a raised rim 36
which "pins" a meniscus 38 (Figure 2) of a body of ink 40 in the nozzle chamber 34.
An ink inlet aperture 42 (shown most clearly in Figure 6 of the drawings) is defined in a
floor 46 of the nozzle chamber 34. The aperture 42 is in fluid communication with an ink inlet
channel 48 defined through the substrate 16.
25 A wall portion 50 bounds the aperture 42 and extends upwardly from the floor portion 46.
The skirt portion 32, as indicated above, of the nozzle 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.
The wall 50 has an inwardly directed lip 52 at its free end which serves as a fluidic seal
30 which inhibits the escape of ink when the nozzle 22 is displaced, as will be described in greater
detail below. It will be appreciated that, due to the viscosity of the ink 40 and the small dimensions

of the spacing between the lip 52 and the skirt portion 32, the inwardly directed lip 52 and surface

tension function as an effective seal for inhibiting the escape of ink from the nozzle chamber 34.



of the spacing between the lip 52 and the skirt portion 32, the inwardly
directed lip 52 and surface tension function as an effective seal for

i nhi bi ti ngotoheemszape of ink fromthe nozzl e chanber 34. WOTOQ/0062B82

PCT/ AU02/ 00068 -5 The actuator 28 is a thermal bend actuator and is
connected to an anchor 54 extending upwardly fromthe substrate 16 or,
nore particularly fromthe CMOS passivation |ayer 20. The anchor 54 is
mount ed on cofﬁdumdam2§)ssd€h<5@amh¢hnttﬁmran@h cerllrectleql toczalandonpeextandingwi t h t he
act uat or The Lo 8 co rranged
above a sé on%g froénstg?%té’ﬁ eea% %)Omorelp mcu ?ye er rhngM?Tgé&cfsw ? ?%Br?ﬁ Tle)llleams 58
and 60 ar endhbr 5408 momaédishesonductcayhde 56 wmcbﬂrmmnelecmtﬂlcmaiectumuodh tlesactuatoani um
nitride ('{g Bot h beans 58 and 60 have their first ends anchored to the
anchor 54 nd their opposed ends connected to the arm26. Wen a current
ibs caused toI Theatdatur 8 gbmprizes 2first, ¥aivb baim SartahgsdnibévehlGe@pPasivevesh 60.he
eam 58 result

. As the pa SI beam t hrou ich there is no current
flow, do&s®M6 ﬁs&ﬁaff?glwt A8 ﬂ?ﬁﬁraa? 80 arg OBQHBH%h tyesepmicyenal
causi ng tb@hagma;ﬁﬁma{mdemmpe t he nozzl e 22 to be displaced downwardly
towards the substrate 16 as shown in gure 3. This causes an ejection of

i nk through t Hethhsamy ¥ aaséﬂ hayg their fggt egﬂmﬁhoa%d tg she apghor 54 prd theit erpased £ndseat

i's rendveshnbsiMoliierdQb] WheR & eddaBis chuséd tolbwsthRREH e adiive bRt 58 th@wal t he
nozzle 22 returns to its 15 qui escent position as shown in Figure 4. \Wen

t he no¥z| expapsipnafithefeam38irgsylts LﬁSééec@ﬁ%lveﬁﬁgmﬁpdhrouahwhlpwewmﬂ reng flows

formed as gges n%tsé*b&nd% the Qﬁn@[a@a%béﬁgmgfmoﬂﬁnﬂ 1E‘l‘reéiéd)&hﬁ¥n m@% SGankd! erl&d, iRt ed at
66 in Figure 4. The ink [et 64 then travels on %o the print nedia such

as a sheepowe Bapke dlsm@eédwwdly toyfards fihe spbﬁtrﬁ'&tlﬁ@ﬁsfwntlm@gurm% BhipgAugss 64, a
negat I vey Eﬁ@&ioﬁ oF ik 'tlﬁng‘Hrthﬂé o@?ﬂ&”ﬂ% sH3®n a%f'\ghgn‘%he SOUIQE of fiGe ;dr awi ngs.

Thi s negatlve nenl scus resul 'n an inflow of 1nk 40 into the nozzle
20 chanberendxedfioh tltehamveabemﬁﬂ e nbystapping Guif¢nit @gWéhQI)OZiZlS 22 gatyretoiity r eadi ness

for the next . . j ect i f gnow
15" et o, Bl lihs Al ERLL MG, ROZE5 2580 ol B
greater dktdaoplet 64 iseforamedaya fiedul} of thebpreakirfgadan mldmplqmneqktahébldrated@céﬁm ngI Y,
t he arrayp 14| u ro f on ch
caror . Eabo G e ies BBl o Bl (PR AR, BEERITIEAR o RF ASLcERTC
72 and 74of@aeormﬁudnrwﬂgnﬂupeplé‘t(mg 5" e i memagneaifc&mmieiﬁb‘lvn atr68 Bngme 46. To

facilitat | . i f.th 72 and 74,
e L SaGHRECEu by Sl R S B B, 2
respeco t ohdniber MMostigh ﬂiat&ﬁ&@ﬁb&nﬁsﬁﬁs IBQFighret2h & fornted/ i’ @adiAdss for tHelnextigkzdrbe

assenblies, 10 in t(ge r ow 72 spaced apart sufficiently far from each
ot her to &§sAndray eP‘é’\?'érassﬁ 96 of the nozzle assenblies 10 in the row 74

to pass bet weRBfedthgddivas Eighre!®and @t tR2drlinkd) the b s aly @8 islddsdriBed N@rdaRw 72.
It is to be noted that each nozzle assenbly
detail. The array 14 is for a four color printhead. Accordingly, the array 14 includes four groups
70 of nozzle assemblies, one for each color. Each group 70 has its nozzle assemblies 10 arranged
25 intwo rows 72 and 74. One of the groups 70 is shown in greater detail in Figure 6.

To facilitate close packing of the nozzle assemblies 10 in the rows 72 and 74, the nozzle
assemblies 10 in the row 74 are offset or staggered with respect to the nozzle assemblies 10 in the
row 72. Also, the nozzle assemblies 10 in the row 72 are spaced apart sufficiently far from each
other to enable the lever arms 26 of the nozzle assemblies 10 in the row 74 to pass between

30 adjacent nozzles 22 of the assemblies 10 in the row 72. It is to be noted that each nozzle assembly
10 is substantially dumbbell shaped so that the nozzles 22 in the row 72 nest between the nozzles
22 and the actuators 28 of adjacent nozzle assemblies 10 in the row 74.

Further, to facilitate close packing of the nozzles 22 in the rows 72 and 74, each nozzle 22 is

substantially hexagonally shaped.



10 is substantially dunbbell shaped so that the nozzles 22 in the row 72
nest between the nozzles 22 and the actuators 28 of adjacent nozzle
assenbl i ew0lQ/062582 he row 74. Further, to facilitate cl osepopacdioagowB t he
nozzles 22 in the rows 72 and 74, each nozzle 22 is substantially
hexagonal | y shaped. WO 02/062582 PCT/ AUQ2/ 00068 -6 It will be appreciated
by those skilled in the art that, when the nozzles 22 are displaced
towards the sitysH basppreciitediby thoseskiliden the attitet, e Hhe norrdesi2AgreZisphedchg at a
slight an t nozzl.e ch 4 i ' jghtly
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el ectrical connections, via the pads 56, to the actuators 28 of the nozzle

assenbl i e§U¥: These el ectrical connections are fornmed via the CMOS | ayer

(not shown). ARSf&shéwibintFuld Y RSd@Ringd) the20bstrhid q 6 AQZTNE@ pais!78 Y¥rrdifge® hOWN i N
Figure 5 has been spaced to accommopdate a containnent formation 146

sur r ouldi Hgreenehich GEOZ’I"@ thesedectisrlconpectiongevia the Bpdsi e kfte acBROR28 o theagzzle
i ncl udes geQRIteR 10 Pikse ¥Bdtical AhnSHOALHOINBEN Vil the TGS Ryt dn@Bkbwhy. ext endi ng

fromthe silicon substrate 16 to the underside of an apertured nozzl e guard
80. If ink isRefsingo Bigutes Ja aid Sbytheingzale andel dshove indligure 3 hasheen saeed|teakage

i s confinggdofthodste Q%ntmna& f&ﬁsudnhas sirtfdih@EacR ho2 K a5 RHBH) 1@9 ThOZZ! es.

Referring to specifically to 5Sb each contai nment formation 146 wll have
the abil | pgntalmn@éfmuanﬂé6pncwemac@nmnmeeh\k@hmﬁkrrounﬁég@@tf@é&lq Yand| ect r odes
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could al so be
The containment walls 144 necessarily occupy a proportion of the silicon substrate 16 which

NSD

decreases the nozzle packing density of the array. This in turn increases the production costs of the
25 printhead chip. However where the manufacturing techniques result in a relatively high nozzle
attrition rate, individual nozzle containment formations will avoid, or at least minimize any adverse
effects to the print quality.
It will be appreciated by those in the art, that the containment formation could also be
configured to isolate groups of nozzles. Isolating groups of nozzles provides a better nozzle
30 packing density but compensating for damaged nozzles using the surrounding nozzle groups is
more difficult.
Referring to Figure 7, a nozzle array and a nozzle guard without containment walls is shown.
With reference to the previous drawings, like reference numerals refer to like parts, unless

otherwise specified.
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described. St PWWSW’{‘HC thi t%F‘F‘i“E?HHg%%H?gPWéE clegr %eégn pagticlesy, & %pgﬂr ectric

| ayer 18 kgstsl@RORésk Estei@ipadticles, such as dust particles, could fall onto the nozzle assemblies 10

adversely affecting their operation. With the provision of the air inlet openings 88 in the nozzle
guard 80 this problem is, to a large extent, obviated. Referring now to Figures 8 to 10 of the
25 drawings, a process for manufacturing the nozzle assemblies 10 is described.

Starting with the silicon substrate or wafer 16, the dielectric layer 18 is deposited on a
surface of the wafer 16. The dielectric layer 18 is in the form of approximately 1.5 microns of
CVD oxide. Resist is spun on to the layer 18 and the layer 18 is exposed to mask 100 and is
subsequently developed.

30 After being developed, the layer 18 is plasma etched down to the silicon layer 16. The resist
is then stripped and the layer 18 is cleaned. This step defines the ink inlet aperture 42.

In Figure 8b of the drawings, approximately 0.8 microns of aluminum 102 is deposited on
the layer 18. Resist is spun on and the aluminum 102 is exposed to mask 104 and developed. The
aluminum 102 is plasma etched down to the oxide layer 18, the resist is stripped and the device is

35 cleaned. This step provides the bond pads and interconnects to the ink jet actuator 28. This
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fol | owed ByssivBuddnt60 sTdhORMaRE 28.ant al um nitride (TaN). A further 1, 000E of

TiNis sputtered on
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
25 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 um of photo-sensitive polyimide or
30 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.
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The dielectric layer 132 is plasma etched down to the sacrificial layer 128 taking care not to

remove any of the sacrificial layer 134.
This step defines the nozzle opening 24, the lever arm 26 and the anchor 54 of the nozzle
25 assembly 10.

A high Young's modulus dielectric layer 138 is deposited. This layer 138 is formed by
depositing 0.2um of silicon nitride or aluminum 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

30 to adepth of 0.35 microns. This etch is intended to clear the dielectric from the 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 ultraviolet (UV) release tape 140 is applied. 4pum 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

35 inlet channel 48. The resist is then stripped from the wafer 16.
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stripped dR“#&gen plasna to provide the final nozzle assenbly 10 as shown
in Figures 8r panfvdh ;feémartéa%y%éms&gﬁled fiQhe S2BG rfafnerowtﬁraﬁ&rsemd/she reference
nunerals illustrate these two drawi ngs are the sanme as those in Figure
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drawings. It wll be appreciated by persons skilled in the art that

numer ous variations and/or 10 nodifications nay be made to the invention
as shown in the specific enbodi ments without departing fromthe spirit or
scope of the invention as broadly described. The present enbodi nents are,
therefore, to be considered in all respects as illustrative and not
restrictive. WO 02/062582 PCT/ AU02/ 00068 -11- CLAIMS: 1. A printhead for
an ink jet printer, the printhead including: a substrate carrying an array
of nozzles for ejecting ink onto nmedia to be printed; an apertured guard
positioned over at |east one of the nozzles such that ejected ink passes 5
t hrough an aperture and onto the nedia;



the guard and the nozzle at |least partially defining a containnent
formation for isolating |eaked or msdirected ink fromthe nozzle from at

| east sorwO®R/062582 ot her nozzles in the array; and neans POTOE102/00068
predet erm ned anount of ink in the containnment formation and stop further
supply of ink to the nozzle. 10 2. A pripthead according to Claim1 wherein
each nozzle in the array has a respective containnent fornation to isolate
it fromall the other nozzles in the array and each of the containnent
formati on€LAMSine of said detection neans. 3. A printhead according to
Claim1 wherein the contai nnent formations isolate predeterm ned groups of
nozzl es fidom Arpeintedlor #0nl jebprinter, thy pristheadynclugingr ei n 15 t he det ecti on means
associ ated wi . [ Foldl ' [eS; ' ed to stop
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accordi,ng .t o alm.1 wherei .of the nozzles use a bend actuator
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t he bend act udie@nart endsthepoziant ket patallyudefihing @ tortaikmeno farmationderzbadating. A
print head, accor di to.Jaimd4d wherein the detection neans h a_pair, of
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accunul ati on aikarslbeddigcesl prledaterinired amai ohink af the tdataddmesie foraatioalant itop fusther
circuit suchtha&ﬁg cO rator disables the actuator. 6. A printhead

accor di ngS{PEYAT kI eRRE%i n the contai nment formation further includes 25
cont ai fpvent  Wal griathexd Restiing td Claim 1 HRergid @idh dogzlé Meheatia@ hasarregbctdach of the

nozzles. 7. A printhead accordi to Claim5 wherein the nozzle guard is
Formed 1 r GsAapi Grmaon (hlsaRie oo HECOPHRTEET D U8 Ao oe HET 4t ne

det ect i oncoRAREen? fMhElns hisemebgld de@ktich hab.t tolerance facility to adj ust
the operation of other nozzles in the array to conpensate for the damaged

nozzl e. 36 9. ARrigtestasecrding ta-Crin hyhergin Gefoppmmzpdpanatiotsisolaiuprsqelerpipg

further i BRhpdFholAddifdn th Sher RRARINGS afdY: WhkremCt i ng fluid through the
passages, to inhibit the build up of foreign particles on the_ nozzle

array.150. A Pridafestioadneanscasyogiaeg with eashafithegopmisment fprapationsds cogfarhigstonr e
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4. A printhead according to Claim 1 wherein each of the nozzles use a bend actuator attached to
a paddle for ejecting ink wherein the detection means disables the bend actuator to stop further

20 supply of ink to the nozzle.
5. A printhead according to Claim 4 wherein the detection means has a pair of electrical
contacts positioned in the containment formation such that an accumulation of the predetermined
amount of ink closes an electrical circuit such that a comparator disables the actuator.
6. A printhead according to Claim 1 wherein the containment formation further includes

25 containment walls extending from the guard to the exterior of each of the nozzles.
7. A printhead according to Claim 5 wherein the nozzle guard is formed from silicon.
8. A printhead according to Claim 1 wherein the detection means provides feedback for a fault
tolerance facility to adjust the operation of other nozzles in the array to compensate for the
damaged nozzle.

30 9. A printhead according to Claim 5 wherein the nozzle guard further includes fluid inlet
openings for directing fluid through the passages, to inhibit the build up of foreign particles on the
nozzle array.

10. A printhead according to Claim 9 the fluid inlet openings are positioned remote from a bond
pad of the nozzle array.
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