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FI ELD OF . nt invention relates to printed nedia
THEAYENEL O, BauRE S0

producti o In particular 1 jet printers. 10 BACKGROUND TO THE

I NVENTION Ink jet- printers are a well known and w dely used formof printed
medi a production. Colorants, usually ink, are fed to an array of

i cr & pr o E634P0DORT o4 BARBPAOEES FCHAUIOI TG el PRITAHROBFTHE head
passes over the nedia, colorant is'ejected fromthe array of 15 nozzles to
produce the printing on the nedia substrate. Printer performance depends on
factors such as operating cost, print quality, operating speed and ease of

use. The WMEED OFCFHNETOWENTIGR! ocity of individual ink drops ejected from
the nozzles will affect these performance paraneters. In general terns,

smal er, faster  OrRphe s ShRRHSH ke VoPHiled hEM RRNCRSPHLR pRRar B

jet printers. -

10
BACKGROUND TO THE INVENTION

Ink jet printers are a well known and widely used form of printed media production.

Colorants, usually ink, are fed to an array (;f micro-processor controlled nozzles on a
printhead. As the print head passes over the media, colorant is ejected from the array of

15 nozzles to ‘p:,roduce the printing on the media substrate.

Printer performance depends on factors such as’ operating cost, print quality, operating
speed and ease of use. The mass, frequency and velocity of individual ink drops ejected
from the nozzles will affect these performance parameters. In general terms, smaller, faster
droplets ejected at higher frequency provide cost, speed and print quality advantages.

20 In light of this, it has been an overriding aim of printhead design to reduce the size of
the ink nozzles and thereby the size of the droplets ejected. Recently, the array of nozzles
has been formed using microelectromechanical systems (MEMS) technology, which have

mechanical structures with sub-micron thicknesses. This allows the production of

printheads that can rapidly eject ink droplets sized in the picolitre (x 107 litre) range.



20 In light of this, it has been an overriding aimof printhead design to
reduce the size of the ink nozzles and thereby the size of the droplets
ej ected. WReoBsM5BY, the array of nozzles has been fornmed PET/Ag01/01318

m croel ectronmechani cal systens (HEMS) technol ogy, which have nechanica
structures with sub-m cron thicknesses. sThis allows the production of
printheads that can rapidly eject ink droplets sized in the picolitre (X
10-12 litre) rangeWhil®timdAo38pieCThétukat/of flizdSprintBeddbiche pidvilertigh seedpi C
structures of these printheads can provide high speeds and good print
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fragile and vulnerable’to damage fromthe sli est contact wt

dust or the dia bstrate i S.can nmake th ri nt.heads, i .actical for
many appl PEATTBHAD S Pam A A D S s W sfee S Ine BB Sy e
SUMVARY CE THE | NVENTI ON Accordingly, the present invention provides a
nozzl e gudhis cepmake thejrinteeadp impragtical fprimayeaplications whergracgtaipfleymd#f| es and
respective colorant ejection neans for ejecting 10 colorant onto a

substs at erdbmstmessfs nedesshry.wherei n t he nozzl e guard is adapted to be
positioned to inhibit damagi ng contact with the exterior of the array of
nozzles. In this specification the term"nozzle" is to be understood as an
el enent defining an opening and not the opening itself. Preferably, the

nozzl e gu i i the exterior of the nozzles 15 wherein
t he shie|§iﬁﬁgﬁ§§9éifQﬁh%Fﬁgéﬁigﬁgg inregistration with the array of
nozzles so as not _to inpede the nornmal trajectory of the colorant ejected
from each nozAceordinglys the preseat inventignaprowides propzla Fard furandok jst pantéed fr om

silicon. The nozzle guard nmay further include fluid inlet openings for
di r ect i ngpfihtheal] with an array of nozzles and respective colorant ejection means for ejecting

10 colorant onto a substrate to be printed, wherein the nozzle guard is adapted to be positioned
to inhibit damaging contact with the exterior of the array of nozzles.
In this specification the term "nozzle" is to be understood as an element defining an
opening and not the opening itself.
Preferably, the nozzle guard has a shield covering the exterior of the nozzles
15 wherein the shield has an array of passages in registration with the array of nozzles so as not
to impede the normal trajectory of the colorant ejected from each nozzle. In a further
preferred form, the shield is formed from silicon.
The nozzle guard may further include fluid inlet openings for directing fluid
through the passages, to inhibit the build up of foreign particles on the nozzle array.
20 ) The nozzle guard may include a support means for supporting the nozzle
shield on the printhead. The support means may be formed integrally with the shield, the

support means comprising a pair of spaced support elements one being arranged at each end

of the nozzle shield.



t hrough the passages, to inhibit the build up of foreign particles on the
nozzl e array. 20 The nozzle guard may include a support neans for

supporti mgoohaisenzzl e shield on the printhead. The supporPCT/ABanel3ngmy be
formed integrally with the shield, the support neans conprising a pair of
spaced support el enments one being arranged at each end of the nozzle
shield. WO 02/34532 PCT/ AU01/01318 -4 In this enbodinent, the fluid inlet
openi ngs nay be arinhahigechbodineme, thé fltifadnles opmings redyeveeatanged in osel df thee
appreciated that, when air is directed through the openings, over the
nozzl e arg@ypofibntpis. t hrough the passages, the build up of foreign
particles on the nozzle 5 array is inhibited. The fluid inlet openings may
be arranged in the,s ort el. t renmote from.a...bon ad of. the nozzle
et oy Thei nvent 5NIE aberECSeE ar i s il paPuEh BE Seint BYitES
the printhead including: 10 an array of nozzles and respective col orant

ej ection H@?&#%armyranéj%&r%ghctb? Brupges ohe buidd uprefifoseign patticles enlae mzler i nt ed;
and, a nozzle guard, as described above, positioned to inhibit danmagi ng
cont act wardshistiteébigedt eri or of the array of nozzles. By providing a nozzle
guard on the printhead, the nozzle structures can be 15 protected from

bei ng touched or bpgmadaged Gpehind® slay®eRehnSddih #CESippdR cRMenMetord 18m a

protection provided, the guard forns"a flat shield Ccovering the exterior

si de of tpﬁndﬁaﬁ%ﬁﬁen&%&r iﬁr}ll_the shield has an array of passages bi g enough
to all ow jectron of colorant

The invention extends also to a printhead for an ink jet printer, the printhead
including:
10 an array of nozzles and respective colorant ejection means for ejecting colorant onto a
media substrate to be printed; and,
a nozzle guard, as described above, positioned to inhibit damaging contact
with the exterior of the array of nozzles.
By providing a nozzle guard on the printhead, the nozzle structures can be
15 protected from being touched or bumped against most other surfaces. To optimize the
protection provided, the guard forms a flat shield covering the exterior side of the nozzles
wherein the shield has an array of passages big enough to allow the ejection of colorant
droplets but small enough to prevent inadvertant contact or the ingress of most dust -
particles. By forming the shield from silicon, its coefficient of thermal expansion
20 substantially matches that of the nozzle array. This will help to prevent the array of
passages in the shield 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.



droplets but small enough to prevent inadvertant contact or the ingress of
nost dust particles. By formng the shield fromsilicon, its coefficient

of thermaWoexpa#ssi on 20 substantially nmatches that of thePODADDEOIZIS ay.
This will help to prevent the array of passages in the shield fromfalling
out of register with the nozzle array. UWsing silicon also allows the
shield to be accurately m cro-machi ned usi ng MEMS techni ques. Furthernore,
silicon is ver BRAEFDIES GRIPTLONt QF {THE DRAWINGS or mabl e. WO 02/ 34532

PCT/ AUCL/ 01318 -5 BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi ments

of the inventipRafLl MBYIHESHRS bPEL inVKti YR reHowPIRBRb&, Bpk%? of ¥ Jrth1E BhET ence

to the acconpanying drawings in which: Figure 1 shows a’thfee dimensional,
schemat i cwv%' eweof Cat(?rﬁ‘l%Zl e assenbl(% for an bnE 5 jet printhead; Figures 2
to 4 show"ANTRICZERCE S aceompanyme dawings i Vgl ati on of an operation of
the nozzle assenbly of Figure 1; Figure 5 shows a three dinensional view
of a nozzle arFlﬁyr%ﬁﬂ&%m%rwgh@ﬁnslw@,jsehemﬁm\ﬁ@\ﬁ@éa;nowe Fsgubly for aminks, “on
an enlarged scale, part of the array of Figure 5; Figure 7 shows a three

di merssi ongt pvindwadif an ink jet printhead including a nozzle guard, in
accordance with the invention; Figures 8a to 8r show three dinensional

vi ews of st epsgighres 8o ABRBRHALCHHERREnFonal Q8K RatRS ARHRINN &F af Bpdritfod &lthe
printhead; 15 Figures 9a to 9r show sectional side views of t%e

nmanuf aCturwﬁe§sts&§§fgo'%ifq%4r§§- 10a to 10k show | ayouts of masks used in
various steps In man cturing

Figure 5 shows a three dimensional view of anozzle array constituting an ink jet
printhead;
10 ‘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, 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;
15 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
20 Figures 12a to 12c show sectional side views of an operation of the nozzle assembly

manufactured according to the method of Figures 8 and 9. ;



process; Figures 1la to 1l1c show three dinensional views of an operation of
the nozzle assenbly manufactured according to the nethod of Figures 8 and
9; and 2W6ébysses l12a to 12c show sectional side views of P@aVADpEIBIS on of
the nozzl e assenbly nmanufactured according to the method of Figures 8 and
9. WD 02/ 34532 PCT/ AUOL/ 01318 -6 DETAI LEED DESCRI PTI ON OF THE DRAW NGS
Referring initially to Figure 1 of the drawings, a nozzle assenbly, in

accor danc ®EVAILED DESOREPTION OF T¥HS DRWINGs:=neral |y by the reference
nunmeral 10. An ink jet printhead has a plurality of nozzle assenblies 10

arranged .in a”}ééf’eg%/ 1%4gﬁlg't&1ng%§e Pofiid gg%wiﬁ .8 n%hi:lle QAT a); &'P&écbﬁi‘aﬁcé'-@uh The

array 14 wl| cri I n-greater be Oow. The assenbly

i ncl udes sili te or er, 16. on which tric I 18 is
Gopos: & ed AN S STt sl Eh b tPie et Burbial ik i B%@%%ff W] ayer
18. Each nozzle assenbly 10 includes a nozzle 22 defining a nozzle opening
24, a conAd@turpliy ofaptde agsamblies Hoarrmnged i qneareay 14r(FigreesanandLn oactsifigonr 28

The | ever arm 26 10 connects the actuator 28 to the nozzle 22. As shown in
gr eatser dedtsstratel 16. AlgWIAS 13 will bé,detdiibed iz ZleatePAetgid bploivses a crown portion
30 with a skirt portion 32 depending fromthe crown portion 30. The skirt

portion 32 fOrffe afiébl fO 1ﬂcl 885 PHRER sup@ldie 8{wﬁfe?%6%h%vh‘f @feg@f&-rla%gfe Lt

nozzl e opem ng 24 I's | ComMuNI GAtT ON W t e nozzle cha

35 whi ch 1BIEPod %%?r??@@@é %'éses ARG5890 incaodRa ah G e 1Bhe hozzi o
chanber 34. An_ink inlet aperture 42 (shown nost clearly in Figure 6 of the
drawi ng) i's deEpgherpzzle assembly 10 includes a nozzle 22 defining a nozzle opening 24, a
connecting member in the form of a lever arm 26 and an actuator 28. The lever arm 26
10 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
communication with the nozzle chamber 34. It is to be noted that the nozzle opening 24 is
15 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.
20 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.



in a floor 46 of the nozzle chanber 34. The aperture 42 is in fluid

comuni cation with an ink inlet channel 48 defined through the substrate
16. 20 Awabt/34562ti on 50 bounds the aperture 42 and ext enB€T/ApoaE0IdLY 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 chanber
34 and the wall portion 50 defines a second part of the peripheral wall of
t he nozzl e chalhewal340 MODRMIAEP AirB¥Tdd RPOR AOItSHE end/wHibk ssvatd ass¥lkidR an
inwardly directed lip 52 at its free end which serves as a fluidic sea

whi ch i nhibi t5idh8hiBRE ARG 'o@ IR thb BoRg ébfs &gplaaddéssnhl%%ﬁ%@&ed% L

be described in greater detail below It wll appreci ated t

bt voen ¢ BENT ot 08l Oh L RE Perrpareed Bt s tﬁlssl%%‘zérﬁ heRRTRE i 52

and surface tension function as an effectlve seal for |nh| b|t| ng the escape
of ink fpEmldineensions pbthesaagiag begweenrthe lipct2 paddhe sdrtipgrtipnt Re thednwavaihy

actuator and is connected to an anchor 54 extending upwardly fromthe
substsr at edikécted lip G ard paface eansinl fundtionrs ah effedS spalSor inaibithiy the ascape 80. The
anchor 54 is nounted on conductive pads 56 which forman electrical 10

connect i o rd A Voo RidhainBEr 8. The actuator 28 conprises a first, active
beam 58 arranged above a second passive beam 60. In a preferred

enbodi nent, b ncl ude condu ti ceranic
o ort s uch The R 230 Atferfh B e MR Eere B MRS 0 CPU

first ends anchored to the anchor 54 and their 15 op osed ends connected to
the arm 26XeUfiBg uBWaiGH Eom thesubsisate d 6105 rfm@\naftmﬁalgrf?qrﬁ thefeMOpepasHEaiiAG 8

t hermal expansi on of the beam 58 results. As the passive beam 60, through
whi ch layer 20. The anchor 54 is mounted on conductive pads 56 which form an electrical

10 connection with 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 -
ceramic material such as titanium nitride (TiN).

Both beams 58 and 60 have their first ends anchored to the anchor 54 and their

15 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
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 -

20 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 as a result
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 a result of the formation of



there is no current flow, does not expand at the same rate, a bending
nonment is created causing the arm 26 and, hence, the nozzle 22 to be
di spl aceavaomsusazr dly towards the substrate 16 as shown i PCFAgor@3® This
causes an ejection of ink through the nozzle opening 20 24 as shown at 62.
When the source of heat is renoved fromghe active beam 58, i.e. by :
stopping current flow, the nozzle 22 returns to its quiescent position as
shown i n Hiegink droplet e fndghvelararigu? & foerhed msshioorni dt §8 GuFacendf thesi ti on,
an ink droplet 64 is formed as a result of the breaking of an ink droplet

neck as i lgkdahgatRfs %f%@@vé"@nfm&ué 88 fesulldhf dnrrhﬂérvfb?hﬁé 4@ﬂm fHaeR gk avel s on

to the print rredr a such as a sheet of paper. result of the formation

s T or med RIS oo b Fegintl 3 i) Eﬁogrrr%sreadrﬂ?% St

meni scus 68 results in an inflow of ink 40 into the nozzle chanber 34 such
that a nedrapstediondrozsthemoggleassemblg19.or med in readi ness for the next ink

drop ejection fromthe nozzle assenbly 10. 5 Referring nowto Figures 5 and
6 of 3 he draw ReferritghewtrFigereatrany 61of thesddwings) the dozle agaye bt Brdesteibeilin ' The
array 14 is for a four color printhead. Accordingly, the array 14 incl udes

four groupgad d@tfall NGEE higa@ $8 RE6E b &Sur cBINS p Eﬁfheﬁ'@cﬂc&ﬁﬁlﬂgly, a? MeuRIfdshas
its nozzl é assenblies 10 arranged in two rows t he groups

of the nosor ol heeflEh ok, ShefBad aoleh Fh Bl AL iR

10 in the row 74 are offset or stz%?ered with respect to the nozzle
assenbl i edssemblips Hharranggd mptwoyoxts 72 amd e SMei dhe EeBps Uhis shovh in gsaiepw 72
are spaced apart sufficiently far fromeach other to enable the | ever arns

26 of thedetedah Eigagsenblies 10 in the row 74 to pass between adj acent
nozzles 22 of the assenblies 10 in the row 72. It is to
10 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
assemblies 10 in the row 72. Also, the nozzle assemblies 10 in the row 72 are spaced apart
sufficiently far from each other to enable the lever arms 26 of the nozzle assemblies 10 in
the row 74 to pass between adjacent nozzles 22 of the assemblies 10 in the row 72. It is to
15 be noted that each nozzle assembly 10 is substantially dumbbell shaped so that the nozzles.
22 in the row 72 nest between the nozzles 22 and the actuators 28 of adjacent nozzle
assemblies 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 hexagonally shaped.
- 20 > It will be appreciated by those skilled in the art that, when the nozzles 22 are
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



15 be noted that each nozzle assenbly 10 is substantially dunbbell shaped
so that the nozzles 22 in the row 72 nest between the nozzles 22 and the
act uat or wQ@82afs3ndj acent nozzle assenblies 10 in the roww@WAUBUS3k®Er, to
facilitate cl ose packing of the nozzles 22 in the rows 72 and 74, each
nozzle 22 is substantially hexagonally shaped. 20 It will be appreciated by
those skilled in the art that, when the nozzles 22 are displaced towards

t he subst tadme side ofithe tses 72wl 140 Hbeeenhe nkecjapahiron tBednhiles@24h tiee ki Tht
angle with respect to the nozzle chanber 34 ink is ejected slightly off the

per pendi ¢4 Bfie ifik ciettSd ABNARY ABLASLI P thd'fov 74 SRAFIRMYitR 'Pé%g&t kSleddntheS S

and 6 of the drawngs that the actuators 28 of the nozzle assenblies 10 in
t he rows ZZ and 74 extend.in. the samaddi.rgct il' n WD 02/ 34532 PCT/ AUCL/ 01318
_9 to onePiiifsaBE Apgls PG anfmpoved gEREdialilYie i nk ej ected fromthe
nozzles 22 in the row 72 and the ink ejected fromthe nozzles 22 in the
row 74 are of fAbp, 4 shewnds pigre § of Bwcliagingdthe Hipstrafe 16 hae benthpads 7ésul t i ng
in an inproved print quality. Also, as shown in Figure 5 of the draw ngs,
t he subst aahped thdiesn Whict ppavdde the efecaidabaig@ectidng) da thevads 56 a0 the abeudtdre .
el ectrical connections, via the pads 56, to the actuators 28 of the nozzle

assenbl i esg 1P he HOGAE alehitlics 6! TRARRELH ANSorAE&iQ aFErkbdvialife EMS | ayer

(not shown). Referring to Figure 7, a nozzle guard according to the present
i nventi onli S hg\'@w Wth reference to the previous draw ngs, |ike
reference aﬁ’uﬁ@P f rng‘f er to like parts, unless 10 otherw se specified. A
nozzle guard 80 is nmounted on the _ silicon substrate 16 of the array 14. The
nozzl e guard Beferring todbgurg 7shnetzde grdagropdng tothe prasentynyentign isHgRE. g4
defined therethrough. The
With reference to the previous drawings, like reference numerals refer to like parts, unless

10 -otherwise specified.

A nozzle guard 80 is mounted on the silicon substrate 16 of the array 14. The nozzle
guard 80 includes a shield 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

15  passes through the associated passage before striking the print media.

The guard 80 is silicon so that it has the necessary strength and rigidity to protect the
nozzle array 14 from damaging contact with paper, dust or the users’ fingers. By forming
the guard from silicon, its coefficient of thermal expansion substantially matches that of the
nozzle array. This aims to prevent the passages 84 in the shield 82 from falling out of

20 register with the nozzle array14 as the printhead heats up to its normal operating
temperature. Silicon is also well suited to accurate micro-machining using MEMS

techniques discussed in greater detail below in relation to the manufacture of the nozzle

assemblies10.
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| inbs or struts 86. One of the struts 86 has air inlet openings 88 defined
thereai n. | n usEhe iddnnodtentainedyn thé airasithie gsip&rchbrged thraiigh the passageyedd dtlar ough
the inlet openings 88 to be forced through the passages 84 together with
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air as the air is charged through the passages 84 at a different velocity
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charged through the passages 84 at a velocity of approximately I m's. The
pur pose ofherRaEsages 84 at a velog iyt approxieatelydetses 84 clear of foreign o
particles. A 10 danger exists that these foreign particles, such as dust
particles, coulhbe papbseouftthe tiné tooraintein the passhgesdd cldr afifoecige bytiakes.edt i ng
their operation. Wth the provision of the air inlet
10 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.
Referring now to Figures 8 to 10 of the drawings, a process for manufacturing the
nozzle assemblies 10 is described.
.15 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.
20 The resist is then stripped and the layer 18 is cleaned. This step defines the ink inlet
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
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aperture 42. The resist is stripped and the device cleaned. A |ayer 108 of
a sacrifi tiedlevicgcleeped. i s spun on to the layer 20. The layer 108 is 6

A layer 108 of a sacrificial material is spun on to the layer 20. The layer 108 is 6
10 microns of photo-sensitive polyimide or approximately 4 um of high temperature resist.
The layer 108 is softbaked and is then exposed to mask 110 whereafter it is developed. The
layer 108 is then hardbaked at 400°C for one hour where the layer 108 is comprised of
polyimide or at greater than 300°C where the layer 108 is high temperature resist. It is to be
noted in the drawings that the pattern-dependent distortion of the polyimide layer 108
15 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
‘applied. The Jayer 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
20 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
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.
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further 1, 000A %f Ti gl i s %gut t i#red on followed by 50A of TaN and a further
1, 000A of TN g FHEPd IAYERSr VU419 Lt ch can be used instead of TiN ate Ti B2,
MoSi 2 or (Ti, AL)N. 5 The layer 116 is then exposed to mask 118, devel oped
and pl asma et cAdbirdisamificial laybel 206y epplictibyvsipemésd ored wresfi phiofo-sgupitived f or t he
| ayer 116, is wet stripped taking care not to renove the cured | ayers 108
or .112.  polyimide or approximately 2.6 wm high temperature resist. The layer 120 is softbaked
10 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 whete the layer 120 comprises resist.
A second multi-layer metal layer 124 is applied to the layer 120. The constituents of
the layer 124 are the same as the layer 116 and are applied in the same manner. It will be
15 appreciated that both layers 116 and 124 are electrically conductive layers.
The layer 124 is exposed to mask 126 and is then developed. The layer 124 is
plasma etched down to the polyimide or resist layer 120 whereafter resist applied for the
layer 124 is wet stripped taking care not to remove the cured layers 108, 112 or 120. It will
be noted that the remaining part of the layer 124 defines the active beam 58 of the actuator
20 28.
A fourth sacrificial layer 128 is applied by spinning on 4 um of photo-sensitive

polyimide or approximately 2.6pum of high temperature resist. The layer 128 is softbaked,

expoged to the mask 130 and is then developed to leave the island portions as shown in
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portions of the layer 128 are hardbaked at 400C for approxinmately one hour
in the caseuged ) ths sicdectiae layer Ii2ese ahightraastio ondufusy chemyea inerinesssing\a@eofin
Figure 81 of the drawi ng a high Young's nodulus dielectric layer 132 is
deposi t edadidsmnltay@N. 132 is constituted by approxi mately 1m of silicon
nitride or 5 alum num oxide. The |ayer 132 is deposited at a tenperature
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- 10 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
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
015 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
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
20 hardbaked temperature of the sacrificial layeré 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 and the sacrificial layer 134.
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Then, as #teosilcanrwaeglh:. ellgpvaler 1this edpeossdiigmask hé2 toeyask etcB8hd wafer 16 to
anisotropically plasma etched to a depth of 0.35 mcrons. This etch is

internded uefind ®ainK it dhAIneC4s.i Thef resis i8 HenGhripgelgromieaeercdecept the side
wal l's of the dielectric layer 132 and the sacrificial layer 134. WO
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nozzl e opening I ns e meni sct as descri ove. An
oar of e 1Dts e Spe Ruritionblagipapesi 35 abdTiE sttt (o back
etch the wafer 16 to 5 define the ink inlet channel 48. The resist is then
stri pped Prygentphasmgetp@rovide 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
10 are the same as tho‘se 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
15 modifications may be made to the invention as shown in the specific embodiments without
departing from the spirit or scope of the inventién 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 aveoxs4sspped in oxygen plasma to provide the finpCTADaIROBIRASSEND] Y
10 as shown in Figures 8r and 9r of the draw ngs. For ease of reference,
the reference nunerals illustrated in these two drawi ngs 10 are the sanme as
those in Figure 1 of the drawings to indicate the relevant parts of the
nozzle a€9sXMy 10. Figures 11 and 12 show the operation of the nozzle
assenbly 10, nmanufactured in accordance with the process descri bed 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 nunerous yariation nd/or . 15 nodi.fjcations may be nmade tq the
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spirit or scope of the invention as broadly described. The present
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illustrative and not restrictive. WO 02/34532 PCT/ AU0O1/01318 -15- CLAI M5
1. Asnozzwheirathd nbeale gnarilikadaptedpo bapesitipiidddntha grinibichd eninhibitalamagingozz| es
and respective colorant ejection neans for ejecting colorant onto a
substrat ecérﬁa&%viﬁf&@%%ﬂoﬁof"’fﬂ@ﬁﬁ'hyﬂoftﬁ&zﬁg.zz| e guard is adapted to be
positioned on the printhead to inhibit damaging contact with the exterior
of the array of nozzles. 2. A nozzle guard according to Caim1l including a
shield coverigg th [ 7] el i.. ield has.an
array of passg'ges ‘fgr?%%%lgig{slﬁdéf ?%ﬁﬁl%ﬁ? %?%ﬁ‘ele%lrc wzza@{goéf ﬁuér%g?(z’ eggl %é[ge %)gérrl]%t to

i npede the_normal, trajectory of the colorant ejected fromeach nozzle. 10
F h

3. A nozzPEthgaerdeskrari the Shiglddas prpoay,plpassages Haregisiration with theramay of r om

nozzles so as not to impede the normal trajectory of the colorant ejected from each nozzle.

10 3. A nozzle guard according to Claim 2 wherein the shield is formed from
silicon.
4. A nozzle guard according to Claim 2 further including fluid inlet openings for

directing fluid through the passages, to inhibit the build up of foreign particles on thé nozzle

array.

15 5. A nozzle guard according to Claim 2 further including a support means for

supporting the nozzle shield on the printhead.

6. A nozzle guard according to Claim 5 wherein the support means is integrally
formed with the shield, the support means including a pair of spaced support elements, one

being arranged at each end of the nozzle shield.

20 7. A nozzle guard according to Claim 6 wherein the fluid inlet openings are

arranged in one of the support elements.



silicon. 4. A nozzle guard according to aim2 further including fluid
inlet openings for directing fluid through the passages, to inhibit the
bui |l d upvod ot/a4582 gn particles on the nozzle array. 15 5.P&r/AvavéBiguard
according to Claim2 further including a support neans for supporting the
nozzl e shield on the printhead. 6. A nozegle guard according to Caim5
wherein the support neans is integrally formed with the shield, the
support neansg8j ncl Adioagie gupdiacc@tiingpaCidns2ipherein tht Eihiniet opérengsree Ng
arranged at each end of the nozzle shield. 20 7. A nozzle guard according

to daim GeriRish theldifndd oflehlbfloORERINIRIAE of HfRADE AL One of the
support elenents. WO %/ 34532 PCT/ AUOL/ 01318 -16 8. A nozzle guard

according to Claim2 wherein the fluid inlet openings are arranged in the

support el enmept repote..fr a_hond pad, of, t he nozzl rray. 9. A printhead
for an ink je?‘pri #@P?“?ﬁg&ﬁ¥v ?#%58“?&&?%8?%@?“@8833W§y of nozzles and

respective colorant ejection neans for_ ejecting colorant onto a 5 nedia
substrate to Beay of ezles Aed reapgeéiye celognh eigctigsmeans fateiedingpiasant adtthgi ng
contact with the.exterior of the array of nozzles. 10. A printhead

accordi ngntediaGubstmt®todecprited; tahé, nozzl e guard has a shield covering the:
exterior of the nozzles wherein the shield has an array of passages in 10

registration with §Resad §igyd pbsitiirealts snh¥it asmARhg htddTREGEE BReASY STahe
trajectory of the <colorant ejected fromeach nozzle.

array of nozzles.

10. | A printhead according to Claim 9 wherein the nozzle guard has a shield
covering the exterior of the nozzles wherein the shield has an array of passages in
.10 registration with the array of nozzles so as not to impede the normal trajectory of the

colorant ejected from each nozzle.
11. - A printhead according to Claim 10 wherein the shield is formed from silicon.

12. A printhead according to Claim 11 wherein the nozzle guard includes fluid
inlet openings for directing fluid through the passages, to inhibit the build up of foreign

15 particles on the nozzle array.

13. A printhead according to Claim 10 wherein the nozzle guard has a support

means for supporting the nozzle shield on the printhead.

14. A printhead according to Claim 13 wherein the support means is integrally
formed with the shield, the support means comprising a pair of spaced support elements one

20 being arranged at each end of the nozzle shield.



11. - A printhead according to Caim10 wherein the shield is formed from
silicon. 12. A printhead according to Caim 11l wherein the nozzle guard

i ncl udes Wo o/a#531 nl et openings for directing fluid throughCThA®0p@ISsages, to
inhibit the build up of foreign 15 particles on the nozzle array. 13. A
printhead according to Caim10 wherei niyt-he nozzl e guard has a support
means for supporting the nozzle shield on the printhead. 14. A printhead
accordi ng to Ch.ai nAdintiteed ecaordihg teGlapmrlyd wheasis thesfluid irderglehings fer med wit h
the shield, the support nmeans conprising a pair of spaced support elenents
one 20 bﬁﬁ egmg@ﬂg@qh@gmﬁﬁ@hﬂgﬁgnpf the nozzle shield. WO 02/ 34532

PCT/ AUOL/ 013 -17 15. A'printhead according to Caim 14 wherein the fluid
inlet openings are arranged in one of the support elenents. 16. A
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arranged in the Suppor ft roma ond pa

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



