EFFI Cl ENT | NKJET NOZZLE ASSEMBLY Field of the Invention This invention
relates to inkjet nozzle assenblies. It has been devel oped primarily to

i nprove twe 2efifdseosency of thernmal bend actuated inkjet mozzRssa0dI2dO

i nprove drop ejection characteristics. Background of the Invention The
present Applicant has described previously a plethora of MEMS inkj et
nozzl es using thernmal bend actuation. Thernmal bend actuation generally
means bend novenent generated by thernal expansion of one material, having
a current passing therethough, relative to another material. The resultlng
bend novenent may be us@d’FﬂglFé‘]”éE‘ﬂKJE\RNﬂZ&hFaAMMBéYopen| ng, optionally
via novenent of a paddle or vane, which creates a pressure wave in a nozzle
chanber. Some representative types of thermal bend inkjet nozzles are

exenpl i fi edidldofithelnpentiont s and patent applications listed in the cross

referenge secti t L i r erein by
referen§e The g@%?&%ﬁﬁ?ﬂggﬁéggg%gﬁ%gkg&mﬁgﬁ%gf%%?mggggéﬁ%dﬁﬁgﬁngnk et
nozzl e havitmgnpeovealthdifiécigpoy bf themetbend acuanalzialkje nohdeyiaed toamgrose tilopr mal bend
act uat or SItIOﬂed ex%ernally of the nozzl e chanber. The actuator takes

t he forn1ofetKPC APStlte beam of conductive materi al (e.g. titanium

nitride) fused to an upper passive beam of non-conductive material (e.g.

silicon digxide). T ctyator is connected to the paddle via an arm
recei ved tgégﬁﬁﬁmgggﬁ%i—ﬁﬁ@Phe wal | of the nozzle chanber. Upon passing a
cur rent1ot hr oughTlid)@esk@Wplicuit hae AedogiBalprévitRisig@tpleaiond ofdemds inkpsasAes and,
consequently, HIFI%rll?ggerdle npves to penin ned in a roof

rds a nozzle efi
of the nozPiae dafiﬁ@k@élb?l@&}lﬁ@?l?dr?gwat%%mrelY%?anf ﬁq@g MCHEY ant age of

this desig T'}geﬂe‘iatédt‘t?/tﬁérﬁﬁl' dxBarlsn of o&qmetrrauﬁwuog}}a cufteftpahacker@fioubhi s design is
t hat both faces t he paddl e work agai nst t rel atively viscous ink

i nsi de t he 'Hlg¥s F%art@ﬂlahlﬁétﬁﬂalﬂ@ roslsing badtmayement pigy bppselip Cigst P drogss

describes ap AdVgefhg PGty i Mérﬁéht bNEpaaGit UALAE, W Bcafts %Yeksﬁ‘l% r oof
portion of the nozz%e ch a&é The actuator takes the form of
15  wave in a nozzle chamber.

Some representative types of thermal bend inkjet nozzles are exemplified in the
patents and patent applications listed in the cross reference section above, the contents of
which are incorporated herein by reference.

The Applicant’s US Patent No. 6,416,167 describes an inkjet nozzle having a

20  paddle positioned in a nozzle chamber and a thermal bend actuator positioned externally of
the nozzle chamber. The actuator takes the form of a lower active beam of conductive
material (e.g. titanium nitride) fused to an upper passive beam of non-conductive material
(e.g. silicon dioxide). The actuator is connected to the paddle via an arm received through a
slot in the wall of the nozzle chamber. Upon passing a current through the lower active

25  beam, the 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 describes an inkjet nozzle in which the

30  actuator forms a moving roof portion of the nozzle chamber. The actuator takes the form of
a serpentine core of conductive material encased by a polymeric material. Upon actuation,
the actuator bends towards a 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



a serpentine core of conductive material encased by a polyneric material.
Upon actuation, the actuator bends towards a floor of the nozzle chanber,

i ncreasi lyotznw/Euesssure within the chanber and forci ng acaraapbastooof29i nk
froma nozzle opening defined in the roof of the chanber. The nozzle
opening is defined in a non-noving portion of the roof. An advantageof this
design is that only one face of the noying roof portion has to work agai nst
the relativelny dligeRWSt bitk oh@ﬁéectﬁ'tﬁehﬁovﬁ}%zrsd)f%o%ﬁm%% wofk havhmeck of this
design is that construction of the actuator froma serpentine conductive

el ement encddealynjsepslisiicthpagzaleichambes Addmpbackot thisdedens e in a MEMB
fabri cat | 0B, REAGRESF il BudRtnEARCRiHS Ak G Mn Bref8PodfdyfigRCr | DEs an

i nkj et nozzle conprising a nozzle nber with a noveabl € roof portion
havi ng a n@m@ﬂ@l@ééﬁmﬁ@o@éﬁwméuﬂﬂﬁkﬁﬁﬂﬁwmIW@ﬂ%®weabIe roof portion is
connected via t ally of

t he noz?le cha @%ﬂﬂﬁgngéﬁgg%gﬁﬁ?gﬁ%gléﬁ&ﬁﬁ%gigOﬁﬁggﬁ%%%gpﬁé%@ége beam
spaced apamDZZﬂerahnmherlvoﬂwnnqyadée wef (petemmhaByg & parzlervgertitgedefiotd thgeiarithepassi ve
beans apart, end effi C e th ssive beam
cannot act avgaﬁ)‘?e rg&l 4 ngonfl t Conﬁ%%dé’%:at%ﬁ\%ﬁ O(rarga%rﬁ3 r%?be%dﬁ tuaqorrl? OSHSOHC%% rent through
t he actlveemmany@hknumﬂhdwnmmeamhaum@mhkgaheﬁnnpfhaqmm@mnhﬁmmnzzle openi ng
defi ned there|£ E % ﬁ . %t % nozzl e chanber,
t hereby ej 8&YF %“aft ‘PB’LFQRWW&S%VS A" pSB?ﬁl ‘% ‘H%%“ pr%%swﬁ 21°e™Byeni ng moves
with the raeimgoeid eiﬁmerdyﬁspnaf;dlmgdsﬁsudjenleqiassm beay cdndoteordshedt k@l fdyy sui t abl e
nodi ficatiogn of the shape of the nozzle rim _An adyantage of this _design is
that only QYR Bt H%é’a%ﬂl&ar‘fﬁrr%ﬁ?"%ﬁ 8tV HRRCTOgR %m%vgatflﬁ?@ft he

rel atively pyiidg QSing e nbAH dﬂ)@mh@@eﬂﬂ@@ﬁllﬂ@mcﬁ ARET to rératk WvidiBla RVt age is
the m ni nal thernal | osses achi eved sp aC|ng apart the active and passive
beam nenmberths No&IgFhaREeE ershy gipRtias H@@agé theingzalgepepige Singe theogds eReaINS i gi dity

i n spaci ng naRa it e rREhdrich, BRY RAS SikdtBoRAMITRARALE by Hifapert o, it was
under st ood that inkjet nozzles of the type actuated by a bend actuator were

requir éd t@mif%ql%ﬂ@ shapg of S pezzleding il @Vaqt%ﬁ of hisslegigst is thyt @jheete i nk

droplets ofQ onh@%Rﬁg%o@ﬁ%lé!@hdérﬂ@wmggalﬁst Hﬁ%@l&tﬁve%ﬁr’s@bﬁgnk HehCHe | nkj et
nozzl e designs focused primarily on providing maximal displacement of a

t her mal bemdzzothambar A fustheppdyiniagn issthemgymalpymal losses achieved by spacing

apart the active and passive beam members. A drawback of this design is the loss of
structural rigidity in spacing apart the active and passive beam members.

20 Hitherto, it was understood that inkjet nozzles of the type actuated by a bend
actuator were required to displace a requisite volume of ink in order to gject ink droplets of
a predetermined volume from a nozzle opening. Hence, inkjet nozzle designs focused
primarily on providing maximal displacement of a thermal bend actuator for a given
energy input.

25 There is a need to improve on the bend actuation efficiency of thermal bend
actuators whilst allowing denser nozzle packing in inkjet printheads and optimizing drop

ejection characteristics.

Summary of the Invention

30

In a first aspect the present invention provides an inkjet nozzle assembly comprising:
a nozzle chamber for containing ink, said chamber having a nozzle opening

and an ink inlet;



There is a need to inprove on the bend actuation efficiency of thermal bend
actuators whilst allow ng denser nozzle packing in inkjet printheads and
opti m zi nyodnopn3e)secti on characteristics. Sumary of thecrmenision2dn a
first aspect the present invention provides an inkjet nozzle assenbly
conprising: a nozzle chanber for containing ink, said chanber having a
nozzl e opening and an ink inlet;a pair3of electrical contacts positioned at

one end of said asserl ry)fa&dn&apmeae{s%lﬁ&leaiﬁﬂo\s@eﬁ $rQMl hdsymbigagh a t her nal
bend actuator for ejecting ink through the nozzl e opening, Said actuator

conpri si ngcomnctadtojdjise pecaivedidhect ed to said electrical contacts and
ext endi ng |0n9'tUd'Qﬁh&%mﬁ%@&a&ddeﬁ§§e@n&ﬂﬂ&ﬁﬁ%ﬁhﬂ%%bﬂmﬂﬁkhﬂgsQ@a”‘def'n'ng

a bent current flow path between said contacts a passive beam fused to
sai d acti vecthdermomgrghg:t hat when a current is passed through the active

beam t Ige .aCt ive b eam he%&tl@@%aﬁf%ﬁl{&t’% 'Eoeéaﬁitéle\éﬁlcgl oﬁtggs HEIS& }{(ﬁn eam

resulting in bending of e actuator ereln sal d act uat or wor ki ng
face for generating lengtodidliyweap fremsd eoraskss sid mlsabednndaﬁnldgw bmy sai d

bendi ng of said actua sai rking f aying an area of l|ess than 800
square microns. Cptloﬁgtpov%mgbwgmmlagum%%%%e as an area of |ess than 600

m crons. Optionally, saldpmmwkbmglmaﬂaaumidmﬁehmm,byhﬁwf@hmamhnsahd passi ve

beam Optionally, is _co ured t rOV|de eak ac tuator vel pcity of at
Ceamt 25 oo L SR b G ol B Sy R LR RSB L e
actuatilon pul ses tOtS&m@wﬁﬁEbMﬁnﬁﬁﬂﬁg1ﬁaﬁMn%Qﬁﬂﬁbwmmmpu|Se delivering | ess
t han 200 nJ  of enﬁé%¥ to said actjive beam Optionally, said drive circuitry

i's confi gurddreio? ey hag 8 Bt FeoiAC Seagrating aé%?Flé‘V% tIYE PG adach

actuati on R &eindad Rdidg PEasacia@t, Rai@fwoli@sSfadehatind ararbd GTES ERABOS .
Optionally, said active and passive beans each have a length of |ess than
50 m crons _square microns.

15  Optionally, said working face has an area of less than 600 microns.
Optionally, said working face is defined by a face of said passive beam.

Optionally, is configured to provide a peak actuator velocity of at least 2.5 m/s.
20
Optionally, said drive circuitry is configured to deliver actuation pulses to said active

beam, each actuation pulse delivering less than 200 nJ of energy to said active beam.

Optionally, said drive circuitry is configured to deliver actuation pulses to said active

25  beam, each actuation pulse having a pulse width of less than 0.2 microseconds.
Optionally, said active and passive beams each have a length of less than 50 microns.

Optionally, said active and passive beams each have a width of less than 15 microns.
30
Optionally, said active and passive beams have a combined thickness of at least 1.5

microns.



Optionally, said active and passive beans each have a width of |less than 15
mcrons. Optionally, said active and passive beans have a conbi ned

t hi cknesswof2omo3kmsast 1.5 m crons. Qptional ly, said actipeThaansmomyi ses a
first armextending longitudinally froma first contact, a second arm
extending longitudinally froma second contact and a connecting nenber
connecting said first and second arns.4Optionally, each of said first and

second ar M GGG AR A RAPBEHHKEs 4 K3 ﬁ&iey@naﬁghh@ﬁdﬁ#bmamvi ng a width
ng ne

of less than 5 microns. Optionally, said connecting er interconnects
di stal endsoBfctgagrepnt pinsexteidmedangswdinadly fim ageand gpecapndarggndstiithg di st al

relative t%eﬁﬁ)ieldcoﬁh&ﬁﬁ%éaﬁiat{lirst“aﬁﬁ‘E&ﬁcﬁarm@ti onally, said active beamis

conprised of a material selected omthe group conprising: titanium
nitride, titaniumalumniumnitride and a vanadi um al um ni um al | oy.

Opt i onalsl y’Op%iglilaqjly,peg?lf(gf\é%dlﬁ?d@?gM sgco%ﬁgﬁfé ik a?esg@;crti% %thiv%ﬁileaﬁﬁlgeo' fromthe

group conprising: I con oxl1 de, Icon nitri and silicon~oxynitride.
Opt i onal | y clemieet having h &idthaifethapdmpeioses a fl oor and a roof having a noving
portion, whereby actuation of said actuator noves said noving portion
towards said floor. Optionally, said noving portion conprises said

act uat or. Qptibitig) said,cotrleetimporenhber mpenmgtsidistad edds wéchid firstdné sevond axgrs,por ti on,

such that the nozzl e openi i S veahle.relative to the floor. Optionally,
sad i e et goor EuS RO HhE T VAR TR o °l cos than 1500 square
m cronslo I n anot her aspect the present invention provides an inkjet
printhead conprising a.plurality of ngzzle .assenb]ies, each assenbly
conprisingﬁkﬁgﬁgiiP@a@W%ﬁﬁ@Pmﬁﬁ pﬁﬁﬂpg?ﬁ?ﬁ@ﬁﬁﬂﬁ?“bgﬁﬂﬂ@ﬁ5WBer havi ng a
nozzl e operbmrisaideti@fiumiritld) tighiumtalddihfunofitriab et JagaliusenhdGhs apesi ti oned
at one end of said assenbly and connected to drive circuitry; anda thernal

bend actuator for ejecting ink through the nozzle opening, said actuator
conpri1 si NQ:Optionally, said passive beam is comprised of a material selected from the group

15  comprising: silicon dioxide, silicon nitride and silicon oxynitride.

Optionally, the nozzle chamber comprises a floor and a roof having a moving portion,

whereby actuation of said actuator moves said moving portion towards said floor.
20  Optionally, said moving portion comprises said actuator.

Optionally, the nozzle opening is defined in the moving portion, such that the nozzle

opening is moveable relative to the floor.

25  Optionally, said inkjet nozzle assembly has a footprint area of less than 1500 square

microns.

In another aspect the present invention provides an inkjet printhead comprising a plurality
of nozzle assemblies, each assembly comprising:
30 a nozzle chamber for containing ink, said chamber having a nozzle opening
and an ink inlet;
a pair of electrical contacts positioned at one end of said assembly and

connected to drive circuitry; and



an active beam connected to said electrical contacts and extendi ng

|l ongitudinally away from said contacts, said active beam defining a bent
current fwowopeaiswsbet ween said contacts; and a passive Ppeami2omsadi4o said
active beam such that when a current is passed through the active beam
the active beam heats and expands relative to the passive beamresulting in
bendi ng of the actuator, wherein said @actuator has a working face for
generating a positi Vaefhé?ﬁl@ls&ﬁd{ Ectx%ﬂr%&eje@tn?gﬂhl@thkdﬁ%h%%bﬁ% Shiflg Rapdi ng of
said actuator, said working face having an area of |ess than "800 square

m crons. Iﬁmam@é@ﬁmﬂﬁﬁepect the present invention provides an inkjet
printer comprising: a prifidicastaiashiicd at Relioli Shad0flLondsendl i es,
each nozzl e assenbly conprising: a nozzle chanb cont al ni ng i nk, sai d
chanmber having a noﬂ@k@ﬂ@p@hﬂﬂ@y&@@Sadcmﬁ%ﬁ&ﬁW@%ﬁWQMﬁmabﬁ@n@ab@muator for
ej ecting ink dr°p|eﬁﬁr&ﬁﬁg%égﬁb&%%él cBﬁQ&?%n y generating a positive
pressure pulse in sard in uring bending o e actuator; and an ink
supply system for supplyhp@MWmmmndhsan@MmiMMV@@ammmmhﬂwﬁemmechmmnvarying a
hydrostatic pressure i t r|n re| ncrea5|ng
said hydrostatic i nlpaé)sed {hrougfz!ffllgﬁctlw%ggang ‘[I:f‘eaac%:| Y camn b aq@ an’d gx%a ]ieB e n

droplets, and decreasﬂmpwsaeﬁmmyﬁmﬂm@ahbaﬂugkﬁpme&smme decreases a volune

of said ejected ink dro | ets. tionall t he vol.une of sajd. ej.ected ink

G optet's mayene e GRS h oty LSTP il Ve RS s PR ar opl o

vol une.100ptinkoduaing yaid Benping bf ebdtb@e, Raill svotkefd faechabiyig an hrydsfaghdah €00 ayer .
Optional ly, said hydrophobic layer is a PDMS | ayer. Optionally, said
hydrophoblémpﬁyg?npé deposited on a relatively hydrophilic nozzle

pl ate. Optionally, a nmeniscus of ink is pinned across each nozzl e opening at
a hydrophilic/hydrophilic interface.

In a second aspect the present invention prov1des an inkjet printer comprising:
a printhead having a plurality of nozzles assemblies, each nozzle assembly
15 comprising;
a nozzle chamber for containing ink, said chamber having a nozzle
opening and an ink inlet; and
a bend actuator for ejecting ink droplets from the nozzle opening by
generating a positive pressure pulse in said ink during bending of the actuator; and
20 an ink supply system for supplying ink to said printhead; and
means for varying a hydrostatic pressure of ink supplied to said printhead,
wherein increasing said hydrostatic ink pressure increases a volume of said ¢jected ink

droplets, and decreasing said hydrostatic ink pressure decreases a volume of said ejected

ink droplets.
25
Optionally, the volume of said ejected ink droplets may be increased by at least 100%
relative to a minimum droplet volume.
Optionally, a printhead face is defined by a hydrophobic layer.
30

Optionally, said hydrophobic layer is a PDMS layer.

Optionally, said hydrophobic layer is deposited on a relatively hydrophilic nozzle plate.



Optionally, each nozzle assenbly conprises drive circuitry for delivering
actuation pulses to said bend actuator. Optionally, said drive circuitry is
conf i gur estoxoobn3sisat each actuati on pul se delivers | essPCmavu28@®on29 of
energy to said actuator. Optionally, said bend actuator conprises: an
active beam connected to a pair of electrical contacts; and a passive beam
mechani cal |y cooperating with said actgve beam such that when a current is
passed t hr ygbndipe Iﬁ&ﬁgcyseofbﬁ@agrbmhmcﬁﬁ; s¥EnhBRMpOEAL s aand expands rel ative
to the passive beamresulting In bending of the actuator. Optionally, each
nozzl e assé&dirRhilicdhidrirbidis ideifage.pai r of el ectrical contacts positioned at
one end thereof, and wherein said active beam extends |ongitudinally away
from sai d contacts to defining a bent current flow path between said
contacts. Optipeshla) dagh nogale dsserpbly empyesandrivs cirepsiasdior delyaiing aststainpalseeam
Optionalsl y, saigl,a¢dil¥§ beam conprises a first arm extending |ongitudinally
froma first contact, a second armextending longitudinally froma second
contact and a connectlng nenber connecting said flrst and second ar ms.

o1 onal LY o Rely iSRSt BN REFQRR G OE EQTRGY SRS Ayl epact | ve
resistive héa 6 &l°enent . aft I'nt erconnects
di st al end$MmQO@aJ@kﬁﬂgﬁmsmndmsamond arns, said dlstal ends belng di sta
relative to said electrical contacts. Cptionally, said active beamis
conprised of a material selected fromthe group conprising: titanium
nitrideo tidpaoially saldbehdicumtontdmiprides: and a vanadi um al uni ni um

alloy. Optionally, said B9%5|ve beami s cogprlse of a_naéerial sel ected
fromthe group conp@?§? §:0cR PRgRRddP B R7IGRY CICrCRleSRtaeH: 2PY de and sili con

oxynitride. Opti Ona|a|1rﬁéssn@5!>@£lnﬂ@@tﬁlhi@almfﬁk&ﬂm?mrsil&@c&w@-bédnﬂ@nﬁch&lﬁh@ a roof
having a novi ng gortlon wher eby actuation of said actuator noves said

moving portion YoMl YECHA Rfssreﬂ&hs?ug distacyeiers), thesagtiye brs isefs gt t i on
conprises sai d aehMBtQitive Pt PRGNS Yoant BRI IZIQIRRBNINBScthadordef i ned in the

nnving]%ortion, such that the nozzle
Optionally, each nozzle assembly comprises said pair of electrical contacts positioned at
one end thereof, and wherein said active beam extends longitudinally away from said

contacts to defining a bent current flow path between said contacts.
20  Optionally, said active beam is fused to said passive beam.

Optionally, said active beam comprises a first arm extending longitudinally from a first
contact, a second arm extending longitudinally from a second contact and a connecting
member connecting said first and second arms.

25
Optionally, each of said first and second arms comprises a respective resistive heating

element.

Optionally, said connecting member interconnects distal ends of said first and second arms,

30  said distal ends being distal relative to said electrical contacts.

Optionally, said active beam is comprised of a material selected from the group

comprising: titanium nitride, titanium aluminium nitride and a vanadium-aluminium alloy.



opening i s noveable relative to the floor. In a further aspect the present
i nvention provides a nethod of configuring a printhead to eject ink

dr opl et s WO 2a10p3eibet er m ned vol une, said net hod conpri sipag/Atheossnens of :
(i) providing a printhead having a plurality of nozzles assenblies, each
nozzl e assenbly conprising: a nozzle chanber for containing ink, said
chanber having a nozzl e opening of a predeterm ned di nension; and a bend

actuator f @ ihafG!aldPalshE LRI Bridell 8 MiAGiNALh& RASME BYuPY generating a
positive pressure pulse in said ink during bending of the actuator; (ii)
varyi ng a yapédtcatilieonskexidsyyilécoppitiigpend gihgin asgnittlcsai d pri nt head, t her eby
varying a volune of ejected ink droplets; (iii) determ ning an opti nal
hydrostatic i nk pressure corresponding to said predeterm ned vol une; and
(iii) confiQptirnaby, caeh nozkle shampleycompaisesmiloor andpEdaf hivikg & mowag porpen, nt head at

sai d opti ”@Jheﬁéxg&%fti&ﬁ &ﬁﬁfd%&uﬁ{)ﬁﬁ&% Siid ﬁ?vi%&%l&&?ﬁg?%ﬂ?gaﬁd fillg present

i nvention provides an Inkjet printer confi ejecting ink droplets
having a volune in the range of 1to 2.5 pL, said printer conprising: a

print head 1N lurality. of nozzl es nbl i es, each nozzle assenbly
conprising?ﬁémﬁg¥§?gjgﬁ§l gﬁm Sreon %%H%ﬁ%%fnk, sai d chanber having a

nozzl e opening and an ink inlet, said nozzle opening having a maxi num

di mension ip .the range of 4.t0 i crons; .anda. bend actuator, for ejecting
Tk ar opl e B ERETAE e B Ry il BB nen BELAT I Fetcpr escur o

pul se 10 sabehinghk mdugablaeliremd g flodr. t he actuator; and an ink supply system
configured for supplying ink to said printhead at a positive hydrostatic
pressure in the range of 1to 300 mm H2O. Optionally, said nozzle opening

has a maxi nugteihseRsicofe plasdnhiaynatgproditiest h@hcifBbiiTeRRS: %@h&ﬂe@@i@)' ly, said
I nk supply eﬁe%/tsigl?(ri?oi)lgts %tQ :!11 prlegelflerrr%(ijneg %luglg,psgild%lle?h%d Icgrﬁprtis?ngsﬂ?el stepgro%: nthead at a
(1) providing a printhead having a plurality of nozzles assemblies, each nozzle
15  assembly comprising:
a nozzle chamber for containing ink, said chamber having a nozzle
opening of a predetermined dimension; and
a bend actuator for ejecting ink droplets from the nozzle opening by
generating a positive pressure pulse in said ink during bending of the actuator;
20 (i1) varying a hydrostatic pressure of ink supplied to said printhead, thereby varying
a volume of ejected ink droplets;
(ii1) determining an optimal hydrostatic ink pressure corresponding to said
predetermined volume; and
(iii) configuring an ink supply system to supply ink to said printhead at said optimal
25  hydrostatic ink pressure.

In a third aspect the present invention provides an inkjet printer configured for ejecting ink
droplets having a volume in the range of 1 to 2.5 pL, said printer comprising:
a printhead having a plurality of nozzles assemblies, each nozzle assembly
30 comprising;
a nozzle chamber for containing ink, said chamber having a nozzle
opening and an ink inlet, said nozzle opening having a maximum dimension in the range of

4 to 12 microns; and



positive hydrostatic pressure in the range of 5 to 200 nm H2O. Optionally,
said hydrostatic pressure provides a convex neniscus at said nozzle opening
when sai awpromidsessd i s prined. Optionally, a printhead fPatau2sosdeiizaed by a
hydr ophobi ¢ | ayer. Optionally, said hydrophobic |ayer is a PDVS | ayer.
Optionally, said hydrophobic |ayer is deposited on a relatively hydrophilic
nozzle plate. Optionally, a nmeniscus of ink is pinned across each nozzle
opening at a hydrophilichByfreniol fofejbdth € {dkassictréh HRAbINo opRabbN0ZZ1 €
assenbly conprises drive circuitry for delivering actuation pulsSes to said
bend act uatgereratiop g pestaicipyessusapusedn pajbink dpidgng bepding of thanstuatpiragd such t hat
each actuation pul sedal Al Syl RPQpPindn@DligifiRaddl fl actuat or.
Optionally, said bend actuator conprises: an active beam connected to a
pai r of el @esitiveduiirostet pressere ingthelrangpefddp v@0 edtOmechani cal | y cooperati ng

wi th saisd active beam such that when a current is passed through the
active beam the active beam heats and expands relative to the passive beam
resul ting iOptibeigi sag nofzl¢ dpeniag hasat roaxir@ph domwadibyin teaehgernd 220 B) mssenbl y
conprises said pair of electrical contacts positioned at one end thereof,
and wherein said active beam extends longitudinally away fromsaid contacts
t o defi ni n@paolpdintsacuink enply kystom padifighet ienprddnglink antalqtrsthedddthonal | vy,

said active beamis fused to.said passiVv ea ptionally, said active
bean1conprPg%gwg%???%?c%?%?8%“@%3?%@3$6ﬂg@fﬂﬁﬁ%ﬁ}Iy froma first contact, a
second 1@rm extending longitudinally froma second contact and a connecting
menber congggé%@g Sﬁ%ﬁ first and second arns. CptionaLé%, each. of said
first and $&8 AP MY LGS REesUrg PROXERREIONYE PREFL VA HEAE PR ement .

Opt i onal |y wheabdd pediicw@ishpaai s conprised of a material selected fromthe

group conprising: titaniumnitride, titaniumalumniumnitride and a
vanadi um al um ni um al | oy.

Optionally, a printhead face is defined by a hydrophobic layer.
15
Optionally, said hydrophobic layer is a PDMS layer.

Optionally, said hydrophobic layer is deposited on a relatively hydrophilic nozzle plate.

20  Optionally, a meniscus of ink is pinned across each nozzle opening at a

hydrophilic/hydrophilic interface.

Optionally, each nozzle assembly comprises drive circuitry for delivering actuation pulses

to said bend actuator.

25
Optionally, said drive circuitry is configured such that each actuation pulse delivers less
than 200 nJ of energy to said actuator.
Optionally, said bend actuator comprises:

30 an active beam connected to a pair of electrical contacts; and

a passive beam mechanically cooperating with said active beam, such that
when a current is passed through the active beam, the active beam heats and

expands relative to the passive beam resulting in bending of the actuator.



Optionally, said passive beamis conprised of a material selected fromthe
group conprising: silicon dioxide, silicon nitride and silicon oxynitride.
Opt i onal IwQ 2em0i34050zz1 e chanber conprises a floor and aPCcofU2b@wong9 a
novi ng portion, whereby actuation of said actuator noves said noving
portion towards said floor. Optionally, said noving portion conprises said
actuator. Optionally, the nozzle openigg is defined in the noving portion,

such that tdibﬁoﬁh@lﬁ,zéa@ﬂ RPER LAEMBIS cHRMBRBDIaRI faflofbbMBeal SonkddR phii@Qied o i €f
Description of the Drawi ngs Enbodi nents of the present invention will now

be descri beae gyl thpigpfomd sheriiiseid aeivp bdre pictends bngidinativaayedramewdhpanyi ng
draw ngs, - ichn B'a'eﬁrﬁﬁg%‘t;e%t churteft ffbw%ﬁﬂygﬁn%eeﬁ%é%@afc{sye of a

partially-fabricated 1'hkjet nozzle assenbly; Figure 2 is a cutaway
perspective of the inkjet nozzle assenbly shown in Figure 1 after

conpl et i5°nr(@f‘ioﬁai“ﬂaslafds%@‘%e&ﬁ?srdé&?ﬂ %ml %Esm%eﬁlgur e 3A shows schematically

an arbitra printhead supplie at a negative hydrostatic
pressure; Figure 3B shows schematically the arbitrary printhead supplied

wth ink a sitive.hydr i re. Flogure 4. sho L nkj et
ozl e aso HDPHI MG R ER R L S Rta b uufioM Belre. °F qure
5 shows an comkgt.etsecvnd 2ineexasdagidngitptinabte drow 4 dacdndko@ict andro®ntdctiez hydr ost ati ¢

pressure; and.Figure.6 sh schematically an inkjet printer having an ink
Suppl Y syst BRSO TGl i RSSO 05 nk at varying. hydr ostatic
pressuri®s. Detail ed Description of the Invention Thermal Bend Actuator

Confi gur edf or. Maxi mum Drqp. Ej ection Velocity Figqures 1 and 2 show a nozzle
assenbly 16891 %Yv%nah?glg%éﬁﬁ?ndgﬁe%‘g?%?com% qséé‘%P??H.Ve HEVEISPINE assenbly is

simlar incgaRstruction to the nozzle assenbly described in the Applicant's
earlier filed US Application No. 11/763,440 filed on June 15, 2007, the

Optionally, said active beam is comprised of a material selected from the group

15  comprising: titanium nitride, titanium aluminium nitride and a vanadium-aluminium alloy.

Optionally, said passive beam is comprised of a material selected from the group

comprising: silicon dioxide, silicon nitride and silicon oxynitride.

20  Optionally, each nozzle chamber comprises a floor and a roof having a moving portion,

whereby actuation of said actuator moves said moving portion towards said floor.
Optionally, said moving portion comprises said actuator.

25  Optionally, the nozzle opening is defined in the moving portion, such that the nozzle

opening is moveable relative to the floor.

Brief Description of the Drawings

Embodiments of the present invention will now be described by way of example
30  only with reference to the accompanying drawings, in which:

Figure 1 is a cutaway perspective of a partially-fabricated inkjet nozzle assembly;

Figure 2 is a cutaway perspective of the inkjet nozzle assembly shown in Figure 1

after completion of final-stage fabrication steps;



contents of which is incorporated herein by reference. Figure 1 shows the
nozzl e assenbly partially formed so as to illustrate the features of active
and passiwe 2omemsuisayers. Thus, referring to Figure 1, trerat2sosaiooen t he
nozzl e assenbly 100 fornmed on a CMOS silicon substrate 102. A nozzle
chanber is defined by a roof 104 spaced apart fromthe substrate 102 and
sidewal | s 106 extending fromthe roof jjpo the substrate 102. The roof 104 is
conprised of a pRyinY sAAKL écﬁé?nallgﬁlyaaﬂ%tﬁtra?}; AidiRARLYpRAI iRk 420 Wi th a gap
109 defined therebetween. A nozzlé opening 112 is defined in the noving
portion 108egage Bjdexstatippresstrci nk. The noving portion 108 conprises a ther mal
bend actuat or MalRdranfAl n@faibARUAd SYRin BEATEIkBPW RN, an upper
active beam 114 fused to a | ower paSS|ve]%ean11 | ower passive beam
116 def i neposithes hysdtogtatic pyesserkie novi ng portion 108 of the roof . The upper
active kheam 114pconpri S&s f

| ongi tugi nal | y %ﬁ)m rsgspe(r:ltqnﬁ&% Z‘fe)ecatsro %%nﬁ%aﬁgn%%gi ‘%Amg%dg@aﬁghe arns
114A and 1paBsuas;e connected at their distal ends by a connecting nenber

115. The connectin nber. .115 m t.anj.um uctive pad 117,
whi ch faC|I|tat%gmgégg‘WV?é%gggﬂﬁﬁggggﬁqéﬂgﬁ%dw%’ﬁgmaQOSQWHBﬁ&Emg nce, the
active beamcidde;dsf i nes a bent or tortuous conductlon pat h between the

el ectrode conta ts g ]? %3519’ el ecttr Sg 3111 A and 118B are
positioned adja ét\rte SaTh GIHhEre aBH%(JeéHrd“ atlﬂ%a‘h MBS bl y and are
connectied %bﬁﬁm&ﬁﬁ@@h@ﬂﬁngmﬁBE@iﬁMgmMﬁEﬁn&@9$ﬁ@&a metal CMOS | ayer 120 of
the substrate 102. The CMOS | ayer 120 contains the requisite drive
circuitry for actuation of the bend actuator. The passive beam 116 is
typically cRmped Dedrigfonanihe@hv@afidni cal |y and thermal | yi nsul ati ng materi al,
such as silicon dioxide, silicon nitride etc. The thernoel astic active beam
114 may be conprised of any suitable thernoelastic nmaterial, such as

ti tani um nighEiReBedd AcaRiod CoRfdRdnb I Ruhdh D& @Mzoalwml%oum al | oys. As
explained in the Applicant's copending US Application 11/ 607,976 filed
on 4 Ddéember JFomecs(land 8 shay2 E%t%@tsewgly 199W@S}hffetﬁahfé%ﬁewﬁfat?ftfﬁ‘il% um al | oys
are a pref ah o aLehLBs SRR GGk GORDIDSC LignATvARKRAGRIS Properties

of high thernal expansi on, | ow density and 9 Young
Applicant’s earlier filed US Application No 11/763,440 filed on June 15 2007, the

contents of which is incorporated herein by reference.
Figure 1 shows the nozzle assembly partially formed so as to illustrate the features
20  ofactive and passive beam layers. Thus, referring to Figure 1, there is shown the nozzle
assembly 100 formed on a CMOS silicon substrate 102. A nozzle chamber is defined by a
roof 104 spaced apart from the substrate 102 and sidewalls 106 extending from the roof to
the substrate 102. The roof 104 is comprised of a moving portion 108 and a stationary
portion 110 with a gap 109 defined therebetween. A nozzle opening 112 is defined in the
25  moving portion 108 for ejection of ink.
The moving portion 108 comprises a thermal bend actuator having a pair of
cantilever beams in the form of an upper active beam 114 fused to a lower passive beam
116. The lower passive beam 116 defines the extent of the moving portion 108 of the roof.
The upper active beam 114 comprises a pair of arms 114A and 114B which extend
30  longitudinally from respective electrode contacts 118A and 118B. The arms 114A and
114B are connected at their distal ends by a connecting member 115. The connecting
member 115 may comprise a titanium conductive pad 117, which facilitates electrical
conduction around this join region. Hence, the active beam 114 defines a bent or tortuous

conduction path between the electrode contacts 118A and 118B.



nmodul us. Referring to Figure 2, there is shown a conpl eted nozzle assenbly
100 at a subsequent stage of fabrication. The nozzle assenbly of Figure 2
has a nozawbeomnmasmiser 122 and an ink inlet 124 for suppl yCcofau2mis/mos2b he
nozzl e chanber. In addition, the roof 104, which defines part of a rigid
nozzle plate for the printhead, is covered wwth a | ayer of polyneric

mat erial 126, such as pol ydi net hyl si |l opyane (PDVS). The pol yneric |ayer 126

has a nul ti tUdefh@%lei:tmf%&lﬂo?%‘ﬁsyllkﬂ%h&'ﬂiS'B%ire %Hsgifoﬁéatéd}aeen@éachb_@lepﬁege &Qt uat or,

hydr ophobi zi ng the roo (and printhead face) and providing a nechani cal

seal for tkéthgaprzigssembhyeandgreyawsicpied viayespectipgoanngctes et Fidde eAely | ow
Young' s MOAkAS 1@ 130 bPitk ARLHAL | RITRICMBESER! P Bhuhie HiioHORENe nozzl e

opening 112. A nbre detailed description of the polyneric |ayer 126,
i ncl udi ng ictrenitiyufer adtention afithe baadpetedtet on, can be found in, for exanple, US

Appl i cat:i on No. 4 fl- : 9 tents of
whi ch ig incorSg%§%§ﬁ§R%é2P€1%§9?§pg%gﬁggg%eﬁéﬁmFﬁggéf?%gﬁ?ﬁ% to eject a
dr opl et of uisnktiig oateridheuchor zilicorchende rilidditride eurlhe titerhdetanse achvough t he

active beam 11 en _the ectr ont S 118 . Th cti.ve beam 114 i s
Rty Pl ad fOSHRDbAG B GELLIME ERALARHSE bt JIEBRMAE, DoAT 20 12
t her eby cauwgitidygtitashi@mmboninigmpatitie a1 ah@8nitm aleysd A desmhved distht applicdst’st he

substrate 102 r.el ative..ta the stati r tio Thi s v nt, in
Curne | caus S eaiBe Rkt o RS Bl oRergoBF Bisiei 1 (45 B«
:c Incr easle ?ﬁ\]opI‘JE(SISS)_ [‘&nhd’i?t_hd&mﬁﬂﬂgm!aﬂd}&:a?: aqhaaﬂmird t mﬂ?’&l, kafham:_ t??e;ﬁdombtnest 0|tos
oW ng, e vin ortian | a owed. r urn N uj escen
posi tion, E‘?ﬁﬂgﬁanitaﬁg Sﬁiﬂpé%‘eﬁojf%fﬁﬁ‘ t%rm%ﬁxﬁaﬁsgﬂrg%ﬁ?lﬁﬁy ‘I‘I}dgﬂghti%‘%gﬁl et 124 into

t he nozzl e n¢Jagmiber 122, in readiness for the next ejection.In the nozzle
design shown in Figures 1 and 2, it is advantageous for the bend actuator

to define at | &g Figyre 4 Hereibiong 25empirsh 1azls asrmBydN0A 21 e assenbl y

100. This R@dseq@Rhtbtagt MPhbida@sh. Then Y8 hAbhbIGSBFigive 2Mes £ ARYIL RN 2f the
nozzl e assenbly 100, but al so provides higher ejection efficiency because

only oré fae@ayinkgetil4 foasypplyef inkipthr npreglerchambyr. Iapdditien, hewedid0%borti on 108
has to do ok RERkDSE of 15l BARIKE! ¥r b SERMSA!DKoveRY WERIRALE SOn, nozzl e
assenbl i es having an actuator pagdle positioned I nside the nozzle
polymeric material 126, such as polydimethylsiloxane (PDMS). The polymeric layer 126
has a multitude of functions, including: protection of the bend actuator, hydrophobizing the
roof 104 (and printhead face) and providing a mechanical seal for the gap 109. The
20  polymeric layer 126 has a sufficiently low Young’s modulus to allow actuation and
ejection of ink through the nozzle opening 112. A more detailed description of the
polymeric layer 126, including its functions and fabrication, can be found in, for example,
US Application No. 11/946,840 filed on November 29, 2007, the contents of which is
incorporated herein by reference.
25 When it is required to eject a droplet of ink from the nozzle chamber 122, a current
flows through the active beam 114 between the electrode contacts 118. The active beam
114 is rapidly heated by the current and expands relative to the passive beam 116, thereby
causing the moving portion 108 to bend downwards towards the substrate 102 relative to
the stationary portion 110. This movement, in turn, causes ejection of ink from the nozzle
30  opening 112 by a rapid increase of pressure inside the nozzle chamber 122. When current
stops flowing, the moving portion 108 is allowed to return to its quiescent position, shown
in Figures 1 and 2, which sucks ink from the inlet 124 into the nozzle chamber 122, in

readiness for the next ejection.



chanmber 122 are less efficient, because both faces of the actuator have to
do work against the ink inside the chanber. However, there is still a need
to i nprowotzhw/ovesnal | ef ficiency of the bend actuat or. PCm/AaRowvdazee Wit h
t he present invention, the working face of the thernmal bend actuator has an
area of |ess than 800 square mcrons. Optionally, the working face has an
area of less than 700 square mcrons gn | ess than 600 square m crons. As

shown in Fi gureﬁltﬂeﬁﬁgeaes@nnﬁowprnhdlagesf%@zqt lsfaﬁkeaniag&ﬁlyﬁalmme&d actuator is
usual |y defined by the | ower surface (interior surface) of the passive beam

116, whi ch agfbEer t@éefweaglﬁaﬁﬁmrt ofrike moviRGRoHEa [0R of ¢reh perzlelaescwblnifer 122. A
reduction i nlafaon%; ﬁﬁpﬁ)ﬁes RS VRS ﬁés@ aB@?a%rl&iftloﬁ Bt H&Ql@éseﬁ@?qO@%ﬁﬁ ator

represents a significant departure from previous designs of thermal bend
act uat or s. alsp prowidesohiglier emﬁli@n@fﬁst@n@t ygeiise hldl/ omdf@cec{thgptls,aﬁclewwor}ﬁnga requisite

vol ume qf 'f&'é’é)"&?ﬁ?e%%m% oﬂﬁﬁgoé’ 26t Pdo \ﬁ&léﬁéd‘ﬁs?%e%ﬁ%g%s@éu‘? rPJ gp fromthe
nozzl e openin in order to achiev I ca dropl et vol unes of
1-2 pL (e. gomllargemnszzma)sseafoh@dmeipgalbiloeuamr@pﬂd@jr@smmmd zmedeahn tozds (e.g. 5-15

o), 1L YRRl PP, RASELARL DRI PAL RGRIEROh o3 JIRTLAY TaCe

havi ng an area o uare m Crons
i nprove drdm1m;mmﬂemacmnmmacterlstlcs had preV|oust focused on maxi m zi ng

act uat or di spl agenent ual chle t henj n

Sotuator and t nErany RSy et RRarla ISP TSt R Mol o ever

t he Apploi C&JﬁlﬁccSrda)CBaﬁﬂlmrﬁréSethanf\enmwhé ourkingt faatof theaiRthabynd @tawpesat at i ons,
a peak velocit f t he tuator. during bend actuation is a nore S|gn|f|cant
factor in pf Wgﬁﬁoﬁ%j ﬂl?ﬁtgﬁ UMY oY 988‘?“&%4 averEr %ﬁac%’f‘asé‘&?é@b?glﬁ?se drop

vel ocity anghndo@pfueite nvi€lohk e lesPﬂlﬁfYB(ﬂQQuér@ﬁﬁcr@lsSUf ficient peak actuator
velocity is achieved, excellent drop ejection results, even with a

relatively | ow Atoxadn Bigwss hndd. g wosdng fage of therthermabiiend aqiyaiit ipeak act uat or

vel ocity '%sﬁaMﬁU@fﬁJeh Yy afé 1dw9ea§&rfaa@@1u&no%séfdaé)%ftf%ésn@%a@imwnfehe@ésty may be
controlled b ow rapid the active beamis heated during actuation. As

expl ai néd “f?ﬂt?fgélnﬁtpﬁlﬂ%lﬁ‘med@‘i}%n%blch%%%? No. 12/1 14,826 filed on My 5,

2008 ; he_cont et:guefonl i1k rch B¢ 1R GRAARY A (RS vRia SR 1R RpR&dms T api d

a significant departure from previous designs of thermal bend actuators. Hitherto, it was
understood that the displacement of a requisite volume of ink was the primary factor
governing droplet ejection from the nozzle opening. Hence, in order to achieve typical ink
20  droplet volumes of 1-2 pL (e.g. 1.2-1.8 pL) at acceptable drop ¢jection velocities (e.g. 5-15
m/s), it was previously understood that displacement of a working face having an area of at
least 1500 square microns was required. Efforts to improve drop ejection characteristics
had previously focused on maximizing actuator displacement, which is usually achieved by
lengthening the actuator and thereby increasing the area of its working surface. However,
25  the Applicant’s experiments have now found that, contrary to expectations, a peak velocity
of the actuator during bend actuation is a more significant factor in providing optimal drop
gjection, in terms of acceptable drop velocity and droplet volume.
Provided that a sufficient peak actuator velocity is achieved, excellent drop ejection
results, even with a relatively low surface area working face. A sufficiently high peak
30  actuator velocity is typically at least about 2.5 m/s.
Peak actuator velocity may be controlled by how rapidly the active beam is heated
during actuation. As explained in the Applicant’s US Application No. 12/114,826 filed on
May 5, 2008 (the contents of which is incorporated herein by reference), rapid heating of

the active beam may be achieved by a relatively short actuation pulse-width of less than



the active beam may be achieved by a relatively short actuation pul se-wi dth
of less than0.2 m croseconds (e.g. about 0.1 m croseconds) and/or an active
beam conpwobrigsisat i ng el enents with relatively | ow cr @€3rAdRedsioone2b ar ea
(e.g. less than 10 square mcrons or less than 5 square m crons).
Typically, each heating element has a width of less than 5 m crons.

However, peak actuator velocity is algg a function of the area of the

wor ki ng f a@ez miBRSRYSA (L. esaﬁoa@/@rmmbl%séé@m ﬁﬂﬁ)‘r RS dctil OBeahtomph @R fidagnghor ki ng
face has a |ower area. It has been found that opti nal drop ejection

char act er i stements aith relativelsJar ciops-sepfonplragsdprg. lesathand P smaigieigronhd Iser ki ng f ace
has an ar e%aqasqaﬁa%?n%g&l sk Oy BRIy QR i Garill amaﬁmoarwfd{hom%g&aﬁ@ 700 square

m crons or from 300 t O0°square m crons. Wien such ing faces are
di spl aced wi¢thnsa peak vel oci ty of at least 2.5 nis, an acceptable drop

ej ecti on vel oci Hﬁv&fer eak gtuﬁ'?o?v dcfcng 1s]aQSog1f§nct1er6ﬁﬂé Aré(a Jf‘?l?e"u/cgrﬁmg kM the

foregoing, it w erst oo present 1nvention provides a
si gni fi canteeaegiies workls dortehgalaﬂt@a IMWMdnehwwkmg@Cé boe lowerareaj lhkgset nozzl e

assenbl y C%r%%.rflo @at %%t'im 4 !se'%eg & hg‘%t%lr?s%lgs are ev%ad 1n35%: [X?]se r}nevef t?o?lt print

area of each enabl s denser

packi ng of mmzﬂlleess)rlomg face haslklj ata qﬁ‘rﬁomImadSOGI'sApareahdrms @ ffooo2¥0ne MO ar ea of
each nozzle assenbly in a ead accor dj sent lnve tion is
Cacs {han 1980 SotaY e’ Rrka e BORR e BEERRN M e LTRLER B ahiied: ' Pose

t han 800 Sq\tjﬂira@ediﬁwlcmhﬁofdft/ﬁﬁaﬁ 2spei) dniacablayle didpejeati@avetikity biss-Vomkiong f ace

may be redtéc]iDd %/ tlherl}rijfa bend actuator having a length of | ess than 60
m crons or STESWS BREANSE WS cr ons. Reducing the length of the actuator

i ncreases the stiohftAemsegding titWeillag uddr@sod thet BReRGed invesion Pruvidshh ch furt her
i nproves the over aII efficiency of actuator. The stiffness of the actuator

in the bendicaificait fodagiiondn e aisa HigherARmEreihe igkigorrie ¢hiiness of t he
actuator. @BhpR d HermhNRnOEAACALBIRI NS fSobrit %@@fse%ctpﬁlkjattno&ﬁ@st 1.3

mcrons or at |east 1.5 mcrons. Furthernore, the area of the working face
may be r5ed@&Sé@blwalabqqﬁ@}@ﬁ%|thféﬁaabé¢§tdelﬁﬁwaclﬁawﬁ1@zaewndphnk@rt prigheads han 20

m crons or T:yﬁls;ﬁlyt DR ptmt AR LIRS noE%‘?éjééQénﬂﬁ!y &Q%rﬂh@&d'hc@cfrd&?%tﬁ&ﬁ%hpr has the

greatest effect “in increasing nozzle packing density on
invention is less than 1200 square microns, or less than 1000 square microns, or less than

800 square microns.
More specifically, the area of the working face may be reduced by a thermal bend

20  actuator having a length of less than 60 microns or less than 50 microns. Reducing the
length of the actuator increases the stiffness of the actuator in a bend direction, which
further improves the overall efficiency of actuator. The stiffness of the actuator in the bend
direction is also governed by the overall thickness of the actuator. Optionally, the bend
actuator has a thickness of at least 1.3 microns or at least 1.5 microns.

25 Furthermore, the area of the working face may be reduced by a thermal bend
actuator having a width of less than 20 microns or less than 15 microns. Reducing the
width of the actuator has the greatest effect in increasing nozzle packing density on the
printhead, since a greater number of nozzles may be fitted into one row of nozzles.

Ultimately, the present invention achieves both a high nozzle packing density

30  together with excellent drop ejection efficiency and excellent droplet characteristics. For
example, an input energy of less than 200 nJ (or less than 150 nJ), when delivered in a
pulse width of about 0.1 microsecond, is sufficient to generate a peak actuator velocity of

at least 2.5 m/s. This results in a droplet ejection velocity of 8-10 m/s.



printhead, since a greater nunber of nozzles may be fitted into one row of
nozzles. Utimtely, the present invention achieves both a high nozzle
packi ng deoptoostasget her with excell ent drop ej ection efCraitoasyoad

excel l ent droplet characteristics. For exanple, an input energy of |ess
than 200 nJ (or less than 150 nJ), when delivered in a pulse width of about
0.1 mcrosecond, is sufficient to genguate a peak actuator velocity of at

least 2.5 nis. Mate%véretﬁyé E&ed ik @fogmme%neﬂoﬁﬁsdlaﬁm sy@lgﬁgl; Yha®d litde &0
m s. Moreover, the eg] ected oplets are well-formed and, surprisi ngly,

have |itt| @osttcliis dwﬂeéﬂ S%tﬁlétedimpéﬂtwgwelsmmq lnﬂréqe@p@mnétagd B @ | - known i n
| nkj et Pri By 81l LASHAY ol ATRBIES HRrALodOGIAL brofibus MGl £€T ed dr opl et

into mcroscopic satellite droplets, are detached fromthe main ink
dropl et. Satte¢heil fremdheapmn@ dagpdet, pﬁawﬂilt@dmplp@ aggrpgobbesmagin pidpatantialfyfadicet over al |

print quali el atively
hi gh pegk gté%éﬁu 'tLlItljnrt q?/aé ogtﬁ% ?%dggo {hlggmggn?gﬁé{tn; gl\égﬂrafgﬁiez)é%g@éeakl e for
reduci ng t hetusiomsacitiof ofsitateadt RiStne's @hequsb@tsé)le folsigducing, thesrainddet dftseteldifeopl et s ar e

i d w
zssect 20, o SRy USFLL AP XSRS, B LDR BHGRITL pnient on,

ej ection velieqms'emtelsvemtﬁonaxur;bremgty 65<hl‘dns fewa:tatelll&@.&‘bpl&s Y aorelagively e@Bt 9 nis. In

sumary, t peak di t of th tor jn conbination with a
ot vel y TR GRl o BRHG S P Bty o’ ATBER 8 G opls RS R ass s gni 11 cant
factor mhan t he Ipamimaag tthegicok divigdoodeiityf the atoabiriotérbigatidh afth @jrdaiveign
characteri t| CS mnim Zik%%ﬁ%f e area of the worKki gag( face, greater

peak actua %ge W@FB‘&?%CFé@a EARPHE §s giepidipany fagloy b 15 ped ey . cont r ol

of Dropl et vSo&e iWsbm@Ilingkrdpre %‘éﬁwcﬂiaﬂy&%stlbﬁﬁ(ﬁéy Rhicikiag heaRebathe at negative
hydrostatic i nk pressures. isis primarily to avoid ink flooding

uncont r ol | JBIkNG @?f‘og@atar Rsik ?Fﬁ‘ﬁé%&delp%i&@ Calé%@éiem for fpresn 1P TR ceases.

Mor eover, when a neniscus of ink is pinned across a nozzl e opening by
surface tenS|on it is preferable to have a concave neni scus as opposed to
a convey néﬁﬂ%@@fDUwuﬂéFﬁék%&ﬁﬁéV@@W?ron1the printhead), because a convex

Teni scus | s easiy i pHindX et baNLAKE R BRI Re At agmRsUl L ng 1 n

m crof | oodi ng. Figure shows a typical 1 nkjet nozzle 200 having a concave
meni scus 20Raveyd ik fleadengomeentnaBebdit dopass yantbest &ce.cespoakllpwbensuingng whi | e Fi gure

4B shows the, SaR:do0&! FhendhsEu YN Ipitn GIABNEX MBAL S5 D) durlite

tension, it is preferable to have a concave meniscus as opposed to a convex meniscus

20  (bulging outwards from the printhead), because a convex meniscus is easily burst by
particulates on the printhead face resulting in microflooding. Figure 4A shows a typical
inkjet nozzle 200 having a concave meniscus 202 by virtue of a negative hydrostatic ink
pressure, while Figure 4B shows the same inkjet nozzle having a convex meniscus 204 by
virtue of a positive hydrostatic pressure.

25 Various means are known for controlling the hydrostatic ink pressure in an inkjet
printhead. A suitably configured ink supply system can deliver ink at a requisite ink
pressure, and many different forms of ink supply system are known. For example, a
position of an ink reservoir relative to the printhead can provide a very simple form of
pressure control — an ink reservoir 206 positioned above the printhead 205 provides

30  positive hydrostatic ink pressure (see Figure 4B); and the ink reservoir 206 positioned
below the printhead 205 provides negative hydrostatic ink pressure (see Figure 4A). Other
means for controlling hydrostatic ink pressure in a printhead will be well within the ambit
of the person skilled in the art, and a details of specific pressure-controlling means are not

germane to the present invention.
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hydr ophi | i &FHYHY éﬁé e R{E'fce defined between the roof |ayer 104 and

the PDNB | ayer AR6xpldmiedtir €S 3 pphausn io. a@mag&) te My SoptLLFONS layak 26 n t he

nozzle arr ement. 100 descri bed above, ive dr st tic ink
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PDVE | ayer 126 enabl es the possibili y of a convex neni scus W thout such a
hi gh risk SFOBYPAtgHER TRALRK MEBRFRGS T feS BHEWHTU R TEn fifEnBicad i convex

neni scus 13&&&&% DQutcPERfabI OB JreRMPDMELaPE Michead dfiaasss bfgt ppeg by an outer
surface 128 of the PDVMS | ayer) due to the thickness of the PDVS | ayer 126

and dud>t o 13yl 20484 dycra therfprd thabthe Bierjscus B517is pigneiated at t he
hydr ophi | i g/ fy mﬁﬂapdpﬁom@fneehfa@ec@he s E’%z%%ﬁ%wa;@m@lﬁ; fiehdeMi§hy shi el ds

the neni scus 151 fromany particul ates, | st acting as an energy barrier
whi ch ni ni Ak &empny partieadades, whilst acting as an energy barrier which minimizes printhead

face flooding — the ink has minimal tendency to move onto the hydrophobic PDMS layer
126 by capillary action and finds it energetically more favorable to remain pinned at the
20  hydrophilic/hydrophobic interface.

Thus, the PDMS layer 126 does not constrain the nozzle assembly 100 to be used in
combination with a negatively pressured ink supply. Without the constraint of a negative
hydrostatic ink pressure, the Applicant’s experiments have found that a positive hydrostatic
ink pressure with convex meniscus 151, surprisingly, provides very different drop ejection

25 characteristics in the bend-actuated nozzle assemblies 100 described herein.

A surprising observation is that for a given size (e.g. diameter) of nozzle opening
112, a positive hydrostatic ink pressure provides ejected ink droplets of larger size and
volume than the same nozzle opening to which ink is supplied at a negative hydrostatic ink
pressure. Hitherto, it was understood that the major factor governing ink droplet volume

30  was the diameter of the nozzle opening 112. Typically, an ejected ink droplet is expected
to have the same diameter as a nozzle opening from which it emanates. Thus, a nozzle
opening having a diameter of 12 microns typically ejects ink droplets of about 0.9 pL
(which may be too small for some applications). A 14 micron nozzle opening typically

gjects ink droplets of about 1.4 pL (which is considered to be an acceptable drop volume
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hydrostatic ink pressure, conpared to the nozzle assenbly shown in Figure 5
having a n@FAITVEHNYIP Jsaner et | indOpredelh evticetlhse fisémery! S pri%ft heads havi ng
bend- act uat,g N2z RidnatYGn MR YanbE oi®Sh g@ﬁqm@nﬁéf\%@ akh;sosqtﬁvemﬁﬁr@sfsﬁés,

differently depending on the hydrostatic ink pressure provided by an ink
suppl y 1Sy steaniziqmeniag gy hay e amesxinging dignsionia therrdiee of 4 (Pl 2umerona ohozz| e

openi ng naﬁpﬁﬁmﬁﬁﬂ%1%@%&59{of&ﬁﬁnﬁgﬁlRhﬂ@mﬂ%Q£@§ﬁﬁ£h£wh£&mg$§%ﬁ$r? I's used,
as conpared to a nore usual negative hydrostatic pressure. This, in turn,
al | ows dengelmendki fgjreoker rugzle openingnthe heximum dimension is its diameter; for an

elliptical nozzle opening, the maximum dimension is the length of its major axis.
Moreover, a printhead may be operated differently in situ by varying the
20  hydrostatic pressure provided by an ink supply system. Some printhead applications (e.g.
plain black text printing) may require larger droplets volumes by operating at positive
hydrostatic pressure. Larger drop volumes put down more ink onto a page and maximize
optical density, which is particularly desirable when printing black text onto standard
office paper. Alternatively, some printhead applications (e.g. photo printing) may require
25  smaller droplet volumes by operating at a lower (e.g. negative) hydrostatic ink pressure.
Smaller drop volumes achieve higher print resolution, which is especially desirable for
photo-printing applications.
The ability to vary droplet volume without fundamentally changing a nozzle design
has significant ramifications for inkjet printing. It is a goal of inkjet printing to provide a
30 SOHO printer, which is capable of printing both plain black text and/or photos without
compromising on optical density or photo quality, respectively. Likewise, the ability to
optimize drop volume in situ for printing onto different paper types represents a significant

development in inkjet printer technology.



printhead by virtue of the snaller-sized nozzle opening. Typically, the
positive hydrostatic pressure may be in the range of 1 to 300 MmF*Q

opt i onal lwoi2nidzeosnange of 5 to 200 nmH20 , or opti onal lpgTiav2bG3orI20gEe Of
10 to 100 mmH20 . Wth such positive ink pressures, a nozzle opening may
have a maxi mum di mension in the range of 4 to 12 mcrons, or optionally 5

to 11 microns, or optionally 6-10 mcrigns, and still achieve acceptable
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whi ch is capable o rln%%ﬁg?gg | ai n bl ack text and/or photos w thout
conpr oni si eHWmOB ielL g de AGPIBHBES “diati ty, respectively. Likew se,
the ability to optim ze drop volunme in situ for printing onto different
paper types represents a significant devel opnent in inkjet printer
technol ogy. By way of exanple, Figures 4A and 4B show schematically a
printer conprising an arbitrary printhead 205 and an ink supply system
whi ch can deliver different hydrostatic ink pressures by varying a hei ght
of the ink reservoir 206 relative to the printhead. O course, nore

sophi sticated neans of varying hydrostatic ink pressure in situ, via the
i nk supply system wll be readily apparent to the person skilled in the
art. For exanple, as shown in Figure 7, a reversible air punp 210

communi cating with a headspace 211 in an



ink reservoir 206, and an ink pressure sensor 212 providing a feedback
signal 214 to the air punp may be used. It will, of course, be appreciated
t hat t he woessni34dsnventi on has been descri bed by way of pexavmb@/on2y and
that nodifications of detail may be nade within the scope of the invention,
which is defined in the acconpanying clainms. CLAIMS 1. An inkjet nozzle
assenbly conprising: a nozzle chanber {Ror containing ink, said chanber
havi ng a n@gzagsopening and an ink inlet; a pair of electrical contacts
positioned at one end of said assenbly and connected to drive circuitry;
and a thermal bend actuator for ejecting ink through the nozzle opening,

sai d act uator cgﬂﬂﬁ&ﬁh&gkag@mggggﬁﬁﬁgﬁgn1connected to said electrical
contacts and extending |ongitudinally away fromsaid contacts, said active

beam defi ni ng a benta nogaly enmbéd foygopatningel, weé phaswithayna e aetzls opamidg a passi ve
bean1fu%eda’@m§ﬁkgﬁ§ctive beam such that when a current is passed through
the active beam the active beam heats and expands relative to the passive
beam resul ti ng i n bendiregeleftridcehepnticts patitomed whvae endofsai dssewblyardr has a

wor ki ng fa%gﬂ%gaig%ggglhhﬂ -%mpositive pressure pulse in said ink during
sai d bendi ng of said actuator, said working face having an area of |ess
than 800 square m craghsmalbend ddaetdr fikje@ttinyaniz theouals e mbizle a@pbnicg, adidn 1, wherein
said working face has an area of less than 600 microns. 3 . The inkjet

nozzl e ass@%ﬁ@?*@?mgwﬁﬁn1l, wherein said working face is defined by a face
of sai dopassi ve beam 4 an ddiee boaky @hndoed 7d Qidasselrbl cyntadts aldakhding whi ch i s

configured to proviqg 2 pegk S UBLOL, YSLES! L 2 euhZRRnZs Buil >
current flow path between said contacts; and
a passive beam fused to said active beam, such that when a current is
passed through the active beam, the active beam heats and expands relative
15 to the passive beam resulting in bending of the actuator,
wherein said actuator has a working face for generating a positive pressure pulse in said

ink during said bending of said actuator, said working face having an area of less than 800

square microns.

20 2. The inkjet nozzle assembly of claim 1, wherein said working face has an area of

less than 600 microns.

3. The inkjet nozzle assembly of claim 1, wherein said working face is defined by a
face of said passive beam.

25
4, The inkjet nozzle assembly of claim 1, which is configured to provide a peak

actuator velocity of at least 2.5 m/s.

5. The inkjet nozzle assembly of claim 1, wherein said drive circuitry is configured to
30  deliver actuation pulses to said active beam, each actuation pulse delivering less than 200

nJ of energy to said active beam.



5 . The inkjet nozzle assenbly of claim1, wherein said drive circuitry is
configured to deliver actuation pulses to said active beam each actuation
pul se delwoeniog4dsess t han 200 nJ of energy to said act ipce/Airers 001429 The

i nkj et nozzle assenbly of claim1l1l, wherein said drive circuitry is
configured to deliver actuation pulses to said active beam each actuation
pul se having a pul se width of less thag 0.2 mcroseconds. 7 . The inkj et

nozzl e assembl milnlgla@iomlelassMﬁtﬂy @fJ‘an%el' Qh@éiﬁ'sé(@d%‘i:u@ﬁﬁ?ls‘é@n flImo each have
a length of less than 50 microns. The inkj et nozzl e assenb é of claim1,

wher ei n saudéh\@ewwowsepmw\ﬁéuwé@m @tbw%%mése\hmvma plsevedig of han 15
m crons. 91%5&@§09%§h@&ﬁ%ﬁ§2|e assenbly of claim1, wherein said active and
passi ve beans have a co ned thickness of at least 1.5 mcrons. 10. The
i nkj et nozzle assenbly of claim1, wherein said active beam conprises a

first arm %Xt en%e&ﬁlﬂ %{3921# é’égén'ﬂﬂg/ nyclglﬁlg%ﬂerélh R4 3&9951%3}3581\% b%ﬁﬁso&gh arm

extendlng ongitu rom a second’ contact and a connecti ng nenber
connectlngmﬂﬁ&km@h@ﬂkwﬁdnééummdmarnB. 11. The inkjet nozzle assenbly of
claim9, wherein each of said first and second arns conprises a respective
resistive heating elenment having a wwdth of Iess than 5 mcrons. 12. The

i nkj et nozale a“ﬁ]s@rﬂkjbtylom‘le ohanlity 8f claindr ehareis adidlaction aeigtaksing branderch

i nt erconne ts di @] g said first and second arns, said distal ends
bei ng di st F réwg (gg”? ML BCY%ctrical contacts. 13. The inkjet nozzle
assenblly of claim1, wherein said active beamis conprised of a materi al

sel ected fromt oup ri tlta iumnitride, titanium al um nium
nitride and a vﬂ%g]flgﬁoﬁq%%gﬂ?@wfgﬂlql %elnﬁﬁa‘i“ﬁ%]ﬂ@pa%‘? e%m%llgaggnm y of
claim1, m@%bﬁbmmﬁgkﬂmgﬁaﬁkm@tbgammmﬁ&conpr|sed of a material selected from
the group conprising: silicon dioxide, silicon nitride and silicon
oxynitride.15. The inkjet nozzle assenbly of claim1l, wherein the nozzle

chamber conpri seg ifkjbd R9e A8GniAy 5QAimNa¥hdein Said BB BeaRdohipAths ST €by
actuation of said actuator noves said noving portion towards said floor.
15  arm extending longitudinally from a first contact, a second arm extending longitudinally

from a second contact and a connecting member connecting said first and second arms.

11.  The inkjet nozzle assembly of claim 9, wherein each of said first and second arms
comprises a respective resistive heating element having a width of less than 5 microns.

20
12. The inkjet nozzle assembly of claim 9, wherein said connecting member
interconnects distal ends of said first and second arms, said distal ends being distal relative

to said electrical contacts.

25 13.  The inkjet nozzle assembly of claim 1, wherein said active beam is comprised of a
material selected from the group comprising: titanium nitride, titanium aluminium nitride

and a vanadium-aluminium alloy.

14.  The inkjet nozzle assembly of claim 1, wherein said passive beam is comprised of a
30  material selected from the group comprising: silicon dioxide, silicon nitride and silicon

oxynitride.



16. The inkjet nozzle assenbly of claim 15, wherein said noving portion
conprises said actuator. 17. The inkjet nozzle assenbly of claiml16,

wher ei n twe 2nmzBhk@soopeni ng is defined in the noving por Pcemu2sesaioif2hat t he
nozzl e opening is noveable relative to the floor. 18. The inkjet nozzle
assenbly of claim1, wherein said inkjet nozzle assenbly has a footprint
area of |ess than 1500 square m crons.2pl9. An inkjet printhead conprising a

plurality af nozgdigiasReNbisanfeediddiNGhdrOn HedibMdehamber comprises a
floor and a roof having a moving portion, whereby actuation of said actuator moves said

moving portion towards said floor.

5 16.  The inkjet nozzle assembly of claim 15, wherein said moving portion comprises

said actuator.

17.  The inkjet nozzle assembly of claim 16, wherein the nozzle opening is defined in
the moving portion, such that the nozzle opening is moveable relative to the floor.

10
18.  The inkjet nozzle assembly of claim 1, wherein said inkjet nozzle assembly has a

footprint area of less than 1500 square microns.

19.  An inkjet printhead comprising a plurality of nozzle assemblies according to claim
15 1.



