WO 03/ 020524 PCT/ AU02/ 01120 1 INKIJET COLLI MATOR FI ELD OF | NVENTI ON The
present invention relates to digital printers and in particular ink jet
printers.wb BAGKGROUND TO THE | NVENTION I nk jet printers aca/Aavoaeii20known
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 danmaged WO 03/ 020524

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



PCT/ AU02/ 01120 2 nozzle will sinply leak ink onto the substrate. Both
situations are detrinental to print quality. In other situations, a
damaged mwoaBmesey sinply eject the ink droplets along a peirsdioeecized pat h.
Qoviously, this also detracts fromprint quality. 5 SUWARY OF THE

| NVENTI ON Accordingly, the present invention provides a printhead for an
ink jet printer, the printhead includirfg: an array of nozzle assenblies
for ejecting ink onto nedia to be printed; and 10 a nozzle guard covering
t he nozzl e array,.t.he | r i : e dPEintedta S print
individualIIﬁf’zélt(ﬁ‘?(‘?l(%§:'c')*t’1]'8'icf‘%%§1 ogg§éﬁe§?%?ﬁg'%gggﬁgﬁgggtﬁblies; mher%in each
of the apertures in the guard are sized and configured to prevent
nisdirectedﬁﬁhﬁhejected fromthe nozzle assenbly fromreaching the nedia.
In this specification the term"nozzle assenbly” is to b n ershgod as an
15 assenbly of dhethensituations,sidegagpdpedzlemaysinply @ﬁgﬁﬁﬁb’i #?P FS2ABE % 0 be
interpreted to be a reference to the opening itself. Preferably, the
apertures imisdftectedipatt. @beiopalysthieasovdttaces framptihtudtdi nensi on  t hat
significantly exceeds the bore size in order to provide a collimtor for
each of the nozzles. 20 It will be appreciated that for the purposes of
this invention, the cross section of the apertures nmay be any conveni ent

shape and a r iZze of the aperture is not an inplied
A at on SUNAHE e P RCBRIIBN | 05 0360

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.



PCT/ AU02/ 01120 3 In a further preferred form the printhead is adapted to
detect an operational fault in any of the nozzle assenblies and stop supply
of ink towOleneoskh this form the printhead may further iPotlAI®e/on26aul t
tolerance facility that adjusts the operation of other nozzle assenblies
within the array to conpensate for any damaged nozzle 5 assenblies. In

t hese enbodi nents, it is desirable to pr%vi de a containnent 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
Iﬁktiég?ﬁéswbﬁuﬂgﬁ‘%«%@hﬁv@g R B ot Il RO P g PR et Fopd AL Y T

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.

assembly 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.



WO 03/ 020524 PCT/ AU0O2/ 01120 4 However, in situations where the nozzle
manufacture is unreliable, this wll effectively Ilower the defect rate. In
a particuweridp2qseef erred form the nozzle guard i s adapt e®Crotoniifdt
damagi ng contact with the nozzles. Furthernore it is advantageous if the
nozzle guard is formed 5 fromsilicon. The nozzle guard may further
include fluid inlet openings for directidhg fluid through the passages, to
inhibit the build up of foreign particles on the nozzle array. The nozzle
guard may i) UAP iR HURRAL WhERANSndMHe RURRAhicIguhiRRaB10 AR s viflbrRbEvap t he
pri nt head. e support neans may %e Integrally forned and conprise a pair
of 10 spa edlﬁﬁﬁﬂpgt e{enents one being arranged at each end of the guard.
In this enbBYP IeCHA% | ui d i nl et openi ngs may be arranged in one of the
support elenments. It wll be appreciated that, when air is djrected through
t he openi ngs, o&@ﬁPWW§maﬂMZ&ﬁbﬂﬂiﬁﬁvaﬁﬁdméﬂ?gﬂﬁﬂdﬂﬁﬁpﬁﬁéoﬂﬁ§@é§@§%¥P&e
build up of foreign particles on the 15 nozzle array is inhibited. The
fluid inl etcoapenvilysheryzlee Buarlemgert it is ddventsgropsiftthe hezrbnguaréisdoaméd om a
bond pad of the nozzle array. The present invention maintains print quality
by retaini ngyfisgdbprected ink ejected from danmaged nozzl e assenblies. The
el ongat e passages through the guard act 20 as collinmators that can coll ect

nozzle struct ur avereai B gD oEREGnghIpARIAR. BB or Rafigee

Z )lj L;ﬁg iez.n %Ju%{l r‘tn}-lenrgasga%%s,s“tg I1n%1|1‘t()jlt ‘Ihre%qllﬂg iullaio%?gréigirltp%xtfc eesfcfni tﬁie relgztzleoeflrre{yher el
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



substantially matches that of the nozzle array. This will help to prevent
the array of WO 03/020524 PCT/ AU02/ 01120 5 passages in the guard from
falling owDodfo2esegi ster with the nozzle array. Using sili eca/Ataksorzael | ows
the shield to be accurately m cro-nmachi ned usi ng MEMS t echni ques.
Furthernore, silicon is very strong and substantially non-deformable. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS Pr ef er Ped enbodi ments of the invention
are now descri bed, by way of exanple only, with reference to the

acconpanyi Ngaglh 5 iR Yse élmra«ﬁbﬁﬁrauﬁ?w 8f rbgRRP Withaht RES% A4 NS dlicon
schematic view of a nozzle assenbly for an ink jet printhead; 10 Figures 2
to 4 show aj

hr i i ;G 1 rat tion of
the nozzle 45§ eaﬁgwg ng?ﬂiﬁlggof%e ﬁc;%ﬁﬁ?éig%%dé&gqé%C?m%ed}%{nﬁﬁgghﬁgﬁgﬁeﬁaI vi ew of
a nozzle array_constituting an ink je printhead w.th nozzl e guard or
cont ai nment FREhergore;sifos 1S %ery §0RS @i%@éﬂ%ﬂ@%‘(ﬁﬁwa@&u oned view of a
printhead according to 15 the present invention with a nozzle guard and
contai nment walls; Figure 5b shows a sectioned plan view of nozzles on the

containment walls isolating each nozzle; Figure 6 shows, on an enl arged

scal e, part BRIBFPESORIPTION-OFUTHEIDRAWINEGS7 shows a t hree di nensi onal
view of an ink jet printhead including a 20 nozzle guard w thout the

t ai t wall §;.cEi ; j i ' t
contai nment vl | prorfiGitSodiold oﬁfheﬁgfégugfg BRSoW E&Bﬁﬁ&iﬂﬁ# Wi };eﬂﬁFx,ol% eps

in the manufacture o nozzl e asse an ink jet pr gures

9 10 91 show sech! onal, 3195, WL Bl ik BB AGH UL O st eps:

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;



WD 03/ 020524 PCT/ AU02/ 01120 6 Figures | Oa to 10k show | ayouts of masks
used in various steps in the manufacturing process; Figures 11 ato 11 c
show t hr ewodiB/erss4 onal vi ews of an operation of the nozzl @CTagsenbi2y
manuf act ured according to the method of Figures 8 and 9; and 5 Figures 12a
to 12c show sectional side views of an operation of the nozzle assenbly
manuf actured according to the nethod of ®i gures 8 and 9. DETAI LED

DESCRI PTI ON OF THE DRAW NGS Referring initially to Figure 1 of the

draw ngs, a nozzy g ’g@m'ﬂ()kshg\gr nﬁfﬁﬁﬂﬁﬁks&&d%baié&%té’pw@ﬂfei on is

desi gnat ed genera y the re ce nuneral 10. An ink“jet printhead has
a plurality of nozzle assenblies 10 arranged in an array 14 (Figures 5 and
6) on a si IW@%@%P@F?%G. The array 14 will be described in greater
detail below The assenbly 10 includes a siljcon substrate 16 on ich a

di el ectric | ayerFigges t1a gdieshewdhrepdmansiopalsaewyael @yonessfion o3 the 102g€posi t ed
on the dielectric layer 18. 15 Each nozzle assenbly 10 includes a nozzle 22
defini ng a mwaznbly mpmifichge? decoading onthe atdtingl ofdipwes 8 and Heanklor m of a | ever
arm 26 and an actuator 28. The lever arm 26 connects the actuator 28 to

the nozzle 22. AggsROMY ioM Qs8N aEctiRhRdide ViBwEbOat Gser@idn®f4he fdiglenozzl e 22
conprises a crowmn portion 30 with a skirt portion 32 depending fromthe

i 30, Th [ ' i ph I |
of " nozsl coRRAPbAPA Akl oo BREd B bl U BRI o o7 PO IS o

with the nozzle 34. It is to be noted that the nozzle opening 24 is
surrounded by a raised rim36 which "pins" a neniscus 38 (Figure 2) of a
body of ink 40 in the nozzle chanber 34.

DETAILED DESCRIPTION OF THE DRAWINGS

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.



WO 03/ 020524 PCT/ AU02/ 01120 7 An ink inlet aperture 42 (shown nost clearly
in Figure 6 of the drawings) is defined in a floor 46 of the nozzle chanber
34. The awerodwews242 is in fluid comunication with an i nkCrmwe/ocizannel 48
defined through the substrate 16. A wall portion 50 bounds the aperture 42

and extends upwardly fromthe floor 5 portion 46. The skirt portion 32, as

i ndi cated above, of the nozzle 22 defines a first part of a peripheral

wal | of the nozzle chanber 34 and the wall portion 50 defines a second

part of the peri %leﬂ‘@ﬂehufg42t¢§ﬁov9&ﬁﬁkﬁcl%ﬁmﬁ%gl§é6 oT'ﬂﬁ:d%@xlving_E shas an
1 C

inwardly directe Ip 52 at 1ts free end that serves as a flui seal to

inhibit the, escape of i en the.n i i s wll be
descri bed idr? n %ngarﬂg?rez{g(#gﬁ%fl zzgee h(%%/%vl.zb%% $4v2v|§ lﬁ &ﬁg[luge%z?feggl?g%l@d that, due to
the viscosity of the ink 40 and the smal | dinensions, of .the spaci ng between
the |ip 52 mumgnieation;with oinkiplgt @?{mﬁﬁé deﬁﬂ%&%‘?‘&ghdh‘? %‘H’Fgﬁfeﬁgp 52 and
surface tension function as an effective seal for inhibiting the escape of
ink fromthe nozrivellpoeitnei0 BandTthe apeturad and extesdssupvrasdlydton edlaget uat or
and is connected to an anchor 54 15 extending upwardly fromthe substrate

16 or, 5n0r epdRfbh 46 UTRE dirtfpbAMnt 32 adiMIRated abve/ af ttemolzay ep definesthfirsaperhor 54
i's mounted on conductive pads 56 which forman electrical connection with

the actuator. 28 . r { ' d %8l nordieh 159 GleBEAM R80@ r anged
above a seégﬁ'meggggﬁggggg%ﬁP%%§ggﬁygkggngpied eﬂ%og?nenf, bot h %eans 58

and 60 are of, include, .20 a conductive ceram c material such as

titani um niRas ﬁgﬁiﬁ?lmhef%&aﬁ éléﬁ]%ozg% cz‘ﬁ%‘%%roﬁhave their first ends anchored
to the anchor 54 and their opposed ends connected to the arm 26. \Wen a .

current is causékhetwall $@hastanriowatdly disected lip 52 at its free end that serves as a fluidic

seal 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,



active beam 58 thernmal expansion of the beam 58 results. As the passive
beam 60, WD 03/ 020524 PCT/ AU02/ 01120 8 through which there is no current
fl ow, doewordt2wzpand at the same rate, a bending nonment PCI/Adreated
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
i nk through the nozzle opening 24 as shofn at 62. Wien the source of heat
is renoved 5 fromthe active beam 58, i.e. by stopping current flow, the

nozzl e 22 TlddelSihith thef is A GARER HowIABEL AR Ex PG W kol leDhbéhdfng When the

nozzle 22 returns to Its qU|escent p05|t|on an 1 nk droplet 64 is forned

as a result_of the br i Iet neck il ed at 66 in
Figure 4. TREDFHS 678 éﬁu%%g{*ﬁ tz:ge?ﬁl}g henge; tp%n?zf%éea%r oke (#%Dg&%hs uch as a
sheet of p‘gnw As a result of the formation of the ink droplet 64, ?
“negat i ve" doyvnyemllydowaids thesrulsizata 46 ghgiwnin ague3. ﬁ%waéw%‘ agreiqoligh o
drawi ngs. This "negative" neniscus 68 results in an inflow of ink 40 into
t he nozzl e inkdbesh 88 meurh opérrbg 24 aeshovwreaticg c YEha@Bth¢ Fiwgoe ef IRpt isgehovaded i n
readi ness for the next ink drop ejection fromthe nozzle assenbly 10.

Referrgng noym iR &tSehean sanple@ y@foppl @i NGS, the RezAAOZZ turas talys 14 is 15
described in greater detail. The array 14 is for a four color printhead.

Accor di N9 YouildlEne RN ot ShdWE 188 L UimE BR80T o640 A BRREMRL | €S,

one for eac group S nozz e assen arranged in

two rows 72 and 74. roups 70 .is wn in eate e in
Figure 6. TRPSHIS P‘Hrgcgo bé@l%gm% qusqlh%ftﬁgg&qa@ngggmﬁg ‘&ggl’f ‘70 B he
rows 72 and 74, 20 the nozzle assenblies 10 in the row 74 are of fset or
stagger ed villusratedpeistintFogurng. Abe mledroplst 64iendevels onro theepringwmerzz sugh 5o,
the nozzle assenblies 10 in the row 72 are spaced apart sufficiently far
from each oiheshetinofgapghl eAdhestleyfihe dorimatidh ofthetihke dropletlod, a "negative"

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.



assenblies 10 in the row 74 to pass between adj acent nozzles 22 of the
assenblies 10 in. WO 03/020524 PCT/ AU02/ 01120 9 the row 72. It is to be
not ed t hawoeaobosnozzl e assenbly 10 is substantially dunmbbelC/Awbaped so
that the nozzles 22 in the row 72 nest between the nozzles 22 and the
actuators 28 of adjacent nozzle assenblies 10 in the row 74. Further, to
facilitate cl ose packing of the nozzles 22 in the rows 72 and 74, each 5
nozzle 22 is substantially hexagonally shaped. It will be appreciated by

those skil |l gd @) 1ohat &b bbhdled MARACH Mz ROZL STy 18 @b fbstadlii AR @ERSbelIOVAT dS

t he substatel 6, in use, due to the nozzle opening 24 being at a slight

angle with respect ;to.the naozzle chanb 34.1s g d sli of f the
per pendi cul &‘}%Peﬁfo tl}agﬂ%%mg%l\%%% g]gtgle(r)?w'? %éle%rbre g“r’legég(r%r@én 0% egv.%%%{i] lgures 5
and 6 of the drawings that the 10 actuators 28 of the nozzle assenblies 10
in the rowsaspatardSof adiacerdozdeppembiigel0 m thegeWdh t o one side of the rows
72 and 74. Hence, the ink ejected fromthe nozzles 22 in the row 72 and
the ink ejected Funthnr}todadibtar desezacking bfithemparl@d22incthoréwe?2 mid H, eadspect
to each other by the same angle resulting in an inproved print quality.

Al so, as shg@mzlémﬁi@gg@n@l@f}lekﬁgmdn@ma%g&, the substrate 16 has bond pads
76 15 arranged thereon which provide the electrical connections, via the

pads 56, to the t ; l. i ectrical
Connect} ons are Farien Doy kR RARER pREFEEN, tiin W po BS80S

Fi gures 5a and, 5b, the nozzle arr 14 sho in Fjgure. 5 has.been ..spaced
to accommod ’cSBlaﬁe‘i:@H‘faé‘ilsrfﬁﬁﬁ‘Ebsf%‘?W:{I}‘bgﬁ’ tp %% c&’&ﬁﬁ’i‘gﬁg}f}n@ a§§§g |y 10.
20 The contai nment formation is a containment wal| 144 surrounding the
nozzl e 22 anuglextidrrgspegt fortbemezrie eiambendd tsuiertedatlightlp offdhe pap @i Be of

an apertured nozzle guard 80 to forma contai nnent chanber 146. If ink is
not properl ¥ & KRuedgbetheagandentdt Blodvn 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.



damage, the | eakage is confined so as not to affect the function of
surroundi ng nozzles. WO 03/020524 PCT/ AU02/ 01120 10 Leakage in each

cont ai nmewoD osloaoser 146 is detected by nonitoring the poweCT/Al®guined to
eject an ink drop 64 fromthe nozzle openings 24. |F the containnment
chanmber 146 is flooded with | eaked or msdirected ink, the resistance to
ink being ejected fromthe nozzl e openi 24 wll increase. Likew se, the
energy consuned by 5 the thermal bend actuator 28 will increase which flags
a damaged noggtdpeasefflotalnent Besebead ks inddidttedtsy mbhitathecthapswtl er can
then stop further operation of the actuator 28 and supply of ink to the

nozz1 e asseqlure obSIAGP B HRUSIADSE beEl by, 1 g coffARed nozzl e

can be conpe e remal ni ng nozztes array 14 thereby

mai nt ai ni ng _print al .t Ref.er r.i ta Figure t he passi vati on
layer 10 20°heeber lggé%h%%d&@ﬁéfﬂﬁg’rm&%?‘? I?E’(])th? feRtaRss Erlgg?}%lgr ate 16.
The contai nment walls 144 necessarily occupy a _proportion of the silicon
substrate 16jegisddipmithenogsle speting Ab3ill inceeski hikewisssihe pnesey consugieddy. Thi s
in turn increases the production costs of the printhead chip. However
wher e tshe milnauhesidl bemdacthact2 wilkincreasauwhich flags a édrmigedmoyzlb aggemblyz 0. e
attrition rate, individual nozzle containnent 15 formations will avoid, or

at |east m MePiragk AMe PEURIEE cATtfoBlEt SanttBert {8p RirthRE ofdtatidrt OfF thé hctitdthd 2e
appreciated by those in the art, that the containnent formation could also

be configured,to iso}a r.ou Syro:h-SQlatql .of »nozzl es
provi des a aB%ts?pglly%%?%ﬁ%%ﬁélg%?lﬁégsggﬁgk@ lsjl#l gggg&mt}léﬁgeé |c(r%3? ‘?lcl)t&’ g%maged
nozzl es using the, surrounding nozzle groups is nore difficult.

Referring téiamﬁé‘iﬂ'lé)z?{e canhsmleewﬁeéforgwdﬁa TERRRI0E NFAPHIIE MeRt &4
containment walls is shown. Wth reference to. the previous draw ngs, like
ref erence ntlmeeby maintfiming ptint quakity. Refesinguo Fegise 8l HerGMEOS passivatianddyer

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.



WO 03/ 020524 PCT/ AU02/ 01120 11 A nozzle guard 80 is nounted on the silicon
substrate 16 of the array 14. The nozzle guard 80 includes a shield 82

havi ng a wbouws@abisty of apertures 84 defined therethrough. PChaAl@perI2er es 84
are in registration with the nozzle openings 24 of the nozzle assenblies
10 of the array 14 such that, when ink is ejected fromany one of the 5
nozzl e openings 24, the ink passes through the associated passage before
striking the print media. The guard 80 is silicon so that it has the

necessary strengjhand o(d:gisdii§ ¥obRted Bh LG TicdNRbRPAL L 6 oRiHeRVraF44f TAR
damagi ng contact wth paper, dust or the users' fingers. By tormng the

guard fromsilicon, .Lt$s fiici of .t her . ex ion tially 10
mat ches thapo%#e %d %@M@%?P@ﬁﬁ%ﬁlﬁ%’m ar’r%ﬂ?atll)l ?Pg‘&gn ¢ ﬁg%gpﬁ)}é%]ures 84 in

the shield 82 fromfalling out of register with the nozzle arra 4 as the
print head hwrabrgpeh.oThe apertyiss $giarpinaraisiraiipn with tepogzle Ppgp{lgsc%ﬂngfi al so
well suited to accurate m cro-nmachining using MEMS techni ques discussed in
great er det adizldassenblies 10aifahe arayt ot tuck thatamiidndok isreieaséd fromm anyoné of the
assenblies 10. 15 The shield 82 is nmounted in spaced relationship relative

t o t he 5n0zzhg ASSRiMitgs 28, thd Shibpyaskdsthough el dsstictatéBpastApe befort Bieikidortits 86

has air inlet openings 88 defined therein. 1In use, when the array 14 is in
operati on, ﬁh&lhaﬁgharged t hrough the inlet openings 88 to be forced
t hrough thevapertures 84 together with ink travelling through the

apertures 84. 20 _The i iLs.not entrajned in the air as the. alr is charged
Fhrough the aper Tt Eurgio iExn et tRS tueestrry HeoRmAd et | nk
droplets 64. For exanple, the ink droplets 64 are ejected fromthe nozzles
22 at a vel piteoy thefnogplgraory i diony dandging qunsach iwith papeth dey o thetuseisUrecrhe

apertures 84 at a velocity of approximately 1 m's.
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.



WO 03/ 020524 PCT/ AU02/ 01120 12 The purpose of the air is to maintain the
apertures 84 clear of foreign particles, A danger exists that these foreign
particl eswogaobnsas dust particles, could fall onto the n@ealAa8seRobl | es
10 adversely affecting their operation. Wth the provision of the air

inlet openings 88 in the nozzle guard 80 this problens is, to a |large
extent, obviated. 5 If a foreign particl¥ does adhere to the nozzle
assenbly, the ejected ink may be msdirected. Simlarly, inaccurate nozzle

formation duri ngl"%@s%tog‘ﬁgebﬁﬁﬁ 1R LOnthiB I SpertufesBusiiak 661G gh Phrtidleap! et s.

As shown in Figur 7a an , apertures 84 in the nozzle guard 80 can be

used as col lijators.to,retain m.sdirected i,nk dropl et.s. B I

al i gnment of* ‘{%%ergeﬁfgﬁsdthﬁtptbﬁe&f”éem W SP%’saﬁe&gufflgaégﬂgsz 74 P%lg @Egﬁtlgn ®from
damaged 10 nozzles 22 is collected by the guard 80_and prevented from
reachi ng t heozremssemipieyl0advearsely pifeting theis Qperatem dWithitheprgyisan ofdhe &f ect ed
froma damaged nozzle assenbly 10. As the droplet 150 strays fromthe

i nt ended i ninldtoppEing08Y/in the nozdlé pubed 86 fids pobEEmesisito atlimge estete obwdbledof t he
guard aperture 84. Figure 7b shows an undamaged nozzl e assenbly 10

ej ectiBgg an ink gh@legin pheflclalionthdhbe tb Heaiteald akdeaibey, iths glqeétetmmdﬁaylbxe medi a

to be 15 printed wthout obstruction fromthe guard 80. The contai nnent
wal s 144 s 01N 1 Flgu 3 e . :
accunulatio%goIﬁﬁggdFgggﬁgﬁ%?ﬁgﬂ%Fgﬁzgg %@?Wﬁg%ﬁﬂégggéggﬁggﬁm% %353“%% t he
surroundi ng, nozz| es.  Agaj n,. a detection_sens di,scussed ahove_.in rel ation
to the confaif ﬁ‘t‘te‘%\)éﬂ%ladé?lﬂﬁﬁu%é Sggweén F’r%‘reﬁ%ré%ﬂig’ W@Wﬁ%gﬁnf}ﬁé‘ozgle

cont ai nnment chanber 146 20 and provi de feedback to the m croprocessor
control | i nggtdré 8pcambhused asteolimaterste ratain saisdirectediinks dipplsys. t By earefullanaged
nozzle. To maintain print quality, a fault tolerance facility adjusts the
oper ati on ofliginké¥ oNthezduesl aprtiues Bh&vit respectivie AiarzieRpeink dtomn fanagede
damaged nozzl e 22.

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.



WD 03/ 020524 PCT/ AU02/ 01120 13 Referring nowto Figures 8 to 10 of the
drawi ngs, a process for manufacturing the nozzle assenblies 10 is

descri bedwoSBaetseng with the silicon substrate or wafer l@CTiAt@2diebectric
| ayer 18 is deposited on a surface of the wafer 16. The dielectric |ayer
18 is in the formof 5 approximately 1.5 mcrons of CVD oxide. Resist is
spun on to the layer 18 and the layer 1M is exposed to mask 100 and is
subsequent |y devel oped. After being devel oped, the layer 18 is plasna

et ched down”t 0 tigreShleaMol I¥REs § 4610 SPihe URNHiBks, irddiS ot hizhiapesiriagd  he

| ayer 18 is cleaned. This step defines the ink “inlet aperture 42. 10 In

Figure 8b of the .draw ngs proxi,mately 0.8 mcrons of alum num 102 is
deposi t ed o&lemglf’ﬁ?@l%%gs. 1@%54%%“’%?’ spun on and the al um num 102 is

exposed to mask 104 and devel oped. The al ym nu 10% is plasma, et ched down
to the oxide Ia%ﬁwﬁQSFWﬂ%ﬁ@SﬂE§F§Fb$%ﬁ%ﬁWW§ﬁ&%§ag%ﬂh?ﬁgna EE s cl eaned.
This step provides the bond pads and interconnects to the ink jet actuator
28. This i nilgosithact surfaceof Hre WwBS! @r Theedigisctric daysr $8 dy indhelfoampdwer pl ane
wi th connections nade in the CMOS | ayer (not shown). Approximately 0.5

mcrong of BELYDDdlY i $aniFord@R @V odides Rekist iSM¥n orPRSfie gbt adayier 20.
Resi st is spun on and the layer 20 is exposed to mask 106 whereafter it is

devel oped. @g%ﬁﬂ%g%éﬁ%i%ﬁ%%ﬁf?@g%ﬂqitsrs{l%ﬂ%&.ﬂﬁ'd?ﬁgg?&f ched down to the

al um num | a hesi “layer _ egion of the inlet
ARV N TR IO N
'[ﬁefr{)g;] Zt 8]; eFIJQ.O:[I‘l?e-: rseiir;f }sttilgf s’uF‘)il(;lloe}:ii aT;d(?cﬁe lgtgleraPSpi; %i(eiann?(i[. e’ll‘h%s gteg g]ef(i)lzes r'glilegir;lk
inlet aperture 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



resist. The layer 108 is softbaked and is then exposed to nmask 110
whereafter it is WO 03/020524 PCT/ AU02/ 01120 14 devel oped. The | ayer 108

i s then haodbakesds at 400C for one hour where the | ayer 10@CTisoeompoi sed of
pol yi m de or at greater than 300C where the layer 108 is high tenperature
resist. It is to be noted in the dramﬁngﬁsthat t he pattern-dependent
distortion of the polyimde |ayer 108 c ed by shrinkage is taken into
account in the 5 design of the mask 110. In the next step, shown in Figure

8e of the dawidiad; The $HEPTOR S ¥ HardtaRbd h0RPC fdrloheihourRRbic @b layéia Ogayer
112 is either 2"m of photo-sensitive polyimde which is spun on or

approximately 1.3 mo i.ah -t r Le. I 6| 12:1is sof t baked
and exposeH‘ °t°81pr?ﬁ§a<°€11° Ylgﬁ?l? gﬁ:&%@%&&glﬁa@@bﬁ@ eﬁ%@gh%ﬁh%ﬁé él‘gyer 112 is
devel oped. In 10 the case of the |aye 12 .bei olyimde, the |ayer 112
i s har dbaketfpmperafprgesisy It 1&&;‘3?%&?%‘2@9% ngﬁntgg?tg?\ﬁét?eén%ﬁ%enﬁﬁ'ﬂrter 112 is

resist, it is hardbaked at greater than 300C for approximately one hour.

At 0.2 mi cr distortidrt of thapelyimiliediyer 40 causadby shritkege $dplowiinodiccmtin e t hi s
| ayer 116 fornms the passive beam 60 of the actuator 28. 15 The |ayer 116

is formed byes@iéftte hiagk 11Q00A of titaniumnitride (TiN) at around 300C
foll owed by sputtering 50A of tantalumnitride (TaN). A further 1, 000A of

TiN is sputtereg Vﬁ?g%}&i:slge Y‘%%Win?qéggge atleantlvdol WkBRId shad@QA 19er TI N

O her materials use stead of TiN"are TiB2, MoSi 2 or (Ti,

et thed down’ 1515 PBledaThelyer T35° Gt 47 o Prlepet T R b RE RSy, o

116, is wet stripped taking care not to renove the cured |l ayers 108 or
112. A t hi r 6n saepurexigiagly i of highjtempespiurexesisty s 1averd 2 dnsodtbgkes and
phot o-sensitive

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



polyi m de or approximately 2.6 gm high tenperature resist. The layer 120 is
sof t baked WO 03/ 020524 PCT/ AU02/ 01120 15 whereafter it is exposed to nmask
122. The woposad24 ayer is then devel oped foll owed by har @Chaliongi120n t he
case of polyimde, the layer 120 is hardbaked at 400C for approxinmately
one hour or at greater than 300C where the |ayer 120 conprises resist. A
second nmulti-layer netal |ayer 124 is adﬁl ied to the layer 120. The 5
constituents of the layer 124 are the sane as the layer 116 and are applied

in the sanmey,DRMA& is kkpd¥el ko RAsIAPTY. eTHAxpOsddNager ROthen oy iied Faowetbyl 24
are electrically COI’ldUC][DI ve |layers. The layer 124 is exposed to mask 126

and is then devel.oped. .The | : | ]P% ob Gt he

pol yi m de glparﬁg)glpgg ?‘5 grcaﬁez(g%\?\)}?'eur}l% therlaféég?g?s Ig%g I e%q?%qb 100t he | ayer
124 is wet stripped taking care not to ve th ured,layers 108,. 112 or
120, "1t wi AP Rt o ReSFOIAR AOD A RerB i T 120 SPREBs detTinee. ¢ ne
active beam 58 of the actuator 28. A fourth sacrificial |layer 128 is

appl i ed by spi nnhsecond ndultilayer pretal dayse ha4 tsi appliedhist the fayveel 2t Bisor oxi nat el y
2.6 gmof high tenperature resist. The layer 128 is 15 softbaked, exposed

to thesmaskedndBtRnE of she 1ager 108 \wed thpesint as thedwer 1 bé and hrengplpal ihithasmes
shown in Figure 9k of the drawi ngs. The remaining portions of the |ayer 128

are hardba t ’ LGSR 14 eRNA 6RAHM 24 Ard Q6ctE8Ss Bhdikdhyi m de
or at gr eat%lﬁgn%héﬁ&gg%gﬁ (gér%%r%e(gelﬁst. Asaxlsehown in Figure 81 o?l the drawing a
hi gh Ybung'f nodul us dielectric layer 20 132 is deposited. The | ayer 132
is constitut®dSby approximately 1mof silicon nitride or aluninum oxide.

The layer 132 is deposited at a tenperature bel ow theI\ h%rdtﬁalied .
The layer 124 is exposed to mask 126 and is then developed. The layer 124 is

plasma etched down to the polyimide or resist layer 120 whereafter resist applied for
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



tenperature of the sacrificial layers 108, 112, 120, 128. The primary
characteristics WO 03/020524 PCT/ AUO2/ 01120 16 required for this

di el ectriwoloagpers2432 are a high elastic nodul us, chem cal PCAagtioaes1R20 and
good adhesion to TiN. Afifth sacrificial layer 134 is applied by spinning
on 2m of photo-sensitive polyimde or agpr oximately 1.3m of high
tenperature resist. The layer 134 is 5 4®ftbaked, exposed to mask 136 and
devel oped. The remaining portion of the layer 134 is then hardbaked at
400C for o Moot fhi j iMh Blagtee @6d@hs, gheaical inkftdess addO0C f or
t he resi st T}gqllﬁlceéug?fe@é%@r@%ec %g?g 1%%%6%%1%5@ et ched down to the

sacrifici al Ig% 128 ing care not to renove any of the sacrificial

| ayer 134. SPOIPRSIWM QT Hefines the nozzl e opening 24, the lever arm 26 and
t he anchor 54 of the nozzle assenbly 11_0 A high Young's ?ul us..dielectric
|ayer 138 is depofftheeerificial dayier} a4 15epplipdby 13 "Bﬁloﬂyug’e‘bféré% ISV m of
silicon nitride or alumnumnitride at a tenperature below the hardbaked

t enper at ur epobfimideorsappraxiinately 1.5 pmearfdigiogmpereture 15t ahbe lpyer 13¢5 Then, as
shown in Figure 8p of the drawings, the layer 138 is anisotropically

pl asmag et che@phidaedRRbN hadk 3% it @eoeloped] itk retainingspdrtiteatibd layer t34ar
the dielectric fromthe entire surface except the side walls of the

dielectric | ayer 1 AN A% ﬂ;e%,l eSSt 8Rafdr @@tines t he
nozzle ri m%@eg%ﬁ%ékgﬁgﬁdgsgfé%%gg%ﬁ%q %fl: wh?ch Yo ns” ct’he%ﬁaeni scus of

i nk, as described above. 20 An ultraviolet (UV) release tape 140 is

appl i ed. 4R YrC fasng resist: spun on to a rear of the silicon wafer 16. The

wafer 16 is exposed to mask 142 to back etch the e .
The dielectric layer 132 is plasma 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 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.



wafer 16 to define the ink inlet channel 48. The resist is then stripped
fromthe wafer 16. WO 03/ 020524 PCT/ AU02/ 01120 17 A further UV rel ease
tape (notwelemems2é s applied to a rear of the wafer 16 andPChatape12040 is
renoved. The sacrificial layers 108, 112, 120, 128 and 134 are stripped in
oxygen plasma to provide the final nozzle assenbly 10 as shown in Figures
Sr and 9r of the drawi ngs. For ease of Weference, the reference nunerals
illustrated in these two 5 drawings are the same as those in Figure 1 of

Lhe drawings to ARAHEATR 1diast BHEYARLLARIIS apfiled!iBE iR %Atk PECIOAM 10

Figures 11 and w the operation o ozzle assenbly 10,

manuf actured in accordance wth th ces escf i bo Lt h,.ref.erence
o Fi gur o5 B 1G0ahIEHEGe T SUPESAL N FBasnit 5k BaAed 3% s it e
drawings. 10 It wil|l be appreci ated by persons skilled in the art thg%
numer ous vaiicxyeehelasanty previdedis firs nperie assapblyel Gasdbows i Keurss Peand 8h as
shown in the specific enbodinents without departing fromthe spirit or

scope of thefthademingn Fas ebveadaélgrence slor ieliarehce Thmeprl el mstratedingtiessgnos ar e,
therefore, to be considered in all respects as illustrative and not

restrigti vedradm Otk 2o 2¢thble MFLMA24Ad dwided b/ didate theReleviinhparts T or

an ink jet printer, the printhead including: an array of nozzle assenblies

for ejecti NS¢ t'.hg lﬁo?zrl]é gssg%gfyalot. QFiElﬁeE H i€ PZ sl*i%@xﬁthe operation of the nozzle

assembly 10, manufactured in accordance with the process described above with
reference to Figures 8 and 9 and these figures correspond to Figures 2 to 4 of the
drawings.

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



a nozzle guard covering the nozzle array, the nozzle guard having an array
of 5 apertures individually corresponding to each of the nozzle
assenbl i ewp osfozrsed n each of the apertures in the guard ar @CyiAamdoanoa
configured to prevent msdirected ink ejected fromthe nozzle assenbly
fromreaching the media. 2. A printhead according to Claim1l wherein the
apertures in the guard are passages wi tif a | engt hwi se di mension that
significantly exceeds the bore size in order 10 to provide a collinator
for each 0fCLQ§Nﬁ9ZZ|eS- 3. A printhead according to Claim1l wherein the
printhead i s adapted to detect an operational fault in any of the nozzle

assenblies and sto u of .ink tq them. . DL ead according to
Claiml ftuther 4Hﬁ?@ﬁ?‘ﬁ@ﬁnmﬁp?%fréB’gr%lenﬁ?eaa@iuﬁl‘%{/lﬁg hat adjusts the
operation of other nozzle assenb]jes mﬁjhin_%ge arr%ﬁ to cor e.saae for any
15 damaged nozz|as sy epprzse assembliesfpr pieringdnk catormedig ia be wHiehmaRdst £ i r t her
i ncluding a containnent formation for isolating | eaked or m sdirected ink

fromat |east onenwfletduerdawnetieg tesentlt pesy,fthonezzleeguardhmyingiay aredy athe
nozzl e assenblies. 6. A printhead according to Caim4 wherein each nozzle

assenbky i ndh@rRhAdEYidaa c&ﬁés?oﬂd@@ga@caabwsmembmma@mbﬁmmaeam to isolate
any | eaked or msdirected ink fromeach individual nozzle assenbly. 7. A

pr i nt head accor ding of 6 ChakiT, 5 B oGRS EAUInEARAL| B chanber has

i nk detection neans ates“upon a predeternined l'evel of ink within
the WO 03/ 020524 PCT/ AU02/ 01120, 19 chanber. and provi des feedback for a
fault tol er Bmydirestgd ik ?J?t?‘gé%jth"s’ﬁm%z § eﬁ’gt?lé{ O%Pe(??%n%ﬁ}?etpeﬁ%zzl es with the

array to conpensate for the damaged nozzle. 8. A printhead according to
O ai m 7 whe2ei n Alpeinthead hesohding trortaim tl whsseip theonsuees 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
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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.



