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0%?@'%?171 09/ 575161 Background of the Invention Many

erent types of printing have been invented, a
| ar ge nunmber of which are presently in use.

The known

~fornms of print have a variety of methods for marking

the print nedia wth a rel evant marking nedia.

B&RY 'Lmh%f'&feeﬂvérﬁfoﬂs of printing include offset
printing, taser printing and copyi ng devi ces, dot

mat rVanyt differentypest ofprintih@hsie tetreinwadted) apape purmbdrexdf svhich are

fil

presenily rgflgsgraﬂ.gg fc?]%m} ! hgng—rnr maﬁ lpf ﬁ*&alélhg\rfel Q Efa?r{e%j otd r%{gthg&ébfjorl ggr ] ?gnthe print

media with a relevant marking media. Commonly used forms of printing include offset

printing, laser printing and copying devices, dot matrix type impact printers, thermal paper

printers, film recorders, thermal wax printers, dye sublimation printers and ink jet printers

both of the drop on demand and continuous flow type. Each type of printer has its own

advantages and problems when considering cost, speed, quality, reliability, simplicity of

construction and operation etc.

In recent years, the field of ink jet printing, wherein each individual pixel of ink is

derived from one or more ink nozzles has become increasingly popular primarily due to its

inexpensive and versatile nature.

Many different techniques on ink jet printing have been invented. For a survey of the

field, reference is made to an article by J Moore, “Non-Impact Printing: Introduction and
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both of the drop on demand and continuous flow type.

Each type of printer has its own advantages and
w@e@bl1e3581 when consi dering cost, speed, qualitBCT/AU2006/000211

reliability, sinplicity of construction and operation

etc. In recent years, the fiefd of ink jet printing,
Higitasical Perspsetive’” nditpiridideat Gopy leviots, BEditoisR Qubdck eud 5 Shenr, pages

r e ink nozzl es has becone increasingly
zﬁ'g%ﬁ%egg@)i marily due to its inexpensive and versatile
nat Umg Jedinyersihbingdl edatcohRGR Hakty €Ffedht typks. | TiRtutilibzhtivnl oTQ

have been invented. For a survey of the field, .
cquginpgussearn of il die ik detaminging prrcarsiy date bkt at least 1929 wherein US

eI TR B i D QM 88 005G ot
jebpiettlg. and S Sherr, pages 207 - 220 (1988). Inlc Jet
printers the | ves cone in many different types. The . .
ut | WS&’@?@W@% BoRtrH a0 disghopesAraAraess gl Gortippaus F&J_@‘f printing
. , . . it
R ROARRBAER Ok Sl optgh SRt LBkt
fi¢ldsomoto causetdropisparation. ¢ Bt eckhwqneis stilhtiilized b s¢weral manufacturers

. nti.ng. .US, Pai ent 359 b o.discl oses a
inBfetdhie ot SGR e R0 U Rt N S T n B9 s GaRie e

St eppishRIRH T ihiORt prtiters At S0 @RToins of RIS Stiled 3nkjeBfinting
frequency el ectro-static field so as to_cause drog

desigea Pigzpelactric pystemscsh diselogediby Kaser ¢t. altin Ui RaerdNo. 3946398 (1970)

. : | ) : L i .

A1l P PERSAS IS} 18 U B OIS0 4 3990) whin

diktlese alsguderd RoddWs gpetatiph b piegockicticadrgal OBtemh@rin TS Patent No.
comonly utilized ink jet for,inting devi ce. L.

37430 @%@ké ploses & bersmagecotpiererlgeEg opsratkgps Blowkins iy JS Patent No.
. £ 0 Y | icl; ischbeck i
M e e e R = R

USGIS82399 Wiy dijclodes e sheir swile typs ofpsresbeni: trmdducef element.

operatio f a piezoel.ectric. crystal, Stepme | S .

Pt chtceRE: Taepralin < pymo e LET B SBERY HPBE: bpm ofnkje
plﬁ&htfhg.o §he Gkl jbCorRIARE BlchMfuestibMddBodeliddRsE@bEBhddN al in GB 2007162

4459601 di scloses a piezoel ectric push node actuation

(1879 and Vaueht e ol in {1 elatent H491728 c Botrtke pforavsemisgebglerences disclosed

- wWhi.ch dj sclose hear e type o i ezoel ect i .

i a8 PR G Fet MR sl Rt B S RBB pfppeqpticn

rebdl® ih @raiEation o£X biihieiny deagtit@d spaee uth ad aikozzR] which thereby
printing. The_ ink jet printing technjques, include

caupessBe eiPetioned &k fym en deereire eannpriedds theerpdiged gpagyeuy a relevant
pl‘gr?%e\‘j?&? Pnei % g@slicé rﬁtﬂijﬁng g{e‘(}q@cﬁ%ﬂﬁ%l actBRb:hrd Bbnufactured by

orenenti ondd referenc I scl os nk jet printing
mbaedhetingrsessich iatanoelayd Hpotett Peekadt | vati on of an

el ecfrothermal ,actuator which results in the creatjon .
of A BB SOrH S o SFsee e AL LT ybRp Cfriatig Fsplogics ar
aviilhiolB. 1R8N B¥printing technology should have a number of desirable attributes. These

include inexpensive construction and operation, high speed operation, safe and continuous

long term operation etc. Each technology may have its own advantages and disadvantages in
the areas of cost, speed, quality, reliability, power usage, simplicity of construction operation,
durability and consumables.

A common problem with inkjet printers is that an unavoidable number 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



10

15

20

25

30

causes the ejection of ink froman aperture connected
to the confined space onto a rel evant print nedia.
w@r00at1035g1 devi ces utili zing the el ectro-ther maPCT/AU2006/000211
actuator are manufactured by manufacturers such as
Canon and Hewl ett Packard. As5can be seen fromthe
inft@rded aiajegtoryrafian thkfdiepletris perppabcuwér tpranmk gjgetion surface of the

t.echno ies are avaj.l abl.e.. | deall rintin

PG F Oy S e TS i grop ety By REpPbal Pskewed angle ora
' These incl ude inexpensive construction and

vadiy bPihSohs.

operation, high speed operation, safe and continuous

| ongltt somm eages; atisdrecteddnk droplets manhhok srpplt winalfavacd pagzles or

0 advant ages and _di.sadvant . in t,
i dpenbsrye RO F R AR Tk brdciS M B ool
nfdieRs ﬁxﬂ@&bgm WilEbedykRMatid andBiderdlly wadoidabisunabl es.

A conmon problemw th inkjet pripters is that an

unav &1 kBBl easefy nﬁ@&reeﬁeaiiﬁkdr@?@ﬁq X@%lgbeéf@gﬁlé@érfdrm@égﬁple. These
RS R, 1 SERGRE S p e il glFat ik

flbodihg atropytht cuEi@ofahqprintheaddiwean adfgentinpzzles, or variations in ink
theintended, trajectory of an i.nk oplet is . g
S BTG r BF GFTSF Hh BT B L IPRL G Eetppgmber of misdirects
aﬁ& Lt pead reshﬁ‘fﬁﬂ@izles%ﬁ&nfﬂlg%@d do88 Lo HeRdmEHRRLRW iTBE art as
e ejected at a skewed angle for a variety of reasons.
“davag’bre cases, misdirected ink droplets may be a

result. af |.formed nozzles or ,nozzl e. enk ngs .. '

he Misrardatink SRe B Ay Sl et apiRe g Bt 9
Mib@ErdBteddhk afdpesls teaiflt o RBL&ISpriti hhalltg 26§ Séeda b enifingized as far as
general |y unavoi dable. In other cases, msdirected ink

passape-Skhsy\arg ¢sppeially proglamatic am the ngh-srpecd inkgetorintgpdeveloped by
[ [ . of . e ' i.alel

ST ApPGET LR, pdinl RRELELES LA 0 0
pagssipRe pimite ttheeffedtnofrandirbes aveemgaifjadacentpardzzittesaditional inkjet

variations in ink viscosity. Typically, an increase in
PFlm@rS/i scosity will lead to a greater nunber of .

m sd 'Acg ﬁﬂd@a ﬁﬂtﬁﬂe?%ﬁﬁie)fsﬁ@ssé& hoinfhIRQAiénas aD&Ia e Bhises of

cl ogged- a enonmenon known in the art as "decap".
niibditkictse Thesd ngakurds oply éndude; forcixempley loyy meheheiniing takerances t

t.he .i nkj rjnti art. di rected ink droplet.s P
igeipt Seffore Saled ot s ey S HaRtimplsgls Siich minimize ink
BoBing] BRe@gir FRk /SoRUSSHilBead O SYnige BSREE) &f dust particles, and

problfematic in the high-speed inkjet printers
fie verhpgyaigraspnimbinghe sezalesAp minzpe varighions Brink teppprepreand,

a_novin rint nmedium at speeds of up to 60 pages per
hﬁ?cﬁﬂ%%(,\%cﬁéﬁ%ffects of msdirects arg magni f!oeg P
conpd@ekvel, tall df tiadé hicanaés digiifiedntlyradd te menufacturing costs and do not

necessarily prevent misdirects. Even when such measures are implemented, some
misdirects are inevitable and can still result in unacceptably low print quality.

Tt 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
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Accordi ngly, a nunber of neasures are nornally taken
to avoid the causes of m sdirects. These neasures nay
w0 p@baassl f or exanpl e, | ow manuf acturing tol er BOAE2106/000211
m nimze mal formed nozzles, printhead designs and
surface materials which nininbze ink flooding,
filt A&@cﬁdmifgry, i #firsaaspeststhédeds provitel egdinthwadissembiesuitable for
build up of dust partjcles, and fiqe tenperature
resgneting ciegted ik drRpisth.dae panthead 43Pl SPIRIFBES in i nk
tenp i i ' ' i bple@ldntdd print
t hoog PAoER BBfuaRl Ay b\ A SO R et IRt @Opol dnit p
nedRing tenslurhlitinof nozeles bsiag iformedromasrink ejestiin wefage ofihe printhead;
when such neasures are inplenented, sonme misdirects
e inevitable and can still result in unacceptably

| ow Qﬁbﬁ e B4Rl bb¥itiondd WeHi iR cjdasdn subfae, e A2l diardhaving a
pri nthead assenbly, which gives inproved print

comiesponding pluralisy bfickannels drergibrogel,ithaphasnels bgingpligeedywith the

rinth ssenbl ich re f ' ;
i choeh el aces dri e AR e BERA! tofards the prin
nfdaaphets. It would still further be desirable to

provide a printhead assenbly, which gives robust
pr ot @&lere@hﬂ@ﬁhﬁ@ﬁﬂ@@thm‘@?g?té%sﬁﬁ)w on the surface
of the printhead. Summary of the InventionAccordingly,
in a first aspect there is provided a printhead )
assefih yecoudl hafrlcs theve isrpeovidets hoaplegued & a miathead, said nozzle

droplets, the printhead assenbly co i Sing. _a .
gprdderegd nlﬁr@llg/oquvéa@egﬁ tﬁ?f&ﬁw‘g&\f‘o Fa d‘i‘_ﬂﬁ’%% Sofsponding to a
r%p@&we%zﬂg on PORERES IR, A bEY ikedbpidts djdteed from each nozzle

pfurality of nozzles being formed on an ink ejection
pasirtheomeh dfeit tespeptivetunnel towands & phisymedivgy avhgrein the channels have

&z)ipgi aned over the ink ejection surface, the nozzle
hg WL FHIY2E cor respondi ng plurality of channels
t her et hr ough, the channels being aligned with the

nozzl es such that ejected ink droplets, pass throu

r espéueithied aspastnthere is prayidps Etfﬁéthﬁi? Pﬁe]%edﬁsﬁmgrﬁ‘l e‘i)iﬁﬁﬂ%gidﬁoplets from
t he .channel s v ' idewal ls. In a second
aé%ﬁ@@?aﬂﬁﬁgang§§%£%§ﬁ%£g9§k§%§§Ie guard for a

pri nthegdvidaal Hprokeddeasguaiyg chrapiisigg:a pl ural ity of
channel s therethrou

h,. h I di.ng .t
respective mglglzqag 1 uq%gggrqr%lftﬁgggog@%r O](‘e %E?t?ng! 0 ggoo ,le%s onto a
ﬂtrﬁxlf nfERR %ec‘]talﬁia‘ﬁ% JZZRIVLERE FortRAZneanAiaR 8jebhid0OsiGiuce of the

el'r respective channel towards a print nedi um
peinghicadaridne channel s have hydrophobi ¢ si dewal | s.

anozzle 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.

Hitherto, and as discussed above, the problem of misdirects was addressed by

various measures which minimize the number of misdirected ink droplets being ejected
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In a third aspect, there is provided a nethod of
redirecting ejected ink droplets froma printhead, the
worea0aaoss8onpri sing the steps of: (a) providi ngP@I/AU2006/000211
print head assenbly conprising. a printhead including a
plurality of nozzles for ejecﬂlng ink droplets onto a
frpmi each netle iy theh:equnmadmttoyl, thiererie privédedgemneans oyrwikch misdirected

e n_su ce of d: and a nozzle
ol S B R0l oS Ao R P kBR800 face. [ he
NOZz \ehghtRf Bf Rehele EiatdsooF nRfcd prifefithatt BEEH progosell in the inkjet
channel s t herethrough, the channels being aligned with

pii g sz Pricthese haye bpen soéq B &erdhe pwpOsH freieatingHisk nozzles. Nozzle
gl%#%ﬁo\%gl)lah Harioh tdhéﬁ‘aoﬁélgﬁe[%%l rﬁ?a{n%?a{) 81{%#??% g&;@}ec@%& bt been

€] ect| rng in z
px\&hmuﬁbfmohcteevadhannel s have hydr ophobi ¢ sidewal | s, such

t hat sdirected . i nk_dropl ets rebound off the
si dehBs PEselh dnvetien Telies Plhﬂm@ﬂfwrtﬂ fraFRon hakmiggoscopic

dlioEIe?:tsm . ggﬁgr‘{(]?gll}‘ﬁavug 2 htsﬁrfa&'@le WIS SEsks %Q@éé%s, especially

ts was addressed by vari ou
hyrrashobassunfacesh Deperiding en theenglerotf anc1dﬂncmthctjdnopblt&emll fiykically

dropl ets bei ng .e ectedf n1each n I,n resent
TR PLIID AN PTG am B g1t Byielaga b 158 fibbent
ABbSehnt, @ﬁﬁ@@lxtmﬁﬂfvédsﬁ@dab@alﬁi SanlaB6nd, gt B8E l%ihoﬁi&h@n Bar Y ®ed to

avourabl e trajectory. A nunber of nozzl e guards for

miiiRyizerthp ppmber of migdieerediningrivlietminting. With suiiRblefiydrophobic
h
sﬁédveﬁ S o@lgthgﬁézrz(l)% g%atra ﬁﬁﬁe{%%%dﬁ?&gd ﬁ%oz Z}?le{s%gm EQ fedi V\ﬁglctg% onto a

pur pose o nozz uards

tafgﬂﬂphnmm@ghrébdmain@ofme@ sidkanglsf or redirecting
m sdi_rects have not been E evi ousl concelved The

pr eseRtionalleteicannet pidewalliare pebsiparip lxawd@ﬁéﬁ&ﬁébf‘dﬁk ejection
s&rf’a@% ofie é)?ﬁﬁ%@ﬂ G leQErggfeSth% P%ms EserQy Qé-gus%ﬁblﬁkgcﬁ kgl An

surface energy w nce o aces espe0|a
adwadtagp hHthicarsangbmentss tHae ﬁ@mdiam@lamre r¢latiahy k1mpdﬁ to manufacture

and ORpor e Fetch rafial SAHBL PRI SRR bl Gection

sRe RrRRamBPN, hBhMiRESRAy PPRIDsGARAIlY HrBpIR%A 8RSE-Y&tion. An
studi es and simulations, that this phenomenon can be

adisatnes of fvrAngemeNds Hubthrousretye s6heabamicl sidpyvalls redirects
re'bnm{lcﬁ 2 if dr%t iett] n.a qlrecﬁaﬁ Inte sPangaﬁ]}ygér?Prpﬁg%a(}l 3 'ﬂ%e\ﬁ'ﬁ ple%?on

e hozzFe guar :
sifigebe redirected onto a target print zone by

reboundi ng of f these sidewalls, Optionally, the
chanRefiorallyecaeh chanel camprses Al Hoyﬂwrﬁ&%ql dultapespestive nozzle

atdsdeBd ﬁdn‘ﬁﬁﬁ 'e%ndmg away from its respective nozzle, wherein the first portion is
broader in cross-section than the second portion. Optionally, the first and second portions
of each channel are coaxial. This arrangement provides a capping structure over each
nozzle.

Optionally, the entire nozzle guard is formed from a hydrophobic material, such as
a polymer. Typically, the nozzle guard is formed from photoresist, which has been UV
cured and/or hardbaked. An advantage of the nozzle guard being formed from photoresist
is that it can be formed by coating a layer of photoresist onto the fabricated printhead, and
defining the channels through the nozzle guard by standard exposure and development

steps.
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surface of the printhead. For exanple, the channels
may be sustantially cylindrical. An advantage of this

wa@eeangssent i s that the channels are rel ati veP@T/aiumqbe00211

to manufacture. Optionally, the channels are radially
flared with the respect to the8ink ejection surface.

For GXWIEA, tHelthahARRleS 188h REhS whledThbalt! 19 to 200 microns,
|1 C

par abo i'n cross-section. An advantage of this
whichiggaerally corsesponds to Hee aighy of theaostlegharde hannel
sidewal I s redirects rebounded ink droplets in a
di rection substantially perpendicular to the ink
ej ection surface. Optionally, each channel conprises a
first portion proximal to its respective nozzle and. a.
Qutiondly plhe chymebsidewllsge abatpntialbppsrpeandiqdasde theigk ejection surface
SeEghenmsderein the first portion is broader in
cross-section than the second portion. Optionally, the
first and second portions of each channel are coaxial.
hj.s arrangenen rovi des cappi.ng structure over
éﬁ#&?flaﬂéfz%e gﬁaragisl %?1 Sygsfantig Cyzlﬁ‘ﬁle ‘nozzl e guard is
formed froma hydrophobic material, such as a pol yner
Typically, the nozzle.?uard is formed from
Phoemnllzsthe changielsaiie redéallydtaned with nespectamthiednk Rigeidiraguetice of the
Q@ﬁ g%antage of the nozzle guard being fornmed from
otoreésist is that it can be formed by coating a
| ayer of photoresist onto the fabricated printhead,

and defining the channel s through the nozzle guard by
Qpaensdly dthe ﬁg@@ﬁb@f%\ﬁwsﬁlﬁvﬂﬂmﬁhcéﬂ EfPSS-TGhioBal |y, the
channel s have a length in the range of about 10 to 200

m crons, which generally corresponds to the hei ght of
Optomatly z¢aeh ghamd] capprisen alfiryt pottive mrbeinméto B4 wepwtivsnozzie and a

are substant al.l erpendicular .to the ink ejection . .
%EﬁP‘F‘gE‘&ﬂB’P e’ftﬁ%élaé? eh fgraal. HI5EReG IS D%, RECEA RIS hertion is
&%Q&&%ﬁkﬁ@&é&x@ﬁthQBé&ﬁbmﬂﬁ&ﬁbﬁﬂ3||y, the channel s
are radially flared with respect to the ink ejection
surface of the printhead. Optionally, the channels are
ubst ant i al.l rabolic in cross-section.. ptiaonallly,
QOB R ! B oD chepod) PSR R Rl by V1 s
respective nozzle and a second portion extendi ng away
fromits respective nozzle, wherein the first portion
Optionadiydibe npezle perd isenpd Frommiydrerhobiccpaigriplor t i on.
Optionally, the first and second channel portions are

substantial |y coaxi al .
Optionally, the nozzle guard is formed from a polymeric material.

Optionally, the nozzle guard is formed from photoresist.

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

coating.

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

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

Optionally, the printhead is a pagewidth inkjet printhead.
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Optionally, the nozzle guard is fornmed froma
hydr ophobic nmaterial. Optionally, the nozzle guard is

wo evoarossBr om a pol ynmeric material. Optionally, P€au2006/000211

nozzle guard is formed from photoresist. Optionally,

the nozzle guard is fornmed frofhsilicon and the

sidewal I s have a hydrophobic coating. Optionally, the
hotoresi st is UV cured and/or hardbaked. Optionally, .

éﬁ‘é‘?ﬁaélﬁa‘ihﬁ erintagad bas aghgele densibhuiFeipgido arint @ updo éé@g fih

Optionally, the printhead is a pagew dth inkj et

printhead. Optionally, the printhead has a nozzle

Optirially, thethamielrire tubstantialty @tlindrcdlo 1600 dpi .

Optionally, the channels are substantially

cylindrical. Optionally, the channels are radially

0) ﬁ’&%ﬂy t'h@ @haﬁm@ﬂza%é Fadféﬂ? PP &S aq{bzﬁﬂe%ﬁa kAPar@O5h ejection end.
tional ly, the channel’s are substantially parab of

in cross section. Optionally, each channel conprises a
I kSt -portion ai a nozzl nd second portlon

OhEaI syt B AR Sl ilg o SREPErkBhe 111 st
portion is broader in cross-section than the second
ortion. tionally, the first and second channel )
plienafiiiseagh ehapmskecapnrisss p firs paxionl at 2oprile ard #ud 2 sqgendportion

v, ggdﬁ r

%’@%@%@% A %naﬁlgefﬁ(lz?leg%g \%h&‘g n]CtHe FPst ?%%8@8,?125 E{o%@ér 1 Gross- -section

thawz theesegnndrpdritdri.ch is for msd from a polyneric

material. Optionally, there is provided a nozzle guard
which is fornmed from photoresist. Optionally, there is

K e R e G S

guard mhlch is fornmed fron1S|I|con wherein the

SHARDH 235 PROE RS Bton Rl hOBa 86 i

Cptlonally, there is provided a nozzle guard which is
suitable for a pagew dth inkjet printhead. Optionally,
@h@r@llysthmeas/p@@ ed amezzle gugdavldclm formedsfremiat podyreericomaterial.
a printhead having a nozzle density sufficient to

print at up to 1600 dpi.Optionally, the ejected ink
COptigplally sthtrevepuidet aingptle gusitladdcie tdogyed Romehotonehinf f

the channel sidewalls intact. Optionally, m sdirected

ink droplets are redirected towards a nore favourabl e

OpRRAY Ah¥redd hRVide8 AHPHEL B hit DR BVRORR and)od R¥RLAIS.

Optionally, there is provided a nozzle guard which is formed from silicon, wherein the

sidewalls have a hydrophobic coating.
Optionally, each channel has a length in the range of 10 to 200 um.

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.
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Optionally, the channel sidewalls are substantially
perpendi cular to the ink ejection surface ofthe

w@eioaiibssad. Optional ly, the channel s are substeer/Aakdog/000211

cylindrical. Optionally, the channels are radially
flared with respect to the inkl(ejection surface of the
@pﬁmdm?gme efdetddaniatitoplets e GRETVRD: Surfice ehshd§ t@fdbbahd ¥ff the
parabolic in cross-section. Optionally, rebounded ink
chespelsidewalp 8e9ta traj ect ory substantially
per pendi cular to the ink ejection surface. Optionally,
each channel conprises a first portion proximal to its
Optiqentlly] mésdirectzd enkadraplatssecediteqied towandsexieredhngirabla yrajectory
fromits res tive nozzle, wherein the first portion
T pehoxgdingio 1§F6§§u§%%@@ﬁﬂhthan the second portion
Optionally, the first and second channel portions are
substantially coaxial. Optionally, the nozzle guard is
Optioradlyf the whannel/ sidopdlbbire substaatialyl perptdiataltd the itk ejection surface
ﬁzleigua dis formed froma polyneric material .
‘% f BHY F?{' the nozzle guard is formed from
photoresist. Optionally, the photoresist is UV cured
and/ or hardbaked. Optionally, the nozzle guard is
@bmwﬂmhenh@nelsmsw@nuﬂé eyilindvieall s have a
hydr ophobi ¢ coating. Optionally, each channel has a
length in the range of 10 to 200 microns. Optionally,
Opigorfailythb ehghnies age RAGRW fhirdd Witk k&bedqitd tHehifladjection surface of the
Optjonally, the printhead has a nozzle density
mipthsadi ent to print i mages at up to 1600 dpi. Bri ef
Description of the Drawi ngs The invention will now be
described wth reference to the follow ng drawi ngs, in
Uptiatally, the ghammels arssubswotidiypparabodiedh crnskecsiode vi ew of
part of a printhead assenbly according to a first
enbodi ment; Figure 2 is schematic sectional side view
Optidally, Rbowhdel idl NSpR A AEWRI hhi ARG sEhsdehtially PerpERABHar to the
enbodi ment; Figure 3 is schematic sectional Side view
ik ejegtien sirfagepri nt head assenbly according to a third
enbodi nent ;

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.

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.
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Fi gures 4A-D show the printhead assenbly shown in
Figure 3 at various stages of fabrication; Figure 5 is

wa@elve/reiSBL secti onal side view of part of a prpeit/AB2096/000211

assenbly according to a fourth enbodi nent; Figure 6
shows the trajectory of an ejkkted ink dropl et through _
Optienalyatiralozslb guardiinfdFingd fieni siliforandethd sishwalds have a hydrophobic
trajectory of an ejected ink droplet through the
c¥@Bnel shown in Figure 2. Fig. 8 shows a vertica

sectional view of a single nozzle for ejecting ink,

for use with the invention, in a quiescent state; Fig.
Optishailys eachwhpimat hbs 3 kogihdn she rangaof0 oRO0mEIANS. of

Fig. 8 during an initial actuation phase; Fig. 10

shows a vertical sectional view of the nozzle of Fig.
PtibRLIRS, tHiepriniRaasd ApddedndRage: prititgsadll shows a

perspéctive partial vertical sectional view of the

nozzle of Fig. 8, at the actuation state shown in Fig.

» Fig, .12 sho ' j N i
ol gic e s RERPRCHANS VAL RIpE ThAdE 8l 1600 dpi
vertical sectional view of the of the nozzle of Fig.
BRF Debd@iptibft of HRVBradimer spective partial vertica
sectional view of the nozz|le of Fig. 8, at t&g . . .
act udie arvestien wilk Aewbeidgsaribgd woth rF’lgeﬁ‘?nC%O g doiowige 4rpwings, in
V~é,‘ijcv,\{ of the nozzle of Figure 8; Fig. 16 shows a pl an

rew of the nozzle of Figure 8 with the |ever arm and

nov aliigure 024 schesiativ eebtiboal stdeaview pf p#it gf a piinthbadessembly
perspective vertical sectional view of a part of a
ageqriing dad festiepbodinbor at i ng a plurality of the nozzle

arra Bt S s REmbAE sdc¥iBRal SR WHew Bf parflof Bprifthéad élsgemblz according

shows schemati c cross-sectional view through an in
tc haedoad eofbodinsintigl e nozzle for injecting ink of a

bubbl e f i heat el t .act uat ' .
tg 1 @g\gg ré\r)?f ?q%gmg g?ﬂ{:cnggégg S Vé%\ilo%l g?,rl? ég% éﬁlgt%leegdf zgsgemﬂi%%ccordmg
tgggﬁp@ém’g&ﬁﬂheﬁ@t uator; Fig. 20 shows a three

i mensi onal view of a single ink jet nozzle )
ar r arfdgurentA-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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constructed in accordance wwth Fig. 19; Fig. 2 1 shows
an array of the nozzle arrangenents shown in Figure
wQ@goeMetsai | ed Description of Specific Enbodi meEPCHATL006/000211
the I nvention PrintheadAssenbly Referring to Figure 1,
there is shown part of a printhead assenbly 1 o
acCoFfl. 1y showa 4 ipespetivbortirtiehtsectidie of thenbezle of Fig. 8, with ink
assenbly 1 conprises a printhead 2 and a nozzl e guard
omitfesk med over an ink ejection surface 4 of the
prin [ | ) i3
P g e B R e i ch
i s aFigyhédhows hperspertivt padiabvertiead spetionglhaaw of thempsgle of Fig. 8, at
nozzle 6 on the printhead has a respective channel 5
ﬂﬁ?%"rﬁ‘@"ﬂé@?%‘"&ﬂd’?@%?’ al t hough for conveni ence only

one maz3kenraRea pRANIRL of e $00MB of Righteg8ire 1. The
nozzl e guard 3 is forned from hydrophobi ¢_phot oresi st

and, Figei6showa planciésw of thenogzle of Bigspath math the lgver gsgd movable

hydr ophohi,¢.  The hydrophobic surfaces of the sidewalls
n ¥Z§? fengﬁflg?rocg%@& ets of ink to rebound off them

duri g, p7ishbive G pdiiectioz Fbricglusectioml iview alfiral part efl alpringhead chip
_depositing a |ayer of photoresi st gﬁto the ink . .
ingoerRarating spipralieoiiths Reze pransqEcrls A tha Pg shoyvn indig )

5) t URIDG I 8% WirBudeh ink chamber of a sing]

deve:ﬁo%%%wggﬁm queg.%}(%??g{tg%l%t [ onu%F t 1he chaniber of & STg
nohde fielisjectitzeinp o6 bublsle Strmisg hiaten olenend actubter Bipaked t o

i d b tecti) Z| 3 t .
Phk e To o 150 eBog v britang ot fiaRintes eaBirpiah fond sotuator;
Fi guigs 20 shBKE § thiSe SMAMBIORAN Fiewlof 8 sitigldThk §athoass afigement

10 according to a second enbodi ment. The printhead
casgmetedyin accordanee vdddig 1% i nt head 12 and a nozzle

guard..13.f ormed over in ' ' .he
prin?W%nggﬁgsgﬂgﬂﬁyPn Pﬁ%?§5§?&¥ﬁ§m§§§§ﬁg%%ﬁé?gg%%
has a cylindrical channel 15 forned therethrough,
which is aligned w zle 16 on the printhead 12.
peiailedd des el plionEOIQYPOLS 1 ORE VeI act | ve
channel 15 in the nozzle guard 13, although for
conveni.ence only one nozzle and channel is shown in

Hritlecr] Asertble channel 15 is substantially parabolic in

Cross-section,, bei radially fl ared it extend .
avay ReRPLR Figwe gjgdé%rf il%%“’?%’rﬂaﬁtcfa]ml ca ﬁ&seB}%?%? pesopding to a
& hodRR&E! ?hégfa&%t eakiBisksmBI9 N Edthphiseya pysthedoftidca nozzle guard 3
phot oresi st and, hence, the sidewalls 17 of the

g’uﬁ{g{ ?ggsfae‘%gﬁhglg%f%#xg?erﬁz Hﬁgm%ea tﬁxl:rle% ;gv%hqp Ll?érﬁd fith a nozzle 6

uring prin
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.

The nozzle guard 3 is formed from hydrophobic photoresist and, hence, the
sidewalls 7 of the channel 5 are also hydrophobic. The hydrophobic surfaces of the
sidewalls 7 allow microdroplets of ink to rebound off them during printing.

The nozzle guard 2 is fabricated by a depositing a layer of photoresist onto the ink
ejection surface 4 and defining channels (e.g. channel 5) therethrough using standard
exposure and development techniques. After formation of the channels, the photoresist is
UV cured and hardbaked to provide a robust protective nozzle guard 3 over the ink

ejection surface 4 of the printhead 2.
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The nozzle guard 12 is fabricated by a depositing a

| ayer of photoresist onto the ink ejection surface 14
war@edefssni ng channel s (e.g. channel 15) ther ep¢iFr/augive/000211

usi ng standard exposure and devel opnent techniques

The focusing condition in theﬁ%xposure t oo

e
St e pBefe)ngtoLPsgt@re Lotheregly iskiewn past of @pl@@rhgadd@mnbly l0pccording to a

5150 SPBRNEkt Do ol ST Sl SPADIELE D b0 s

gﬁ@@ us oriedtoRet iy Rikatibe seifkaed 413 tiv@inthdae. Askhown in Flgure 2,
jection surface 14 of the prl nt head

]Bﬁ Referrin
ﬂw@@zlé gardlidias ajcylindrisahchsane! 1oriormest thatethugieh yd S;?llgned
r .
vxgtg aehrr%?lqugﬁ th%gt?llntglg%cf % %?Pﬁ?%iggéafézon gﬁ%ﬂ%%@ g?sda respective
cl@maéldl 5213 thonomtt gaed 1 Bmlthokghefor chrivenieacs érdy en@dozrie arvechannel
print he A? shown in Figure 3, the nozzle guard 23
Q“ﬁl%ﬁﬁﬁﬁa ical channel 25 formed therethrough,
Wh' Chrné §heﬁ‘1lnblgf‘ﬁi‘§ sﬁ‘bsttﬁltﬁll‘j‘ Bér%d)@hczﬁ PEhsiB8idN, baihbeaHalB2flared as it

Each nozzle 26 on the printhead has a respectlve
exthadsravayZom thet ink ejeotion sirfiead d obtie raintheeddh f or

conv R £35S, QLY 1SRSASEE S0 AR, UPRShyl TR 1, o

SERKIITE ofttBe ERBNEOETZAE alsd Mgl d@pEEHIOThef9ididphiobRSBrfaces of the
ext end|7p§ away fromthe nozzle 26. The first and

sidewalifll Tty mo@rynlemf inls 19 wbendththempdtrmgmrating
cyl h .
) e bR LAl Rl AR B omo e
efebigorsaefanel 14 aﬁd déﬁhlﬁ@ thanaely éng.athinhnel d é))’fheteltiﬁongz ading standard
26, while the second portgawéZSB_servgs to redirect

expasuierangdeuelPpmeRlt ofsig congitigpdn i qeposure tool (e.g:
s{epél&&g \{S&P{B 76}}5?1 %Qd phakAla8 kel clﬁﬂﬁel 1BERAGRy fdrR@tion of the

annel 25 are al so hydrophobic.
cﬂ'dlme}syﬂhje @hhkobastst s Vaves! afl hatdbakédiowadvide 2 otalst pratective nozzle

dr op] et. Lnk t d _of durin
efpdd gt ot Secuoh wr@hb i PLBF pEabet 5t e
pr | NiRREAANAESER Y3, Abre 1sEhb WA phitlof b psiheiead assbinbBi20 according to a
r of photoresist 28 is deposited onto the ink
t@rcg@anﬂmngm The printheast assemably 20w resiges P aeaélo?f?t Piagrpzzle guard
f e r o
l(3 Wy ovg@éra n}%l]esctloh ﬁllf?c!e&kyl Jf tﬁ%}&m V%a?i %§ évtvé ﬁqSFrgﬁree 3, the
nb@ﬂé: gﬁar@m bhaok eyle@dr&hl dhanket dS\tfbﬁﬂiediheﬂe&niomgm ediohFi gligred with a

Havi ng exposed the first or esi'st .28
e 26 Ab Ay BRI GR g bR ge2009 e PRRBBAT b REG it hannel 25
i Lﬂe%%ﬁ@}éﬁﬁrd(gg 91%0% f Rr R’@mm o Y8l n@hannel is shown in
ot or esi st re t en exposed through a second
Pﬂasks whi ch softens the photoresist shaded with dashed

ldlec 2?%1% ghgnlil\%ﬁ?.% ﬁ&q,aeﬁgétluép IZtSéH% hOt e I At ﬁzg% gac?I 3 second portion

2@13@&&&&@%%5@&% BRSAYZ8le D6EPRe it el sefésmeb@ﬁaﬁmm and 25B are
i nk channel 25

both substantially cylindrical, with the first portion 25A having a larger diameter than the

second portion 25B. Hence, the second portion 25B conveniently caps the nozzle 26, while
the second portion 25B serves to redirect misdirected ink droplets.

The nozzle guard 23 is formed from hydrophobic photoresist and, hence, the
sidewalls 27 of the channel 25 are also hydrophobic. The hydrophobic surfaces of the

sidewalls 27 allow microdroplets of ink to rebound off them during printing.
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i s defined through the photoresist, as shown in Figure

3. After formation of the channels, the photoresist is
wroenes8l and har dbaked to provide a robust preCEAUR006/000211

nozzl e guard 23 over the ink %Jectlon surface 24 of

the _printhead 22. Referri ng}g@s igure 5, there js
sho %@% 4A3} shovpfaprieatioapt @Hﬁh@ﬁdﬁése@é@b 20 Iﬁghft Brsgstep, a first

1@%9%{ Ilglg)ttﬁ‘g%l%rig ﬁé%o(f-%@ oﬁ’t'b't ge gﬁ@ gl’ﬂ?a\l%i%g)f ?@Hﬁﬂtﬁ&ﬁ 22 and

a nozz e guar
softtekied (Figerd 4\ )eThiafirstriayey o6 photomzises i§3h@r\e>dpb®d through a first

| d. 52 f d f |
el wiEh ioas degia oF POOrH BRI noBushed Bris bl
HaQﬁléZe!x O&H%éjﬁl%@ ldyér (giﬁ% R aeéﬁt@@ $ 5dcbf®@Bwyet &f phlg)toresml:t 29 is

advan ageous has t nme coefficient of
depospiad gntorﬁheaﬁrst heepFigira 46 Bie, comthingd 1ayers @ﬁpi@mbrgsnsta% 29 are

[ t of . chann 54 a
iR B2 b Seua R gL Shain Aotk oG Ethed
1 Fi@hral 1 (RSP nRZ&bped WHdh feh 11
mgﬂ nt hea]ggg?ﬂa gag% I?r?anﬁsgl leély%gs ﬁyd?%pﬁvobl C vesa

ph@tptréwﬁpxm%dwgvﬂm e exfosurerMaps opidicyclopaentagn ink channel 25

. T, Qyﬁdrophobi c surfaces
is 1§‘ g{iﬁ% ?()HB{OE%IS? ‘Si\}v(gk?hm%:rllgE roplets of ink to
r eb@ufted f(ﬁfrfanbhl efittdwhbmes] g therphotg@esist thWazﬂécbaxgimeaﬁad to
is fabricated from S|I|con subst.r teb rd
Prqvmi%@%aﬁmr%te%‘sqw tguﬁlélcziﬂ?’rﬁ"&&g? nl%ﬁaf % # ef the
png;hggagfchm que may be used to define the channels

through the nozzle guard 52. However, the Bosch etch
( USRfcs01g BoBigared, USréisa@dwi48it of s ppatitad adsambly 50 according to a

I T T

guar@isg, W}iﬁh(ﬂ@ﬁ&%@mﬁ%&ﬂ &arksy drRIRBMEHs Dyn Bt Jelftheal CBIY R zle
ste and/ or plasma stripping. However, in the !oresent

guard rig fasmed fioen pilipgmes 4 sepewgin pipey feetn thepratitheadrd It fimce the nozzle
Edrﬁqe %%nJP?m d?toe{dlgaxgﬁ&lo%xglg 13s ﬁ}édsﬁ&%%?fg%@%f B&mal

oun ing |n nozzl'e guar

ex;blmgtd)ﬁds tie ﬁrhﬁh@ﬂlﬂlt h}ﬁﬁﬁ iSfokmby oharnilicog ssbyupet struts
56 onthe ﬁzle guar d to the printhead 51, whil st

kee pYOrgE FElse¥ arp daﬁg@ﬁdémwéﬁ&m 7RIS ENATIn), itk pak channel
54 BERRG: gﬁ‘éd SR Reancdie Rk 38108 HOpdhAthPIOES e SPehatHeS4 has

sive ng, nmay be us
hydtop}mbec gidewall5TH ynvirtub ef phydrohbelde Bdatinggesuhly a pBlyoerrietcoating.

? i Ssficzn OBt et L &5 BhoohPBrOLTIG Qi € rgound off
rﬁrtﬁ)l% the printhead assenbly 1 according to the

flrst enbodl ment. The droplet 31 is directed by t
noz Zhe ngere gugd éatlbfabrlt:%tﬂgﬁ‘pmm siheonzyhetrao by ﬁtaadq@d ﬂlﬂiographlc

maTBAH I@:chniques. Any anisotropic etch technique may be used to define the channels
through the nozzle guard 52. However, the Bosch etch (US 5,501,893 and US 6,284,148) is
particularly advantageous, because it leaves a hydrophobic polymeric coating on the trench
sidewalls. Normally, this 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
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33. It will be seen that the two rebounds off the
sidewalls 7 of the channel 5 redirect the droplet from
WO e@oil0858i al mi sdirected trajectory (shown i n PewEAE2h06/000211
lines) onto a nore favourablg trajectory (shown in
solid lines). Wthout the no 2l e guard in place, it
chyginiels Tdiadroner abpraeitabeyisuithle hondingrmspest, saah HAdhesivobonding,
st.rike t ure
Byl S e R RS i mEPHEREAT ) i
droplets 4 1 through the channel 15 of the printhead

assenbly 10 according to the second enbodi nent. The
Q_”w@iﬁ.@m 1 are directed by the nozzle guard 13 onto
d hjedBE! HiThn tédt nlé"dH let 31
be g{eeg%}?grtd Plg fo t%(l)é}g Qhofm 01? YRotddi ple

he par abol I"'c curvat ure of
ﬂnsu@eﬂnldhmmew ofitte nrhﬁhaad lassstdolpt bas:on@ngtcethﬁé'mstreadx@dnen‘c The
bst.ant  al | pen ul arl toth '
arglei 18 drated Y Bengiek G S it mo eSS S brint medivm

33i 1t Rﬁﬁ PeGLinVBa0he th& tdbolidstdfBthelsiRIVAAE Do thel dMk@l 5 redirect the
Nozzl es The invention is suitable for use with any

dmglprefmm itis djial misdirertérbajeciony (ahgm ippiaslefd lineRr) eto AERAIRe

AP R R A CE PR R 3 gl v

rehg a@pﬁa@faltd@etﬂaﬂ the @Rt B1 wduldusot CSfrﬂ;&SheE af@t pﬂﬁeﬂ)ne 32.
applications. For_conpl eteness, sone of

AppBederring o Figret, thgs 39 howithe “WSW{YeOché%Céfﬁ igk droplets 41
thfoﬁé}? RS St 1518 g{ zﬁ‘m%he%& asseRBLE Wﬁ&hﬁlﬁ’é toglpé ¥%§n@ Embodiment.

eI I'very noz arrangenent” suita
Therdesygeiks 4il raxrcedlteomzd, byctxhennnzzée gtg\rdi 1B ontol astargetiprint zone 42 of a print

R g Sl GeaegLTaL Sae ofbhq parpylid et we it Giesidivalls 17y al the
mle’ﬁrdrpnéfs ﬂ?éﬂe\fgdlyec{b@lzsﬁbﬁan@n&%eﬁﬁﬁ&ieﬁlﬁr@ @alth%qmrrsj@cm Qurface 14

con substrate 8015 t he nozzl e
and ontiriye e pet Pri|o zonwr 42, urd@pcthaqu thebviaiial trgfedopys of
nozzl e arrangenents 801 are arranged to be fed with
different colored inks or fixative. In this regard,

InkjpENSRZZ| € arrangements are arranged in rows and are
St a ered with resgect to each ot her lﬁi}ﬁl oW ng cl oser
spagﬂ}wnmnhpnks sbiebledor Pssgvigy Mt RROf dyand any type of
. |8
A S
priheheads w@ﬂqmﬂﬂm whmh am(msmmmd mmle’aﬂtm tre @%&eferenced
nQzzJ] es arraye it la ows.. eac
apR cAtiogs-dior cae 555 AH P ésé{wﬂé@%mlgﬁsﬂ%ﬂ%gﬁ VBB RPHPe
dee&%%h%ﬂmf&a{datsmm @pout 80 microns between the

adj acent rows. The multiple rows also allow for
r ed@nﬂa«mamp(lcr 6f atope €tk deliveny elogzla mmeng:nf, giritagle for the present

det erm ned fail pre rate per. noz . .
RS e g B et g PR Ra B ribed with
refekdiebitd Figalsisc@t1i70Figure 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 nozzle 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 high density of nozzles, for example, more than 5000 nozzles arrayed

in a plurality of staggered rows each having an interspacing of about 32 microns between
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technique. In particular, the nozzle arrangenent 801

defines a mcro-el ectronechani cal system (MEMS). For
w@b@eilo3ssand ease of description, the construcP¢DAU2006/000211

operation of a single nozzle arrangenent 801 will be

described wth reference to H%ures 8 to 16. A silicon
thgapezlessinisael mveagbatmuh 8¢ microngBetyreey e adjapepiraws. v Bie multiple

I h

ro AR IRE PAERSADY (BRIt PP AR O B oS o (it
raposarmogtied on the substrate 8015 The S|I|con di oxi de
Iayeé 17 defines CMXS dielectric |ayers
t op- @%&02%@&?%6&% 881 3 the prodyst <§|apg%%ra£ﬂd&mcmt {aprication
te€hild O GaRAtAGhe ROR1 LR
° @%on g)aoxm?i_1 Payer S%mggé%b tﬁ§ﬁ3| |@%ﬁ5%§?umnamam0d
Sﬁ@bS(MEI\@)SOlS and the silicon dioxide |ayer 8017 are
etchgd to.define an |nk .nl et chapnel 8014 havin

G el of 47t AP s o1 dp Betic dhs GRS TIcp) S oPORHon Of & single nozzle

arddnigBinBAtED] %il%&le@dhﬂ@awlﬂﬁrefe%&%% t@hg@m i8leal 1, CMOS
nmetal 2/3 and CMOS top level netal is p05|t|oned|n

the Aisiliconwadkreubsieatd 301rhag@ 073 Saiisuen 1 KM hkvelhCMOS

n ffu5| n barrier 8028 serves to
@&B&?mﬁg%ﬁﬁnég ?SHK’ eﬁré‘xyl i ons through CMOS

OXI da silpedsoxide (oh eltéi‘hatl/s%l}eglasﬁ) !Ie@@t &($17| i8ye¢itiSit/on the substrate
asshva |on layer in_the yer of silicon

8ot Hherelipgyndiexids layss 8@17&%@%%4% ﬁ@leérfreﬁﬁaﬁ@r@ iy MM teptlevel
mlet%l/&éﬁ?légibglr Jf Qh%ﬂ:ﬂ aPirhinfeR gbl%(d d(% ha% g r?%égﬁ Eﬁﬂ&ed on the
th 8 over

portion o S|vat|on ayer i°oned
siti¢ren dioxitabtyet 813/1€r BB e sﬁa&nmfmbstrege 803 2ardiehé pididon dioxide
th Ln to .praovide access to.the ct.,s 8030. The
laye 300 & o lelied dpdinein SilFdanel 104 Bt kappsapllisgiytar cross

sed@bi A8 P1RY. AR aRMNHIAL dﬂﬁééh%ai‘i@éﬂ%@@ 3@@1\/1’@‘3 fldial 1, CMOS metal
termnates at an upper end in a nozzle roof 8034" and

2/8 gud &MOQS itemisvelnnetal ie pesitio@odn theatili¢on doxidelaaer $(H 7 about the ink

| | 14
infe Bemnd 1D e PRl LSRRG S8 ek 1 Mt cistugion ggyarony
1oﬁmﬂ]r@fght(tM0$Qbﬁdidélay\@|s bf tHeheve ele‘étrdm%@ﬁg@idS(ﬂ7”0Vl ng rim

8010, that includes_a noving seal

enci P PRIshgtigRlaveBmabe St of et afsilisoy aride Resliseosisiaed over
thb B &n?&cﬂa}gfgﬂg F0%0 aﬁ&uche sﬁlﬂ:,gﬁ%c%ciq%ﬁ&s t gn Etaaf portion of the

nozzlie 1s at as s J acen
passivativg [ayen8881 Posivorfeduivei the $eﬁﬂacﬂ@ﬂer§_ 8030 fsranepeniug 8032

d%ﬁ ﬁgrface te S|on of ink traggg bet ween t he
ned fisreip i mexi elaF?PS%BB © SPfagt ving seal lip 8040.
Thi STKH&%EEta%ahgéﬁéfﬁ 80 Pfndies Erna% BRarGh2 B0 8S dé!’ﬁ}iéd%ty an annular

providing a | ow resistance coupling between the
nazalgiwadl $03g, which t@088atemal anhippercadlie awaktle 8883034 avbs radially

1m§ehrgi\§2§18 gmé g@%ﬂalaéls &g]c@ﬂ%{ﬁlalllaﬁ ka?J mI(ax%Iefa éhla}ineﬁ )g()ﬂ] is 1nqlu1d

communication with the nozzle chamber 8029. At a lower end of the nozzle wall, there is

disposed a moving rim 8010, that includes a moving seal lip 8040. An encircling wall
8038 surrounds the movable nozzle, and includes a stationary seal lip 8039 that, when the
nozzle is at rest as shown in Fig. 11, is adjacent the moving rim 8010. A fluidic seal 8011
is formed due to the surface tension of ink trapped between the stationary seal lip 8039 and
the moving seal lip 8040. This prevents leakage of ink from the chamber whilst providing

a low resistance coupling between the encircling wall 8038 and the nozzle wall 8033.
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in the roof 8034 about the nozzle rim804. The
recesses 8035 serve to contain radial ink flow as a

wo e@xl10558f | nk escapi ng past the nozzle ri m 80BCT/ALi2006/000211
nozzle wal | 8033 forns part of a |lever arrangenent

that is mounted to a carrier 8036 havi ng a generally
U- shApbest shorn ineFigi 1 aplwaliy efoatially m@rrdemg reeessere8035 is defined

[ a
o Y Bor 03 g 0 KDL 08 s AN s O PR Bt o
flove 22 b eeswitlof $nkeeydaping pasp deaioesleainh aoaer al stiffening
beam 8022. The | ever arm 8018 is attached to a pair

pas sTRenselenial kBB 3 founsmat of vleves WE@F#?%W%W@OWMO a carrier
8@6‘11&199% %eﬂ&%ggqges tpte@ ﬁfofﬁé gf‘?th%rba"séﬁO fﬂ%l:l‘ieéi to _];lﬁe layer 8031 of

arran shown in
sibwmemtrghds of the passive beans 806 are attached to
t he 8036. Th arm 8018

o ot S G e o ol TS A5 S04 T Pt eon the nozzle
willld a{ndtiﬁ‘cdi*@&lﬁ@s bh@bral fifferiid @&HMZ helidRy @ﬁﬁ ‘8@1 ®1s attached to a

beamls de at a point a snmal but critical distance
P @wswmb@msrﬂémafm@ﬁ rﬁ@m ‘stanmm mmdm@sm)/mdkmamoaa@on either

. i n nd 14,.-.t t.,ua
o35 bo Ay Miieeh s Bn AR mtu il T R0 s B Pt ne
pa@atzabmmmeh@a&b@edme@&rﬁ%owd an opposite

el ectrode 8041. Each of the el ectrodes 809 and 8041

ar e Ereclevariagm 80} 8 insretashed 9 wﬁ@&rib@@nﬁm nwBich is forged from
T1§\P Yt A% be A¥RE 139 RS at@éﬁ:hﬁﬁ%%t&‘m? ?&ﬁeﬁgr lhlbefc‘l"é:l Ly gomt a small

oupled via the contacts e actua
blm Icst)cahdmtmme bighkythan dlecrtadhhentatecthe HaB80R. beIimesoan chor

808 | fi train nmotion of the_ actuataor
peamt BB LI g § 4 18 (e actugt or'eeq@%%wﬁanww ghaped in
plaﬁ rd@ﬂﬂi%g%%n‘eﬁt path BR{LEL meraec@e&e %1% F}@é datiRide 8041.

beam 807 i s conductive, but has a
Easheé the aledtrodes 804 andctd4l lse electtrluzrluecrog,nuwedswl rfcsme‘aw pajnts in the

t ssed .bet. t he el ectrodes
ool 1aB 0N ol AR R P Giofee DA a6 BR% e actuator
beBﬂﬁs aB0 niddBini eIy RchE$® &NshchbNS 083 EThel dﬂl@h&f’MS% odtifi to
is filled with ink 8013 that defines a neniscus 803

Coaﬁaeélfl mofign of the pstiator bram $07 de thetleft of Bigs. tinte 13rwhengthe nozzle
Fé}h&ﬁqsinﬁ tepi(ﬁoﬁhanber 8029 by the neniscus, and wll
0

genera eak out in the absence of sone ot her
phy SThBaT iNi mﬁhmmor Haus$iiie comduetige, bt hdst Kipgh endupk electrical

SRS B SRS S POSSe boLugen LI b crcrodes
P e 5 R ] 4

and Idais¢,dhe ddvice at rest is filled with ink 8013 that defines a meniscus 803 under
the influence of surface tension. The ink is retained in the chamber 8029 by the meniscus,
and will not generally leak out in the absence of some other physical influence.

As shown in Fig. 9, to fire ink from the nozzle, a current is passed between the
contacts 809 and 8041, passing through the actuator beam 807. The self-heating of the
beam 807 due to its resistance causes the beam to expand. The dimensions and design of
the actuator beam 807 mean that the majority of the expansion in a horizontal direction
with respect to Figs. 8 to 10. The expansion is constrained to the left by the anchor 808, so

the end of the actuator beam 807 adjacent the lever arm 8018 is impelled to the right.
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the actuator beam 807 nean that the majority of the
expansion in a horizontal direction with respect to

wo2@s/1088t 0 10. The expansion is constrai ned tBCT/AE2006/000211
| eft by the anchor 808, so the end of the actuator

beam 807 adj acent the |ever afm 8018 is |Sg§)el led to
t he ThieghlatiThorizental inflsxHlity o theatassing beaarst 06 nrgvests thema from

sjve reve th f
o R R R PR Db {0 o RSP i
digptdcdineNEofdhs pt-RERBRIMYoif of iR patsiachumBtand abb®r Béam E‘@pectwely
passi ve beans and actuator beam respect ively to th

to (heJeyer 4Fhcauigs éW&tlﬁwmsnﬁbmﬁs Wﬁtf@r@a@s@é 8tt<h gove
g G BB Th O plER AR Sl A AR i A motion
Hdveney, ehe attslamceajfa&me@mt péirtt mmmpﬁmt)the poﬂamn meﬁnst a pisdt region
he atj on [ region defined b
deb ?fb#;%ée@?n& rféﬁi)aeéw\?é’eegeﬁﬁé 806g The downwar dy
MOV effRMHowkdfied ﬁlbb&ﬁéntr(%ﬁligﬁmotﬁfont) Bﬁtﬂe%’fe& aﬁﬁ m)ﬁﬂfk%mphﬁed

is anplified by the distance of nozzl e wal
byfthedistanee pfithe nozezlbwalih 03D Eonithe paﬂsmk@ﬁms 806 e'ﬁbmdowilﬁward
ressure r

the nozzle walls and roof causes a e
mgeenRet g e Hel 80t e e S RS LR RES Pmber
8029, Ghsng themérisbus %o bhike W tHovheinFag.ed Tt hall bé h@te_& ikt &féesurface

tension of the ink neans the fluid seal 801

tenstarcaidhe ksgeornes THBE FG% SRE L HOUELRPT Bndliig Nk pathpcallowing

t shown in Fig. 10, at the appropriate tine, the
lnlgl&)ll\%lé\gurrent is stopped and the actuator beam 807
qui ckd shoeadh Fign0, stahd amedFiatd timecthntiriae tinoent ¢astsged and the

thelever arm 0 CO ce its return to.the qui ent
acly S R SONRMIck GOl COReEs T WpeRITr S he B am to
cohﬁn&{r}@ itc RAFRAKS 1 &Oﬁescgﬁ%obﬂ%ﬁ rRhRY iPhurd Bﬁls@@%ﬁé’t‘f@tﬁh pressure

gl ng I nk I ts i nherent surface tensi on, and

in ttlkBeChae@)at 8429. prhegstgrpdaycefitbe chopyentine Oﬂﬁwmtgm@méwedtlts afherent

| nbe
s Gy ST A B PR i aenyf o

chélﬁbbﬂ%@Z@fc@@seg @anhintand it A BSsnbipyiag A trmmgmgtmemscus to define
contacts adjacent print nmedia. Imrediately after _the

andple érowcﬂ@%bﬁen@ww HRYYRESS yatibio gontastpadiaerat prHpicReda.

sha 0]
ot oany Tty afle i s MIAAES Rl E B0 MRS Thg (v shape
showh it Flgh k0.h8srfiveeensiorcdaasesithsvaredsurs hﬁrher gha;rhlx& &0@9 & remam
8014, which returns the ozzlearan N t
relavely dowy U BEE hES Baen sk DO lgf 5 infet gﬂﬁ‘bt"ﬁ’é‘?‘h returns the
noYB GrRhodiidnf bl il urlefozth@ geegeﬁgeﬁeasn siivipRlmgfor the

resent I nventi on w be described wth refer ence
t 0 Fhupther th%: ofQuinghead abrzle anmng;‘mnt slytah}q:cfoeﬂa@ @resent invention

SR b oed I SO0SAL 8 IR0 RRSLAL 20 i and case of

description, the construction and operatlon of a single nozzle 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.
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descri bed. The nozzle arrangenent 1001 is of a bubble

form ng heater el enent actuator type which conprises a
woomwzliesspl at e 1002 with a nozzl e 1003 therei n, P€T&U2006/000211

nozzl e having a nozzle rim 1004, and aperture 1005

ext endi ng t hrough the nozzle t’g? ate. The nozzle plate

1002Th% nezzdesareangeieidnelodes, withirespeetrio achrmageled0pgcside walls 1006

ol BRI sup oA e U e P g e o

platebi08g e miulti-lagtchdeirdin ¢ 0080z 4 ialet pAGRFETN09 RedndBiRShrough the
H\\%} E}wre ect to each nozzle 1003, side walls 1006 on

St 10 e dride (nt wm pf the, substistearrb iopebongate heater
deal e
SO, 0B S08 UBBLER G B M R e om
susre¢reled bagmt Aheughrl¢ heanpeirient alsa;hewn sub ﬁnasraelecttcnnedhmnﬁﬂrsystem

ORISR uie Michg (prnea 5 S Bheamie PR e chanber

1007wiea tﬁé"ﬁ’dzzler&raﬁg@fﬁ@lﬁtls inSuskNink 1611 86/ éjxfeséfvmr (not shown)
suspended beam The nozzle arrangenent as shown I's

ererg thsethagtben h%%ﬂan ithealnles passage J(QOEM@) thatt the chamnteer ﬁl\lm Emereafter,

' raphic pr en_the
il e f B fojed ASRY B Mol 55 Biam o RRLL RGOS 5 e the
heafiapiy) inghé R dﬂ%ﬁh@lﬁ’@.:l: Eﬁl@e JPR11 wé gpoprbgatediipt thedssRP8ement 1010
1009, so that the chanber fills. Thereafter,

t he
istia theapalgostashvith gheoink d Ohbin e chambes 98 A that @b@n thealement is
r

bRt i BRI 3hdi St3EpdRRRLIN 1} 't Moo BBl Clnehuk 1011
cc&isenlmstablmtbﬁfoﬂmmgliqhei mal contact with the ink 101 1

inthe c 1007 so that when the elenent is

heat LB Sl fluzucuce G i A BHMBIE AR SFESBAIB BTN (g
cHabtfbet 1407, Mﬁ&fﬁlta&' déuse*s hge 48diohQth EQNF816 dHithiSink 1011 through the

bubbl e form ng |iquid. The bubble 1012, once
n@@l@e}()@ﬁ ethe daud94 asnists cdiesstieg the dyoe @16 as itistefeicted; breas to

007 i,ch in.turn causes the ejection of a

m%n 1266%?[%115‘8?{3 f’ﬁgdlfoﬁ’;}mfglf SRy ough the nozzle 1003. The

rim Iﬁw&aﬁﬁﬁh&ttﬁeﬂe Rs 6hily ©a¢ hogrld NE3dnaRhdBbE mwpter infet passage
1qe%’iected so as to mnimze the chance of a dro

Odelpe Bt thsprestie ways generatea tvithiethe chamber gn beraing of fheceloment
1021%)2&?1d?‘ﬁ12mﬁ? FRSLLHO961 P %lroeé Ili](lt%% ggtaa%?%g& t]i%rglggﬂh sanng %heir

essure wave ‘gener at e
ccmrespmnlmgng)mfest he el ement 1010 and form ng of a bubbl e
101 does not effect j acent chanbers and their
corr W%?gmrpa%%w@s}maf?# qhem@arslé)q /doh P%@wﬁ@smﬂf hPH out

tht¥@h FRRLTe 1987 b R AlsoqfhkbesRERRESK bk ﬂlﬁQﬂiéh Btélinlet 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 already
reached its maximum size and has then begun to collapse towards the point of collapse
1017.
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t hrough the nozzle 1003, but al so pushes sone ink back

through the inlet passage 1009. However, the inlet
WEawsagss1009 is approximately 200 to 300 mi cr BEIEFAUZ006/000211

length, and is only approximately 16 mcrons in

di ameter. Hence there is a sustantial viscous drag.

As aThe smllapsmg lof therbatiblei 1042 tovedriietit point bheolfapes §Qil7Tecauses some

ik TA oD bf drerposas i B seat o0 Elore 1 s gl 1Ly of i frop), and
scﬁﬁ‘@{f) Bt Frohle 'uﬁlE?as%é%@G@ tdHes tlf&po‘iﬁ’t%ﬂéollibsgl Blost of the

8, the ink drop 1 bei ng ejected is shown "during
mkt 1911 ek ghisivaanstr isefovefromehenorzla ¥k orpfing apannular neck

he, bubbl h | ready reached its
1@&&%&%#&%??ghgﬁEQ%gQ“ﬁ%gﬁ gﬁ%ﬁmgggggflapse t owar ds
the pgé o folf016 @édui’d% g cér@hlﬂ arhbentCnh@p&Eitng t6bvébeme surface
bubbl e 1012 towards the point of collapse 1017 causes

tenpion fotars, Toarder todreak off. A\iink ABH s dram ﬁpmethﬁ a9z4le [4@0y the
8
ccgiagg‘m)iﬁ 1e bt {)kﬂ@ %011#) ﬂ%e dlglégttgpgf 1%8 8821{ 1(W9dre ; ﬁﬁeeg’%}%ierﬁctiucmg the

t owar ds
apbugtalft@tpissrfabbdehsioi hb]kifngj th&( dﬁa@;l.éo thnaive nomdntims offerdrop as it is

R S R LB T 1o
b; eaw}ﬂﬂ tRd Hrog-lilﬁ% BraRs 32 ]L%Vftﬁﬂﬁ'l' ofces ret @l 3 raflRWH by the

nonent um t overcone Sur ace tension forces I n
awoee it 020 apthedbbliefl 01 \soliapkesTto the panidefzatiapseditl 7 He will be noted

R RRTGTRS RAC S—-

caRUBh csH hdvetaaleffettr f ace tension hol ding the drop, so
that the nmonmentumof the drop as it is ejected out of

t he Nehanosherdypaiiipristhead nezrlepmrangempet witaple dior the peegent invention

W(i)lfl OW\QQ%Q%Frﬁ%d QJ ?xl@ec?élng EJ 13%53190—f El. fﬁ% %tt 1ga1§)§é1%§ﬁles an ink

are caused as refle e “ar r ows
deliskhy foZAEldramgbhamdasing@ rIolZEle mhhrﬁberafontaﬂhh@ﬂﬁ{eanﬂ(h]tﬁermal bend

It wll be noted that there are rfaces._in
agtHEOLFRRFIEY ot Padite laf&itmneg g g ﬁ§ ﬁ@ﬁf’sﬁhmak getuator device
id difal Véo c?é %@fﬁﬁﬁ oAV 28zA¢ Eigmiber. Y?he ﬁfé%rﬁ%irerﬁﬁbgﬁnéﬁt includes

print e arrangenent suitable for the pr esent
alpameutar thermal Yend eviubier dbibrindedesw seties ef tepead porttions for providing

erstR s Yefing of b oonbii R, “The oo GapraS R adie via an

aeR® BcRivel Rohgtka Bfledwhin 6F %'no,@ﬁél dha6bat A TRE 2610ABE 6 Has a mating
to a paddl e positioned within the chanber. The thernal

shape sa@sto wateisvlstaniially witthel suréacas of e s]ob & the mrzzle ghgmber wall.
;hg aﬁou%‘él em?t?{l‘ﬁqg Fi sng(n)o if%{gﬁg}’%&ﬁﬁg'Sgﬁé?ﬁﬁdcgﬁé&%ﬁgns of the

basit bpSatidn dfapezeld apangdntes of this gnbodigieny A nozzle chamber 501 is
provided filled with ink 502 by means of an ink inlet channel 503 which can be etched
through a wafer substrate on which the nozzle chamber 501 rests. The nozzle chamber 501
further includes an ink ejection port 504 around which an ink meniscus forms.

Inside the nozzle chamber 501 is a paddle type device 507 which is interconnected
to an actuator 508 through a slot in the wall of the nozzle chamber 501. The actuator 508
includes a heater means e.g. 509 located adjacent to an end portion of a post 510. The post
510 is fixed to a substrate.

When it is desired to eject a drop from the nozzle chamber 501, as illustrated in Fig.

19(b), the heater means 509 is heated so as to undergo thermal expansion. Preferably, the
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conductive heating of a conductive trace. The actuator

is connected to the paddle via an armreceived through
wa@2@bobvised wal | of the nozzle chanber. The actpet/av2@sm0v0211

has a mati ng shape so as to nmate substantially with

the surfaces of the slot in £he nozzl e chanber wall . X
hegtgr wieares 509i itseldlor theradhezingstions 9f He-aciptor 58 eee huglt from materials

hag{gl Vlgggetb S he%ﬁ%%ﬁc +Vi’lél‘g %ﬁer@ehd% léHC]y tl{‘ ﬁefﬁ%ﬁ ﬁ%o di nent .

of "a nozzle arrang Efent
g\ n?é z‘lde fégig?yer IOlnk's Mo%hﬁeﬂ (G defyrgeni & thévab OBxpansion)
Yy anseiprt Fk—Ttet et
et ched t hrough a wafer sublg gl’ d%ﬁﬁﬂc#e?th?ﬁgg% e
h
charg 1ta%%]m5t§ $tSor { H&%egt%%égﬁ @%?@?%p V\I% a%lggnRNWcrﬁxkcan be

i ncl'udes an |n ej e
fonmﬁm&obm%glakmamﬂalt he nozzl e charrber 501 is a

paddl e .t ype devi ch t ted t
Dot chte et Eomesty §0gh aly eaie Selsecuidne ey parvien ppS pest 510
suePaabeE eﬁ@é‘ts of dRaf6h HRUREenP&8! dt fid pHaR Adealsash MRAGSall

e.g. 509 located adjacent to an end portion of a post
thc&mml eXfhapsiposyeak IE pcst $10cesult in large winastensnts. ofWﬁepadd e qnsl

desi e ect r.op from.t

e 1 epiBn i 30l Bassaphe) Ral i B e ThEes ddbpere
ind18e 86l pROs RS a&@n&ﬂ%ﬁhﬂ@%ﬁ@ﬁd’lﬁﬁ WiPR BEHAs, a?me&mwalm Fig.

thehea? nmeans 509 itself or the other portions

19(b9ema?cftala¥§1t1§ﬁm508'rb¢ beaiyicquirentris piksed and inkds ejgsipd: @utepf the port 504

f i end efficiency is
1“8%‘??%‘2? oy 6%%‘1%{1’?%%@?{%3 X {)%oef ficient of thernmal
Ex péﬂiﬁégéqm):mﬂ)ﬁ ek ﬁdfdle:i(ﬁhe yleaetwated tdegsh tepurx 1Ste quiksaent position.
Heat amtyAswt for the heate
The|deptifERon satketh BRsFatp it ellﬁy%ﬂ@w@ﬁ oBambgs; g forward
m&ﬁe L4 tll?@?ﬂi oRtARS nH?ztI@ﬁmaJﬁxd tﬁ@@oﬁ@ﬁétﬁfm@?ﬁ!ﬂﬁo@qgsults ina

IS 1 aIIy ocat e dj acent the end portion o
gepost néskhgsudbrediatg dffief dfdeart $120Whigh procaedsdn ﬂm wmt media. The

fied dd| d h .t hat
coflRPiae o Sl Rraaeehe. goseae gl Bl e Fhits ghaguber 502 via

theRKETRNEISanAb] 03¢ TREHE theangzle Ehambaaloelis reEdBs sediShante position
consequenti al- paddl e novenent causes a gener al

iniFig 1186 és agaipieachedrand shoonaralerdhamprikis sabricguanily semlyviar & ejection
Of%gt%g c?rbq.%ﬂ lustrated in Fig. 19(b), in a rapid
eater current is pulsed and ink is
ej ecmg @ oaitistetes hddpperbpeofide i/llewaifdhé nanzrld @rdnpememntg Fig 21
fromthe, ink channel 503. Su lL;ently, t he pad I e (L
illpgragrs seetiopat waWtlBrodgh Ah arey o IFPZtZ R gepR oL 5 - In‘these
Y w of
e O o e o e b i
Firstly, the actuator 508 includes a series of tapered actuator units e.g. 515 which

comprise an upper glass portion (amorphous silicon dioxide) 516 formed on top of a
titanium nitride layer 517. Alternatively a copper nickel alloy layer (hereinafter called
cupronickel) can be utilized which will have a higher bend efficiency.

The titanium nitride layer 517 is in a tapered form and, as such, resistive heating
takes place near an end portion of the post 510. Adjacent titanium 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
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nmoment um of the ink outside the nozzle rimand the

correspondi ng backflow results in a general necking
war@ehoisaki ng of f of the drop 512 which proceePGT/AU2M0h©00211

print nedia. The collapsed meni scus 505 results in a

general suckin ink into t4e nozzl e chanber 502 via

alph&therﬂxla‘q fdhe e&%ﬂre‘iOSa@alaXmm@d n&lot&m@dﬁwﬂlb@mmﬂﬁﬁent
9

aggrl:g lug],t%] gfrﬂe%aﬂc AL d ]tﬁﬂﬁtdhftfel?‘grrtpa? §%égh%5h J)fn each gctua:{t 1(%8 with

respﬂmsemaﬁmehyadtmst)@r t he ej ection of anot her drop of
' O illustrates a side perspective view of

k.
It Ee ‘ﬁgezglioe% BPHtigRg éﬂwtermn@ected @ arrn qr@s‘i?ﬁaﬂ%@ a@@é@%ﬁm turn
cazf%l@wfe% ﬂ{@g ggdcpe 561 fidlacthe A% ﬁatemfgf Astht e.g. 522

I gures, e nu erlng
fopmed imths Isgde|orﬁ thead:zzkecbhhnabextfé)&n The tshot G2211s désrgﬁedl genekdlly to mate

uat o a seri.es .of tapered at or .
i e b Gt S st PG e RnGea 8 e Pyt of ink
aro @R ReY$28] The ‘&[k dihen géﬁ%ra%l Qrith@d ﬂ‘i@%o?ﬂe ERMnI: 581 via surface
titaniumnitride | ayer ternativel'y a copper
tepsiok effects ar@ynqlﬁgeéiot(sﬁéx einafter called cupr on| ckel )

can |

ci'f Shellid S bR e a8, B Q8BRS SRt s pagsed through
the gigeiad nitﬁamagreﬂsnamrﬁmhe blb@l&ﬁ&hbﬁ@l@@@iﬂeﬁﬁln RkEdwer CMOS

pl ace near an end portion of t ost 510. Ad] acent
laY‘?rtSé)ﬁl‘ﬂﬁ?thWlC@éf@ NEEeSSHYROWSH andsaomiiad eireuits frgheBeTY
g enc o np b e sirfet bl # BB B0 RRR lavep 317 adjacent o
th&'pastrﬁd tvarichneaulss ib@Pehetabbpward behdide Sf the pim 28lantl Yomdequential
per ed uat 0 it 515 ich are el ongat e and

eJ% %86 3 ool Siscp %a#ﬂ EﬂB‘B ﬁleﬁtggtd%ls PrREEdBrfdagg In the usual
mbfep PorhNhiet ﬁ%&ﬁd&%réxﬁ@us%xﬂéscﬁﬁeé he actuator 508 is

maxi m zed. "Sl'ots are defined between adjacent tapered

uni t4n 8oy efrpzalelapwngenrent dag e fatinfetlsp entd atatop engleipointhead.

508, wi.t h respec ace

r e P B e P RS el AT AR e i viet
cotnq:rﬂés AuRipEAak ejEbortdoFrR A ahSentdhts Ibidbut BNAREEAG Uided %eas to

paddle 507 inside the nozzle chanber 501 by neans of
fogm giprigthgad aryay. 1k Gemese; ditlereat wpefeol@rrayheanhs Aomenlated histiding full

5(% EQ?( slot 522 is designed generally to mate with

aces of the arm520 so as to mninze
op p oFhewminttrgsioh of t]itel”;mrmhﬂaﬂlspmemfdehdﬂbed K:ﬁmpld)céédaltﬂfzﬁng standard
ly within the nozzl

The K I.d ;
M%«ﬁfg%éﬂms' : tl%lgg gvlfa&%:%@%gﬁ% e aiees BnssUed 1B RS 6.243,113
en®itied “ﬁge?ge MBI Nethdd 488 I g%faﬁlg (ﬂ%lg’a{oqmé fesét! %%%nt %ne

conductive current Is pas t hrough the |tan|
confentsi Qfé’Vhldy@le fslb’/mmtphraﬁed brecibboekergmet i on 519

ConneGs 1'1 g c%grsg be apprematecal %hat a specific embodiment of the present

invention has been described purely by way of example, and that modifications of detail

may be made within the scope of the invention, which is defined by the accompanying

claims.
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| ayer 506 which provides the necessary power and
control circuitry for the nozzle arrangenent. The
w@oemwdaeisBve current results in heating of the PCT/AUR®G6/000211
| ayer 517 adjacent to the post 510 which results in a
general upward bendi ng of the23arm 20 and consequenti a
' »on of ink out of the nozzle 504. The ejected
drop is printed on a page in the usual manner for an
inkjet printer as previously described. An array of
1.N0Zz Aeprinilicall AeyFBIb 5 sifi fbletBr fediro®thoSHecdéd iR dediféts,@h@printhead
single printhead. For exanple, in Fig. 2 1 there is
agspmPlytGORIEEInG: partly sectioned various array view
whi ch co I i ' L] ' .
arr angenebplgsdehufiet HNGE) S0iooR; AEfcRne i
pimtrmediurpy tha pheality af neyzles@eirgofiotned onl b frkredettion spdaceadf the
arggysﬁéfn be forrmulated including full color arrays
prgtheadigRd construction of the printhead system
descri bed Ak d Jai Zi MEE
t echni qu e% ﬁtéir?rl %%Lga?]@ ggsilﬁg%élde&’bngglieﬁlﬁéajtg ?gﬁl of t ﬁéh es]ftloeZ rZJlse guard
hawngetormsponding Bludgl2y 8f dhabBele ther¢thwaigh,| the glean@ele deingraligned with

th%%l:g%qgsaﬁk%ﬁ ﬂ?ﬁg]aeé%h#@ﬁ I‘Ij%:?sl §@g0\t§f):re$}{?$§§enéhannels towards the
plimGAsd@nat ed by cross reference. It will, of course,
be appreci ated that a specific enbodi ment of the
pr eswg@remh@ﬁhmﬂlsmge bedapkpbicsiipudlsour el y by way of
exanpl e, and that nodifications of detail may be made
wWithin the scope of the invention, which is defined by
2t he ﬁbbcls:pﬂil?amdl ere;gerﬁlblg loffslafzh Al Wﬁeréain TAE bléirmblhﬁdéimﬁ&fﬁ@éh Hilbgtantially
suitable for redirecting ejected, in roplets, the
pespenshgtdardo Aresiakslegtion sHatace Phie painfisadt head i ncl uding a
plurality of nozzles for ejecting ink droplets onto a
print medium the plurality of nozzles being formed on
3.an i hke piimbe¢ddoassaubly af elaoh 1§ Whersin the kbauhelsancsubstantalye
ﬂg@@d positi oned over the ink ejection surface, the
c F@' guard having a corresponding plurality of
channel s t heret hrough, the channels being aligned with

the nozzl es such that ekggted I nk droglets pass. )
41 hr olhprietberslassarebly lpdalaah 4, whersindbe channglsiang ragisdly flared with

el B e RS s e B et i m e channe

sidewal | s are substantially

(%rgplets onto a

5. The printhead assembly of claim 4, wherein the channels are substantially parabolic

in cross-section.

6. The printhead assembly of claim 1, wherein 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.

7. The printhead assembly of claim 6, wherein the first and second channel portions

are substantially coaxial.

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

hydrophobic material.
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perpendicular to the ink ejection surface of the
pri nthead. 3. The printhead assenbly of claim1,
wobk@ea03sst he channel s are substantially cyl i ndpeTal2004/000211
The printhead assenbly of claim1, wherein the
channels are radially flared 26 th respect to the ink
ej ection surface of the printhead. 5. The printhead
assenply .o aim e ei annel.s ar
9subst %PH“&‘LF%A Parabig o OBk 1 pbESIBE AP AS @i fgrmed from a
gﬁﬁh@ﬁggﬂg§senbly of claim1, wherein each channe
npri ses first portion proximal to its respective
nozzl e and a second portlon ext endi ng away fron1|ts
espective, nozzl e in.the fir ortion
10, o aht PHAEREES Y O it e oot B8 eBA B fprmed from
p@ﬁgm@gtnthead assenbly of claim®6, wherein the first
and second channel portions are substantially coaxial.
8. The printhead assenbly of claim1, wherein the
0zz o
e o AR SecBHERD T, St BEAGPAS ol £l toBhed from silicon
algilﬁlédldeﬁzaﬂﬁ)hmdi H}rdwpmbncdoyﬁmg.l c material. 10. The
printhead assenbly of claim1, wherein the nozzle
guard is formed fromphotoresist. 11. The printhead
sse [ ol
For ol Prffnedl @ity oRRIR 10, MISCERRE bRUGRARASTV cured andlor
hindblal@dhobi ¢ coating. 12. The printhead assenbly of
cl ai m 10, wherein the photoresist is UV cured and/or
har dbaked. 13. The printhead assenbly of claim1,
g\,her ?h@ pﬁﬁt‘h@a&i@&ﬁ@ﬂy JTemid 1, ¥heteh édehichgniehaan 1 hgthn the range
14. The prlnthead assenbly of claiml,
oﬁh@kﬂﬂhhmhe printhead is a pagew dth inkjet printhead.
15. The printhead assenbly of claim1l, wherein the
printhead has a nozzle density sufficient to print at
14p t trhé,l ﬁﬁﬁtheﬁu asséiﬁbly/'bf@[dnﬁtle whe R thie Prifthehd & PpdgaivithRRehkjet

assenbl y claim1
printhead.

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

sufficient to print at up to 1600 dpi.

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



