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BACKGROUND TO THE INVENTION
Various types of ink jet nozzle assemblies are known where a displaceable element arranged in a nozzle
chamber effects ink ejection through a nozzle opening of the nozzle assembly. In certain of these devices, the
moveable element is, itself, an actuator. In other devices, an actuator is arranged externally of the nozzle chamber
35 and is connected via an opening in a wall of the nozzle chamber to the displaceable element. Where the actuator is
arranged externally of the displaceable element, a seal needs to be provided to minimise ink loss through such
opening.
In yet other embodiments, the nozzle itself is displaceable for effecting ink ejection. In this case, ink loss

around a periphery of the nozzle needs to be minimised.
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arranged externally of the displaceable el enent, a seal needs to be
provided to mnimse ink |oss through such opening. In yet other

enbodi ments, the nozzle itself is displaceable for effecting ink ejection.
In this case, ink loss around a periphery of the nozzle needs to be
mnimsed. 40 RECTIFIED SHEET - la SUMYARY OF THE | NVENTI ON According to
the invention, there is provided an ink jet nozzle assenbly which includes
a substrate; a nozzle di spl aceabmparvroamgedNvenNTadN ve to the substrate, the
nozzl e defining Ageoldfd t% h@m%ﬁ'tﬂgg lS%Hlel:dElh@(tjet ndzﬂe ass@mﬂi&s\@uch HEQEs di spl acenment of
t he nozzle relatlﬁe he substrate, ink'is ejected through the opening;
and an inhibitiAY ﬁns arranged i nternedi ate the substrate and the nozzle
for inhibiting Pkeukedpelasdlyiargked fcaire toge biele tha eozprdefingla e pogziappeninaichflsiz il e, | n
thi s speci fuseCgbd ddpladei@t of B¢ iBLzlenOize t@the shitrateOndiejectidi@s gt OOGPenag; adn el ement
defining an Ope%hﬁ&mﬁ@ﬂmmghmgﬁ%mmgmﬁﬂhﬂQx&%ﬁﬁMknM%QthﬁmHQ%A&@mﬂﬁxmh”C|Ude
a crown portion defini 9 e nozzl e opening and a skirt portion dependi ng
from the @P&WﬁeﬁﬁlFWSE “"PHE& skirt portion, together with the inhibiting
means, defi ni ng ndhis spesidcaenalivtram "nodzie'Hs twbrivedarstpddes an plemept|definpearspange dngnat the f | ui d
connunicatkﬁ@mgﬂmfink supply channel may be defined through the substrate
to bey§n COMMUNILALLORy ikl {3 ARR! Mkl ngQeeopenﬁ,gmLgkﬂ@p%m.onvuegemng R

chanmber, the inhibiting neans belng arran abou ture, RECTI FI ED
SHEET WO 08681 ety %U@@‘f‘?)‘o‘%‘i‘” WO e AT Bt ?Pé%ﬁ%amhw bt anged

ext er nal | y nofle piq@negdan fuid cpromunicgypn- of t he nozzl e. The inhibiting neans may

i ncl ude a radi alah yk tuppvahdheymadivg @Gde@@rolgh e ABrdd O iDIomManR&ion, Pid irtapdalte Xk endi Ng
towards an sﬁ?s(ttagrwratﬂlhe &%bferatq‘\igmh(?tjllm% ncgns b§}% Fr&ngeg%ost thggberQJre the nozzle. The

i nhi biting means may be fabrica ep05|t|on and etching techniques. 5
The inhibiting neans nmay be of a ceranlc material. The inhibiting nmeans may
be a conductive ceramc which may be laid down at the sanme tinme as ot her
conponents of the assenbly and may include titaniumnitride or other
mat eri al s. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is now descri bed
by way of exanple with reference to the acconpanying diagrammatic 10
drawings in which: Figure 1 shows a three dinensional, schematic view of a
nozzl e assenbly for an ink jet printhead in accordance with the invention;
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Figures 2 to 4 show a three dinensional, schematic illustration of an
operation of the nozzle assenbly of Figure 1; 15 Figure 5 shows a three

di mensi oveb ovgmwe of a nozzle array constituting an ink j pCT/AUDNGISERd;
Figure 6 shows, on an enlarged scale, part of the array of Figure 5; Figure
7 shows a three dinmensional view of an ipk jet printhead including a nozzle
guard; Figures 8a to 8r show three dinensional views of steps in the

manuf act ure of &hdigiEbitng mepsSEtY Atan@dd egtemallndd the siéxt popion dithbimadk;, TROnhRitgehess 9a t O
9r show sechd QDR a Sbiglf inbhRNBireRtEa 1 PGB MbRGokthh LxRBhirg toRREs an Bl@Hdl Gfacd of B 1O |
Ok show | ayout s . of sks used in various steps in the manufacturing
process; FiQUPERR A% 11 ¢ show t hree di nensional views of an operation
of the nozzl e adbeniiitne mepnirian be fbricattd byglerositicdiamigtching technanueret hod of Figures 8

aﬂd 9;5a|nd Fi gurmesll 'nmgh&nﬁ;%gb&,gmm&a&mgm@hmgmiﬁlmysiacgmuc]g@e&ﬁm on gf
t he nozzl e gsse . nuf.act ur.e 5 accordi to met .of Figures
a6 b AR kPR B ot B RGP R R o B RIS Btk LSS O
of the dravigeteras nozzl e assenbly, in accordance with the invention is

desi gnat ed general |y by t he BRefFYESOREPTION®F BHE BRAWKWNCSI Nk j et print head has

a plurality of RQZZJRioAS R HRkAESy of BERANAR bt dlce A hd S0 Yingthoudl QUr €S 5
and 6% on a silicon substrateb16.y1‘%hé arI?ﬂg 14{ w1l be esytf:n?i bed in greater

30 def®il BEBE ™ L assenbl y 10 includes a silicon substrate or wafer 16
on whi ch a di el diuri dovsayhese dirgnsionsl, cbayatid viea! a nizle MBSy Pagsikiapintwadimyer 20
i s deposit egdocd i mdineh@at ri c | ayer 18. Each nozzl e assenbly 12 includes a

nozzl e 22 defi ni;n npzz openi ng.,2 onnecti ng I r in th f.or m of
o Fever arm 26 SHE-24PO8H SpRRRR My then e SRMEE IR Bl st 21 o
2,8 to the M¥¥21e 22. 35 As shown in greater detail in Figures 2 to 4 of

t he diaw ngs, t leunoshevse iR domerioral S&f @nogdcauay c@etitttingan inB @t printhéaly a SKi rt
portion 32 depergiBgsubhOah Bfirebd OMaR O thel a8 oF9pure EN€ SKirt portion 32 forms
part of a perip era]I7 wal | f a nFZZ|ﬁ cﬁqber 34 Hiilggures 2 to 4 of the
drawi ngs). The n&7Z ﬂ“’v(")sﬁéfﬁeieg'ﬂ‘erﬁﬁm e ST B MBRERt h the nozzle
chanber 34. It iFigupsdaigdr shoyt threk divhpagions] ewsobeps i tho paplagty Panopzs asseppbiyoliamdekd by a
rai sed ri mja6rinfadach "pins" a neniscus 38 (Figure 2) of a body of ink 40 in

Four2e of tne drsadestoilebitul Bhah BRERIG, Rt o 00N 050 O R der "
34. The apertur éig}‘f?"P%“’?OﬁS}PY"W‘H“&fd‘ﬁf‘r‘ﬁWF"ci&t’fﬁ‘iE}ﬁS‘WY‘H‘ea‘ﬁ“lfaﬁ‘l!éi“iéIﬁ?césﬁ; channel 48

def i ned t hr ough Fighres 115t bis thoathee diffensith® viddvé @ 8iBopatidGT ihAddDy 88@ByImanBachredral |

portion 50 QuNES wk henaAREEl End.and extends upwardly fromthe floor
portion 46. The ski i i ndi cat ed gbov of the nozzle 22

o hon aii 1 o R s Pk PP R ST s R TP BE Cana ¢ ne
wal | Porti cerodioe déf npfeed offficgreciopd? part of the peripheral wall of the nozzle
chanber 34. The wal|l 50 hasremLEipweceiprioN oecHEORAWINGS2 at its free end
whi ch serves as R@feﬁg%i&jaﬁlyto §1§1@J 1 o\f\@é &le{g?,@'n&lé aisembly, in accordance with the invention is
designated generally by the reference numeral 10. An ink jet printhead has a plurality of nozzle assemblies 10
arranged in an ink array 14 (Figures 5 and 6) on a silicon substrate 16. The array 14 will be described in greater
30 detail below.
The assembly 10 includes a silicon substrate or wafer 16 on which a dielectric layer 18 is deposited. A
CMOS passivation layer 20 is deposited on the dielectric layer 18.
Each nozzle assembly 12 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 connects the actuator 28 to the nozzle 22.
35 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. 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.
40 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.



5 the escape of ink when the nozzle 22 is displaced, as wll be described
in greater detail below It will be appreciated that, due to the viscosity
of the iwko40s®mrd t he snall dinmensions of the spacing bet neraUvMN®@SHI p 52
and the skirt portion 32, the inwardly directed |ip 52 and surface tension
function as an effective seal for inhibifing the escape of ink fromthe
nozzl e chamber 34. The actuator 28 is a thermal bend actuator and is
connect ed t o an Aasl bdtfon Sbo@d theagkirting 41 Hatateals ypwardly o thefloodlfortisd HoS THeakti®e 16 or
more parti cpulln@hrahxs LEQm ;bt;ufe %zz%mefa(eég 9 Bard o@ysen,t)hz& wall BiGhe ARGD Qlimrathai S

nount ed on con uctive (g forman electrical connection with the

act uat or 2899l aetont ?"e??e%’&ﬁ?ﬁrf?fg‘égenﬁhefal‘?‘agf’m‘eé‘&z?lf?)‘émlf‘j’é%m 58 arranged
above a second, Tawd Pdtes dpamvandig Birectbdiipd2 at i ek end which semds echi fiydia seal hoh inhibsans 58

and _6% aE $ t¥fescar aflﬁk%&ustemmampagu&a ié@é@n s&res%mﬁ@m BR4® it bel sk qmmht i tani um
nitride t heir rst.ends ed to
t he anchor ag'\pﬁemate(lf_’ th:? %ue otge v1scos%y o?the A d4SO a.tédo ne r§1é1Cltdlmcj:nsxo{ns of kxﬁsgacg‘lf E%Q\?énatg%gaang
current is teagkig E‘lﬂmﬂéﬁ Flr m@r@mrw@ HP 2rped s tneionfwngtion S8 effeelivergt! fos inpibikngithsn  of
t he beam 5&scage@inM flof the Aszid dhembpassi ve beam 60, through which there is no
current flow degs Qek 23%41%&1 @eLd Jctﬁlzﬁor%'}&o&l@&e@w &m@ﬁsﬂ%&ﬁ&é@%&} ﬁo&nﬁhe

crea&g causi ng the ann hence, nozzl e be di spl aced

downwar dl y St e T%%ng’t?ﬁé?ﬁ“‘é}fee@% P%fé“"‘é‘ﬂ‘d‘?/\’ﬁ 2. r}rhi‘:?“@fl‘]‘rsé1 isgnoped Ol @ YF XA ngs.
Thi s causesadans djid cm gyrlegificali coiiectignmitytyhactubtea 200221 e openi ng 24 as 20 shown at
62 in Figure 3 Qieatmr@kcawn&%ﬁrst\%@eb&lh@M&&eovaefseéa@@sassivsbmamwﬂ fromthe

active beamre?enédemb %Lmerg%othl?e:[ OSDSQIan%.QO g.rug o‘?ﬂl&u&c ac H c#t_lve cer, wmaenalszc tUI’ ns tO
its qwescé’ % assovvnln& ﬁ ?nlf raw ngs.

nozzle 22 r“é‘t“lﬁﬂ%) to |ts qui escent p05|t| on, an ink droplet 64 |s for rred as
a residt of the Bhhsakd agnded hadathdirtikst enakra@qndueltto thee@dbord and khkitiGbdsaitettd catiectd 1 N

Fi gure 4 Ofto &nha?m % mw%entTJ@usédQ&oqr@&BQLe a§_14'e Segﬁgk tﬁe{xﬂy &Laﬁsuﬂraf &&em pr i nt

media such as a sheet ﬁﬁ A$. a resu (}5) orrratlon of the ink
dropl et 64,4 NiAETVSe ‘”‘“}Pﬁ Qigh whigh e 8?‘&%‘8“5@”2 IR GHRISE e e B gure 4
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ormegl, i n rgadi nes 0 next rg ection zzle
asse y 1 6 ow&at?n?m%xglﬁre § (I)’lf'(ﬂ)hwgrt %Inﬁi'l Wfl}ll‘ gmg 028 of gJ és reIFov? from e ache%eamrggzt ﬁe nozzl e
array 14 i §‘°EP€§&‘1“F‘B§‘HV fhﬁ“ﬁ’eééfeélf"s LR Qi‘chemH‘ﬁ’é‘m a&?‘?"ﬁy“ F.E&““i“é’f?‘?)‘i‘a“éf‘g? o¥hen col or
print head. tiacmle 2h rerghsytg itstqhiescentrpbsitipn, dxlink di@letidd @Forhailas a ©guD offiie bréking bf anip z | €

assembl i esy&o&@t%eck%mis&(ed ?«%@QF L%fmeﬁé&hgf gﬁlQHLerZ&et B8R bedvils 5}9@&4 Sin@RIeO! i es
10 arranged in two rows wn in

greater det"sf s 4hreter RiReF eAS reé'?t °ftheef°rﬁ‘?t¥iwfﬁ§§“5‘d‘%g?‘bﬁ|“F%a‘f"§t"éem&°l“%‘§§m}3‘é?kl ng of
t he nd%z| e shossetfbiniFigye 4 @ the dravimgs Fhi\ieedfige” mendbouf 48 resulltyan an ofley of inkd@intatie hagde 10 | n

the row 74 cginBer®f fus@tat Gew BnRGE & (Bigurdt) tslfort @SA@AMest or thehet ARG fcansadd | es 10
in the row Zz%eas,sb\l the nozzle assenblies 10 in the row 72 are spaced
apart sufficiently ly ?ar fromeach other to enable the Iever arns 26 of the
35 nozzl e assenBFiFER ol Figuresandbg{iherdavings. haroalasapibis Aesaifddresitr 6t Jhes 22
of the asseniylli ®%rdOuricdlor pivghesdOMecatBnglyl the dngy 1 includdefon @lowsl 70t ofidvkzleassetiblissomz | e
assen Yy 1QuieRn &up%@@mﬁb ha¥ ir S RBEL oS WeRE e SR twh RAL 72traNBFSt §Sergs N t he
row 72 nest. betwee 4 g)“gi 4:"3?‘ %2 and the actuators 28 of adjacent nozzle
assenblies’ SBOWnr’i“gfeﬁér PR 78 P IS5t o facilitate cl ose packing of the
nozzl es 22 in t Aefilgisclopopagkinglof thg nozglepnsigmblioy s [ingheagwsi7Zand Yy e pople agebrhbjies 10 in

hexagonal | yhesdvaa e offséQr stapgettl With rdfectadf L le ads@lidd Yo ih OB 75 Kildo) tRGoZ18 t he art
that, when agsg'ﬁoli&qg E’nlth% §ow27; ar@gpgceéje!pgpsllﬁg&gy tgr% rete? otﬁehtg enable the lever arms 26 of the

35 nozzle assemblies 10 in the row 74 to pass between adjacent nozzles 22 of the assemblies 10 in the row 72. Itisto

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.
40 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



substrate 16, in use, due to the nozzle opening 24 being at a slight angle
wWth respect to the nozzle chanber 34 ink is ejected slightly off the

per pendi ovdar/goskt i s an advant age of the arrangenent shownCi/aUB/@IsEs 5 and
6 of the WD 01/89842 PCT/ AUOCO 00591 -4 drawi ngs that the actuators 28 of
the nozzle assenblies 10 in the rows 72 and 74 extend in the sanme direction
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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 is cleaned. This step provides the bond

35 pads and interconnects to 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 102 and the silicon layer 16 in the region of the inlet aperture 42. The

40 resist is stripped and the device cleaned.
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A fourth sacrificial layer 128 is applied by spinning on 4 pm of photo-sensitive polyimide or

approximately 2.6pm 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 for approximately one hour in the case of polyimide or at greater than 300°C for resist.

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

40 A fifth sacrificial layer 134 is applied by spinning on 2pm 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



The layer 124 is exposed to nmask 126 and is then devel oped. The |ayer 124
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20 the nozzle assenbly 10. Figures 11 and 12 show the operation of the
nozzl e assenbly 10, manufactured in accordance with the process descri bed
above wi tWwooegsrence to Figures 8 and 9 and these fi gurespchaves@sod t o
Figures 2 to 4 of the drawings. It will be appreciated by persons skilled
in the art that nunerous variations and_/,p_r nodi fications may be nade to
the invention as shown in the specific enbodi nents w thout departing from
the spirit or scope of the 25 invent rBRcesiMsr oadl y descri bed. The present
enbodi nents are, therefore, to be considered in all respects as
illustrative and not restrictive. WO 01/89842 PCT/ AU0OO/ 00591 -7 THE CLAI M5
1. An ink jet ndzzl &rgkieupleysiihohichiAdi%fdes a substrate; 5 a nozzle
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of daiml adindapiphentdn@e ®ekzl e i ncl udes a crown portion defining the nozzle
opening and a skirt portion depending fromthe crown portion, the skirt
porti ?‘? together with the inhibiti ng nmeans, defining an_ink chanber with
whi chl¥ he nozzl & opdhfagmibee! Fiamel jin yhirh he prRalincides AP Perionf@ing fe pordly y  of
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be in 15 oM iGhin®wit bBchd n@REHEENE & il Mid AfnSilisirate, with the
chanber, the inhibiting neans being arranged about the aperture. 4. The
assenbly of Cdaim2 in which the inhibiting means is arranged externally of
the skirt portidn dheapseblyphFlping in vhih g inkpppply gheanshityfefined throggh fie pbstrate 18 bgvhi ch
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an external, syrface of the skirt portion of the nozzle. 6. The assenbly of
Claim1 in which the inhibiting nmeans is fabricated by deposition and

etching 25 techniques. 7. The assenbly of aiml in which the inhibiting
nmeans i s of a cdr anThe assahtdyof Glhim 2 in which the inhibiting means is arranged externally of the skirt portion

of the nozzle.
20
5. The assembly of Claim 4 in which the inhibiting means includes a wiper portion extending
inwardly towards an external surface of the skirt portion of the nozzle.
6. The assembly of Claim 1 in which the inhibiting means is fabricated by deposition and etching
25 techniques.

7. The assembly of Claim 1 in which the inhibiting means is of a ceramic material.



