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the Invention FINDD4/6-SG 4 -Many different types of
printing have been invented, a |arge nunber of which
are presently in use. The known fornms of print have a
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printing, wherein each individyal pixel of ink is
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and versatil e nature. érent techniques on in
is detivedrframh bmgorhawre ifdemrzzien hwheedme Fereasinglyrpopylar pfimarily due
f.ield, refergnce .S made to an article by J Moore,
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Dieek ehd'S SBerajagst 200 220 918801 by Hansel I di scl oses a
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nk
j et Ipk Jettaringers hempalvemtonsiognay @fespebpesl Sk utlization of a
coltif G $68aft ' 18K 85 Sn, etaprﬁﬁﬁﬁg dppots th Wt Bick to at least 1929

wherein US Patent No. 1941001 by Hansell discloses a simple form of continuous

stream electro-static ink jet printing.

US Patent 3596275 by Sweet also discloses a process of a continuous ink jet
printing including the step wherein the ink jet stream is modulated by a high frequency
electro-static field so as to cause drop separation. This technique is still utilized by
several manufacturers including Elmjet and Scitex (see also US Patent No. 3373437 by
Sweet et al)

Piezoelectric ink jet printers are also one form of commonly utilized ink jet
printing device. Piezoelectric systems are disclosed by Kyser et. al. in US Patent No.
3946398 (1970) which utilizes a diaphragm mode of operation, by Zolten in US Patent
3683212 (1970) which discloses a squeeze mode of operation of a piezoelectric crystal,
Stemme in US Patent No. 3747120 (1972) discloses a bend mode of piezoelectric
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printing including the step wherein the ink jet stream
is nodul ated by a high frequency electro-static field
SO0 as to cause drop separation. This technique is

still utilized by several manufacturers including
Elnjet and Scitex (see also US Patent No. 3373437 by
Sweet et al) Piezoelectric ink jet printers are al so

one formof commonly utilizgd-ink jet printing

devi ce. Piezoelectric systens are disclosed by Kyser

et. al. in US Patent No. 3946398 (1970) which
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push node actuation of the ink jet stream and
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G ﬂ)%ﬂ)(f @gzgj %1 tu%,htcettaf r’[§§§ ﬁt 4&1'96‘7@3“ tl?%‘feez{f&le}ﬁentloned

herma nti ng ecorre an ex
refippnceadistiosed afk jetl borinfieg tqnhmqtlesnglat Tehe upouk tljlcehctlvatlon of an

OB SIS e 5 BB e
su%ﬂ%@?i%@zzlg%lhcﬂ th%r 2%5.\%%?&{6' e?ﬁ:%@n F;{keﬁupon : Rgﬂuﬁg .08 Reted

kK jet printing techniques
toath¢ condinedspaoé omtn a relbeant potnteedial Pragingaieviceswtilizing the electro-

g ol i QU TRASH &Y WAPCHLTGY S 6500080 P et
PRk&gti on of ink froman aperture connected to the

confined space onto a relevant print nmedia. Printing
devifesant b¢ |s,§¢mgfr<pmeﬂ@| égegang.t menyradiffarent dyess &f eprinting

fact rra tu n
RS 4 MRS e By SRR L 5 g o
dedable aitfitugdse nnhega/melsld@fnepper@ivb mgnstme@&ﬂaidogjemoﬁ,rlﬁgh speed
avaj |l able. ldeally, a printing.technal ogy shoul d have

opsratighpBie ¥ coa@%uqua Eﬂm@ tegm ppgetQuseic. TRadifechnelogy énay have its
ol %ﬁ@ﬁﬁ%eé’ Gné %s%ﬁ%r&{éeg’ T 3R afégF [#ldoQf ’s%g@dg I?;ruélﬁ)c? e ijehablhty,
bl ont 1 nuous

operati on, safe and ong tér
po@teu: us@a;:slﬁmphmtymf Icogs}runﬁgn dsmxmiohi duratality aad \zmmajgbks and

di sagvant a reas of
reli g Cgl pro lem w1th ?nkjeet prmters 1S that anpunavmdgbLie num%er of ink

droplets ejected from each nozzle are misdirected. By “misdirected”, it is meant that

the ink droplet does not follow its intended trajectory towards a print medium.
Usually, the intended trajectory of an ink droplet is perpendicular to an ink ejection
surface of the printhead. However, some misdirected ink droplets may be ejected at
a skewed angle for a variety of reasons.

In some cases, misdirected ink droplets may be a result of malformed
nozzles or nozzle openings during the printhead manufacturing process. In these
cases, the misdirected ink droplets will be systematic and generally unavoidable.

In other cases, misdirected ink droplets will be irregular and unpredictable.

These may result from, for example, dust particles partially occluding nozzle
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power usage, sinplicity of construction operation,

durability and consumabl es. A common problemw th

inkjet printers is that an unavoi dabl e nunber of ink

droplets ejected fromeach nozzle are m sdirected. By

"msdirected", it is neant that the ink droplet does

not followits intended trajectory towards a print

medi um  Usually, the intengded trajectory of an ink

droplet is perpendicular to an ink ejection surface

of the printhead. However, sone m sdirected ink
opdhRRk GhR ¥BYInBAcRIsE Bletfrfate offths pEnBEadb&eed Bdjadnt nozzles,

variety of reasons. In sonme cases, msdirected ink
ordvapigtienssinnialy vikeosity. dipicallps amiictesseridinknggeosisy voH lead to a

nazzl e openin dur i .he, printhea nufact urin
erpfeefuSR R AR SR T SRR ey dhecd - o
phéhbhelits Isiosindnakd &t andleggier al | y unavoi dabl e. I n ot her

cases, msdirected ink droplets will be irregular, and

unprididirecipd dnk dmpdele apgglenrds preblemia i the iakiskpriating art.
' i al uding: | -
B S G I I R S P e
fapas poisitle. Dedéynerenespdiialte probiaratice thedtigh-apéedt inkjes printers
ink viscosity. Typically, an ingrease in ink vjscosit
deyipioped B dhe preient @rpgﬁ%w Wb @Fingre AIQH MaKing papg medium at
i I i e ] 3 - :
P aaRon (SRt po pandier Tug ST 1. S QPGS e fuaprificd
coimplaredreith waditionad indjeqringerpr obl ematic in the inkj et
printing.art. Msdirected ink droplets result. in
et o mempiriy FRi e "OER L ke et B8 caysgs of
middirReS ThbéeBmeablRY nddyEinRBE GbAktamME, 9Bl eRd & tirthgt tBRrances
hi gh-speed inkjet printers developed by the present

to Appiinizgnmalfoimesd peaztesi pyindeed designyiong rfaee npaserialinmvich
e T e R e

dubtkdreélefrand iRl Sempeanié tagiof in hemorbRs t® hinedscvattansein
hormally taken to avoid the causes of msdirects.
inkrfraaperatipg s dengaynk WEEQHE, for exanple, |ow

MaNUFACIAE | MG RLE" il hd® (d Bbhdh ts and
nozgﬁes ﬁf@%theéﬁlggéﬁgﬁgggh surface naterggﬁ%ggxﬁ%?P
domainetessarilp lpréveavdiistirectsi Ever etemsuchf heasussraps smplemented,
rinthead to.mnimze buil up of . .
some misdirects are inevitable and can still result in unacceptably low print quality.
It would be desirable to provide a printhead assembly, which gives improved
print quality. It would further be desirable to provide a printhead assembly, which
reduces the effects (in terms of reduced print quality) of misdirected ink droplets. It
would still further be desirable to provide a printhead assembly, which gives robust

protection of nozzle structures formed on the surface of the printhead.

Summary of the Invention

Accordingly, in a first aspect there is provided a printhead assembly suitable

for redirecting ejected ink droplets, the printhead assembly comprising:
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dust particles; and fine tenperature control in the
nozzles to mnimze variations in ink tenperature
and, hence, ink viscosity. However, all of these
measures significantly add to manufacturing costs and
do not necessarily prevent m sdirects. Even when such
nmeasures are inplenented, sonme msdirects are
inevitable and can still regsult in unacceptably |ow
print quality. It would be desirable to provide a
printhead assenbly, which gives inproved print

qual i byinthehd WRUWdnG HillielityRsE 9slek 3 GedtigPihR\drélfed onto a
printhead assenbly, which reduces the effects (in

priggmpedivwh, the plizality of inpzzlepging {prmed ondas ik @eetiog supfree of the
Id&@%ketﬁi t would still further be desirable to
pﬁ} 48" % pri nt head assenbly, which gives robust

pr ot £ebyA8 gahrdnpastfichedtdvde tthey @k Ejectitad sathcthethesnozzRCguard
of the printhead. Summary of the Invention )
hangngo pdreresponding plyralityt ohcpawnels fesrethroughy i geanngls being
hth Ui ; : : Cac .
AR O SOIEL o L B BSIACRALNBrBIACK S
cHahMNO dvier&Ghe priat pedinthead i ncluding a plurality of

nozzles for ejecting ink droplets onto a print
msdiYYh?re]lnﬁge b‘%‘%‘lnﬁllslh%\}e ’g‘fdrﬂlb@g’l“ia%g‘ﬁ@q g formed on an

ink ejection surface of the printhead; and a nozzle
guard positioned over the ink ejection surface, the _
nozzlinea gernd aspeti thgreaiscoovidspanuozzly ghand 4b1 e yprigthead, said

channel s, ther et hrough,,.t he.channe] s pei i gned
g SHE DRIt SHORthabt oFLUPEH i PRETF S ol Sehachenne
cdrERiHth o BSPREdCYGe n61ANBE KIS hravAEdSsuth ehalihNise, TBR idePlets

wherei n the channel s have hydrophobic sidewalls. In a

ejensech g sper nozale aass thyopgho Mieite tesaedie Z¢hangg) atosyafdsr a print
qnth [ i plurality of
Ingﬁg%hgﬁg%yhérgﬁﬁFgﬁgé%ggg@ﬁﬁgﬂgﬁﬁgpgd%brresponding to
a respective nozzle on the printhead such that, in
use,_ ink droplets_ ejected.fromeach nozzl e pass

t hr dtigh thiidiaspeces Biees 1y @rQidath @I meGORrd st RNt ejected ink
drg@g{g\/\%lﬁl é@ﬁﬁﬁfegd,ttﬁ'@m%ﬁx%ﬁ REhrifaY thd Mg ythobi ¢
(a) providing a printhead assembly comprising:

a printhead including a plurality of nozzles for ejecting ink droplets
onto a print medium, the plurality of nozzles being formed on an ink ejection surface
of the printhead; and

a nozzle guard positioned over the ink ejection surface, the nozzle
guard having a corresponding plurality of channels therethrough, the channels being
aligned with the nozzles such that ejected ink droplets pass through respective
channels towards the» print medium; and

(b) ejecting ink droplets from the nozzles,
wherein the channels have hydrophobic sidewalls, such that misdirected ink droplets
rebound off the sidewalls and continue through the channels towards the print

medium.
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In a third aspect, there is provided a nmethod of
redirecting ejected ink droplets froma printhead,
the nethod conprising the steps of: (a) providing a
print head assenbly conprising: a printhead including a
plurality of nozzles for ejecting ink droplets onto a
print medium the plurality of nozzles being forned on
an ink ejection surface ofgthe printhead; and a
nozzl e guard positioned over the ink ejection surface,
the nozzle guard having a corresponding plurality of

chanpghé&td, had ek higusded dbBee, ahapriem REiMgdirettd gaedddressed
with the nozzles such that ejected ink droplets pass

bt ardangimeassyse sthigeminmazenée sumbga pH misdiscisd jin dipplats hging

.and. (b | ecting ink, dropl et 0 no
<iflet S0l EhE DA R S BORR B R, 5 PR RRY = o b
whidRimisdisdtadaalt atbplaikcahrepkeirsted @houmtbre fdvouluble trajectory.

sidewal I s and conti nue thrqg%h t he channel s towards .
t he frivseber pipazale guargrolor gnkiel grinfgrs Rave Beengprgpesgd in the

o FURRER AR DD LT el S8 st
nozdlebe Noafle niumetisr edichd fintkon radditensllpeis ng meane dbededirasting

eﬁch ngzzle. In the Gresent.i vention, there is
misAEGEtY BEY N BEHSPIBYIOUHR cepFeReddi r ect ed i nk dropl ets

can Pg BlheCHOEn RN GeRed e thaVRMIaRhEWh ' Bh&fhRingn fhat
nunber of nozzle guards for 1 nkjet printers have been

mpressosiedirpplets Ke g <Krikf ol) pavimgiankigh rsurfatsuener gie vell bhavece off

been sol el or, t .purpose Qf protecting ink.. .
supsh BpeSitly b rophh B S dRRE Dt Pec LEdrbRSf drcigeng the
drépleRaREl fyPlcallfFemet inhgt afd SHhiRAES nhigivRl N6k iReeRcity. It is
previously conceived. The present invention relies on
undpestagd] by Ksopraseph piedinronaextenive sudispiand ghpypiéens, that
e < 0 nL Vi g N i e
nisgifpeRsfor s 18 RO Ry flus M SEF (ERSEANCH! dring inkdet
prizeipgndiit fitablee had@bkolit dideialBnor, theheozzllr @phet shannels,

pically remain jnt and experjence _mn

mj\gﬁg'lgclgctqt:(%lr\l;gr@@pqs yan pe rqdérect%gl tonto a target print zone by re{)(%anlding off
these sidewalls.

Optionally, the channel sidewalls are substantially perpendicular to the ink
ejection surface of the printhead. For example, the channels may be sustantially
cylindrical. An advantage of this arrangement is that the channels are relatively
simple to manufacture.

Optionally, the channels are radially flared with the respect to the ink
ejection surface. For example, the channels may be substantially parabolic in cross-
section. An advantage of this arrangement is that the curvature of the channel
sidewalls redirects rebounded ink droplets in a direction substantially perpendicular
to the ink ejection surface.

Optionally, each channel comprises a first portion proximal to its respective
nozzle and a second portion extending away from its respective nozzle, wherein the

first portion is broader in cross-section than the second portion. Optionally, the first
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understood by the present Applicant, from extensive
studi es and sinulations, that this phenonenon can be
used to mnimze the nunber of msdirects during
inkjet printing. Wth suitable hydrophobic sidewalls
on the nozzle guard channels, msdirected ink
droplets can be redirected onto a target print zone by
rebounding off these sidewglls. Optionally, the
channel sidewalls are substantially perpendicular to
the ink ejection surface of the printhead. For

arfeX 8EBBhE , pdficnsC BARRG! ShaR¥l AR SHSHEANTTHA hitangement provides a
cylindri cal An advantage of this arrangenent is that

caphmgitraied @Veale@drl@dzahvel y sinple to manuf acture.

Opti gnal | hannel s ar d| aII a he. .

res pégﬁon(%lyt "ﬁ n%fzé tg}xagﬁ il ace rﬁ}gd)%%ﬁ’ﬂq%ﬁ Itnta %nal
suehaRnNepsiymey. Peiclls tirnidzalel gilaﬁﬂlisabﬁhieﬁ ftoin Pho®gesist, which

section. An advantage of this arrangenent is that the

hasubegat UVecwrd tand/os hgndheked. spacadypniass ofithe @pzzle guard being
I
foglgl?cg gngl gh(%)tgﬁsg 9§{h2{e ﬁudﬁlﬁ b%l %tr?gcg ?})S'gd&? %ﬁt@}@f'o@ pthtoreswt

orftp theofabli¢dted prawthead) amhadfirgogrihei chasneds fhrsuph thonsdzénguard by
proximal to its respective nozzle and a second
ﬁ%ﬁhﬁi@ﬁ”@%ﬁ@ﬁ@ﬁ %%HV“ﬁF@ﬁwlts respective nozzl e,
wher ?i/]ﬁce{l thé %ne?so hivdY Ieﬁ%tlﬂr padRr rdn%e Ccﬁ"ﬁ%u? 8%t {R00
t han acond portion. nally, the first
miekNBOWhBhIEn&ally aomlespendstd tlpmhctlglmtrmf tlef nazalstgustdannel
are coaxial. This arrangenent provides a capping
structure over each nozzle. Optionally, the entire
nozzl e guard is forned froma hydrophobic material,

such as a polyner. Typically, the nozzle guard is = |
Optenally, the shamiebsidewsalisare suhitentiallyperpradisulay te theelgk ejection

d/ ox ., har.dhaked. An advantage of the nozzle guard
388 e BFRRRAS - -

rom photoresist is that it can be
formed by coating a layer of photoresist onto the
fabricated printhead, and defining the channels
Optiansilythe pannsls Aresupsiantialbycyl ’é‘fiﬁﬁ%ard exposure and
devel opnent steps. Typically, the channels have a
l ength in the range of about 10 to 200
Optionally, the channels are radially flared with respect to the ink ejection surface of

the printhead.

Optionally, the channels are substantially parabolic in cross-section.

Optionally, each channel comprises a first portion proximal to its respective nozzle
and a second portion extending away from its respective nozzle, wherein the first
portion is broader in cross-section than the second portion.

Optionally, the first and second channel portions are substantially coaxial.

Optionally, the nozzle guard is formed from a hydrophobic material.
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m crons, which generally corresponds to the height of
the nozzle guard. Optionally, the channel sidewalls
are substantially perpendicular to the ink ejection
surface of the printhead. Optionally, the channels are
substantially cylindrical. Optionally, the channels
are radially flared with respect to the ink ejection
surface of the printhead. (@tionally, the channels
are substantially parabolic in cross-section.
Optionally, each channel conprises a first portion
opﬁ&aﬁusmiheh@zﬂ& Sudr8SP Rtk BoRPZ B9 meAB thateri@cond
portion extending away fromits respective nozzle,
wherein the first portlon IS broader in cross-section
the sec the first and
OBE%%%Q @ﬁ % B%ﬁ egﬁﬁng@bi |aIIy coaxi a
Optionally, the nozzle guard is forned froma
hydrophobic material. FIN0O04/6-SG 10 O C?tlonal
Opftenaliyz shee ngerle Buayl fivdermeds from silisen yandr the ?/ahave a
he nozzle guard is forned from
h%éﬁ#éy%g%kélnécptionalIy, the nozzle guard is forned
fromsilicon and the sidewalls have a hydrophobic

coati ng tionally, the phatoresjst js UV cured
Optienadly. Wﬁgg%tﬁﬁélfft 1s ‘éﬂt‘quﬁﬁlaﬂnFlzp héﬁjlé’ annel has a

length in the range of 10 to 200 pm Optionally, the
printhead is a pagew dth inkjet printhead. Optionally,
Optienaly] ¢dchehghrlebBasa leongthlie thdemsdet of 19ubP20Bient to print
at up to 1600 dpi. Optionally, the channels are
substantially cylindrical. Optionally, the channels

O '&a‘il?,gﬂ.r}]l@&)h}i’glfeg@fseéjpaf tﬁlrﬂ(ﬁ%%}hﬁt}ﬁ-%j towards an

] ect t|o channel s are
substantially parabollc i n cross-section. Cptlonally

h.ch I t 1 t
R4S B B ST S5 R Bl BBk B8
end, wherein the first portion is broader in

Optionally, the channels are substantially cylindrical.

Optionally, the channels are radially flared from a nozzle end towards an ejection

end.
Optionally, the channels are substantially parabolic in cross-section.

Optionally, each channel comprises a first portion at a nozzle end and a second
portion extending away from the nozzle end, wherein the first portion is broader in

cross-section than the second portion.

Optionally, the first and second channel portions are substantially coaxial.
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cross-section than the second portion. Optionally, the
first and second channel portions are substantially
coaxial. FINOO4/6-SG 11 Optionally, there is
provi ded a nozzle guard which is formed froma
hydr ophobic material. Optionally, there is provided a
nozzl e guard which is forned froma polyneric
material. Optionally, therg;i s provided a nozzle guard
which is formed fromphotoresist. Optionally, there
I's provided a nozzle guard which is UV cured and/ or
opas K aflre isRHblRB&lal YozzleN&lagd WhidH BVIoHREH &oROZ ZyBrophobic
uard"which i's formed fromsilicon, wherein the
mgiedelal | s have a hydrophobic coating. Optionally, each
channel has a length in the range of 10 to 200 pm
Optionally, there is provided a nozzle guard which is
Ogtgd)ﬁa@l@! ehek®lis Prdva@RAVh Gobizlk Ndtiaft whidt Bt hie@dd from a polymeric
tionally, there is provided a nozzle guard which is
mgigrielbl e for a printhead having a nozzle density
sufficient to print at up to 1600 dpi. Optionally, the
ej ected ink droplets have sufficient surface energy to
Opeboilgdthefefis plwidedaaele griadiewhich $s fonhad fromGQitokaresist] v,
m sdirected 1nk droplets are redirected towards a nore
favourable trajectory after rebounding off the
OBHAMIG! théfeci§)9?o|v}i&%d a%tzkf%gg%} whiltR 8 RG] artij HeWRIHaRed.
re substantfally perpendicular to the ink ejection
surface of the printhead. FINO04/6-SG 12 Optional ly,

the channels are substantial l.y cylindrical.. .- .
Ouierdaliey:, Sahe HhAACFA: S arAr PrRed Fag afipss wherein
tht 8RIRGGTIs h el drdPhoticRokiif) surface of the printhead.

Optionally, each channel has a length in the range of 10 to 200 xm.

Optionally, there is provided a nozzle guard which is suitable for a pagewidth inkjet

printhead.

Optionally, there is provided a nozzle guard which is suitable for a printhead having

a nozzle density sufficient to print at up to 1600 dpi.

Optionally, the ejected ink droplets have sufficient surface energy to rebound off the

channel sidewalls intact.

Optionally, misdirected ink droplets are redirected towards a more favourable

trajectory after rebounding off the channel sidewalls.

Optionally, the channel sidewalls are substantially perpendicular to the ink €jection

surface of the printhead.
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Optionally, the channels are substantially parabolic
in cross-section. Optionally, rebounded ink droplets
follow a trajectory substantially perpendicular to
the ink ejection surface. Optionally, each channe
conprises a first portion proximal to its respective
nozzle and a second portion extending away fromits
respective nozzle, wherein jphe first portionis
broader in cross-section than the second portion.
Optionally, the first and second channel portions are
OpHORNRNHE BhAdhe k0K kidstanti&lPf EARRkicY, the nozzle guard
I's formed froma hydrophobic material. Optionally,
the nozzle guard is formed froma polyneric material .

tionall t he nozzl ard i.s forne [ .
offindy ot Epartdfs PEFATAIL MR widh st B0 b P ejsstion suggpce of
thapethfeadiar dbaked. Optionally, the nozzle guard is

fornmed fromsilicon and the sidewalls have a

hydr ophobi ¢ coating. Optionally, each channel has a

0&@‘5}9&“&@’? Sfﬁ%ﬁe;s?a?? ﬁ.\b‘gtangi%ltl)%gzgégﬁic%%F&Q—%ect'(ft’r:llhNi004/ 6- SG

e pri 'S a pagew nkj et
printhead. Optionally, the printhead has a nozzle
density suffjcient to print imges at up t 1600 dpi .

Opfiomily fisbeindst g dip ol BRI T abs Rptsll RRPSadiqulir to

th@%(gjgctgﬁssgﬂg 2d with reference to the follow ng
drawm'ngs, in ich: Figure 1 is a schematic sectiona

side view of part of a printhead assenbly according

to a firs nbodi nent.; Figure 2. is schemtic secti onal
Oiiorly; i1 SFARE FOBPrsesg T Redign ST ) 'SESBraRgose
arldOa 8ecd8E PastiABAShAIBN hival ifeh §ts Fedpec@eBEBAd, Gvherein the first

sectional side view of part of a printhead assenbly

pagdemisdireagler i erosshiecdorethign dhentsaend portion.

Optionally, the first and second channel portions are substantially coaxial.
Optionally, the nozzle guard is formed from a hydrophobic material.
Optionally, the nozzle guard is formed from a polymeric material.
Optionally, the nozzle guard is formed from photoresist.

Optionally, the photoresist is UV cured and/or hardbaked.

Optionally, the nozzle guard is formed from silicon and the sidewalls have a

hydrophobic coating.

Optionally, each channel has a length in the range of 10 to 200 microns.
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Fi gures 4A-D show the printhead assenbly shown in
Figure 3 at various stages of fabrication; Figure 5
is schematic sectional side view of part of a
printhead assenbly according to a fourth enbodi nent;
Figure 6 shows the trajectory of an ejected ink
dropl et through the channel shown in Figure 1; Figure
7 shows the trajectory of gn ejected ink dropl et
t hrough the channel shown in Figure 2. Fig. 8 shows a
vertical sectional view of a single nozzle for
Oftigfally e bAktheddPls a pheBwidth hijdiPrinfégamt i on, in a
gui escent state; Fig. 9 shows a vertical sectiona
view of the nozzle of Fig. 8 during an initia

O@t?gé‘%ﬁt | &{e]h;%prﬁliega’gl lge{sgq} n%_'%zées Iagnw%cgt su\fﬁ?léntfﬁ) epr% %x{ g?sa at up to

1qo00ape; Fig. 11 shows a perspective partial vertical
sectional view of the nozzle of Fig. 8, at the
actuation state shown in Fig. 10; FIN0O04/6-SG 14 Fig.
Buﬂﬁkﬁmmgunuﬁ&h&Ememgé vertical section of the nozzle
of i 1 r |
sectnifvenlthl i Ppe” B HREHnbL Jrige SpRERSE @, HELRfRVing
drdinghansvhackper spect i ve partlal vertlcal sectlonal view
of the nozzle of Fig. 8, at the actuatign state shown
i n Aiigureg: isg gehenmtig ﬁ@%mal praniey elpet of reridead @ssmbly

' ows a plan view of the nozzl e of
ac I%ﬁ{ggogﬁr%%anb%?ﬁver arm and novabl e nozzle
r entiigarefDis sdhamiatiy ;sedtiopal dide stiowf papesSpeeintheed assembly
vertical sectional . view of a part of a printhead chip

acrordBiedB ~AEFIRg SORdiRei ty of the nozzle arrangements
of tHeukYPR SheMatit Redildhal side view of part of a printhead assembly

according to a third embodiment;

Figures 4A-D show the printhead assembly shown in Figure 3 at various
stages of fabrication;

Figure 5 is schematic sectional side view of part of a printhead assembly
according to a fourth embodiment;

Figure 6 shows the trajectory of an ejected ink droplet through the channel
shown in Figure 1;

Figure 7 shows the trajectory of an ejected ink droplet through the channel
shown in Figure 2.

Fig. 8 shows a vertical sectional view of a single nozzle for ejecting ink, for
use with the invention, in a quiescent state;

Fig. 9 shows a vertical sectional view of the nozzle of Fig. 8 during an initial
actuation phase;

Fig. 10 shows a vertical sectional view of the nozzle of Fig. 9 later in the
actuation phase;

Fig. 11 shows a perspective partial vertical sectional view of the nozzle of

Fig. 8, at the actuation state shown in Fig. 10;
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8; Fig. 18 shows a schematic cross-sectional view

t hrough an ink chanber of a single nozzle for

injecting ink of a bubble form ng heater el enent
actuator type. Figs. 19A to 19C show the basic
operational principles of a thermal bend actuator;

Fig. 20 shows a three dinensional view of a single ink
jet nozzle arrangenent congtructed in accordance with
Fig. 19; Fig. 21 shows an array of the nozzle
arrangements shown in Figure 20; Detailed Description
of Spgcif koD pespRAYS verfichinRctidly 8Nihk dzATE bR Fid)@adlith ink
Assenbly Referring to Figure 1, there is shown part of
orpitigd} nt head assenbly 1 according to a first

enbogdi t.. _The printhead asse conpri ses.. .

o Rob o v P SOTREET AP S OSSR 123

e] eCFigo shisvias perbpedtiviehsartlivetthaddectibgal EBOWT thé nozzle of
Figure 1, the nozzFe guard 3 has a cylindrical channe
Fig. §.¢t thecactuakien sfterhayR, k- Eh is aligned with a nozzle

6 ongth i.nt : . . the printhead
hasn%&fgzggﬁ fggggﬁéﬁﬁgﬁﬁgngﬁi%ﬁgﬁ%gg?Fe guard 3,

al t hBigghs flmws € plaviesiéwe f ehcondazleonfeligoez8 withrtte tdvanmeh and
is shown in Fi%£$e é*,FlhDO4/6-SG 15 The nozzl e guard
mavable RezZlE MOV s R EYhobi ¢ phot or esi st and, hence

t he psi : r I ;
nydraBhop o B R e AN Sesipnd e ot part of a prinhead
chip dwagldraing aplucalityriof trednaplestrsangémentk of ther @peo siwviofrf Fig.
themduring printing. The nozzle guard 2 is fabricated
8°by a depositing a |layer of photoresist onto the ink

ej ectibOr8 SHYisAL &ohfmane cRRE-kdttidHalGhan ligbegh 8n thk GHARMBEDS a
5) therethrough u3|ng bstandard exposure and
& !

single aperberion injedinigrinig abs buldfle Erming hagtar glenesmt a¢tpator type.

cha adhe i,St. i A r

ook st U7 Do b FRLALE| ot B0 BERBBAR vno
actdagort Nk ej-ection surface 4 of the printhead 2.

Referring to Figure 2, there is shown part of  a

pr i nfige SRAEA )}hrfg dimensional view of a single ink jet nozzle
arrangement constructed in accordance with Fig. 19;

Fig. 21 shows an array of the nozzle arrangements shown in Figure 20;

Detailed Description of Specific Embodiments of the Invention

Printhead Assembly

Referring to Figure 1, there is shown part of a printhead assembly 1
according to a first embodiment. The printhead assembly 1 comprises a printhead 2
and a nozzle guard 3 formed over an ink ejection surfacé 4 of the printhead. As
shown in Figure 1, the nozzle guard 3 has a cylindrical channel 5 formed
therethrough, which is aligned with a nozzle 6 on the printhead 2. Each nozzle 6 on
the printhead has a respective channel 5 in the nozzle guard 3, although for

convenience only one nozzle and channel is shown in Figure 1.
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according to a second enbodi nent. The printhead
assenbly 10 conprises a printhead 12 and a nozzle
guard 13 forned over an ink ejection surface 14 of the
printhead. As shown in Figure 2, the nozzle guard 13
has a cylindrical channel 15 forned therethrough, A
which is aligned with a nozzle 16 on the printhead 12.
Each nozzle 16 on the printhead has a respective
channel 15 in the nozzle guard 13, although for
conveni ence only one nozzle and channel is shown in

Fi QUTRe BozzId) §uaﬁ’% a8 ebrnicd fr(ﬁ'.rlnq}j'@f?cl;pﬁ%iig ahbdor&adt ah8) hehck,Nhe

cross-section, being radially” flared as it extends
sidevaallsf T oftihe lebannek Sejrealisd dpdophéticeledhysirophiobicpyifacdseeidhe

12 | e 13.is f f hyd hobi
st Br RSt it roRlsticd K iSSP g ERE
chanmgd ndBi@E@aradhsio M&ﬁhflibé @epo-Ehﬁlg_rWIi&@Lpbpﬁbﬂ oresist onto
surfaces of "the sidewalls 17 allow mcrodroplets of
the ik eisctiasbaufage dfanddeEningshamrslpte fchargiel Thherpshropgh using
uard 12 i s fabr] . Bt .
OB piri? VTR BB ERPE Bft Bion ¥ Ghe Hgnnels, the

pliedrestbtiig Lohamee kid harddakedhapralideldiobulgiretebti vigizzle guard 3
usi ng standard exposure and devel opnent techni ques.

over Ehe gk giertiepn susHagE fHod e miinthgad 2ex posure tool (e. g.
i o ) . e
*her REfkide « TRED Bhele SO, buft G Shiia, Sstifiply 10
acpbaliny esi stsetandU¥¢mbudietbnan@hé apritiibdedd agsemblyr dVi demprises a
ropust protective nozz]e_.quard 13 over the ink
PrAtBEEh Gk, e S 1 TR VR ROSE S3ComeTsRp? g ofghe
prgﬂ(‘)cﬂéhrd.e A3:shbRR"iR Figurs DOWMe RA%le Qfard 1P Mk RGARIARS BRdHN¥I 15

according to a third enbodiment. The printhead
foaned tizrsth0gle.onhich Se slignedrwith hawdzle AINDO thEapr8theng 122 Fach

an nozzl e ard .23 forned. over an ik gjection
@i S anahe Gried o8 o otk A TeuR 5 Pl guard 13,
aliHd8gi 0% ZbRvaiikice orl§ dheSo@z16 Yhd Bighninelak sledvanieliigd® 2.
forned therethrough, which is aligned with a naoz

26 ohha Reanpel A He abstantiatiycparpelis @ Qwss-mﬁ%ebeiné radially
L PSR B EAMEEALUERRORL 3 0 gt

and Theamsrele guard hdwnformedTrgu leydophbbie phoeoressst ad8, lemse,ahe
sicfigvsr/asllts I%O(Eft tihg rz:hezmsnpe\l Fl)g%)r(ei: gﬁ!} htygrotpﬂgbig.o %ﬁel ﬁ}’fdrg}q}gob?c 21% 28:29 of
the sidewalls 17 allow microdroplets of ink to rebound off them during printing.

The nozzle guard 12 is fabricated by a depositing a layer of photoresist onto
the ink ejection surface 14 and defining channels (e.g. channel 15) therethrough
using standard exposure and development techniques. The focusing condition in the
exposure tool (e.g. stepper) is used to provide the flared sidewalls in the channel 15.
After formation of thé channels, the photoresist is UV cured and hardbaked to
provide a robust protective nozzle guard 13 over the ink ejection surface 14 of the
printhead 12.

Referring to Figure 3, there is shown part of a printhead assembly 20

according to a third embodiment. The printhead assembly 20 comprises a printhead
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portion 25B extending away fromthe nozzle 26. The
first and second portions 25A and 25B are both
substantially cylindrical, with the first portion 25A
having a | arger dianeter than the second portion 25B.
Hence, the second portion 25B conveniently caps the
nozzl e 26, while the second portion 25B serves to
redirect m sdirected ink pl ets. The nozzle guard
23 is formed from hydrophobi c photoresi st and, hence,
the sidewalls 27 of the channel 25 are also

2PUAN QHG&% %uara— he rhHdQRBPM ﬁlk cidg 8erfade 24t df8he printhead, As

si dewal | all ow m crodroplets of ink to rebound off
stidvemin Lngurg hrthnt nowngle Eu@dr 8% haa- D cghelvicphshiwgl i26n fagmed

theikPlel R L ened o rortBasa bk PG R B ol 26

o@JtlQaCf)ﬂn‘i’tﬁeéﬂJﬁafsa& CespéetRE chhheel 5 intthe adzAe gand BN falthadgddfor
(Figure 4A). This first |ayer of photoreS|st 28 is

cartyenienesquis ete norzbag chapndl i shemaiin Rigire B sof t ens t he

r egi h S S

0P P e A KRS SR AJ B o sesond

pdieh Q5BSIxEdnd2 Y, aveaySke@nbe nbay€p6.0fhepfivat mdegscsmd ﬁ&‘tlioﬁs 25A
| ayer (Figure 40

deposited onto the first ?
anch g3 eechort h ahstegtiphy pdEFds Pith thetirsy 90%1108 Qéﬁ\ebﬁvmg a larger

ST el 8 Uy Mok, pB. a2 tomeints

cdf,us nhd hyzzld D& vahibt the esdomtl [D8jor225B |s@“vdsatoeﬂedpecc! mlwlres:ted ink
d ves all photoresist exposed during the two
REES ur e steps. After devel opnent, an ink channel 25

i s defid pegid HiRwab id REmBA BRI BRdrSphobRSpIIiNeEIst dhd, hence, the
Figure 3. After formation of the channels, the

sxpﬂgalbr:ysoﬁtheu channel Qdrasel alsachydzerdiohice dhe thydyopbobie surfaces of
g SRED D2 LSRG AR I reR BB B AR S mpinging.

17 Relfsr4AP skowifBbH®tion of hﬁé @rﬂn&eﬁ@@mnﬂﬂy t200fn @he first
pri nthead assenbly 50 according to a faqurth

stemvifolifstiayer off peotpresist A atideposiieehpytoghe édnpipstipssuface 24 of
‘[her 'nﬂ%ﬂ%ggggj aRd sgff'tgak@d gﬁllee%@u el B2 1&%@} o‘#})hht%resmt 28 is then
y o on-the

I ohea over an arr nozzl es
ex}folseni theaubh d fiest meak) ehighaotieds2the segion i gphbtocssiss markainwith

dashecfl hgc%p(%gg%trg 4% e}ge 1rf1gr gxrBotsede the first layer of photoresist 28, a second
layer of photoresist 29 is deposited onto the first layer (Figure 4C). The combined
layers of photoresist 28, 29 are then exposed through a second mask, which softens
the photoresist shaded with dashed lines (Figure 4D). Finally, the photoresist 28, 29
is developed, which removes all photoresist exposed during the two exposure steps.
After development, an ink channel 25 is defined through the photoresist, as shown in
Figure 3.

After formation of the channels, the photoresist is UV cured and hardbaked

to provide a robust protective nozzle guard 23 over the ink ejection surface 24 of the

printhead 22.
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printhead 51. Since the nozzle guard 52 is forned from
silicon, it advantageously has the sane coefficient

of thermal expansion as the printhead 51, which is
formed on a silicon substrate. An array of channels
54 are defined through the nozzle guard 52, with each
channel 54 being aligned with a respective nozzle 53
on the printhead 51. Each jghannel 54 has hydrophobic
sidewal I's 55 by virtue of a hydrophobic coati ng,
usually a polyneric coating. The hydrophobic surfaces

of tﬁ@feﬁlr%fe’l@lliﬁ SureSs, ahkRWis AP PaRPb L h SprrfthéadKadsémbly 50

r ebound them during printing. The nozzle guard 5
adcardfirghtoi acfatighl efrnbodnn@nsﬂheqmmt@a @tssembéy By cempinga poprinthead

it o raphi c / techn| Any _ani sotr
St 2 FOEHR R ey HED s B 0 Ry AR AL AR} $3 on the
prifih&d0iThé A6zAO gazha VUBIBSeY. frlaVMEYn, astd@pBasChieed fbm the
(US 5,501,893 and US 6,284,148) is particularly

pradheadt 5919 Songs, thoewarls euprd $2 8 smad fraye sdisRBL} @dvantageously
a{) (ﬂxé/ merel: Soe ﬁgi%ﬁln & t?lgrn%ep %Xf}in%{b%rhssthg gy@);le%% SWB by formed

dro renove
mﬁéﬁﬁ&nﬂﬁﬁ@ﬁas and/ or plasna stripping. However, in

the resent invention, pol ymeric coatin
1 agAY ohehamglsdl are d&ﬁaedo%ﬂw@d etna%? >, with each
h f n The
h@ﬁ%f’f‘* B e SR P R R, 1 enng Rififd B1° Bach
chanumel i54 dhas hypdrophotst sidewallsSH pnvirtne oﬁahxd@p}g@lac doﬁ@lgt wsually

th rinthead 5 il st keeping the zzles 10 a
otaﬁwggrpfonfdaaﬁagc#&ﬁmgmmsho I iﬂr%ﬁ %ﬂfn iﬁwa?lﬂngg allow
mﬁ%&r@ﬂ%@ Mo RIAEEBemSHeing pRmtias h esive bondi ng,
may be used for bondln?bthe nozzl e guard 50 and the
a

pri ntteeadzzls guawy 82 hisr fabieased dtonE' & sillicen eswbpteie by standard

.Referrin Ei e 6 ere. | s.ho h tor

tpenghis Mk et Wi, BPF SisofipPRth [offiibhEhfel Rded 10

deffing tRé icRhkiRad ase@eyndzzRC g@irdi 329 Hcﬁvdvl@ﬁ the rBdsch etch (US
FI NO0416- SG 18 enbodi nent. The dropl et 31 is dlrected

5, 591.8%e and 75 &, é&ﬂa}%)slsw%c‘aarﬂsarag@@n%sﬁoma becgie golegyes a
hy%rc%{) unfg m&%g’gﬁtmg % breR$h ﬁ&%ﬂsh%n{laﬁf LR hydrophobic

coating is removed by an EKC clean-up step and/or plasma stripping. However, in
the present invention, the polymeric coating can remain on the sidewalls and be used
to provide a hydrophobic surface for rebounding ink droplets.

The nozzle guard 52 is bonded to the printhead 51 by bonding support struts
56 on the nozzle guard 50 to the printhead 51, whilst keeping the nozzles 10 and
corresponding channels 54 in proper alignment. Any suitable bonding process, such
as adhesive bonding, may be used for bonding the nozzle guard 50 and the printhead

51 together.

Droplet Ejection

Referring to Figure 6, there is shown the trajectory of an ejected ink droplet
31 through the channel 5 of the printhead assembly 1 according to the first
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7 of the channel 5 redirect the droplet fromits

initial msdirected trajectory (showmn in dashed

lines) onto a nore favourable trajectory (shown in

solid lines). Wthout the nozzle guard in place, it

will readily appreciated that the droplet 31 would not

strike the target print zone 32. Referring to Figure

7, there is shown the trajegtoery of ejected ink

droplets 41 through the channel 15 of the printhead

assenbly 10 according to the second enbodinent. The
elbQRIRhS Tht BbFledB %3 Eﬁ‘gctéw bl Be ROZA¢ Susdad dntb3a @eﬁ*F& #int

target print zone print medium43. It wl

zgeen Qﬂlﬁfnrlnt apslivn 38 hlé vphlrbawm batcthe Wﬁ@ mbéwe‘ﬂs off He sidewalls
v
7 8 Sopiel st b et 40 Mo sk Bl v

inSdHsh&T Bnds? oaffla Gdre fhifirdtaé @@]ﬁecﬂﬁy l(lsthoi\fmnﬂh #bhid lines). Without
|rrespect|ve of their initial trajectory. jet Nozzles

the nogrle pyard imelage, dinwilk regdily aapr@cmtsfd tb%tethwdmplﬁr%/l Yopid not
St‘ﬁ%%ﬁh%ﬁ*‘f%%ﬁ@dl\géﬁee@ and any type of inkjet nozzle

cant has devel oped many different
t ypeRefefring tokjigire (7; ttridisatiswaniet irajkjtety ofafeckeisink whopddts 41

h%%p?@éf q[,}iggged Iﬁn)ro s%%r&tgq?gggssgégﬁe_ ;a%f{:q?fréi?n%c ‘?od the second
(?ilfn%ﬁtn frhe dk@fét? 3] réféz(ﬂ‘&ﬁa (By‘?e!hle n@?ﬁfl’e %ﬁd&%%ﬂt@ﬁqa Péttﬂ'hnt

erence to Figures 8- exanpl € of a type o
zcmn 142dco:ﬂ a prémtymethan|48. arwﬂrt@ewemtha&udueab ltee payabaligecurvature of

I STNTE TR T AT ———

tortﬁé %1@&]@&1dn%uﬁagé“l¢§n@ oh® the targét%fn@ zdrle 1) QWBSIRBLIR fMeir
ink™ delivery nozzle arrangenents 801 formed on a

mmalltramtosmstrate 8015. Each of the nozzle
arrangenents 801 are identical, however groups of
nozzl e arrangenents 801 are arranged to be fed with

Infliet Nergat col ored inks or fixative. In this regard,

the nozzle arrangenents are_arranged in. .rows and_ar
st aghes Eﬁ’ewqmlsr%‘stﬁ@étfof Bsee‘é(&th any it of m%wwgleé@ G8e Ay

ty%% gg }irgﬁetqovzmkllghiﬁeg%é? "rflg%‘ %p?gsvsﬂlg 213 'd%l&e&@r}néﬁ@“hﬁ*fep&t types of
inkjet prigdradd ambkeget hozzd&ss wdlieh e Pesonibetk ira detail in the cross-
ret[“:elré\re:%é 1a?)pl?catlons For completeness, some of the Applicant’s inkjet nozzles
will now be described with reference to Figures 8-21.

One example of a type of ink delivery nozzle arrangement suitable for the
present invention, comprising a nozzle and corresponding actuator, will now be
described with reference to Figures 8 to 17. Figure 17 shows an array of ink
delivery nozzle arrangements 801 formed on a silicon substrate 8015. Each of the
nozzle arrangements 801 are identical, however groups of nbzzle arrangements 801
are arranged to be fed with different colored inks or fixative. In this regard, the
nozzle arrangements are arranged in rows and are staggered with respect to each
other, allowing closer spacing of ink dots during printing than would be possible

with a single row of nozzles. Such an arrangement makes it possible to provide a
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19 high density of nozzles, for exanple, nore than
5000 nozzles arrayed in a plurality of staggered rows
each having an interspaci ng of about 32 microns
between the nozzles in each row and about 80 m crons
between the adjacent rows. The multiple rows also

al l ow for redundancy (if desired), thereby allow ng
for a predetermn ned failurﬁ;nate per nozzle. Each
nozzl e arrangenent 801 is the product of an integrated
circuit fabrication technique. In particular, the

f%ﬂzd@nﬁt b RVIREER eBihhpldehboRethart S0DE hzzles arrayed in a plurality
ect r onechani cal systen1(NENS) For clarity and ease

obhtaggssed irpws each hindng ensinietsperion @r@ospéZ anices dietyeen the

ozzl e A A ment 8 C e
n?zez?'e%rlg SR {oy # ?R,Oélg g@ nilgrog%gllx/een he I]{:%%Etflrow q"h\é”ntuntlple
réSkS atlewdod %dﬂﬁ&a@y%t&fesffh@)’ ‘ﬁ’(brébypéﬂl‘dvdlﬁg ol & ptddeRrmined
n1croproceSS|ng el ectronics positioned thereon. A

fadlurq @erpadingsdlele (or al ternatively glass) layer 8017 is

PO FLEH-A0, bR 0L, el 5 i o

fabeipaticav echiighel Il pﬁﬂtmebr athp aovzle farahggnen ‘86l uteifinesimmicro-

el ectrode cont act 8030 positioned on the
eleptroraghapice) %Wﬂ@nﬂéyg%%%017 Both the silicon wafer

subsgy dla&&nt 9& a6k el 1;§101n' %Qo%tﬁi‘c‘tlgﬁ g%@%ﬁé’ra@&ilgf Bifgle

et che ine an |n i nl et channel havi ng a
ngezrearadngymeitr & | veitl terdesgitsd omtlntmfe(rcm:e i &rgures/hto 16.

TR 0% e D361 500 O ST L, i, s

nﬁé’ioﬁr%@es‘éi 'e@&&oﬂic@ﬁbﬁﬁoﬂe@)’tﬁére&@l7 about the ink inlet
channel di ffusion barrier 8028 serves to

i nhi Bi slhccme dmxtc’fméqroaitemauwylcrr glrsd) lppms8Qlfris urpitioppsbon the
X of.: t he ive e [ I .

SfE AP e S P 0 YRS g e

CMOS It(ﬂ:ﬁle%ﬁi;ethlsdﬁhﬁls tal paiest aligved al:ulﬁ&nmhuﬂbcf’ti”dﬂm waticakiyers

5557 RasBionsd opree plisen Jerdoriaraayn " sdeih Py cBrucoudprate
PPl B O050 00 60RO, SBTAORE e
80leizzdvéng b rganereliy rirc@ad ciose kerdies (@ pbnk| énchlamignm8diZ@sion
paell 86% 5¥ A0S metal 1, CMOS metal 2/3 and CMOS top level metal is
positioned in the silicon dioxide layer 8017 about the ink inlet channel 8014. The
diffusion barrier 8028 serves to inhibit the diffusion of hydroxyl ions through
CMOS oxide layers of the drive electronics layer 8017.

A passivation layer in the form of a layer of silicon nitride 8031 is positioned
over the aluminium contact layers 8030 and the silicon dioxide layer 8017. Each
portion of the passivatibn layer 8031 positioned over the contact layers 8030 has an
opening 8032 defined therein to provide access to the contacts 8030.

The nozzle arrangement 801 includes a nozzle chamber 8029 defined by an

- annular nozzle wall 8033, which terminates at an upper end in a nozzle roof 8034

and a radially inner nozzle rim 804 that is circular in plan. The ink inlet channel

FIN004/6-SG



annul ar nozzle wall 8033, which term nates at an upper
end in a nozzle roof 8034 and a radially inner nozzle
rim804 that is circular in plan. The ink inlet

channel FI NO0416-SG 20 8014 is in fluid

conmuni cation with the nozzl e chanber 8029. At a | ower
end of the nozzle wall, there is disposed a noving
rim8010, that includes a myvi-ng seal lip 8040. An
encircling wall 8038 surrounds the novabl e nozzle, and
includes a stationary seal lip 8039 that, when the

8MQZ&if flusd BdmiRBicafdn HHQAe inBzZTk GharhBer 8029. &l ALSMr end of
the noving rim8010. A fluidic seal 8011 is formed due

themoetle veally thersels dispasidonmoying mio 80 Hp skt indedes armeviag seal lip

atlonar eal 39 and.the
B0 ArndePgwal SPRBng O FRRB, R2le, stfinptudes =
stmﬂagt s a1 S0TD that] G¥en RIRS h617M) 6€ a€ edsplab RBoWRIMEES. 11, is
the encircling wall 8038 and the nozzle wall 8033

adjeasnt reomaving 0195, Aflydigrssal 8Y1lofs fosppddug to the erface
i f .
teﬁééﬁ {39 'tllﬂcgtrépg)%ﬁso%ﬁeeﬁqgg ifaﬁq_wﬂ? Sle:ﬂqg)sf&@g the (ﬁflov%?éeal lip

_ ( e’ recesses 8 Serve
g@ont dihis padeats leddagt | cfwWnlsframr '&ﬁubhand:ferlwihlsem@\pdmg a low

reBaRC A OUBNG PEeah FheRGIFEHE VAL 01 SR G ¢ el 5053
car rAg 'Bg%%gg\év?qg I(:Pnh% dlajt %e;ﬂ afily ¥f 4 g%gm'aﬁ%f teb&s¥d 8435 is

a bas e “layer 8 l'i con
defirkediidethe Thef Bed/rbartrthegerentriml 8. |T1@I nedwesa 80&Vv gerve to

arm 80 that extends fraomthe no

CHED B L0 4 BRI o4t PeRRPR G ARG | ever
ar m 8 fodzfe wall BTN EHmk Dadt JFA lévé}fan&ﬁ%&hé’rﬁ thR3§moBARd to a
formed fromtitaniumnitride (Ti N posi ti oned on

cagiieth@}36shayingod gemesalho Fzshaped penidendiit a base §3dtattaglgdhto the
The ot her ends of the passive

laggggégéﬁé&%?%ng?gached to the carrier 8036. The |ever

ar m BREl veSaradngemait Ash Bdludes aﬂe\&@ tattatson 8 hiearx®Ads from the
which is forned fromTiN |t . be not ed &Pat thé .
noggleavH end lfl%Pl’PWéteééitlﬁFﬁfaé ﬁtlf@@aﬂg b@arﬁ%@ Lhe EVELIH @18 is

N
pdsitgmed 8n aitberlsdde dfttke actzlaareangbmant, 80 Best shavbst gt 1 ladridy16.
Tlg other ends of the passive beams 806 are attached to the carrier 8036.

The lever arm 8018 is also attached to an actuator beam 807, which is
formed from TiN. It will be noted that this attachment to the actuator beam is made
at a point a small but critical distance higher than the attachments to the passive
beam 806.

As best shown in Figs. 8 and 14, the actuator beam 807 is substantially U-
shaped in plan, defining a current path between the electrode 809 and an opposite
electrode 8041. Each of the electrodes 809 and 8041 are electrically connected to

respective points in the contact layer 8030. As well as being electrically coupled via

the contacts 809, the actuator beam is also mechanically anchored to anchor 808.
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shaped in plan, defining a current path between the

el ectrode 809 and an opposite electrode 8041. Each of
the el ectrodes 809 and 8041 are electrically connected
to respective points in the contact |ayer 8030. As
wel |l as being electrically coupled via the contacts
809, the actuator beamis al so nechanically anchored
to anchor 808. FINO04/6-SG;2t The anchor 808 is
configured to constrain notion of the actuator beam
807 to the left of Figs. 11 to 13 when the nozzle

Tlger &?c'ﬂgfﬁ g@tms bohflolir PO @nk@4in rﬂ—&?oan)hob MchaforarehMag( to the
eam

I's conductive, but has a high enough
leﬁloéﬂgm thto Hewh@t ﬁnnmezzlhatramgenmdksrlgoesra@,@mf heat i ng

ana B 1NN e e uhor o o0 hro g RS RS Bilpghoven

el&9feal %’smt&rﬂ:@thﬁ% der@ocR 3B hehtingdoBen b RErre@Mb pessad between
rest is filled with ink 8013 that defines a _neniscus

th@@&ctrgd@e%%md $04lL e currenmt Bews Heeugheths ipgpsiverbramsn&06, so
r et a| nedchl n the chanber 8029 by the neniscus, and

thﬁxfl(l) DREeP 6% erally leak out in the absence of sone
ot hem, WBY®k @alice iantdstiBNEiged Wh $110801 3 thaf-dfined a rheniddus 803

undshtheceBueE o%%érzf!e%ﬁr?mégéiﬁ%ﬂ{ Errgééﬁggﬂ dh. e 059 by
th8 %ﬁg}lﬁ %957 and RSk & ?x%g‘ﬁye{égk odf ird g%%ﬁ %@Zorqé' ®tHeP phisical

Fesi St ance. causes amto expan di nensi ons
1nﬂﬁduﬂ€3|gn of the actuator beam 807 nean that the
mejority of the ex 0 horj zont al direct
s PAs lpatin g B Boliegnk grogy hergrlsy panar s pessed Bltween
th€ ?5‘1%&5@'86@ dnd 8041, ggsshrgott}u&ghttﬁ@aéﬁﬁbp&a%pgm SPhd &gf- l@éﬂtﬁng
e actuat or acent the lever arm 8018
of the ibage| 808 ctivego tltseremstgme caﬁh@ the|bgainte drpandz ohhadimensions

EXI | ve 806 t
ol ssted Toap AR TR o) CRD VR hE! IR, Sphaffh in o
hd?’f%ﬁtal tR¥ENArwith P@pedtetb fﬂigs\/ 8 di 5P| BBEBBPnsioh it b@nstramed to
attachnment points of the passive beans and _act uat

thi defirby dbpardhioy 80§, sootheread| Ghie aamoE ReuBS0T adigeen ﬁh@ lever
T B Lover, Bt to e
pi VOTha@ldditve horizontal inflexibility of the passive beams 806 prevents them
from allowing much horizontal movement the lever arm 8018. However, the
relative displacement of the attachment points of the passive beams and actuator
beam respectively to the lever arm causes a twisting movement that causes the lever
arm 8018 to move generally downwards. The movement is effectively a pivoting or
hinging motion. However, the absence of a true pivot point means that the rotation
is about a pivot region defined by bending of the passive beams 806.
The downward movement (and slight rotation) of the lever arm 8018 is
amplified by the distance of the nozzle wall 8033 from the passive beams 806. The
downward movement of the nozzle walls and roof causes a pressure increase within

the chamber 8029, causing the meniscus to bulge as shown in Fig. 9. It will be
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hi ngi ng noti on. However, the absence of a true pivot
poi nt neans that the rotation is about a pivot region
defi ned by bendi ng of the passive beans 806. The
downward novenent (and slight rotation) of the |ever
arm 8018 is anplified by the distance of the nozzle
wal | 8033 fromthe passive beans 806. The downward
novenent of the nozzle wallg and roof causes a
pressure increase within the chanber 8029, causing
the nmeniscus to bulge as shown in Fig. 9. It will be
n&éd\%ﬂ{h@ -seaclendiGt SCkhE Al mbAR tBeIfIhidGealtsdN$ indretdhet b9 this
neans the fluid seal 8011 is stretched by this
mn’oom Wﬂthwtt&hl@mngaﬂnkémqab Ouhk to | eak out. As shown in

Ct opearaafhin 1, PR AR PGkl Bog i ol St Rpglting

the @Bfub@E bsam B0? qaRRIy @old 41l @waua&s. The coiaetion asued the lever
conmence its return to the quiescent, position, which

arf tQ (foRRAGe dEs Eetune e RICRGENp rp@§1§9%laewlhwht He (WR5AYESS 2

reﬁlq‘ﬁt%n %qﬁ%ésﬂtte%h%@}f Ahod 200 MBRLGHTy b e LSRR of the
eren surface tensio and the negative

bylgiag Suik encagimberehy surfaee tangivar andihe engmtveqiresme aaosezll bey the

chanber 8029 t I ng, | tinmatel .
USHADIRALTIR e DUPgenG A D08 oA ity ltimately
ang}]ﬁﬁ% 1 804nt Ba 1rfgolﬂgﬁ1§‘éiﬁsto UBHARd &S 1nkLU}Bf[J 1802 that @S BRES upwards

t pri I medi ately after the drop 80
urd itawhests adpeesquimt 8@8ia or ns t he concave shape shown

in Fqg. f t th h
chanlsedigsly e e gt VLAY PePBRrLRTT e shiave

sHRFE BhowL el g Uneg elgack RERuahcaubi® thé bRksuB® Iiflthe ch&hbé‘t 8029 to
returns the nozzle arrangenent and the ink to

regpaire sd@itielys lavn antib inks heswhedunsuckedy upwardafbroveh th%z p@e‘bﬁom
t.h

which MR 002210 AL ARISTRA S8 Ml Qb et RIS B in

}ﬁglgure 18. -Once again, for clarity and ease of

descrlptlon the constructi on and operation of a
si ngfhBother, SYRS Ogrmawgféﬁemzzmeirawqme%esugé@& f%e@‘e

1n0<%iﬁl%ln%1ﬁrr{o‘fw g€ BB ibdP At irSfefincd tP PRAEEL1 §. BriBe Pt BirRiarity

ment actuat or
and ease of description, the construction and operation of a single nozzle

éent

arrangement 1001 will be described.

The nozzle arrangement 1001 is of a bubble forming heater element actuator
type which comprises a nozzle plate 1002 with a nozzle 1003 therein, the nozzle
having a nozzle rim 1004, and aperture 1005 extending through the nozzle plate.
The nozzle plate 1002 is plasma etched from a silicon nitride structure which is
deposited, by way of chemical vapour deposition (CVD), over a sacrificial material
which is subsequently etched. |

The nozzle arrangement includes, with respect to each nozzle 1003, side
walls 1006 on which the nozzle plate is supported, a chamber 1007 defined by the
walls and the nozzle plate 1002, a multi-layer substrate 1008 and an inlet passage

1009 extending through the multi-layer substrate to the far side (not shown) of the
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type which conprises a nozzle plate 1002 with a nozzle
1003 therein, the nozzle having a nozzle rim 1004,
and aperture 1005 extendi ng through the nozzle plate.
The nozzle plate 1002 is plasma etched froma silicon
nitride structure which is deposited, by way of

chem cal vapour deposition (CVD), over a sacrificial
material which is subsequesntly etched. The nozzle
arrangenent includes, with respect to each nozzle
1003, side walls 1006 on which the nozzle plate is

sUBHRRAR! elbopéd, eERRhed P dleARthi B RY¥uigRAded™®lthis tA16hamber

t he nozzle pl'ate 1002, a multi-layer substrate 1008

10{Hd senthahitke elrasende in1theofosser efdi Aesperdeduberm.heThe nozzle

arlreﬁléem_ﬁll%éﬁ?%ﬁg%t %)%Ctr(e) l%q tnllqe%thalgc:il\ splggm((g)ﬁé eﬁg&%&u@ which
isifeaiir byed BiBgtapAid Yodess. suspended MAthIn t he chanber
1007, so that the elenent is in the formof a

sus pBfiea dhe awrle THENGBASItEls My Pign dBIEM | JE0M8 b s @iy (not
AT QLG R TP LRI og) S e

derézacreg,e thenheatear elameste 10 1 (ks hedtdd ffoospmewhste reem ithan( fomicro

S G Bt SRSl by b R B
thQ@l‘ﬁE Qo) a%@ht ﬂd%bqs S tﬂ%ﬁﬂsle&ntée{ whRRWAt 16161% tﬁ@ém%er

mcro second, so that the heating is in the form of
100 esorthdt szhdnsthe element is/heited athisreauseattiadigenetrdion o @amd:luébles

inhE Phe Askiinal bisk 100 TEna PR e i

heat egb biBhlS 16EUDRGe boRraeMSaasdsQih @Ereu@pmrprsssbw ®ihin the
in the ink. Accordlngly, the ink 1011 constitutes a

chentbier 00D rwhialy in iteni eusephe sigshipe of g1 dropolfdé of the ink 1011

oS g AT PR 0
ejébt@f) sd @d & rafnitbe thedhahOd df a Hlvpanighirddiennozzl e 1003

The rim 1004 assists in dlrectln the aégm@% ? it
is Epetopwn thebtheee tsc)orrhf (RFiNPEzlE ertofy per inlet
108914 Qcharlihe &Ja&aew H%in Y IhaRter WR2HR
W%%%% and f%% per %%n pas%age 1009 |§ SO aHne
oft that el’eimempﬂé]s(s U{ll’lé foamingg eﬁar htldde WiG1B| doeheot leéfiettendjacent
DAy M
chambers and eir corresponding nozzles.

The increase in pressure within the chamber 1007 not only pushes ink 1011
out through the nozzle 1003, but also pushes some ink back through the inlet
passage 1009. However, the inlet passage 1009 is approximately 200 to 300
microns in length, and is only approximately 16 microns in diameter. Hence there is
a substantial viscous drag. As a result, the predominant effect of the pressure rise in
the chamber 1007 is to force ink out through the nozzle 1003 as an ejected drop
1016, rather than back through the inlet passage 1009.

As shown in Fig. 18, the ink drop 1016 is being ejected is shown during its

“necking phase” before the drop breaks off. At this stage, the bubble 1012 has
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of the elenent 1010 and form ng of a bubble 1012, does
not effect adjacent chanbers and their correspondi ng
nozzl es. The increase in pressure within the chanber
1007 not only pushes ink 1011 out through the nozzle
1003, but al so pushes some ink back through the inlet
passage 1009. However, the inlet passage 1009 is
approxi mately 200 to 300 myceons in length, and is
only approximately 16 microns in dianeter. Hence there
is a substantial viscous drag. As a result, the

al R8¢ edichRaNdis SlakRsim Qfzetah@ hRE BRA WeBurd toSEoliaPse io%rds the point
chanber 1007 is to force ink out through the nozzle

ofkotigpsad 04n ejected drop 1016, rather than back

thr sho i
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stage, the bubble 1012 has _  FI NOO4/6-SG 24 al ready
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t her\g,lggn %}}reecgr gg% ﬁare%%(g gﬁu?% vifd 10111 o ? s ardlc Q%Eea% g‘?%%:?egisby

hol di'ng € nomen

thé brrows D20 taedh@bibHIE 10 EcolRPpEdseoithe puifnf bﬁ télipsé 00 Hl. [Mowill
the drop to break _off. Wen the drop 1016 br? of f
becpiac thet arerass se Solid irkisgs Bfhs SiGiRfY B e dopy © Pﬁ@a se 1017

mfwﬂﬁgﬁfégﬁgmf%%?5W?¥@%f??§tl012 col | apses to the point

Yet another type of printhead nozzle arrangement suitable for the present
invention will now be described with reference to Figs. 19 — 21. This type typically
provides an ink delivery nozzle arrangement having a nozzle chamber containing
ink and a thermal bend actuator connected to a paddle positioned within the
chamber. The thermal actuator device is actuated so as to eject ink from the nozzle
chamber. The preferred embodiment includes a particular thermal bend actuator
which includes a series of tapered portions for providing conductive heating of a
conductive trace. The actuator is connected to the paddle via an arm received
through a slotted wall of the nozzle chamber. The actuator arm has a mating shape
so as to mate substantially with the surfaces of the slot in the nozzle chamber wall.

Turning initially to Figs. 19(a)-(c), there is provided schematic illustrations

of the basic operation of a nozzle arrangement of this embodiment. A nozzle
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be noted that there are no solid surfaces in the
vicinity of the point of collapse 1017 on which the
cavitation can have an effect. Yet another type of
print head nozzl e arrangenment suitable for the present
invention will now be described with reference to
Figs. 19 - 21. This type typically provides an ink
delivery nozzl e arrangenentyshaving a nozzl e chanber
containing ink and a thermal bend actuator connected
to a paddl e positioned within the chanber. The

cHaHfHePBbl %Cf)ﬂé@kféﬂ IR With ik §61 BRhREnS of a8 itloingdt@Bhnren k03
fromthe nozzle chanber. The preferred enbodi nent

whwbmauéag eichedr thranghes wefesrsibstrare ael vehieh sheorozzighehember 501

BB B SRS B) 15 L 0P

which uatisly mesiséoeed.ed to the paddle via an arm
recei ved throu?h a slotted wall of the nozzle

chantpeide theenerete, shamberr WWhds 2 Pagdle nigpe igyice 3@/ ahighy is
n o%nt?& ttc@éﬁ% %Lﬁ\l)r %? I?hlrotllgr} §L§[Jﬁﬁ%§e Qltc\ tori} qheS hgzlé thamber

e nozz e ni-ng |n|t|a
5019( Bhe {4atdatort SIS mclglepn dieateethesshe gaﬂ%loczhtbdl aﬁjlaefmt owmsn end

of, the basic operatiqn, .o nozzJ e arrangenent of
partipa O BRN P i%nizhe PO 30 i REGHERA8G 25 chamber 501
i's PM\S{% ded dFéirlseggg eﬁﬁf Qdfo?l‘frélq o IRAMEMBE:r S0, hoKlustrated

i nl et channe an be etched through a wafer
inskipst ¥(b}, sho heatkr mhanmﬁo%mzlzdaedcﬂwaamerurﬁ@go thegnal expimsion.

PEBFIS e Brgtme s eiRe piRT cefiont Bf #E Sisliichos ar
bliRSrdiRZRteriAb dabRE HAdoh Berdl PAREENGY t\Mﬂa@e diey bel efficiency is

which is interconnected to an actuator 508 through a
dedined a$:n the wal |l of the nozzle chanber 501. The

actuator 508 inclu at er 5
adj agspt HRiApy en nfI g:ast QZ?\‘}”%S ﬁ‘?‘%ﬁfqug’?{ ]?' the;;\n{z‘ t 2t 8] pansion)
510 15 fixed to a subst r at Bensitrer Specific diest r@apactsy
eject a drop fromthe nozzle chanber 501, as
illustrated in Fig. 19(b), the heater neans 509 is
heat/éduléabl%nmate@ahﬁm dhajesaten clementseis pgappesmickel alloy which can
at er ns 509 itself or the other
e bRl fEasdp bbEe AL HhisPRE | |

08 are built frommaterials

haviTig Ii?eahdr GhheaBe3d9 &f fdeglleReytcatdjaeerithbe Bedigortion of the post

efficiency is
510 such that the effects of activation are magnified at the paddle end 507 such that

small thermal expansions near the post 510 result in large movements of the paddle
end.

The heater means 509 and consequential paddle movement causes a general
increase in pressure around the ink meniscus 505 which expands, as illustrated in
Fig. 19(b), in a rapid manner. The heater current is pulsed and ink is ejected out of
the port 504 in addition to flowing in from the ink channel 503.

Subsequently, the paddle 507 is deactivated to again return to its quiescent
position. The deactivation causes a general reflow of the ink into the nozzle
chamber. The forward momentum of the ink outside the nozzle rim and the

corresponding backflow results in a general necking and breaking off of the drop
FINO04/6-SG



defined as: bend efficiency Young's Mdul us x
(Coefficient of thermal Expansion) = Density X
Specific Heat Capacity A suitable material for the
heater elenments is a copper nickel alloy which can be
formed so as to bend a glass material. The heater
means 509 is ideally | ocated adjacent the end portion
of the post 510 such that jhe effects of activation
are magni fied at the paddl e end 507 such that snal

t hermal expansi ons near the post 510 result in |arge

STPVEIENbDcAds B chg?ﬁq{ hedBNAThd REI1RE HlenlBaNS0PABuANth a

consequent | al P e novenent causes a general

gémecal saskang nf pkes®uhe nozzelimbse SPhkiartheinkdipw semnghidSh In

.expands, .as,il] ustrated.i Fg. .19(b).,..i . i.d . .
e e AR ahiptterY o it et Bt LR i B R® is again
reBLIRGE £ QletnRble dHABBRPLY subRdquentlpaetidyi fon theejtdtivnl elariother

fromthe ink channel 503. Subsequently, the paddl e 507

diop oféadst i vated to again return to its quiescent
posi t.i 08, ..Ih tjvation.
Phe. Flfkp i TehS AR A EF o Bl B, Pl o
ilﬁ%tr&t@ﬁsécﬁgr_la) wiegw ﬂﬁﬂéh&iﬂ@f@:(ﬁ nbiale anshdehent of Fig. 20. In these
correspondj ng bac owresults.in a eral Ki
figwrgs.sheBmnbyygrof edsmenepigyiopsly m}tm@&?g@?@ée% reighgl
whi .Cpir?[[gg ggﬁg&ué‘@{ 50 iildds "RFbof Hg@i(eﬁoichﬁﬁfr%its e.g. 515
meni Scu results in a general sucking of ink into
wlhhﬁ dongzise aﬁh@pheglamrﬁbm (ach@phos dilicon dibside)e’16GHBmed on
n tine, the nozzle c er,501.is refilled. h..t hat
tophef oliebitgh AAIE 57cr6 () ALCTYAER o SORPREAISHE ARRY Taver
(H%?&ﬁéfﬁer chREP hptchickebseaueatliize@aghch aillt Reveeh @i itiedbend
of ‘another drop of i'nk. Fig. 20 illustrates a side
e@?r&pﬁctive view of the nozzle arrangenent. Fig. 21
illustrates sectional view t.hrough :
ar v ange duerd g o his G bR, R s Shdive
héttinB efak &0 phice SheRRBA Snd RIS D Ythe NfdsodIoed Atscehe eitanium

retai ned.
nitride/glass portions 515 are interconnected at a block portion 519 which also

provides a mechanical structural support for the actuator 508.

The heater means 509 ideally includes a plurality of the tapered actuator unit
515 which are elongate and spaced apart such that, upon heating, the bending force
exhibited along the axis of the actuator 508 is maximized. Slots are defined between
adjacent tapered units 515 and allow for slight differential operation of each actuator
508 with respect to adjacent actuators 508.

The block portion 519 is interconnected to an arm 520. The arm 520 is in
turn connected to the paddle 507 inside the nozzle chamber 501 by means of a slot
e.g. 522 formed in the side of the nozzle chamber 501. Thé slot 522 is designed
generally to mate with the surfaces of the arm 520 so as to minimize opportunities
for the outflow of ink around the arm 520. The ink is held generally within the

nozzle chamber 501 via surface tension effects around the slot 522.
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Firstly, the actuator 508 includes a series of tapered
actuator units e.g. 515 which conprise an upper glass
portion (anorphous silicon dioxide) 516 formed on top
of atitaniumnitride layer 517. Alternatively a
copper nickel alloy layer (hereinafter called

cuproni ckel) can be utilized which will have a higher
bend efficiency. The titanjumnitride layer 517 is in
a tapered formand, as such, resistive heating takes
pl ace near an end portion of the post 510. Adjacent

titagyhem it N Hedikde/ 0] Remtd et 4r8NS2$ 1D céfidictive current is passed
i nterconnected at a bl ock portion '’519 whi ch al so

thpoughi He sitanivre ahiaide datler S17 wdthin the Wogppertion G 9 cpanecting to a

lo%lkfcefrJ %i\f[@? }}asy%? 59% gy?qczxg)gégrgesat rﬁ% e%ga%ﬁ Hggr%l %o\%ﬁopﬂ?&ltg for
thel gRt 8ragemsACTHe @padictiSel Qhrréﬁtafesultmﬁﬂhctwagl dfothe trhitgide

bendi ng force _exhibited along the axis of the .
lazier et asHacspBto; the Rast YH28kch msplts g gensatli ypsdrh bergdaghof the

[ . .

oA PSR BERRER ARl A0 b RihESog) E e arp i
prigisdhen t phge mcthauml manherdboasink{B prifiteeadprociougdp desooibed.
519 is |nteréonn cted to an arngS%p %ﬁe arm520 i s i.n
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carREbAMIMedMricidihg fif colb@dFh e@@an‘oer 501 via surface
tension effects around the slot 522. FlI NO04/6-SG 27

WienThe cprstigetion eff the pristhead systie dgsaiibgrcang proceed utilizing

star? agc}J yliﬂ}ylg );é :ﬂmﬁgg tﬁr?g@??l.ﬁﬁa%l .-IE;BH%QPO,{ Blethte &% 'ag Lt out in

USOGLlﬂi}?ﬂlm@ntlﬂe(ﬁ “Irh@pie Créavioh Majted Q%Amamh,lsp(IOVMd’éSto the
t he necessary power and.control circui t%ﬁ?for
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h eat 1 RG10bs E&ﬁ d] 'bterdﬁg?ecw!t&i/ Ha stéeﬂﬂb 3 Ehrﬁé?lt bl @heogr':egent

0 Which resul enera endi ng of
maerrﬁoﬁ(haa recerc dam&pa@ lpureﬁij}' bgj Jvmyt mﬁxrxanfplec, rdnd bt oddifingions of

detalf %rlla% e ?nadl:hv%t}%{q ?12 es(goger 8P the invention, which is defined by the

accompanying claims.
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printed on a page in the usual manner for an inkjet
printer as previously described. An array of nozzle
arrangenents can be forned so as to create a single
printhead. For exanple, in Fig. 21 there is
illustrated a partly sectioned various array Vview
whi ch conprises nmultiple ink ejection nozzle
arrangenents laid out in igterleaved lines so as to
forma printhead array. O course, different types of
arrays can be fornulated including full color arrays
CEAgMSIhe construction of the printhead system
—descri bed can proceed utilizing standard MEMS
techni ques through suitable nodification of the steps
as sgt N 3.entj " Creat |
1 Vet rocPhed sl ity of bl [PREE k CBobRR, e
prizitidaid Casémblly heorssridignt 5 peihthehd dhcladiag faiplutality of nozzles for
.incorporated by cross reference. It will, of course,
ejgsaing ipk deapite antorprint metiems the Riwslity Heprzzlss being formed on
. ti - . f.
o o e DA DL Pl R Raft PR Y 1k
ejeutivhi surfabg the apezzlef gtdré Hamingnticngespdridoty plirady i afechabyels

t he acconmpanyin l.ai ns. F] NQOQ4/.6- SG 28 IMS 1. A
G TR D e CORHETY, Def e PBID Regnoaats: Hhepopeded Tnk
drbplKts WRPEbSeh tiBecthle] (Hahisad [Gosa Y pARMReH Bk GvheRein the

printhead including a plurality of nozzles for

chejreds hang hyvdcophobpd sitewaist whizhpare madiatisd flared witle respect to the
. plurality.of zzl es being formed on an ink ejection
IHEEV?%%%Q%?w?ﬂggfﬁ¥ﬁ®ﬁ%§d; and a nozzle guard
positioned over the ink ejection surface, the nozzle
guard having a correspondi ng plurality of channels

2.t Fer erintheadressantidy cofaplain sl.bwhergim|they sbenngls Arer pebstantially
pa&%%ﬁt%fm%&ggﬁhgﬁt ejected ink droplets pass through

respective channels towards the print medium wherein
the channel s have hydrophobic sidewalls which are
ared with respect to.the ink ejection

radially f n
3. shiter H’E’ét%éff‘l erembly of ridaie To Whergin pﬁththi‘é’é‘bé_l FOLYWISES 2ofirst
pogtgc?fa%?g%immg BRI AREhE aNeBoRPSHiaR bk RhdiMg away from

IC I n cross-section. ) ]
its respective nozzle, wherein the first portion is broader in cross-section than the

second portion.

4. The printhead assembly of claim 3, wherein the first and second channel portions

are substantially coaxial.

5. The printhead assembly of claim 1, wherein the nozzle guard is formed from a

hydrophobic material.

6. The printhead assembly of claim 1, wherein the nozzle guard is formed from a

polymeric material.
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3. The printhead assenbly of claim1, wherein each
channel conprises a first portion proximal to its
respective nozzle and a second portion extendi ng away
from its respective nozzle, wherein the first portion
IS broader in cross-section than the second portion.
4. The printhead assenbly of claim 3, wherein the
first and second channel poygicons are substantially
coaxial. 5. The printhead assenbly of claim1l, wherein
the nozzle guard is formed froma hydrophobic

7mghé€ priathead assEhfdIPlof Ridi@at, #heeimbiie ffzzk) ghaid Is formed from
wherein the nozzle guard is formed froma polyneric

phadowspistal . FI NOO4/ 6-SG 29 7. The printhead assenbly of
claim1, wherein the nozzle guard is formed from
phot oresi st. 8. The printhead assenbly of claim7,

8 \Wies plimhedieappbabBr €5¢laim 175 whbtetritiedplnatesst is (&Y dosddeshd/or
9. The printhead assenbly of claim1, wherein the

hgydbaked- guard is formed from silicon and the sidewalls
have a hydrophobic coating. 10. The printhead assenbly
of claim1l, wherein each channel has a length in the

9.r Ahg erinthedd assenibP ofncldir. 1, TWwherpini thiehmedleagsedriid Yorofed from

Lclaimil erein the printhead is a pagew dth inkjet
Slg?‘?‘h‘ir’rﬁletgﬁl\.sl\ﬁi‘ﬁgﬁ%ﬁé(e698’?‘4{9?&186"358%%I y of claim i1,
wherein the printhead has a nozzle density sufficient

to print at up to 1600 dpi. 13. A printer conprising
19. {Eheppriinthérdagsserablynd glaiof 1c Whierein eachrehapoal) Bassclength in the

range of 10 to 200 pm.

11. The printhead assembly of claim 1, wherein the printhead is a pagewidth inkjet
printhead.

12. The printhead assembly of claim 1, wherein the printhead has a nozzle density

sufficient to print at up to 1600 dpi.

13. A printer comprising the printhead assembly of claim 1.
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