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15  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 media substrate.

20 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 colorant being
fed to it. As colorant builds up and beads on the exterior of the nozzle, the ejection of
colorant from surrounding nozzles may be affected and/or the damaged nozzle will simply
leak colorant onto the printed substrate. Both situations are detrimental to print quality.

25 To address this, an apertured guard may be fitted over the nozzles to shield them
against damaging contact. Ink ejected from the nozzles passes through the apertures on to
the paper or other substrate to be printed. However, to effectively protect the nozzles the
apertures need to be as small as possible to maximize the restriction against the ingress of
foreign matter while still allowing the passage of the ink droplets. Ideally, each nozzle

30 would eject ink through its own individual aperture in the guard.
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foreign matter while still allow ng the passage of the ink droplets.
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SUMMARY OF THE INVENTION

15 Accordingly, the present invention provides an apertured nozzle guard for an ink jet
printer printhead having an array of nozzles for ejecting colorant onto a substrate to be
printed; wherein,

the nozzle guard is adapted to be positioned on the printhead such that it extends over
the exterior of the nozzles to inhibit damaging contact with the nozzles while permitting

20 colorant ejected from the nozzles to pass through the apertures and onto the substrate to be
printed; the nozzle guard including:

an exterior surface that, when in use, faces the media,
the exterior surface being configured for engagement with a wiper blade that
periodically sweeps the surface to remove residual matter; wherein,

25 the exterior surface has one or more recesses, each of the recesses encompassing a
group of the apertures such that wiper blade is prevented engaging the exterior surface
immediately adjacent any of the apertures in the group.

In this specification the term "nozzle" is to be understood as an element defining an
opening and not the opening itself.

30 Preferably, the exterior surface further includes a deflector ridge in each of the
recesses, the deflector ridge positioned to engage the wiper blade before the blade passes

over any of the apertures within the group. In one convenient form, the deflector ridge is
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To optimize the effectiveness of the wiper blade, the exterior surface is flat except for
the recesses and deflector ridges. By forming the guard from silicon, its coefficient of
20 thermal expansion substantially matches that of the nozzle array. This will help to prevent
the array of apertures in the guard from falling out of register with the nozzle array. Using
silicon also allows the shield to be accurately micro-machined using MEMS techniques.

Furthermore, silicon is very strong and substantially non-deformable.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Preferred embodiments of the invention are now described, by way of example only,
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,;
Figures 2 to 4 show a three dimensional, schematic illustration of an operation of the
30 nozzle assembly of Figure 1;
Figure 5 shows a three dimensional view of a nozzle array;

Figure 6 shows, on an enlarged scale, part of the array of Figure 5;
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DRAWNGS Referring initially to Figure 1 of the drawi ngs, a nozzle
assenbly, irP8®rdance with the invention is designated generally by the
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15 Figures 12a to 12¢ show sectional side views of an operation of the nozzle assembly

manufactured according to the method of Figures 8 and 9.

DETAILED DESCRIPTION OF THE DRAWINGS
Referring initially to Figure 1 of the drawings, a nozzle assembly, in accordance with
the invention is designated generally by the reference numeral 10. An ink jet printhead has
20  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.
Each nozzle assembly 10 includes a nozzle 22 defining a nozzle opening 24, a
25 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 portion 32 forms
part of a peripheral wall of a nozzle chamber 34, The nozzle opening 24 is in fluid
30 communication with the nozzle chamber 34. It is to be noted that the nozzle opening 24 is
surrounded by a raised tim 36 which "pins" a meniscus 38 (Figure 2) of a body of ink 40 in

the nozzle chamber 34,



substrate 16. The array 14 will be described in greater detail below The
assenbly 10 includes a silicon substrate 16 on which a dielectric |ayer 18
is deposited. A CMOS passivation layer 20 is deposited on the dielectric
| ayer 18. MRMW/HEHAI| e assenbly 10 includes a nozzle 22 dePCHARR/U1RozzI e
opening 24, a 25 connecting nenber in the formof a |l ever 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 conprises a
crown portion 20 ink inhetaperkire 42 (shoWﬁmmsBQeadlmﬁmEiﬁumﬁ Mtherd:taw&ngs)b\dﬁﬁmmirt i on
30. The skirt port art per i phet a of . a.nozzl e
chanber 34 AGORASTEGHlerushng. The Fadifte B0S LMWl RPRaR iSRG PR fhe
nozzl e chambglf infid chdnhel 43 deBinBEthARigE theliBdtrate®,. N0221 € openi ng 24 is

surrounded by a raised rim 36 which "pins" a neniscus 38 ure 2) of a
body of ink 40 Awwallpmtmiab@mhﬂwmmﬂzm@mn@l.s_agwd IpXFons An

I nk |nIet apgr ngs) is
defined i n% Hﬁé@?ﬁi@gﬁ? Waéﬁﬁgltzc%t fk&@igg?geg%%%raﬁﬁsgqﬁ ‘f":as in
fluid commrpenpharﬂmaﬂndf%mzzllerckmnbdré# ammmamall péBioneili defidest dwecargpattiod
Substrate 16, A n 50, bounds the aperture 42 and extends upwardly
fromthe fldB¢P Wﬁ?r?b‘ﬁg g%tgﬁnozf‘g}?e“%ﬂ?g?tmportlon 32, as indicated above, of
the nozzle 22 dqfhbm Sthaé wﬁ:wraaﬂyd@écte'ahpogratnbla*é@knd/\@mbh@éwésmam&e
chanmber 34 and the wall portion 50 defines second E art of the perl pher al

wal | of the sedlzdiich ishigitythe esaaperrfﬂekmentl@monziez%w dispiaeeds|ay vl bedesedbadiip 52
at its V\Ajigﬁ ﬁ%ger\rgfg{aﬁlﬂeﬁ) ‘f’[?&ﬂf‘ﬁe %pwc% tﬁat Cﬁl%Q+ %W%Qmw EE45 gﬁ%ﬁgcape

of ink s dis greater
detail bel OWmalltdlmbﬂsionbef ﬂ:pppabhtgﬁeﬁdeehhlﬁhp fRumndtthe QI&iﬁpwtmnGQJ thyumfardlyne i nk

40 and the s of t.he_spacing b and the_skirt
portion 32, Wéteﬁl ﬂaé”%&? sur ?P&‘?fl@’élﬁpgﬁo%%“ga&r?gge%tﬁ'refsﬁgg%lﬁhg}b&ﬁ the fieaPe8h as

an effectlvqﬁg@hﬁgﬁodﬂyﬂhgﬂnbérm the escape of ink fromthe nozzle chanber
34. The actuator 28 is a thermal bend actuator and is connected to an

anchor 54 ext e ndibagetuater 2pisdrthernal bapchactetorandds eepnectedtonn angir §4 extending

ticul | ted
o Conduds | ety BRR GHRRASTE 67 W parifinom il VBRI yton 1y oF RN ©
act uat or 28. T}Bmcmsuas PbuRd coemdiictive pads 36 sltich forti meldorival GBnetionmgthd

above a second, passive beam 60. In a preferred enbodi nent, both beans 58
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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, a conductive
20 ceramic material such as titanium nitride (TiN).

Both beams 58 and 60 have their first ends anchored to the anchor 54 and their
opposed ends connected to the arm 26. When a current is caused to flow through the active
beam 58 thermal expansion of the beam 58 results. As the passive beam 60, through which
there is no current flow, does not expand at the same rate, a bending moment is created

25 causing the arm 26 and, hence, the nozzle 22 to be displaced downwardly towards the
substrate 16 as shown in Figure 3. This causes an ejection of ink through the nozzle
opening 24 as shown at 62. When the source of heat is removed from the active beam 58,
i.e. by stopping current flow, the nozzle 22 returns to its quiescent position as shown in
Figure 4. When the nozzle 22 returns to its quiescent position, an ink droplet 64 is formed

30 as aresult of the breaking of an ink droplet neck as illustrated at 66 in Figure 4. The ink
droplet 64 then travels on to the print media such as a sheet of paper. As aresult of the

formation of the ink droplet 64, a "negative" meniscus is formed as shown at 68 in Figure 4
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and the actuators 28 of adjacent nozzle_ assenbljes 10 in_the row 74.
Further, to faciXurthgrdo EacBEge ﬂ&m%@nspf@ﬁéo%%zégﬂffoWW%ﬁ%di‘g\fg&l?Z and

74, each nozzle 22 is substantially hexagonally shaped.
It will be appreciated by those skilled in the art that, when the nozzles 22 are
20 displaced towards the substrate 16, in use, due to the nozzle opening 24 being at a slight
angle with respect to the nozzle chamber 34 ink is ejected slightly off the perpendicular. It
is an advantage of the arrangement shown in Figures 5 and 6 of the drawings that the
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
25 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
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

30 layer (not shown).
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envi r onment snoizlielpuadl 88tcan edopmniatghink deakédsfrah ddmsgedorozded dn thse siatiens it is

particul ates, the 10 apertures. 84 becone, cl.ogged. .As_sho I_n_-Eigure
7a, the ext efIYFMIERtie H‘ng‘dfﬁémmr b?arﬁl@ Cl%ﬂ 8%%%{55}?541}& gg?f’p& e rgs&(&&%fitg%l 8K
| eaked from ganmReskidRe shbice 147 UhRHEnAY tBE fedidSalithaties 144@NMe Mignl43 O
provi de a wi per blade 143 that periodically sweeps the residual, ma% rial

144 from t heftanhesemenrlodepdrondhe axerior opt itherpertare 4, pspeciplosthanamiongt t'er 144
on the w L@Gr@ﬁgﬁ%ﬁn& @ﬁe%ﬁﬁégwg&?ﬁﬁ%ﬁa 145 eTRE hiid Lfi{thfes'rEEidhﬁa 1ubenapgsit ur e

84, especial por rimfacing into w pers' direction
of travel 14fp. geTteendved byl thepwipérild3 med cahsood dldg therrperturo®4. t o get renoved by

bresent 1 nvent | oripRSYAqa Eigans B Beer Rt humtise wpyies RGP A BB uny o
plurality, ofpedi4Plrolites ABRIILY6EFdBHE the Beritkdas, Thadpet BRIO VIS M6 pSes
over the pod of the apertures 84 so the collected residual material 144 does not lodge in any
20 oftheir rims. As a further safeguard, each of the recesses 146 is provided with a deflector
ridge 147. As best shown in Figure 7c, the deflector ridge 147 engages the wiper blade 143

immediately before it passes over any of the apertures 84 in the pod. The deflector ridge
147 removes some of the residual material 144 on the blade 143 to further reduce the
possibility of residual material 144 dropping into the apertures 84. The deflector ridge 147

25 is inclined to the direction 145 of the wiper blade 143 to direct the accumulated residual
material 144 away from the apertures 84 and toward the edge of the recess 146. The edges
of the aperture 146 are similarly inclined to the wiper blade direction 145 so that the
residual material tends to accumulate in the last corner swept by the blade 143. This corner
has been enlarged to form an accumulation area 148 for the residual material 144.

30 By providing recesses that encompass a pod of apertures, only the spacing between
pods of apertures increases rather than the spacing between each aperture. Accordingly, the



over the pod of the apertures 84 so the collected residual material 144
does not lodge in any 20 of their rinms. As a further safeguard, each of the
recesses 146 is provided with a deflector ridge 147. As best shown in
Figure 7c, Wh&/H831Pect or ridge 147 engages the wi per bl adBCTAY021iaFedi at el v
before it passes over any of the apertures 84 in the pod. The deflector
ridge 147 renoves sone of the residual -faterial 144 on the blade 143 to
further reduce the possibility of residual material 144 dropping into the
apertures 8fozzlipackingldendityrioy the pentheéid n2ed ordy imvedasemadrgimlly ildtheeoilon 145

of the wi per bl adﬁ &43. to direct the_.accunul ated residual material 144
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WO 03/018319 -8 PCI/ AU02/ Q1123 nozzl e packj.ng density for the, printhead
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necessary strength an gidity to protect the nozzle array 14 from

damagi ng cortechoiques discusseddn greetasdetm'qulminﬁgbﬁgn tof the grapafactpe of greHogges t he
guard fr%n sili cngm 10i ts coefficient of thermal expansion substantially

mat ches atSEFEEY no221 e array, This ains to prevent the apertures 84 in
the shield 82 fr ghe fladllisnds audntaf in spegi sélstionship keldtive tothe nbezlaassemblied 18s t he

i nt head heat to it | ing. t ture.. Sili is al
Nel | sult ed WG aRARTeRYte S8 CPBORUEATHF A DTG RRNE S L AR P s cussed i n
greater detail bgl o @evp%]ﬁglli rhyP1Y 5% s%e@atimwif @réwgsul @fough ehellRZdRnkGs 88

assenbliesl O The s I's mounted In spaced relationship relative to
the nozzle asdefidrcédthrongh theyapbrituress8inogetherorith igl travgliag drrowghdhe enerfiees 86. has

air inlet_openin 88 .def.i ned t her.ege] : RS Af
operat i o’ air i ﬁ&ﬂg‘ﬁ&&%‘ etnﬁr lgﬁ%ﬁl tﬁ‘#eh ?Jn 8?‘ %%%%gg& @?h%%&%g&%g?%g%&‘
t hrough t he @ffefehtNeRity4rohofiat ifetie ink divplenké4. rRav exdnne, thwer ink dioplatset4eguer t ur es
84. 15 The ink is not entrained ip the air as th irJds.ch ed, t hr ough
the apert ur egjedied fiem theqropzles st avglogHy 9?@?’%?@&’5“@?' TlfFea"ilﬁgﬁagFUp UIU§H64.
For exanpl e, il sdrPRLEb 2,6& Oxinshactian, fromthe nozzles 22 at a
vel ocity of %‘%Eﬁ%xu rrasgealy 3n§ ) 'Iggﬁe }éli r ig charged through _
The purpose of the air is to maintain the apertures 84 clear of foreign particles. As
20 discussed above, a danger exists that these foreign particles, such as dust particles, could

fall onto the nozzle assemblies 10 adversely affecting their operation. With the provision of

the air inlet openings 88 in the nozzle guard 80 this problem is ameliorated. Referring
now to Figures 8 to 10 of the drawings, a process for manufacturing the nozzle assemblies
10 is described.

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

After being developed, the layer 18 is plasma etched down to the silicon layer 16.

30 The resist is then stripped and the layer 18 is cleaned. This step defines the ink inlet

aperture 42.



the apertures 84 at a velocity of approximately Im's. The purpose of the
air is to nmaintain the apertures 84 clear of foreign particles. As 20
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their operation, Wth the provision of the air inlet openings 88 in the
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be noted in the drawings that the pattern-dependent distortion of the polyimide layer 108

caused by shrinkage is taken into account in the design of the mask 110.

In the next step, shown in Figure 8e of the drawings, a second sacrificial layer 112 is
20 applied. The layer 112 is either 2 im of photo-sensitive polyimide which is spun on or
approximately 1.3 pm of high temperature resist. The layer 112 is softbaked and exposed
to mask 114. After exposure to the mask 114, the layer 112 is developed. In the case of the
layer 112 being polyimide, the layer 112 is hardbaked at 400°C for approximately one hour.
Where the layer 112 is resist, it is hardbaked at greater than 300°C for approximately one
25 hour.
A 0.2 micron multi-layer metal layer 116 is then deposited. Part of this layer 116

forms the passive beam 60 of the actuator 28.
The layer 116 is formed by sputtering 1,000A of titanium nitride (TiN) at around

300°C followed by sputtering 504 of tantalum nitride (TaN). A further 1,000A of TiN is
30 sputtered on followed by 50A of TaN and a further 1,000A of TiN. Other materials which
can be used instead of TiN are TiB,, MoSi, or (Ti, A)N.



be noted in the drawi ngs that the pattern-dependent distortion of the
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| ayers 116 and 124 are electrically conduct.i I '
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defines the &ﬁ;q'n}{ e grea%g}o?c%ngelyb%eun? 8% 1‘{1815 Pegnp%rsature resist. The layer 128 is 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

20 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 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

25 required for this dielectric layer 132 are a high elastic modulus, chemical inertness and
good adhesion to TiN.

A fifth sacrificial layer 134 is applied by spinning on 2jum of photo-sensitive
polyimide or approximately 1.3um of high temperature resist. The layer 134 is softbaked,
exposed to mask 136 and developed. The remaining portion of the layer 134 is then

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

the resist,



A fourth sacrificial layer 128 is applied by spinning on 4 m of

phot o-sensitive polyimde or approxinmately 2.6m of high tenperature

resist. The layer 128 is softbaked, exposed to the mask 130 and is then
devel oped WP 429t he i sl and portions as shown in Fi gur BCHAURM01123e

drawi ngs. The remaining portions of the |ayer 128 are hardbaked at 400C 20
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sacrificial layers 10 120 and 128. Then, as shown in Figure 8p of

, 112,

the draw ngs",f & Jeg dfé%"‘i-s ani sotropically plasma etched to a depth of
0.35 microns. Th | 31V t I . i L f f 10
the surf ace excomiFhedet GYIRIFRESR0 & GBlird Mt beBl by oh WTh R of
sacrificial thesikeonkdfer I6hiThe Stabgp 16 ieaiposedith aslo T4 16 badkatdbthe vatnde tdre
nozzl e openi ng 24 i.C 1{” ns" thg meni scus of ink, as described above. An
ul travi of®t d(‘ﬁﬂﬂthf’gﬁgﬁg chagnel 484 dhe tesighis theastringad Spmythewafer I& spun on to a
rear of the silj . i ack
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etch the wafer 16 to 15 define the ink i'n anne € resist 15 then
stripped frdAPisremmegde rTheaacrificial layers 108, 112, 120, 128 and 134 are stripped in oxygen

plasma to provide the final nozzle assembly 10 as shown in Figures 8r and 9r of the
drawings. For ease of reference, the reference numerals illustrated in these two drawings
20  are the same as those in Figure 1 of the drawings to indicate the relevant parts of the nozzle
assembly 10. Figures 11 and 12 show the operation of the nozzle assembly 10,
manufactured in accordance with the process described above with reference to Figures 8
and 9 and these figures correspond to Figures 2 to 4 of the drawings.
It will be appreciated by persons skilled in the art that numerous variations and/or
25 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.



A further UV rel ease tape (not shown) is applied to a rear of the wafer 16
and the tape 140 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 i WOPHUBHE 8r and 9r of the drawi ngs. For ease BET/AEP¥NEHce, the
reference nunerals illustrated in these two drawi ngs 20 are the sanme as
those in Figure 1 of the drawings to indilZate the relevant parts of the
nozzle assenbly 10. Figures 11 and 12 show t he operation of the nozzle
assenbly 10, nmanufactured in accordance with the process descri bed above
with referep@LAMFIi gures 8 and 9 and these figures correspond to Figures
2 to 4 of the drawings. It will be appreciated by persons skilled in the
art that numerous variations and/or 25 nodifications nay be nade to the

i nvention ag. shawapérturédieozalequiklifor ahiofbt prntispritidad hbvingl eparrdy ofgofalesm t he
spirit or scope of the inventiqgn as byoadly described. The present

enbodi ment s fereectipg golaragt ento FS“%E*‘R?(’S?\@‘? HHF%“G “f%ﬁreﬁ’l respects as

i Ilustrative anghdiRbzle oBaH L &dabiés to BRRRoRIEhHBe BhdihHdIAED NP3 extdrdslovel Al M
1. An apertured nozzle guard for an ink jet printer printhead having an
array of nozhd exerior of thejnezal¢sitg inhdhibdamagingreontaet withibe nexzlestwhilg@emmiftinged;

wherein, 5 th | . il . q
such that 1 ODRPEBEuE BUR o ha RSO et ERRkLer AR oS wichdtale B 8OO
contact wi t Rrinted; the Aa2A6 gwilid ineludiigmi tting colorant ejected fromthe

nozzles to pass through t eentgger ures and opnto the substrate to be

printed; the noRRFeROuaacethat Whenin vss, faees teimfdi& ur f ace that, when in use,
faces thg, medi ajmeldddde seidcE btif &wﬁ&a&%wﬂmﬁm riofide epgagenent
with a w’ef%er bl ade t‘ﬁ‘gts peri oldlégally sw%'epg he surface&io remove residual
matter; whemnetiadicallyswegpethe surfase tof ramevenesidugl enagter; wdhereit,ecesses, each of the
recesses enconpassing. a ro of r i e is
prevent ed engagi egextt%ueor&l?ag?lﬂgsronsel?% g)(r:e gé’sgn#fb%l%%t% gﬁ{@; r%%%%é%%%ﬁ{/g t he
apertures i rngrbleofdh@sRrtudes sich that wigst biade isprevented@ngagirg the extkdorsudfacsher ei n
the exterior surface further includes a, tgeflect or ridge in each of the
recesses, t Hempdiatedy pdpcent HyerflrarertyaLl tho8eHGage t he wi per bl ade before
the bl adgspasses over any of the apertures within the group. 20 3. A nozzle

guard according to Claim2 wherein the deflector ridge is inclined to the
2.  Anozzle guard according to Claim 1 wherein the exterior surface further includes a

deflector ridge in each of the recesses, the deflector ridge positioned to engage the wiper

blade before the blade passes over any of the apertures within the group.

20 3. A nozzle guard according to Claim 2 wherein the deflector ridge is inclined to the
direction of the wiper blade to deflect residual material away from the aperture and toward

the edge of the recess.

4,  Anozzle guard according to Claim 3 wherein the recesses are generally rectangular

25 wherein each side of the recess is inclined to the direction of the wiper blade.

5.  Anozzle guard according to Claim 4 wherein each of the recesses has an
accumulation area partly defined by the last corner of the rectangular recess swept by the
wiper blade during each sweep.

30



direction of the wi per blade to deflect residual material away fromthe
aperture and toward the edge of the recess. 4. A nozzle guard according to
Claim 3 wherein the recesses are generally rectangular 25 wherein each
side of th&QeXU8Y9is inclined to the direction of the wi PEFARIZYES 5 A
nozzl e guard according to Claim4 wherein each of the recesses has an
accunul ati on area partly defined by the-ltast comer of the rectangul ar
recess swept by the w per blade during each sweep. 30 WD 03/018319 -13
PCT/ AU02/ 01323 8. nofele gaat acaudingitoaClaims tlfurthet meltdingrfludd inlet oheningsifer udi ng

fluid inlet openings for directing flujd over, the nozzle.array. out
t hrough t he deeing ofer Q}Cd'@FZ?? B‘Tqy?ﬁ?fllﬂut '%fcﬁlgﬁ ﬂtﬁﬁaﬁﬁgfﬁpo%(frd?rot? g%ébﬁp%grt icles
on the nozzlbgﬂ@{ll; gyforggr]?arﬁclm_gznmyﬁr@pcordi ng to Claim6 further

y

i ncluding an 1 ntegrall ornmed pair of spaced support elenents, one
support elenment fromthe pair being arranged at each end of the nozzle

guard 8. A nozzl.e rd accor.di . | : i irbhell B
openi ngs Ardar M?%%%gluw%aﬁ%r%hg%ﬁ%%@%g%ﬁ{e eﬁnléﬁdtagr.aﬁg?dr%egggglbg guard
accor di ng t @pideaiuppbrivhaicdisnoddappirticlementfrm thp pair hejsg amangsd pteageend of t he
support elenent renote froma bond pad of the nozzle array. 15 10. A nozzle
guard accordh?ﬂ@f’ztﬂ@%?féi m 2 wherein the exterior surface is flat except for
the recesses and deflector ridges. 11. A nozzle guard according to Caiml
wherein the guard is fornmed fromsilicon. L , )

8.  Anozzle guard according to Claim 7 wherein the fluid inlet openings are arranged in

10 one of the support elements.

9. A nozzle guard according to Claim 7 wherein the fluid inlet openings are arranged in

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

15 10. A nozzle guard according to Claim 2 wherein the exterior surface is flat except for the

recesses and deflector ridges.

11. A nozzle guard according to Claim 1 wherein the guard is formed from silicon.



