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) BACKGROUND TO THE INVENTION
30 Our co-pending US patent application serial no. 09/112,821 discloses a moving nozzle generally. Such a moving
nozzle device is actuated by means of a magnetically responsive element for effecting displacement of the moving nozzle and,

in so doing, to effect ink ejection.
A problem with this arrangement is that it is required that parts of the device be hydrophobically treated to inhibit the

ingress of ink into the region of the actuator.

35 A moving nozzle-type device is proposed where the need for hydrophobic treatment is obviated.
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at | east one nozzle, defining a nozzle opening, arranged on the substrate,

the nozzl e opening being in communication 5 with a nozzle chanber and said
at | east Qreo0gnl € bei ng displ aceable relative to the subgétatsodiars
effecting ink ejection fromthe nozzle chanber through the nozzl e opening,
on demand; and an actuator arranged externally of the nozzle and connected
to the nozzle for controlling displacenent of the nozzle. In this
specification, the term"nozzle" is_{,Q be understood as an el enent defining
an opening and not the opening itself: WO 01/89839 _2_ PCT/ AU00/ 00578
The printhead may include an ink inlet aperture defined in a floor of the
nozzl e chanber, a boundi ng wal | ssumaguodTHE INVESTEXYEr t Ure and defining a

"second part of Azcm@ngqgtm lmsrmheré/@rrlwdgifan Tnl(t}@t pﬂ%&ilvmlcfplmmber It will be

-

appreci at ed that sald skirt portion is displaceable relative to the
substrate and, " pTes particularly, towards and away fromthe substrate to
effect ink ej ettebime %Pﬁ’éf d50ning p ROz PR TG Prrapesd 9n e JubYrEE PerordeRTie beiggip PN ng
wal | el thieanosz@rchaebeamid id atlqadn prp hzdlerbgingisplmpsrblf lativi flthe bybstrateyor efecling mk gigéon §m | nk
from the ehasghehambBrdugiiRbe opbnid@ oh@BAdiang wal | has an inwardly directed
i p port ion or hnvxlctpa%&arrra)%g ektﬁﬂllm&g@zzﬁ%rd\é&ﬁec@d o ﬁ“imohﬂgor EWIFOP %(ﬁs)nlacgrl'&ﬁt of Qe rtogﬁ‘:

vi scosity of pacl ng bet ween s% Lp P skirt
portion, for i FAPCPEIRY™ME™ ST iSShPe wiTETieop fan 8‘2’%1*63 egn °c§f"§’5?"§6°” ‘fpe'{/vér ds

t he substn@#e Preferably, the actuator is a thermal bend actuator. The
thermal bend actuator may be constituted by two beans, one being an active
beam and the other being a passive beam By "active beanf is neant that a
current is caused to flow through 10 the active beam upon activation of the
actuator whereas there is no current flow through the passive beam It wll
be appreciated that, due to the construction of the actuator, when a
current flows through the active beamit is caused to expand due to
resistive heating. Due to the fact that the passive beamis constrained, a
bending notion is inparted to the connecting nmenber for effecting

di spl acenent of the nozzle. The beans nmay be anchored at one end to an
anchor nounted on, and extending upwardly from the substrate and 15

“connected at their opposed ends to the connecting nmenber. The connecting

menber may conprise an armhaving a first end connected to the actuator

.wWth the nozzle connected to an opposed end of the armin a cantil evered

manner. Thus, a bending nonent at said first end of the armis exaggerated
at said opposed end to effect the required displacenent of the nozzle. The
printhead may include a plurality of nozzles each with their associ ated
actuators and connecting nenbers, arranged on the substrate. Each nozzl e,
wWth its associated actuator and connecting nenber, may constitute a nozzle
20 assenbly. The printhead nay be formed by planar nonolithic deposition,

| it hographi c and etching processes and) nore particularly, the nozzle
assenblies may be forned on the printhead by these processes. The substrate
may include an integrated drive circuit layer. The integrated drive circuit
| ayer may be formed using a CMOS fabrication process. 25 BRI EF DESCRI PTI ON
OF THE DRAW NGS The invention is now described by way of exanple with
reference to the acconpanyi ng di agrammatic drawings in which: Figure 1
shows a three dinensional, schematic view of a nozzle assenbly for an ink
jet printhead in accordance with the invention; 30 Figures 2 to 4 show a

t hree di nensional, schematic illustration of an operation of the nozzle
assenbly of Figure 1; Figure 5 shows a three dinensional view of a nozzle
array constituting an ink jet printhead; Figure 6 shows, on an enl arged
scale, part of the array of Figure 5; Figure 7 shows a three dinensiona

-view of an ink jet printhead including a nozzle guard; Figures 8a to 8r

show t hree-di nensi onal views of steps in the manufacture of a nozzle
assenbly of an ink jet 35 printhead; Figures 9a to 9r show sectional side

‘views of the manufacturing steps; Figures 10a to 10k show |l ayouts of masks

used in various steps in the manufacturing process;



Figures 1la to 11c show three dinensional views of an operation of the

nozzl e assenbly manufactured according to the nethod of Figures 8 and 9;
and VO QY ¢AR%dsg -3 PCT/ AUO0/ 00578 (Fi gures 12a to 12c shopepaghdaRad Side
views of an operation of the nozzle assenbly manufactured according to the
met hod of Figures 8 and 9. DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring
initially to Figure 1 of the drawi ngs, a nozzle assenbly, in accordance
with the invention is designated 5 generally by the reference nuneral 10.
An ink jet printhead has a plurality of nozzle assenblies 10 arranged in an
array 14 (Fi Jbereinthesd maydncigde amink igletapertiredsfined inls §oor eftthe ndzgle chigtnher, plpopngipe ¥l wi | | be
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.to the vksmmsity of the i nk 40 and t he smal | di rrensions of the spaci ng

ond surf ace (R ARaRREel (et slha, RGRl© Rychton ot AR el el B S e, D, >
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or, rmrecmfggnga%nq,;olcégg fromthe CMOS passivation [ayer 20. The anchor 54 is
m)ungg on conductive pads 56 which form an electrical connection with the
actuator 28. The actuator 29%%1:5&10&'?’?%”“%9% beam 58 arranged
above a secorfdle inysation s gav deswwbad GGvay ¢f exagplpyidhfreirenesdo tharc@uipaneretdastirotaic dyedngsin 58
and 60 agHehof , or i nclude, a conductive ceramc material such as titanium
nltrlde(TlN) .60 V. firs nd
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current fl OW,Flédﬁ@&owﬁtthr&ﬁﬂ@ﬂféna@%ewtJ@?noﬁ%ayrc@xfsﬁmm RGO MENt 1S Created
causi ng the 2 to be di spl aced downwar dl y

q; rc%ql S, O 1% eng eog%aé artoﬂ ZZl eF g
towards the sUBStHar e 16 HeE PFYIFE% %t the drawings. This causes
an ej ection disuiedRhovinthsesghnensioral vieyyof prainkies etintherq inplydings noZloswardat 62 in Figure 3
of the draw rriges sfoBAshtw ires Gidnti@alQfewsSdd stbped the mSnufa@iFDI @ ozfid 43I adib jitve beam

58, Bse. h¥..8t OPPi Ng current flow the nozzle 22 returns to its quiescent

position as shown in Figure 4 of the drawi ngs. Wen the nozzle 22 returns
to its qui esc?égt‘li"sgﬂffsgf T“P‘bﬁcm%fﬁlqeh‘RWSdF‘B"ﬁP"é‘tf“BH“gls§PS¥ ormed as a result of the

*breaki ng of diguienifa ditkpbostlaymesokmalks usell inngbvsatm th tigtmatifactuting plogssr e 4 of t he

draw ngs. Thepiguirki18 @RlsRl i dimBrRidnal Vil 6dai opertioh 6 tileiBzzIP kskehibly RRHltadursidecbraisio &
sheet Oftqoae%&on: As . Qaiesult of the formation of the ink droplet 64, a

“negative’ TENI SEUS 'S forned as shomn at WO 01/ 89839 -4 PCT/ AUOO/ 00578
68 in Figure 4 of the drawings. This "negative" neniscus 68 results in an
inflow of ink 40 into the nozzle chanber 34 such ' that a new neniscus 38
(Figure 2) is formed in readiness for the next ink drop ejection fromthe
nozzl e assenbly 10. Referring nowto Figures 5 and 6 of the draw ngs, 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
nozzl e assenblles) ~one for each col or. Each 5 group. 70 has |ts nozzle
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To facilitate cl ose packing of the nozzle assenblies 10 in the rows 72 and
74, the nozzle assenblies 10 in the row 74 are offset or staggered with
respect twodimogmzzl e assenblies 10:in the row 72. Al so, therAesFHdR7s
assenblies 10 in the row 72 are spaced apart sufficiently fat from each
other to enable the |lever arnms 26 of the nozzle assenblies 10 in the row 74
to pass 10 between adjacent nozzlesz22 of the assemblies 10 in the row 72.
It is to be noted that each nozzle assenbly 10 is substantially dunbbel |
shaped so that the nozzles 22 in the row 72 nest between the nozzles 22 and
t he act uat or Figx& 104 to 20l siae Sdafional Gk Zle®s A SDPdTEDbA of the dodzld asperbtiyomangastuéd accdrdingiid iy |

to faciljidned #rgl-Q86ndacki ng of the nozzles 22 in the rows 72 and 74, each

‘nozzle 22 is substantially |1 be appreciated by
those skilled in the art tﬁgf’{%@?#ﬂ %gﬁ%%@dg di spl aced towards
_the subst r at &efergng initiplly i Figure|lef the drawings 2 pesply dsembly dvarqargansesvith i Hypninn isglesighateg ht
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“109&' §) -or desSst 2PARD {vherextfe} resYsNpplied for the layer 124 is wet stripped taking care not to remove the cured layers 108,
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I 9SH#10%®¢ lﬁgh(tgmpbratﬂiﬂ_(éme( 128 VholBrk1948poel tolvlied ' 180 an@iks 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

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

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

20 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 0.2um 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 etched to a depth of 0.35
microns. This etch is intended to clear the dielectric from all of the surface except the side walls of the dielectric layer 132

25  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.

An ultraviolet (UV) release tape 140 is applied. 4pum 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.

30 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 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

35 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 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.
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20 . The printhead of Claim 8 in which the connecting member comprises an arm having a first end connected to the

actuator with the nozzle connected to an opposed end of the arm in a cantilevered manner.
10. The printhead of Claim 1 which includes a plurality of nozzles, each with their associated actuators and connecting
members, arranged on the substrate.
11. The printhead of Claim 1 which is formed by planar monolithic deposition, lithographic and etching processes.
25 12 The printhead of Claim 1 in which the substrate includes an integrated drive circuit layer.

13. The printhead of Claim 12 in which the integrated drive circuit layer is formed using a CMOS fabrication process.



