WO 03/ 020524 PCT/ AU02/ 01120 1 INKJET COLLI MATOR FIELD OF | NVENTI ON The
present invention relates to digital printers and in particular ink jet
printers.woRBAGKCROUND TO THE | NVENTION | nk jet printerspramat@2oei2b known
and widely used formof printing. Ink is fed to an array of digitally
controlled nozzles on a printhead. As the print head passes over the
media, ink is ejected to produce an imagél on the nedia. 10 Printer

per formance depends on factors such as operating cost, print quality,

operating speed and ease of use.INKETCOLLIMAR®RCY and vel ocity of
i ndividual ink drops ejected fromthe nozzles will affect these

performance paraneters. Recently, the array of nozzles has been forned
using mcro electro nechanical systens (MEMS) technol ogy, which have
mechani cal HIELD OFENVENTION- mi cron 15 thi cknesses. This allows the
production of printheads that can rapidly eject ink droplets sized in the

picolitre (x 10- ' . ' 151 ' Inartblay iférst hese
pri nt heads can p?gsptﬁjég&ﬁi)%%&gggé%?m g’ﬁ%%%é’?%?ﬁ@%m ity g?djsgﬁéti vel y

| ow costs, their size makes the nozzles extrenmely fragile and vul nerable
to damege fromthe slightest contact with fingers, dust or the 20 nedia
substrate. This can nake theﬁi nt heads i npractical for many applications

where a ceBACKGROUNDTQ SBEINXENTIONecessary. Furthernore, a damaged

nozzle may fail to eject the ink being fed to it. As ink builds up and
beads on the ext &k jet piftetstaee mozl kapwntahé vedady tadrfonh of pHntingy ink ig fed tmdi ng
nozzl es may be affected and/or the damaged WO 03/020524 PCT/ AU02/ 01120

an array of digitally controlled nozzles on a printhead. As the print head passes over

the media, ink is ejected to produce an image on the media.

10 Printer performance depends on factors such as operating cost, print quality,
operating 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 micro electro mechanical
systems (MEMS) technology, which have mechanical structures with sub-micron

15 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 vulnerable to damage from the slightest contact with fingers, dust or the

20 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 surrounding nozzles may be affected and/or the damaged



2 nozzle will sinply leak ink onto the substrate. Both situations are
detrinental to print quality. In other situations, a danaged nozzl e my
si nply ejwotosms2d nk droplets along a msdirected path. @oTiaawshy20t hi s
al so detracts fromprint quality. 5 SUMVARY OF THE | NVENTI ON Accordingly,
the present invention provides a printhead for an ink jet printer, the
printhead including: an array of nozzle %assenblies for ejecting i nk onto
media to be printed and 10 a nozzle guard covering the nozzle array, the
nozzl e guard S ¥ d6w@iinteRtad enpliimtg t 0
each of thélor% 1ﬂ%m@¥%apﬁ¥k8ﬁ%tg€§ﬁ§&é§cﬁogg élwtaqg@afgertur es in the guard
are sized and confl gured to prevent msdirected ink ejected fromthe
nozzI e asse‘ﬂﬂ’@pﬁy fromreaching the nmedia. In this specification the term
"nozzl e assenbly” is to be understood as an 15 ssenbg elene

defining, inter Inbother sitsatiopsmidegaged nezzleTHey sig eJie?\tt %/B'ﬂ?(éltr%‘%}ettg %lga
reference to the opening itself. Preferably, the apertures in the guard are
passages W hisdaedtedgithwobeiotslypthis dso ddthaats fing piifii owhits.y exceeds the bore
size in order to provide a collimator for each of the nozzles. 20 It wll
be appgeci ated that for the purposes of this invention, the cross section
of the apertures may be any conveni ent shape and a reference to the bore

zleétel SL-the H@ﬁ@é@g{ﬁ?‘?@?ﬂ%@@ﬁ%eg limtation to a circular cross

Accordingly, the present invention provides a printhead for an ink jet printer, the

printhead including:
an array of nozzle assemblies for ejecting ink onto media to be printed; and
10 a nozzle guard covering the nozzle array, the nozzle guard having an array of
apertures individually corresponding to each of the nozzle assemblies; wherein each of
the apertures in the guard are sized and configured to prevent misdirected ink ejected
from the nozzle assembly from reaching the media.

In this specification the term "nozzle assembly" is to be understood as an

15 assembly of elements defining, inter alia, an opening. It is not to be interpreted to be a
reference to the opening itself.

Preferably, the apertures in the guard are passages with a lengthwise dimension
that significantly exceeds the bore size in order to provide a collimator for each of the
nozzles.

20 Tt will be appreciated that for the purposes of this invention, the cross section of
the apertures may be any convenient shape and a reference to the bore size of the

aperture is not an implied limitation to a circular cross section.



In a further preferred form the printhead is adapted to detect an
operational fault 1in any of the nozzle assenblies and stop supply of ink
to them wool2es24orm the printhead may further includePaTiAwknitol er ance
facility that adjusts the operation of other nozzle assenblies within the
array to conpensate for any damaged nozzle 5 assenblies. In these

enbodi nents, it is desirable to provide 3 contai nment formation for
isolating |l eaked or msdirected ink fromat |east one of the nozzle

assenblies, fronyt@rhécsrBiRee forhl, td\aintensdlieaduptartd|derst anl dpetatipaslttbaiul ar | y
preferred form each nozzle assenbl y in the array has a respective

cont af nrent ! SLIBAORAR doghale aﬂxtogg@aﬁgoﬂnkw 12l B4y K [ rom each

i ndi vi dual AR asse rom t of t e nozz assenbl | es I n

one form each of the n zzle s us d act uat
ej ect dr opPentheadgay ad@ eff“dhé'gﬁgtga%i%gt RAPGF P ui r ed to

bend the actuator and corrpare it to the ener gy used a correctly

oper ati ng nothet rozzbsasathlidsiwithinlthe argy 16 corapanstte dor wé%mae%mzz fault. In a
preferred enbodi nent, the nozzle has contacts positioned so that a circuit
is closged V\/a@@mbhes,bend actuator is at the limt of its travel during
actuation so that the control unit can neasure the power consuned and tine

taken in noving %eﬂfmf & dbHBbE hHbidEh esSinhRnERkGLG @r t he

energy required. e control senses an operatl onal fault in the nozzle,

| 2 d I f
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a proportion of the surface area_ of_ the print hea?, d this adversely
af fects t herergindes of thaaiozglegasesrblips. Mepasteylarly pre er’l‘fq%r Q.30 g’a required
can add 20%to the costs of manufacturing the chip. WO 03/020524

PCT/ AU02/ 0138@mbly in the array has a respective containment formation to isolate any leaked or

10 misdirected ink from each individual nozzle assembly from the remainder of the nozzle
assemblies.

In one form, each of the nozzle assemblies use a thermal bend actuator to eject
droplets and a control unit adapted to sense the energy required to bend the actuator and
compare it to the energy used by a correctly operating nozzle assembly in order to

15 detect an operational fault. In a preferred embodiment, the nozzle has contacts
positioned so that a circuit is closed when the bend actuator is at the limit of its travel
during actuation so that the control unit can measure the power consumed and time
taken in moving the actuator until the circuit closes to calculate the energy required. If
the control senses an operational fault in the nozzle, it triggers the fault tolerance

20 facility and stops any further supply of ink to the nozzle assembly. .

The containment formation necessarily uses 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 where the nozzle manufacture is unreliable, this
will effectively |ower the defect rate. In a particularly preferred form
t he nozzlwogaaew24 s adapted to inhibit danaging contact WCThuRe1n0zz| es.
Furthernore it is advantageous if the nozzle guard is formed 5 from
silicon. The nozzle guard nmay further include fluid inlet openings for
directing fluid through the passages, tb inhibit the build up of foreign
particles on the nozzle array. The nozzle guard may include a support

reans 10 SHRPRIEGldbenDQhehenSLE| e B LAEA. ThAYIBDGNy Toans

may be integra or e conprise a palr of 10Hspaced support enment s
one being %rranﬂgg %t e%;:h end of the guard. In this enbodinent, the fluid
i nl et openi‘AfE ¥E % anged in one of the support elements. It will be
appreciated that, when air is directed through the openings,. over the

nozzl e array andnapartichladygrefened foams thgawzzle guard s pdppigd tafnkibit dpgpsing
particles on the 15 nozzle array is inhibited. The fluid inlet openings may
be ar r angecohtact Wwith shepparies.cFerhentoresitist alvimtegaoas iftbedozrbaguwid isHermet z| e
array. The present invention maintains print quality by retaining

m sdi rect edydRkilicehect ed from damaged nozzl e assenblies. The el ongate
passages through the guard act 20 as collimators that can collect ink on

Struct ures 1romBErGAr stenaohifeitdhes BLRLER! ol MRIE BT ° o)
SubSt ARt | Al h5Pgh (RSB ST HEE OB R OB SRR DRSS he RRFAE EB3pr event
the array of WD 03/020524 PCT/ AU02/ 01120 5
The nozzle guard may include a support means for supporting the nozzle shield
on the printhead. The support means may be integrally formed and comprise a pair of
10 spaced support elements one being arranged at each end of the guard.
In this embodiment, the fluid inlet openings may be arranged in one of the
support elements.
It will be appreciated that, when air is directed through the openings, over the
nozzle array and out through the passages, the build up of foreign particles on the
15 nozzle array is inhibited.
The fluid inlet openings may be arranged in the support element remote from a
bond pad of the nozzle array.
The present invention maintains print quality by retaining misdirected ink
gjected from damaged nozzle assemblies. The elongate passages through the guard act
20 as collimators that can collect ink on their side walls. Furthermore, the guard protects
the delicate nozzle structures from being touched or bumped against most other

surfaces. By forming the 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 guard fromfalling out of register with the nozzle array.
Using silicon also allows the shield to be accurately m cro-machi ned usi ng
MEMS t echWwD@am®ses24 Furt hernmore, silicon is very strong andPsabgtoantizal |y
non- def ormabl e. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Pref erred enbodi nents
of the invention are now described, by way of exanple only, with reference
to the acconpanyi ng drawi ngs i n which: Fi5gure 1 shows a three dinensional,
schematic view of a nozzle assenbly for an ink jet printhead; 10 Figures 2

Lo 4 Show aphfnga i iERRRBh HRMIAMLS gistcr YAHBE hOM Ol 0BG dlitan  Of

the nozzl e assenbly of Figure i gure shows a three dinensional view of

contat nment Rravs Heiad Bl hypBah AhEAtRenE BT RARIAUTCL, OF

printhead according tg, 15 the present inventjon with a npozzle guard and
cont ai nment FREhEIEI0TE; SYif0B 1S KerY §EORS & %@F%%E’W%fw&kr%f nozzl es on the

contai nnent walls isolating each nozzle; Figure 6 shows, on an enl arged
scale, part of the array of Figure 5; Figure 7 shows a three dinensional
view of an ink jet printhead including a 20 nozzle guard w thout the

cont ai rgrent BIRABFSDESCRIPIIOINOFTAE BRAWINGSe di nensi onal views of steps
in the manufacture of a nozzle assenbly of an ink jet printhead; Figures
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steps in t h%nly, with reference to the accompanying drawings in which:
Figure 1 shows a three dimensional, schematic view of a nozzle assembly for an
ink jet printhead;
10 Figures 2 to 4 show a three dimensional, schematic illustration of an operation
of the nozzle assembly of Figure 1;
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 three dimensional sectioned view of a printhead according to
15 the present invention with a nozzle guard and containment walls;
Figure 5b shows a sectioned plan view of nozzles on the containment walls
isolating each nozzle;
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
20 nozzlelguard 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;



manuf acturi ng process; Figures 11 a to 11 ¢ show three di nensional views of
an operation of the nozzle assenbly manufactured according to the nethod
of Fi gurewod3an#$29; and 5 Figures 12a to 12c show secti onCTsiwe/ovizews of
an operation of the nozzle assenbly manufactured according to the nethod
of Figures 8 and 9. DETAILED DESCRI PTI ON OF THE DRAW NGS Referring
initially to Figure 1 of the draw ngs, anozzle assenbly, in accordance 10
with the invention is designated generally by the reference nunmeral 10. An

ink jet printh lowra@) 3 t ¥ @fHeanged in an
array 14 (Figur ggglgg g?\%og)&gﬁb\lg léoﬁliscdggﬁiskﬁgf&ragﬁg%l%@%%%g ugtr}{ ay 14 wll be
described in greater detail below. The assenbly 10 includes a silicon
substrat e 1BHHAAHTRPRCHSel ectric | ayer 18 is deposited. A CMOS
passivation | ayer 20 is deposited on the dielectric layer 18. 15 Each

nozzl e assenbl y Figuientlaiged cahew 2biee dugengionpliiays of anpopsrationpdtheipzsls, a
connecting nenber in the formof a |ever arm 26 and an actuator 28. The

| ever ar m 2sserablyneatufadhived acdoudihgio A8 ntathddnef Higired & a@d9; e shown in
greater detail in Figures 2 to 4, the nozzle 22 conprises a crowm portion

30 with a skirt mendkt 99 2 4eRERAbAbNAT 988 ViBR's 6f MGpdaidn sMhSfbzzlEhe ski rt
20 portion 32 forns part of a peripheral wall of nozzl e chanber 34. The

a

nozzl e openin 4 is.n fluj i J he zzle 34. It is to
be not ed th%ﬁsg‘f‘hé' T Rggciure %%C%réég%&?g@b@%%%%ﬁg g?/n 29,r ai sed ri m 36 which
"pins" a meniscus 38 (Figure 2) of a body of ink 40 in the nozzle chanber
34. WD 03/020524 PCT/ AU02/01120 7 An ink inlet aperture 42 (shown npst

clearly in Figure 6 of the drawings) is defined in a floor 46 of the
nozzl e chanPETAALEDDESGRIRTIQGN OF THE PRAWINGS

Referring initially to Figure 1 of the drawings, a nozzle assembly, in accordance

10 with the invention is designated generally by the reference numeral 10. An ink jet
printhead has a plurality of nozzle assemblies 10 arranged in an array 14 (Figures 5 and
6) on a silicon substrate 16. The array 14 will be described in greater detail below.

The assembly 10 includes a silicon substrate 16 on which a dielectric layer 18 is
deposited. A CMOS passivation layer 20 is deposited on the dielectric layer 18.

15 Each nozzle assembly 10 includes a nozzle 22 defining a nozzle opening 24, a
connecting member in the form of a lever arm 26 and 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 nozzle 22 comprises a crown
portion 30 with a skirt portion 32 depending from the crown portion 30. The skirt

20 portion 32 forms part of a peripheral wall of a nozzle chamber 34. The nozzle opening
24 is in fluid communication with the nozzle 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.



comuni cation with an ink inlet channel 48 defined through the substrate
16. A wall portion 50 bounds the aperture 42 and extends upwardly fromthe
fl oor 5 pwotsomwsds6. The skirt portion 32, as indicated abeea/aAwbotinne nozzl e
22 defines a first part of a peripheral wall of the nozzle chanber 34 and
the wall portion 50 defines a second part of the peripheral wall of the
nozzl e chamber 34. The wall 50 has an inwardly directed |lip 52 at its free
end that serves as a fluidic seal to inhibit the escape of ink when the

nozzle 22 1s di 9l Akelor Aritttd 2 RRoeRA dEMly i Fidle it dictiilagl s bel ow

It w.ll be appreciated t due to the viscosity of the ink 40 and the
smal | di nensi.ons. of st he in et n i a&i . kKirt portion
32, the m‘%&nﬁ‘ﬁp adﬂ?%cﬁi%%ﬁ? Bong% %llln %gruﬂfglgjéé ﬁ’gﬁsafeon 1l;ﬁllpng%llﬁon as an
effective seal for inhibiting, the escape of jnk fromthe nozzl e chanber
34. The acteestBpnigaiongvith ahigkiplet @@H’aelé‘&qﬁgﬁfirthé?}tghitgé %‘g’ﬁﬁé@ﬁgd to an

anchor 54 15 extending upwardly fromthe substrate 16 or, nore
particul arly frcdowaleotMDS0 mawds thatepenturk 47 end edtendshepvegndlydrons theiflpofrpunt ed
on conductive pads 56 which forman electrical connection with the

act uat 9r 284G CTHAdIGH pdRichPIPhd Hifeatedfabs e, of tetrovele e defind afirtpged
above a second, passive beam60. In a preferred enbodi nent, both beans 58

and 60 are O] tal i i

T an um i G REpb ARG I B hetidale ERRGNE S WEA AR PN GpifiBh SDIARINSUERGAR - e
to the anchor 54 and. their .opposed ends conpected to the arm 26. Wen a
current is RaLERe PR efi’v\/“fallllr‘gﬁbarf‘qzﬁ cg‘ﬁ@g?%'beam 58 thermal expansion of
the beam 58 results. As the passive beam 60, WO 03/020524 PCT/ AU02/01120 .8
t hr ough whi ch t FéheevalkSthbasawrinwandly discoteddéns? pdts fesgrad dhaiservprasafigdicat e, a
bending nonment is created causing the arm 26 and, hence, the nozzle 22 to
be di spl acestal to inhibit the escape of ink when the nozzle 22 is displaced, as will be described in

10 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.

The actuator 28 is a thermal bend actuator and is connected to an anchor 54

15 extending upwardly from the substrate 16 or, more particularly from the CMOS
passivation layer 20. The anchor 54 is mounted on conductive pads 56 which form an
electrical connection with the actuator 28.

The actuator 28 comprises a first, active beam 58 arranged above a second,
passive beam 60. In a preferred embodiment, both beams 58 and 60 are of, or include,

20 a conductive ceramic material such as titanium nitride (TiN).

Both beams 58 and 60 have their first ends anchored to the anchor 54 and their

opposed ends connected to the arm 26. When a current is caused to flow through the

active beam 58 thermal expansion of the beam 58 results. As the passive beam 60,



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. Wen the
sour ce ofwbaat2i534 renoved 5 fromthe active beam 58, i.e. Pog/Adioeppizng
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 of the ®reaking of an ink droplet neck as
illustrated at 66 in Figure 4. The ink droplet 64 then travels on to the

print medi ?:hxgﬁ&ﬁ gv}ﬁl&l MeNEEH C%CIR%_%J, dobSn@ ekl &t t1f sahf2GafcOf PBId of the

i nk drople negative" meni scus 1s formed as shown  at 68 1n Figure
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formed in readiness for the next ink drop ejection fromthe nogzzle
assenbl y 10dovmrasdlyitawads e sibrirajed @ asshong i fgue e THSGHUSRAD J9EORSE 2] e
array 14 is 15 described in greater detail. The array 14 is for a four
col or pri ntinkéidougicthemdizrigbyenihg24 amshoawn 4621 Whadbs sdwoe ofheatisgemnovask
nozzl e assenblies, one for each color. Each group 70 has its nozzle

assenbki es §fnake AL Hehn 5B, 'b?"éﬁ)gfﬁl]gaeih?reﬁt“ﬂoﬂme abzAOR? SaUpH it i S
. (0]

shown in greater detail in Figufe acilitate close packing of the

nozzl e assefBlioe phdiol o4 Mok PPrifared Awhidy 1R hobhE 28 R8ehE 1535 GHRLLAS 10 1N

the row 74 or “staggeretd w th respe ( € Nnozz assenbl i es
apart. sut 1 (RIEIES 50 1ok CrpPIGH BRGHIEATB e TPEPIEHIEF ErorRBE PR 0B PR Reeh i he
nozzle assenblies 10 in the row 74 to pass between adjacent nozzl es 22 of
t he assenblillestrat@i atrf6 inbigse 820 inkrdvplatos tipn tzgels onite therppint mrdia such s to
be noted that each nozzle assenbly 10 is substantially dunmbbell shaped so
that the nogzd @setZd papert s 4 @ulY af the $drniagionde€ thetink druplatiodsa Argatink"t he
10 meniscus is formed as shown at 68 in Figure 4 of the drawings. This "negative"
meniscus 68 results in an inflow of ink 40 into the nozzle chamber 34 such that a new
meniscus 38 (Figure 2) is formed in readiness for the next ink drop ejection from the
nozzle assembly 10.
Referring now to Figure 5 and 6 of the drawings, the nozzle array 14 is
15 described in greater 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 in two 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,
20 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 adjacent nozzles 22 of the assemblies 10 in.



actuators 28 of adjacent nozzle assenblies 10 in the row 74. Further, to
facilitate close packing of the nozzles 22 in the rows 72 and 74, each 5
nozzl e 22woI3puisss anti al |y hexagonal |y shaped. It w || bePapprwecioazed by
those skilled in the art that, when the nozzles 22 are displaced towards
t he substatel 6, in use, due to the nozzl e opening 24 being at a slight
angle with respect to the nozzle chamber 934 is ejected slightly off the
perpendicular. It is an advantage of the arrangenent shown in Figures 5

and 6 of thaqe%wfbﬁznq%isttb%nb&atﬁ&eaaw@ztzrera%_sezm?floti@ﬁlug%ﬁmﬁy sl i es 10

in the rows 72 and 74 extend in the sane direction to one sSide of the rows

(he’ink o et by BT s oRBbEFA T s A BB et Bl P 220 17 opcen

to each other by the same angle resulting in_an inproved print quality.

Al so, as shé%aqoﬁ379\"&lﬁd@c@tdpz@ﬁéss&ﬂ‘é’a%%g%}n@lﬁ@@ﬂﬁstrate 16 has bond pads
76 15 arranged thereon which provide the electrical connections, via the
pads 56, to the Fatharabdaclids désetjacking ot the mgzlend? incthe 1@vs Thask/4leedt ri cal
connections are forned via the CMOS | ayer (not shown). Referring to

Fi gureg 5a apgh1&m isthBsthtfdlytheRbgandlly dhape@wn in Figure 5 has been spaced
to accommpdate a contai nnment fornmation surroundi ng each nozzl e assenbly 10.

S e R e

nozzl e 22 and exten i'con substr e undersi de of
ot pr oper | $1SB16E BBG R SPSE fo TR OO B DR TE L ac EHod so
as not to affect the function of surrounding nozzles. WO 03/020524
PCT/ AU02/ 01 agle with respeietigehé nozziecthager 3 israiertedcthishil pffthe pergendbqudast Kd by
nonitoring the power required to eject an ink drop 64 fromthe nozzle
openi ngs 24is doradvastageof the affemdement shown in Figures 5 and 6 of the drawings that the
10 actuators 28 of the nozzle assemblies 10 in the rows 72 and 74 extend in the same
direction to one side of the rows 72 and 74. Hence, the ink ejected from the nozzles 22
in the row 72 and the ink ejected from the nozzles 22 in the row 74 are offset with
respect to each other by the same angle resulting in an improved print quality.
Also, as shown in Figure 5 of the drawings, the substrate 16 has bond pads 76
15 arranged thereon which provide the electrical connections, via the pads 56, to‘ the
actuators 28 of the nozzle assemblies 10. These electrical connections are formed via
the CMOS layer (not shown).
Referring to Figures 5a and 5b, the nozzle array 14 shown in Figure 5 has been
spaced to accommodate a containment formation surrounding each nozzle assembly 10.
20 The containment formation is a containment wall 144 surrounding the nozzle 22 and
extending from the silicon substrate 16 to the underside of an apertured nozzle guard 80

to form a containment chamber 146. If ink is not properly ejected because of nozzle

damage, the leakage is confined so as not to affect the function of surrounding nozzles.



chanmber 146 is flooded with | eaked or msdirected ink, the resistance to
ink being ejected fromthe nozzle opening 24 wll increase. Likew se, the
energy coweuwamebsky 5 the thermal bend actuator 28 will i neceagmmehnizeh fl ags
a damaged nozzl e assenbly 10. Feedback to the printhead controller can
then stop further operation of the actuator 28 and supply of ink to the
nozzl e assenbly 10. Using a fault toleratice facility, the damged nozzle
can be conpensated for by the remaining nozzles in the array 14 thereby
mai nt ai ni Ng1RkkAse inletthicoMtairRedne Ehdnitger 1196 i ditéctedHly mbhigorflde pawsi vat i on

| ayer 10 20 has a free end extending upwardly fromthe wafer substrate 16.

The contain W%éctjaﬁqnlg %ﬁaﬁdrhizﬂ?é%fo“z%l%\b[p&uﬂ OPAY 1 @B fc&flt infend! | 1 CON

substrate 1 ich decreases the nozzle packin ensrty 0 e array. This

inturn inc osts e nthe i However
where the nﬁhﬂf‘age&tslﬁ .1%6 O‘fg hﬂﬁ%&e‘é 1@"%‘% ﬁle ‘FE\CP’IS f P%Bléhelﬁgzzl e
attrition rate, individual nozzle contal nment 15 forpations wll avoid, or
at |east ni mqqteée“roahghemép@ee@ng 3 wall ingrease Likeywiseqthigenergy consugerbyhe
appreciated by those in the art, that the containnment formation could also
be confs gur gk therna bt sctgatmﬂ&wﬂl‘innmam webich flagd atamapedmorzls askmbhzF).es
provides a better nozzle packing density but conpensating for damaged

nozzl es usi mgedddek tSHE ﬁoﬁﬁﬂféhd‘ SortTIé Santh QMRS !ﬁﬁ“cHEP bferftidd 6faHE hotuaBr 28
Referring to Frgure 7, "a nozzle array and a nozzle guard w t hout

cont ai nment piy ?Flfng W{]eonolzzl& ss,reﬁlfb ?@Cﬁﬁﬁngs @ﬁt&&%&’&%&h iﬁr\é" ngs, like

reference n & par erw se ‘spe ed. WO
03/ 020524 PCT/ AUOZ/Ol 20 11 A nozzle guard 80 .is mounted on the silicon
substrate 16agpgsdrozalecay be gompensated dor93:thg femyning noge ey ddle aahlel d 82

having a plurality of apertures 84 defined therethrough. The apertures 84
are in regi sherelyi mainteinihg pHiet okt RopemgrigFigude 9f, the{eMOS passivation layer

10 20 has a free end extending upwardly from the wafer substrate 16.

The containment walls 144 necessarily occupy a proportion of the silicon
substrate 16 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

15 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 packing density but compensating for damaged nozzles using the
surrounding nozzle groups is more difficult.

20 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.



nozzl e assenblies 10 of the array 14 such that, when ink is ejected from
any one of the 5 nozzle openings 24, the ink passes through the associated
passage bwDas@20se4i ki ng the print media. The guard 80 i sPsiTAweonire t hat
it has the necessary strength and rigidity to protect the nozzle array 14
from damagi ng contact with paper, dust or the users' fingers. By formng
the guard fromsilicon, its coefficient Bf thermal expansion substantially
10 matches that of the nozzle array. This ains to prevent the apertures 84

in the shield 82y nfogﬂergﬁﬁh!sbrignﬁuhte%nmiﬁ&ﬁfsu%t&éieﬁ@efmaza%ﬂag_m.rrmu 14 as
the printhead heats upto its nornmal operating tenperature. Silicon is

ne pri nt hea normal__operat i ng | .
i soussed i HoRToRtS) SRS Bl AR P R R IR or (e

nozzl e assenblies 10. 15 The shield 82 is pounted in spaced rel atjonship
rel ative totherdhiqngly| Eheancassisdgre ngegyirptanokity theqorele SPHEIERAOIGRC  he
struts 86 has air inlet openings 88 defined therein. |In use, when the
array 14 i snozlopeemblicsn0 ofithe arsaycHesugk that fwlwanghk iseiedted fomepgonagEti®s t o
be forced through the apertures 84 together with ink travelling through

the apert ur gsz&dopedthgtng, thoknk Sasb@tth@ngl eHenBsbdidied hsaberbefse bibiing thei S
charged through the apertures 84 at a different velocity fromthat of the
i nk dropl etg -gfme(ﬁ?r exanple, the ink droplets 64 are ejected fromthe
nozzles 22 St a ve ‘ocity of approximately 3nms. The air is charged through

the apertures 84 _at a oci.ty of proximately 1 m's. WD .03/020524

PCT/ AU02/ 01120 aed E{ﬂspse}éénosp thifat B the RecebeReiicpgihang fig é’etf)t ures 84
clear of foreign particles, A danger exists that these foreign &%ewti cl es,
such as dusprqiest thegiogele agayill § ffom dampagiee eqndact wothAlapera dus op eqisers(fingeyer sel y

affecting their operation. Wth the provision of the air
By forming the guard from silicon, its coefficient of thermal expansion substantially

10 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 array 14 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 assemblies 10.

15 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 travelling through
the apertures 84.

20 The ink is not entrained in the air as the air is charged through the apertures 84
at a different velocity from that of the ink droplets 64. For example, the ink droplets 64
are ejected from the nozzles 22 at a velocity of approximately 3m/s. The air is charged

through the apertures 84 at a velocity of approximately 1 m/s.



inlet openings 88 in the nozzle guard 80 this problens is, to a |large
extent, obviated. 5 If a foreign particle does adhere to the nozzle

assenbl y,wohg/ogjsect ed i nk may be msdirected. Simlarly, PChadaoavaRe nozzl e
formati on during manufacture can also result in msdirected ink droplets.
As shown in Figures 7a and 7b, apertures 84 in the nozzle guard 80 can be
used as collimators to retain nisdirected i nk droplets. By careful

al i gnnment of the guard apertures 84 with respective nozzles 22, ink from

damaged 10 nozz'dqf}ge;%i}:?&% ot thd £Cis86 nRinthiREh OMREHr3R42hr B R¥EBE BoktikIeaM

reaching the nme gure 7a shows a msdirected ink droplet 150 ejected

froma damaged nozzl ssenbly 10. AS _t he .dr opl et Q str he

i ntended in §?reeéfsgsr€7?t tﬁf’sec%ﬁlgnd}% 1ele Sueth r@g@gag&aﬁsé%oglﬁﬁéﬂ \E/)\I/éltglrﬁl%f t he
guard aperture_ 84. Figure 7b shows_ an undamaged nozzl e assenbly 10

ej ecting ann9zFie assaphless 1050 vaselygtiesiing the's Apeation- o)Vathithe provisipar fdhe #e nedi a
to be 15 printed without obstruction fromthe guard 80. The contai nnent

wal | s 144 simbatropemings $Riimethe Bazzinmguasdh 80 shis peblesmdstto ajange entent, bhdated.

accunul ation of msdirected ink fromaffecting the operation of any of the

surrousdi Nng NOzZlrgFerefiRianticld d6& RGBS tiRaTbTHe asiehiibiy IRSlcjadted Rikithay B at i on
to the containnment walls, would sense the presence of ink in the

contal nent cORBeh. Sl ARLAYIA FEFARBN bulifs MR ALGLOAKRRS RO

controlling e printhea urn stops rnk®supply to the anéged

nozzle. To maintain print quality, a fault taqler e facility_ adjusts the
oper ati on oft ’B%SHEPC"HEE%‘I %glﬁtﬁ' AT shawn iy 1&}“%% ataaggﬁ 8#5??@41‘%@6#%%3
damaged nozzle 22. WO 03/020524 PCT/ AU2/01120 13 Referring now to Figures
8 to 10 of glttmfdéi@@wilhgg$edaﬁ8|®pﬂh@@@r8ﬁ@ret¢iamﬁ@mctﬂdilﬂ]gdfoplﬁés-rlg‘iiﬂréfuhsserrbl i es
10 is described. Starting with the silicon substrate or wafer 16, the

diel ectric hlagiient 8f it® guard apertures 84 with respective nozzles 22, ink from damaged

10 nozzles 22 is collected by the guard 80 and prevented from reaching the media. Figure
7a shows a misdirected ink droplet 150 ejected from a damaged nozzle assembly 10.
As the droplet 150 strays from the intended ink trajectory, it collides and adheres to the
side wall of the guard aperture 84. Figure 7b shows an undamaged nozzle assembly 10
ejecting an ink droplet 150 along the intended trajectory towards the media to be

15 printed without obstruction from the guard 80.

The containment walls 144 shown in Figures 5a and 5b can be used to prevent
the accumulation of misdirected ink from affecting the operation of any of the
surrounding nozzles. Again, a detection sensor discussed above in relation to the
containment walls, would sense the presence of ink in the containment chamber 146

20 and provide feedback to the microprocessor controlling the printhead which in turn
stops ink supply to the damaged nozzle. To maintain print quality, a fault tolerance
facility adjusts the operation of other nozzles 22 in the array 14 to compensate for the

damaged nozzle 22.



deposited on a surface of the wafer 16. The dielectric layer 18 is in the
formof 5 approxinmately 1.5 mcrons of CVD oxide. Resist is spun on to the
| ayer 18 wod3bms24 | ayer 18 is exposed to mask 100 and is ahsagpaenthy

devel oped. After being devel oped, the layer 18 is plasma etched down to the
silicon layer 16. The resist is then stripped and the |layer 18 is cl eaned.
This step defines the ink inlet apertur® 42. 10 In Figure 8b of the

drawi ngs, approximately 0.8 mcrons of alumnum 102 is deposited on the

| ayer 18. Resi S%]}{]éeféxgﬁg%v@ﬂ&ﬁ od B Pb HPIHRWRW:E ,ia%r@déQQﬁ?%ahﬁfaﬁﬁﬁK%alodf

and devel oped. m num 102 1s plasma etched down to the oxide yer
18, the re

ist i.s stripped and the device is cleaned. This step provides
t he bond pa ngﬁ%}ea§slgg%ﬁ§%ﬂ%gc%§cr{%gdt he ink jet actuator 28. This
interconnect is to an NMOS drive 15 transistor and, awer ne with
connect i ons nadeStpringyatictesilicay spbstrts o AdHNO; ﬁ""ﬁé%?‘%i?\f?ﬁaé’ﬁa 150.5 mi crons
of PECVD nitride is deposited as the CMOS passivation |ayer 20. Resist is
spun on anddégositédayres s@fadesf thepuafed] 6. oTheadikleditie layen &8 ésihtthe form dfs
devel oped. After devel opnent, the nitride is plasnma etched down to the

al um ngm | ayes o8, stiiRréisl Jf e baider RESist i8 splitor ®ghomyef 18 il thal et
aperture 42." The 20 resist is stripped and the device cleaned. A |layer 108

of a sacri fLalg{ISﬁS ﬂ%&g(lg%eﬁlto Ln%sl?'i’w is5Bbde enltlg)ﬁ%{fel kd. The layer 108 is 6

m crons of 0-'sen rve polyimde or approxinately 4 gmof high
170 whor oaf ter | bFEbaRS BRIclRb RS 90 RS SPORESS N SoNBA RGBT ayor
108 is then hardbaked at 400C for one hour where the |ayer 108 is
conpri sed ofl6.pThyiesistiis then sttipprdeandehe tapan] g Gleangrk rEhis pep dajias theigki s hi gh
tenperature resist. It is to be noted in the draw ngs that the
pat t er n- depanéteptrture 42.
10 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 cleaned. This step provides the bond pads and
interconnects to the ink jet actuator 28. This interconnect is to an NMOS drive
15 transistor and a power plane with connections made in the CMOS layer (not shown).
Approximately 0.5 microns of PECVD nitride is deposited as the CMOS
passivation layer 20. Resist is spun on and the layer 20 is exposed to mask 106
whereafter it is developed. After development, the nitride is plasma etched down to the
aluminum layer 102 and the silicon layer 16 in the region of the inlet aperture 42. The
20 resist is stripped and the device cleaned.
A layer 108 of a sacrificial material is spun on to the layer 20. The layer 108 is

6 microns of photo-sensitive polyimide or approximately 4 pm of high temperature

resist. The layer 108 is softbaked and is then exposed to mask 110 whereafter it is



distortion of the polyimde |layer 108 caused by shrinkage is taken into
account in the 5 design of the mask 110. In the next step, shown in Figure
8e of theworcameasgs, a second sacrificial layer 112 is apmciredio2oheol ayer
112 is either 2 mof photo-sensitive polyimde which is spun on or
approximately 1.3 mof high tenperature resist. The |layer 112 is softbaked
and exposed to mask 114. After exposurémto the mask 114, the layer 112 is
devel oped. In 10 the case of the layer 112 being polyimde, the layer 112

is har dbakedegiopt@O0PhE Plyer PN Wn B @ake@BA00M For MBROEr Wherekiaylayerih8 i s
resist, it Is hardbaked at greater than 300C for approxi mately one hour.

At 0.2 mcron nmulti=-l r. et I i I . t of this
| ayer 116 *soclpﬁgmts%%o%%ogglﬁ/{ge §lle%‘{r$? %agéréﬂn%[%deos %é&{h%gettgrg&)%“qégm | ayer 116
is formed by sputtering 1, 000A of titaniumnnitride (Ti at around 300C
fol l owed by WWFirﬁﬁgsﬁAS&ét%ﬁP‘;}fuﬁP H?at“flp%setiletﬁﬁﬁ&’?‘“ *F*ﬁ?"t“ﬁ%?t 1, 000A of
TiN is sputtered on followed by 50A of TaN and a further 1, 000A of Ti N
O her mat er iatestionndnf thh polyimide layse d03 pasedibly shrinkialse irtekeniipe acpp@it n Ge (Ti |
Al)N. The layer 116 is then exposed to nask 118, devel oped and pl asna

et ched sdowndes?éh éfahe hiask ay@r 112 whereafter resist, applied for the |ayer
116, is wet stripped taking care not to renove the cured |ayers 108 or

112. A third sacgi fjl{a ﬁé)&%‘g@?ﬂ%ﬁ%@ﬁ e 8P Bf HRUrRWing PRk QBridcifl 19fer
po 2.6 h

phot o-sensitive yirm or approximately 2.6 g I gh tenperature resist.

he | I f ked /0. / / . f it
ngosgée'[ olirg%iésafg e‘{‘llj'ﬂéeel@%\gslggsg 02 %{%ﬂ@#&%@%ﬁ%&é’&%S (}{\41‘26& lst)sfprunlh;r:tls

baking. In the case of polyimde, the |ayer 120 is hardbaked at 400C for
appr oxi mat ePy oosRProviatdy 1 tumg o8 BigartenpaAtusoreshEicdaysid 1P as wiitbebed and
conpri ses resist.

exposed to mask 114, After exposure to the mask 114, the layer 112 is developed. In

10 the case of the layer 112 being polyimide, the layer 112 is hardbaked at 400°C for
approximately one hour. Where the layer 112 is resist, it is hardbaked at greater than
300°C for approximately one hour.

At 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.

15 The layer 116 is formed by sputtering 1,000A of titanium nitride (TiN) at around
300°C followed by sputtering S0A of tantalum nitride (TaN). A further 1,000A of TiN
is sputtered on followed by 50A of TaN and a further 1,000A of TiN. Other materials
which can be used instead of TiN are TiB,, MoSi, or (Ti, A)N.

The layer 116 is then exposed to mask 118, developed and plasma etched down

20 to the layer 112 whereafter resist, applied for the layer 116, is wet stripped taking care
not to remove the cured layers 108 or 112. |

A third sacrificial layer 120 is applied by spinning on 4 pm of photo-sensitive

polyimide or approximately 2.6 pm high temperature resist. The layer 120 is softbaked



A second nulti-layer netal layer 124 is applied to the layer 120. The 5
constituents of the layer 124 are the sane as the |layer 116 and are applied
in the sawpo3nensaer. It will be appreciated that both | ay@ecs/Albgoand 124
are electrically conductive layers. The |layer 124 is exposed to nmask 126
and is then devel oped. The layer 124 is _ plasma etched down to the
polyi m de or resist |ayer 120 wher eaf t er!r esi st applied for 10 the | ayer
124 is wet stripped taking care not to renove the cured |layers 108, 112 or

120. 1t Wi fheRondot 8expasal 1 Baskk EImi THWpPaddtiagdr id fhen dayspeliZéliciedd byes t he
active beam 58 of the actuator 28. A fourth sacrificial layer 128 is

appl i ed by i, ANi.N n.4 m of S LEd P 41 o@Rgy OXi mat el y
2.6 gm of hﬁ%ﬂ%%gﬁg‘e Ehﬁrcgseroef?l%gtﬁ&?dlﬁhgﬁﬁg%/éé\rﬁg 8 |ésIMF§g§% tobaked, exposed
to the mask 130 and_ is then devel oped tg |eave the .isl ort.ions . as
shown in Fi gprexijately ongow o5 gf Hgaier f%ﬁ%g?éﬁg‘mfﬁg‘e&8¥?ﬁgﬂ§8‘6‘i’“§%§e§1§yer 128
are hardbaked at 400C for approxi matelg one hour in the case of polyimde
or at greater thaeccd0@mifidayar ewitaltayend24 iscpnliedhtorthglayver 820. ofbet he drawi ng a
hi gh Young's nodulus dielectric layer 20 132 is deposited. The |ayer 132

i s congtit ut@dtiREnRRIPERIapEt 1O Yirdiie 9ime s thedayenil 16 antbare@ppladdinitheisanoxi de.
The layer 132 is deposited at a tenperature bel ow t he hardbaked

o e oot ALl Y 105 e oo s

characteris 120 16 required for "this
dielectric E&yer 132 are a high elastic nodulus, chem cal inertness and
good adhesi 810 TiN. A fifth sacrificial layer 134 is applied by spinning
on 2m of photo-sensitive polyimnde or approxinmately 1.3m %f hi gjh .
tenper at ure r esi Ehe layerel 244§ exposeditq mask 126 and is then developed. The layer 124 is

plasma etched down to the polyimide or resist layer 120 whereafter resist applied for
10 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 2.6 pm of high temperature resist. The layer 128 is
15 softbaked, exposed to the mask 130 and is then developed to leave the island portions
as shown in Figure 9k of the drawings. The remaining portions of the layer 128 are
hardbaked at 400°C for approximately one hour in the case of polyimide or at greater
than 300°C for resist.
As shown in Figure 81 of the drawing a high Young's modulus dielectric layer
20 132 is deposited. The layer 132 is constituted by approximately 1um of silicon nitride
or aluminum oxide. The layer 132 is deposited at a temperature below the hardbaked

temperature of the sacrificial layers 108, 112, 120, 128. The primary characteristics



5 sof t baked, exposed to mask 136 and devel oped. The renmi ning portion of
the layer 134 is then hardbaked at 400C for one hour in the case of the
pol yi m deworo3aeosgs eat er than 300C for the resist. The di @Cactuoepiizayer 132
is plasnma etched down to the sacrificial layer 128 taking care not to
remove any of the sacrificial layer 134. 10 This step defines the nozzle
opening 24, the lever arm 26 and the anéfor 54 of the nozzle assenbly 10.
A high Young's nodulus dielectric layer 138 is deposited. This layer 138 is

formed by b8 Lai GRE 15)ek 1 69 Bre Hifh SRR mBdITY, RHBMIval inbrigess ndt

tenperaturgg %?33f?ﬁ%h§%f@%a§§a tenﬁ%ra ure of the sacrificial |ayers 108,
112, 120 and %Zgl? 15 ThIe , as shown in Figure 8p of the draw ngs, the |ayer
138 i s ani SOOI lgfrasma etched to a depth of 0.35 microns. This etch

is intended to clear the dielectric fromthe entire surface except the
side wal ls of tHefifthspwaHicialdayenye4 15@2{1%{?‘& fm%mngaeﬁﬁm épgﬂ"??%ﬁ’ﬁéﬁei34. Thi s
step creates the nozzle rim 36 around the nozzle opening 24 which "pins"
the meni scyslyifidews, appsoximsiely bapmatidigh tep@ertirg kestshyiToe ye 3disr el ease
tape 140 is applied. 4mof resist is spun on to a rear of the silicon

vafer 16. Thapwakiebxpkied f B¥ROSEhnd dev@lsHed]l Phetrombiniie wirton bfthe layef €34 16 to
define the ink I nfet channel 48. The resist is then stripped fromthe wafer

16. WO 03/ 07 SeZ%égra/ke %Ogaéwa%% on%%xgﬁ‘r{; gﬁé b%% oY e{ﬂﬁﬁﬁ@e $12 @rdaft thamhown)

is applied?’ AP0 er nd the tape 140 is renoved. The
sacrificial_ |ayers 108, 112, 120, 128 and 134 are stripped in oxygen
pl asma to ptQVFde thageststnal nozzl e assenmbly 10 as shown in Figures Sr and

9r of the drawi ngs. For ease of reference, the referenﬁe_ numarali )
illustrated i n tThesheleetrc layer 132 is plasma etched down to the sacrificial layer 128 aking

care not to remove any of the sacrificial layer 134.

10 This step defines the nozzle opening 24, the lever arm 26 and the anchor 54 of
the nozzle assembly 10.

A high Young's modulus dielectric layer 138 is deposited. This layer 138 is
formed by depositing 0.2pm of silicon nitride or aluminum nitride at a temperature
below the hardbaked temperature of the sacrificial layers 108, 112, 120 and 128.

15 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 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.

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

16.



5 drawings are the sane as those in Figure 1 of the drawings to indicate
the relevant parts of the nozzle assenbly 10. Figures 11 and 12 show t he
oper at i onwofoswhs2nozzl e assenbly 10, manufactured in accecadaxme/owizbh t he
process described above with reference to Figures 8 and 9 and these
figures correspond to Figures 2 to 4 of the drawings. 10 It will be
appreci ated by persons skilled in the arlf that nunmerous variations and/or
nodi fications may be made to the invention as shown in the specific

enbodi ment s Wt 19 lrufl A7 Fdio [abE di Bow) i€ bpiRi 15 89BE P tnd el T/t | 0N as

broadly describe e present “e therefore, to be

03/ 020524 PERHRIIAP Lot eds hersariied P oRn oo 8 e ohiG ol o,

the printhead including: an array of nozzle assenblies for_ejecting. ink
onto nedi a nexyeemplasmatp, prawide shefinel nazzie asemblniérasshovndn RigssesSrand 8y t he
nozzl e guard having an array of 5 apertures individually corresponding to
each of t heofithe dtavingss divbleasesif referened, the@birernt nuherapilustuated in thegetwoguar d
are sized and configured to prevent msdirected ink ejected fromthe

nozzl esassefilyynds e QR L thok'R IBEHed: ofhe drabiditth aREcACGREE VG bartd ai m
1 wherein the apertures in the guard are passages wth a |engthw se

di mension th significant] i i to provide
a col limat o?%SPO%ZA%ﬁssgmgbhpeb' ﬁ%%%?éejzl 5%?1%&%&1 %eﬁ)@ggﬂgﬁég@&nﬁézq?o Claim1l
wherein the printhead is_adapted to deteg n operatignal_ fault in any of
the nozzl e &SSBRE ]ioe@aﬁﬂfﬁc‘%lf%ip‘né‘ﬁifﬁﬂ%}lcswlme PEPCETRA PO ed above with

reference to Figures 8 and 9 and these figures correspond to Figures 2 to 4 of the
drawings.

10 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.

15



4. A printhead according to Caim1l further including a fault tol erance
facility that adjusts the operation of other nozzle assenblies wthin the
array to wormpensat e for any 15 danaged nozzl e assenbl i es PCF/AUA2p1120t head
according to Caim4 further including a containnent formation for
isolating | eaked or msdirected ink fromat |east one of the nozzle
assenblies fromthe reminder of the nd®zle assenblies. 6. A printhead
according to Caim4 wherein each nozzle assenbly in the array has 20 a
respective éﬂgtlﬁgment formation to isolate any | eaked or m sdirected ink
fromeach 1 ndividual nozzle assenbly. 7. A printhead according to Clains 5

or 6 whereip each contai pnent .chanber has. .| i.on means which
act uat es uptn a&?@ﬂ@?@dﬁﬁ%ﬁ%@@iﬁ% er nn\}mﬁ]etléﬁﬁlﬁél‘?cﬁ}elém 03/ 020524
PCT/ AU02/ 01120 19 chanber and provi des feedback for_a fault tolerance
facility to adj ustariayolapelaasserbligs fopgigein EP@@WI?FP?WI&#&% 0
conpensate for the damaged nozzle. 8. A printhead according to aim7

wher ei n t he nozz wzikesuanhdovetisg fhesiozilo away,she nadzbe guardhaving an drgayctfosed
when the bend actuator is at the limt of its travel during 5 actuation so

that the copldQles¥Milidadily PRASPERIAIR e the abseRGembHed; wherdaken in
novi ng the actuator until the circuit closes to calculate the energy

eauired 5. A BRLAL R, ANGR L0 G AU B ISR ot ! U

triggersthefauﬁa{c _ s an operational fault in
pr' Nt head aBUOvERRE Rt R RRY e He o g uae Do Ehapt ed to
inhibit damaging contact with the nozzles. 11. A printhead according to
Cl ai m 10 wh2r ei nA phisthead a¢cerdjugtodClaim fl ovhpsein thepgnertures in the guard are
passages with a lengthwise dimension that significantly exceeds the bore size in order
10 to provide a collimator for each of the nozzles.
3. A printhead according to Claim 1 wherein the printhead is adapted to detect an
operational fault in any of the nozzle assemblies and stop supply of ink to them.
4, A printhead according to Claim 1 further including a fault tolerance facility that
adjusts the operation of other nozzle assemblies within the array to compensate for any
15 damaged nozzle assemblies.
5. A printhead according to Claim 4 further including a containment formation for
isolating leaked or misdirected ink from at least one of the nozzle assemblies from the
remainder of the nozzle assemblies.
6. A printhead according to Claim 4 wherein each nozzle assembly in the array has
20 a respective containment formation to isolate any leaked or misdirected ink from each
individual nozzle assembly.

7. A printhead according to Claims 5 or 6 wherein each containment chamber has

ink detection means which actuates upon a predetermined level of ink within the



silicon. 12. A printhead according to Claim 11 wherein the nozzle guard
further includes 15 fluid inlet openings for directing fluid through the
passages,wDm3jonisebit the build up of foreign particles oRrCrhaonorzhe
array. 13. A printhead according to Caim 12 further including support
struts for supporting the nozzle shield _on the printhead. 14. A printhead
according to Claim 13 wherein the support struts are integrally 20 forned
and arranged at each end of the guard. 15. A printhead according to Caim
14 wher ei n gfaentlet bihdipiotldel feedbavkifosa & taleranog Edility to adjestdlie djeeat®nmdor t

struts renote froma bond pad of the nozzle array.
other nozzles with the array to compensate for the damaged nozzle.
8. A printhead according to Claim 7 wherein the nozzle has contacts positioned so
that a circuit is closed when the bend actuator is at the limit of its travel during
5 actuation so that the control unit can measure the power consumed and time taken in

moving the actuator until the circuit closes to calculate the energy required.
9. A printhead according to Claim 8 wherein the control unit triggers the fault
tolerance facility when senses an operational fault in the nozzle to stop further supply
of ink to the nozzle assembly.

10 10. A printhead according to Claim 1 wherein the nozzle guard is adapted to inhibit
damaging contact with the nozzles.
11. A printhead according to Claim 10 wherein the nozzle guard is formed from
silicon.
12. A printhead according to Claim 11 wherein the nozzle guard further includes

15 fluid inlet openings for directing fluid through the passages, to inhibit the build up of
foreign particles on the nozzle array.
13. A printhead according to Claim 12 further including support struts for
supporting the nozzle shield on the printhead.
14. A printhead according to Claim 13 wherein the support struts are integrally

20 formed and arranged at each end of the guard.

15. A printhead according to Claim 14 wherein the fluid inlet openings are arranged

in one of the support struts remote from a bond pad of the nozzle array.



