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The present invention involves the ejection of ink drops by way of forming gas or vapor bubbles in

a bubble forming liquid. This principle is generally described in US 3, 747,120 (Stemme). Each
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09/ 575162 09/575172 09/575170 09/575171 09/575161 The

di scl osures of these applications and patents are
Coﬁﬂl@@fyﬂﬂ&kﬁ% RS elent £ ifF aRSicaBpRiBsesng pRhthédde ficiency.

['hvention The present invention involves %ﬁe.e ection,
Mugh lepyheaigtisipateniptohgundrrlying Waissuhsietesr Moz th ﬁBP’é“ggX jjused to
gerRraR Db bl EiBds fhb @il d. This principle is generally

descri bed in US 3, 747,120 (Steme). Eachpixel in the

printed image is derived ink drops ejected fromone or

A IRV RichiWay W %dh8Rlingthe HeBIeLAEmN At6 depokikit 61 sadfifiiiliphGroRaist that is
becone increasing popular primarily d ? tcg,iqis Lo .
subserugpbienoNed Ana reespsciett | The serifirel mm}# i Priggappited into a pit or
tre@RREAESIANEL fuBfARIadjdEt fheblettfdtle HoReVentit i gifidult to precisely match
described in detail _in the abﬁve Sﬁfrggss ref erenced

thedesek rith th sidepfictite (UplhmEhe themethed PROSAest i5capsrt epas form
betlvidn 1§ S8R tor 88 it ¥nd HPBAYE WHeh theeitart terthl Ridriicdepoditgd, it fills these
ch less heat dissi Ff(?t es). into.the unde[l%i nig 1xfl/vafiher tal etch
SonS B YT AHEIE (FOHIEY B KO BT BE Mo & (g B the metal cte
(th&RBehE héhe etgmbxb} sdithaklegie@h Stotiinglly koveAhe PACE MiteBtringers can
suspendi

way of ng the heater el nt is to deposit it
shogfriredié the fpater ¢ thﬂﬁb{agf‘ seayatp ﬁg‘fbeb % subsequently
By RABNEUe BYskebigll Bashe abieh, thd BACSAIL bé ddposirt ovartiersidalwalls so that

(SAC) is deposited into a pi.t or trench efched,int.0
o gRs eriy JfiapuRatg; Gisafftesie Ruted Jp AiBL P SHE pERr. N1 ghe beter
maee'fnfaf 1%526;1 list debRitéd, ﬁ@si thRhat oﬁ&lid?‘{]érttcm&)r kmdked\r/:ihﬁtbeﬁ bitthsTiygl esfrer the

of the pit. Us .When the naske otoresi st ,i s
et gt relip Sk ghast (BN WS B BB en or BOSHG phuse the
lochﬂz%gﬁlﬂs%mg/ih&easéilésihﬁﬁé.ﬂhﬁahaipba|affbcﬁy}ﬁropé18tidﬂ;dd$i Heatel, and

it fills these gaps to form'stringers' (as they are
typigslnFRiucesaediff ngers remain in the pit after the
Sufeias) ofeiedhventiidat shapes the heater elenment) and the

rel ease etch (to finally renove the SAC). The

stringers can short circuit the heater so that it
Ack@idinglyt the gRERAT AVtian Prabildbsen mBlodwEibrigatin e snspsided bepgrein a MEMS

préqtg%gstge? gdgcg%gﬁg%ght%egé%o\@ Il be deposited over the

(a) etching a pit in a substrate, said pit having a base and sidewalls;

(b) depositing sacrificial material on a surface of said substrate so as to fill said pit;

(c) removing said sacrificial material from a perimeter region within said pit and from said
substrate surface surrounding said pit;

(d) reflowing remaining sacrificial material within said pit such that said remaining
sacrificial material contacts said sidewalls;

(e) depositing beam material on said substrate surface and on said reflowed sacrificial
material; and

(f) removing said reflowed sacrificial material to form said suspended beam.
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no gaps form Unfortunately, this produces a raised
lip around top of the trench. Wien the heater materi al

w0 20021041798 deposited, it is thinner on the vertPCHAUZN5/001565
inclined surfaces of the lip, After the netal etch and

. L : .

rel ease etch, these thin.l| formatio remai n.an
Prefespbesaidytrspiaddean Bouraattlih paRA ICHRS ipﬁ?“r?ﬁ b, al parts of
said ﬁ%&é&ﬁﬁaﬁ%ﬁ%ﬁ;@%ﬁdlyﬁh@%ehﬁbﬁ@ﬁﬁ s affect the

operation of the heater and typically reduce heater

life. Summary of the Invention Accordingly, the

OpRSRAR RhidIsibpeited BEnIE B AciRfor fort@ idkfal nodzlef abri cating a
suspended beamin a MEMS process, said nethod
conprising the steps of: (a) etching a pit in a

In § 45 taERlcBihe SRdseht fhventidVprogides darthodrd fairideingld Sspeptigd beam in a
depositing _sacrificial n@t%ri a%, on a surface of said

MENP ropes-said gnethod comprising e teps 8 - (¢) renovi ng sai d
sacgd)fe{cﬁingla émﬁ £5ubattatd, Eaddrpiahdvig atebeadsgigivals; wi t hi n

said pit and from said. substrate surfac [ L
R e s e o
Wi t hé)RerBdvith Pid sasrifednl mbwtialdrintla perimiteriregjorswithin saidpingnd from said
material contagts sai.d sidewalls; (e) depositing beam
subieie p Ceﬁﬁmé‘%‘f"&g? trate surface and on said o
r ef i@WRdlofag! iehiaRing| sabmfic] i materiednwlitlif )saidepib wichgthstapadd remaining
Orggfﬁj owed .%acri ficial rra&eri al to formsaid suspended
saqgibigia] Bateal CABPY L% Ehended beamis substantially o
pl an&yr depbditisy beart Meterigiroaf eid edstay syrfaad lnpan tsaid aéfloyesd pacrificial
suspended beam have substantially the sanme thickness.
ma&?ﬁaﬂ Iy, said suspended beamis an actuator for an
i NKj(Btreri®izd id rbffovaed bactifitialbregenddl td foem prid sspandedheant | on
provi des a nethod of fabricating a suspended beamin a
MEMS process, said nmethod conprising the steps of: (a)
OtlosdliyN@idsuppendddrbean Susbistangisly, plemi.d pit having a base
and sidewalls; (b) depositing sacrificial material on
a surface of said substrate so as to fill said pit;
OrtiopallyeaIDMre 9f Sid sispadedibbane hae snipstantialhy thé sameitkickness.
perinmeter region within said pit and from said
substrate surface surrounding said pit; (d) reflow ng
OptRAEIyDsad)sspearéd tieatn ad anretuetor Tk awinkief mzglai d pit such
that said remaining sacrificial material contacts said
sidewal I's; (e) depositing beam material on said
Omlvasity, sdi®acsuatdraceheaterelanensai d ref | owed sacrificial

Optionally, said heater element is suspended between a pair of electrodes.

Optionally, said substrate is a silicon wafer.

Optionally, said silicon wafer comprises at least one surface oxide layer.

Optionally, said sacrificial material is photoresist.

Optionally, said photoresist is removed by exposure through a mask followed by development.

Optionally, said perimeter region comprises an area adjacent at least two of said sidewalls.
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material; and (f) renoving said reflowed sacrificial

material to form said suspended beam Optionally, said
waeapesdesl beamis substantially planar. Opti oP@i/AY2005/001565

all parts of said suspended bean1have substantial ly

t he sane thjckness. Cptlonally, said suspended beamis
Optipnalyt sk pAringetsy Tegion pOGRREIses @y 21e@m adiessht abipd sy sidewally

actuator is a heater element. Optionally, said heater

el ement is suspended between a pajr of electrou?
Op@t‘aﬂlﬁ,ﬁg{p@\sﬁl ofsidpaerificial matedal; fromysaid perimisher pegiquresults in a space of less
thafd tﬂl&@ﬁ%t%&]ﬁs@id@ﬂﬁéﬁh QHori @S 18k atFRMRI 26 Rast &o baRilsidewalls.

surface oxide |ayer. tionally, said sacrificial

material is photoresist. Optionally, said photoresist

1§naﬁl$ RN E¢h1 BY s RQSHHL rlaRFAUEM idBsitnetd do@MBEsultY in a space of less

developnment. Optionally, said perinet re
thegd ARiFTioB et saxderamaaﬁna asriRcialmegsak #1d, Qo S0 SdevgRlls:
sidewal | s. Optionally, said perinmeter region conprises
an area anacent all of_ said S|demau;s. Opt.ionally,
Onfigpablyetpidgpilamingss pdarpd BY baathgsaid eriiq] gHCEaT d
perimeter region results in a space of less than 1
m cron between said renalnln% sacrj fici mat er (% % b
Opgipngllgaseid opficst meterial is frapiseaio PLeveryShsh S5Hoy, Pr’r"éﬁ’o gpstigyr o beam
ma@iaf sacrificial materi al fron1sa|d perinmeter region
results in a space of less than 1 mcron between said
remai ning sacrificial material and all of said
OptiofiRNadal Streafaithi @Ripkikes, U airgr f | owi ng i s performed by
heating said .sacrificial material. Optionally, said
sacrificial nmaterial is treated to prevent further
OptRhdIBYéaRl efth niaerfdPP e@hdd ittD apfedereithdtbionfigimition after deposition.
Optional Iy, said treatment conprises W curing.
Optionally, said beamnmaterial is etched into a
Oﬂggﬁﬂ@t ﬁlﬁﬁéﬁMEMSQ{]ﬂédegwt@E aRpedbinet adtepdepoditicannt s]aCud bean(nj material and
tio rt teps are perforne
Prigf 1osspid gepyal clfsﬁlﬁ e&#owgg?aﬁnggg aﬁ‘?ﬂagr ial and prior to
said renoval of said reflomed sacrifici al naterim

Optionally, saj rther pr.ocess. st ep
ORGP s rr M 8 B TR BTl S S ntaning sad
sufiRaded bkdln.a second aspect the present |nvent|on
provi des a nmethod of fabricating a plurality of inkjet
nozzl es on a substrate, each nozzle conprising a
Inraaza)h@ aspba m&q;lfesblﬁ\ﬁh\i&ﬂidﬁ pi@ddes s pathed oﬁfahlmtatiﬁg opusiitydf inkjet
bstrate apd s S extend| aLd r

|
oGP 5 BTECSP R SRS ok kg 08t sk apat fom

said substrate and sidewalls extending from said roof to said substrate one of said sidewalls having

a chamber entrance for receiving ink from an ink conduit extending along a row of nozzles, said
ink conduit receiving ink from a plurality of ink inlets defined in said substrate, said method
comprising the steps of: ‘

(a) providing a substrate having a plurality of trenches corresponding to said ink inlets;

(b) depositing sacrificial material on said substrate so as fill said trenches and form a
scaffold on said substrate;

(c) defining openings in said sacrificial material, said openings being positioned to form
said chamber sidewalls and said ink conduit when filled with roof material;

(d) depositing roof material over said sacrificial material to form simultaneously said

nozzle chambers and said ink conduit;
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a chanber entrance for receiving ink froman ink

conduit extending along a row of nozzles, said ink
w@endoit74g ecei ving ink froma plurality of i nkPCTTAB2®5/001565

defined in said substrate, said nethod conprising the

steps of: (a), providin suybstrat e .havin plural it

of - [9 eREne S PSS NG 60 B AR o e SR bl o
leall @ROSIZIe BEkr@ASHdd i cial material on said substrate so

as fill said trenches and forma scaffold on said

sub§? FemoEing sy sFBRFR RS Bheni ngs in sai d sacrificial
material, said openings being positioned to form said

chanber sid |1's and said ink conduj.t when fill.ed
R BRI SR O BT  gbt aeh 5tE gl spore

said sacrificial material to form sinultaneously said

nozzl e chanbers_and said jpk conduit; (e t chi ng
Ovfigy s gersirs ST Bt BUPbre el SrRbEach
nozzl e chanmber having at | east one nozzle aperture;
and (f) renoving said sacrificial material.
Optippallyysaid sybstralg igp Sﬁlbcfﬁlwé"%&hanber contains an act uator
for ejecting ink through said nozzle aperture.
tional |

(@0] lly, said actuator.is fornmed prior to
Ontigpallycsaid Sﬁﬁo‘b?’a ’é‘?"aﬂpﬂ?&?f% 15"‘53 ﬂ%en%ggc.e "%b‘fte?%?ﬁ%l ly, said
substrate is a silicon wafer. Optionally, said silicon
waf er conprises at .l.east K one surface oxide |ayer.
O@Pﬁ%ﬁﬂ?ﬁ“@?ﬁﬁ“@%@r‘?? W%t material is photoresist.
Optionally, said openings are defined by exposing said

O%PO%IQLSE}S | (g)fenj{g‘%irageu ?adokglg%lf)%s{h%: slgl o1%¥ist Er\é?%hgfﬂtfsgtfoﬂowed by

cured p
ded@@@snt.i on of said roof nmaterial, thereby preventing
refl ow of said photoresist during deposition.
Optionally, said photoresist is renoved by plasm
Oahilgsaid phomrdsist i BT cuasiyeiot totdeprsision of pidyppTaerial. fear¢hyd
further,conpr.,si t.ne ste ..etching ink supply
PrevERigd PO %Fﬁdghggr E)l%squfmeg egg lté(?lde of said substrate,
said i nk supply channels being in fluid commnication

with said.ipnk iplets. tionally. each ink inlet has
Opé’con;lg'a?f&j@ﬂg’rﬁsplﬁirﬁovf (e9§1 B geﬁ%eél)?%ﬁg% ding froma

respective rimthereof, and said nethod further

Cc ri ses defi.ning .at_| A SSRANTEAGupn!
Ing ot ot FRPoadE pPERSLSARE PARReC Bk RANE lhurply
chatelsdroasdnsdpposite backside of said substrate, said ink supply channels being in fluid

communication with said ink inlets.

Optionally, each ink inlet has at least one priming feature extending from a respective rim thereof,
and said method further comprises defining at least one opening corresponding to said at least one

priming feature in said photoresist.

Optionally, said at least one priming feature comprises a column of roof material extending from

i

said rim.

Optionally, each ink inlet has a plurality of priming features positioned about a respective rim

thereof.
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Optionally, said at |east one primng feature
conprises a columm of roof material extending from
w@adod/osi7as Optional ly, each ink inlet has a plRPCEAD20P5/001565

of primng features positionﬁd about a respective rim
t hereof . Optional ly, said plu

al i of primng features
Optiaggly.feif PREAI & PEIREHERITEb g CERLT OBV PBTH 3 X PTe fom
saidBhi onal Iy, said chanber entrance includes at |east
one filter structure, and said nmethod further
conprises defining at | east one opening correspondi ng
to said at |east one primng feature in said
hot or esi st . tional l sai d at Jeast one fildter
Op '?WUth@@éh@&?ggqt% taeiisp Sttt UG Syl grigbit Hetbod frther
co%‘s@d"&gﬁﬁﬂlgfaf 1048 SRioderitibsdriegfoadih®tossaidcht fe@dbne priming feature in said
tionally, each chanber entrance includes a plurality
phedpresfist| t er structures arranged across said entrance.
Optionally, each chanber entrance includes a plurality
of rows of filter structures arranged acr@ss said. ..
OpEpallfeis 2 gt s ier Jructisy <ompEoRs 5P o f K9 Bl eginding from

uctures
sai@ b seitaaaeideshr. In a third aspect there is provided a
met hod of fabricating a plurality of inkjet nozzles on
a substrate, each nozzle conprising a nozzle chanber
OpfigNiligGeath EARbershRaRE inafadssta fhirakiny SAfitlr surpsiresctr@ngedacross said
sidewal | s extending fromsaid roof to said substrate,
enigagcet chamber having an entrance for receiving ink from
at least one ink inlet defined in said substrate, said

at lLeast. one,ink inlet. havi t lLeast e i.m
onfsaly B Rahe Ay S LBy oy B oh R SRk Enged aorss
saif@hdr@de.conpri sing the steps of: (a) providing a
substrate having a plurality of trenches correspondi ng
to said ink inlets; (b) depositing sacrificial
Optehalyl alid rows sffiltdr stbsidsatesstaggerad fill said trenches
and forma scaffold on said substrate; (c) defining
openings in said sacrificial material, said openings
In B @liRGspR6iht G1echided afnpetiradsd fadbricitmpb phuralitydeliialtj ¢tozehes on a

LN RO e
an8 Sidewlis@k@hdifmpir@n said robbrofsaid sulsirae] shidivbanisk Yavizg g entrance for
reclz’]e(ijvzlrig,1 i%k %rlgr%rg?leegs? oﬁaengk 181'1?eit ge 11}ed L11195%1?’c1t su%?r%te?!a&ﬂt 'Ibgstfoﬁ@ﬁﬂ{ et having
at least one priming feature extending from a respective rim thereof, said method comprising the
steps of:

(a) providing a substrate having a plurality of trenches corresponding to said ink inlets;

(b) depositing sacrificial material on said substrate so as fill said trenches and form a
scaffold on said substrate; ,

(c) defining openings in said sacrificial material, said openings being positioned to form
said chamber sidewalls and said at least one priming feature when filled with roof material;

(d) depositing roof material over said sacrificial material to form simultaneously said
nozzle chambers and said at least one priming feature;

(e) etching nozzle apertures through said roof material, each nozzle chamber having at least
one nozzle aperture; and

(f) removing said sacrificial material.
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(e) etching nozzle apertures through said roof
materi al, each nozzle chanber having at | east one
wmomzier7apert ure; and (f) renoving said sacri fPCI/alU2005/001565
naterial Optionally, said at | east one primng feature
rises a column of roof miteri al ext endin g from .

OpSiafaly.hift Iegst PRSTTAFIGE FoRMEn | nROTATSELS ot f59qh pagferilpxtending

froffsaidindl Ng features positioned about a respective rim
thereof. Optionally, said plurality of primng
features together forma columar cage extending from

OpB&tiafly, ehéR inOMdt R JidtalitP BEAHNIOZ ZhRres PosHik@ed S800L AdesiRctif rim
actuator for ejecting Ink through said nozzle

teﬁﬁ?@rture Optionally, said actuator is fornmed prior to
fabrication of said nozzle chanber Cptionally, sai d
substrate is_a silicon wafer al | said S|I|q¥
OpReirl 86 P Rae PRmR Rt o LT R e e pading Hom sid

rimfPptionally, said sacrificial material is photoresist.
Optionally, said openings are defined by exposing said
phot oresi st through a mask fol |l owed by devel opnent.

OpfiBhall9 At dozzI§ ahahbRNPhRIe $h dtudtd fdNéjtinEik firouph sdidnozzle aperture.
deposition of said roof material, thereby preventing
refl ow of said photoresi st durlng deposi ti on.

OpEBiidl9hald a¥tuatsPis GorRB@ 1T @S fabilicalisn fRsaidegkldghapbas M
ashing. In a further aspect there is provided a nethod
further conprising the step of etching ink supply

OpEibMpeksl sibdaicans Oppasiafee backsi de of said substrate,
said i nk supply channels being in fluid commnication
with said ink inlets. Optionally, said chanber

OpEBiidlg aR silkotl @bfen@thprises@tigasd bnessatfacesixifiewyktd. s of sai d
nozzl e chanber. Optionally, said chanber entrance
receives ink froman ink conduit extending along a row

Optibnallg Zsaldascrifioh® maleyial $4 ghotofesjst. f ur t her conpri ses
defining further openings in said sacrificial
material, said further openings being positioned to

Optiefidiy sl dbpeiiikgseosdbfinéd twezposirgl shid phwtbtekistrtinofigh a mask followed by

terial.Optionally, said ink conduit .receives ink
deyeloHeBLi d at | east one ink inlet. In a fourth aspect
the present invention provides a nethod of fabricating

031'118%2 l§Ifresaal dcﬁ%plreg}s 16 W%egioﬂznér t%sde]i%%m%n 3 g %/al&n roca)tt mdter?a? (Ell;]sreby

prépatgdefipastsail phorossstdusuybdpostia. and si d evval l's
extending fromsaid roof to said substrate, one of
sai d sidewal | s having

Optionally, said photoresist is removed by plasma ashing.

In a further aspect there is provided a method further comprising the step of etching ink supply
channels from an opposite backside of said substrate, said ink supply channels being in fluid

communication with said ink inlets.
Optionally, said chamber entrance is defined in one of said sidewalls of said nozzle chamber.
Optionally, said chamber entrance receives ink from an ink conduit extending along a row of

nozzles, whereby step (c) further comprises defining further openings in said sacrificial material,

said further openings being positioned to form said ink conduit when filled with roof material.
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a chanber entrance for receiving ink fromat |east one

ink inlet defined in said substrate, said chanber
wepiorascds | ncl udi ng at | east one filter structRPCBEAUSESMH01565

met hod conprising the steps of: (a) providing a

substrate having a plurallty9of trenches correspondi ng
Optienalinj wid ivk dondust teceiys) ink diss paid pldeastrneiink ialep)

material on said substrate so as fill said trenches

and forma scaffold on said substrate; (c) definin

In ofsanh aggect ihe psesprt inveatiquinrevides a msthed phfabricainga Blyriyia dnkiet
nofk gg a Qtﬁﬁﬂrété Qﬁk%cho%ﬂe E&ﬁﬂﬂs ?'a ‘ﬂoﬁzﬂ'@dﬁﬁﬁﬁer%’aﬁﬁ%\@}d& sp'é&,@ apart from

sal | east one [ter structure when fi

saifl @@strmw@rsrdawallwyen@@s Gemispif goof foridsbditeapnesy gid %‘?Vﬁﬂls having
a cﬁ&%& gﬂtﬁh&' for R S¥ih Pink @mla@ 1At ShaMk trddi @etieli¥n sl flbstrate, said

nozzl e chanmbers and said at | east one filter

chagnbepentighee; inqludingat deaptioge b sirectupspid gredod camBiine thafieps of

r 00(q) FRdvididgd subﬁ?a@éhaﬂﬂ% g bﬁuﬁﬂfgaml%hcﬂamrpr@timg &asatd iR lets;
nozzl e aperture; and enpvi ng sai d

mat &pidgpositie sacsifigil rg;late%aé pRIsFq fupelfatecseas Gl grid 'treef%ﬁ%né fgma

sodfofdin4ia s@fstrhgof nateri al extendlng fromsaid
substrate to sai d rogof. naII each chanber

ent K@ﬁé@nm&%ﬂe%é%méalﬂlsﬁﬁ“gpﬁ]t ryateﬁa L sl oRFatags bR B isipned to form

said ChARLHIARIOS 5l af1caR Bﬁeaﬂilfée str@iré whal filjed w@tﬁ%bf material;
chanber entrance inc]udes, a %@llty

of
fi | {®rderqsemgeent @wtegal sl et el P miancousy sed
nof2 dhemBdrb ¥nd sardiablichd Whe ﬁfﬁerﬁtkdch@é st ructures are

:éta g%tegfl%ldnggpqzm | onal LY 'h{oH%? rgz gcgnzqu]anagéyﬁlg c a?nlbgrshavmg at least

on@&ﬁﬁkub@wMgﬂglonally, said actuator is forned prior to

fabrijcation of sald@gozzl chanber. Optionally, said
subdPrepryinesaid sasrificiebmatgider . Optionally, said silicon

mafer conprises at |east one surface oxide
ayer. QOptional | sai d sacrjficial .materia
Opélﬁ’éacuéfr LU e BT Sopn Op NF G B eBFg s oot
to @XPRSF Ng sai d photoresi st through a mask fol |l owed by
devel opnent. Optionally, said photoresist is UV cured
prior to deposition of said roof material, thereby

OftioRMBab M ghafr®E: ddWate ifohides PFIOLIYRS fifér sdu&ﬂnﬁgarranged across said

deposition. Optionally, said photoresist is renpoved by
enf5pie&a ashi ng.

Optionally, each chamber entrance includes a plurality of rows of filter structures arranged across

said entrance.

Optionally, said rows of filter structures are staggered.

Optionally, each nozzle chamber contains an actuator for ejecting ink through said nozzle aperture.
Optionally, said actuator is formed prior to fabrication of said nozzle chamber.

Optionally, said substrate is a silicon wafer.

Optionally, said silicon wafer comprises at least one surface oxide layer.
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In a further aspect there is provided a nethod further
conprising the step of etching ink supply channels

WO cwmoaT4®pposi t e backsi de of said substrate, BEi/AUR0K/001565
supply channels being in flujd comunication with said

ink inlets. Optionally, sai dl%hanber entrance receives
Optiqwelly, seidsasrficiglimatanbisi t ext endboigesifong a row of

nozzl es, whereby step (c) further conprises deflning
further openings in said sacrificial materi al ﬁﬂowedby

Optieneliyi s#id epsaingneys defiied §y SERoPing %%ah%%e%fhﬁ%a?aﬂaﬁlﬁ

dﬂgggggkt when filled with roof material. Optionally,
sald ink conduit receives ink fromsaid at | east one

ink inlet. In afifth aspect the present invention

Opﬁ’(gﬂaﬂﬂr Qﬁ& pﬁot&@sﬁsﬁ‘ %CU'@ Cuk@pAdNE debobiBi Sitshil kd T atepidl thereby
+ “plate for an |n(4 6;?rlnthead .said nozzle plate s
prepeniingepllaw of il dHBEArROSESRT t ur es defi ned

therein, each nozzle aperture having a respective

nozzle rim said nmethod conpri g the steps of: (a)
Oppenslly. @A ghatorssst s rﬁlnP‘fﬁdfbé(t??ﬁs@éﬁélb“gprl nt head conpri sing

a plurality of |nkjet nozzl e assenbli es seal ed MAth

roof materjal; et chin tially into said roo
In i bect b BpNMed AL St s ecisD LIRSk fepely
chddn®l} #6hkh bppogte b%t:ltsﬁielo@ Beridl QbbLEtd) gridi Bk RBplyDetannely teking ) fluid

et chi ng thrqﬂg |d roof material to define said
cm%@E%ﬁ%m%B@PF @ﬁereby form ng said nozzle plate.

Optional ly, each nozzl e rimconprises at |east one
)roj ectjo round a perineter of .each.n rture,
Opbg it Y e 25 i BB O RBaT BTRRE Ly B o
noi‘z%@)%@kebp &tQp @lifdrshl&lscoaipﬁbﬁ% gleﬁm@geﬁm] i topenigk maﬁsa&ﬁfmzdl énaterial,
rture. t] ona at. ast
s e peiings triag epeiionss B i o it Agd FRviRl S5 hilia
plate Optionally, each stiction-reducing fornmation
ri ses .a col.umar projecti zzIe pl at e.
OPGB‘?‘% Rriatdjigk cog LEWG%G&NGEIM nb?ab‘]o"’g&eta%}(?ﬁe '6%6’5 Ects at | east
1 micron fromsaid nozzle plate. Optionally, each
In ggtlr'tﬁ %g(frit rpa%sgq%lgllrvgﬂtm:gfprg %C &d gﬁgrgl' )F?Irr@?lrgnﬁzogv-gtgclﬁg& Ecg]ztzle plate for
an GXXjdt pRdhdayl, saﬁ&;@hzléﬂilate hinaip 4 gdiatiiyrod nézzremmrtm defingurtheses, each
an el ongate wa Oje | on on nozzl.e
o PR PP RA o R B PR a s Be i Pe R
M Cr@prdviding SipurtihlIycataicated pudtbead anhprmmglal plyralggioflintyat tiozzle
J 1ect|o S. argﬁﬁ%siﬁjoned for mnimzing col or-m xi ng

% 1ﬁ:ﬂ§gal W‘ghaﬁo

(b) etching partially into said roof material to define simultaneously said nozzle rims and a

a

(I)

plurality of stiction-reducing formations; and
(c) etching through said roof material to define said nozzle apertures, thereby forming said

nozzle plate.

Optionally, each nozzle rim comprises at least one projection around a perimeter of each nozzle

aperture.

Optionally, each nozzle rim comprises a plurality of coaxial projections around a perimeter of each

nozzle aperture.

Optionally, said at least one rim projection projects at least 1 micron from said nozzle plate.
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plate. Optionally, said wall projections extend al ong
said nozzle plate parallel with rows of nozzles, each
woewzioel7eh a row ej ecting the same col ored i nkPCT/AU2005/001565
Optionally, the positions of said nozzle rins and said
stiction-reducing formati onsllare defined by
phot ol i t hographi ¢ masking. Optionally, at |east half
Optnall ,%a&%fif;tﬁﬁ%ccﬁﬁ:ﬁg f¥hnaB Gnipaldet laRoldadrPrdj&etibh bieshidddzile plate.
stiction-reducing Tormations. Optionally, said inkjet
nozzl e assenblies are forned on a silicon substrate
Opt%hqnf, 3hdh RREALEBi@of phofechRAad 1 3abh frbih QN 88d-k plate.
substrate. Optionally, Said nozzle plate is conprised
of silicon nitride, silicon oxide, silicon oxynitride
Op@Snafl, SR HoMnA frbjeéiRn i<PhicaRpdr Yom BidddhcB@Z8lunar projection by less
assenblies are seal ed by CVD or PECVD deposition of
thag gincrpefof material . Optionally, said roof material is
deposited onto a sacrificial scaffold. Optionally,
each inkjet nozzle assenbly has at | east ne nozzle .
Opgpnay. raeh sigiQnapdicing tommat eRorpriecs an @i"%@ﬁ ‘6% Rgpiection on said nozzle
plalenk. Optional Iy, said nozzle plate is subsequently
treated with a hydrophobi zing material. The printhead
according to the invention conprises a plurality of
OpH&HTly Q%ch Wl Wolebtiod profects @ RN ndtydn @68 said noRdeplireat er
el enents corresponding to each nozzle. The snall est
repeating units of the printhead will have an ink
Opa &Y YsaidWaBlprdj@Biehsige paitiohd foN@in@rhiziy belocMiApaf $nks Tt aid nozzle
entire nozzle array is forned by repeating these
Plafendi vi dual units. Such an individual unit is referred
to herein as a "unit cell". Also, the term"ink" is

used to, signify any ejectable |iqui and .i_s.,not
Onh il TR A AR LA AP I oL B g fgzaes ach
noZXAiRIres ejeétingGi-set osle@dd inkks i nclude fixatives, infra

red absorber inks, functionalized chem cals,

adhesi ves, biological fluids, nedicanents, water and
OpBbRly, BOpsahSof said dose s anfikeidistidtionredafieg forbhteonk irgdefihed by

al so need not. necessarily be a strictly a Iiquid, and
Phﬂﬁyg@%ﬁi mm%ﬁﬁuspension of solid particles. Brief

Description of the Drawi ngs Preferred enbodi nents of
the present jnvention will. nqw b scri bed by y._of .
S S et R T i

fortia@ivasngs, in which:

Optionally, said inkjet nozzle assemblies are formed on a silicon substrate and said nozzle plate is

spaced apart from said substrate.

Optionally, said nozzle plate is comprised of silicon nitride, silicon oxide, silicon oxynitride or

aluminium nitride.
Optionally, said nozzle assemblies are sealed by CVD or PECVD deposition of said roof material.
Optionally, said roof material is deposited onto a sacrificial scaffold.

Optionally, each inkjet nozzle assembly has at least one nozzle aperture associated therewith for

ejection of ink.



10

15

20

25

30

35

Figure 1 shows a partially fabricated unit cell of the
MEMS nozzle array on a printhead according to the
w@e@3ment748 nventi on, the unit cell being secti OPCHAT2ZYS/001565
A-A of Figure 3; Figure 2 shows a perspective of the
partially fabricated unit celd of Figure 1, Figure 3
shows the mark associated with the etch of the heater
SisAE Riefhlyl tfeafdd W86 i 9B BhobiAM ifterfah e
Optgdrﬁlg]tﬁegéed%égz‘a%ﬁyge{:ﬁg&e ch }Jof t he trelgchgh Flzgigre 5is a
perspective view of the unit cell shown in Fig 4,
The!:ﬁxﬂltt{egd &cbﬁm%h@th%ﬁ)émﬁﬁ%%p@e@g paiiby deSzz([b@MQSﬂeﬂ 298 clgfmber and
sacrificial photoresist shown in Figure Y g 7,
onexs swse henier elpmentyeriespapding toreagh ‘H’éﬁ%s%t slést repdting units of the

pritRa bl Gdvalan Hﬁt‘%ﬁﬁﬁﬁﬁl& teedih €& Ro 0¥ dr BnoE@d’hhmBérs The entire nozzle
enl argenment s of gaps between t he

:
arrayg Fom?dcbyalep%ﬂt%thwmmda%uat Ptss PpRl apangt %‘g‘@i u@h’ét f‘??‘?ﬁ&% herein as

a<iigdfre 8 is a perspective of the unit cell shown in
Fig 7; Figure 9 shows the unit cell follow ng the
refIOM/of the sacrificial photoresist to close the

g apaisdl MO erh FRKS isd@ed\ﬂ@ El@ﬁf}oinytej%etablé ¢igait, ankft Ilsgi:bt Rmﬂ;@l tb S
a perspective of the unit_cell own i.n

3 Iugie. Hxttives, inf
conygntiogal ks SERBHE G918 SHESWERPRIFRS AEbELPES ks i ftSes, inin
red S8 iR LB dtiBhallzey@Ernickis gildhﬁlvig bicﬁog@capﬁﬁtﬁsp ﬁiéﬂllcatﬁen&t water and

the unit cell in F| 13 1is
othgissolyeTtz aae St qutertg( Greiesible la‘Hd Glﬁg o téﬁfeéfa’ﬂﬁt eﬁrﬁ%‘é“lﬂy aliquid,
anRAMdntath SdugpenSiod 4f soffdl Plitiesl4 1S a section view

showi ng the netal etch to shape the heater actuators;

Figure 15 is a perspective of the unit cell shown in
BnEh@m&ﬁﬁmEbgu&exéﬁmgﬁ the nask associated with the etch

shown | n_Fi ; . ms the deposi tion of the
Pr W&P@%‘?@F‘%F 8&5? Gt ’§ RASEEY 5$ qsl??'e i n(féf (H‘I'*g? only
wntaeettﬂaﬁcen@ﬂ@lav@mpamylﬂgayeﬁmgmmmﬁcmf the CMOS drive

| ayers; Figure 18 is a perspective of the unit cell

shown in Fig 17; Figure 19 shows the oxide etch
Fiduby pgﬁhs a bmla@sﬁbﬁbated Qfit aammfmmmeme 4rmytoh e printhead according

nder | siljcon ure 20 i .spective

to G Pt R ORAPT SRS hscE g el ﬁrﬁg‘%ﬁa@“% i's the

deep anlsotroplc etch of the ink inlet into the

.siljcon wafer a rs of the unit
Figus # gbé’WBﬂﬁerSWC%Y ghf’ p taaﬂfagn‘?ge%iu Cﬁ Ofxﬁgﬁe gssoci at ed

wth the photoreS|st etch shown in F|g 24;

Figure 3 shows the mark associated with the etch of the heater element tren\ch;

Figure 4 is a sectioned view of the unit cell after the etch of the trench;

Figure 5 is a perspective view of the unit cell shown in Fig 4;

Figure 6 is the mask associated with the deposition of sacrificial photoresist shown in Figt}re 7;
Figure 7 shows the unit cell after the deposition of sacrificial photoresist trench, with partial
enlargements of the gaps between the edges of the sacrificial material and the side walls of the

trench;

Figure 8 is a perspective of the unit cell shown in Fig 7;
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Fi gure 24 shows the photoresist etch to form openings
for the chanber roof and side walls; Figure 25 is a
wperdperss ve of the unit cell shown in Fig 24; FcOaD2002/601565

shows the deposition of the de wall and risk

material; Figure 27 is a perﬁ%ective of the unit cel

shown in Fig. 26; Figure 28 is the nask associ at ed
Fighelsnbethe 0mized fHlldWiet B reflo@ i the Badrifigialihotdrdstytitoeld@@the gaps

shows the etch of the roof layer to formthe nozzle
alopg e pide walls ofthetfegeie 30 is a perspective of the unit
cell shown in Fig 29; Figure 3 1 is the nask . .
Fisg 100 GRT@eSe OFBRGIE R LORREGHE The roof material Lo
formthe elliptical nozzle apertures; Figure 33 is a
_perspective qof the.unit cell] s i.n Fi .% . _Figure
Figyye ]slﬁ%%\éec?‘??ev‘%‘y(%é‘ﬂngpﬁlhﬁg‘??ﬁm IR %\%e%tf’ rcrﬁat%fa falls{%r’ first
and second sacrificial layers; Figure 35is a
il CHoREsHRE NG eab PFLFORF FUHE ! Pel ease etch, s wel
as the opposing side of the wafer; Figure 37 is a
.perspective of the unit cel h in_Fi 1 El )
il {5 s Sros btk e 5] i N elopda i e 14
in Fig. 39; Figure 39 shows the reverse etch of the
.ink supply channel .into t fer: FEi i S.a
Figyi LERE ey e TR O el ot o e el
shows the thinning of the wafer by backsi de etching;
Fi e 42 is.a rspective of the,unit cell shown in
F‘ﬁrgﬁli?pﬁf%eﬁ?‘ée cggjeil’g’ﬁge%%lf) rat ﬁlﬁz?’s pective of the
array of nozzles on the printhead according to the
.present. i nvention; Fi gure 44 .sh t he. pl an view of a
Flﬁ'ﬁ‘? f(’elégéqeln?aslﬁ?sﬁﬁ?%é(g\gggﬁgﬁgéséhoﬁvg\ri%% E? ive of the unit
cell shown in Fig 44; Figure 46 is schematic plan view

.Of unj,t cells with the r I ey
rigigy [P soieayE o bapls e Buore oy  EFRURH SR et o e
paksivgtiorelagie? oh Soptiter@OB dpvelayers; ew of two unit cells

with the roof |ayer renoved but the nozzl e openings

shown in outline only; Figure 48 is a partia
Figb € taiperspdctive ofitiamnitfcellistiotvngeFigd 7mi t h i nk i nl et

apertures in the sidewall of the chanbers; Figure 49

is schematic plan view of a unit cells with the roof
Filay &9 shoemtheedido etch tHienghdirziassivation and CMOS layers to the underlying silicon

wafer;

Figure 20 is a perspective of the unit cell shown in Fig 19;

Figure 21 is the deep anisotropic etch of the ink inlet into the silicon wafer;

Figure 22 is a perspective of the unit cell shown in Fig 21;

Figure 23 is the mask associated with the photoresist etch shown in Fig 24;

Figure 24 shows the photoresist etch to form openings for the chamber roof and side walls;

Figure 25 is a perspective of the unit cell shown in Fig 24;
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openi ngs shown in outline only; Figure 50 is a partia
pl an view of the nozzle plate with stiction reducing

wo eoomatizes and a particle of paper dust; Fi guP€r/AU2005801565

a partial plan view of the nozzle plate with residual
ink gutters; Figure 52 is alﬁartial section view
showi ng the deposition of SAC photoresist in .
Figt6 SO LRMGR ddpdsitioRlof Bk sk vall Bk Wik Guesialysed to avoid
stringers; Figure 53 is a partial section view show ng
the depositon of a layer of heater material onto the
Figgé% iPNREPERSL Stinseaf denlkbwleResl b&d i n Figure 52; and,
Igure 54 is a partial schematic plan view of a unit
cell with multiple nozzles and actuators in each of

Figla98 SATRAkSissobMle@ vkt thd 06416 HiletRh&n ilFés P ef er red
Enbodi nents In the description than foll ows,

correspondi ng reference nunerals relate to

Figh@Pb SRRANEH dich F@elrSof INRE toCoAY BB nekepettieriheat ur es
I ndi cated by each reference nuneral are |isted bel ow
MNN MPN Series Parts Listl. Nozzle Unit Cell 2.

Fighe GO AEHe 3 T GrRElshdbmmag 20m Metal Layer in the
CMOS netal | ayers 4. Passivation Layer 5. CVD Oxi de
Layer 6. Ink Inlet Opening in Topnost Al uminium Metal
FighRYSis Be mésk dRbdciafa&RibMBe 1d22i3 @pmsd ciohl showminFig 3t al
Layer 3. 8. Pit 9. Electrodes 10. SAC Photoresi st
Layer 11. Heater Material (Ti AIN) 12. Thermal Actuator
FiokR 32RAGL ORE&HISES thep6f matdrial karforrh tHeetlipMad nozaly apertivesd

hrough Photo Resi st Layer 15. Ink Inlet Passage
Figure 33 is a perspective of the unit cell shown in Fig 32;
Figure 34 shows the oxygen plasma release etch of the first and second sacrificial layers;
Figure 35 is a perspective of the unit cell shown in Fig 34;
Figure 36 shows the unit cell after the release etch, as well as the opposing side of the wafer;
Figure 37 is a perspective of the unit cell shown in Fig 36;
Figure 38 is the mask associated with the reverse etch shown in Fig. 39;
Figure 39 shows the reverse etch of the ink supply channel into the wafer;
Figure 40 is a perspective of unit cell shown in Fig 39;

Figure 41 shows the thinning of the wafer by backside etching;

Figure 42 is a perspective of the unit cell shown in Fig 41;

Figure 43 is a partial perspective of the array of nozzles on the printhead according to the present

invention;
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16. SAC2 Photoresist Layer 17. Chanber Side \Wal

Openi ngs 18. Front Channel Prim ng Feature 19. Barrier
wo-orommizesy at I nk Inlet 20. Chanmber Roof LayerPQIAURDOMN01565

22. Sidewalls 23. Ink Conduit_24. Nozzle Chanmbers 25.

Elliptical Nozzle R m 25(a) Lner Lip 25(b) Quter Lip

26. Nozzle Aperture 27. Ink Supply Channel 28.

Fi bws B9 platliéRlOF 2 EhicegaNt . 30. Bubbl e cage 32.
ubbl e retentlon structure 34. ink perneable structure

36. bleed hole 38. ink chanber40. dual row filter 42.

FigRALS shoW$4 pdidpectivh bf bhikieéed sttéwn Juﬁtween SAG and
trench S|d%ﬁ% Il 48. trench side QQ? raised |lip of

SACl around edge of trench 52. thlnner i nclined

Fighf46 i BeherhatRgRnSAiewBHtR6 it cld with eGoSBler RBLWREI certain roof

seri es connected heater el enents
layer features shown in outline only;

Figure 47 is schematic plan view of two unit cells with the roof layer removed but the nozzle

openings shown in outline only;

Figure 48 is a partial schematic plan view of unit cells with ink inlet apertures in the sidewall of the

chambers;

Figure 49 is schematic plan view of a unit cells with the roof layer removed but the nozzle

openings shown in outline only;

Figure 50isa partial plan view of the nozzle plate with stiction reducing formations and a particle

of paper dust;
Figure 51 is a partial plan view of the nozzle plate with residual ink gutters;

Figure 52 is a partial section view showing the deposition of SAC1 photoresist in accordance with

prior art techniques used to avoid stringers;

Figure 53 is a partial section view showing the depositon of a layer of heater material onto the

SACI1 photoresist scaffold deposited in Figure 52; and,

Figure 54 is a partial schematic plan view of a unit cell with multiple nozzles and actuators in each

of the chambers.

Detailed Description of the Preferred Embodiments

In the description than follows, corresponding reference numerals relate to corresponding parts.

For convenience, the features indicated by each reference numeral are listed below.

MNN MPN Series Parts List
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56. nozzle plate 58. colummar projections 60. sidewall
i nk opening 62. ink refill opening MEMS Manufacturi ng
wee@cesKs48The MEMS manuf act uri ng process bui | dSPCPAU2005/001565
nozzl e structures on a silicon wafer after the
conpl etion of CMOS processin 6 Fi gure 2 is a cutaway
perspective view of a nozzle unit cell 100 after the
. ConmMoRib Onit @t CMOS processi ng and before MEMS
proceSS| n Duri ng CMOS processing of the wafer, four
- met MIPRWAY ar e deposited onto a silicon wafer 2,
Wt FrobRst MR ivhAMEHEL A& il thel OME@S SRAI Bds bet ween
interlayer dielectric (ILD) layers. The four netal
-Iayé’la%SWéP@W%‘F%rred to asM , M2, MB and M4 | ayers and

_aredambkldgm%%equentl ally on the wafer during CMOS
proceSS|n CMOS | ayers prOV|de aII the drive

“cir Iln}e)tz nering g dioemes AlgleraN e} Lawe 3or i nt head. In
_them@gﬂwﬂﬂa@ﬁ,ﬂu@mﬁm@aﬁw el enent actuator

IS connect ed to the CMOS via a pair of electrodes
-defi¥fed in the outernost M | ayer. Hence, the M4 CMOS
,I ayq:nedrgdgshe foundati on for subsequent MEMS processi ng
of the wafer. The M4 | ayer al so defines bondi ng pads
103 o ﬁhBP?g?S{ShB?Yﬁ%u edge of each printhead integrated
11CI1 I Cbater MERESIQTRONGI Ng pads (not shown) allow the CMOS
to connected to a m croprocessor via wre bonds
lzextgﬁ’ﬂﬁ‘]?‘?g 't he bondi ng pads. Figures 1 and 2 show
131 he pabidresisi Luye | ayer 3 having a passivation layer 4

dep d t heregn I M5 features of the M4 | ayer
4ar e%i]ﬁ%‘gﬁtl OP?P’FQ@@%“(&%‘{?%%@EJ‘? ﬁ%”sltn&@f?r CMCS features of
151 he INMInlcaPessagar € posi ti oned outside the nozzle unit
ceII er 3 has a thickness of 1 mcron and
6i 5 g“\gcéﬁoﬁ’é?%gﬁ%&j on a 2 micron |ayer of CVD oxide
175. Ma&bﬁ*\ﬂﬂdd\lvram:ogeﬂi@s 1 and 2, the M4 layer 3 has an
|nk Ln nd pit openings 7. These openings
18tJIefl ?ﬁi‘ g@?‘?ﬁ%ﬁ ? the ink inlet and pits formed
19subszamtelﬁbﬂn)atlbmaﬁlﬂ1eml£|\/5 process. Bef ore MEMS

pro the unit cell 1 begins, bonding pads
20 o%gl 'frgﬁ’@h“@fﬂnal edge of each printhead integrated

21ci r Ruoof are defined by etching through the passivation
Iay . This etch reveals the M4 | ayer 3 at the
bon%‘(neév H%d positions. The nozzle unit cell 1 is
23conphleCeddpitmasked wi th photoresist for this step and,
hen ffected by the etch. Turning to Figures 3
g\% f‘lﬁg €§? stage of MEMS processing etches a pit
258 thlhpxghll Ndreleamsi vat i on

25(a) Inner Lip

25(b) Outer Lip
26. Nozzle Aperture
27. Ink Supply Channel
28. Contacts

O o N2 O U bW N

29. Heater Element.

30. Bubble cage

32. bubble retention structure
34, ink permeable structure
36. bleed hole

38. ink chamber
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| ayer 4 and the CVD oxide layer 5. This etch is
defined using a | ayer of photoresist (not shown)
wezposedsdy the dark tone pit mask shown in FiRCI/au305/001565
The pit 8 has a depth of 2 microns, as neasured from
the top of the M4 layer 3. Al7the sane time as etching
40¢ he dpplgoBfilier] ectr odes 9 are defined on either side of
4ot he akgdgy partially revealing the Md | ayer 3 through
t he paSS|vat|on | ayer 4. Ih the conpleted nozzle, a
44heatitdyguitenent i s suspended across the pit 8 between
6theg%?&%&&ﬂ@#@ﬂ%mdh@m%%ﬁb&%%t step (Figures 6 to 8),
the pit is filled with a first sacrificial |ayer
48("8AEW*F“@WﬂbhotoreS|st 10. A 2 nicron layer of high

50V S@&i&dtl%opbﬁt%x%ﬁh&édgbéf&énﬁﬁt spun onto the wafer and
then exposed using the dark tone mask shown in Figure

526, thHenesinclinegisentign eShester matefigdr ng a scaffol d for

54SUbEUERbetleRPR L] QRAndiedhBReR@Rlals Material across
the electrodes 9 on either side of the pit 8.
S6Condeflfai¥fy, it is inportant the SAC photoresist 10
58has cglulh jedtiBRer surface that is flush with the
upper. sur ace of the electrodes 9. At the sane tine,
60t he sigawell ik ePwingsi st nust conpletely fill the pit 8 to
628V 0iigk reSfl bpepg@r s' of conductive heater nateri al
extendi ng across the pit and shorting out the
el ectrodes 9. Typically, when filling trenches with

MBENSIMhATFhdthiring Prdcs&ssnNecessary to expose the photoresi st
outside the perimeter of the trench in order to ensure
that photoresist fills against the walls of the trench

TheMEMS ﬂlaﬁlﬁida&ﬁlg pRotedsuil&tupl iR Sructufes Shl B SEAMERAfer after the
dep03|t| wever, this technigque, results

completdonpf g{OéquReéﬁﬁlg g s 136ﬁ5tla8i13é%qrglpct e HWOO eﬁlgzzle umt cell 100

aftphd ¢BRipBtioR bf CMOStpréRsshg ahld) b&fole MENS pfdceRfabe because
in a subsequent deposition step, material is deposited
unevenly onto the raised rimvertical or angled

Dusidp CBOESprodesdifiCofMthd Wk, fouf @6l wﬁerd £6 8epdsifRd Dhfodilicon wafer 2, with

material than the h i zont al anar su ce of th
thep‘ﬂﬁi‘%?yg&bg{ng fqt?rpgeﬁsg Eﬁgeanlgtﬁ%%er %agctp%é%ﬁe layers. "1Ihe ?our metal layers
are &&&F@tbga OH, Mzt SBehs M4 hlﬁlyef@@u @ﬁ%uﬂh@fsﬁqu’mﬁzﬂryi calthd \Safer during

nly de shown. jn Figure 7, .the pres

C%S%B@%“B C%I‘B YS’S?Q 3{11"1‘& K%f“%‘ﬁ@i%’nd RISHr iR?ratmg the
prinfhgddde the perimeter walls of the pit 8 (e.g. within

0.5 mcrons) using the mask shown in Figure 6. This

ensures a planar upper surface of the SAC photoresi st
In ﬂlﬁ caiipletdd pistheadBacls Ratee Sl iaCtigord$ cqphedtalte ﬁeﬁMGS Qiarmbalr of

e s SPGBt 4 e PO BB iain for
sulfbé@IeﬁﬁMEMqurd)o@mn’gg)f tHeewaiior ]:?Irl\iezis }agiér aisb |d61§i(¥§(s: 'tbbndhig ﬂaﬂmllbng a
ongtudi e S erib Pt bt Db tondRgpdalap bl How e

CMO# tqieaboticetl & a MBopRodpssainds witp peids sxteddatpefra the BBt pads.
flush with the upper surface of the M4 |ayer 3, which
forms the electrodes 9. Followi ng reflow, the

Figures 1 and 2 show the aluminium M4 layer 3 having a passivation layer 4 deposited thereon.

(Only MEMS features of the M4 layer are shown in these Figures; the main CMOS features of the
M4 layer are positioned outside the nozzle unit cell). The M4 layer 3 has a thickness of 1 micron
and is itself deposited on a 2 micron layer of CVD oxide 5. As shown in Figures 1 and 2, the M4
layer 3 has an ink inlet opening 6 and pit openings 7. These openings define the positions of the ink
inlet and pits formed subsequently in the MEMS process.
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SACI photoresist 10 is U V. cured and/or hardbaked to
avoid any reflow during the subsequent deposition step
w@booheat7es naterial. Figures 11 and 12 show t hBCT/AD2005/001565

cell after deposition of the 0.5 microns of heater
material 11 onto the SAC phé@ore3|st 10. Due to the
refl ow process described above, the heater material 11

Bero%e Qﬁﬁl&%ﬁrb&%@cﬁ%‘aﬁnﬁ REL | Be gﬂ»@ﬁﬁg phB¥BIng QVSHEithdi#al edge of each

el ectrodes 9 and the S oresi st 10. The heater

pripeashintggraied girgyd a@&?ﬁ?ﬁ@é@t sdnguahihe RABSIatie FeeTh T etoh reveals
the:riﬁbr %blaj at th%%ﬂi@paﬁ'p&monp The nbbA Mt il NisToMplidty mAsked with

o] cal heater materi al GDOSI tion process nay | nvol ve

ph@,te@enétrfpn this stgl psls hanee s weifecterdy the dded | ayer of TiAl, a

2500 A layer of TiAIN, a further 100 A seed Iayer of

Ti Al and finally a further 2500 A | ayer of Ti Al
Tupgingslp Figygps 860 Fit %ﬁﬁréfsstazs of YEMS progessingestohesd piky @fpug%l Hhs passivation
layeP¥ 84d tRE CUBRKRE 1478 £ Thiletch ks deﬁn@tlﬁiﬁ§q 1dyer ﬁ%ﬁbt@&si‘st"(ﬁot shown)

thermal actuator 12. Each actuator has cont acts

28
expaved beihe dask foappik pash sbewR indigure 4k #it i aS # derherf gamipiops, as

me@l;t@&i H QLS 1 FheI4 ﬁ% ﬁhdﬁe edmd thee a%saam@ Rt S Sle@todes 9 are
A heater el enent pans_ bet ween

cefbuson SR B oML MCRSi23 Fvreling e iy KB Bgpsigaton layer

4. Ina¥EEon et REAE, ATbsibr fcdint 5 BRPEIcEXPRS B pit B RBveh the electrodes 9.
dark tone mask shown in Figure 13. As shown in Figure

15, the heater elenent 12 is a |linear beam spanni ng

In ﬂl{%tn%%ﬁp (F18urbad o 8Rftheliek FReEwitDa ﬁislpyaemﬁal 1dybe(“BRe1 9hf
el enent

Iter ively a
Phetgigpistgr AP tn Frrcnt Mgk ot ngé E??t z iSRUDAQR he Jyafor gnd then
ex%é%ecp@dhfgl the dyek toﬁe ﬁ&a,sﬁ&ﬁab intHR @r@& mhe BACQ)E)hM&‘éﬁh 10 $orms a scaffold for
erei ncorp e re er en For. e ter
S“%“F%"r?ﬁtrf’(ep‘i“@w&&g %‘fﬁt%{ a&‘ﬁ’é HERPY elﬁ“&"é’ﬁ% %H”E %‘P §h°d’ét 8
Coasbgasttiagen ispdraiit thé SAOT ghol@esish €0 E}@h@l@ﬁﬂ Y& seffice Clas isdush with
theglgq\;/);e%sggfjécg %&{ﬁoa relr%gt?ngs{(b té{)tgll.‘f{]s%%% thgn n’ﬁete&{# Igpl}?\ég;%;]st %u?t%grg{ﬂetely fill
th&;ﬂﬁ/ii foak bia Fstitigers BsfichfductiByheter iagtal eterlilghicss the pip Mdshorting out
ntl&%' and the use of self passivating materi als.
egdEdvi t ati on managenent techni ques are di scussed
in detail in US patent application (our docket

MT S) ....In th t f
TypisPL: Mo BSF RO B b oF P b B EEP DA e By ousid
thedperibddter 6fthélgencR edrdéd I:t]ca«fﬁﬂuxb et phiokdresisn ﬁll\ﬁfgeihsiﬁhe Wullsiof gle trench
r
anig,ﬁﬁeé?fgﬁgagfﬁsaﬁﬁtp %%eése ?n B§eq1é%§§apg¥1orbsﬁeéjﬁ %—ﬁodvegeri, 156%?%1:11'9&3 results in a
raibe&iy(6r spked)tinrbfphomresjst @batdahk fehieeet bif thegdnch. rTh1s is undesnable because
t fo .

in R st R Pt O ShEPL P Py - verca o
angled Mrfics@atherdun gilf weeiteiessidapositedl ietieriapthetdn hom’lz@mahlbdanar surface of
RECTETEG eI YRR S e,

think depasfieddnt 0 t he mafer and exposed using the dark tone
mask shown in Figure 16. The thickness of photoresi st
13

As shown in Figure 7, the present process deliberately exposes the SAC1 photoresist 10 inside the
perimeter walls of the pit 8 (e.g. within 0.5 microns) using the mask shown in Figure 6. This
ensures a planar upper surface of the SAC1 photoresist 10 and avoids any spiked regions of

photoresist around the perimeter rim of the pit 8.
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required will depend on the selectivity of the deep

reactive ion etch (DRIE) used to etch the ink inlet.
waeaoh/0ax148 nk i nl et opening 14 defined in the PCT/AU2005/001565

photoresi st 13, the wafer is_ready for the subsequent

etch steps. In the first etch9step (Figures 19 and

Aftprgrposupreotdhes At photorgsisy ), she( p bhietapestst is reflowgd by beatipgy Reflowing

the%bt@%sﬂstaa\ﬂ%ﬁfs Ro A6W1oRhEPAR offhié Hghritiag t Qﬁacﬁ IHi&08 IRl €0 show
standard oxi de etc 8 pl asm)

bel o
the@&,ﬁlu@omeéat 1Q gty ﬁ@o‘g&vsm’aot@te&lﬁ{hﬁ éblaleqrﬂlgﬁﬁf 2 azldalﬁets flush
witR %)e, upPé stffcelon e tM4J4§ydr 3, WhieRend e elaafbdém F§1ﬂ3vhﬁ§1@ﬂow, the

wafer 2 to a depth of 25 m_crons, using

SAGH Bhespresipt0 itk curad andfy harbakad oorvaidiasy f#lewldenmktsubsequent

dqﬁ@ﬁglﬁg?&hgmﬁgﬁggugtch (see US Patent Nos. 6,501, 893
and 6, 284, 148) may be used for this etch. Follow ng

etching of the ink inlet 15, the photoresist layer 13

Flglufes N € BRY EXkhBY 1) @%@”Eﬂ eon Héiﬂmubrﬂoﬂtﬁ'@o B ﬁﬂ&roﬁto@ Reatdr RftekifKi 1 onto
nlet 15 is Iug ed h photore3| econd

the%*&h rfhptor%ﬂst 9@? tO(th@rA W Progess g PPG’E‘ P@z t%i eqter nigtgriph 11 is

depb&tsarevéﬂpmﬂfmta@ﬁnﬁéger PRothe %E&hﬁi%s d&caﬁas&@ﬁﬁnd«@ém@ 0. The
| ayer 4, The SAC2 t or esi serve as

heater gpfsgiebmppe @mgéfwg A i %?qn m"%?laﬁesi}f ik TN, TEAIN,
TiAWRIN bc f@fﬁ&a@eﬁ@p&atm déposiayBbrbsesé Rby ﬁa@he &qzazlha deposition of a

10f 436 s i Al %@%é?wr SH5RBY & dper i A fit g Tifand fnaly

mﬂﬁﬁlﬂmaﬁﬁyﬁ&pwﬁﬂﬁ usi ng the dark tone nmask shown in

Figure 23. As shown in Figures 23 and 25, the mask

exposes sidewal | openings 17 in the SAC2 phot oresi st
Refe@rinpab F%ﬁﬂa@ ngl 'tmg inGhd et PHepS the IayBSofbkateadidR 1 1Sis ekl tb Sefine the

and si de k con
e AT b AT A o M R e e o ical gragection to
respdttied elddrodssd dnasithdraide baib snlc:i: Iibgdita?ﬁletl IIOS &ﬂﬁ@ﬁﬁt aﬁhe%nt 29 spans
eni n 18 and_19 w e filled with roo
bmﬁﬁ?ﬁﬁ*@ﬁfﬂﬂngﬂ%(?ﬁ%§gauent roof deposition step and .
prOV|de uni que advantages in the present nozzle
ci fical t he openings 18 fil.le i r oof
it ] SAETEEDY e Pl Hioingers GPETRRD oot vain€ e ik oo 285k shown
Filg'ﬁlwll B0 Ak EHowinrif) Fighiled 5 the Bdated Blemeitd 2 éoClihelxd®aih @panning between the
ch r. Thi iS scrjbed i reat et.al
Pa%ﬂﬁeq%ﬁgﬂﬁsﬁg Hoplsver, it Bptepr pred 40 atapfirs aioe? §o Yonsigurations
sudhi ak theke ddséribet it Agpliadng’ s USWHatkhCN6.r60/5S,509 Itlie cbﬂnentl oé which is herein
e r nt air, bubbles fr ter
inchiS 3o tinElrBRre Tar ettt ip et 20 bbb b s sepisy void
malgpe tadh\antabﬁjusrﬁir nﬂmmlzaigdhe deleterided effactsrod chﬁtatElng‘unceﬁ)nZEe heater
nd t e osits rons 00
e e B3 R oo BRSPS, L BRI sfVialiforection may be
adopoeif suriaztsébml:fblle v2tifg hrldsthé e ob@dipassipatide’ mat&ﬁala NthedeSavitmtion
ma.tngg%ment techniques are discussed in detail in US patent application (our docket MTCOOIUS).

In the next sequence of steps, an ink inlet for the nozzle is etched through the passivation layer 4,
the oxide layer 5 and the silicon wafer 2. During CMOS processing, each of the metal layers had
an ink inlet opening (see, for example, opening 6 in the M4 layer 3 in Figure 1) etched therethrough
in preparation for this ink inlet etch. These metal layers, together with the interspersed ILD layers,
form a seal ring for the ink inlet, preventing ink from seeping into the CMOS layers.
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SAC2 photoresist 16 to form nozzl e chanbers 24 havi ng

aroof 2 1 and sidewalls 22. An ink conduit 23 for
waepployiTeg) i nk i nto each nozzl e chanber is al seCT/aUp@d001565

during deposition of the roof material 20. In addition,

any primng features and fil%%r stryctures (.not sho
ReferringitqyFigerss XatodSop eipjively dickor deg” P%P%es%ﬁe‘s ﬁl?“:‘ré’.nt"\%ﬂeewafer

DOFh ROFik@e 6. BRRRRkicyLoMpaEB esist 13

m“%%ﬁ%%%ﬁé%%?égggﬁﬁﬁgfggs ad'ac%ﬁt,nozzl%#@ESEGE?§ in Ao ink
reqpiged witl desmso theapledtiviin aEhHEEER Facthiedeete bipd to eteh the
in1dTeREh Akni2ReEhenilS 14 QEMEd SARE sHotonriét B3)itHealalfe iRAB fothe

such as silicon nitride, silicon oxide, silicon
subgsgpantielch§@ps-al unmi nium nitride etc. Referring to

Figures 28 to 30, the next stage defines an elliptica

nozzle rim25 in the roof 2 1 hy etching a 2 .
i B b oo o HE b 65 B ety 4 oxice s

5) 43 k3B dBhloRYED 1R siIRBR WafeLBdlGH. AMPdtarddwRide exp Qs @ I0YF; plasma)
the dark tone rimmask shown in Figure 28. The

magbpgedi cal rim 25 conprises two coaxial rimlips 25a
and 25b, positioned over their respective thermnal

actuator 12. Referring to Figures 31 to 3 t.he next
In G sgpondiest re G HBR! PRI SR s 1 B pehedipie gt Ritthrater 210
a &&H?f 25 thicR¥hs AlsGBtiGaRb Ehdt&i&iét\/ﬁmskt 13 Qughtdnbied aesmiopic MRIE, such

roof material 20, which i ou the,rimz25...Th

o5 B Qs P AREH D &P GBS p R g il Bt

FoREARNE ktcBiX P 05186 ik ¥nibt g, Hephotdresielayeaf ismalovatigyptasing ashing.
Figure 3 1. The elliptical nozzle aperture 26 is
positioned over the thermal actuator 12, as shown in

In FicGkt@ted Xhe Mk tidletalslis flligedMuMbpliaczdie afdasaomisacrifivid blyéry(“SAC2”)
f orned, the qext st a

s r ves .t he Cl . and SA

of BB S GRTCOT B 4 A o e f RS fyer 4. The sAC2

phbtiotegid l%swiﬁéeﬂ(ij/@ as3bscaffoM foe Exllbaaini:m depdsttien bfweo fmbtedal { wiachoforms a
12 is suspended in _ a si pl ane aver it 8. .

oo BB SR 2558 ARl wer o

hig] BB &ty pABtoRssBYis S oafd tid Wifer sad txpebeintsingtizl dadonmeniskshown in
with the electrodes 9. Figures 36 and 37 show the

FigHe £+-e t hi ckness (150 microns) of the silicon wafer 2
after ashing the SAC and SAC2 photoresist |ayers 10

and 16._Referri to Figures 38,t0.,40, .0once.f i -
ASBRED B BBGECs g5, Dradhiiies Lo Apain 17 n hESACH Pbroresist 16
coplagpRn@hStodile pusRion effitRenter ddevtatieatisidesiaiefooin ink eondaft.eln addition,

to neet wi.ith the ink.inlets.15 usj t
OB gL Prarerposed ey Bepuredad Bl B ARl lethoer enirance
regbebtaBL. TEefse ﬁﬂiﬁhhtgﬁ £S5 armit1 9(wib be Slaivwi)h rexroatenihl bythe subseguen roof

t one S 0 in Figure 38. .The ink C :
aopeaid s proioa PR Aiefon tiiFesd nopE Rk R0REIL, the
opeh@ gVEf filfedavith rbdfandterial dcnhsatrimiddfeatfienaytigh assisidn drawing ink from the
.referring to Figures 4.1 and.42,. th 2 i S tHhi
il oo PN B, Thisis ARreg im e Rhfipelay, e Blfihes 19
fildj wicherobf thasvial adt anfilzer sestires aad Auitizwayss ek spdars. | Thesadielyprevent
ai(r) {sub%le(s: erc!gl e%%eggg the nozzle chambers and diffuses pressure pulses generated by the

thermal actuator 12.

Referring to Figures 26 and 27, the next stage deposits 3 microns of roof material 20 onto the
SAC2 photoresist 16 by PECVD. The roof material 20 fills the openings 17, 18 and 19 in the
SAC?2 photoresist 16 to form nozzle chambers 24 having a roof 21 and sidewalls 22. An ink

conduit 23 for supplying ink into each nozzle chamber is also formed during deposition of the roof
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printhead integrated circuit. Each row of nozzl es has
a respective ink supply channel 27 extending along its
wo engbli7ad supplying ink to a plurality of i nRCT/ADU2108/001565
15 in each row. The ink inlets, in turn, supply ink to
the ink conduit 23 for each #bw, with each nozzle
masiahAfe in addition,any grimving faties a  cOHRBer STRR WSS QLsbown &y Figures 26
and f‘ﬂtarerfgffﬁeﬁg%y b 1R TRONBRbLA Qe QrreERRkihEW Bspective nozzle
mbodi ments Di scussed bel ow, under ropriate
ch@alc@r Pro apAn3EOsS adiagen apazlsi champracin pirgw fqetgm p gantigpous nozzle plate. The
rocﬁ m%hmr}ﬁa? b@fcoﬂlﬁk%eﬂ BY &R LiPle Rfdial, BE&K3d ViR AEERe, Alicon oxide,

hese features features are to be considered in
Sﬂﬁ@ﬂQﬁﬂmﬁﬁht%u%wmuﬂvﬁuﬁhéwdramnngs pertaining to the
present invention unless the context specifically
excludes certain drawi ngs, and rel ates to those

Refprring tp §igusp 28 for0c thp pext ﬁféseecieﬁw apelhpLW%@smE?%@tthﬁae%fsﬂ by
etchfhg %QQ}V\@mic?onE oSt EBatdrid 20N Hhié gtch fsﬁ@ﬁ&@%ﬁlﬁé a ﬂy@ﬂ'@ Bﬁot&@mst (not

I s_suspended within the chanbe his ensures that _the

sheyey egrosed) byrfiearks ong rimanagkghopg | % RERRRn Prd g ees segmprises
twd Eéaﬁﬁﬂﬁmﬁgma%@ bb, boEISd Hbr tHER rdIFRt G thehR B atdr 2.1 NK
dramatically inproves the printhead efficiency. Mich
| ess heat dissipates into the underlying wafer

Reftfasdth 81e8re§ 91 tI3ethe herdt BRod dMHEs 2RRBIHEYAI h§zzlé$19§ﬁﬂré)26 in the roof 21
generate the bubble that ejects the ink. To sus

nd
by Fieking alh thepvay Maphghihe eRanEgFIoA eaagenhla?y Bich sbgurdst by the rim 25.

ThisWRNGS defhbtBusg@MBRE ofdhotokddist @btSBEWHRSHIskOBY the dark tone roof mask
Essentially, the contacts at ejther end of

shoyymeindimure:3n The ¢Liptcat 197215 PPears 9dT Posisignerk ey ﬁ&he’f’%ﬁ?a"t“a“’f 12, as
shea®edurd 33¢ respective el ectrodes on the CMOS drive to

the elenment at an el evated position. However, heater

mat eri al deposited on vertical or inclined surfaces is

WihAInReMEMBibza18 fdaaidészontfally Stiddate Sext Sagaré@bebs the SACT and SAC2

undesi r abl jstjive Iosses rom t
ohdigtepngfes 1DARS LRt Qebiassitnom FBR A (@ Ko e atipg dtegherma
acﬂﬂ;ﬁ@xdﬂfﬁ @sﬁd&dﬁhatsin‘g@pﬁanle av§ €he plu@r ?Ehé c&ﬂihbﬂ@dpd sslm&ﬁme c@ntacts 28
ignificant area of t waf er surface an t t
a0, 5 B Sy PSP £y T B S OTRE O Cldigdes .
present |nvent|on etches a pit or trench 8 between the
el ectro to dr.op e | t chanber floor. .
PSS g S o AP ety GicSan b eGP BAst b e the
SACIAL) SAQ?2 phReresiitdaess 19)and $6.deposited in the trench to
provide a scaffold for the heater el enment. However,

depositing SAC 10 in the trench 8 and sinply covering
Reifdrritd tb [Fighres 3y &F 4006nd& dmhiide VEEMS blﬁbcssm@ﬂf themaket i completed, ink

SRRy et ared o th S Rt R s N B G R plps 15 sing o

stafl @84 frisvedpit IDRITE.| Thiis Haokside efch @4 definet)usingladayga@fphbiotenist (not shown)

oxBRETHE b bl b R E TSl ) e B

cofisatheprot e ®adksitle bBthewpfosad the ink inlets 15.

Finally, and referring to Figures 41 and 42, the wafer is thinned 135 microns by backside etching.
Figure 43 shows three adjacent rows of nozzles in a cutaway perspective view of a completed
printhead integrated circuit. Each row of nozzles has a respective ink supply channel 27 extending
along its length and supplying ink to a plurality of ink inlets 15 in each row. The ink inlets, in turn,
supply ink to the ink conduit 23 for each row, with each nozzle chamber receiving ink from a

common ink conduit for that row.
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the gaps 46 form between the sides of the pit and the
SAC. When the heater material |ayer is deposited, it
WO pdo7m4t7ese gaps to form'stringers' (as theyP@r/au2005/001565
known). The stringers remai n#en the trench 8 after the
nmetal etch (that shapes the ater elenent) and the
rel ease etch (to finally renove the SAC). The
Feaﬁfels REE AdvAitikes BOPdrtiGlhiCHnbodiiRnReat er so that it
s to generate a bubble. Turning nowto Figure 52
and 53, the "traditional' technique for avoiding
DisShdséd WbeIwe uhder ﬂgﬁé&%fe@ﬁlﬁﬂeadﬁgs , ARSdeRgin E&aﬁ%a&aaslbfemédlmems of

exp oses the SA slight er_than the trench 8,
the Enentiap. ke eSS P there GRpires (The Seritess ity be spasidiyed dfiation o

all Pﬁh@ %@ﬂg@f)éﬂgmﬁgft@ tHe P& intentlonuslchy tREIEIBRSt etifitaHldxcludes
| around to

t he trenc @gﬁ n the heater
cerfpi Ry g PI&V@W@&% th%%e deayings eegcebEeiorgiice 53), it is
thinner on the vertical or inclined surfaces 52 of the
I|p 50. After the nmetal etch and release etch, these
1 mati ons 52 remain and cause ' hotspots'

As blaﬁﬂuﬁelghtbe 4l 042, #e dedidticltRie AR i SusPAIEBwiHIES thecR@aRr. This

These hos affect the.o n of the heate
enspiss fagihe fo %esntﬁeanarseﬁmlgf%n hamberly PB’B‘BRS/ 50%'1@615/
mnﬁ&@ﬂng Q@&Ea’c&ﬂﬁenieﬁuﬁ(ﬁﬂddi}ﬁhatfcaﬂ 9ipkdves the prifiad 2ictn®s @duch less

e scaffold bet he .
hest (A GRPRGES by WA Bl U STSFFE S orh Lhe b reused to generate
theebﬂbbléelatdj&is"tﬁémact uator 12 to be planar. The pl anar
structure of the thermal actuator, with contacts
directly deposited onto the CMOS el ectrodes 9 and
To Stsppentetkatee atMént,ahesopnitts 2By baved dssuppirsthe emmemusmmyd

oy e b L B GRpR e OBk e B

sectituisrte ag@sct ithe rés@sdusé tle@rodessaaie CMOS drivs ksthé vlemém asaselevated

the effi ti ded .
poflicy HoVraine St RE e e ent gt o g S Bummer than on
homwesmmws Tobvoid asiesiabliz Zés&tmﬂ@ksleﬂ@orﬁ thetthiendd @éonbﬂmeald contact

Nozzl es for ferr Fi .
porgn O R B <y s B 18 s p AT GoR A GRAGLy e
are3 8f the aafer alnfacdxen lirdnthampzhie phekingelesvignt 29 ext endi ng
bet ween respective pairs of contacts 28. |nk perneable
structures 34 are positioned in the ink refill
Todpenise g hsaerf thapresenkinoaution sitles atphier trd&mh’ﬁ éb&/eelb’lhb elagordes 9 to
atlo t.he. st et res 34 provi ul i.
orcf it Rl BAEPRIRE' A1 G e MR R BB PR o0 10
(set RlgkiretQ 1sad3p<asﬁed91pttwtwcli ®©\pedvidel avkaffcdd foe theﬂaealm dldn@nt. However,
I:BrSI\{lﬁ% %éC}ﬁ;ge%ggrg c%g V\@slgr a/‘ coverm%? w1t #a%etr ogﬂeéiﬁe'f mJaLSenal can lead to
strinfyers foaming mtkthagzms 46 betweortbe RAC 1piand uhb s1d¢vf/a11ts 68 phde trench 8 (as

pr%guﬁ)ﬁ(llsl? Bescfal‘?ﬁgll %? tlo{l to ng%rg ﬁe n[lhte % epsrfd Slge%ﬁ.lslg EES dlﬁﬁglft 0 pv%cisely
maivhitisdhmaslpythi t]ﬁam@e pfthe renvbh 8r §Is@8lyofhenhilee noasked phwtdresist is exposed,

thelﬂggig(gt% ? {)etwee%l 1(?35 29 &é\h% aﬁ)cft%e Sﬁé ”’%ren th%%%&e%ﬁé@a? [ayer is

WO Nnozz
deposited, it fills these gaps to form ‘stringers’ (as they are known) The stringers remain in the

trench 8 afier the metal etch (that shapes the heater element) and the release etch (to finally remove

the SAC). The stringers can short circuit the heater so that it fails to generate a bubble.

Turning now to Figure 52 and 53, the ‘traditional’ technique for avoiding stringers is illustrated.

By making the UV mask that exposes the SAC slightly bigger than the trench 8, the SAC 10 will be
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el ement 29 actuates (fornms a bubble), two drops of ink

are ejected; one fromeach nozzle 25. Each individua
wale@p/oof748 nk has | ess vol unme than the single dPOPAU2005/001565

ejected if the chanber had oply one nozzle. By

ej ecting multiple draops fromfd singl e chanber. . .
depgsited qvanibe side Yalismi§ise thaknorgtas priore Hefartpyaely, (s produges g raised Lip
50 RRAEA Bp of 1R HendhS WheH BRMERerPhatdHaS R dra ¢ tid RPoditd tsBEFigure 53), it is

ejected drop. Depending on the degree of m sdirectiaon,
thipipr gn thg yersigal gginehined syricest g of e dip 5§u Aftex e melpl giehAng gelease etch,
thdsOBirCIPRIRRA oA A fehif aRtDFaGSce Bots OB Bedae Zhelo®lli 2 tRinfth ©RSreases

of small er volune, and haV|g? different msdirections.

reststAnss- ahhesshotypoty P‘g?% thgPrgftion gla hFaﬁerdlp@ tyejcally reduce heater life.
directions are less detrinental to print quality than
a_single relativelylarge sdirected d . Th
As %yqsg%qthov:h the Q@g?%t hag gqun that rgggwié\g é‘q.easrdgg 1q cﬂ%s%s the gaps 46 so that
thdHcafidld B&Wg&?ﬁ? Qéct0ds i9_i§<m|aiﬂ1etay 0. awﬁﬁ aBb et @31}&_&3& ﬂﬁem}al actuator 12
'sees' a roma single drop with a signjficant
to pealenagy Dheplma et it .rm% HPT, VHiB S9NE i epesind onto the
CMOS 6leed6d 9 SRS AT BedddricicicRITY| Jold ABtspotStal gl &y ReTed] or
ater elenment 29 an el on‘g

. chapber. The h [ te )
indligedrgess S‘Eag’é?ﬁ%%?onﬁaF%\FN o ﬁ@a@iﬁﬁ*ﬁ‘iwé‘“?st ‘ﬁ’&?‘r@cquable Increases
in tdsk8Wd 168 e£ [1QROBIRIEe lodREprREcRES tHe@ FMNG Epefdtion bEAlsubyenddd heater

el ongate buhbl e mLII.cause}%gk o eject thro

element gt sl SpRiast H76,is §9nVanie § nozglgpackine ﬂlfﬂﬁge M@?

A

geot : fe—tubbt e and that of the nozzle. Spacing
several nozzles 25 along the length of the heater

ReforErai e LR BSEt R RDLST EPuBRETLOPaPTSAs ChY oagRer hovig

hextlil dldindnh 29 éxtdadidp @ettvSen rddpe@ive Paitsldf Bontathase Snlpetkhabilei suctures 34

resistance tq i ej ection and there [ rove .
o BHPRED 4 £ LA e MRS BB P POVEY PG i gopon acuatin,the
strdeinrec BhiprolitdkerohginitydrauRedesistinca ¢ fe@udeiagife@erddflovt dvdluidic cross talk to
oﬁ$0?%n9 it cells are shown. In this enbodi ment,
angpeepablsisvel o< four ink chanbers 38. The chanbers are
defined by the sidewalls 22 and the ink perneable
str.u

i 0 R a7 o SRE Mt B0 v 4p PRI B SRl oxend

intatie igletspenibg b that ag &tk nemisciBatossern pidGH £ {pahe periphéra @ligk of the

spot' 54 w th l.ower . r.esista d.o reat er . heagt .. .
ongfiRk i ot i RN s G B ARG ABC o R R Bl 2B pnigh supptics
bothhehanbdrel 3§ plihsuiketind t hus the col d spots becone the

common contact between the outer contacts 28 for each

heater element pair. The ink perneable structures 34
Ingiéadd@fia sinkle hozziegfer tHambéreeach elriodeis383fs bf d wizzlel 28 When the heater
oS el liafR Byt L iR Ry §Re GRTLE R o 2s. Bach
indieidue dropad jrkdenless volume than the single drop ejected if the chamber had only one

nozzle. By ejecting multiple drops from a single chamber simultaneously improves the print

quality.

O

With every nozzle, there is a degree of misdirection in the ejected drop. Depending on the degree
of misdirection, this can be detrimental to print quality. By giving the chamber multiple nozzles,
each nozzle ejects drops of smaller volume, and having different misdirections. Several small

drops misdirected in different directions are less detrimental to print quality than a single relatively
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chanbers. It wll be appreciated that this enbodi nent
has many parallels with that shown in Figure 49
wale@cuosisegl above. However, the present enbodi NRECI/AU2005/001565

effectively divides the reI %ively | ong chanbers of
Figure 49 into two separate

r This fur
rgebiigitediieory doRUePSaI o he. bUBBICFPSEA i Lenugrgyions of
eac%én%ﬂg% 2hd eﬁ*éctt@el&/ h@eshanaroaf a dilige Br0F Blith afpnifivantiydess everall

u

| osses” during drop ejection. This is
nnﬂh@ﬂﬂ@ved wi t hout reducing the nozzle density but it

does add sone conplexity to the fabrication process.

The conduits (ink inlets 15 a con UIt 3
A miulsinogzle ehaihat §aa gLsp Alec dOPEOF qgﬂﬁn%@ﬁ{é%‘baes 1HF ee‘%lé’)rnrbgy The
heatePlediént Q'Spi)é afl eﬁh@?é fuls$cRBdd HREB POTIAIN ﬂn@fhﬁ bh]fblmf“ﬂns alibawise

iscan be alimtin fac%yr forb oz e 2 g

elortghied. pThW%@H@IPuIWr?Pé‘F@I Pr%at?‘?HP %‘FS"% PP

cem!rﬂig dﬁégeéafd ReLAL. tmm@waegomera,mmgy ﬁomm ﬂrasxkepmsmgd:mmdm
r sufficiently free of qug I C _Cros

e et E DL P BB P GEPg O e CUpfy et of e
sog@nduits. Ink Chanber with Miltiple Actuators and
Respecti ve Nozzles Referring to Figure 54, the unit
cell shown has two chanbers 38; each chanber has two

spala gfs&{era?h&zﬁieagssala& 88 Idingth\/@f heBakee sle@bnt ZPhatuedsitiergepmetric

uction in drop msdirectio

d1s¢;qp2¢yé§tvbe@p tbé:llpghlﬂgﬁ apgalﬂl]tgecq%%lg 83/ rap & trﬁyouéllll Q'k)%h the mk ejects.

Thit REuSTRRLES B BtauBi RVt ahd td-ing teetioAAnd fﬁhabﬁdnbrbve@ plaththead efﬁc1ency

benefits of dividing a single elongate chanber into
separate chanbers, each with their own actuators, is

mkdesmbilredrinhove Atidcbnt Tef @iaebere t o t he enbodi ment shown
In Figure 46. The present enbodi nent uses nultiple
nozzles and nmultiple actuators in each chanber to

RefRfHzRY Bigheab, b obi%%m@dmﬁ odin gmhm t InahiFpigbedémet, unit cell has four
nbodlnent Wi

mlqﬁhgrﬁbeés éqnggrsdaé%ﬁli( gxﬁec}/ I;Eyh € %Q/ee“faa ? &g%g?gns ofle structures
341 %cmﬁlb&%é itdvn Heardtigadert be rﬁte}heptelr emmdntsri’g agr asvanged in pairs

nozzle densities. In the enbod ;
thag @r@pgp]ieﬁgd @ﬁerf%eBEWe?n gagh pait is cbo%e lovseg ?esmtanca: and or

gr%%?héaﬂlénl&@% nft?@én@ursi thatGbubbles daéhot lﬁlcheats |a‘n@h eolé enotsfid aag thus the
e ink refi openin cha
co]ldﬁpg%b%cﬁlgg thg cela]maprﬁ%nt%:é{)i?\xv ehoute'x_: Fgrlﬁ%cé%gop%oﬁgégtep lement pair.
The single colum has a cross section profiled to be
|l ess resjstive to refil.l but [ fl
et A s
hBotRul palkefrok leaiitiastsr diemeatZdto civadibe fuidiv cpss el gdjacent
simul t aneou t t
sl SRS Gyl S i e
t o fisdasdet abova. Hoween theyicesent|eabodifentredfessing}yld) @f@ ﬁh?a?l@twely

oS SemiSa Alo30,.3d 9w 9 Erncﬁl Sq}ltp ometry of the
10?%‘3’6’6&55 Indeth gé mgc} wogreliisse g%}g {r“r]lg)ir e det a|ng
bubbIe fifnedbnhe heatrietearni® withibe thepaofitedmzzle 25 to reduce hydrauhc losses
during drop ejection. This is achieved without reducing the nozzle density but it does add some

complexity to the fabrication process.

The conduits (ink inlets 15 and supply conduits 23) for distributing ink to every ink chamber in the

array can occupy a significant proportion of the wafer area. This can be a limiting factor for nozzle

density on the printhead. By making some ink chambers part of the ink flow path to other ink
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integral with one of the chanber sidewalls 22 and a
wal | ink conduit 23. The dual purpose nature of these

wo eavisds sinplifies the fabricati on and hel psPEDAK2®P/001565
the design conpact. Miltiple Chanbers and Miultiple
Nozzl es for each Drive Circu#? In Fi gure 54

chambersaviiledeening @ehtierbed i n serspEgicghyir %qférﬂ@fdéctr“éow% reduces the

ambitht UMW SO hrda QN ilE supBRRoAditE Signal to sinplify the
CMOS drive circuitry. In the Figure 46 unit cel

actuators in adjacent nozzles are connected i serles
Ik Habhb \ﬁiﬁﬁv[&lﬁ% ARty nkl 'R‘é?e&tive ®ozgeur se, the

actuators 1 n adjacent chanbers cou al so be connected

in parallel. In contrast, were the actuators hi each

Reféhﬁ@?@f?lg{u@ sh, Qhé IEhltS&H alﬁcﬂ\trﬁnaQ tWdhhinBers 84) @aBNBREnBYr h¥Etwo heater
circuitry be nore_ conpl ex and t he .dj mensi ons of

elepgpis a?ﬁm(d tye p?zzlr%%% pHefEfeibE refurting e doa misdiresiion by peiggmultiple
noiz'fé‘g pg&tﬁma;mw [sﬁlifib?edjefb@ﬁe iiflrléilﬁltidh&g thie @ﬁbbcﬁmﬁxgdﬁ&;&ﬁﬁdﬁéﬁ)/e 49. The
supsritutin | e s er OpS Cco I Nl ng se
addjqnaliepsiis SfirieiReT Fngle ElGREAS PEmAG IBtp SpaHR ag ﬁi’Fg‘ﬁ”“h their
owd abtMR016,1i§ @ddéribed Sbowd wechfréfsxe@fetto {heBBsERRAER sha¥h lbq&igmd 4%. The
er ms, of printhead |IC fabrlcat &p and nozz

Pfea%ﬁ %?%ﬂ“ﬁn@web@ﬁ@woﬂ?@ﬁ% PutRiE ASHIATSFS; 1 £, gﬁﬁ@mber to achieve much
oftlﬁedmhthgua of the Fi}@reUtficnbb@itdentwtith d maReidy E§s doh@héwddﬂieﬁgrﬁdeh a

e, nozzl es. patterns at el Vi ou I
Smi*’g‘ﬁﬁff ﬁ\{ esignqt °Vﬁ8£1£|“%ena’é?ﬂ%‘?4t€“‘ aeg 8 ﬂeo%y H?BHF‘% greater
nozxld RWeliesNBZtA¢ EmistRIRSdnt Yhok@asthe foofptinSses wdiittgll isrd4lhdoipeby 16um
n printhead size and/or print quality. Traditionally,
‘he nozzle rows are arranged in parrs with the
actuators for each row extending in opposite

ectio ows are staggered, w respect t
Thg ik ReBteRT EEr L § HBEE PR DS rbRog Bisped dhapber 38
msteﬁ@ bf)thies spavddaelubdae ami’}i the Flgutects efubodiflests The singla ebiimn has a cross

ing th f. th
secr POEER o heen et DAtEay. B ot R s Rk HP from the
actie{dd edsurd futse S BOH heatedxdoments imenck ciesnbeasunide degositsdganlltaneously,

BETXEN FIXRTAT L TR T P—

frofuth ¢@nimoh.inkTihlet Erdad dﬁpﬁ;ﬂ&c&dﬁhml\ﬂ‘hiefe fedr@repal@itpartlyd fogtprint to be

re%%%%%g axeg grEI esﬁlgsﬁ adI th %ég tﬁl btﬁg’g’r qfhs PRt fh %Frgsll%g%ﬁ léeen made

intgirilotth dab 6f the éHatmberasdovalld 2ent wa énkirohdititB8a d'hi Sud etipese nature

or PR R L PR e s*opbar et at AR NSRBI i on

capacity for nozzl e redundancy, dead nozzle

MATRERAL AN BTNl Shesi ey e cperation

di scussed above, the enbodi nent shown in Figure 54 has

i Biep bt Ripebces b TR St TEDbeH T e Fub piie e e
mgﬂa:lct@ sichplifyltlye, CM@S daifd sieitsit élg'@e Fizdrerdowsit yele lactugtors in adjacent

nogz ess%reuctolmg)e@teg En s%ggsuv51th§112 ‘919 sagmég drive circuit. Of course, the actuators in adjacent

wi

chambers could also be connected in parallel. In contrast, were the actuators in each chamber to be
in separate circuits, the CMOS drive circuitry would be more complex and the dimensions of the
unit cell footprint would increase. In printhead designs where the drop misdirection is addressed
by substituting multiple smaller drops, combining several actuators and their respective nozzles
into a common drive circuit is an efficient implementation both in terms of printhead IC fabrication

and nozzles density.
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Wth the realisation of the particular benefits

associated with a narrower unit cell, the Applicant
whaw7hecessed on i dentifying and conbi ni ng a neEiap20F/001565

features to reduce the rel evant di mensions of

structures in the printhead. For exanple, elliptical

nozzles, shifting the ink inlet fromthe chanber,
Hifh Densiigahental InkjeRrintheadhd shorter drive FETs (field

effect transistors) are features devel oped by the

Applicant to derive sone of the enbodi nents shown.
Rddactivndothe mhibedli wigthfeedflastie pristesdiothateamzaesdefiernt thatgreviously
woulc? ﬂqvecr)@q\(l%er%f { g%ﬁ%lzla\aﬁeﬂc'sgy I\E/Ho etqg%%g f(ﬁfeco éﬁlllo c;zzhesde]asﬂy has a
cotm@@ndmg)mﬂherﬁé:/oxt mnmead/51z¢andf0d91nnttqua1dyecr ease transistor

| ength. Reduced Stiction Printhead Surface Static

friction, or "stiction" as it has becone known, allows
Tradisionaizrthé wizels rave atestriagged i pairsovithl the gphmatoesiongadh rawesxédnging in

opg'f)g@ gﬂgé@sgsrhe '§+ ?eség%e%a QYA 1 &%ta'aéwot&fr s izagt tgér)]éﬁ{dﬁ%

e nozz e apertures
resodtionédats pes irRh) 1atveceahsnpzslh@mh (oTfvies psutingh) alongeach ove Byf

I
cohﬁ%x&%ﬁl%éocﬁgﬁé%gl ﬁﬁ%&e@l sﬂaﬂtgﬁtﬂ%?vg{%g nl\'wgae{ﬁl fr' tg?n uni 1s reduced, the
sapwle awabgmf herzlss Cﬁﬁn@ arrmd it single muhﬂeadlﬁbvdcﬁéaggered and opposing

r At
B e R L
accompanymg igurepachierat eozgle piith elstee bun WQI@O@‘Z&S pettinch in each linear
roRA AL %Qn&gll ?Hﬁe{hh g &)Mtlgﬁ] of tﬁ@ Bﬂ\ﬂheaa %doe{tér thadt pﬁot%éx%ﬂme(l 600
matter to etch 't ums i nto the exterior surface.

dywheadwe opnpsing etaggereé F¢W5@r@mn816¢re% and therefiy sufficiephcapedify fer nozzle
reh&dgﬁﬁlsdéaﬂ h@)ﬂé&@ﬁﬂm&iﬁ%ﬁ aﬁ’(?@)e(fn v%f&t en%eﬁh@@ﬂeranon life of the printhead

ont nants wil % nozzles 1 n the nozzle
repiias eatisfagiptye mdwgusswea eve: @membowertt oo Figarepi4dpga footprint that
is g’b ﬁxﬂ Wil 28 @refre%rgﬁl(e 'ng% ﬂlﬂcﬂhltoﬁg LG ow W foB&te 680 ﬁﬁzl@?ﬁetr inch.
ust particles contact particles can only
Amnhmly, typreffistittengeres rovs mqld ws@ml@@é rbubIZRadipen, t he
friction between the particles and the nozzle plate i's
m nimal so attachment is nmuch less likely. If the
Withithe redlisation of the paréipnlartbesfitsaseocipindavithj gaarrgwer gmiy gell, the Applicant has
foam&qd&m@ﬁg Al E@@Qnﬂ@h Bﬁxﬁﬂé O Rafales kR duck HeGbierhi dinBions of

Feat ur e Referrln gure 7, two unit cells are

stelgs ithe ew@hwg i ellintigrinogzlpspshiftingthe iginlst frrsp the chamber,
ﬁﬂ-e!? %edn&!fry' 1%@5@@&&%@ BSvelFETS VR LBt ﬂréﬂ&sﬂbﬁ%&g €eafiRd¥ developed by the

nber S via the lateral ink conduit . )
Applmtut@; deriva gomend thefebadiments sho Faah eontrbrdng feaureggeepsitated 2
dartird ot MWnteMiihl Wiadont B the 1Y, iselheds rMadE: e ZET @Bivd ¥bl1@Ek from the

inkjet printhead is complicated by factors that do not
wiglelysised traditigaal s Vde 45Y in prdgr to degrpase Baasistos leagthor m and, .
dependl ng on the geonetry of the aperture, it can
[ i tself tothellp of the aperture quite
equeerhSfiction Ruinthead Swrface yseful in printheads, such as
bl eed hoI es that vent trapped air bubbles but ret a| n

the ink, but it can al S0 be problematic if stops
Stptig,fictien, e FHctionaAtjbhas become known, allows dust particles to * stlc to nozzle plates

and thereby clog nozzles. Figure 50 shows a portion of the nozzle plate 56. For clarity, the nozzle

apertures 26 and the nozzle rims 25 are also shown. The exterior surface of the nozzle plate is
patterned with columnar projections 58 extending a short distance from the plate surface. The

nozzle plate could also be patterned with other surface formations such as closely spaced ridges,
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This will nost likely occur when initially primng the
printhead with ink. If the ink neniscus pins at the
w0 ndo7iosi7¢8 openi ng, the chanbers supplied by tPkar/AUnI08001565
will stay unprined. To guard _against this, two primng
features 18 are formed so thd? they extend through the
CORSFERHENSOF DYHRS- iHINEVeraip reptirie 15¢reathe sytablaiUygmeskfen fhesppttern

coﬂi&nﬁr Proj G&ioHéTgh%wﬁ Xdn@ ﬂ@é Ym| 3fe %Qttteﬂ@ elch tt]:ﬁsrcbﬁinng fnt(#ﬂg extenor surface.
nozzl e plate (not shown) t he periphery of e Inl

15. A part of each col umm 18 Is wthin the perlphery
By%@ddcnl@tthet daeefﬁa&ft 8E&atic %@&109 Nh&$ isaks u@&mﬁsﬂha%}ager Ahst bP&her

i nl et form at primng features 18 so as
co:etem@arawﬂh‘éog ﬁhﬁ nepgles @fth% IFF@ZIP Rlaer Patfeiniag therspsicrer of fhe@ozzle plate

willB k& SnAibAMhildhe S804 0k dﬁda 93.19@1& RABEY 1806 pdtiQes can only
flow toward the i nk chambers. primng features 18

copiag) theputer perRinitics Pﬁ%‘“’h Bgmﬁfmgtha@qﬂﬁ% 96%@%@%%%9@ @pd themozzle

pldt@@hlﬁiﬁﬁ%%aéhbﬁﬂﬁy R8Fleds ikt e IRh RS Ms dbRBacBPREY ZHé fnore likely to
Furthernore, the primng feature can be an i ntegral

beﬁﬁWF@%PyH@H@?dﬁ@E¥W@§eP§&ﬁures as shown in Figure 54.
Side Entry Ink Chanber Referring to Figure 48, severa

adj acent unit cells are shown. In this enbodi nent, the
bﬂ@ﬁ%ﬁ%%&Eiﬁg%ter el ements 29 extend parallel to the ink
g th PuukddY, BRIVHN cblide shORE ektgﬁdﬁgg M.oppdifie &Le@ﬁ&ﬁ&&eacm Kther. The
ers 38 are likew se allg@% Wwth the ink conduit
mkzgfet BSEHehat fupab%ﬁ?lwaéheéeﬁlr&a 138 Yip e irrmdpiscontii 5.
DiéthButing knkCBidEiEH thicrod-scAl0 Bnd@itl, kukf ad A6 idknKleCFBhaL Gid®P MEMS
t hat, t he haye si de |nIetaPy§guces the ink refil

nogzlesdan kgt pripthead is gpuapligatg t9rs thatdamgtasiss wpacro-seplg flow. A
mdhatma@f@mhhgmependﬁg n £hb @eménly dfﬂﬁfh élﬁﬁ'e 6Qah e lﬂseﬂkto the lip of

erneabl e str r.es keep fI di a
ety GE{eé‘HP%gLiY -elAat caphp Eie%li s Efé}theﬁ‘ SYCRRS @ﬁ%{iﬁbglqs that Vent trapped
auﬁsaslﬁésruun@taag@e thk} Bt Ficglidls bhrobidieatic ikstdpe frdld flowap @dSlth]@lambers

to ach nber 8 has_ a filter structure 40 to
oy G o gt o AR PSP ITAPY i1 ahespmeniscus pins

at O Lnkdnlempbmﬁg Rigs Yhsmbeis supiﬂlearb@ ighe e mnﬁtag} udp@imbie MEMS
nozzl e structures The soI cont .%S can _obvi
oG EHE s ST BB RS LB Areame o DaLBReS e apgh the plane of

thdinghdpgrtGe mpr Eﬁéprbxhlﬁg fegiafes 3P 5@ R:bluhlhﬁeiidﬂérﬂﬁlglffhoﬁn tBé!Infeior of the
et . trapped I p the
n%%%s?mf%ﬂ @f@(éﬁ iclep 1 SR bt Eﬁa&%‘fqlw B} s jreifpin the
pefiphrg dohleat aﬁ;fseﬁm ﬂfbnﬁh@ﬁ &f ®.inlByter§cay at?lhen%k enldtiwlill Bm at the priming
tur 0 of. gbstructio
feB bR 8 S ket S et { TS pinS b Bfichy Boty fhat segtion of
thaypeipbargandeaciiow awahibthaigk spastets, such that they are out

Of ; beﬁg t ha Bg&?nv%ﬂ?lgt}?%l}g ObSt nlétéllﬁ. e%Bres«inﬁgsu?P L t%at extends

transmtsam thaplm aftiles aparture. | Keethyrnioge, eatpeimiidveattie @aiiey an3@egral part of

othvgg']ncl)zzleg egtulrers]%s gh%ﬁv'nlnll Flfgtllrce)\glél.r ate is not overly

Side Entry Ink Chamber
Referring to Figure 48, several adjacent unit cells are shown. In this embodiment, the elongate

heater elements 29 extend parallel to the ink distribution conduit 23. Accordingly, the elongate ink
chambers 38 are likewise aligned with the ink conduit 23. Sidewall openings 60 connect the
chambers 38 to the ink conduit 23. Configuring the ink chambers so that they have side inlets
reduces the ink refill times. The inlets are wider and therefore refill flow rates are higher. The
sidewall openings 60 have ink permeable structures 34 to keep fluidic cross talk to an acceptable

level.
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retarded. The rows are offset with respect to each
ot her and the i nduced turbul ence has m ninal effect on

wo b@7nezas e refill rate but the air bubbl es orPCt/AB2005/001565

contam nants follow a relatiyely tortuous flow path
whi ch i ncreases the chance of8them bei ng retained by
40. The enbodi nent shown uses two

RIFOME: %famQ@ﬁfgmléqw tﬁ@ﬁ]k4§'1ll Hetiferoleasonahivg 8k WASfilter structure 40 to
exte bet ween the waf ér _substrate and the nozzle

trqmaatbébblqsm efheraoataminawf Al bulplgsepd odidicantiyningyts ingplpgyp detrimental

to kH3KAEN1S Bhi- sﬂﬁé’eﬁ!reg— UfHé' 080 ERWntRnfsicasHicud clo% BR nozzle openings,
exterior surface of the nozzle 56 i s shown a unit

whilejajr babRles. bedng ehly eomrpesipls: q2p ghsod th%Pf&%&@rﬂﬂb@&O@@aﬁﬁétuator if

they Rt 1Rppéd i IRNRY EHARBSY, &%s@ffectﬁ@l |dlshl§lébecﬂe éjhdti%ﬁbfﬁk%ﬁ&\éﬁe affected
the héater elenents (not  sh a series

nogge JeRravigied 2 ik Yuetrere inghe £ of EPﬁ"ﬁé’é Shsugiines %%nﬂ}ng transverse
to Bedo® d@ctRi dMBudhhBe dpeking QRchUbLY béidg bse&l Juklwihbehébare out of

InkJet printers often have mai nt enance statjons that
re%}%tffﬁ%@l%ihﬁ APFRSEPIRAEAT aiaccat et Withhregrse!, to s flogrfirpghion, the

coftmanfs hidkof IR th BRteBE afb& 38 tudile tHRENICRAN BObw ¢AH); s @6t overly
di sengaged so that jt peels off the extgrl or surface

refgfdeq. nEnegy L Are offtehvigh re?PﬁC%mﬁF cg anditheinfysed firbylgnog has goinimal
ef B Un etz 1R @4te bt Sh Lo HIBbleSIHOIRE ntfndniGolow £felalilely tortuous
of the nozzle {)I ate cont act tere

gI e
foprradnwhih megeser e lr?ecea?fjg#mgﬂ beingroteing a@%mftm %n in
Thd\EnbERT EOMEWE Q5th &6l ﬁ)wts Bﬁo’tﬁtﬂlﬁdsuaﬁ?ﬁm(lﬁ afe o 6 cdRinab bxtending
see the Applicant'’ - pendi ng USSN (our docket
be?—"ﬁi%é‘?ﬂ’fgfer F‘W@?ﬁtﬁ %’602 P& by reference), the

Inf¥Rjpo R Sm‘a@é BarAlrs WENMLItIThIduh mkex Peth@d of t he nozzl e

e T e e A T
shewiindigueadd Jescibod deve dTigsSnodzid Qfe@&reb%ﬁe §6s1tidiled fiedctly above the

wher,e t he capper, f omthe, nozzl e
heREq Gnenty (nes R e § et AR ik QU 4 e RS ghe novale
plzﬁéMﬂmové{heiﬂk&oﬂ{dlt%f(&a(ﬂ‘lguﬁe%)ﬁw ti-col our printhead,
eS| uah ink.left in._.or aroun

he r a.given nozzl e .
kiR S g e intSghoct Byt 4 S Pilhat B £ amaide . To
refyve dreesfink Flodh theadrdls §latd) the FRIDESEN be disaiytgdd RK ttﬁtlﬁpeelshﬁf the

f f th Y44 late, T t t

oS S BRSPS BB B b e e
suefh@aihé theestetidrof tietnotAcilse.i Usmg‘lﬁmmbﬂ daple hiAtéred, which relates to the

f [ 44 t t.h t
acgR APt B Fect eniS L RSB B o GG H SO (B ey B
Apspemm’e c@pehdu%tuﬂsm @ond»ckdt FNDEOTUR mcnrpbi‘l’&dl’mnlrsbyusfsrence), the

t Ll ect k

i S8 et i eE P e B g e b lnia My fore by e
mélﬁ)s?:ﬂsl I®twean ltlmrmpmt amlrno@zﬂe piatenThk ik esrcemtenioilodepedited as a large bead at

th%g?lg\/t Lineg: ap% f@ly és%ggagclﬁse o Ihte rncé;lzz ?a’lte nUni'h %H%g? , gogl?e

regeineoathe nozzle plate. If the printhead is a mu1t1-colour prmthead the residual ink left in or

around a given nozzle aperture, may be a different colour than that gjected by the nozzle because
the meniscus draws ink over the whole surface of the nozzle plate. The contamination of ink in one
nozzle by ink from another nozzle can create visible artefacts in the print. i

Gutter formations 44 running transverse to the direction that the capper is peeled away from the
nozzle plate will remove and retain some of the ink in the meniscus. While the gutters do not
collect all the ink in the meniscus, they do significantly reduce the level of nozzle contamination of
with different coloured ink.
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is highly conpressi ble and can absorb the pressure
pul se fromthe actuator. If a trapped bubble sinply

W@ oIpoersses i n response to the actuator, ink wWdT/AnRM05/001565

ej ect fromthe nozzle. Trappeg bubbl es can be purged
lEi,pe printhead with a forced flow of ink, but the

i nk needs blotting and the forced f|OMICOU|d
Aypdiubbleswntraidedcie tHerivlsére verdylbbd &r piiitkead msbﬂatmme @i, smmar gaBI in general,

SO Y NI ST
sialplyeqmpmes trmspdnserto theectngorf mlkaayé not eJTéhlefrcbnlﬂiBInezzle Trapped bubbles
c%nﬁ%gyﬂ%'ec? E‘oﬁttﬁe%tﬂ’egd évﬁl? g {cﬁggdl fow c%? th%n &rggzc?T inkd} ne%cF %lottmg and

erl
thaﬁ@v@ﬂq“muldnwﬂpmrqﬁumgfré@éwaQS 18 have a dual purpose

[

0L RIERVF IR o8 PO DT 1) iy o

btﬁah)bbtfegtwm@truqﬁ@e 32 ad anivat 36 fotme;d iy gwtrodfdayat. 1ihe phwaiereteayon structure

d

ista s@ﬂ’ég'tog goalﬁ%%a Q%B%Jeeﬁ ?roﬁﬁ%&g ﬁeﬂl;ﬂ&g fo? hg %.IﬁetEi? Ag d{s&%gegqgove the ink

pmquah@e& 18/bate ofvaliurproe andmqunrﬂntly ook e ¢ of Mubuhbtal retaining

sthﬁhlré rﬂa ﬁge &% AW e JF ﬂﬁéﬁ?le%:%g Blré@tsr?ls 'bﬁ%}ets Q%ttng gen? %élje \%ﬁ% to
romone sid

conduits éxten % er to
atgropigherea By diappingihe beffblasiabthainkeanlets pedhditeotingt them tortksmall Vent they are

e@cﬁcéwfeﬁm%dd@em{hglﬁ@ff&v&mk%%g@ g of complex ink

di strl1bution stens. However ep &tched,
hh&@ibmkéégﬁbmh%ﬂﬁﬁ through a wafer are prone to

S&dpResH B0l tﬁ@ﬂ@z&l@%@ L Rl téﬁfhélg E:'bmt?)lﬁp Qh?e?f the Wh ; to the other allows

starves the nozzle supplie e a cte
mage qb therwades aiea (anthqqnb gicgatiopgsidepioj hqym@adgs insteadrod p(p;gplpgmk distribution

S}Isf%ﬁlspf-l@\§§\f&¥ dhé})ve%ﬂeérim %ggﬂaﬁ\égal@ﬁolés%ﬁ%?ta%fér% ﬂr&geetg Slogsing from

suppl yi ng each via an ink cond
c oF B byitbles) Ehig starves e aoazled suppliertpyibs @ffected inlet.

Introducing an ink conduit 23 that supplies several of

the chanbers 38, and is in itself supplied by severa

i nk {hbwt shows in Figera d8 rinheadsisagreding tedhe m@zlztu@@nmu Haviyes least two
mﬁtnﬁéty @ﬁsu%{a ﬁdﬂ@ KadhehiBhE B8 G1aQH Giid &nddltf 2336k gﬁnoilz% ;Lﬁe and

cl ogged, e ink conduit will draw nore in romthe

A¥pe WakBts in the wafer. Al t hough the invention is
descri bed above Mﬁth reference to specific
enbodi nents, it be understood by those skilled in

Intfﬁ@lca%gtanﬂ%éion@%e% qw yppligyseregl ob the shasehersel$, and isvigritpelf supplied by
seRbBhk f®hd 1, fidddBihd chahcORENRSZ18] iR rsﬂa%& bﬂgk ﬁy inlet clogging. If

suspended beamin a NENB]Erocess sai d net hod

Oli?dﬁlﬁfrléslf Hgeaedheink pndyst will dipwapqsninkdrom the etherpnlgts in the wafer.

ABMRSH R tBentfl iflddidbed aVdva i rbrBRRcedh shesitid eMBbdifents, ! lﬂ)wm be
depositing sacrificial material on a surface of sa
undetstood gY gloge(flacglgd inghe a1f thatthe HlV?ﬂt]pn may be embodied in many other forms.
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(c) renoving said sacrificial material froma

perineter region within said pit and fromsaid
waspsase surface surrounding said pit; (d) redi/aueeego001565

remai ni ng sacrificial natergfl within said pit such

that said remaining sacrifi % material contacts said
CL&MEwal | s; (e) depositing beam material on said
1. SUbSthat&l FWihidkfie 3 REkpaRed Béath i AMNEVIE $ro2aG! dafd rdt@dd comprising

material; and (f) renbving said reflowed sacrificial
theigpepf al to form said suspended beam 2. The nethod of

cl ajdyetbhingB §lt § Ssub@att, ﬁ@ﬁa emadﬁf%ahﬁmnh&d&m,t antially

(e hg@?ﬁ f.claim I,

pl anar. 3 The nethod of wherein all parts,gﬁ
sai ) dergsing suriBeal matmipkonst yaiecarfisalr pypsaie sasas e fill said pit;
t hi edyR@SRSingeid HLifioRE Bk trofl sjeMindter BiOH HithinSaid @it and from said
suspended beam,is an actuator for an inkjet nozzle.

subsate pEfapOEIerdeSPIiPE; wherein sai d actuator is a
hea{®heffwaiERiainBg sdbh€lciaBhdaeh] Qfithilsaid Fit uchWie kL4 Rentaiich

heater el ement is suspended between a pair of
sacgifigiah pasprend confectsppid SiHEYHISd of claim 1, wherein said
S ubgd)dBfRiting béanShhtére® Bn W Qibstrate suffie: A8 bh eild Rflowéddabiificial
7,. wherein said silicon wafer conprises at |east one
maieriak ads oxj de |ayer. 9. The nethod of claim 1, wherein
sal gf) seadvirdgis6il dfloNBA SctiAdiallngatdHAIoTH@S4at suspbBded bagm.
nmet hod of claim8, wherein said photoresist is renoved
by exposure through a nask fol |l owed by devel opnent.
2. 11. Thbaeied bhiafl, #habiisdid susp&ided beasdk shbpeidtialty bRhar.
regi on conprises an area adjacent at |east two of said
sidewal I s. 12. The nmethod of claim1l, wherein said
3 per iMkeethod 60Hl4HA 1¢WHFEL IR Pardivl 3416 uspalidadiedain hald subftantially the
sali d sidewalls. 13. The nmethod of claim1l, wherein
Sape I5-0f said sacrificial material fromsaid
perimeter region results in a space of less than 1
m cron bet .sai d, remai.ni ng sacrifi.cial terial and
4 o MERBERRRT i RS SR A Peiteq heampt gt RS 1 g kel nozzle.

claim1l1l, wherein renoval of said sacrificial nateri al

f ' i et xofl l.ts. i fol
5. s PR OB e AT R T G NS BEPPR ci ol

materi al and all of

6. The method of claim 5, wherein said heater element is suspended between a pair of
electrodes.

7. The method of claim 1, wherein said substrate is a silicon wafer.

8. The method of claim 7, wherein said silicon wafer comprises at least one surface oxide
layer.

9, The method of claim 1, wherein said sacrificial material is photoresist.

10. The method of claim 8, wherein said photoresist is removed by exposure through a mask

followed by development.

11. The method of claim 1, wherein said perimeter region comprises an area adjacent at least

two of said sidewalls.
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said sidewal |l s. 15. The nethod of claim1, wherein
said reflowing is perfornmed by heating said
w@awrifi7es al material. 16. The net hod of cl ai nPAT/AU2005/001565
wherein said sacrificial nat 1iaI is treated to
prevent further reflow prior To deposition of beam
material. 17. The nethod of claim15, wherein said
12.r eaTheméthabofridindswhivein said paimeleB regidneomptifeo ah ofa aljaaentall of
1 .#ﬁegei n said beammaterial is etched into a
U} 4 i ned configuration after deposition. 19. The
nmet hod of claim 1, wherein further MEMS process steps
re rf f.ter _depositi . .6 .heam eria .
157 D5 BARGT S ity 3] whGOS i s S SRR 1 primeter
reyhessubd in alPace thlessthdnhlodicoh betwaemsaldBremaingue @aanifisial aterial and at

lefasl{nggfrsallglg%\@wgﬁsqcess. steps conprise form ng an inkjet.
nozzl e "contai ning said suspended beam

14, The method of claim 1, wherein removal of said sacrificial material from said perimeter

region results in a space of less than 1 micron between said remaining sacrificial material and all of

said sidewalls.

15. The method of claim 1, wherein said reflowing is performed by heating said sacrificial

material.

16. The method of claim 1, wherein said sacrificial material is treated to prevent further reflow

prior to deposition of beam material.

17. The method of claim 15, wherein said treatment comprises UV curing.

18. The method of claim 1, wherein said beam material is etched into a predetermined

configuration after deposition.

19. The method of claim 1, wherein further MEMS process steps are performed after

deposition of said beam material and prior to said removal of said reflowed sacrificial material.

20. The method of claim 18, wherein said further MEMS process steps comprise forming an

inkjet nozzle containing said suspended beam.



