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Ink jet printers are a well known and wi dely used formof printed nedia
production. Colorants, usually ink, are fed to an array of m cro-processor
controlled nozzles on a printhead. As the print head passes over the
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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.



-2 As the apertures in the guard are generally mcroscopic they can be
easily clogged. Therefore, it is often desirable to keep the exterior of
t he nozzlwogearsdizl ean especially in environnents wth r@cataveebyi2hi gh
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adapt ed t oarfdecap®6bh tlopeiet artee printhead such that it extends over the
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engagi ng t ely adjacent any of the apertures in
the group. In this specification the term"nozzle" is to be understood as

an el emrent SMIMARY OF THESINVENTIONIOt the opening itself. 30 Preferably,
the exterior surface further includes a deflector ridge in each of the

recessds$, the deddrdioghs theiptepenpivsentionmsavides aapatored mozzip guard foraieinksddtor e
the bl ade BRRE Srinthead 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



over any of the apertures within the group. In one convenient form the
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The fluid inlet openings may be arranged in the support element remote from a bond

pad of the nozzle array.
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;



30 nozzl e assenbly of Figure 1; Figure 5 shows a three dinensional view of
a nozzle array; Figure 6 shows, on an enlarged scale, part of the array of
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di rensional view of an ink jet printhead including a nozzle guard; Figure
7a shows a partial sectional side view of4g-the ink jet printhead and nozzle
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designated generally by the reference nuneral 10. An ink jet printhead has
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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 rim 36 which "pins" a meniscus 38 (Figure 2) of a body of ink 40 in

the nozzle chamber 34.



30 with a skirt portion 32 depending fromthe crown portion 30. The skirt
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It is to be noted that the nozzle opening 24 is surrounded by a raised rim
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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, 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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extend in the same direction
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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][ Iu(rj ?ﬁer 1fzd L g remz:(ﬁghm Bburk 78, the prdud!inveatieh padvided4h rofest EthbeRdgorl 43 to
surface 142 around a plurality, or pod, of the apertures 84. The wiper blade 143 now passes
over the pod of the apertures 84 so the collected residual material 144 does not lodge in any
20 of their 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



possibility of residual material 144 dropping into the apertures 84. The
deflector ridge 147 25 is inclined to the direction 145 of the w per bl ade
143 to diweas/o1dse9 accunul ated residual nmaterial 144 awayPCrotiothe 23
apertures 84 and toward the edge of the recess 146. The edges of the
aperture 146 are simlarly inclined to tRe w per blade direction 145 so
that the residual material tends to accunulate in the |ast corner swept by
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wi th paper, dust or the users' fingers. By form ard from
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t he nozzle array This shield 82
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heats up t@mipbanier SBcoR RedISS Wl suited T a6caikate ﬁnchl-lhach@fﬁng Gsifig MEMS| | suited
to accurate mcro-nmachining using MEMS techniques discussed in greater

detai | bel toniguasdissusso in gream@dmhmlam relatisn torthe mepyfpetunepiibeemsly esl O
The shi ﬁl d 82 1 lir(lt))unt ed in spaced relationship relative to the nozzle
assenbl es2Sign E) inmbs or struts 86. One of the struts 86 has air inlet

openi ngs 88 def’!‘lfé%ﬁlellchgl & Mourtéd SPacedielatibhibipfelatiye IdtthehokAle apemdlibOI0 ai r
is charged through the inlet openings 88 to be forced through the

apertures @limbget sieits §6-t Ane pk Pls’ﬁvfélgﬁlhgs g rtrdetgwetlms 8pdefinpddergip. 15 The

k t ent d th
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approxi mately 3m's. The air is charged through the apertures 84 at a
vel oci tlf of appFlexnkismdtgnirained intheaipas fese istharped ‘@muﬂlé“hﬁt eertrastddiahat he

apertures af for article 20 di s anger
exi st s tha‘?ﬁeﬂe@g lf"&b %‘&?ﬁ’&%f’f HE IB%%r@E%tﬁAi F%rueggtamé’ %ﬁg e% ar%f al |
onto the ngzzkerd3amsBeRbiAS bt @%Wcﬁ?b?aﬁfr&ﬁﬁiatdl‘ﬁSﬁﬂ’belThe%% @hzh@éd thy¥dgdh t he
provision of the air inlet openings 88 in the nozzle guard 80 this problem

i s amel i ortieedertiRef 84 ati angglocity of approximately 1m/s.
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.



now to Figures 8 to 10 of the drawi ngs, a process for manufacturing the
nozzl e assenblies 10 is described. 25 Starting with the silicon substrate
or waf er W6,03pis31di el ectric layer 18 is deposited on a s@eciraam20i12she

waf er 16. The dielectric layer 18 is in the formof approximately 1.5
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t enper at ur geldesics tlcancine | ayer 108 is softbaked and is then exposed to mask
110 whereafter it is developed. The 15 layer 108 is then hardbaked at 400C

for one hour whdaxer A of agasrificpdmaterigbisppis ed tothe 1ger Y0 nhelayer K8 igdeat er
th 300C wh t ...108 J igh t t j Lt is to.
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desi gn of . I'n the next step, shown in Figure 8e o

drawi ngs, Ry&esrid tieaditdbakéddt 4003 forlbh2 hosr wRére dpplay@d.08 Theorhpysed of12 i s
either 2 gm of photo-sensitive polyimde which is spun on or approximtely
1.3 gm of polgimitle opatrgreaierehae30®C. whdre tHedgyar 108 2s high sanfipepatheedesistd legposed

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 8¢ of the drawings, a second sacrificial layer 112 is
20 applied. The layer 112 is either 2 um of photo-sensitive polyimide which is spun on or
approximately 1.3 um 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 50A 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, ADN.



to mask 114. After exposure to the mask 114, the layer 112 is developed. In
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exposed to mask 126 and is then devel oped. The layer 124 is plasma etched

down to thappretigtedrihabboth layess £16 qnd 24 aro elegiisplba¢andpctivespyers.appl i ed for the
| ayer 124 is t, strifped taking car ot,.tg r e t cured er,s 108,
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polyi m de or at greater than 300C for resi'st.
polyimide or approximately 2.6um of high temperature 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 1pm 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 2uum 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.



As shown in Figure 81 of the drawing a high Young's nodulus dielectric
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140 is appl1 ed. 4n1o resist 1s spun onto a rear of  the silicon wafer 16

The waf er ﬂxﬁmksasaiqscmimdabovemsk 142 to back etch the wafer 16 to 15 define

the ink inlet channel, 48, The resist _is.the d]‘romthe waf er 1 A
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reference nunerals illustrated in these two draw ngs
A further UV release tape (not shown) is applied to a rear of the wafer 16 and the tape
140 is removed. The sacrificial 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.



20 are the same as those in Figure 1 of the drawings to indicate the

rel evant parts of the nozzle assenbly 10. Figures 11 and 12 show the
oper at i orwofo3pis31nozzl e assenbly 10, nmanufactured in acceciaviweow2sh the
process described above with reference to Figures 8 and 9 and these
figures correspond to Figures 2 to 4 of-fohe drawings. It will be

appreci ated by persons skilled in the art that numerous variations and/or
25 nodifications may be made to the invention as shown in the specific
enbodi rrent|s pﬁt@@ut departing fromthe spirit or scope of the invention as
broadl y des% N . The present enbodinments are, therefore, to be
considered in all respects as illustrative and not restrictive. WO

03/ 018319 PCT/ AU02/ 01123 -12- 1. CLAIM. 1. .An apertured ngozz|e ard, for an
"ok j et pri nt ek eI Ao S T sk vE DTt hEtaR 4 nly Ao an
onto a subﬁ&gﬁ&&g@m&ﬁnp@ﬂt@b@@ﬁsmb%@ﬁnédgwﬁer@ﬁgzl e guard is adapted to
be positioned on the printhead such that it extends over the exterior of

t he nozil es t dhe nbizlé guatd ireasiapigd cobe pesitioged lontthe:prighoadessichvial & eptonds evarng
colorant ejected fr t he, nqzzl 0 _pass throu he apertures a ont o
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surface t h@fiorab\§&tddrb®8he AGZRS té PRsMRBLgh thl:@ﬁéﬁﬁeﬁ%ﬂ@éﬂt@ thesubdtatetdini ng

configured for engagement with a wiper blade that periodically sweeps the
sur face t opnimdedyvke negledgatd meludmg; wherein, the exterior surface has one or

nore recesses, each.of the recesses enc sing.a group of the apertures
such that wi pearn‘B(I% S@%rtéﬁewg%lnéﬁﬁéag%gﬁ?mggxteri or surface

i mredi ghel y adjaegitioPfiael béillg of & @5 chhebRBntoH B B wiger bladeAhdtozz! e
guard according to Caim1l wherein the exterior surface further includes a

def | ect or pdartdgecalln seees thé surface tesewye sgsiduabmdién, whersin,r i dge positioned to
engage the w ptg‘r bl.ade %efﬁre t he bl ade %asse of:/tgr an%( of the apertures
Wi thin the grotpSXEHOBSUIIRACH RIS ME Of MUFETSCEREYFRAHY L IGC EFATST SNRIEPETRE B he
def | ector n%‘oﬁﬁ_%f iR apB%hdeD &N Rt b Ber RS biRBnted chdiBind tAE bxtBH&dQirale def | ect
resi dual terial away fromthe aperture and toward the edge of the
recess. 4.infnedazlysdjprantthnyed thatipegutes irCthaignew®. wherei n t he recesses are
generalllsy rect angul ar

2. A nozzle 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. A nozzle 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. A nozzle 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



25 wherein each side of the recess is inclined to the direction of the

w per blade. 5. A nozzle guard according to Caim4 wherein each of the
recesses wa3am3itaccumul ati on area partly defined by the PastAwoennes of the
rectangul ar recess swept by the w per blade during each sweep. 30 WO
03/018319 PCT/ AU02/ 01123 -13 6. A nozzlig guard according to Caiml
further including fluid inlet openings for directing fluid over the nozzle
array and put e 1 o i - i up of
foreign paér?ti CZIX}Ielgs)g%%E?%g%ﬁ%?(?ﬁg%aga%g.lo@%& 1&8}%@1 Ifgl%brgér}g)p g@ggér g)lrng to
Clai m 6 f utitdaghg flte ovdi 0@ ndpzlk airepaad byt througkethepassaged on eidacwdnlsibil ploe t

el ements, one support element fromthe pair being arranged at each end of

t he nozzl ujdampidorergnnazticles quiie @ozdedFdi-ng to Claim 7 wherein the fluid
inlet openings are arranged in 10 one of the support elenents. 9. A nozzle
guard according to aim7 wherein the fluid inlet openings are arranged in
the support. el grBRile pRiFAREcHdiapt@ChMnG feteihclugradalegratly faynedifairld. A
nozzl e guard according to Claim?2 wherein the exterior surface is fl at
except f orspaegs supped slementsneneappest elsment figmdhe pair being auranged gtiead B Q6r di ng

to Galmlﬂ]\é\@lgéz?éguatr(rl\e guard is forned fromsilicon.

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.



