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actuator bends upwards and, consequently, the paddle moves towards a nozzle opening defined in a roof of
the nozzle chamber, thereby ejecting a droplet of ink. An advantage of this design is its simplicity of
construction. A drawback of this design is that both faces of the paddle work against the relatively viscous

ink inside the nozzle chamber.

The Applicant’s US Patent No. 6,260,953 (assigned to the present Applicant) describes an inkjet
nozzle in which the actuator forms a moving roof portion of the nozzle chamber. The actuator is takes the
form of a serpentine core of conductive material encas;d by a polymeric material. Upon actuation, the
actuator bends towards 4 floor of the nozzle chamber, increasing the pressure within the chamber and forcing
a droplet of ink from a nozzle opening defined in the roof of the chamber. The nozzle opening is defined in a
non-moving portion of the roof. An advantage of this design is that only one face of the moving roof portion
has to work against the relatively viscous ink inside the noz;le chamber. A drawback of this design is that
copstruction of the actuator from a serpentine conductive element encased by polymeric material is difficult

to achieve in a MEMS process.
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: bemgpmbea‘»ned in a nozzle charrber and a thernmal bend

act ugkelis RSt irr@fb@dupﬁ%ih@d[eﬁl@rl &f}theﬁxﬁal b inkieazizies, shambelhicve more

uat or. t.akes ,th (g a | ower active beam of
¢ 6°beﬁb£%pte?e\3té°nr?’é B “f%amca r%i ARumnitride) fused to

an upper passive beam of non-conductive material (e.g.

' sﬁmag%@meglk,&&brde) The actuator is connected to the
e via an armreceived through a slot in the wall

of t he nozzl e chanber. Upon passing a current through
Int fiest dspppehe peetnt inventaepm vides e inkiet t9zalorsepbliy agupdpiar ds and,

. conseque nz; rlOYZle &Q@oep@@gﬁsﬁ g@U&Snd’ QWS 68 Rt MGBZA ®zzle opening defined

opening defined in a.roo 81 War% theﬁﬁolr% hanber,
th?"ﬂ’érsaé‘?)’;?"fé]a@’&gﬁ”F\Odmép%ﬁ‘%‘ﬁ’imé?a Gtk ‘advant age of

thi s desighering bertdgcumatqrhvini atr’;nrachfy of epntleveu et fpr ejggting ink through the
nogg’l@gg@,g,ggksagfacglmr%omlh nis that both faces of the

I'e work agai nst the rel atlvela¥l vi scous ink inside
the higsArte Eﬁﬁﬁ%é?me*%m FSTEENt ™S US Patent No.
6, 2605cbdpfasdbgnedhinpallyheoppr@geih thAGp! tegramech that when a current is
pags§§ Mohgl%?‘e A0 béa&kﬂlgﬁrsﬁgﬂéxﬁdnhﬂelm e P& n Ptk s @fingl @Bdﬁ&ng of the
a noving roof portion of the nozzle chanber. The
agePuat or is takes the formof a serpentine core of
ORDRAIYGhd i@ adiid Rhih adfinenclasesdvdya atapadayifibe foof. mat eri al .
Upon actuation, the actuator bends towards a fl oor of
t he nozzl e chanber, increasing the pressure within the
Ortleatipespid a‘ﬁﬂﬂa‘ﬁﬁ’ﬁ’@f‘ﬁﬁm&“ﬂihﬁaﬂ"éi‘" of ink froma nozzle
openi ng deflned in the roof of the chanber. The nozzle
[ he
S T e e e S i
face of the erV| ng roof portion has to work against ‘
Oﬁtt&gallEIQLeafosz YnidblisSe OAS inl thtkndviA bélRort fieh 1A e hexzle bk moveable
A dr anb this design- is that construction of the -
el iats 0ofrom a serpentine conductive .el enent encased
by polyneric material is difficult to achieve in a

oMy RELEESSris In@vemmtﬁaeatthe%oy@og’@tngnt No. 6,623,101
escfibes an in kj et nozzle conprising a nozzle chanber

Optionally, the first beam is defined by a tortuous beam element, said tortuous beam element having a

plurality of contiguous beam members.
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with a noveabl e roof portion having a nozzle opening
defined therein. The noveabl e roof portion is

waeomsmetsed via an armto a thermal bend act uat PET/AU2006/001831

positioned externally of the nozzle chanber. The
Ogttoneﬂg t erp(l)urtﬁ 1§/e 3 gcgnlt]le o%s%réeépzll r\?l]ém an ccytg)p%%rs aghcl}alttly%f 19{? aggee‘;rg aggbers
e)mtéinéal@as Yingimdipd artsofaisdirst bealtlher rrﬁlast b@ﬁbprteﬂtem rnern’@ye)qtesdmg across
a FRXeRE 280 Bl BEEelh S1dRAG SR BARY 6ARRRMLAECt as heat
sink for the active beam Upon passing a current
t hrough the active upper beam the noveabl e roof
Optaniliyoms offsay plnglity hihemmozdgdoepipeefiepgodeficridd t herein, is
caused to rotate towards a fl oor of the nozzle
chanber, thereby ejecting through the nozzle opening
Orgiorlly: ¢ éOfﬁ‘tfiﬂfFeéa‘ SPEREY okl i ving 2 diRlecticerstan i Pblﬁss
drop flight direction nmay be controlled by sui tabl e .
OgngJQél%t tge‘ﬂexéng%l anrc]l agtua? éiulrr]t‘?}g %ongpfnser%I gtgur(g %1 yatt egtﬁ éanA\gtcc:heed g?meen the first
UFWQNH%W$ﬁ@dF%@f portion has to work against the '
relatively viscous ink inside the nozzl e chanber. A

| OfgtyoH}tl g Le Gtgjgd Lg'srtlfa? (gl%eam 1s coh Sp{tﬂe]fi E £ poro ) ma%ennial | osses

spaci ng active and passi ve beam
nmenbers. A dramback of this design is the |oss of
OtionMG! b Bt bédndih SliddYr oRd-3 RAR BGnbRART the active and
passive . beam nenmbers. There is a need to inprove
upon the design of thermal bend inkjet nozzles, so as
Optpnadlyhthevendipre iskBmpfstd o p pertus deeyrl.ej ect i on and
i mproved nechani cal robustness. Summary of the

nin FLrst aspect, th resent, i nvention
oD B oRer B Hhashs P e et dR P oS T g 90 .
nozzl e chanber conprising a floor and a roof, said

OﬁtQ)QIHy hﬁ'eVﬁIQ Heath 19%115%d Qﬁ%tegg sggfeh ﬁﬁg thk ?x%&ﬁo&pns%@l tgamum nitride,
roof having. a novrn% portlon moveab war ds t he

“??BB?mnﬁﬂﬁnﬁm?ﬁeVﬁﬁ "RETEISCt uat or havrng a plurality

of cantilever beans, for ejecting |nk through the
OpRAAh & ORG LA, oo%Plifla 36H YRk QhnGRRPT 1 SiNg: a first

active beamftor connection to dri've circuitry; and 2 5

a second passi ve beam nechani cally cooperating wth

Optheallyj sif blubRAam allstiehpdsaduniienand adestroandther Sietplasacth Young's

ygh, & BB beam the first beam expands

m%ﬁ%gtg%g @%lt eaéecond beam resulting in bending of

the actuator, Optionally, the first active beam
optehiipesid aﬁlealstﬁaéﬁxeta Q% ieded aroh(ﬂfe@roulacfo&l@mﬂfg tah i) Qﬁngaﬁ@: chromium,

n y, said noving portion conprises the
C&%¢m£ qﬁl Optional Iy, the first active beam defines at

| east part of an exterior surface of said roof.
ofsRhdioNal kby cbhiRisR Ak Alnem ORBAAYmI S defined in the
novi ng portion, such that the nozzle opening is
noveable 3 5 relative to the floor. Optionally, the
Optpbaliat s aliog conmpriea bl lest88featumpgnt 0 t he nozzl e openi ng.
Optionally, the first beamis defined by a tortuous
beam el ement, sajd tortuous beam el ement havin
Ing G| ) 5P e GUOEE BTG SVt PEAP Py piEseneat

copdpudirt | £y of conti guous beam nenbers conprises a
pluralit Ya &gt a!:tgrg Qr%enpﬁfi&h&&lm & dfive circuitry; and ‘
a second passive element mechanically cooperating with the first element, such that when a
current is passed through the first element, the first element expands relative to the second element,
resulting in bending of the actuator, ‘

wherein the first element is comprised of an aluminium alloy.
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extending along a longitudinal axis of the first beam
and at | east one shorter beam nenber extendi ng across

waamsansser se axis of the first beam and PCT/AU2006/001831

i nterconnecting | onger beam nenbers. . Optionally, one
of said plurality of beans is’ conprised of-a porous
material Optionally, said porous material is porous
Otohallf, @ Slimiituel @lldy aviytiges alutlineinead atileast o@rvgkandal biving a Foung's
Ide S¢ Og%ﬁ'f@#% the thermal bend actuator further
m%&ﬁ"b? &S “d third insul ati on beam sandw ched between
the first beam and the second beam Optionally, the
opddhdig] shild S bheQhbiADS &McicS 618 P bloSRGmpHsing: AR Smanganese, chromium,
material. Optionally, the first beamis fused or
B HEEH e t he second beam . Optionally, the second
beamis conprised of a porous material. Optionally, at
Oétgg’;ﬂ(‘/, éﬂ’iggﬁoyg&n friEE_@alfnhiEn%ﬁ a@@mi{lﬁ. spaced aPart fr om the
secon eam tionally, the first beamis conprised
of.-a material selected fromthe group conprising:
OptiohAR) skifllvy E sohpeliges atidabtZ0fe dmmadunm ni um nitri de and an
alumniumalloy. Optionally, the first beamis
conprised of an al um nium al | O)é. Optionally, said
Oetfopatiy ririd Fseaof ryond priseE<Caniiqyiofi™m and at | east one
ot her netal having a Young's nodulus of nore than 100
O%aéllycﬁet tllrsq %eaz‘ilml iy fuse & b%na%& toI tl?e%g'cton Sin g&;g@l lonlgi%udﬁlgll a&E Ih@rgof
P8t he "group conprising: vanadi um ranganese,
chrom um cobalt and nickel. Optionally, said alloy
OBRIy! 5 BSst At b8 A B mV AP aREd dpart fréapiht Brdictedny, theSByi ibulating the first
al | Oé co raltsptﬁ, at él%%ﬁt 80% al um nium In a second
bR TR PP PEEER ™ Wo8nt i on provides a thermal bend
actuator, having a plurality of elenments, conprising:
Oﬁticfnjslfy,sgne 8Gshili ¥iBrafy 8BRIHentf 9 EonGailtd BL4 dotils hllertdr | VE
circuitry; and a second passive el enment nechanically
cooperating with the first elenent, such that when a
Optimmlyngidipsropasead hiskrdiisghic tohganf ¢fpkaut 2ordasent , the first
el ement expands relative to the second el enent,
resulting in bending of the_ actuator, wherein the
Optiqualty. BiIeARITTAE CaRBPI L8er 69°%n al unmi ni um
alloy. Optionally, said alumniumalloy conprises
o@h&ﬁﬁ'ﬂfj& #M AR A bed £RSHAANd ALY BB @each M it Gecd beam.
oung"s nodul us of nore than 100 GPa. Optionally, said
at | east one netal is selected fromthe group
OpSHpIlyi, e M insdniadieannis comppmigrarés@rouchatgid. um  cobal t and
ni ckel. Optionally, said alloy conprises al um num and

vanadium Optionally, said alloy conprises at | east
Ogtorlly hesepang pyam is comprised of a porous material.

In a further aspect the present invention provides an inkjet nozzle assembly comprising:
a nozzle chamber having a nozzle opening and an ink inlet; and
a thermal bend actuator, having a plurality of cantilever beams, for ejecting ink through the
nozzle opening, said actuator comprising:
a first active beam ‘for connection to drive circuitry; and
a second passive beam mechanically cooperating with the first beam, such that when a current is
passed through the first beam, the first beam expands relative to the second beam, resulting in bending of the
actuator, )

wherein the first beam is comprised of an aluminium alloy.
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Optionally, said first and second el enents are
cantil ever beans. Optionally, the first beamis fused
worososmsetd to the second beam al ong a | ongi t udPEEAU2006501831
thereof. Optionally, at |east part of the second beam
IS spaced apart fromthe first beam. t her eby
C?Pﬁ%qaf the ﬁ@zlﬁ PReTPr paepriBs & AP Frdrhrenf haVea3 moyiegrortioh. whireby actuation of
s5i€ 60RGr BOIBaid AW ing PlidnYowaBBiddhosai d plurality of
elements is conprised of a porous material Optionally,
said porous material has a:dielectric constant of
Qetenally, the govihgnogion Quivrigntik kouatosai d porous material is
porous silicon dioxide. Optionally, a third insulation
ea andw ched ween the first beam and the
(gﬁ diﬁéﬁﬁ?UGEFWHWEFF§:mﬁﬁ%/P%VWﬂaFﬁ§WFéWﬁon beam i s
conprised of a porous material. Optionally, the second
d?)@@{m& the EQITRS Vle%@agi &Ene@at@é?igtgwof %&gbr%hrface! J}' liogglé (!'I]mmlfer.
aspect the present 1 nvention provides an In Jet nozz
assenbly conprising: a nozzle chanber having a nozzle
Gppenily) ge anee atningik déAbdh the ABNgRo#ibE KUYR that Ry 1 zRCoH il & moveable
Navi RG3p urality of cantilever beams, for ejecting
i Nk through t he nozzl e opening, said actuator
conprising: a first active beamfor connection to
164 thvaspdct tBd Hrdséry invehiéh ;ﬁov&i@s&ﬂﬁ%@n@ 858 bdtRitob BAM 2 plurality of elements,
cnec%{]anlcally cooperating with the first beam such
'Hat When a current is passed through the first beam
the first afcasriedsanydorcabetintedive citchigy:setond beam

;‘ es U|t t ign g aké&o@%@rﬂiv@gerﬁgnt Iﬁéaﬁanﬁﬁlty U@Hbgﬁtmg WSS il eie'al@nt such that when a
irs eamil S

onmyr

al | oy 3Pt BF 2 g‘mu h fgﬁ 89‘??“&% ﬁﬁﬁeg]érfemf%‘?slrﬁaége ' tbFIS‘??EYId clement,
and a%W@mmnhavmnjﬂaaﬁmW¥ng portion; whereby actuation
wRkrei® ale@r AGPURLB o f FBRUES 1&@&9113%\% PloR %&ﬁa@ n towards
said floor. Optionally, the noving portion conprises
the actuator. Optionally, the first active beam
Odednalivemidarbrohsoaettial3@94 didlecaic tttalk ofab@a2 aflest. he r oof .
Optionally, the first active beam defines at |east
pa art of an exterior surface of said nozzle chanber.
e B nidgrous iRl g Rerous disehdionsei s defined in the
nmovi ng portion, such that the nozzle opening is
ORBMEADLR dLhALLYSK eﬁegleﬁtbag o &hfiQErbedo} @ third aspect the
present invention provides a thernmal bend actuator,
having a plurality of elenents, conprising: a flrst
IreecCuithe easgk et prbddes € Olﬂlﬁﬁnieﬁd)ﬁtuit@ fidther\tBmHsing bliblcd MsulaBbitbeam

: ically cooperating with
&?ﬁ%@%?ﬁg?Qgﬁeﬁéﬁ?ghgﬁ?ﬁsmﬁ? %ﬂen a current is passed
through the first element, the first el ement expands
Op@dnélly] t€thirdDindu@ornSREDR ongrigABIY poroi &AMl Ng 1 N bendi ng
of the actuator, wherein one of said plurality of

el enents is conprised of a porous naterial .
Optionally, the first beam is tused or bonded to the second beam along a longitudinal axis thereof,

Optionally, the second beam is comprised of a pofous material.

Optionally, the first element is comprised of a material selected from the group comprising: titanium nitride,

titanium aluminium nitride and an aluminium alloy.

Optionally, the first element is comprised of an aluminium alloy.



Optionally, said porous material has a dielectric
constant of about 2 or less. Optionally, said porous

WOoRM0sn6mB1 i s porous silicon dioxide. Optional |l pcT/asizabe/001831
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first and second elenments are cantil ever beans. In a
further aspect there is provi 4&s a thermal bend

QpEeratht epid iR llof enpFiTes BN MmER & Kast ors gthertegshhayisapiloung’s
ndulchif ebe chabetovgpen the first beam and the second beam

he third in on beam.is conprised of

PLEBOE L s i STl S ngHeE GRS ipSe gomiom
cpalt prsiiérsd: t o the second beam al ong a longitudinal axis
ther eof . Optionally, the second beamis conprised of a

f,lj MRt er | al tlonall%/ the first elenment is

lona % SIS oRPIER B 28 TAREYRY fr om t he gr oup

corrpr|3| ng: titaniumnitride, titani um alum nium
Cﬁbh&{aﬂl}dﬁndaaﬂgy @Bpl%leﬁmcﬂtma@xldlﬂym QC)t i onal | y, 1 he first
el enent is conprised an alum nium al |l oy. Optional |y,
said al um nium al | oy conprl ses alum nium and at | east
Ipethetaipedt thaptesht ifvantion groadeY@:ulmget&oma dssl:mlﬁy @fnpxim{ge t han

sel'ected fromthe grou
manganese? “k?ﬁ‘iab‘?ﬁ’%ﬁ”até‘iakﬁamﬂ a alhfdhth P@Rfeﬂever@almsofnm detjng ink through the
nS&ledpealnk,@¥id ﬁﬁﬂ'ﬁfdoﬁlﬁt&‘n@] um num and vanadi um

QC)tI Q%HCM\m b%aarﬂ 8rco eg%ngoomrl 258 at | east 80%

al uminirum In anot her Aspect “FHE B%sent i nvention
pr ov P @endapssivilicpe Flem%lliecoa@yem\lwyl teedirp béagil such that when a current is
pﬁk@aﬁZﬂr@lgE haRlkant) ¥ iFRObedm B}QJZIEE R18REN DGR GCaﬁtnrehn}ﬁg in bending of the
aé“Pa and a thermal bend actuator, havi ng a plurality

Canti | ever beans, for ejecting ink through the
“heyels pre obpiEmivragty o xgeats is etmpeised ot omps haital: a first
~active beam for connection to drive circuitry; and a

d e beam nech nlc C00 eratlng with the
oD R LR ORRE B 90 B UV BRL T & (RQ0ath PR gugrion ot

Sﬁ*%mﬁtmrw%beémpvnmertrbm tos/trd@elalﬂp@xpands relative to the
second beam resulti ng i n bending of the actuator,

ner.ei n one of said ity of beanms is corrprlsed of
Ogloﬁgsotgesm%lgéf“f‘%com f‘sit{fﬁ*a #F; the nozzl e chanber
conprises a floor and a roof having a nmoving portion,

OMB%KI@QM(: BGLUAL !)eglg d&fnessdﬂegt %G/t 3t QEO% ar o\fﬁg rﬁ?})?l d noving

portion towards said floor. Optiona e novi ng
portion conprises the actuator. Opti onal ly, the first

Opighiliyshdrig s mttehean édinatat kagsitt o30%x edor urfa@lodaiddoR Bfmber.
the roof. Optionally, the first active beam defines at
| east part of an exterior surface of said nozzle

ORtPaHBete ogt PEITEI dfinct ehertey i sorbysetyFingatihs nerelk bprae ismoveable
retalie oy flgvg portion, such that the nozzle opening is '
noveabl e relative to the fl oor.
In a fourth aspect the present invention provides an inkjet nozzle assembly comprising:
a nozzle‘chamber comprising a floor and a roof; said roof having a nozzle opening defined
therein, said roof having a moviﬂg portion moveable towards the floor; and
a thermal bend actuator, having a plurality of cantilever beams, for ejecting ink througfl the
nozzle opening, said actuator comprising:
a first active beam for connection to drive circuitry; and '
a second passive beam mechanically cooperating with the first beam, such that when a current is
passed through the first beam, the first beam expands relative to the second beam, resulting in bending of the
actuator,

wherein said moving portion comprises the actuator.
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In a fourth aspect the present invention provides an
i nkj et nozzle assenbly conprising: a nozzle chanber
wa@oopnsssng a floor and a roof, said roof havi POT/aUu2006/001831
nozzl e openi ng defined thereln sai d roof having a
novi ng portion noveabl e t owatdis the floor; and a
thermal bend actuator, having a plurality of
OB, iR\ R @AIEn ddiieds aﬁj:a&@t)% dfp tbialarch bfthirgdt. t he nozzl e
openi ng, said actuator conprising: a first active beam
for connection to drive circuitry; and a second
Opiasdy.vie e anvrieohdfinoal ikt rebefse P)ﬁ«trﬁowgffw phisaid ppaf f i r st
beam such t hat mhen a current is passed through t he

first beawklthe fi t beam expands re €¥memn mmmgwnmmee

Ortieedirdbeaz Op"r“é’&fldf Y AP HE ot e et
reldide rehafi®apakiordVi Ng portion conpri ses the
actuator.Optionally, the first active beam defines at
| east 30% of a total area ofthe roof. Optionally, the
Offtiopally, thecp P yBPAPETITNEE P PO B PNBar t of an exteri or
surface of said roof. Qptionally, the nozzle opening
t10naql the gbeam 15 (ﬂg eq% {Aguogsogegxh Qb n§ %@aoméstbegxyﬁer&gtzh%biﬁga
ORBBRT NG 18 “Woveabl e ative to the f1oor portion.
m@pMY@hanymsvh@ﬂﬁé@m%tor i's aneabIe relative to the

nozzl e openlng .o Cptlonally the first beamis
def i uous beam.e
O%tf"é%’nﬁ ;ﬁy ah%' of conttlﬁous e?m linem %geis 6 lgll&gty Eﬂg I%H%gﬁgoe 0

e@plinprie gpngltun]eal p*lmfﬂelﬁfsybeelfl ae%ﬁ tepgy %a&ortb@a%ﬁ ﬁ@%@ﬁxgendmg across
a GREREE SESf Ahe Ristdedth hddYnt@dondeotg O BaRMMEREREr S ext endi ng
al ong a longitudinal axis ofthe first beam and at
| east one shorter beam nenber extending across a
Opticasiiy e sizaid rliuslitg bt teemsfis qomprispbefmperp Meistidr connect i ng
| onger beam menbers. Cptlonally one of sald plurallty
of heans is conprised porous. nate ahlg
Ogpely B 8Y8 PR waam“sssﬂ%w R R s sai b L2 it}
a dielectric constant of 2 or less. Optionally, the
OLtlﬂ)%glﬁq ¢ JH&E{Q bRk R Furhdt (:&rxkb%ges & BN fnku3:8iSn Wearh BindWiched between the first
I nsulati on beam sandwi ched between the first beam and
beapendle i BR®m Optional Iy, the third insul ati on beam
is conprised of a porous material. Optionally, the
fir aecond beam
OB%F%% ?@g@hgﬁ%Migg%ﬁgmﬁggﬁ?ﬁg%gﬁiﬁé.sed of a porous
material. Optionally, at |east part ofthe first beam
ObGonSIRAGE fkstdpa it fifddonbdnlg istecormdd Iveam Optional ly, the
first beamis conprised of a material selected from
the group conprising: titaniumnitride, titanium
OptiaupHyntheserasi bemdecompgredef 2areitimiietith al | oy. Optional Iy,
the flrst beam i s conprlsed of an al um ni um al | oy.
Og odlal t at Illeaé( g%rt hg ﬁras% l’eltzripn %I lét A %mc%ﬁ%quo@gﬁn al um ni um

one o 1P aV|ng ng' s

Ohtionally, the first beam is comprised of a material selected from the group comprising: titanium nitride,

titanium aluminium nitride and an aluminium alloy.

- Optionally, the first beam is comprised of an aluminium alloy.

Optionally, said aluminium alloy comprises aluminium and at least one other metal having a Young’s

modulus of more than 100 GPa. |
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nodul us of nore than 100 GPa. Optionally, said at | east
one netal is selected fromthe group conpri sing:

WO 208671581 nmanganese, chrom um cobalt and ni cRet/AU2006/001831

Optionally, said alloy conprises al unm num and
vanadi um Optionally, said alldy conprises at |east
Ogtwsliyt widiahipagiane ingfalas stledtedHromgivescup edwpripnee Sostiun, maeateso rhromium,
hPMddRsan i nkj et nozzle assenbly conprising: a
nozzl e chanber conprising a floor and a roof, said
roof having a nozzle opening defined therein, said
Opgotliyvhaidialty comprivewiunghupand vagdivabveabl e t owar ds t he
floor; and a thernmal bend actuator, having a plurality
of cantilever beans, for ejecting ink through the
ORierallvesats slbayiopgprisesat \epssfOta it onpri si ng: a first
active beam for connection to drive circuitry; and a
S ssi ve .beam nechani cal | Qoperating.with the
PR SRATL PROAI AR BRPRRL R | 1 ough
the first 2peaarhamprs cdnprsing Hitoanane % prah el rpelhertiignaozzio opdniag defined
d}\?ﬁ@l@sﬁﬂ r&?ﬁaﬂ]ngﬁ ﬁ@dtdlllgtﬂo?;ﬁn }nasgaﬁd'}g\i&/di‘(?.t&fﬂOErhztﬁldla-Ct u tat or, ¢ of

erein irst, active beam defines at |eas art
an exteri8§m§ﬁﬁfg%§m%?F§%PaaE%6'7051 HleyH By, g F&gu&tmm%hme
neraly pprging o4id dcmocomprsinges t he actuator.. Optionally, the
fi 1St AACLHNSAREBNB AR IR BSIrM ik 8RS 1na30% of a total area

the nozzl e gpening is defined

of the roof.. tionaILy , | )
int ﬁé“?ﬁ‘}\fz’fsﬂéec%ﬁ? Ergapicaly et il T bermesugiah g 2jogrent is
pavepd dadoblethe Ebtdbdny e fiot tiche efphiorelati@pé thorednt Ygamt faeliing in bending of the
adglpator is noveable relative to the nozzle opening.
tionally, the first beamis defined by a tortuous

- "Bedni"e MEITEE Peagdielret YiPUBYS ! BeaftiusERemt HhvPhg a

plurality of contiguous beam nenbers. Optionally, the
Ob @l IHOHS -REAT S S URM S ARRGLAES @ plurality of |onger
eam nenbers and at || east one shorter beam nenber,
each | onger beam nmenber extending al ong a | ongitudina
Ogticngllyohe firkt@ctive beain defadar RisE3doeifa eptdl RtFmerRect ed by a
shorter beam nenber exteéndi ng across a transverse axis
of the first beam Optionally, one of said plurality
Optfonflefsnorade @evss &berd 5f thampse erdomueliethit dle ngysieiopamiak fsynoveable
reaflietlo pOf&@S material is porous silicon dioxide having )
a dielectric constant of 2 or less. Optionally, the
t hernmal bend actuator further conprises a third
Optirstilvethe sstattranme veabirdelpth iedhemerzigeparinghe first beam and
the second beam Optionally, the third insulation beam
op il BT 1Tl P5r Mhuakan e B L b5 g bevins
pl@plity ofrattigyous bdam mymbeond beam i s conpri sed of a porous
material. Optionally, at |east part of the first beam
IS aced apart fromthe second beam Optionally, the
op pl SR LT a r R P S8P SEGE T B one shorer
bdalenegbaLtpchdorpbeagi mygpbertekemiigaiongy bngitaiinal axis of the first beam and being

. interconnected by a shorter beam member extending across a transverse axis of the first beam.

Optionally, one of said plurality of beams is comprised of a porous material
Optionally, said porous material is porous silicon dioxide having a dielectric constant of 2 or léss. *

Optionally, the thermal bend actuator further comprises a third insulation beam sandwiched between the first

beam and the second beam.
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titaniumalum niumnitride and an al um ni um al | oy.
Optionally, the first beamis conprised of an

wa@bkesionisam al | oy. Optionally, said al um ni um aPCDRU2006/001831

conpri ses aluniniuntand at | east one other netal

Vi a. Young'.s nodul us of e than 100 GPa.
dé%tnflgﬁtgf thif‘,?m%ugﬁ“&“ bgpm lsé‘H%‘tnsegﬁea RErsPasel sel ected from
the group conprising: vanadi um mnanganese, chrom um
o0l AR bRIEK Rhed QAR Yoo féeh&i al | oy conpri ses
al um'num and vanadi um t|onaF said alloy
conpri ses at | east 8096a|untn|unt In a sixth aspect
Optiealfyr @8 enind baawmanimpisedfayoroie maridlher mal bend
actuator, having a plurality of elongate cantilever
beans, conprisin a first active beam for connection
Optionglfs; 4 deass Pricaibe figpt beam s epapadiapart figmalmstreichyerelef i ned by a
tortuous beantelenent sai d tortuous beam el enent
Og? (}l/'lIﬂQgthe %rgtsl’)ga{/mgtls I g rtsed aﬁngt elrtgl gffqafc);:dgr a %?[‘?b %r@tgwugﬂtgtixﬁ@t nitride,
tlfatuldrgﬁlu@ealmmts@r@hd tnhalmHWneaﬁoa current is passed through
the first beam the first beam expands relative to the

Seco resul ting. in bending of the actuator,
ORiRap g tRe g'ﬁtg]eaﬁt ‘ﬁ?ogtpf‘ﬁ} gfcaf’ pBRtrglidus beam menber s
conprises a plurality of |onger beam nenbers extendi ng

iRy, s@tdlaﬁﬁgﬂ MBMbp%A Rur@fiud 18 of llearstsbgle Qﬁegmtal%%g%t\’oung’s

st _one shorter beam nmenber extendi ng across

TPPRR B BP §TDf the first beamand inter connect| ng

| onger beam menbers. Optionally, said first beam S
Oﬁt@ﬁﬂ@l%ﬁ% 190 ﬁ@tngal(#s lelé,[c(?edq‘rlo{rx% o'n%/ CO\A'lI gsu% nad um man anese, chromium,
ect r| ca contacts positione on g of sarg

QE& ptionally, a first electrical contact S

connect ed to a first end of said tortuous beam el enent
offila. SAGA Iﬁgnﬁe%gmn&é&ta&d%nagﬁm I's connected to a

second sal d tortuous beam el enent. Optional |y,

one of sald plurality of beans is conprised of a
Oph Ol Ssaiall @ cordrisddat ibaer3ads lapminsdl. d porous material is

porous silicon dioxide having a dielectric constant of

2 or less. In a further aspect there is provided a
IopsE iy feRect e meps atie watton profides  kermablyngciusipmigpviag ¢ pliveldly of elongate
cahnsmt&am@tsb[@ﬁaﬁg sandwi ched between the first beam and

| conpr 1 b3 1~ KB ST BT R AR 1y PRgened by o

. T i r srudyeleam plemdng swommummednet@atm dhedond cdmaams beam members;
th i ggal Iy, the second beam is conprised of a porous

mat eri al . t onal | % part of the first Eeam

i s spaced” apaf{ PSR R h%@@ﬁ&“%‘é%ﬁt‘”“@f’ [SPgyuch thagvhen a
fir sturp swrsss! ooz e Setheot, ta fimatean exphnds elagett@de fec@ibean,

the ,ggugggmq,g{m{go%@@gmatgg taniumnitride, titanium

urm ni rpmtrl de and an al um ni um al | oy.
wheretn e plurality of contiguous beam members comprises a plurality of longer beam members extendmg .

along a longitudinal axis of the first beam, and at least one shorter beam member extending across a

transverse axis of the first beam and interconnecting longer beam members.

Optionally, said first beam is connected to said drive circuitry via a pair of electrical contacts positioned at

one end of said actuator.

Optionally, a first electrical contact is connected to a first end of said tortuous beam element and a second

electrical contact is connected to a second end of said tortuous beam element.
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In a further aspect the present invention provides an
i nkj et nozzle assenbly conprising: a nozzle chanber
whansg7sal nozzl e openi ng and an ink inlet; andP@r/AuU2006/001831
thermal bend actuator, having a plurallty of
cantilever beams, for ejectinkfink through the nozzle
Optraallynepe oSaid dlugbity wblteems ic emprijed plagorops ridterigt act i ve beam
for connection to drive circuitry, said first beam
defined by a tortuous beam el enent, sai
OP%"r“i‘ ligid PB‘@%Prﬁ“’éﬂ“é‘r’FeHﬁ’fO“%%‘ﬁﬁ‘} fi%¥ds vipegidisiegiiy W“%lf of 2 or less
conti guous beam nenbers; and a second paSS|ve beam

H‘%ﬁmﬁj&@! t{leye i€ &QQ%Q%H& b%& tu!itErefuxftl‘!eﬁc%Lxﬁxps I'iatmu beam

en a current is passe roug |rst
spfEchef pytees e fhirarexddlitasorddrati ve to the second beam
resulting in bending of the actuator wherein the
OB ot Yo B B e TR Rl g ol ong a
Iongltudlnal axis of the first beam and at |east one
OpiMakILyehe ROBBINE FBRIor BRlQAMhNGACERARS @ transverse axis
of the first beam and interconnecting | onger beam
menbers. Optionally, the nozzle chanber conprises a
Obticpdly, hngcad baafis dempisedofa porowsiongrigor t i on, wher eby
actuation of said actuator nobves said noving portion

ds said floor. Optionally, the moving portion
OBtb‘}rl‘}% Vi & Fast Pt de tgﬁ%ﬁea? is spapliPR A Pye spRd B PP st acti ve

beam defines at least 30% of a total area of the roof.

O%blgrntﬁé b:yt'bezl:nhlg an{p[i?eh opactﬁéte%gl sggc"f)eH]ﬁgSftﬂe%ﬁp 9otmpl'1§1%3t'itamum nitride,

an exterior surface of said nozzl

' “@ﬂaﬁb%?“TfﬂqWﬂﬁﬂq%?M%W%FWQ&&Ie opening is deflned in

the noving portion, such that tne nozzle opening is
Irf g)ﬁ‘fr@n%bels&ctr tf?el p@ésény ﬁw{n tpui%xdreé aggﬁ( et n é ag{égbl% ¥0mptn|§§

actuator 1s noveable relative { e noz opéblng

In a furt ABZaspEbar hivingp aozrls Ovrvewnsé@jm&wlef .éwq et nozzle

assenbl y & teddaendOMR6H Eaviga Flurfldy &f caitile@dr @&itnk | f6r@ecting ink through the
m&gg&gg&% ?g§h&hqg%§“%% one end ofsaid actuator, said

cont act oviding electrical connection

bet we it aéfa‘ieaeapbfmtoeeaewb Ay elrenBntaiddiay bemibaingdefiged by a tortuous
b&inleGthbdt [ s¥id to%uls Edﬁﬁl'eleh‘lent aorrfphﬁﬁgta pﬁﬂrzﬂ@ﬂdf b&lﬁéuo@sQJ@lnaﬁémHel‘% and

gﬁg n ggetgcgnc BaSS vegieam F(!:he(l: A ﬁiy C%cr)ﬁse% 11Eg Wligl tl’g:o I'SlfI geartn (ljrp[tl?at ggf% a current lS
pased Grryelethafigbearn ihd fisoriameegapatys Zakatied te the oondBedng fesulting in bending of
m@e&g&;ption of the Drawings Figure 1 is a schematic
wEelcr)%ng the ur\'cll\{uy of co%tlxglt\ou%lgexg ré%%bﬁt{shcshg%!:srarpg ity oci: olr'llgaetr l?eam members extending

aladgl}mnmﬁ@n@l\ﬂalﬂ alttheufirst &tamoand atfipagfieneshorRf Pehm (@b exgending across a

teSERBIRES & b kil edR Gldli QA& nM iR e d beathdnfllh €1 NOZzZl €
assembly conprising a fused thermal bend actuator at

vari ous stages of operation; Figure 3 is a perspective

* Opticgallyghe tobde chontet @massentivoyansd howihaiing Fh@itg@ord¢n\yhereby actuation of

sakdl DL b vds Sai@BERISBRGE IWfakhiB ol part of a printhead
‘integrated circuit conprising an array of nozzle

assenblies, -as shown in Figures 2(A) and 3;
Optionally, the moving portion comprises the actuator.

Optionally, the first active beam defines at least 30% of a total area of the roof.

Optionally, the first active beam defines at least part of an exterior surface of said nozzle chamber.
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Figure 5 is a cutaway perspective view of an inkjet

nozzl e assenbly conprising a spaced apart thermal bend
w@edosas81 and novi ng roof structure; Figure 6 PGI/AU2006/001831

cutaway perspective view of tige inkjet nozzle assenbly
o&l&@m thelhodzle@pdnig B defhe@ i (RGHMBE Sidida QAL t@Ufh@ﬁszQopeEh?ﬂs‘ FBveable

taway perspective view of the inkjet nozz
re]zﬁ%?é?r%f@m%hom in Figure 5 inmediately after

de-actuation; Figure 8 is a side sectional view of the
o&%&&@m@%ﬁﬁ&’%‘ ﬂov&lgfgmall&o e Q4018 o[I@mné: igure 9 is a side

‘'sectional view of an inkjet nozzle assenbly conpri sing

a roof having a noving portion defined by a thernal
Inbenteraghu & is prdvidgdiitnddndzge seailydwayr cpﬁprsmg € bditwe eledtr@dl contacts
po(s)tno&eggc ogeoe{l& Lt%ax@}?c%ﬁ(gp Ad ﬁi&%‘@ﬁ? cé ct's:grg\qau? ctnc%’] g&ﬁgl&tig'njbe}“%en said

a perspective view of e nozz sse
tOF'JFD@iJ‘?eémilﬂmﬂFf}‘"@Eﬁ“deQ“Y%‘% cut away perspective vi ew of

an array of the nozzle assenblies shown in Figure 10;
O?tloEallllé,ta E%sg %I% ec% acczﬁta%ﬁ%?oer&gcéeg Qra ﬁésly%n%\(l)vfasg{d (t)ogt?lou% a%/arenre{]ement and a second
elWﬁlﬁ@%m wort@ntedj@fauswe@ eb%/ofaali ‘h@l@mﬁearbémnact uat or;

Frgure 14 is a cutaway perspective view of the nozzl e
B enbly sho i.n Figure 13; Figure 15 is a
I ST f the nozzle assenbly shown in

Fi guFigurd Bis 2 fehguatiesided/iqwaf gbidoiredriatring! bgidaetuaygrepmmbingan active beam
o sbAURk Akl MEkEBlaibend act uat o compri sing a <

sandw Ch?&%ﬁsu ating beam for med of porous material;

and EPYH FeghpmeTeERREL TR SiedRO PP BilFtgPZals APy rapitng « fused
thérmelrbaall activea dt vaddus sitgo¥ ofopanguipd; Si Nng a passi ve beam for med
of PR é’l§ls %‘:ﬁés%gdtlaé V1J1p<§f@rfe In@z@le Q@é&b‘i}’ smv{rnnglgxflre §(ﬂ?

I nven er noel asti c Act I ve Ellenment Conprised of

Al unf ‘igﬂr%‘h’rs APTBSFUT I %ﬂPT‘V’ a GrieRARn i U g FuL5 PRy ising an array of nozzle
asgegbliratao shofmin Fignes Heednd st i ¢ actuator) conprises a pair

of GLLIELH@F% ’§cdtﬂva§ Ha? pgcg{-/emlegjof grnnlggtrnbz%l@ as@én%rfgeéarn [@S‘I}g a@paced apart

passi Ve el enent constrarns |1 near expan3|on of
therppal ba‘@tai’%aé‘“é‘fdé’i’?éﬁﬁ rooﬁ%ﬁ%c“ﬁ?:t ive elenment is required to

undeFigoe gt eatBiay pdapeiinoliasds the ink)} RS :8mb1e bidtvh \eFidu 5 in an

' el ement, thereby providing a bending

,aotﬁgttg?%ﬁég%%(% el ements may be fused or bonded together _

f or Tiees hiArearryermecsle iigwt o e inkipt nopzlegpramly shapya potFigugsyS inmediately
aftdi d&iaﬂf’tuzlbng t her mal | osses to the passive el enent.

Hith bed |tr|de sblnga

sui ¢ S i AL PETb A Rl MELM EoBa Rl " & ey

i n aFigdet lﬁmﬂdebeqﬂelnahwuﬁta@me@e@}e agsgypblipsezmpiing, a regShaving a moving
po&ioﬂlﬁ‘m&ﬁgz/)a thefXa@hd &uja&)abl e rrat erials described in, for
exa guéé l(ﬁ)Agzp Bja]%f%/ p}erﬁpetctwe %gw 8? the I%og fhaSSEHIbIe/8H0133 I‘ ee 9-;|-I B2,

ex palhsqrfolri igadrshaoiye e thynozzé @WU‘MY@WPSI Bgureolifg

candiigal Jaocﬁjtaw%céﬁec@@ vR& bt M8k R rhm&h@gsfsén%u@sls%nﬁ Figure 10;

However, _al um num su fers froma relatjve

Yo u gqée Iﬁd I‘% §ect1% Véeﬁv oagta'ltg-&qlnge Lfmlfjgmﬁzlf, gssg{(};@‘, cgrnpnsmg a roof having
a théveg poedrakfined bef hérmiléachcuagcor di ngl y, al um ni um had

pr eVILiQHeSMXs Rﬁé@aﬁeéﬁe@% K/g@gf the nozzle assembly shown in Figure 13;
Figure 15 is a perspective view of the nozzle assembly shown in Figure 13;
Figure 16 is a schematic side view of a tri-layered thermal bend actuator comprising a sandwiched
insulating beam formed of porous material; and
Figure 17 is a schematic side view of a bi-layered thermal bend actuator comprising a passive beam

formed of porous material.
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as a suitable material for use an active thernoel astic
el ement. However, it has now been found that al um nium

wa@bdospersar e excel l ent materials for use as PCT/AU2006/001831

t hernoel astic active el enent since they conbine the

lyapt ageous. properties of hi gh t hermal expansion, |ow

‘%%ﬁgrryg%ﬁd—hr&ﬁ% ng's nodulus. Typically, alum nium
is alloyed with at | east one netal having a Young's
TROAMIdG: RivE13: @B@m}m:@mw,m@ um niumis alloyed

wth_at |ea el e d fromthe ou ‘
Corp? P MR IR bt s R B e St o Baspir oretemens
ingtirecforry of kredotive Slempnt pigli am@sxye el¢nfenthmigchiyemhaifsdusndexphvaibn ¢fithe active

clEB&GE il“heeégaveteiaﬁgxﬁﬁlreq% mhé?%% g?é'a@ptﬁé‘r&lbe%tlcgt(paﬁgldﬂ%Iz[t]llvé'ltmthe passive
are not_ conprom sed h such netal s

eleﬁinit &qrg‘)){ ;vowd(u]gé baqdpé ymt&?rfﬂnre Ie]gn@gntsaﬁ(ay Pféﬁa‘?fi o@@%ed to gether for maximum
stoiptiabin@grity/or afacdd@pesitior Afinizop the@iabbdsy tithe fa@as bleBlo Or
0 pt I 9[“ lrtl) Xve%gsc{‘lb%g 8:9 rﬁn%xl: é’é%tﬂ%"ygltabﬁlcgﬁ[dgtF gor %@E’t}{‘\@ fh@rmoelastic

|rmrp her ma act uat or ormo
elerafﬁ]f mp ét\ygrfal M%Wt@l(see,ffpr)@é@np@eoU%6 ﬁ]&é@ﬂz@&er sujtphde materials described in,
fo @fatnble £ARhical BAN PARrL NG YR8, 1 SRk mzl Muwanm‘m e beam 210
3.02d I?ngerms (ﬁ? P hllgﬁ & Frﬁ‘lt%lg as B I1<¥1ce§m 5 a:é[%:tlisx h%hlménsl,mm ]gs Sir?}né candidate for use as an
agipe hameyasolymartr Bows s iimagmfseffersdomjaydatyeln lew Youngismiodees, which
d@rfacts ﬁdn) itsIRQ0 tﬂémoeﬁaistic)eff@éﬁ/@y&cfcé%él’y al@ﬁlﬁluu(rj H.aclﬂ I)revag%} been disregarded
as atsulr%glle ntateﬁa-pt] T Hse aré%c x§ett£x G oee ];ﬁ{c%!f \(}E\I: ?ﬁ \ge;ﬁo;:?npar ed by

el ectivvever, 1t 2] Ir@ebeam’@umlatsumlmgn elives @herdiynt metgrinlsrferdise ag
a@l%toaml& &hveaeleeﬁﬁk siBR Gllel, bR Yhe YBLRLSY pBferis MhSh t1BSnal expansion,

| J nﬁ'ﬁ gx Iae?“g interferoneter. e results are
OFHERY 194 "ERECUPEB 8T SE ow: Thus, the 95% Al /5% V al | oy

r equilyd!2 2l@8iniinieatloed 98h @iveyt gye nehbimvinhe Y cogpasdbb ef >100 GPa.
T;;QQ%’ ﬁhmﬁlﬁ}ﬁ' 1§a@1oyeE"Mtﬁ LT oﬁehx%ta%g%%tél éothQe/ngp @J)rklﬂym% vanadium,

mri%g%se;ﬁu%w 6%btallt ?Lﬁ%ﬁlge S’Sﬁx@ggﬁeg@r éhaé 8%3 chacétaat fhﬁ a}tcellerl?t thermal expansion
p@peutties v ainmirdlnl @y %ot entprogisedwhee alloyalavidisdatesisf or use as

act I bstl&m@nnpﬁlb%%gse@t REBEES o {Jtran@xy aﬁag%egfoph@{? at least 80% or

tions, including thermal bend actuators
OH’tﬁRa]néft 53829 A8minu Jet “Nozzl es Compri sing a Ther mal
BendFidat u atoms a Hihepeth&arou bf:xﬁl! abtGaNg 200 i6l @8 €dith pf d 03iiile®ér beam 201 .fixed to a
p(gsﬁﬁb CﬁL Jg l;ealﬁ lezclo:% 'ses%&&ep &l?&be&ﬂ‘ﬁ%ﬁa&fb@@% gn !%per passive beam 220
er mal d actuator having an active e

of@éwqug(éis Té“F thepqelasig qﬁffzﬁiegfifsd%’ghe rgBer 20 Kets é«ﬁaﬁﬂavd for active beams
cApiR oS (INPOTELS; qd) 9W.enfﬂ<alv Bang) 9det AlabRrv. Tur ni ng

IS(rglhte Egtrr!né/elagt clegilé: nc1ets werg go%%g)]@ 5‘ g]y s?’fnul%tmg Ehe aé’aﬁ nfgti)eam g%‘nthh a short electrical
Peteet Biepgng e weRy fegltlreéﬁﬁﬁ@ﬂlwak OW@foﬁ’dlzlz‘Péf otk rtbflejermined by a
1addd Qitet SrodhQErMBE rdadits MENDWR MAKEISBIES1A a passi vation |ayer

2 of a silicon substrate 3, as described in US

6,416, 167. The nozzle assenbly 100 conprises a nozzle |

chreirddiepm Makian/i ng a ooty Reqand oieéWatkl OsllatthEclnaz z| e

chamygge, Ay TS5 fi{ted wthr Tk 6 byggEans of am Tnk
inlet channel 7! etched through the substrate 3 The

noz¥%ABfaWber L further include®*d® nozzl e opening 8

Torgejtdkon of jInk Tromthe nozz[9euchanber An 1 nk

ool ’){'\ |o Nninnoad acrncce A 2 1 nf fh_mnazila

openi ng 8, as shown in Figure 2(A). The nozzl e
asseilipisyheBOB AGtetVredipy moirpt 3. ¢asnealep atketlyehad the powkiblohét Al device.

F&rﬁ&j, ﬂ@Q(ﬁ’/b@U lﬂ‘gz\rzzhl@y ﬁmﬁ ti:lnes less energy than the comparable 100% Al device. It
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which is interconnected via an arm 11 to an actuator

10 positioned externally of the nozzle, chanber. As
wa@basneTsere clearly in Figure 2, the arm ext enBI/AU2006/001831

through a slot 12 in nozzle clganber 1. Surface tension

of ink wwthin the slot 12 is'sufficient_to provide a
v hgiefrerondgrd hplupitiemebng P AH et iHaeTg2st & athatkeapelastic
elément{ [hex ran@é CFAMTEMS dbPlica iy incisdisg therfphl bérd laéthayorbr iellj@ Agalke

actuator units 13, which are spaced apart

transversely Each actuator unit extends between a
InfiietNog: ing afierenal Begd degugtored on t he passivation

I ayel‘he%,noﬂﬂﬂioxtrshﬁie@ﬁﬁﬂollftyﬂi’@nﬁl@et ndzD18s, RIS makAndpf6rt: @ @Sl bend

o bRl AL R ot vt To, Each

a second passive beam .16 fused to an upper face of the

NdagzsAsv&zb@e:@mw@epu@me%zb@@%&éoﬂ S conduct i ve and
connfct ed tq drive él rcuitr

l.ayer of th
subs L}ngxfgem%allyﬂ,]l:ég\ﬁeg g&r) \z}néi 3bt§§fﬁlrﬁ_ gloyv% SCPWF% é}lsitrﬁtlons ofa nozzle assembly
100 ervedin chLadtrdt wrebodiRedite i nagylerngrwnitly 1 (Riigfommed By IBEMS woessses on a
pags%{ c@ﬂ etf 2| & \A\@h(ton EL@HQQ 3t ;H ges%ul M%sk&%@m 6]7 5Fhe '11$zzl|e §sse!?r%‘%1 1%5‘ comprises

goes t her mal expansi] on relative to
“ﬁ’éé%‘ih%beb bpring B roofting Sleﬁ‘ava'é%ghﬁwﬁ? FeBshlis ﬁ&jedﬁﬁwﬁféﬁw means of an

inofnlet dhennalTtettBddQiirouk the witktle 31 Thevagdn chinttdr i Mfti@r @Acludes a nozzle opening §

fof eg c%rf o(?ﬂlﬂlfroﬁ?n\é %Egg%tcha%fbertzt}] nlpxﬂgﬁjstlg 29 is ;Enédsacross a Inm 21 of the nozzle

nsequent| al pa I'e movenent causes a genera

oPeeg fe iy HipEsEdt-e around the ink neniscus 20 which

ex pan@dsipzzR Ssskhi WD fathadohisdsia Gaddr 9]_ foBaned Hsidk thieaPdz@ chamber 1,
W%&qpe{efc% uscgeg%qlé@ Qrth éc% arrll%gua%tr IIJ@ ;geogilEierg %xge [‘iy of ae‘:tngzcile chatmber As
shﬁ\@slpqrp gmarl( s ereel %? @)n)extexga?h;oH@l asppt &2 mezglp ﬁgm@v é{ S@rfaca tension of
intel el tﬁé sl@fi2 is Blk'fﬁclglt to ro@iiecHuil £41 @Mk BehanRa all e n@&&mhmeﬁ

an d e achia?or 3505 CO{HHI’ISCS anlf(lurzrxlg){ cg e{oniga eovtvl‘?ato:{ 2:. t\%é EI‘ ‘lahcg are IgPtaced apoaft
tra{nWersquq [Eacha¢ ety anit dyisndy betwreer a fikeghpost 14, which i h;leunted on the passivation layer
2, Gﬂﬁﬁe&z&@ @n @lma tmeéﬁﬁi ledeewb& for thB b@dlggﬂ&roabf tﬂe%élﬁht&go

and ng o g op %Z proce
FOwelP BB FBHTUG "HE R GO 1| A RGOS et eed o
upp@|fdcapiiedictive héagc ke RAvedearsieds domdacte trg chraededdk&de pirgtigy ina CMOS
la§eh§f HRQAFL L £ ﬁ@éﬂéﬁfve @ea}ﬁl 18 xsttﬁﬁ%aﬁyr}%n Ecﬁh&hwj The nozzle

s r such OSIt n in Fi
2 ) gAY f SR N e Wb ROy b fedme
undeadythéropl ckiesiejrdgive onthepissigrtoth &f. This apieetpvefd bemling movement of the

acthbtb Mo NGhidnQs il oBHAE Bined v rdidtioM hdve&ie S8R BadaRtat -t he actuat or
uni ts 13 are tapered with respect to their transverse

ax e HFRUFHEP T PR BRYERenEHEeTLARPREY. PERRSE 1 PORregeSRd tegak meniscus
20adhikh axpamd:i ek illesudied @ FiEOC 6, if Orapith @adennSdbkeqhinitlg tht ajperot 1 geactivated,
: o ak es pl ace
wif s & 3he p'zgiget ﬂ@%%'mm%ﬁhif (glgek %%Xsﬁloﬁgﬁ%& @9%)6

near the t her noel asti c

bendPHige ﬁ‘ﬁtPPlé‘ﬁg cygieugideoglet %ﬁ inkdhis eJﬁ%i%dsﬁrov@had@éalﬁ opgifeg and at the same
tuﬁeommﬂemd i thsmolz;tkccmﬁmuit D4 sﬂemxa rmeifECﬁe dﬁp@@m&@aﬂm&w £/19k outside

th nozz%e WE]I ang the corre poxg&'lm %ack ow e uﬂé m enera neckm rea%ng of the droplet
$Tom t the T the P

e sane ITH sen
17a*é1t<=h pecdsdsdpmalds a upgnt @eﬁm |as@elwro¢1 Fanre Alnt hq u@ﬁaaﬂetﬂ mgmscus 20 causes ink

6 0 B@ﬁcu@lfe@ kao)’th&ﬁzzzés clﬂm%ﬂmlé/tﬁé hﬁlgﬂnlém alhla ﬁb\ézl@&anqg‘e? € [s.rmg:l such that the
above se
PRI HET TR0 0 A S BB RG0S Y B o fggigh  gnothe
drepiroviinka nozzl e assenbly 300, in accordance with a
Sec Oﬂﬁnﬂmﬁgﬁrw Wil REE& Il BGachBoFinBUBER t%exte@ wifh r@sfpectt R&heir

acconpanyi ng draw ngs, the nozzle assenbly 3
transverse axes, having a narrower end connected to the post 14 and a wider end connected to the arm 11.
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. g vEetip A

constructed (by way of MEMS technol ogy) on a substrate
301 defining an ink supply aperture 302 opening
wo beoswgisse hexagonal inlet 303 (which coul d bePOf/AaR06/001831
ot her suitable configuration) into a chanber 304. The
chamber is defined by a floorl®ortion 305, roof
Ths tpironc806 teheaxiyeym jivivalicating tisamlabesie S U pasn i, BI%b}’\Mmkmhlzmg the
QMR AP bdnBin@mbi@®hescopi ¢ manner. The sidewal | s 307,

dependi.n ovvnvvardl fromro ortjon 306, are size
oD i R B et s Py 8 et AR S LR epind 5 V. As

seive @vibd Higir8Q® 4t edn Id epferned fipwae diny mheerdain f | oor portion
- 305. InTtQ@pr@slexﬁ ﬁ:lfvénggh o §&1L@De£1§ IJ 1950%?%86 ¥fah almnmgm alll yﬁ)refefr'gﬂy an

i n_the roof Portlon 306 so as I ne an
o fs 4epRPEapRYFt he nozzl e chanber as Wi II be
descrl bed further bel ow The roof portion 306 and

Qyé‘o,%%pgg]%ﬁg}g f'f"a Bsénagg)czua%re supported by a

act uat of layers formng
a J 6 biRigs pravefp Biguresaie B I ? shwm acqqzzilesammﬁsﬁ%alﬂ pedrdpye with a second

em&fdmﬁ&talke&éﬂmfga@mgdr@\éeé 7 of IR al:obﬁﬁanh@gac(réﬂ sQfe oh& angrHﬂﬂ?}OO is
cant | ansi on

leat e I ses a a
RS o T o Pt S e M e
ﬁrf%ﬂéh 1 hegazeral inlg PP (rgrichhenlddentlnactheaatioble Snfi@iraion) berthariiaes04. The
] cﬁhﬁt@&hsr@hne@&da @)%J—pogfontj(lfseroglep@glo@% Hﬁitpgﬁphle&l sfd@@zhl?%qné ;9)8 Wthh

e sub trate 301, and prevented from nmovi ng backwar d
o8 R T R R R e A d‘b"é‘”ﬁ&&’% Fgfporion 06, e sized
thhsmblh@ molredpawdly amiiotvineardly wittad sidewalls 3A3which dgpeadip@ekdly Gom floor
p&aglﬁypports the roof portion 306 and si dewal I§ 307

of trEe.l. %Z%t nozzle. In use, |nk|ssugolled|nto )

t he THGF51%8 "5 et Wit i)R [95uddm Geroatyortian Poap s §#§negn gpening for
- thie mje@iny ofguki ftoathegnorriervheber g wtll e Ygstribad fuitheselcdkescri bed in

our TR, r@o\fbé}h'&l' W6 £n§fd§d}r§sﬁﬁ% d&de&%gl%ﬂg 3®%¥e%[ﬂ;%orgd by bepd actuator 310

ons. esire
“’Pﬁgf gﬁﬁpt"ﬁ‘éyef?cf‘ﬁ‘lmé aéﬂ’é?%%?d cangjeves aich as PRastEa(ped @pftnop-geated
catilppt, setlat hentitgd thh mtﬂ:_h&@ddldﬂitlﬁffer Sahiks Q&Ef&bﬂﬁ@ ckiagsiGt tadn ®e Joule
héan paﬁngveI éﬁd thlg ﬁonpfggéJ Ja&[‘ev%rl%"‘ﬂ% thead ?c}ldl.lra%f fto §om%ncpo ve the

r oof port I on ownwar port ion
505 Thepripisal ot 3105 @ RS akreint s feree skeguisivie ol Ahreiohied from

mb¥igy tagaZddebyCh anthe memba@ 51 wigthiwiKbelaoschiel GRhdl MG, dhdthe distal end 313 is
se&ﬂgdocy gpd s‘ﬁ@p%rt? 91% ;oogpoplogk&%gd s1c?3wsllg98\ﬂ%f %‘16 ui A} cgz Lg. 6)

ere it @&t ensi on
i n e inkie SupAgedtnﬁ%th%mééQ wrebec@m@m@mgg 3% apmneam@ﬁ foony suitable

mbudher, lbﬁﬂﬁicaﬁl?ﬁsuﬁicﬁﬁed% APpreidafly Atdak @<I§£ él@ﬂge}{ate& aEmeéInIa@s When itis
own I n | gur e

onf i gur at.i on
oS B BB R PR R R e Bk i Fptdfguaor 21
Caé?"ilgg}imat}lawr@b@tld to e Pkt phowe intFigme ofand theve fhardof @itloy 306 downwardly

tofvexdl e dodr BJﬁmﬂJS@D' ms raéltﬂfe &R ER dgcgg‘sesdtﬁ@\%&l%'é of e I%QZnJ dhﬁﬁ@r causing
as s

u
ok RS AL L 10 80 LK, P10 B STOML I
thsulrfﬁ%@esmwmtbttmér article to be printed. In one form of
t head vtk %entﬁ!l@th@ﬁ@ﬂ‘ﬁ&gth?@e?id écﬂxa@‘ol Q9 rtheoagt(lgtér(?&er%(g% th(l: s%'alght

| at.i vel | ar ge conpar ed cross-sect
YA PR R e ‘%Pﬁ’é‘g thR émf Wwa?%p’rf B¢ nqzge ehambcappephethe
org}nelddscetdmt Tireaogiantich ef theqaihi forinad Bﬁ&o;ﬂ@@ﬂﬂr Q@MW@let to continue to

m&RY: afurg ala ﬁ?\\rd%gfa‘ 1929 Etl:olwg 0 F:igg\gg%'p){h ¥ ;ar%}%c edtsoH go tﬁ‘ga fegt paper

t he si erture e su
S“&f%fﬁaliﬂt"ceéa“lwé‘é%ﬂ”r@“?‘i‘ om t he ink reservoir (not shown) to
t hen 61&&‘61111%@ th3 Qdentiéh, BE Q&ﬁmé w3 ﬂfﬂ%\ﬁ%ﬁtftloh FUS id r@l@tkfle@ Ghrde c&ﬁﬁared with

the «?oeSE Eegt%% e noz qbc% mbelr'I L 81% m%Ct u% 1atfa85e% %) QF echéed?l%?\%)g@e noz%e rim 309
uppedopeEnd @P‘G@m Pikthfswf partich BO By @sousidtak inrtigwideeallf vff thehwpérture 302, and

in 68 5GPl BRBuits leading from the ink reservoir (not shown) to the opening 302.
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with specific reference to Figures 7 and 8. The ink is
retained in the nozzle chanber during relative

worwsoerss1 of the roof portion 306 and fl oor portT/an2®6/601831

by the geonetric features of Hle sidewal I s 307 and 308

whi nsureth ink is retathed within the nozzle
cha ?5 TP HFF%E?@‘“%@?& thpozzie s hamberdugipe getugtigp fegduriag bending of the

bprdoviiged lQaa fhediy sehliinornga perbeet veenllsdoTaharsth WildeR e fitRg described
\éthg;?é%l xlefex?%Qc% tcgflglrés'?%ncf@-'t ual |y facing surface 316 of
e

he upward endi ng sidewall 308. As can be clearly
s eerfbf gk FF“’&“““*@ mtﬂr?é‘%z}?l@ha(f@ﬁd‘w&ﬂga@aﬁae geveens pigepardof apréien)306 and floor
pbisiod S by @b FEofletnd ﬁezhlhrE]s drhne SI&mlhslsoa&a Bb&wtﬁch*aﬁsbx\é%ﬂmﬂ 8 &tained within

tlgfonmwaﬁ mbyr b?l E\F‘EC 1gn oghgs e§1d dlg\rﬁg{ qrc?\g }rz]]e\é\yla d.f eh%e\ntségpsdégnwardly
d?ﬂ?@ﬂtg\mie\saiﬂé@w Iths mmﬁlbfrfacm surfages3 16 pfdlte uphadly mdpedd&g kiflewall 308. As can

b8 gads see@ﬁﬁ:(ks@"thg he @h&ﬁ%ﬂi 1SR s%adl-g argy is %&Jn@l@ @nﬁu?l?@ Lo0, éperture between
S. n or

0 d I
“%C%"‘ﬁ%"f?édﬁy oo es T 5‘}?9’¥Wafﬂ<fa“\ﬁ7rﬁ I8 At (hreHp “erdl spendiop gdeveall by the
psmmﬁtae@htt ten sl vagch esiuag tha the ink Gself SgaIST dctosefee Ofeni@g M@y surface

tefna&; @leSo ml&bpmaambgf%mmﬁs surface tension, the
i dewal | 308 is provided in the

r dI depen g
f o r Bt %?rﬁ“agfpv%vr‘saﬂ“;ﬁOffa’ﬁfdP*h‘@m@W&ﬁ AR&TPe Fa s tveien i§tiipt dup i
ipywriggs osmiuef fages 3Hich aytbreak Gpaced tapal the gakdlyl dedenOust s%wau 308 is
p§)U1ﬁqug fie ﬂoﬁn BQE Hﬁﬂgﬂ)’ﬁi&h Scﬁa%}?é’? gav 9&%8' g’%‘n%erks)e a\é\EﬁQFut a épaced apart

two surfaces. r o esc |ng Re“sur
PPERSTGH B BT U SP R abees] 30 Potpr t@mo surfvefr fAng i drops escaping

fiomtle sirhie: thisishegpedn b armed 30%@1&1;' 386, |of1erﬂ10$vs [rﬁit@d Imﬁfipd‘d@ﬁéﬂﬁeﬁ where it is
retai raII . b II'n L s e u ces r?(‘)%z a i noaz 2o idi
e‘;ﬂé@ th\é\{] tﬁalﬁ Qlﬁkl gagg Q §§1 E I?te 8%'61? q? i%’ t]al I%)és % nneé az‘ildu?l §vall fluidic §eal

‘SffBF‘ﬁ%Uh‘WHT Ehetivel mé?“f”é%& tb%k Viffinyte regvinie pepzle Piechipmigm. wi t hi n
t he Reravthd g FI3@Z 2| iBvileGh s tﬁzmthe Rﬁia&i 8 10NkobaBriskd GUIRR: Rotivd Beam 358
conpri se

h
r¥\4 %&Jg a?o%g %d?g;i@ér& a%artaéog{_)aggcgr?‘ . asswe %6\6/) eé Sﬁﬁc%ﬁ%a&élbe tgbéﬁaxps thermal

s ghfos Betisdeanpg & tb@aﬁe'abﬁa%@) is Byunspawngdxagjsa this sbdeed apart
aﬁa\ﬂ@tﬂ@ﬁ&i@he ke FBRIE mﬁ)ﬁzﬁﬂﬁg ﬁErmt)leQm Jfﬁb?en@cinltﬁé%rége%aimeﬁéﬁ the active

assweba 360 IS mMn d. Accordingly
e SRS P T PR Teite LR Rt A Mg vamacim sy

maX|m2|ng ttlerrmel astic efficiency. In the present

memame,uaomuatoh@efa@rtglM&mQ%mes@gf may be Cormrl sed of an

ove, such

20 U DAY BT T s AEPAE B comprisig ol
chpaer 34 hayidy vdofryrte 308 wbiciRoots ditve @riadpamensas of the chamber. The

m@&?ée%@éo‘f Eo‘rti%g%i@ ¥ acl,:tt!lagli' fo%véov&agis e §&9%ﬁ%ﬁ 359 Z&dn€ oﬁ%sl%m%d Hermal

b‘g Ol (‘%% p{wé,zeca aving a ro
B ?‘cf“f‘S ‘6’ OBt & \Pég’e?oé’?%ﬁh?%’%oé a floor port| on

305 Aohovidgeoot haerbée drof tjetiomueahbitce baPbne @RE bf tnoIRB sthuSture has to do
wéte Eédﬁgt% v‘s&um @Iotv@é@ ¥hg1§ lstsplia Je%?tg am@gsg Fhl orgour31 ?Box%r available for

means of ayer ed her ma act ua
drﬁb%???“o%ﬂ“%‘ﬁ‘t‘%‘?‘ﬁ%ﬁ‘lwluv OBEOWF%éShﬁ‘(‘?Z Pl vidiagsn bqusem proyide the same
anfoDMtio Nghedz D OF Lmlsm;ﬁlsi Ridths) Iirﬁ}ﬁoved &6d éj@fbn@ﬁh@afc@b{stlcﬁaﬁ] §eeach1eved
o0 6 By 6, TR LU U P B
signyshpcip Bigases % & itdnapoaagat @éﬁ alpmweqse in pciatoateavofiid rdversely

'-afﬁct’t Q@zzEJs@&ﬁg Qhich 15Mndeﬂt§l51@ﬁ$ﬂe Qﬂntkﬁ@lre%mgmksoﬁlorpﬁwmm &mtheads

Shorter rovid

P S RE P GeRRetl ARl Rt 0Dphh M EBD G o2 The
noaai@ese@ﬂe a¢0) cgmpr@mna@te@hanstn@sfom o epaasitaice CERIDS 149802 of a silicon

su&ﬁﬂ@%ﬁ e nbAE LBASL rkgieﬂﬁ& U}aat B 4@@% Ciddvwiista®s %:{]e%%(ggéo%n &13 Softo the

8f t he act uat However , t he nozz
Pa%?%% MRS ey tieek s S‘fpaheg to thg nopale %‘b‘b‘ﬁf by mppas ofapink Bl 406 in fuid
commuri@aseviihan ak tupaly Offiansl 408 raseiuhginiaEbAesaSI81dY of the silicon substrate. Ink is
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af fect nozzle spacing, which is undesirable in the

manuf acture of high-resol uti on pagew dth printheads. A
waoelossR1It 0 this problemis provided by the nperAE2006/001831

assenbly 400 shown in Figures 9 to 12. The nozzle

assenbly 400 conprises a nozZPe chanber 40 1 formed on
cieptef &9 Iy av7eld olemis 49 ey areans 092 torzleppetine ‘el mefed04. The nozzle

otk 40 R OEA @ Ghambew. i s defi ned by a roof 404 and

;ggg\l\@%l{"é 81%%5?}% Y|tﬂg gulrrg] g)of g I%n} ﬁt?!;' geg a gnﬁvubq portgfx gO )it ich defines a
suhtiandl parcdd datpeat ardé(bithbyoohﬁmllx; fhe gmvipgdortion H@tde @ Hat ileﬂSt 20%, at least

3004, W 165t QOB 1e§s@§dw& taaﬂtctth ax@znof'tl{é Koo?hm%ihe%l@eﬁﬂx%ht sf}c% in Figures 9 to
recei ving ink from backside of the silicon substra

17 RR n97de pReppety® FdgnAenE Ho 2% Peinetia i 8V erPisy 4%%&%*“6 fhe nozzle
opnigand h@zle pe mongwidhQ@ nthefop p@tbnl N t he roof 404. The

noz Z’Ilhg nIHE ﬁgeglglg%&ﬁs Fh%ra&grtzg(ﬁk thfa{ tﬁ)cr%c;vb_\g ﬁ&ﬁ&l 405‘ ls %gﬁn cﬂbg a thermal bend

As shown nore clear I'n ure 10; e roof
o891 HE hpyde e Pl oY, acwa P‘??H“‘dg?“idﬁ é@naalogﬁrwwamqmal‘“?pamce e
acBfatof 11@ b RiIRldefaELAleat 2004) & 162030%, amm & dr yt, leakt56% rmw 3@l area of the
roﬁg %}é.'&)?{ﬁﬁ}%mgefmeﬂes a dyée;aaﬁ?%ll { %yac‘ieﬁnles ag ?eésé 3’(9 ftl%aét 30%, at'least
447pesfat 1gp0%|ofthe ! %Wt?é@? Peirio4- shovvn in Figures 9 to 12,

t h e A[%@IZOZVIn@x RRERb Bgl Aaﬁleasn@nrwtzlz&p@erra&m Aelﬁa 4 € s;;al&ﬁ bR Gom the

lo er assxveb ﬁgfop orlt 12119 tﬁ]é(r)mdl sullla(il o etwo beams %res cxﬁcaﬂy a layer of
openi é BuPE By &5 th “h Porti

nozz € novi n
Ti h@em 2 km@maw@ Abl betwt@Ohd woar hetivalere Izcerdprpsrﬂ ctf Aat anti the lower

pﬂ@\:élb% @@ginh Ra480). $hed§1ﬁé1ﬁhq§$/em43 allotwl's] & Jis&|14 Q%Qgeﬁned i the aotuator
uat or anar
BT End o S PraeSrfel bl 4 5P peR B TR At b eeor 410

~ byidiintiamgitieahd fansfefiomals aative bagstl | RMgpasive beemdt2. 30% at

| e asl—towé\gr/ Q@1 &ﬁ:oulrs% @@&ppéga{gé}fxat chl::] @cht/fpcte% 4laxrn%§ a@gmz;tlbe@y be fused or

Cor respondi n er actjve beam 4

b"c“%’ldb’ %ﬂﬂY 59 L T R fg‘dé’fm‘?g )M%i PygidirgSuggsiggiengpodi ﬁéaé‘§‘?s would be
wdD9hourthegpinblt efaistskiB@Phendn dnth &re trobmyassad eithinghe stdpe of thafresd@dryention.

AS Sﬂﬂ@ M\/é ﬂgan]l: 419 lx’srcg&egedalg gpa]rgf coﬁ!acté ﬁ@%m%r‘aﬁd %?(gunﬁ)h/ﬁ the T1 bridging
per- active beam4 11 1 s spaced_a art from

Iai‘f‘éggi’ RPEREEHALNIS! Vil driNasie iz l3¥&® i nsul ati on of
t he WiwoitbeaBed tdj¢cea G bifibkoiBi ths nodzld chypsher 40f, aBlrrdnSflows through the
acu§eeo(QanQ§1 l%etplgénqgl 811@%@#6 AH’lgacggetb\éﬁr?ﬁ 1tlsn'§p M%d }%,QIE) o Hfent and

beam 4 npri se he | ower passi ve
expangls @Bmsm %%R}SS@F Giam 432, therpppecapyine figiapfptqr éspéwhlafa@ﬁ%ﬁs rhéwgvmg
patic@a & 1d rdod4taEro danll dovathaidftotviigs tRCdibbaht©403 410D l@énREdT the actuator
4]%0'1%5% telct}/aef)ta Jﬂc?ffo%qg'e nozz?e o%?u%t{é%% kah r%) (gmgeagelog prk()aggrré i8S the nozzte

Ver a I'clency
chainbrr A1z VAR cturet stass ﬂCtVﬁrsgn@f wBpvifgperirt 18 ofibe ioofd 0bis alfpvad g Teturn to its
qﬁ1é§cehtrb651tﬁlﬁsxﬂhdh@ucbﬁﬁlﬂlr&ﬂ-ae inldDWB VR the dobzldMhhrhbePf01 GOHEGERsI the next
eaﬁpgr eciated that the active beam 411 may,

Tal't'ernatively, be fused or bonded directly to the

~ pas Sicvaditeba the ariegipke of ink drprle viedion is pratopeps o that flegirdi¢d apove in connection
wﬁu&%éﬂa‘é‘&{n@g 300 Bbvbek/ & AL ithQEESh R4 la&lld Buaeh o Wy il ntobiﬂ ortlon 409 of

t of the skilled n e e asse
the f?é%"é’é&ﬁ‘é‘“b?eafehaé“"b‘?téﬁqﬁ?r i H@‘gﬁi’ﬁ‘@’rﬂe foﬁ‘qu@%gg?" e “6@‘5 e4a°“"e beam
411 bas :Sargeouva egtredd tvith te patall gfe of imharelt sssokbf 40Qosi ti ve and
gro u%é’ tb ﬁﬁrg @2 -lt-lwﬂpJe rgglllﬁgprla@a\l[e%rthat t-l[@rﬁ)zché)a@;egl&ty §OOA(V\2W¢3H as all other

connect Wt rlve clircult ry a ers
nqzgle gsgemblics desprivgd fegring parche repliefted &t%ftn anY qf Agezle i‘séer‘i‘}b%‘ﬁéo define a
prin@zal o prodtasnitieéerdd Lircua. £ mtemmtégrm&&utuh mn;g@esh kificon Gitbktka@, an array

ogxgza[n aifer%_b}esb@pl\éﬁfg gxa%ng %htg é’c\@gg %htg’e s4blgate a %mgec tu'c:t}{%r for the nozzle

current
aSPe@lbhqsi Arelurpligy ofipentprad wicgratedheimypiis Mzbe abptsd @Uyk@mj@magpag%dth inkjet

prifuibAdads QBscribb@in( kb1 ﬁfgih@@@s dahRr DONIpNGiRATDs] 10R5AD 6RA on May 27,
the roof 404) to bend downwards towards the substrate
403. This novenent of the actuator
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410 causes ejection of ink fromthe nozzle opening 408
by a rapid increase of pressure inside the nozzle

webasberssttO1. \When current stops flow ng, the POVADE06/001831

portlon 409 of the roof 404 |§ allowed to return to

ts qui escent position, which Sucks ink fromthe inlet
29001 F B3 Hebi5495 Dresmben S thrpputenspf PRGArREESE ifcerporpRgdy
ref@aice.€j ecti on. Accor di ngI y, the principle of ink

dro ph%tnoz%leg&gdlb%k Oh §ho % P?glpey e t‘é) Q? 1ts Qx%gﬁ(%ioetﬁ%nozz?e assemglny (EO insofar

i n connect € asse
2 h@erehléﬁfn*apm%ﬁ &, h@dtna ait epper 4410 parh |5 Hi andya loties prroiv hegm 512, defines a

ofP®ing p(ﬁtﬁbn%@&o&fwi StehenORfe ciidther A1 PAEH 32l BdsentdHPIH0 tenfbes the
le for dro | et i on, because

wer de avail a !gg

%)nﬁe 5 es & %rmém Iﬂ?{TS RV 2 B 'éoé QrER ﬁopar ed with the

over édOIwe\@r meomfast il thp ozl essadyefb khy ndBIO opeting §{i8ngl dm515 are not
dgfhﬁéjﬁthe]fgovx or\%nl olf thp ﬁ)of @qulallhyr ﬁ@&b&ﬁ&dp%&@oi Qﬂgﬁ]mtShg are defined in a

. %déo % as al| other nozz
FPSHBE P é‘é? R 4rSF°Bé*& tﬂ%‘i“é‘?‘ﬂl)“ﬂﬁﬁ}veb’édﬁp@ﬁfﬂiﬂé afttiscporasrogening and rim
daning ayoplef ejanomzAreadeeas grdf Hiisegadganedeif tharét pavvidésindkd faale c@frol of drop
AL} fbhgad integrated circuit. A printhead integrated
circuit conprises a silicon substrate, an array of

nozz |“eW‘%\%§é‘ﬁtﬂ b aprepipghihedie |a&vmerurnaaH@edwﬁh their ifigsynt pdypriaselof
irtoviedh Gergidlisid efificRncyamd bd biel & tlﬁ'.‘el abtAd béal‘n){n §imér of th@thﬂﬂllzblexﬁi actuators
4%&1@%&&&5&% ilHrc%.m!:chy @ htt?a gdhee:at(sj I nt e ures gto 135.

ted or ed 10 ag Wi dt h

clrcult
i nkj &he W?l?ﬁsﬁé@tfs 40095%@@@ &ey hfecdnsrrwtedﬂmg Séli@hlprmFé/IS technologles in an

artigbus @RMter B iR dobABY mddTFaARRE pro@EsksQRenNBSed id @4 ﬁéﬁlczﬁ‘xgs]earher US Patent
Nfﬁ%) |6 %gﬁolg A an'gt%%/ég %08}2{ eoc% tgax{t]sd ! y }9 a]féﬂeég’némc{%}eolfpréted by re erencg mber
I ncor porated by reference. The nozzl e assenbly 500

ASH0Bhhyi Hmﬂg%ﬁ;ﬁii s&f%w&sqn 1@@&@&% lar to the nozzle

P R PR B A B IRl R B R e P G 511 oree
adiuatorn 450 ond Sefedré ﬁescoap@emqfv Itngoupbﬁamlebmermﬁavag pithofa BB 4in Gf case of
béaﬁﬁll NQZ %}p@nt&g ahResas 2 deamten Q&ﬁg&rn@n ﬁﬁ@%&%usﬁﬁ% abhet: ® ggngate and

eves e sane advant.a roms of increased
GRS g o R LU BB Y B0 PR ST, s configution
cpblet respentivapindstef thih beamglzmbre tochs s@ndotey to4BPsctitelientaa pasit@ned at one end of

tHe Q(Q\ﬂ'top glﬂé@émﬁ &g O\Vekamdégé aff c%ns@lgﬁlorp(ﬁ' ftﬂe H@zqm Qﬂerﬁb@e novi n g

port her, the nozzle opening

.. 508 gﬁpamfl% W%@%ﬂyé? Beyeslt ﬁ‘é‘o15 ap clanepie Resp BB‘F‘F ?%S)H‘aiﬁ SC&PFPéme
cqufgfratisf)defiging the ¢ihrgite ichie: cagiaratboun 51 6f thdv®Sor 510. The serpentine beam

elErﬂg@% rﬂgseclrﬁahéf t&tuo&s &h Q&lﬁgch@g i g a%cﬁgﬁl%grgac{ q lgnwilth Q se(cjolill[i elecgnc !

Ieteetlon advantage o I's arrangenent
C%ﬂﬁa&S o hf‘p?leawcﬂ EWaRHT 8 (pogitlyd d Eesieh 6 powoneﬁaégwﬁm e sstuator 510
ardipFog it Eledtricallcbnnedtibd be@feexﬁd}b}'é Sﬁulbﬁm&[@m 1@%1@ dOZI Adthe i@ beam 511.
al uml"ﬂlel g'gé ﬁlxé bg,yn? el xéfglng O# %Ingateld g{/s%angarllé lltg 1c % en§(t)etclﬁuques and

nprove errra I Cl enc

: df‘éieﬂ by e plyehiphof wn@uw é‘?amd‘ﬂmlbﬁe I R?eqf%ﬁ*aﬂblew@erae@n@tdeﬁ@d as solid

pldds sivehnDdledE S RiEH ek sﬂ&&\dﬁhlly ne@BNA 8& teta0Ple M l&ﬁmtdth@l or transverse
nent s S 15 The no

R R St T e i G g S, whin

exnil plers| adonpARIyBaltagie piiles] e@gga@scantlﬂrvq heaarfall, oo entEan @rmbegs 522, which

exlteﬂghc%‘ctss zp@a%ﬁler@e ﬂﬁ@%@&&n‘éﬁt& OEi1IREQe5S 518 SA@Q&%Q%J J 'ch%QOﬁfguratlon for
t's earlier Pat.ent Nos

th%se?:\gxg n Eegmae[] ﬁxgnt é?é)rﬁ tgzﬁftgroa es\mfuexﬂm ét'tfglezﬁ &,aéaexﬁi cflrectlon of the cantilever
bean & blr. Pidffnads xthdtyend difeioe ik edvantdedus beauBeiafrikisws baglindpt thétuator 510

ba& fo 1t£ Elgégénﬂp'as@ongﬁépgacph({nﬁﬁ ot ON 20 Referring now to

Fi gur es be seen that the upper
act i bailhe éwéec;it_fq_mgﬁﬁ bent gefiveffean ppafiguration for the nozzle assembly 400 shown in

Figure 11 achieves the same or similar advantages to-those described above in connection with nozzle
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actuators 410 and 510 are each conprised of a tortuous
beam el enent having either a bent (in the case of beam

- W@ 2dsp6381 serpentine (in the case of beam 5 11PCT/AU2006/001831

configuration. The tortuous & am el enent is elongate
o B T Bl B b SR RS PP Bt s 2,
th¢ iptetcoraersinChprder bramatemban, ceairlzesnsyesjyes tndivecdeand. of t he
beam el ement to be connected to respective contacts
p03|t| oned at one end of 2 5 t he actuator, sinplifying
UseigEPaxous Mareyial foor fraproving Therp dect on of the nozzle
asselhlil yhe ediefi@fetits dﬂ:@mﬁ@i&iﬁd;vfe E'S azbll as all &h&?le@btfdﬁhﬁ:ntﬂ.élft&ﬂﬁlal 8dad actuators

deacrtllb?edl § iegentbfgpﬁg%agt tgen%p \te b?am 1[9 el bond?ég [thee asswe b Pm for structural

active can ver
ropystaees SaciFigyfes ¢ sl 2ot @(aftcme bsamls Sth?é a@a@rﬁp@rﬁheu pnsewwa:mfor maximum

th@ﬁlﬁ@ﬁfdfem@@e h@ﬁe D). e @Rl eﬁ@h&%e@@téﬂ afe %%@@Eémﬁlﬂa b@ams is, of
Il C . cont act ectric

ool Pl ec vl B a ot e R s ot
ropusoesh el aaropenpitydprtbivdhieghf d thomal epdlacgibtot he act uat or 510

30 anslpnoNd. @fpsﬁieeqﬁercbrﬁats o@maﬁmmm@@w@my JideN8, describes a
circuit he active bea

yers
P%Ofi“h%@g@@ﬁ?fé‘ﬁtm haé(méé%\‘ﬁﬁe%ﬁmecﬁ’ésﬁf“ 02 %uﬁ 20 Loty Pheapisgr womed by
degdsaindefisiicdni ctrhidgand phidlatioredf iz icbontcenponen wesmandus, silidef didigiel By
mgé’asﬂg @l Mﬁ@t&f Icz;ryochf silteB] Me 9&9&? oﬁﬁ@@u%%%fu?slhcloﬁldlgﬁ&%grﬁle'mcreased

beam nmenbers may be defined as solid portions of beam
Pt ﬁlu“i"&fhox‘%ﬁeéﬁ"‘gktt’ BnticfR\dpapam e [y ip ifremiet ircpif forregpoing

paexiddpdiganced | ongi t udi nal or transverse direction. The

Fgﬁg@é)gg)g;g gx%?rreéeggt AH)?Mt %Ls%g[ﬁﬂ hatﬁ)g%uﬁﬁa?eélglg Erip;f.lé §§eda§§seﬁﬂ f?r ”
Fsgn insulating

improige Peefisieey efdieanabend primatar ohppatie malsEAl mRERrape
laybd hetvartithnSibiDe bam dheafsie bRel & 1023 be Wwhd Glhe@Xdki@dttan @e0S S
at %%%Y@ (3%s B%éﬂ%ﬁ %gnd a Q? %&nch%ﬁgr% % ];_a n\Epp%reac\;/tlgzg begr%%m a i]bwer passive

antage o S Cont 1 gur at serpen ‘
beb‘é A et wrieshipting Jyer; 683 %aﬁ%‘ﬂchr» bepyeertheieser mridp vy h@asw@ iThe nﬁ@@gng beam
is bd’lhpﬂseb eﬂﬂrodé $i1e6d diexdeObhilk e adtidUnt bﬁM&TbehﬁEEm #d 32 may be comprised of
thhe bend direction is advant ageous
faci | itates bendi ng of the actuator 510
asﬂé%%dﬁ@zlqu@cmyescent position after each actuation. 0

It whd ﬂoro‘@l%f AR En@\ﬁétﬁ& B¢k E(ﬁ?ﬁ'ovtdb@ex&ﬁaﬁ thevedal lﬂsﬁla%%%een the active and
nozz

con urati '
repr ol 16 eafile O e iiel BEA R0 P BRI Ly AR AP e
roltth'@@e Hdes,clrei abedor&bosrabings teodvretedes ofpoltipks of thermal bend actuator
RBA IS BB YoDOM Fiki Flgkie 11, the |onger beam

ne xt endi.n nal |y, arelndlcted

o Mg g e et ke Lo Gre D s Bpesive laverof
a tedety @midhangal bend ngueer . s'eboydinglys the thekimg Hiteadtlcagord2@ compg@s ofupper active
beErgmlegmwf@lN 5Qr ldmagwe@& daﬂamhseﬁafgoﬁ;umﬁxn AI&K@' |

di ment s deSCH above, as we] as al
enb&d‘ﬂlhe?ﬂogfseolﬂe al*’l’fé‘i‘%eé‘lmab‘é%‘“é?&'t%&‘%‘%?‘%“&@é@?ﬁ SB%Y&T lbkjlg'trﬁéﬁ and 17
maprbe Biediforaijdph o@Rliablt Rgetacizieweothxe BMIFM SSic@tet Tieimpyoaalath it Bermal
r
eflf: ﬁc? &nytgrﬁlgl%%ggf Ixx%{e s&h éclﬂ%%%l agxleact vg g%ﬁ% Igglz% a[%‘z’%%on re(}U{nng a
mﬁl“’i”@ﬁﬂﬁﬁ@%&%@ﬂ%%cebeam for maxi mum thermal efficiency
( seendrthdgudl Berﬁ)iatua-trdib%f [352) %MBOWQM F @dr@n € ¥ndQ7 ¢ lpﬂﬁ&ilaby sufidbdle for use

in %8 bn\é;\g/ta xfc%zz eeatﬁs\évr?l 1€s 3(’8 db 5%81g<.%sscnbed zibﬂve Lﬁegifpe des @ rea(gfy appreciate that

nmpr OV enen
apnrsmaie Iny»dlatatl@rh ef téwp@msléerdfactsettqrm:l@ arrdaﬂ 10 wc;tms@lme@sabawdneauoned

%@m%wnﬁa@&ﬁm@ﬂna &glcaial bhigmdsher mal  bend act uat or.
the contents of whic

BT TR LN L R -
actgatdrs @9nRndlis0 Héschbed absvelnmt be omdpesed pign aludineh ellrak Gescribed herein, for

constant of about 2.0 or |less. The material is forned

by deposition of silicon carbide and oxidation of the

carbon conponent to form porous silicon dioxide. By

an% su1tablc m erlta



increasing the ratio of carbon to silicon, the
porosity of the resultant porous silicon dioxide can
wheoosnersensed. Porous silicon dioxide are knownCt/aubme/001831
useful as a passivation layer in integrated circuits
for reducing parasitic resi stdnce. However, the
- fueeigerevenkpp o tecame bisdsfifipand t hat porous materials of

t h| Sit &,Mp&c@&s@ bU%ﬁ)gétd St?cf @t thle Bﬂgfegt\ﬁhx@%g% 24@ bs;egﬁﬁgdbgmyywa%fmmple
S u
o0 7 mad iR LA Py P B e s S e e

wammmampd&ssve beam or it may be used as the passive-
beamitself. Figure 16 shows a thernmal bend actuator
600 conprising an upper active beam 601, a | ower
passi ve beam 602 and an insulating |ayer. 603
sandwi ched between the upper and | ower beans. The
i nsul ating beamis conprised of porous silicon
di oxi de, while the active and passive beans 601 and
602 may be conprised of any suitable materials, such
as TiN and Si O respectively. The porosity of the
i nsulating | ayer 603 provides excellent thernal
i nsul ati on between the active and passive beans 601
and 602. The insulating |ayer 603 al so provides the
actuator 600 with structural robustness. Hence, the
actuator 600 conbi nes the advantages of both types of
t hermal bend actuator described above in connection
with Figures 1, 2 and 8. Alternatively, and as shown
in Figure 17, the porous material may sinply formthe
passive |layer of a bi-layered thermal bend actuator.
Accordingly, the thermal bend actuator 650 conprises
an upper active beam 65 1 conprised of TiN, and a
| ower passive beam 652 conprised of porous silicon
dioxide. It will, of course, be appreciated that
thermal bend actuators of the types shown in Figures
16 and 17 may be incorporated into any suitabl e inkjet
nozzl e or other MEMS device. The inprovenents in
thermal efficiency and structural rigidity nake such
actuators attractive in any MEVS application requiring
a mechani cal actuator or transducer. The thernmal bend
actuators of the types shown in Figures 16 and 17 are
particularly suitable for use in the inkjet nozzle
assenbl i es 400 and 500 descri bed above. The skill ed
person woul d readily appreciate that appropriate
nodi fications of the thermal bend actuators 410 and
510 woul d realize the above-nentioned inprovenents in
thermal efficiency and structural robustness. It wll
be further appreciated that the active beam nenbers
601 and 65 1 in the thermal bend actuators 600 and 650
descri bed above nay be conprised of an al um num all oy,
as described herein, forfurther inprovenents in
thermal bead efficiency. It will, of course, be
appreci ated that the present invention has been
descri bed by way of exanple only and that
nodi fications of detail nmay be nade within the scope
of the invention, which is defined in the acconpanyi ng
clainms. CLAIMS 1. An inkjet nozzle assenbly conpri sing:
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a nozzl e chanber conprising a floor and a roof, said
roof having a nozzle opening defined therein, said
WO o@B/0bEsi ng a novi ng portion noveabl e t owar dspehrau2006/001831

floor; and a thermal bend actuator, having a plurality

of cantilever beans, for ejec24ng ink through the

GkOP2%% e opening, said actuator conprising: a first

active beam for connection to drive circuitry; and a

,Seco Bl§a33|%{e bg@ nmechani cal |y cooperating with the

firs SO UERTPHAY™RUEBH a current is passed through

the first abeakchatrhe chriyrisihg Hix@nane X pafesd el hatiige@oizR obddByg defined
0 he .act uat or,

e g A2t ot ORI B b Tl o S0% of

a total af&4myfbepdrstuptgphavinga pluplity phepgtiaverpenms| fer ejecting ink through the

nasseﬂhhysﬂ&mﬁhﬁiamﬁmmmMerein said noving portion

conpr tuator. 3 et nozzle assenbly
r‘ilﬁiséﬁeﬁ:ti‘&e b%qn?t%rconne{;twn to dnve (iLI'C ta: |‘£/e beam defi nes at

I e ase Sﬁﬁ%l%dtpasé*f‘f © bepm emherrlcraér Cosm?raf%\etholﬁe fege bahimy df that dhenTlv@rent is

phsﬁblﬂjtkﬁiuglﬂﬂiz Als@eas 81 mfﬂzlt Meald Exp@[ld@lremlae to WORE&S Bea&nhx%suﬂﬂg élbgndmg of the
aop|ng is defined in the novi ng portion, such
€ ’nozzl e opening is noveable relative to the roor
WSefe‘q'ﬁefmSWkﬂl‘etbeanUizﬁiheeatafss 80thbfia tofl ach afitimrdgf. Wherei n t he
actuator is noveabl e relative to the nozzl e opening.
E et noz% assenbl of claiml, wherein the
f| rs ?Zé EFEPTOHERG CIBYP LaHeBHT SBIG S VIpBRAROA CepRsitee the acjaigr-
tortuous beam el enent having a plurality of contlguous

3 beawﬁ@ﬂ@g Bézle Zssem-gn%f l:lgiblj 1e&rhegeglztﬂé st AARE Mefglfes Heas Spart of an

erelp plurality of contiguous beam nme
6Wb?f§§§sﬁ 6P5rallty of | onger beam menbers extendlng
along a longitudinal axis of the first beam and at

4l easﬁ"heQﬂ@et EJ}QE Es%r%b@%@mlgq n@l@&: %tn%&gel negmrtg({srcg§ned m tltxe movmg portion,

transverse axl s Fst beam and er connec
S HYr "trEEsPERbaysig relaftrdo haRest nozzle assenbly of
claim1, wherein one of said plurallty of beans |s

5.C0 npfﬂeqrﬁ&t ?JZZI?&SPC%E)%%? Wﬂﬁtl e\{/l{erae!n the: ctuanor is Jl]oKrl:a%{e rerfath to %g nozzle

assenbly o sai d porous nm
°R5HPHus silicon di oxide haV|ng a dlelectrlc const ant of
2 or Iess 10. The inkjet nozzle assenbly of claim1,

wher her nd . a ctuator f rth ri ses a
St r el el SRl oPARS | R e b pRa T § P o
elﬁ@aﬁsﬁaalﬁww@e@ree@mt hadrern piutality B eonjimkjsdbannpamties.

assenmbly of claim 10, mherein the third insulation

, beam,i s ¢ r|sed r rial. 12. The inkj et

" nova s okEEERE S5pBar SR P e Bt e e
compdsetk Ritralinorf d@eiﬂrb@mtr#pelbsem@inMaa lodBudifdl exid afktje éitst beam, and at
leddhé &lﬁﬁ@ﬁ&%r@n%e&f(teﬁllr@ 'aén)sg-gtranmgg lesrbf B8 SRGeNd &&&mectmg .

1mgabm1”8&h%ed of a porous materi al

8. The inkjet nozzle assembly of claim 1, wherein one of said plurality of beams is comprised of a -

porous material

9. The inkjet nozzle assembly of claim 8, wherein said porous material is porous silicon dioxide having

a dielectric constant of 2 or less.

10. The inkjet nozzle assembly of claim 1, wherein the thermal bend actuator further comprises a third

- insulation beam sandwiched between the first beam and the second beam.
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14. The inkjet nozzle assenbly of claim1, wherein at

| east part of the first beamis spaced apart fromthe
wa@e@sna7sBeam 15. The inkjet nozzl e assenbly oPCT/AERIM/001831

1, wherein the first bean1is:gonprised of a material

1 fel e?ﬁeexg( e]ct ro%g]e assemb L{Bmg mgrl i i gurfi Enls&l kL mmrx]ﬁl ctompns %of a porous
i tani unyal um un1n|f € and an alumnrum a T
wFpsl | nkj et nozzle assenbly of claim1l, wherein the

first beamis conprised of an alum niumalloy. 17. The

nkj 0zzl e ass .y of claim 16,
L e O e S Rar a8y, Shetn oA Sied poaded s second
b@mher net al having a Young's nodul us of nore than 100
GPa. 18. The inkjet nozzle assenbly of claim 17,
wherein said at | east one netal is selected fromthe

LYr oupRedeiis FIZaF fepmbhoh e fn VERFEIA g5 Ak and beaikis ePEited of 2 porous material

cobalt and nickel. 19. The inkjet nozzle assenbly of

1£ | ai e]uﬁqet 518 elgnb If galg 1I \Q%re amgas{psag% tﬁe Hrmbglilnngs aced apart from |
Re [ O AT e

vana I'nkj et hozz e assenDd
&ﬁﬁ§9@PﬁmSald all oy conprises at |east" 8096a|un1n|um

15. The inkjet nozzle assembly of claim 1, wherein the first beam is comprised of a material selected

from the group comprising; titanium nitride, titanium aluminium pitride and an aluminium alloy.
16. The inkjet nozzle assembly of claim 1, wherein the first beam is comprised of an aluminium alloy.

17. The inkjet nozzle assembly of claim 16, wherein said aluminium alloy comprises aluminium and at

least one other metal having a Young’s modulus of more than 100 GPa.

18. The inkjet nozzle assembly of claim 17, wherein said at least one metal is selected from the group

comprising: vanadium, manganese, chromium, cobalt and nickel.
19. The inkjet nozzle assembly of claim 16, wherein said alloy comprises aluminum and vanadium.

20. The inkjet nozzle assembly of claim 16, wherein said alloy comprises at least 80% aluminium.



