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The disclosures of these co-pending applications are incorporated herein by cross-reference.

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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-la SUMWWARY OF THE | NVENTI ON According to the invention, there is provided
an ink jet printhead which includes a substrate; at |east one nozzle,

def i ni ng O nDgWBE openi ng, arranged on the substrate, theraarb®SpENi Ng
being in communication 5 with a nozzle chanber and said at | east one
nozzl e being displaceable relative to the substrate for effecting ink
ejection from the nozzle chanber through the nozzle opening, on demand;
and an actuator arranged externally1of the nozzle and connected to the
nozzle for controlling displacenent of the nozzle. |In this specification,
the term"nozzle" is to be understood as an el enent defining an openi ng and
not the opening itself'. RECTISEMEARGQEFVEWYENTIORO839 PCT/ AUDO/ 00578 -2
The printheadAmaymg@mbudemamaenhmmahemkapBWMMhewMQ®nmed in a floor of the
nozzl e chanbe@&m@mpoundlng wal | surrounding the aperture and defining a

second part Of § pez gr‘l’aﬁnozz opening, arra on trate ehing bein ommirmication
ashone nozd g Walp % %g@? nhg%\.g % %Q%%%F él}e ML |m Qﬁ:t

appreciat ed t Rat ceab atlv E
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ef fect ithdoomk dehlicomowntk molz gleenscohdamdrant ef i | 1, respectivel y. Sald boundi ng
wal | may thenaﬁﬁmu@aaﬁyaawmmhhhk&kmgmnﬁaasd&mémbmmhbhmmmgm£m¢®ﬂkmgewak i nk
fromthe c hantl’l?trus spg)rﬁgat (%r tﬁthén}{ "nothlDQS tplgldmigrkt&g as\é@élémelh @e‘ﬁnn%ran éthW@ErQ ln&( thgépErﬁﬁt ed
lip portlon or W per portion which serves a sealing purpose, due to the
V|sc05|ty”8$ the ink and the spacing between said |ip portion and the skirt
portion, for inhibiting ink ejection when the nozzle is displaced towards
the substrate. Preferably, the actuator is a thermal bend actuator. The

t hermal bend actuator may be constituted by two beans, one being an active
beam and the other being a passive beam By "active beant 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
will 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 nenber for effecting

di spl acenent of the nozzle. The beans nay be anchored at one end to an
anchor nmounted on, and extending upwardly from the substrate and 15
connected at their opposed ends to the connecting nenber. The connecting
menber may conprise an armhaving a first end connected to the actuator
with the nozzl e connected to an opposed end of the armin a cantil evered
manner. Thus, a bending nonment 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,
with its associated actuator and connecting nenber, nmay constitute a nozzle
20 assenbly. The printhead may be forned by planar nonolithic deposition,

| it hographic and etching processes and, nore particularly, the nozzle
assenblies may be forned on the printhead by these processes.
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The substrate may include an integrated drive circuit layer. The integrated
drive circuit layer may be fornmed using a CMOS fabrication process. 25

BRI EF DESGROPIISEN OF THE DRAW NGS The invention i s now deBcT/iAbewodsys way of
exanple with reference to the acconpanying di agrammtic drawi ngs in which:
Figure 1 shows a three dinensional, schematic view of a nozzle assenbly for
an ink jet printhead in accordanceawith the invention; 30 Figures 2 to 4
show a three dinensional, schematic ill ust rati on of an operation of the
nozzl e assenbly of Figure 1; i%ure 5 s nmensi onal view of a
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por t30onasgmbl.or ng part of a peripheral wall of a nozzle chanber 34 (Figures
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(shown pwes fawlcgan fracess.n Fi gure 6 of the drawing) is defined in a floor 46 of
the pozzl e 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 in accordance with
the invention;
30 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;
Figure 7 shows a three dimensional view of an ink jet printhead including a nozzle guard;
Figures 8a to 8r show three-dimensional views of steps in the manufacture of a nozzle assembly of an ink jet
35 printhead;
Figures 9a to 9r show sectional side views of the manufacturing steps;
Figures 10a to 10k show layouts of masks used in various steps in the manufacturing process;
Figures 11a to 11c show three dimensional views of an operation of the nozzle assembly manufactured according to

the method of Figures 8 and 9; and



chanber 34. The aperture 42 is in fluid communication with an ink inlet
channel 48 defined through the substrate 16. A wall portion 50 bounds the
apert ur e wi@oasms3ext ends upwardly fromthe floor portion 4BCT/Abeo/aisrs t
portion 32, as indicated above, of the nozzle 22 defines a first part of a
peri pheral wall of the nozzle chanber 34 and the wall portion 50 20
defines a second part of the peripheral wall of the nozzle chanber 34. The
wal | 50 has an inwardly directed lip 52 at its free end which serves as a
fluidic seal which inhibits the escape of ink when the nozzle 22 is
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assenblies 10 in the row 74. Further, to facilitate close packing of the
nozzles 22 in the rows 72 and 74, each nozzle 22 is substantially
hexagonaWe@ ossmped. 15 It will be appreciated by those skptTagowensthe art
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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
passages 84 together with ink travelling through the passages 84.

The ink is not entrained in the air as the air is charged through the passages 84 at a different velocity from that of the

35  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 passages 84 at a velocity of approximately 1m/s.

The purpose of the air is to maintain the passages 84 clear of foreign particles. 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, to a large extent, obviated.
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for approxi mately one our at greater where t ayer
conpr i s&&Pedi st . WO 01/ 89839 PCT/ AUCQO/ 00578 -6 A second nulti-layer netal
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ar e gohe ,SANRmide (TaN). A further 1,000A of TiN is sputtered on followed by SOA of TaN and a further 1,0004 of TiN.
Other materials which can be used instead of TiN are TiB2, MoSi7 or (Ti, ADN.
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 pm of photo-sensitive polyimide or approximately 2.6 pm
35  high temperature resist. The layer 120 is softbaked whereafter it is exposed to mask 122. The exposed layet is then developed
followed by hardbaking. 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 120 comprises resist.



the layer 116 and are applied in the same manner. It wll be appreciated
that both layers 116 and 124 are electrically conductive- |ayers. The
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operat(l)on of tlrmTHXzzle asserrgly ?0 manut]éictured 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.



invention as shown in the specific enbodi nents w thout departing fromthe
spirit or scope of the invention as broadly described. The present
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1. An ink jet printhead which includes a substrate; at |east one nozzle ,
defining a nozzl e opening, arranged-on the substrate, the nozzle opening
being in 5 communi cation with a nozzle chanber, and said at | east one

nozzl e being displaceable relative to the substrate for effecting ink

ej ection fromthe nozzle chanber thfBaGHA™¥e nozzl e opening, on demand; and
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plurality of nozz eac hei r associated actuators and connecting
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25 12. JhGodWith Bt hwﬁéiomcteﬂoaﬁ Jisboledieﬁn ov\dﬂémmtabﬁm&uaﬁﬁaame i ncl udes an
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integrated drive cCircul ayer I's usi'ng a rrcation process.
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.



