| SOLATI ON FOR | NK JET PRI NTHEAD | NVENTOR CO PENDI NG APPLI CATI ONS Vari o
et hods, §)50R9%4and apparatus relating to the present ingeRiA@N0MI$

di sclosed in the fol I owi ng co-pEnding applications filed by the applicant
or assignee of the present invention: PCT/AU00/ 00594, PCTI AUOO/ 00595)
PCT/ AU00/ 00596, PCT/ AU00/ 00597, PCT/ AUQQ/ 00598, PCT/ AU00/ 00516 and

PCT/ AU00O/ 00517. to The discl osures of these co-pending applications are

i ncorporated h { Doy r f r I he present
i nvention rel amgﬁﬁﬂ@msme%ﬁm Jﬁ%pgwmgx nk jet 1s
_printers. BACKGROUND TO THE INVENTION Ink jet printers are a well-known and
wi dely used formof printed nedia production. Ink is fed to an array of
di gitaIIy W?Qid nozzles on a printhead. As the print head passes over
. the rredla jected fromthe array of nozzl an i mage on
the medi a. PriKi4Sflv@gdrookr mance depends on factorsm a{mwmmﬂmmratl ng cost,
print quality, operating 20 speed and ease of use. frequency and
velocity of individual ink drops ejected fromthe nozzlses will affect these
per f or man he array of nozzles has been forned
using m c(rt(gjgl ecf‘rm;hngh%al:r’upga Ats'}%yesrrs (MEMS) technol ogy, which have
mechasi cal st Macibus asethods) systemsi andrappiratuk neetating . toTities presgutOinventi@s-ate- - 2
PCTIAU(I 1/ (I'l'sll allows the production of printheads that can rapidly eject
i nk dropl gfiszlozbd fftheTolld@inpiceGlehding af)?]hclaﬂoﬂs filetibg)thé gﬁtQEantWiialsﬁgﬁd&&)f the
m croscopic structures of these printheads can provide high speeds and good
pri nt qualp éanﬁwan% ively low costs, their size nmakes the nozzl es
extrenely iragile an “vulnerable to damage fromthe slightest contact with

{mpract | cal 1 of GHAVRORTEa BAUShosd R A oBROSed ERAURIRR Tecs i <

necessary. Fur tgeef; RRfod/00398 BLGRL0DAO3 | & attB¥CTRGOG/GATEC the ink being
fed to it. ﬂlﬁl‘ﬁ'@f é)s up and beads onathe exterior of the nozzle, the

ej ectioon of | rhef disolosures of these co-pending applications are incorporated herein by cross-

reference. I

FIELD OF THE INVENTION 00002

The present invention relates to printed media production and in particular ink jet

; €3eVNVsSHHI JXKL6LTNMLZI r 5 WO 112/-198-4 PCT/ AUO1/ (11511 -1 NOZZLE F

printers.

15 BACKGROUND TO THE INVENTION

Ink jet printers are a well-known and widely used form of printed media production.
Ink is fed to an array of digitally contrc;lled nozzles on a printhead. As the print head passes
over the media, ink is ejected from the array of nozzles to produce an image on the media.
Printer performance depends on factors such as operating cost, print quality, operating
20 speed and ease of use. The mass, frequency and velocity of individual ink drops ejected
from the nozzles will affect these performance parameters.
Recently, the array of nozzles has been formed using microelectromechanical systems

(MEMS) technology, which have mechanical structures with sub-micron thicknesses. This



surroundi ng nozzles may be affected and/or the damaged nozzle will sinply

| eak ink onto to the printed substrate. Both situations are detrinental to
print qualyigpsseyMVARY OF THE | NVENTI ON Accordingly, the pcgs@itoidiyention
provides a printhead for an ink jet printer, the printhead including: an
array of nozzles for ejecting ink onto nedia to be printed; 15 an apertured
contai nment formation positioned betwean the nozzle and the nmedia when the
printhead is in use; such that) ink fed to the nozzle is isolated from at

| east some,0f t.he r nezzl ' M- 100 ctly
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. formation to pyint the nmedia. 2o In this specification the term"nozzle" is
to be unddkdPodiraigangs- el enent defi ni ng an openi ng and not the opening
itself. Preferably, each nozzle in the array has a respective contai nnent

, formation to iWhilathe mitrokcapie stiutturéscofdhése printheadsesaniprovidechigh spegds ashever
sone forns of the invention may have a WO (12/~'18~-4 -3 PCT/A U 01

/111 a 11 Lgabahi{ilty de8188d P Tbve otts, telrashelmakes 8l rkzzIege ity fhgliewnd
groups of nozzles fromthe other nozzles in the array. In a further

prefegred f e j . i I rd
posi t%onedV u@r%ﬁ%%&pc}aﬁ’:%@%?g%ﬁ%ﬁé@%ﬂ?&?t‘? aewxltﬁ]en e?sgggértle{r ﬁ%@%i%@gﬁ;&%‘ t he
nozzl es taq_inhibit damagi contact, wi.th the npzzl es ile pernittipg ink
o} oot od 1 B EaGAsAF BAMPERdsaReRHrA R PR A ons Bhcts fpeBnde el
substrate to be printed. In sone enbodi nents, the nozzle guard covers the
ext eri or abbustressisaetessaryn Burthesmeps aidgmaged npzaleanaysfiei! 49 ciset thainkdging fed
registration with the array of nozzles so as not to inpede the nornal

trajectorywoef Adiakibalidsieaidestals omheasieriopafzhehozuie thiclejedrion o ikl feorguar d
further includes containment walls extending fromthe array of passages to

the exteri i 1R dahl ed W2 RAK SHEH tedkAKBRG
encl osi ng s@érgﬁﬁc%ﬁéﬁ&ez-fgslrn?}ati@:e}[ﬁgfc?h:g?n%@éi erre gf orm the sﬂ@??l% guard is
formed fromsilicon. In qQn articul arly. pr rred form each contai nnment
chantl@r hd ePﬂRteéé‘t“@&rP'ieo%oﬁégfﬂ?"Wﬁ ¥h dﬁ%‘ﬁ%&ﬁ’ig’ ?ﬂiﬂﬂugmﬁfr edet ermi ned | evel
of ink within the chanber and provides feedback 15 for a fault tol erance
facility to adjust the operation of other nozzles with the array to

conpensat SUM Y Qrdd#E INVENTION, some forns of this enbodinent, the
printer stops Vi I . . d { . e ink
det ection rreangs&%%iﬁxélg’gk{hjé E{%S%n(r?i@%ﬁ?%ﬂ&%ﬁ%&ggagﬂﬁ%‘%g’lr%g%?@@t erh%F {ggent
invention, isolates any ink | eakage such that it is contained to a single
nozzl e or HISRRRddRClpHBE| es. By containing the 20 ink flooding, the adjacent
nozzl es can conpensate to maintain print quality. The containment walls
necessarily usan arayaf pozgesifor ejactifg ink entounddiate berpsintest t he print head, and
this adversely affects the nozzle packing density. The extra printhead chip

15 an apertured containment formation positioned between the nozzle and the media
when the printhead is in use; such that,
ink fed to the nozzle is isolated from at least some of the other nozzles in the array
while allowing ink correctly ejected from the nozzle to pass through an aperture in the
containment formation to print the media.
20 In this specification the term "nozzle" is to be understood as an element defining an
opening and not the opening itself.
Preferably, each nozzle in the array has a respective containment formation to isolate

it from all the other nozzles in the array. However, some forms of the invention may have a



area required can add 20%to the costs of manufacturing the chip. However,
in situations wo oa/nsa.t -4 PCT/AU1/ (11 sl | where the nozzle
manuf act U jdaposkar €l i abl e, the present invention will effeeljaahpia¢count
for a relatively high nozzle defect rate. The nozzle guard may further
include fluid inlet openings for directing fluid through the passages, to
inhibit the build up of foreign particles.on the nozzle array. The nozzle
guard may include a support neans for supporting the nozzle shield on the
printhead. . I pair
of spaced sﬁ%@gﬁ#ﬁ? UB? ﬁ@ﬁ%3?§Sbgbﬁgﬁggg¥gﬁmgﬂgﬁmgp§fﬁ%ggﬁ?%gung In
. this enbodi pent, the £|Uld inl et openings may be arranged in one of the
support el fogzles)§ the ag@y. | pe appreciated that, when air is directed
t hrough the openi ngs, over the nozzle array and out t hrough t he passages,
the build up dh aff@ﬂtl@qrgnefgmd ﬁOUnetbeGﬂmtllﬁéleﬁbfPﬂFléﬂfaﬂﬁ&y apeyturedhngziziecgpardrhe
fluid inlet openings my be arranged in the support elenent renote froma
bond pad ofositioRedow Heprinthead suchThayit ¢xtends dverghaextoriad of tigtisozdlel oo inhitét
print head, the nozzle structures can be protected from being touched or

bunped a t ded,
nped gartdgfa#sﬂg%@ aet\b A 1R aeéahuéf gem&m t-,a@d RO tﬁ&ﬁbﬁfés% Mds

t he guard covering the xte ior side of the nbzzles
vvherelnth has an array o es bi enoughto al l ow t he

ej ection o lle}t?raé’ﬁf"é’te%a pntg ﬁ“bgtF?(sSﬁgﬁ’tc?% vent inadvertent contact or
the ingress of nost dust particles. By formng the 20 shield fromsilicon)
i ts coefficierlnsomeembpdimentsx hamordn gg%rswémﬂ |exierierptihe soraigaandithe prertures
nozzle array. This will help to prevent the array of passages in the shield

from f al | | fogmautarray of pgsazeein registratidvewitlothe laerap of Byzzleslso agnatith iropedeahs normal
allows the shield to be accurately mcro nmachi ned usi ng MEMS techni ques.

Furt her nor @,; ecibﬂy'o‘?%nhﬁ 8te fohd Q42 napde, H@St anti al Iy non-def or mabl e.
V1i-' O 02/-198~. ~ - JEF DESCRI PTI ON' OF THE DRAW NGS PCT/ AU /01 S |

Pref o’ ed enbogl? gﬁzci?zisgtgtfrq ﬁlé‘t%gl lg'\é@g%nyl rt,'am en’?%tl@%i&ﬁ&:mgﬁ‘mﬁab%fzﬂﬁx 8{ exanpl e

onIy, Owith ref' rawngs 1n uelshows
a three dinensional, schematic view of a ngzzle assenbly for an ink j
pri nt head: Passagas Wshoexterior ofsach of the pezzlesitorEarsy dinkicontainmenh ehamber F‘E@‘?sﬁ%&l on
of an operation of the nozzle assenbly of Figure 1;

each nozzle. In a further preferred form, the nozzle guard is formed from silicon.

In one particularly preferred form, each containment chamber has ink detection means
which actuates upon a predetermined level of ink within the chamber and provides feedback
15 for a fault tolerance facility to adjust the operation of other nozzles with the array to
compensate for the damaged nozzle. In some forms of this embodiment, the printer stops
supplying ink to the damaged nozzle in response to the ink detection means.
An tnk jet printer printhead according to the present invention, isolates any ink
leakage such that it is contained to a single nozzle or group of nozzles. By containing the
20 ink flooding, the adjacent nozzles can compensate to maintain print quality.
The containment walls necessarily use up a proportion of the surface area of the
printhead, and this adversely affects the nozzle packing density. The extra printhead chip

area required can add 20% to the costs of manufacturing the chip. However, in situations



Figure 5 shows a three dinensional view of a nozzle array constituting an
ink jet printhead with a nozzle guard or contai nnment walls; 10 Figure b5a
shows a tWwpagedmensional sectioned view of a printhead ageqfdighdidip the
present invention with a nozzle guard and contai nnent walls; Figure 5b
shows a sectioned plan view of nozzles on the containnment walls isolating
each nozzle; Figure 6 shows) on an enl arged scale, part of the array of
Figure 5; 15 Figure 7 shows a three dinensional view of an ink jet printhad

i ncl udi ng v@tl(f?@a'%ln%zﬂé' aut L RO unfeRGbie Ok he@g?rat%v bh Will Eff%;lfirv a%gtfl}n? 8r
e a nozzl e

show thre I mensional views of steps In e manufacture 0
o assenbly of an_ inpk jet printhead; Figures 9a to 9r show sectional side

vi ews of Bﬂbaﬁ:éﬂl)’? &1ghp9(gpesc{eg%,rat%0 Fi gures 10a to 10k show | ayouts of
masks used in various steps in the manufacturing process; Figures lla to
. 11c show t hr ed’hdinorzle guard imayifankeraficlude fyidrnlei epenmgs farelimating fluid twondil v
manuf actured according to the nethod of Figures 8 and 9; and WO 02/-198-4

-6 PCT/ Alid p4s9dged ko mitabit he bhaa up of foteigh pamicka hithewdzzRl fayvi ews of an
operation of the nozzle assenbly manufactured according to the nethod of

Fi gurgs 8 and ng;ﬁ T, W}N j Lnl tially
to Figure 1 ofFIE;)n'te r?eg%fé\gwhgﬁgs ﬁ%zk{zgslpgjs%%y, I %ﬁgg%@g@%@ﬁ#&é
invention is designpated generally,by the . reference nuneral 10.. An ink jet
br i nt head FRRUERd,T¢ SHRPY esant mad pe Tnjearaly fared #od camBiyis el of spacet s ay 14
(Figures 5 and 6) on a silicon substrate 16. The array 14 will be descri bed
i n great ersuppart¢lempats ong beaing agangedst sach@nd atthggoerda silicon substrate 16 on
which a dielectric layer 18 is deposited. A CMOS passivation |ayer 20 is
deposi ted on tlhehisleabediment tHedlikd inlé.opdingasiay be azinged isenedftheléuppok! udes a
nozzl e 22 defining a nozzle opening 24, a connecting nenber in the form of
a lever aréj@,gé\tgnd an actuator 28. The lever arm 26 connects the actuator
28 to the nozzle 22. As shown in greater detail in Figures 2 to 4, the

nozzl e 22 co [ a crown, portion 30 wth ski port.ion 32 dependi ng
romiEhe-cr owt BOFts BRSHEBRL bPh o idclritaDleh g Beingl, oy he REAe

peri pheral wall of a nozzle chanber 34. The nozzle opening 24 is in fluid
conmuni cat3rey ans et thiough Sienassagesa theeuildap afforeignipgrtisies paitheinazale arrayds nozz| e
opening 24 is surrounded by a raised rim36 which "pins" a neniscus 38

(Fi gure 2)inkbited.body of ink 40 in the nozzle chanber 34. An ink inlet
aperture 42 (shown nost clearly in Figure 6 of the drawings) is defined in

20 a floor 46 ﬂlﬁ@in'%_i%éhﬁn BP6S ardthged NEth RESJort ferficht kéindi flobid Bond

comuni cation with an ink infet ‘channel” 48 defined through the substrate .

16. pad of the nozzle array.

15 By providing a nozzle guard for the printhead, the nozzle structures can be protected
from being touched or bumped against most other surfaces. To optimize the protection
provided, the guard forms a flat shield covering the exterior side of the nozzles wherein the
shield has an array of passages big enough to allow the ejection of ink droplets but small
enough to prevent inadvertent contact or the ingress of most dust particles. By forming the

20 shield from silicon, its coefficient of thermal expansion substantially matches that of the
nozzle array. This will help to prevent the array of passages in the shield from falling out of
register with the nozzle array. Using silicon also allows the shield to be accurately micro-
machined using MEMS techniques. Furthermore, silicon is very strong and substantially

non-deformable.



. actuator and 1s connected to a

A wall portion 50 bounds the aperture 42 and extends upwardly fromthe
floor portion 46. The skirt portion 32, as indicated above, of the nozzle
22 definegffogst part of a WO 02/ ~98~-4 PCT/. A | 1( 1pchiabadidn

peri pher al vva(l of the nozzle chanber 34 and the wall portion 50 defines a
second part of the peripheral wall of the nozzle chanber 34. The wall 50
has an inwardly directed lip 52 at its fyee end which serves as a fluidic
seal which inhibits the escape of ink when the nozzle 22 is displaced, as

will be d ; ¢ Fgll:gf qEEFm It will be appreciated that,
due to thgéaigggglEFg; t'?yﬁﬁ( e?n%ht IEYGS%” di mensi ons of the spacing
_ between the | imefadedB@bbdimesisiof thedavéntion aB2now tesciibeda byl way dif exartpdelohlyp 52
and surface tension function as an effective seal for inhibiting the escape

of 11K 1 Offul RerBRb Bcclespiny itk artiig@ft wakRr 28 s a thermal bend

nchor “54 extending to upwardly fromthe

substrate 16 qt., r articularly fromthe. CMO)S passivation er_20. The
anchor 54 is %&‘r‘fggcf% SEE}HB%@H‘*\?%‘OB%@’%'EE%WEH ﬁ&%éﬁaﬁegglﬁ%&&f fok
connection with the actuator 28. The actuator 28 conprises a first, active
beam 58 arietprijgieadbove a second, passive beam 60. In a preferred

enbodi nent, both beans 58 and 60 are of, or include, a conductive 15

ceram c . mat er iFgurss12 ko 4shdw b #reeidimensional eschdmbidic illBstrdtiobedas opSaterdofgbe have
their first ends anchored to the anchor 54 and their opposed ends connected
to the armJ6i. MpshifoCHEnRN i S caused to flow through the active beam 58
t hermal expansion of” the beam 58 results. As the passive beam 60, through

moment 15 or odBtagnane s e e By BEP ARkl a8 410 it 2 071 O

di spl aced downwardly towards the substrate 16 as shown in Figure 3. This
causes an Rinkeadavitha nezgle SUIFRIAINtENGIE YAIE opening 24 as shown at 62.

Wien the source of heat is renmoved fromthe active beam 58, i.e. by
st oppiong cur r efigutel5ashowha threezdiimenganal etationed viewi af o printhegd ecrordingiotthen as
shown in Figure 4. Wien the nozzle 22 returns to its quiescent position, an

i nk dropl efreQéht inveht®sBih 8Rold S5l hnd coftdémed/Wdlisl. 1 _g _ PCTI AUQ hi 1S11
of the breaking of an ink droplet neck as illustrated at 66 in Figure 4.

I 7,3 g R AT S AR T U

meni scus is forned as shown at 68 in Figure 4 of the draw ngs. This

" negative"c*}ﬁ’ﬁr‘i‘%@ﬁs 68 results in an inflow of ink 40 into the nozzle
chanmber 34 such that a new neniscus 38 (Figure 2) is formed in readiness
for the next iRigurrtoghowisecwt ananldrgeshscaleeparbefzhe anayeifiyre Do

15 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;
Figures 9a to 9r show sectional side views of the manufacturing steps;
20 Figures 10a to 10k show layouts of masks used in various steps in the manufacturing
process;
Figures 11ato 11c show three dimensional views of an operation of the nozzle

assembly manufactured according to the method of Figures 8 and 9; and



Referring now to Figures 5 and 6 of the drawi ngs, the nozzle array 14 is
described in greater detail. The array 14 is for a four color printhead.
Accor di ng array 14 includes four groups 70 of nozzl@ 1358 kes, one
for each %1‘8?‘9@ ach group 70 has its nozzle |0 assenbli esp%lo a)?;r“?r}gjed in
two rows 72 and 74. One of the groups 70 is shown in greater detail in
Figure 6. To facilitate close packing afg the nozzle assenblies 10 in the
rows 72 and 74, the nozzle assenblies 10 in the row 74 are offset or
staggered with.re t, t he 4 i i r , the
nozzl e assenb Ir]:i'%%gggfai ] I?ﬁ (gzh(}“c')v%%%ﬁagrs @% ggégged(fdgﬁé%ah?%%g@f: i ?ﬁléﬁﬁsl‘:@b%r
~fromeach other to enable the |ever me 26 of the nozzle assenblies 10 in
the row 74“¥Wf$§&§§db@99@%t0dﬁfﬁﬁqugﬂ%%8¥?%f the assenblies 10 in the
row 72. It is to be noted that each nozzle assenbly 10 is substantially
. dunmbbel | shaped so that the nozzles 22 in the row 72 nest between the
nozzl es 22DETAILE® PESGRIPTION OF BHERBRAWINGS ¢ assenblies 10 in the row

74. 20 Further, .ta facilitate clos acking of the nozzles 22 in the.rows
72 and 74, eadisigps sl OEelind e R Gr Y PehaRsERaTIh B asorpt it “pe
appreciated by those skilled in the art that, when the nozzles 22 are

di spl siced theinyention is designpiad generallp by the refeeence namersl 4 fe An dnly iebpiipbeadiys 24
being at a slight angle with respect to the nozzle chanber 34 ink is

ej ect ed sld plbialiyy sffozzlb@sseribfientd arwdnged inl dn arraf4FigudésIBand 6) on a silicon

PCT/ . A11111/11ts. Il -9 is an advantage of the arrangenent shown in Figures

5 and 6 of o liendiEWHOS LR RUHREN Bredr Bl BRoROZZI € assenbl i es 10

in the rows and 74 extend in the sane direction to one side of the rows

72 and 74. Henge, the.ink.ejected.fromthe zzl es 22 i he row,72 and the
(K6l ected 1 rimastaib I8 FELREE cbR Mok BRI o5 e f alcelt i 4856t 1o
each other by the sane angle resulting in an inproved print quality. Al so,
as shown i9¢pPsitdr & GMGS passivatiaiakg 2015 deposiiersen e shielertinlayerd8d pads 76
arranged thereon which provide the electrical connections, via the pads 56)
to the act uat dah28zaé atsbimblydfzdhadudssenatlied? delininglawezlelopeting 24la
connections are forned via the CMOS | ayer (not shown). 10 Referring to

Fi gures 5a,qRebtRR mdner e femPsf AvérhnnMWMhdian abiudiok 28 SThakviesm Zgaced to
acconmodat e a contai nment formation surroundi ng each nozzl e assenbly 10.
The contai nnent format | LS jnment wal |l 144 surrounding the nozzle
22 and ext%’ﬁﬂ?ﬁ%‘qgthﬁa%%gﬂoggsgcftlh?(':‘g%%sg%strate 16 to the underside of an
apertured nozzle guard 80 to forma contai nnent chanber 146. If ink is not
properly ej ectdyshosmdngeaisr daigd 11 Eigyssade 4- ths nogzle 24 SRIPUESGSA CEIMR PN so as
not to affect the function of surrounding nozzles. The nozzles are al so
conf i gur ed3Q withietskict partien 32 dapendipg fram the afowmpadrtign 3GcTheskirt pertion S2domes of

| eaked ink in the contai nment chanber. Using a fault tolerance facility,

t he d@ﬁage%ﬁm@;leﬁ@h@anwmos@ﬁmmweﬁm The rid2gleropBming R4 ds ingid es in the
array 14 thereby maintaining print quality. The contai nnment walls 144

pecess L ARCHIAR AUPREELAT P (L ROR SRR
E gghﬁir ggggédr%)gm? 2 tysa Pagseé 2% ?or \iazﬂxlcge’paﬁcrils'pzt1 ;n%hisclz_&)s ¥ 1gu\§\c¢1 roef at bq)%y r(‘)r?lnnt]l(f&cl%ur I ng
the nozzle chamber 34.
An ink inlet aperture 42 (shown most clearly in Figure 6 of the drawings) is defined in
20 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. ¥t

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



in arelatively high nozzle attrition rate, individual nozzle contai nnment
formations will avoid, or at |east mnimze any adverse effects to the
print qua“@ﬁéu9 (MV1'O 021-t98-t~ -10 PCT/. AUFI 1/f 11511 | thA o1 0es1y
appreci ated by %hose in the art, that the contai nment formation could al so
be configured to isolate groups of nozzles. Isolating groups of nozzles
provi des a better nozzl e packing density but conpensating for damaged
nozzl es using the surroundi ng nozzle groups is nore difficult. Referring to

Fi gure 7, npz [ ' [ | is
hown. vy (RTPOREL SEh B nRle Sraleraf o el ot 56 BeHRL ARERNG M oF,
~refer to like parts, unless otherw se specified. A nozzle guard 80 is

mount ed orthe periphieral gl of thenozale€hambesi3% he array 14. The nozzle guard 80
includes a shield 82 having a plurality of apertures 84 defined
., therethrough. THeewdlDSGjeranunwardBAdisectedilip Yegiistfreaend whidhtservehes afpidic
openi ngs 24 of the nozzle assenblies 10 of the array 14 such that, when ink

i's e ect edehir WA HhiIRGhOEschpteofMAR hen GRETYzME 222 displaced], AKwHPSS@Schitidangh
t he associ ated passage before striking the nedia. e guard 80 is silicon

so that it has a&é@ﬁl S b%ta@ﬁag&%gggg, &b Mel VisdoRitP bOE Gk 4@&&9@2' e

array” 14 f¥om danagi ng contact ust or the users I ngers. By

formng 15 the guard fromsilicon) its coefficjient of therpnl expansion
subst ant i a3Ma}! difepsiars ‘?fﬁg‘% SR3FIng EQWFGHII‘%"%%%?A‘%?ﬁpgm %ﬂﬂfr@@ Ythe
apertures 84 in the shield 82 fromfalling out of register with the nozzle
arrayl 4 asditactedpip 52 dndzsdribeeaensiopfunction as ancffeativeoisal far inhipitingrihereagape of
Silicon is also well suited to accurate m cro-mnmachi ning using MEVS

t echni quesipfifete@dz10 clingt 84, detail below in relation to the manufacture
of the nozzle 20 assenbliesl 0. The shield 82 is nounted in spaced
relationship r i thQ - A | d 86.
e of the St riieaiciifrz8 i PheRffteRd BERRR R cqiherled g i Sndior 4 pERURE
when the array 14 is in operation, air j.s.charged, t h the.in|et
openithgs SPTBIB s tedbRRGILAF Mol BastifLLo8dng GRS Bres(iiug e 20.
traveling through the apertures 84. V1'0O02/.t98-4-4 -11 PCT/AU I 1/(11;
11 The i nleilQ;amgor Fhismegunted anrcopdectiye padssS6 whichform an elegirigal gonnechemyWithhe
apertures 84 at a different velocity fromthat of the ink droplets 64. For
exanpl e, tie attdktodl2®pl ets 64 are ejected fromthe nozzles 22 at a velocity
of approximately 3mis. The air is charged through the apertures 84 at a

velocity of a é)ﬁ&%rejyco iSes a5ﬁf£h;§ctﬁ’\$‘ér BAREsCdrrdn @dé’édveia%eécﬁldh”ﬁ;sﬁtlé‘i n the

apertures 84 clear of foreign particles. A danger é€xists that these foreign
particles, bf;salflr? g()aﬁ\ ad;l)’lrggenggl Ertn g i?nséht, %8&'1' b%arfnggk ag(lil %8 alteho%, grqrzlczlltlge, a conductive

15 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

20 causing the arm 26 and, hence, the nozzle 22 to be displaced downwardly towards the
substrate 16 as shown in Figure 3. This causes an ejection of ink through the nozzle opening
24 as shown at 62. 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.

When the nozzle 22 returns to its quiescent position, an ink droplet 64 is formed as a result



assenblies 10 adversely affecting their operation. Wth the provision of
the air inlet openings 88 in the nozzle guard 80 this problemis, to a

| ar ge exta;btumgp viated. Referring nowto Figures 8 to 10 giciA@18iaWM ngs, a
process for nanu#acturing the nozzl e assenblies 10 10 is descri bed.
Starting with the silicon substrate or wafer 16, the dielectric layer 18 is
deposited on a surface of the wafer 16._glhe dielectric layer 18 is in the
formof approximately 1.5 mcrons of CVD oxi de. Resist is spun on to the

| ayer 18 an the J|l.aye m‘th’l

devel oped ? ?lgﬁgBé?Wﬁkélgc\’P %&%%gngﬂ's lt“ﬁ a er ?g%r%laagﬂrrg ﬁﬂétléldétom to
the silicon layer 16. The resist the é;{)ped and tﬂe |l ayer 18 i

" ¢l eaned. 'I‘h?'!str%‘teésp("ﬁ@fth%%mt‘ﬂ@‘? |aﬁlae°' eeéB PARGF-cA8 8 Tesu ofithe formalion gl ( he
drawi ngs, approximtely 0.8 mcrons of alum num 102 is deposited on the

. layer 18. tResiksdroplst &harinegatiselometiscualisformedrasigh@winsat 68 poEwgwre bofthek 104 20
and devel oped. The al um num 102 is plasma etched down to the oxide |ayer

18, the reghwings SThishédade nehitdie 6893uRS i £ ial16RTdnk dBirdo HeqidzHE OVi des
the bond pads gnd I nt erconnects to the ink jet actuator 28. This

i nter onnegt v r .

connett | orERE: ﬁ‘*’ﬂl o aﬁ%cﬁl@ SR ThiRb R Yorie fiEhy Re g6 i ok ink
Pc~/.aum u~; > > {{om telé r’[l %ons of PECVD nitride is deposited as
t he CMOS p@f§BFl‘Fﬁ't"i”’b omAYenozZz asﬁfégl? ¥tYi s spun on and the layer 20 is

- exposed to nmask 106 whereafter it is devel oped. After devel opnent, the
nitride is pl dRefarrmgmopdodivgures Hand@obithadrawings, meerozal@zrramd%mseﬂbeﬂe@n

| ayer 16 in the region of the inlet aperture 42. The resist is stripped and
t he devi Cegg@ét@@dh@&il Thd 26611459 foraffodr chlerprinthebdl Aoedrdinigh), thiesarmpda iudes t he
| ayer 20 he layer 108 is 6 microns of photo-sensitive polyinde or

appr oxi mat Folu)’§r%u £“76’§f 9f atsﬁgﬁi\r,\ﬁtdﬁfz? ¥ &eh 8dlor. l‘é'%h ﬁlﬁf 7008 xls%oiﬂét baked

and is then'e 0 mask erea ter It Is The layer 108

is then hardb t 400C for one ur ere t 08.is co sed of
Io pdfyi m %Féerggheét grieaesindia o seih i OF @F%%?ﬁpia‘élﬁ R SRR
tenperature resist. It is to be noted in the drawi ngs that the

pattern- defb@mhmﬁguﬂeﬁ ortion of the polyimde |ayer 108 caused by shrinkage
is taken into account in the design of the mask 110. In the next step,

shown in Fi gurgo &ilithte chee gickiigefihe Rozztecaspantdes NDfin tieabws g2 and 74,18 i s
applied. The layer 112 is either 2 p, mof photo-sensitive polyimde which

i's spun on,or, ?ﬁﬂiafeg)ibnﬁﬂﬁlr)fw]? PofRe®br fth g rddeFRbstt € I SbSAle The

| ayer 112 1's so and exposed to mask 1 4 Af ter exposure to the mask

114, the | dev h
pol yi m de, SoHEOTEA R 5555 PE bt e o< BiGeles 0T RSB 1 arfypeg%ga ur.

Where the Ia er 112 is resjst) it is hardbaked at greater than ]3 for
appr o¥i mat sufficigndy fasfrom e@éhAﬂGf@"rﬁaEkd}?‘F keygrarmp 39@?“1?;5\0&? el“é%‘?@’rb 1898 105t hen
deposited. Part of this layer 116

the row 74 to pass between adjacent nozzles 22 of the assemblies 10 in the row 72. Itisto

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.
20 Further, to facilitate close packing of the nozzles 22 in the rows 72 and 74, each
nozzle 22 is substantially hexagonally shaped.
It will be appreciated by those skilled in the art that, when the nozzles 22 are
displaced towards the substrate 16, in use, due to the nozzle opening 24 being at a slight

angle with respect to the nozzle chamber 34 ink is ejected slightly off the perpendicular. It



forms the passive beam 60 of the actuator 28. The |ayer 116 is fornmed by
sputtering 1,000 of titaniumnitride (TiN at around 300C foll owed by
sputteringolmeffy tantalumnitride (TaN). A further 1,000 pefr/alioNois§: WO
fl2/-198-4 -13 PCTIAU I1/f11S11 sputtered on foll owed by 50~ of TaN and a
further 1,000A of TiN. O her materials which can be used instead of TiN are
TiB2, MbSiz or (Ti, AI)N. The layer 116¢is then exposed to nask 118,

devel oped and plasnma etched down to the layer 112 whereafter resist,

applied f j i j : nove the

cUred | ayer ¥t 2fah@EERn g dprahenlil Skl FRElL W GRS PRkinknR e
spinning on 4 ftmo hot Q- sensj tive .pol yim or, .appr oxi. mat el .6 ~tm

hPan 't euparusisred SunEpossl &Rpabies 1HIB helfols /2 st 24 ket unfre i firgion

exposed to mask 122. The exposed | ayer is then devel oped followed by hard

_ baki ng. | ro phesidaigEthefrows 73 and &e) Heree, theyrdrejacrer fremiibe aeralasd2an thedo€ 2or t o

approxi mately one hour or at greater than 300C where the |ayer 120

conpri ses ah@#heSink efoceddrmg theliokzled 20/@rtheRival4 heygfsedwith respeddid éaeH ofter t he

| ayer 120. The constituents of the |ayer 124 are the sane as the |ayer 116

and age agpliedin ggme%ﬁ%mqg{gm‘}ehg\q},ggua@ﬁy_appr eci ated that both | ayers

116 and 1 are e rirca conductiv ers. The layer 124 is exposed to

mask 126 and i, then devel.aped. e layer 4 i.s pl 5 etch down to
the polyi nide ‘Aa?o’raégli‘%‘i’“l g‘r‘refég%%‘imé%gﬁ’]etﬁe F‘é@frgttealig'%ls %8’6‘??8(%% he |ayer
124 is wet stripped taking care not to renove the cured Ia%/ers 108, 112 or
120. 1t wigrangas thereer whirhitpreYide theelacHicabcqpaections. \inthelpage po,10 thedehiaipss t he
active beam 58 of the actuator 28. A fourth sacrificial layer 128 is

appl i ed by8syfitiievior@lecissentfliesn] 0f Thévetetecaizabednne@ions layd fotrrded oia tlepM@S mat el y
2.6 ftmof high tenperature resist. The layer 128 is softbaked, 20 exposed
to the naqé{s;%tm,;.s then devel oped to | eave the island portions as shown
in Figure of the drawi ngs. The renumi ning portions of the |ayer 128 are

or catbr than dotcnelo PSS s T S Baligiley  hain SPEeRes B Vel 571" a2

shown in Figure 81 of the drawing a high Young's nodulus dielectric |ayer
132 is depsdagedde acopmumodales comtainment famaation shauisingeash ez #a asemblydf of
silicon nitride or alum num oxide. The layer 132 is deposited at a

t enper at urkhelrehamnédne foraradbm ksedcaneninraer twallel 4dfsutrbendisg the fnoezlal2 bad/er s 108,
112, 120, 128. The primary characteristics 5 required for this dielectric

layer 132 Atddmgtttdi iRl flonGubRAl 16550 tRd@ilerdde dMArdpBRSEd AbskICRRL 86lResi on
to TiN. Afifth sacrificial layer 134 is applied by spinning on 2pm of
phot 0-s ensiloPnH % ontainment chamber 146. If ink is not properly ejected because of nozzle damage,
15 the leakage is confined so as not to affect the function of surrounding nozzles. The nozzles
are also configured to detect their own operational faults such as the presence of leaked ink
in the containment chamber. Using a fault tolerance facility, the damaged nozzles can be
compensated for by the remaining nozzles in the array 14 thereby maintaining print quality.
The containment walls 144 necessarily occupy a proportion of the silicon substrate 16
20 which decreases the nozzle packing density of the array. This in turn increases the
production costs of the 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.



pol yi m de or approximately 1.3p, mof high tenperature resist. The |ayer 134
i s softbaked, exposed to nask 136 and devel oped. The renai ning portion of

t he | ayerwhifbgust hen 1o hardbaked at 400C for one hour i pchgesasRof the
polyimi de or at greater than 300C for the resist. The dielectric layer 132
is plasma etched down to the sacrificial layer 128 taking care not to
renove any of the sacrificial |ayer 134,0This step defines the nozzle
opening 24, the lever arm 26 and the anchor 54 of the 15 nozzle assenbly
10. A high Yo : - ' i i i ' er
138 is for rredqggllgl%p ﬁ#ﬁaﬁg&@‘g%ﬁ%& © é‘?%ﬁ%éﬂﬁéﬁ?nﬁ?rﬂgﬁg&%ﬁﬂ)&cﬁﬁf%sdrﬁotaaré i de

, at a tenperajure, bel ow t he hardbaked .t erature of the sacrifjcial |ayers
T08” 115" CoPBELTROsasc AN CLBoCHBwST TS SaViE o BOFes HEviFsaPTise potal

| ayer 138 is anisotropically plasma 20 etched to a depth of 0.35 mcrons.

. Thi s et ch pagkingdemsity dut eorppepaatingtfer dinedged npzzdestusing the surrgunding noezle ace
except the side walls of the dielectric layer 132 and the sacrificial |ayer
134. This gbgR ishRed @isfiduke nozzle rim 36 around the nozzle opening 24 which
"pins" the neniscus of ink, as described above. V1~ O 112/ ~98~-4 -15
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resist is spun on t ear of the si1icon wa

exposed to,mask 2 to back etch.the wafer 16 to define the ink inlet
channel 48?“0‘}‘H~e"§"@£’ie grencg 1o s Preyipy e ‘“ﬂﬁ’dﬁﬂ"t’ﬁ%’%‘i Rymerals raler {or ihreharten
rel ease tape (not shown) is applied to a rear of the wafer 16 and the tape
5 140 is ruwasyetherwisespestfiedsi ci al | ayers 108, 112, 120) 128 and 134 are
stripped in oxygen plasna to provide the final nozzle assenbly 10 as shown

in Figures 8r annozle giard 8kisdnauntetigm thEsilicemabsoite 16 bétherarry 14h&he abalence
nunerals illustrated in these two drawings are the sane as those in Figure

1 of the dnaw siWmchbed £6HiGBES nalidg Ea‘iﬁt?r!l?t?tﬁg rhufesi4 &eﬁﬁe&‘%@tﬁoé?g effpl v 10.

Figures 11 and 12 show the operation of ozzl e assenbly 10,
manuf actured in gg¢cor.danc ith. rocess desgri bed abgve w r ence
o Fibur e BE SRRk dialiop Mol B RO T- ptae 28 5P BF 500K Sostibled &1 he
drawings. It wll be appreciated by persons skilled in the art that
numer ous ViAE pERY Khsich sptovhengak s eéatsdsinam pny opgoinhe aoAzds QPRAINES PArthe Ik as
shown in the specific enbodiments without departing fromthe spirit or
scope of tpassestivengh tha associatedpabspgelbafore srildng leenggliesent 15 enbodi nents
are, therefore, to be considered in all respects as illustrative and not
restrictive. T¥b'gbhdd B is difiBorlsofthatliPhasl th&héveMary strength and rigidity to protect the
nozzle array 14 from damaging contact with paper, dust or the users’ fingers. By forming
15 the guard from silicon, its coefficient of thermal expansion substantially matches that of the
nozzle array. This aims to prevent the apertures 84 in the shield 82 from falling out of
register with the nozzle arrayl4 as the printhead heats up to its normal operating
temperature. Silicon is also well suited to accurate micro-machining using MEMS
techniques discussed in greater detail below in relation to the manufacture of the nozzle
20 assembliesl0.
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.

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 for an ink jet printer, the printhead including: an an ay of
nozzles for ejecting ink onto nedia to be printed; PCT/AU(I1/11lsl | an
apert ur edyeapladqment formation positioned between the nopgheni@ndidipe nedi a
when the printhead is in use; such that, ink fed to the nozzle is isolated
fromat |east sonme of the other nozzles in the array while allow ng ink
correctly ejected fromthe nozzle to pags.through an aperture in the
containment formation to print the nmedia. 2. A printhead according to Caim
1 wherein each e i r. . ' '
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formation to iso e i rom a the other nozzl™es I n

~ printhead cording.tg Claiml wherein t nt ai nqpent forpmation, configured
for isolat ‘ﬁ@)‘eb‘r\é"gﬁt@é?’fﬂ"h@&t @f}‘aﬁﬁg‘ ‘S’f’&ﬁ'ﬁggi g:g’r ?’faé‘?ﬁq‘?’ﬁée B‘gﬁggplﬁégﬁ% in the

array. 4. A printhead according to daim1 wherein the contai nnent

. formati on djectesifrem ¢he nozelds 33 avh welgeity of approximyelydmds Thesaipisi ohatged threughh

that it extends over the exterior of the is nozzles to inhibit danmagi ng

contact W théapdi@rdd®azk @ elity of AfreiiinaienglmBRk ej ected fromthe nozzles to
pass through the apertures and onto the substrate to be printed. 5. A

pri nt pead accopflidighds0 of I lafP i o il emzéfclgwf%ﬁgﬁ%aicme gxterior

of the nozzles a e apertures forman array o assages i'n registration

with the afray of nozz|es .so.as not to i de the, nor rajectory of the
ke oot MBS SHSEB (e FPe SR e IS0 TGS Pert U Sl EhS P Pl
contai nment walls extending fromthe array of passages to the exterior of
each of t hassemblies 49 adversedy affecting ghaivenesdtione NY itictha pratisiamef Ggiaiidnletach
nozzle. b. A printhead according to Claim4 the nozzle guard is formed from
silicon. opéring€BOi thy Bozrle piard B0 ik problelm is, fo a-lange eXtent) opviatedhead®eferring di ng
to Caim4 wherein each contai nnent chanber has ink detection neans which
act uat es  UpRNFi piredg I 10b NG dl'eﬁ\\'iﬁ%s,ﬁf rdcBés 18 mdhdtadtling MRS/ le AAEmBLAY ! des
feedback for a fault tolerance fac Iltpy to adjust the operation of other
nozzl es wih the .ﬁréay to conpensate for the damaged nozzle. 5 8. A
printflead Ht8GFEREt 0 Caim 7 wherein the printer stops supplying ink to

t he damaged nozzle in response to the ink detection neans. 9. A printhead
accordi ng to dartingwviththe silieon sbstiate oy walenil 6, thdislecsisdavend § is daposifedernd ng
fluid through the passages to inhibit the build up of foreign particles on
t he nozzl esusfiaceyf. thd BafeA 16r The Hedadtricclagar d B ngint the fdran ohappfowirhdtely liSmmiarchisng a
support neans for supporting 10 the nozzle shield on the printhead. 11. A
printhead gae@h@dkite. Rsisl Rispunl&h WIRE flyer 18 dSHORGEL 1978 RSoskd tdadktopar al | y
formed and conprises a pair of spaced support el énments one bei ng arranged
at each end .of _th rd. _ A printhead according to Caim11l wherein the
fluid inl e?"ddf)%urﬁsgcb%%{@gevéai-or?pgﬁged in 15 one of the support elenents. 13. A

ri nthead according to d ai 12 wherein the fluid inlet openings are
gr rarded in  After bgcing developgg, the layer l% is plasma etched down to the Ei?icon lgyer 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
20 and developed. The aluminum 102 is plasma etched down to the oxide layer 18, the resist
is stripped and the device is cleaned. This step provides the bond pads and interconnects to
the ink jet actuator 28. This interconnect is to an NMOS drive transistor and a power plane

with connections made in the CMOS layer (not shown).



the support elenent renote froma bond pad of the nozzle array.
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Where the layer 112 is resist, it is hardbaked at greater than 300°C for approximately one

hour.
20 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
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A third sacrificial layer 120 is applied by spinning on 4 um of photo-sensitive

polyimide or approximately 2.6 um high temperature resist. The layer 120 is softbaked
whereafter it is exposed to mask 122. The exposed layer is then developed followed by
hard baking. In the case of polyimide, the layer 120 is hardbaked at 400°C for

10 approximately one hour or at greater than 300°C where the layer 120 comprises resist.

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

The layer 124 is exposed to mask 126 and is then developed. The layer 124 is plasma

15 etched down to the polyimide or resist layer 120 whereafter resist applied for the layer 124
is wet stripped taking care not to remove the cured layers 108, 112 or 120. It will be noted
that the remaining part of the layer 124 defines the active beam 58 of the actuator 28.

A fourth sacrificial layer 128 is applied by spinning on 4 um of photo-sensitive

polyimide or approximately 2.6um of high temperature resist. The layer 128 is softbaked,
20 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.
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9<L<<5<C::qau@ed for this dielectric layer 132 are a h1 gh 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 developed. The remaining portion of the layer 134 is then

10 hardbaked at 400°C for one hour in the case of the polyimide or at greater than 300°C for
the resist.

The dielectric layer 132 is plasma etched down to the sacrificial layer 128 taking care
not to remove any of the sacrificial layer 134.

This step defines the nozzle opening 24, the lever arm 26 and the anchor 54 of the

15 nozzle 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

20 etched to a depth of 0.35 microns. This etch is intended to clear the dielectric from all of
the surface except the side walls of the dielectric layer 132 and the sacrificial layer 134,
This step creates the nozzle rim 36 around the nozzle opening 24 which "pins" the meniscus

of ink, as described above.
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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,
10 manufactured in accordance with the process described above with reference to Figures 8
and 9 and these figures correspond to Figures 2 to 4 of the drawings.
It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as broadly described. The present

15 embodiments are, therefore, to be considered in all respects as illustrative and not

restrictive.
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an apertured containment formation positioned between the nozzle and the media
5 when the printhead is in use; such that,
ink fed to the nozzle is isolated from at least some of the other nozzles in the array
while allowing ink correctly ejected from the nozzle to pass through an aperture in the
containment formation to print the media.
2. A printhead according to Claim 1 wherein each nozzle in the array has a respective
10 containment formation to isolate it from all the other nozzles in the array.
3. A printhead according to Claim 1 wherein the containment formation configured for
isolating predetermined groups of nozzles from the other nozzles in the array.
4. A printhead according to Claim 1 wherein the containment formation is an apertured
nozzle guard positioned on the printhead such that it extends over the exterior of the
15 nozzles to inhibit damaging contact with the nozzles while permitting ink ejected from the
nozzles to pass through the apertures and onto the substrate to be printed.
5. A printhead according to Claim 4 wherein the nozzle guard covers the exterior of the
nozzles and the apertures form an array of passages in registration with the array of nozzles
so as not to impede the normal trajectory of the ink ejected from each nozzle, and
20 the nozzle guard further includes containment walls extending from the array of
passages to the exterior of each of the nozzles to form a ink containment chamber enclosing

each nozzle.

6. A printhead according to Claim 4 the nozzle guard is formed from silicon.
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9. A printhead according to Claim 4 further including 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 4 further including a support means for supporting

10 the nozzle shield on the printhead.
11. A printhead according to Claim 10 wherein the support means is be integrally formed
and comprises a pair of spaced support elements one being arranged at each end of the
guard.
12. A printhead according to Claim 11 wherein the fluid inlet openings are arranged in

15 one of the support elements.
13. A printhead according to Claim 12 wherein the fluid inlet openings are arranged in

the support element remote from a bond pad of the nozzle array.



