WO 03/ 097366 PCT/ AU02/ 01167 A NOZZLE GUARD FOR AN I NK JET PRI NTHEAD FI ELD
OF THE I NVENTION This invention relates to an ink jet printhead. Mre

parti cul awby3/091366 i nvention 5 relates to a nozzle guard fraem/Am2ionie? | et

pri nt head. BACKGROUND TO THE | NVENTI ON Qur co-pendi ng patent application,
United States Patent Application Serial Nunmber 09/575, 141, incorporated
herein by reference, discloses a nozzle guard for an ink 10 jet printhead.
The array of nozzles is formed using m cro-el ectronechani cal systens (MEVS)

t echnol ogy, an ' t i t s sk i cknesses. Such
structures ar ekﬁﬁ?zﬁ%ﬁgﬁgﬁkﬁﬁ éymmdgf@'ﬂﬁ% i th paper,
fingers, and other objects. The present invention discloses a nozzle guard
to protec ' and keep themclear of paper dust. 15
SUMVARY O%IEE&) {)%ﬁm%ﬁﬁ% ng to the invention, there is provided a
printhead for an i fiisliefenibh PiREs toldhGniPfdt PHRGRS. VIBRIN AL ifesHioane
print head chip, sai dsét eIneast onseopri ntLegg cﬁigdp co%ﬁ?mnglﬁ%élammg
substd at e relatesl tcaa pdazieagiiatd/foo bin kzjet primtheadngenent s positi oned on the

substrate, each nozzle arrangenment conprising nozzle chanber walls and a
roof wall that define a nozzle chanber, the roof wall defining at |east

one ink ejpctKUROPND T@j’rﬂﬂmﬁﬂ?g ection nechanismthat is operatively

positioned wth respect to the nozzle chanber to eject ink fromthe at
| east one ink ej ecOunco-perdingyatetit applacacion,Ainitdkd StathePatedt Appdichti@nSeriat hani sm

o2 oz Rty P85 131, inGoraicp arein by Feferonce, disciSses a nozzle guard for af ink o

10 jet printhead. The array of nozzles is formed using micro-electromechanical systems
(MEMS) technology, and has mechanical structures with sub-micron thicknesses. Such
structures are very fragile, and can be damaged by contact with paper, fingers, and other
objects. The present invention discloses a nozzle guard to protect the fragile nozzles and
keep them clear of paper dust.

15 |
SUMMARY OF THE INVENTION
According to the invention, there is provided a printhead for an ink jet printer, the printhead
comprising

at least one printhead chip, said at least one printhead chip comprising
20 a substrate; and
a plurality of nozzle arrangements positioned on the substrate, each nozzle
arrangement comprising
nozzle chamber walls and a roof wall that define a nozzle chamber,

the roof wall defining at least one ink ejection port; and

25 an ink ejection mechanism that is operatively positioned with respect
to the nozzle chamber to gject ink from the at least one ink ejection port on displacement of
the ink ejection mechanism; and

a nozzle guard that is positioned on the, or each respective, printhead chip, the

nozzle guard comprising

30 a body member that is spaced from and spans the printhead chip, the body
member defining a plurality of passages that extend through the body member, the body

member being positioned so that each passage is aligned with one of the ink ejection ports,



30 a body nenber that is spaced fromand spans the printhead chip, the body
menber defining a plurality of passages that extend through the body
menber, twe idmaBses menber being positioned so that each pagsagamsimli gned
with one of the ink ejection ports, WO 03/097366 PCT/ AU02/ 01167 a thi ckness
of the body nenber and a cross sectional area of each passage being such
that ink ejected fromthe ink ejection ports can pass through the

passages, 8@{ﬁgléﬁes§ UPRRhbdy Hceﬁlﬁ)tef’ I 4 88s deStiddHl BleROF @Q:ht}%%%ﬁﬁgﬂeihg ?lllclﬁqm(t

menber an pri nt head , e support structure g Cco gured to
permt thénk ¢jestedfromi the inkt ejection pante carbpade fliroggh the passegesi iid body nmenber and
the printhead chip and through each, passage to keep (iyhe passages cl ear of
particles. The sub®fYRROE SNGUFthatys iterppsdhesyeen the Podyomembsranddhist r at e.

Each nozz bﬂnﬂfeﬁ@@rﬂ By strlﬁ@tuw‘@eix%@dgl:fﬁue‘afto %a@?ﬂg? Eh%g'fogt ﬁgatixrcfg{icgyg ace

fabrication process carried out on 't 1 con o that

t he rozz| definedbepecathe Hedy member amdaho©pehthedd chife addbthraugh esgispassage T keep
support structure may be defined by a plurality of struts that are

i nt er pos edPeRASHEEH ML PBBIRESenber and the printhead chip. 15 BRI EF

DESCRI PTI ON OF THE DRAW NGS The invention is now described by way of
exanple with reference to the acconpanying diagranmatic draw ngs in which:
Fi gure 1 Shewsbstratemeaebelinthe foronela, silicherserd substratey Raich aomde arangasmertvhhy f or
an ink jet printhead; 20 Fig res.2. 1o 4 show a three di nensi_onal,

schenat i ¢ OF[HrUPAUGt OHAN BegLH ‘gﬁlé?“éttﬁa%caélpntpﬁ‘é’es%‘@ili?deo‘&%émlk}cwwﬁ%ure 1;
Fi gu 5 t RN i f_a:no: : ptuting an

i nk jﬂgt %ﬁ?ﬁ?ﬁ%&&ﬂ 5‘:&?%%(? e 6 saﬁgé\}shed{gﬁﬁg% aelﬁfcg(?g?ggﬁglggfh?{m%%??& glf the array
of Figure 5; 25 Figure 7 shows a three dinensional view of an ink jet

printhead_jncl udi ng a nozzl ard, in accordance with the invention;
Fi gur es Sathéu@?o ‘F]F’é@ga ﬂ%@‘l‘ﬁéﬁﬂrﬁaﬂr’} @O\de%?“%tpétp?ée irﬁe@?ﬁﬁgﬁ’ﬁw&&%r e
of a body member and the printhead chip.

15 BRIEF DESCRIPTION OF THE DRAWINGS
The invention is now described by way of example with reference to the
accompanying diagrammatic drawings in which:
Figure 1 shows a three dimensional, schematic view of a nozzle assembly for an ink
jet printhead;
20 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;
Figure 6 shows, on an enlarged scale, part of the array of Figure 5;
25 Figure 7 shows a three dimensional view of an ink jet printhead including a nozzle
guard, in accordance with the invention;
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;
30 Figures 10a to 10k show layouts of masks used in various steps in the manufacturing

process;



nozzl e assenbly of an ink jet printhead; Figures 9a to 9r show sectional
side views of the manufacturing steps; 30 Figures | Ga to | Ok show | ayouts
of masks wead/opTsevari ous steps in the manufacturing procesIATM00E7097366
PCT/ AU02/ 01167 Figures 11 a to 11 c¢ show three di nensional views of an
operation of the nozzle assenbly manufactured according to the nethod of
Figures 8 and 9; and Figures 12a to 12c show sectional side views of an

operation of tRe,RazaLe, RESHIN L4 s3FSRbLHL hod of
Fi gures 8 and bfRRidate FROGIEN ﬁe@?‘%‘%éyﬁésmwﬂﬁé@gﬂé&é???%%ﬁ nitially
t o Fi gur e asseafbly menufhemredgscordingaa Heamethsd obFigures 8 aad®pasthnce wi th the

I nvention is designated nerally by the reference nuneral 10. An ink jet
print head has lgb‘%iﬁ?léﬁit? gf‘b?%oﬁ’oszeﬂl%naéé & irisisof an OPsRtiom gbhe DRz asseRbLYY r ay
14 (Fi gur Samf: 0.-8)di aAhs Idel fF r g6. The array 14 will be
described 1n g%gg%dér cdetllggl1t|0 BeHgv%.ﬁ)(a%e sésse y 10 includes a silicon
subst¥ate or wafer 16 on which a dielectric layer 18 is deposited. A CMOS

Peseriry BETAER TESCRIERRONGH a8k RRANINGS | . opontng 24, o connecti ng
mermber in the RermidfindidIgU6FighdN dPuRNM: AN GLH8418 hsRfibly BEad BYBhcAr M 26
YTl g o o22lp et i

15 connects the actuator 28 tot nozzl e greater tail in
Fi gur es 2 with the afventien drdasignged géreeallydwzherdd@en@mumesasi 0. Arcink et porti on 30
e Cro portion 30. The skirt

ith kirt ion 32.depending fromth )
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with the ndozzl e cha 34. 20 It to be note e nozzl e opening 24
i s surrounded Mbje assemblyeld inclmd&6a siticantsubgtrats or waferreh os owbsch3Bdi€lecigioiaye?) of

body of ,ink,40 in t | e.chamber 34, An ink in]et aperture 42 (shown
ﬁos? %:/I Ce)arlisgs Ti?Poﬁ‘:t%ur‘g%é'?@ézpﬁ%é‘%&Sg%yﬁggo }Ss‘élﬁ%;ﬂﬁeﬁélﬂt ?ﬁleﬁgmca@fenl%- 01S t he
nozzl e chanber 3¢ nok3f KARMUIYN 8 iftfudes alnBzAit ¥ B HARTHALSAL bpthidl 34) 22N

connecting member in the form of a lever arm 26 and an actuator 28. The lever arm 26

15 connects the actuator 28 to the nozzle 22.
As shown in greater detail in Figures 2 to 4 of the drawings, 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 (Figures 2 to 4 of the
drawings). The nozzle opening 24 is in fluid communication with the nozzle chamber 34.
20 It is to be noted that the nozzle opening 24 is surrounded by a raised rim 36 which "pins" a
meniscus 38 (Figure 2) of a body of ink 40 in the nozzle chamber 34.
An ink inlet aperture 42 (shown most clearly in Figure 6 of the drawing) is defined
in a floor 46 of the nozzle chamber 34. The aperture 42 is in fluid communication with an
ink inlet channel 48 defined through the substrate 16.
25 A wall portion 50 bounds the aperture 42 and extends upwardly from the floor
portion 46. The skirt portion 32, as indicated above, of the nozzle 22 defines a first part of
a peripheral wall of the nozzle chamber 34 and the wall portion 50 defines a second part of
the peripheral wall of the nozzle chamber 34.
The wall 50 has an inwardly directed lip 52 at its free end which serves as a fluidic
30 seal which inhibits the escape of ink when the nozzle 22 is displaced, as will be described in
greater detail below. It will be appreciated that, due to the viscosity of the ink 40 and the
small dimensions of the spacing between the lip 52 and the skirt portion 32, the inwardly



i nk inlet channel 48 defined through the substrate 16. 25 A wall portion 50
bounds the aperture 42 and extends upwardly fromthe floor portion 46. The
skirt porwioas/08366 as i ndi cated above, of the nozzle 22 defricmesuoa/oiierst 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 nozzle chanber 34. The
wall 50 has an inwardly directed lip 52 at its free end which serves as a
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t he anchorcesigARtarResych a3 tanaup ndAde (iknect ed to the arm 26. Wen a
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the nozzle opening 24 as shown at 62 in Figure 3 of the drawings. 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 of the drawings. When the nozzle 22 returns to
iIs quiescent position, an ink droplet 64 is formed as a result of the breaking of an ink
20 droplet neck as illustrated at 66 in Figure 4 of the drawings. The ink droplet 64 then travels
on to the print media such as a sheet of paper. As a result of the formation of the ink
droplet 64, a "negative" 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
25 the nozzle assembly 10.
Referring now to Figures 5 and 6 of the drawings, the nozzle array 14 is 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
30 greater detail in Figure 6 of the drawings.

To facilitate close packing of the nozzle assemblies 10 in the rows 72 and 74, the

nozzle assemblies 10 in the row 74 are offset or staggered with respect to the nozzle



Its quiescent position, an ink droplet 64 is fornmed as a result of the
breaking of an ink 20 droplet neck as illustrated at 66 in Figure 4 of the
dr awi ngs.wola/09713k6 dr opl et 64 then travels on to the prinPcCradioaosisch as a
sheet of paper. As a result of the formation of the ink droplet 64, a

" negative" meni scus is formed as shown at 68 in Figure 4 of the draw ngs.
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respect to the nozzle chanber 34 ink is ejecte
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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
20 layer (not shown).
Referring to Figure 7 of the drawings, a development of the invention is shown.
With reference to the previous drawings, like reference numerals refer to like parts, unless
otherwise specified.
In this development, a nozzle guard 80 is mounted on the substrate 16 of the array
25 14. The nozzle guard 80 includes a body member 82 having a plurality of passages 84
defined therethrough. The passages 84 are in register with the nozzle openings 24 of the
nozzle assemblies 10 of the array 14 such that, when ink is ejected from any one of the
nozzle openings 24, the ink passes through the associated passage before striking the print
media.
30 The body member 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.



to one side of the rows 72 and 74. Hence, the ink ejected fromthe nozzles
22 in the row 72 15 and the ink ejected fromthe nozzles 22 in the row 74
are of f sewowsbbrssespect to each other by the sane angl e PeTmtoRogisrn an

i mproved print quality. Also, as shown in Figure 5 of the draw ngs, the
substrate 16 has bond pads 76 arranged thereon which provide the

el ectrical connections, via the pads 56, to the actuators 28 of the nozzle
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vel ocity qf | | The purpose of the air is to maintain the
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15 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.
The resist is then stripped and the layer 18 is cleaned. This step defines the ink inlet

20 aperture 42.

In Figure 8b of the drawings, approximately 0.8 microns of aluminum 102 is
deposited on the layer 18. Resist is spun on and the aluminum 102 is exposed to mask 104
and developed. The aluminum 102 is plasma etched down to the oxide layer 18, the resist
is stripped and the device 1s cleaned. This step provides the bond pads and interconnects to

25 the ink jet actuator 28. This interconnect is to an NMOS drive transistor and a power plane
with connections made in the CMOS layer (not shown).

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

30 102 and the silicon layer 16 in the region of the inlet aperture 42. The resist is stripped and

the device cleaned.



front surface of the nozzle guard 80, obscuring the passages 84. Air bl own
t hrough the 10 passages 84 prevents dust fromcontacting, and adhering to,
t he nozzlwoguapssi n the region of the passages 84. Refemdimgimoweto
Figures 8 to 10 of the drawi ngs, a process for manufacturing the nozzle
assenblies 10 is described. Starting with the silicon substrate or wafer
16, the dielectric layer 18 is deposited on 15 a surface of the wafer 16.
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actuator 28. This interconnect i's to an NMOS drive transiStor and a power
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PCT/ AU02/ 01167 A layer 108 of a sacrificial material is spun on to the
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hour.
15 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 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.
20 Other materials which can be used instead of TiN are TiB,, MoSi, or (Ti, AI)N.
The layer 116 is then exposed to mask 118, developed and plasma etched down to
the layer 112 whereafter resist, applied for the layer 116, is wet stripped taking care not to
remove the cured layers 108 or 112.
A third sacrificial layer 120 is applied by spinning on 4 um of photosensitive
25 polyimide or approximately 2.6 um high temperature resist. The layer 120 is softbaked
whereafter it is exposed to mask 122. The exposed layer is then developed followed by

hard baking. In the case of polyimide, the layer 120 is hardbaked at 400°C for
approximately one hour or at greater than 300°C where the layer 1.20 comprises resist.

A second multi-layer metal layer 124 is applied to the layer 120. The constituents of
30 the layer 124 are the same as the layer 116 and are applied in the same manner. It will be

appreciated that both layers 116 and 124 are electrically conductive layers.



5 polyimde or at greater than 300C where the layer 108 is high tenperature
resist. It is to be noted in the drawi ngs that the pattern-dependent
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account in the design of the mask 110. In the next step, shown in Figure 8e
of the draw ngs, a second sacrificial layer 112 is applied. The layer 112
Is either 2 pm of photosensitive polyimde which is spun on or 10

appr oxi mat el ' ' ' of t baked
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and exposed to mask ure to 114, ayer 112 is
devel oped plasmatetahed dewn 6d thetpelyiinadeeor rdsi et h20 pbérgafterdesisttappliddafpethel 12 i s

har dbaked_ at 400C for approxi mately one hour, \ere t | ayer 2_10s,
resist, i e TR bl P t%w@af@@rnqt ks e weﬁbﬁ?raﬁﬁﬁak 19 13l iy,
15 A 0.2 m | = ' -mﬁ' this
| ayer 116%?18%956%!@5%{5%@/% eg#rﬁhég%/g#lt eﬂggig%t%gtrl 28. Tﬁsggﬁtgggé&it% S

formesd by28puttering 1, 000A of titaniumnitride (Ti N at around 300C
foll owed by sputtering 50A of tantalumnitride, (TaN). A further 1, 000A of

TiNis sputtefdquahsicgiicyhiayenl28Hs appited byNPHIRNEOT 4 TR Photassnaitive Ti N. 20
O her materjals, which can he ed jnsiead of TiN.are,Ti B2 Si2.or (Ti,
AN TheohEplle S st R 24 5ok ek Snctiort st dbd i 0S5 pPkethn

et ched do A ATl | St Led:faQr er 116,
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third sacFigirebRbf theyleawidg) Tig repalnifgpditiosssiihe Rgeror28%4rghardbaked at 400°C

phot osensitive 25 polyim de or approximtely 2.6 mhigh tenperature resist.
The 10ayer farxpproximatelyomiedur intthe east o€ polyimids oeafpgrsaser than 3K fopResisThe
exposed | ayer is then, devel %ﬁgg fol |l omwed by _ hard baking. In the case.of

pol yi mi de, t heAS&JR¥D D0 ewts 8t theskaing @ ugproyngs maghrodieleatrislgyesdé four
PR et AR Pt T

mul ti-layer® met I's app € constituents

of 30 thalnakem okite. AR 14yRe 1 SA[MRIePSsifed At b AMerakdi@ LRRAV MeRaridRkdged in the
sanme manner. It will be appreciated that both |ayers 116 and 124 are

el ect ri catémperanrhuafithe/sactifigiek layery 08 3/18 917245 6 2 $CTheniraary icharacteristics
15 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 2um of photosensitive
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

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

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

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

25 nozzle assembly 10.

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

Then, as shown in Figure 8p of the drawings, the layer 138 is anisotropically plasma

30 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.



The layer 124 is exposed to nmask 126 and is then devel oped. The |ayer 124
is plasma etched down to the polyimde or resist |ayer 120 whereafter

resi st appbios@ofie6 the |ayer 124 is wet stripped taking eamratweditcd renove
the cured layers 108, 112 or 120. It will be noted that the renaining part
of the layer 124 defines the active beam 58 of the actuator 5 28. A fourth
sacrificial layer 128 is applied by spinning on 4 mof photo-sensitive

pol yi m de i . ' at [ gt The | 28
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i sl and porfink)as dscsbealabover Fi gure 9k of the drawi ngs. The renmaining
portions of the layer 128 are hardbaked at 400C 10 for approxi mately one
hour in the cadaubfrapelet(LhY)delease tape Hildisappliadn Arnsofresisos spunsonsto, a 1881 efhown

in Figure 81 .of the. d i,N hi gh Young' s d diglectric Layer 132 is
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bel ow t he hardbaked tenperature of the sacrificial layers 108, 112, 120,

128. The pri muAfughen@¥releassttapeyndtshowglisrapgli¢édbio a tearsofdheivefer 16 and theer 132

hi gh el ast i dyl heni cal inegt dhesion.to TiN. A
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is softbaked, ‘exposed to mask 136 and developed. The remaining portion of
t he | ayer dtBmings Hdreasexd rofgregbe keeirefrent®@@nrferals dhustratediin thesettive drawwiagnf t he

| yjmid t t 3Q0C, f th ist. The dielectric | 132
s D o R ER ot ERrE d & 4 drpingt 49 BRIHshg iRyt PERAE HRAOHE.
renove anys@blyeo Shigtitcsi1¢iaad 10 AT nk%eraﬁeh%fﬁi&ﬁz%@faiséaﬁw g nozzle

opening 24, the lever arm 26 and the anchor 54 of the 25 rozzle assenbly
10. A hi gmavviastyred mmgadrdanagivathetbe prasessadeserited@bpve with osfetenck toHigwes &yer

.t emper aPUN S BRI FRwe: RrCIDeRos THapbs S AL OPRBB acr i 11 cial | ayers
108, 112, 120 ﬁmlll%&ppreciated by persons skilled in the art that numerous variations and/or
15 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.



Then, as shown in Figure 8p of the drawi ngs, the layer 138 is
anisotropically plasma 30 etched to a depth of 0.35 mcrons. This etch is
i nt ended WO oslogmne t he dielectric fromthe entire surfacePrercdapr/otiee si de
wal I's of the dielectric layer 132 and the sacrificial layer 134. WO

03/ 097366 PCT/ AU02/01167 This step creates the nozzle rim 36 around the
nozzl e openi ng 24 which "pins" the neniscus of ink, as described above. An
ul travi ol @LAW% rel ease tape 140 is applied. 4mof 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 5 define the ink inlet channel 48. The resist is then
stripped fromthe wafer. 16.. A further UV rel ease tape (not shown) is
applied té-a ré “ﬁ?easﬁ%r% jet pEntepdhe panthead comprsings r enpved. The

sacrificial la : : r o | oxygen
1QEast dSprintiéad chif ad ﬁl?d@l'h yg

pl asma to pr ov%(ge tée 7 na% no%gfaelaéglseen%[n%%ﬁig as S %\%/n ?ﬁsﬂ@gur es 8r and

9r of5 the draw ngssulistbatecaske of reference, the reference nuneral s

illustrated in these tvip drt]avvi qus 10 are the sane as those in Figure 1 of
the drawings to i ndPEERIEY PhRoZzle asiangements pesitignediop the,substgate.Lachpgazle 10,
Figures 1 gﬁg@, t idi operation of the nozzle assenbly 10,

manuf actu%nér g%c%%ﬁ%nﬁ% with the process described above with reference
to Figures 8 and 9 and hémrecHamber wallcardr aopdwdll tiat Befine esoz2letchashbef, t he

drawings. It w.ll_he_appreciated by persons skilled in the art that
NUIEr OUS @é?r‘io\é%WS%gegﬁggéﬂeas’lgn 1819¢HQR PEHsa¥ay be made to the invention

as sfipwn in the specifical?[)mcki; I i 1 l-sﬂ(gjg_ £ LLit or
scopgpof the invention as bro (ﬂﬁé esdc?érl?%gg;at %tlggﬁogﬁ@ﬁ%%ﬂﬁﬁzﬁké&are,
t her ef or e to the nbezle ohahbke ite djectrinia fronr the peletst oas ikl djesion abit\oa dispiacemient of

restrictive.. WO 03/097366. PCT/ AU02/01167 CLAIM5S 1. A printhead for an
ink jet pihinkeiecionmsrhais i 8dconprising at | east one printhead chip, said

L i e et

nozzle guard comprising 1

15 a body member that is spaced from and spans the printhead chip, the body
member defining a plurality of passages that extend through the body member, the body
member being positioned so that each passage is aligned with one of the ink ejection ports,
a thickness of the body member and a cross sectional area of each passage being such that
ink ejected from the ink ejection ports can pass through the passages; and

20 a support structure that is interposed between the body member and the
printhead chip, the support structure being configured to permit the flow of air into a space
defined between the body member and the printhead chip and through each passage to keep

the passages clear of particles.

25 2. A printhead as claimed in claim 1, in which the substrate is in the form of a silicon

wafer substrate.

3. A printhead as claimed in claim 2, in which each nozzle arrangement is the product
of an integrated circuit fabrication process carried out on the silicon wafer substrate so that

30 the nozzle arrangement defines a micro-electromechanical system.



arrangenment conprising nozzle chanber walls and a roof wall that define a
nozzl e chanber, the roof wall defining at |east one ink ejection port; and
10 an i nkwejmso9izeer nechani smthat is operatively positionednmuokorwspect

to the nozzle chanber to eject ink fromthe at | east one ink ejection port
on displacenent of the ink ejection mechanism and a nozzle guard that is
positioned on the, or each respective, printhead chip, the nozzle guard
conpri sing 15 t 1l f i ead
chi b, ¢ hebody ™ AaMcad3gRimbd Blothity FRARAH BPMARA SR K 0B TN ough
t he body miurbkty, ofshetslﬂmﬂyremmnfmedbawnemﬂmimﬁynmeﬂ)esmdﬂhatpnﬁaﬁm gidpsage is
aligned with one of the ink ejection ports, a thickness of the body nenber
and a cross sectional area of each passage being such that ink ejected
fromthe ink ejection ports can pass through the passages; and 20 a support
structure that is interposed between the body nenber and the printhead
chip, the support structure being configured to permt the flow of air into
a space defined between the body nenber and the printhead chip and through
each passage to keep the passages clear of particles. 25 2. A printhead as
claimed in claim1, in which the substrate is in the formof a silicon

waf er substrate. 3. A printhead as clained in claim2, in which each nozzle
arrangenment is the product of an integrated circuit fabrication process
carried out on the silicon wafer substrate so that 30 the nozzle
arrangenent defines a mcro-el ectromechani cal system WD 03/097366

PCT/ AU02/ 01167 4. A printhead as clainmed in claim1l, in which the support
structure is defined by a plurality of struts that are interposed between
t he body nmenmber and the printhead chip.



