EFFICIENT INKJET NOZZLE ASSEMBLY Field of the Invention 5This invention relates to inkjet
_noz_zle assem&l&')esé. &}ﬁgﬁ%been devellop(.ed primarily tq improve the effici]e@ﬁxgog%gmg bend actuated
inkjet nozzles and {o improve drop ejection characteristics. Background of the Invention 10The present
Applicant has described previously a plethora of MEMS inkjet nozzles using thermal bend actuation.
Thermal bend actuation generally means bend mavement generated by thermal expansion of one
material, having a current passing therethough, relative to another material. The resulting bend

movement may be used to ejectiplgFamAiRRGEE GHERIRO A SPHOMaNy via movement of a paddle or
vane, which creates a pressure 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 sectioficahwivie Itventiomtents of which are incorporated herein by reference. The Applicant's
US Patent Np. 6,416,167 :8es6HPe%a0kinkiRt NoZeiahavirng rroRaddiepesitanedin a nozzle

chamber and a ihemal hend actuatorpositipned.extermally gt ile Ageel hamgr. The actuator takes
the form of a lower active beam o conductive matenal (e.g. titanium nitride) fused to an upper passive

beam of non-cofidtiEEeEHEF(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 I%E%E(}m@o%tyﬁ(%&%nds upwards and, consequently, the paddle moves towards a

nozzle opening defined In aroof of the nozzle chamber, thereby ejecting a.droplet of ink. An
acvantage 8 this desigH FES IR ESHRHETAN & LRENBAK O L HELTSR

'BS|gn iS that both faces of
the paddle workwagaihsttidaal ativelynyideous ek issidotizenrroly lecahdmb O VERENApplicant's US

Patent No. 6,26Q9334es6Hbes: aninlgietnezaledmvhichdh e 3t acliyatondermea moving roof portion
of the nozzle chamber, The,actuator. takes the f%r%of a ser thiQeeuce%r% %&99&%%% material

relative fo apother rnaterial. [he regulip e movemenp m
encased by a po@rﬁ‘énc ma ena?.eUpon acfuaﬁ%n, & actuator bends towards a floor of the nozzle

chamber, increasifdetrsypresatipealbithirmerencathb ISR ARSI KAEHR E 815K from a nozzle
opening defigeddavthe raefpfdhergamber. The nozzle opening is defined in a non-moving portion of

the roof An advantageSome 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 paddie 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.2. silicon dioxide). The actuator is connected to the paddle via an arm received through a
siot 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 nozzie 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



2 of this design is that only one face of the moving roof portion has to work against the relatively

viscous ink ingide the nazzle chamber. A drawback of this design is thagepnsisihigiygf the actuator
from a serpentine conductive element encased by polymeric material is difficult to achieve in a MEMS

fabrication process. 5The Applicant's US Patent No. 6,623,101 describes an inkjet nozzle comprising a
nozzle chamber with a moveable roof portion havihg a nozzle opening defined therein. The moveable
roof portion is cenhrctegniatancaymiofadhetmabhendectutitohpdsitiohegpxtémally of the nozzle

chamber. The agfuatar lakes hedoiehaRilBRsHACHE e FRACEd:@Nadom a lower passive
beam. By spacing the active and pasgive beams a ar&, ]t.O thlermz%ll beneq gffigiegg%is maximized since
the passive beaffrEaHHE AbHE AU LR IP e B I E e PN pasaing & current through the
active upper beamterikias ditfirabittechiot poriBhabingtiteriessle opening defined therein, is caused to
rotate towards a floor-gf:thg,Razziesshambre, derehy eiestingthieuphthennzzimopening. Since the
nozzle opening moves with the roof paortion, .drop flight direci d-hy suitable
15modification o“f“%ﬁ\% S gléeer of ﬁemﬁ‘(%%feer?f}f .OK% “a%&réi‘rgt%%%&g{?ﬁg }éﬁggfglr?a:s{ﬁ %g?tlg%?!y one face of the

moving roof porfieMeHAS eeT RRSHerHg AIRRICHAEY R AR Y iREaHS b ALRiY BEH9B%LIe chamber. A further
advantage is the:sminimalfthermelk lvsses athievetbyispacigragantuirer activéa@nd passive beam

members. A drayg&@ggpglft ggﬁ_gl@%gsm%gggsggfsﬁggg%tg{@ﬁmmmm ghart the active and

passive beam members. 20Hitherto, it was émder%tood‘thag inkjet nozzles of the x?(lpe actuated by a
bend actuatdr wlFER BT SH S BRERFE GUSHE VSR BRI SFuer 6 &ject ink droplets of a

predetermined vibtuntieefoerm. & pozrksiapening: Hepdethimgaenops|beerdhyiy Tedlsweat primarily on
providing maximakgispacenribaiatharnakhend.asiuatandaragiuenene gidait. 25There is a
need fo improve,on the. bend achiaoneligency ehhermal pend Satiuaers witlgtallowing denser
nozzle packing in Kt printheads and optimizing drop ejection characteristics. Summary of the
Invention 30 In axfirst s ererbrprvacteaiian dBriroWads sk on Sy Adassembly comprising:

15 modification of the shape of the nozzle rim. An advantage of this design is that only one
face of the moving roof portion has 1o work against the relatively viscous ink inside the
nozzle chamber. A further advantage is the minimal thermal 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 openiﬁg. Hence, inkjet nozzle designs focused
primarily on providing maximal displacement of a thermal bend actuator for a given
energy input.

25 There is 2 need to improve on the bend actuation efficiency of thermal bend
actuators whilst allowing denser nozzle packing in inkjet printheads and optimizing drop

gjection characteristics.

Summary of the Tnvention
30

In a first aspect the present invention provides an inkjet nozzle assembly comprising:
a nozzle chamber for containing ink, said chamber having 2 nozzle opening

and an ink inlet;



a nozzle chamber for containing ink, said chamber having a nozzle opening and an ink inlet; 3

a pair of electrical contacts positioned at one end of said assembly and connected to drive circuitry;
and a thermal bend actuator for ejecting ink through the nozzle opening, said actuator
comprising: 5an active beam connected to said eIeLLﬁ,caI cqntacts and extgndi%{orgggudinally away

from said contacts, said actifePBESHS RN GORBERPRTIARRE AL A WERITLRid Ehtacts; and
a passive beamduigreita saitdadiveibesamd such that when a current is passed through the active

beam, the active beam heats and expands relafive. 10160:105RasRi bRABASSHlRg Indanding of the
actuator, wherein said actuaforias a Worfqng ace for get%erating a positive pressure pulse in said ink
during said bendiepof safmpbestgitor, said working face having an area of less than 800 square

microns. 150ptionally, said working, fagedasanakra:ef IesadrantB60 asuare aeraasdiGiptionally,
said working face is defined by a face of said passive beam, %g}é%@%}'\! ies a&o&%%uredgg provide a

peak actuator velocity of at LR HPRE 258 _ F?éﬁﬁ?%%%g Ive Circultry is conlflléfi‘reci1 to deliver
actuation pulses to said activehesafyveash hetuationipatstackeliwmting less than 200 nJ of energy to

sald active beam. _ Optionally, said gve GUEHHRLIS £QRAUERCG Hobyar A6VAURR fisAS{O said

active 25 beam, each actuation pulse having a pulse width of less than 0.2 microseconlds. Optionally,
said active and passive bearpis€dhronshdhs REGEPEIT L AFINSEHNEFBROBIRSALIT €4S active and

passive begins each have aigihpyedlessdhanr-ddinicionsdd Ghtionallyoesaid active and passive

beams have a C\%Irg?épnes%it ellgg.xgteosr a(?sf £ xtrvloer%Sr;[g]fa%er?cl)(r: rg%:ggfating 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.
15  Optionally, said working face has an area of less than 600 square 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.

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

25 bearm, 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.



4 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
lust and secoMParM&386tionally each of said first and second arms cBmprisee A reapective resistive
heating element having a width of less than 5 microns. Optionally, said connecting member
interconnects distal ends of said first and second grms, said distal ends being distal relative to said

electrical contagis JOREgnall: wait-aslive Leam.is commrises ghammaiedal salected from the group
comprising: titanium nitride, titanium aluminium, n'}ri e and a vanatdiy,m-aluminiym alloy.  Optionally,
%I{%T Pl dn_% nectig

said passive be&HE-doRiPH<EY BFAtRSHATLE TSRS Group 15¢ompristng: silicon dioxide,

silicon nitride andesitieemmoxyinitrribii® pubitadid #8-nozzle chamber comprises a floor and a roof
having a moving portion, whereby actuation of said actuator moves said moving portion towards said

foor. 200ptignaly, s aviNg KNI, SOMATssa s actyaar Antnaly,li fozzle opening i

defined in the m tion, such that the nozzle opening is moveable relative to the floor.
250ptionally, safmsRjaesA SR ORPhAE S t80tprint area of less than 1500 square microns. In
another aspect the present invention provides an inlcjet printhead comprising a plurality of nozzle

assemblies, eacﬁﬁ%&%ﬁll% comRrising30aR9zzie shambelitor cantalning dakasaigchamber laving a

nozzle opening and anink inlet; , . .
said dista ends being distal relative to said electrical contacts.

10
Optionally, said active beam is comprised of a material selected from the group

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

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

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

Opticnally, the nozzle chamber comprises a floor and a roof baving a moving portion,

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

Opticnally, the nozzle opening is defined in the moving portion, sach 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,

Tn another aspect the present inventior: provides an inkjet printhead comprising & plurality
of nozzle assemblics, each assembly comprising:
30 a nozzle chamber for containing ink, said chamber having a nozzle opening
and an ink nlet;
a pair of electrical contacts positioned at one end of said assembly and

connected 1o drive circuitry; and



a pair of electrical contacts positioned at one end of said assembly and connected to drive circuitry;
and 5 a thermal bend actuator for ejecting ink through the nozzl in 9 actuator
comprising: WO 2010/839% tive beam connected to said electrical contac 58 'gﬁgzg%/e@? Ing longitudinally
away from said contacts, said active beam defining a bent 5current flow path between said contacts;
and a passive beam fused to said active beamy such that when a current passed through the

active beam, the active beammheatsand-axpanssdalative 404 passivie fedny, rerulting in bending of

the actuator, Wark%r%i)n said.actuator has a working face for generating a positive pressure pulse in

said 10 ink during salacgrél%rclﬁlﬁé' of said actuator, said working face having an area of less than 800
square microns. In a second asp@tEtHE PFEBEPRERTREMIGH BIGTIERE S AR RIESIATBE comprising:
a printhead having a pluralitynghritziles-agsembliesneachndzziechssedziingsbernhprising: a

nozzle champer for containingink; said-chambeshaving:a pazzle opening and an ink inlet; and
a bend actuator for ejecting ink droplets fromége nozzle Qeenin t{ly %eneratin% aé)ositive pressure
ré,p hihat urrent

pulse in said ink during bending GRS EATREI AR B0%R AR EToRR) SUSPAIR o SubBlying ink to said

printhead; and means ot trangndeadiyd bearathe présdgre bfpRd et E4id printhead,
wherein increasing said hydsesiaticiRlcpressuradncreasas.amnvolbineof said ejected ink droplets, and
decreasing said hydrostafic ink pressure decreases a yolume of said ejected ink droplets. 25
Optionally, the vo ﬁlfﬁﬂesg %ﬁ?‘é’%&%& ink r%af)%?é Cngré%lé i é’?etaég by %1% least 100% relative to a
minimum dridpleiNsitieO prsHaRf sashtd st faraNa et A A R opR 3By er. 30 Optionally,
said hydrophobiegayenisaasPDMS layer.

In 2 second aspect the present inveniion provides an inkjet printer comprising:
a printhead having a plurality of nozzles assemblies, each nozzle assembly
i5 comprising:
a nozzle chamber for containing ink, said chamber having a nozzle
opening and an ink inlet; and
a2 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 gjected ink

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

ink droplets,
25
Optionally, the volume of said ejected ink droplets may be increased by at least 100%
relative to 2 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, said hydrophobic layer is deposited on a relatively hydrophilic nozzle plate. 6 Optionally, a

meniscus of igkjspinRgdacross each nozzle opening at a hydrophilic/hyearaphilisdoiedace.
Optionally, each nozzle assembly comprises drive circuitry for delivering actuation pulses 5to said

bend actuator. Optionally, said drive circuitry is configured such that each actuation pulse delivers less
than 200 al of energy to said actuator. 100ptionally, said bend actuator comprises: an active beam
connected to a Peiivodlislectddadisohtdckniend wrpassibadsdanrariettianically cooperating with said
active beam, s hwheRognGldrentls. passed through the active beam, the active beam heats and
expands relative to the passive beam resulting in bending of the actuator. 15 Optionally, each nozzle
assembly comprises said pair of electrical contacts positioned at one end thereof, and wherein said
active beam extene N GRECITAIN BovY ROTR ST R AR P HFHTABEIBEHP LRI RSNt flow path
between saigl cantartsen2QAptionally, 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%%te%pgger co,nne(igien(gesaid first and second arms.
S

25 Optionally, eREACBHYafi ity aHEFEes Ao SrHR &8th liversless

émrt}é&étﬁ’en?gﬁve resistive heating element.
than 200 nJ of energy to said actuator.

10 Cpticnally, said bend actuator comprises:
an active heam connected to a pair of electrical contacts; and
a passive beam mechanicelly cooperating with said active beam, such that
when & current is passed through the active beam, the active beam heats and
expands relative to the passive beam resulting in bending of the actuator.
15
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 betwsen said contacts.
20  Optionally, said active beam is fused to said passive beam.

Optionally, said active beam comprises a first arm extending longitudinaily from a ﬁrst‘
contact, 2 second arm extending Iongitudinally 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 seconé 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 2 vanadium-aluminium aloy.



Optionally, said connecting member interconnects distal ends of said first and second arms, 30said

distal ends bejpg fisiatiglative to said electrical contacts. Optionally, sajd-aaliMg.peamds comprised of
a material selected from the group comprising: titanium nitride, titanium aluminium nitride and a

vanadium-aluminium alloy. 7 Optionally, said passive beam is comprised of a material selected from
the group comprising: silicon dioxide, silicon nitridg and silicon oxynitride. ~ Optionally, each nozzle
chamber compriSetireeliperidpsirabofthavimyriaho\dmy portisiscBhvierdinemstuation of said actuator

moves said movipgdRerion iowardss st dloafddptionaliy, saistimoving portion comprises said actuator.
Optionally, the nozzle opening is defined in the moving portion, such that the nozzle 10opening is

moveable relative to the floor. In a further aspect the present invention provides a method of
configuring a priffesdtcsferrricirapietersr septdiatarhiet] Mitsien S8 /&Rod comprising the
steps of: 5 (Rhprawidingianpdnideachavingsagdlunatity pbmoz tlesdss@fialies, each nozzle
15assembly 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 gendratitigLe SEEHIOE S RSO BOISE [RISATHIE during bending of the actuator: 20(ii)
varying a hydrostatic pressure of ink supplied to said printhead, thereby varying a volume of ejected

ink droplets; il #aterminirg.ap.ontimathydiestaticink presseIcesesperaing to said
predetermingd volume:. and 4D canfiguring an ink supply system to supply ink to said printhead

at said optimal 2%’?’3?6%%%Y§aﬁiirpressure.
In a further aspect the present invention provides a method of configuring a printhead to
eiect ink droplets of a predetermined volume, said method comprising the steps of:
(¥) providing g printhead having a plurality of nozzles assemblies, each nozzle
15 assersbly comprising:
a nozzle chamber for containing ink, said chamber having 2 nozzle
opening of a predetermined dimension; and
3 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 {il) varying a hydrostatic pressure of ink supplied to said printhead, thereby varying
a volume of ejected ink droplets;
(iii) determining an opiimal 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 & vohime in the range of 1 to 2.5 pL, said printer comprising:
a printhead having a plurality of nozzles assemblies, cach nozzle assembly
30 comprising:
a nozzie 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



In a third aspect the present invention provides an inkjet printer configured for ejecting ink droplets
having a volugg ip shekange of 1 to 2.5 pL, said printer comprising: a psinathgashdaiing a plurality of
nozzles assemblies, each nozzle assembly 30comprising: 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 8 & bend actuator for ejecting ink droplets from the
nozzle opening by generating a positvetptesiusisqinisekifradi Fradia vgsonenig Bf the actuator; and
an ink supply systemisonfigurediQusypnlying.akiaisaig whntieadal-apesiiye hydrostatic pressure in
the range of 1 to 300 mm H20. Optipnally, said nozzle opening. .Maxi imension in the range
of 6 to 10 microns. Optionaﬁ?yl,nlég‘%plﬂﬁyg%%p gln%%tegzmgﬁé%%%#gq&?g§ %r{%%?%g%gﬁi{r%%nk to said printhead

" at a positive hydroitthy BragitrEsiTEHa PATHETE 5 3904420 Optionally, said hydrostatic
pressure prgvides a convex meniscus at said nozzle opening when said printhead is primed.
Optionally, a prigthead face js defined.by.a hvdonhohiclayen, 1R Rrlicpally: saiddydrophobic layer is
a PDMS layer. Optionally, said hydrophobic layer is deposited on a relatively hydrophilic nozzle plate.
200ptionally, a meniscus of ink is pinned across each nozzle opening at a hydrophilic/hydrophilic
interface. OptioNaliynaiachinokzierssetabli cofgrisds depedy og dkitasfsrdaiveting actuation pulses to
said bend aCtuaﬁ%ﬂve hydrostatic pressure in the range of 5 to 200 mm Hy0.

10
Optionally, said hydrostatic pressure provides a convex meniscus at said nozzle opening
when said printhead is primed.
Opticnally, 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 & refatively hydrophilic nezzle plate.,

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

hydrophilic/kydrophilic interface.

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

to seid bend actuator.

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

30 an active bearn connected 10 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.



25 Optionally, said drive circuitry is configured such that each actuation pulse delivers less than 200 nJ

of energy to W@ﬁyﬁgﬁ. Optionally, said bend actuator comprises: 3@zR/aghueReamn 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 &f the actuator. 9 Optionally, each nozzle assembly
comprises said pivrellectrivaticortatls positish el aribperittherafs apTdIserein said active beam
extends longitudinally uay frarminsaid Geniactsientietiningoadentayrent flewspath between said

contacts. SOprignaly, said actve heam s fusedh(e.5aid passiaheam. Optionall, said active beam
comprises a firstarm exten Irfg longl uarllna(fly?rom a first contact, a second arm extending

longitudinally from a second contact and a connecting member connecting said first and second arms.
10 Optionally, eagivefigaiddistvanehsechnd armiépemprises a respective resistive heating element.
Optionally, said active beam is comprised of a material selected from the group 15 comprising:
titanium nitride, titanium aluminium nitride and ?vanadlum-.al mlqwﬁaﬂll%%hp%lgnally, said passive

beam is compriSBHCBH Y- HrAFF SETRGREPRISHE e Groti LU pTERG "ailicon dioxide, silicon nitride and

€ ‘group compri )
silicon oxynitridecr20t@ptiondHyy edolinpaadiaiydomconnerbedacHudrapr® ol having a moving
portion, whereby, agiuation @f said astualaraagvesssaid moving portion towards said floor.

10

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

element.,

Ootionally, said active beam is comprised of & material selected from the group

15  comprising: titanium nitride, titanium aluminium nitride and 2 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;



Optionally, said moving portion comprises said actuator. 250ptionally, the nozzle opening is defined in
the moving partion, such that the nozzle opening is moveable relative t oor. Brief Description of
the Drawings Gwﬁ%“ﬁ%diments of the present invention will now be%‘gaé?érll%ﬁegg%%ﬁ?v;ay 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; Figuig 2 is a cutaway perspective of the inkjet nozzle
assembly shown in Figie 1safiexcempleialy of iibakstagetabugatienystesat 20 Figure 3A shows
schematically age%mg%xr&mg‘bgggﬁupplied with ink at a negative hydrostatic pressure; Figure 3B
shows schematically thé arbitrary printhead supplied with ink at a ppsitiyeﬁ%drostatic pressure;

5Figure 4 shows an iRKRERE 2R S sLemibRy Brithad mmeritst drmegtvide it dstatic pressure:

Figure 5 shows @anifivkjetinezdteassembly primed with ink at a positive hydrostatic pressure; and

Figure 6 shows schemgticallyhan kil Prar hawing amiiak.aHRRY: aystam.H)sqapigured for supplying
ink at varying hydrostatic pressures. Detailed Description of the Invention Thermal Bend Actuator

Configured for Maximam Drop Ejection Velocity 15Figures 1 and 2 show a nozzle assembly 100 at two
different stages of fapffiesggphows an inkjet nozzie assembly primed with ink at a positive hydrostatic

pressure; and
Figure 6 shows schematically an inkiet printer having an ink supply system

10 configured for supplying ink at varying hydrostatic pressures.

Detailed Description of the Invention

Thermal Bend Actuator Configured for Maximum Drop Ejection Velocity
15 Figures 1 and 2 show a nozzle assembly 100 at two different stages of fabrication.
The nozzle assembly is similar in construction to the nozzle assermbly described in the
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 iliustrate the features
20 of active and passive beam layers. Thus, referring to Figure 1, there i3 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 subsirate 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 pertion 108 for ¢jection 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 [ 14A and 114B which extend
30 longimdinally 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 tortaous

conduction path between the electrode contacts 118A and 1188.



The nozzle assembly is similar in construction to the nozzle assembly described in the Applicant's

earlier filed US A%Plication No. 111763,440 filed on June 15, 2007, the contents of which is
incorporated r%?elnl%%?“roesf)erence. Figure 1 shows the nozzle assembly B%?ﬁ%ﬂ@”?%’?r‘ﬁéz SO as to

illustrate the features 200f active and passive beam layers. Thus, referring to Figure 1, there is shown
the nozzle assembly 100 formed on a CMOS silicpn substrate 102. A nozzle chamber is defined by a
roof 104 spaced apantsienithe siHastiate 4021 and sidewnilsl A uiending.éramdhaqoof to the

substrate 102. T, 90T 1041560 RIS ALAMGMIARTION AQ8. 3043 staligpayy portion 110 with a

gap 109 defined therebetween. A nozzle opening 112 Is defined in'the 25moving portion 108 for
ejection of ink. “MFRdHEHIARGITSIGAT 6 3omﬁ%g’§lséa¥ﬁ’é]r?ﬂé%@ﬁ%ﬂ§6f‘ﬂ’é‘fﬂ? A&Sfing a pair of
cantilever beamsrimithyddioxmaobart theperdactiwerbeam 114 fused to a lower passive beam 116. The
It?wer rialzsiVﬁ beam -’fﬂ,@p%ﬂe@f'.s-dshexl@zg%@mg}tbﬁmyﬁ@@h&p@L@Hiéa%% Qltjtt_lﬂ@rémﬁ Tfhe upper active
eam comprises. a pair of arms 11: . which exte ongitudinally from respective
electrode contaé?%u%féﬁlaéeﬁl Iisfng” I%O%rfﬁxsi%ﬂ%oﬁﬁlar Tﬁf@ g‘?&%&%‘ﬁﬁgelc ié%ﬁ%ﬂ"ﬁ]eir distal ends by a
connecting menbB&R Fsnay he coBmAEinguHaHIBE ETB s enthiicach BteRlim conductive pad 117,
which facilitates:gtapitiealeomncutian mEoud ah his:jeitragienatteperihercivaibaam 114 defines a

bent or t°rt“0U'SCSS&Q#B%WABQEE‘aﬁ?&%%%/éﬁ%ﬁ%eﬁ%@%%‘%%@é%ﬁ&?iob@%@&gc B8Re 11 The electrode

contacts 118A and 1 are positioned adjacent each other at one end of the nozzle assembly and

are connect@d V¥ e &R A dHEREP BB LT fPE RISt ENO &TAVS 5 6°6P e substrate 102.
The CMOS layethd 20:gtetamsrthetreqdisietnive eireuitry, fov dottigtiohaditeugnd actuator. 5The
passive beam 1lG4s.typically comprised of any electrically and thermally- insulating material, such as

silicon dioxide, silicoq{r}jtride etc. Thg erm%elastic acliive beam 114 rpal)é(pe comprised of any
. g e-rr{ne" 10 1§ure » fhere 18 snown a%().ra Gitﬂfl NOZZIC a8 emb F] ata . .
suitable thermoelastic matétial, Suchas titanium nitride, titanium aluminium nitride and aluminium

alloys. As explaitBdarrthégsbliaiedcropenenng PR Eamshing. « 1076 Promsefiléd on 4 December
2006 (Attorney Rxaickehiliaid 024 Tof Qi)S) o¥ak adiwmealdmtiniien allaygiarea prefesed material, because

they combine the,adhvariagsaus reRsyiss sLbighisRkexpansian.awdlensty and high Young's

modulus.  Referring to Figure 2, there is shown a completed nozzle assembly 100 at a subsequent

stage of fabricafi8H ™ e i5721d B SRR B IR S X BPAGY I A 1855128 and an ink inlet
124 for supply ofarkatoltivdernd fzieichambandrraddition] thdeobict@tr, 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 Noverber 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 1o 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 quicscent position, shown
in Figures | and 2, which sucks ink from the iniet 124 into the nozzle chamber 122, in

readiness for the next ejection.



which defines part of a rigid nozzle plate for the printhead, is covered with a layer of polymeric material
126, such as Qé)é%/g]ir(pgtr%l}siloxane (PDMS). The polymeric layer 126 hag %T{,%l(t;itu{%e of functions,
including: prot BHSHRE bend actuator, hydrophobizing the roof 104 (a%d pnn??(ea{"c'lz‘flace) and
providing a mechanical seal for the gap 109. The 20polymeric layer 126 has a sufficiently low Young's
modulus to allow actuation and ejection of ink thrgugh the nozzle opening 112. A more detailed
description of the polymg¢iglayeed@thine udmg:Hs Ifuictj ans ana dabrication, an be found in, for

example, US ARRIalion N, 11(996,840 {155 ARNRNSIBEL29:2907 e ggnigts of which is

incorporated herein by reterence. 25When it is required to eject a droplet of ink from the nozzle

chamber 122, a Bt iSheHOWERPHHIS R P YR LI e B Shriqainndihrnranas st bt Wntacts 118. The
active beam 114lis rapidly figrategdoyrtbiddamnentandoepandsaélatives tovhe passiye beam 116,

thereby causingghemaningAartierHod4e.bend dewawardadewards thesuhgtigie 102 relative to the
stationary portion 110. This ovemgf]t, in turn, causes ed'(ﬁction of ink fr(?r@ the riozzle 300pening 112
eIEEh @ o]

S COIPARISON, NOZZIC aSSeim aving al actuator () 11 d insi £ NOZ. .
by a rapid incred8e6f pres&iire ns| R hGZ I8 CRaMber 122 Wineh carrént €téps flowing, the

moving portion T8 wedtocratisah becis oraddesheisbsmbalosiont il ERfuresnst and 2, which
sucks ink from thie ifletskR4héntathe nozzle chamber 122, in readiness for the next ejection. 12 In the

nozzle design shown i, Gigurgs, 1 ié‘QHlZn&&%ﬁ%‘@i&?ggwﬁﬁ%ﬁﬁ% NRsMaIRnIp,define at least part

of the moving portion 108 of each nozzle assem 0. This not only simplifies the overall design and
fabrication &f the G SHar S T56 Br Ao I5ritins g REPEEhBPEHiRIBAY) Be cause only one
face (that is, a lewerd wrkidhgnSTicetpoithemdcnngportetGdhastnde werkf &gainst the relatively

viscous ink. By goiRalison HRzale.ARsemblies Yavingamactuator paddle positioned inside the nozzle
chamber 122 are less gfficient fE.ecau e ﬁgtt&]face of the actuator have to do work against the ink

. . S SHOWIL 1 1ZUres 1 4 C WOrKIng race eimai be a ior s
inside the chamber. owever,ﬂt &reis shifl a neé o%mprovet e overaﬂ?e iIciency of the bend

actuator. 10 In déegfydafsedinieieprasten (raativriepo s Ring edeanbt the'biBrdemil bend actuator
has an area »f |essktianB00 sauarg mittansiQpitawallys. the working face has an area of less than

700 square microns of g 1) 609 SAUAEIDIEIANS of e ASHIWA R EIBNISIA.ANT 2 the working

face of the thermal bend actuator is usually defined %/the ower surface (interior surface) of the
passive beam 11 8SHHRER BEE S &b dYRifsiame tBrtanRYd AthE R0 22 EhdriBer 122.

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 acceptabie drop ejection velocities (e.g. 5-15
m/s), it was previously understood that displacement of a working face having an area of at
Teast 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 actuztor during bend actuation is a more significant factor in providing optimal drop
ejection, in terms of acceptable drop velocity and droplet volume.
Provided that a sufficient peak actuator velocity is achieved, excellent drop gjection
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



A reduction in the area of the working face of the thermal bend actuator represents a significant
departure from previous designs of thermal bend actuators. Hitherto, it was understood that the
displacement‘gfgaz?g’éfﬁfé'ﬁ% volume of ink was the primary factor governﬁgm@fog}é%ﬁion from the
nozzle opening. Hence, in order to achieve typical ink 20droplet volumes of 1-2 pL (e.g. 1.2-1.8 pL) at
acceptable drop ejection velocities (e.g. 5-15 m/s), 4t was previously understood that displacement of a

working face hayingiadsa/§a:Qf alaifash 1 90QSAUAIS MicToRsWasHEadvirastisifarsite improve drop

ejection characte‘ristics h de[?rev'o sV!y focus%d on.m imi'zin acuator discplace ent, which is usually
. eq'-%nentswl relatrvely [0wW cross-sectional area (€.<. 1688 'ﬁ} sguare %ronso e85
achieved by lengthening the actuator and thereby increasing the area of 1ts working surface. However,

25 the Applicanf&expevin@iftehae PNy feerid ting doptraky tordakpatiatidie Sa peak velocity of the
actuator during bsmehactuation is a more significant factor in providing optimal drop ejection, in terms

of acceptablg drop velogity and, drplet Mallme: RIOVIARE:thalk & SHEICEAL Phak ptator velocity is

achieved, excellent drop ejection  results, even with a relatiyely low surface area working face. A
sufficiently high FEER°IGA AR VR i LB BF RASTEESTFY B8R 2% P8k actuator velocity
may be controllédehyohoithrbgitieHersgtivebdamrsisiteatecdinint nbtuaton. ivsndgplained in the
Applicant's US Apphieatiamiie si2hidh 826 Jileshoniayd s 2eR8(thacantertssotavhich is incorporated

herein by refereg%e rapid heatin &f tgh&&;lé:tnére beam becg%lr%gegqa@/ a ergla,lvgéy short actuation

pulse-width of Ié‘él_s tﬁan 13 (5 ‘microseconds fe.g. apbout .iu.mycrosecqnc?s and/or an active beam
comprising Heathi§ 8 Rsa¥e ke ith ¥drathielyiovirasesbisdiorarcareydecty stk Io square microns
or less than 5 s@amafmj@mﬂs)rgﬁgt_pically, each heating element has a Widt_h of less than 5 microns.
5However, peak actuq{%y@@&gé{)@gm@bw}@gg&qﬁm@@@s&{ m@n\g&%}ggd@ge, because less work

is done against the ink when the working L ce has a Jower ar%:él. It has been found that optimal drop
ejection charactSHuGEE A A& Ba AR S L SR RO R8P RSt RMg face has an area of
from 200 to 800%yparEgaibrong bordronmios Baer 700 sdkalieprit s erscbeafionki8084d<650 square

microns. When suchunerking:faess, aiecslisplasednd Owithia parik-yelaciyiofapipast®.5 m/s, an

acceptable drop%b‘?%‘;o“d%?%ﬁ%%%@%%%&?&é%z S0P, WRIGAY LESULS «, e, JQI,INe foregoing, it
will be understoo tﬁ_af{t_he pPesent Invention providesa si nificant req’fuc ion in‘the area of the working
face in an inkjet REPERS Bd&8 My CORMHrHEITRY A erirralse ntPd sqratoricRessrdifgRiithe footprint area

of each inkjet nazlepdbeaseembly can be reduced, which enables denser packing of nozzles on an

inkjet printhead. Typicgly, sﬁe@@%%lg%éﬁ%% Sigachngzzle assambip i PuRthead.according to the

present invent_ion is less than 1 uare microns, or {ggshgh%n 1ioposs}%uda£e nglilcrons, or less than
800 square ThicrSHE KBS SLRIEAHY TR TR RSP IR & VIS KIFy THRE iy Ba¥etiliRed by a thermal bend
fength of the actuator increases the stiffnress of the actuator in a bend direction, which
further improves the overall efficiency of actoator. 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 excelient droplet characteristics. For
example, an input energy of less than 200 nJ {or less than 150 nf), 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 my/s.



20actuator 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 actuatht has a thickness of at least 1.3 microns or at

least 1.5 microns. 25FMreHoiks, dsetet ik dravleteisrrint-fareed il rurpainese By slitethal bend
actuator having g wietio tlesthen-2Qdaicas ot leas thamlib mipigmtResuCiagiowidth of the

actuator has the greatest effect in.increasing nozzle packing densijty..on the printhead. since a greater
number of nozzi@%%?ﬁ@‘f%&ﬁt@iﬁ%%e {F’%e#;%vog ﬁglégpelscfrﬁ% lgtséal{;%l%éi %%é%g’n‘?’?ﬁléeﬁﬁon achieves
both a high nozZkapbekingndensitin3ttcgetiesrSaithiexteniststair opob]eatnaafipnaéiplinefexcellent

droplet characteisfigs, Farexamples arinpdanarprblassibae-200mdierdsssdhariso ffi), when
delivered in a pulse width of about 0.1 microsecond, is s_ufflme%o generate %éljeﬁ%( a éuator velocity

of at least 2.5 nEU4AIFOSITIES 7 3 ErShier Bfs etforpaistits 'Sr Eatsihe die pym FEOUEr, the ejected
ink droplets aredugllcformaaiianasslirpiisigly ahkaveditieloritichidt dlitecfhoipiets]Satellitatdroplets are
well-known in inkjet printing a 1d result.fr - fai ' [Nt microscopic
satellite dropletr}s,i%v%|éﬁn%}lg?gt?éﬁgg?§é%h%@n%% nvﬁfsé%ﬁ%é % a%ggl I%%%%?ﬁ@%%ﬂggblemaﬂc and
potentially affectr® girstian pelptitiertity! leas drfergibas Bﬂ%é%‘é%ﬁ? fentors that relatively high

peak actugipr velocitieg, gfakleashe fednBsara-sespoitsitiedaste ducingihgisiwiber efsateylite
droplets. Usually, satellite droplets are associated with high.drop.ejection yelocities, but the present
invention, surpréﬁﬁ%ﬁ?r 67’5’% f&% Eé%feeﬁfﬁéog)r%% e se%cv%ﬁq%cre g{?\égﬁttlh%#gﬁ%ﬁ( e?gtgﬁgoﬁ velocities of
at least 7 m/s, atclesisy 8: nomgroliag dapteetitn chotretuigtivranpd hepasridnizcarsaitles the actuator in

combination with auiglafivelyarge,werkingfaceeasappeat iR Ra Afarless slaniicapy factor than the
peak actuator velocity in controlling drop ejection characteristics; and by minimizing the area of the

working face, greater peak actuator velocities can be achieved for a given input energy. 15 Control of
Droplet Sizé Usihgrhok dPieepluesdditingldet Branters operate at negative hydrostatic ink pressures.

This is primarily to aV%sH‘i%lI}&%iH@rHQﬁ&g@&%ﬁ?&&dﬁ@r&%&t%m@ﬁ@s@% esReciRlvanten printing

ceases. Moreover, when a meniscus of ink is pinned across a nozzle opening by surface tension, it is
preferable to hae@@iddnkdgading Hrsensdlatp pooatrbratbei Bssnransialjy when printing

ceases. Moreover, when a meniscus of ink is pinned across a nozzle opening by surface
tension, it is preferable to have a concave meniscus as opposed 10 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 3A shows a typical
inkjet nozzle 200 having a concave meniscus 202 by virtue of a negative hydrostatic ink
pressure, while Figure 3B 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 3B); and the ink reservoir 206 positioned
below the printhead 205 provides negative hydrostatic ink pressure (see Figure 3A). 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.



20 (bulging outwards from the printhead), because a convex meniscus is easily burst by particulates
on the printhead face resulting in microflooding Figure 3A shows a typical inkjet nozzle 200 having a
concave meniscus 202 by virtue of a negative hydrostatic ink pressure, while Figure 3B shows the
same inkjet nozzle having a convex meniscus 204 b‘ysvirtue of a positive hydrostatic pressure.

25Various means areKrfbsghsses eunesdhnRycesat Hyrpiep fesARvplusddrkishrartharisirivgead. A
suitably configuraaldposieRpacy SERTORP CElvVEE MBS Ryeolis]iehink prrpstite] and trany different
forms of ink supply,syst re known. Fqr example,.a ition of an ink reservoir relative to the
printhead can g‘r%%ﬁ éog?v@f@agﬁmaﬁ es%ﬁﬁqr 16%%%%?%)%%?‘%& &n %ﬁxﬁgg)g?i/of)rp %%%Sc;agi%oned above
the printhead 205nbirotiteSB0pESHRA iladrosidecenkep?8sitd) (Swesrtiguprel 3Nt efribethetik reservoir
206 positioped aﬁlﬁwﬁega{émig@ﬁ%r%%moaéﬁg%ﬁﬂa%wwm%d@&@nmxﬁrﬁfe@e Figure 3A).
Other means for controll)ié]fcj;rahy rostatic ink pressure in ?%orinthfg%qwg%b%weﬁgqﬁ/ighin the ambit of the
person skilled iMERECHH LG HIS AR BF e iensris L A Mt ARRE IR PERSt germane to the
present inventidmerfhbe definddieiscas sedaifder e pré dentPdpllesmt Bad develobedsnkjet printheads
having a hydrophohic. sirfacs: HisdRbRiERINSHE BRMSaNerd 36 hishis.eepgsited onto the nozzle

roof 104 at a late stage of printhead fabrication (see, for example, Applicant's US Application No.
11/946,840 fileB8HIKIOVERIBEHOBX DT Since the roof 104 of the nozzle Schamber is generally
hydrophilicpbeing formeekfnanesiicon AipKidaoinsdicarn4diride tie hydnisbetsafidkpnsald®ss the
nozzle openin 2 at the hydrophilic/hydrephgbic interf ca d%fj:Wf eepthe. foef jayer 104 and
the PDMS Iayge]?e %Sﬁto |§ﬂ%%%%%%§£%&ﬁ%\% éﬁfg@"ﬁg%o of ink In the nozzle arrangement 100
described abowressihifita dfeganvemrussianihart srebahieh Tohef aspiarb i lrsdmspfiéation No.

11/946,840, theHavsrapiehisc PRMSrvvend2&helps decpripiniaeupsinthend faaeméiaodiag. Accordingly,
the PDMS layer 126 enables the possibilit X meniscus without su aﬂﬁ' Q isk of printhead
face flooding. X@ﬁﬁ%@vﬂ?’ﬁ‘?ﬁ%ﬁr%&%‘i g%éﬁ?é%@é}rﬁza esl;‘?fgi c?éestkﬁg%nﬁﬁgﬁ%%g romS{[he printhead
face (defiléd bipam Gigterdsdutacdhe 28tahahbmmISIayél)idnenedtidhthickness of the PDMS 15layer

126 and due tothe fack hatihmemenincysd ahiepinradyal the fwdiephilisiydiephehicisterface. The
PDMS layer 126 effectively shields the meniscus 151 from Eﬁnﬁ{i%artlc lates, whilst alg:tirag as an energy
|

barrier which ninirfiPBBrRIHSRETEEHIINE 2958 TARRA AT Y EREENRS B RIBRS onto the
hydrophobic PExSltaergt26enyicasitanjmat tiadcany tfimes it @netigdtickiphabdr & Pdlalse to remain

pinned at the 2pfyelrapnii/ydranhanie NtERRSsical S AR BRVS BB AAR MlgagN0t constrain

the nozzle assembly 100 to be used in combination with a negatively pressured ink supply. Without the
constraint8f a hﬂﬁﬁ?ﬁ}'gm%lﬁﬁﬁ@ ?ﬁ?‘ﬁ?%sure, the Applicant's experiments have found that a
positive hydrostatic irhpsadis ReME layes edonanisaust ki theukprisiaghmigsolMides hearsedifferent drop -
ejection 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

ejects ink droplets of about 1.4 pL (which is considered to be an acceptable drop volume



25characteristics 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 pre$8ure. Hitherto, it was understood that the major

factor governing e ket anphratoondSenraaliamde Witms Hobsieulehig 1 P2 Tybrcalty, an
ejected ink droplgtis:sypeatec-tahavejhsisame Wiameter 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 m it f’ébe%e%%cﬁifggggfgeés é”ﬁﬁ?i83??5?1%?%33%%@5&%%%2‘1%%g(;tﬁflr? 5 fpically
ejects ink droplety 6f ibogt tavggylin(vehioke isheorgideddibto the rmrzcaspitbicsiirap wdiigwre 516 for most
inkjet applicationg),;Generally. & AR YIS0 he (AROSOf ) BdnBk1Oksksmml ifsansidered to be an

acceptable drop volume. However, ejected ink droplets were observed to be up to 1.5 times, up to 2
times, or  up to&MtidETHgR PRSI oIRER “ffom the nozzle assembly shown in Figure 5 5
having a positive hydrastasiciskipl eastiedcbmpabchictheno nalelas seiminy shdssigriesdFigure 4 having
a negative hydr tic ink pressure. .. nsequentl inth W - ozzles 100
may be designe Eg&‘l?ﬁ‘%r}i‘%ﬂ%/o r %%gr%ltfge&e(% ere %T)‘/% Bé)é"é%ﬁ ir&égﬁg %1%1\%? r%%%?c&gﬁqgégg&re provided
by an ink supplyzsystetyprtvsisicamie ctomaleeu i irs Erp SPRISIURIEMS: AELZR: SPEHR ARy 10be
made smalgr if 8.pRKIHENYFeSIRISHAKHDIPSSEE i1 Y80 6uRS:GRBAPa eshipe Mo lEnmist aknggative

hydrostatic pressure, This, in turn, allows denser aclﬂr:g 0 nozzleﬁ(on tl}edpnlnthe%% by virtue of the
smaller-sized nd?f%lg% qﬁogq.ta’?)clﬁfggﬂi/r,e‘t lfjéréi Ve ﬁyo roSEANC presedre nm%/ 56 Th the range of 1 to
300 mmH20, oppidathdidibytnetrandthofBdPogdnoE R0 penioptibyraisilin threppaitiye lBfdIos@iid 00
mmH20. With sych positive inkREESSHEss 173 MNAZIENEPINBI iR MRXiB Yy dimension in

the range of 4 to 12 microns, or optionally 5 to 11 microns, or optionally 6-10 microns, and still achieve
acceptable dropVBlitHe eienal it Fgs et dPEnATY it T AR RIsHER Wtheter; for
an elliptical fiozzlecapierisgyith enaydxivaamimensionasitheilghgthngt v 4najcrmixonbloreover, a

printhead may b, oneiaed diiferently I, silk Qv YREyIag-RfRA0 Mvdiapiatic R aspis Riggled by an ink
supply system. Some printhead applications (e.g. _ . L
volumes. For a circular nozzle opening, the maximum 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.



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 smallér droplet volumes by operating at a lower (e.g.
negative) hydrostatic ifik prasefrergrsalimuctropiveold Afbshaptichampiighlby ppifrire SORRIBASWICh is
especially desiraplg,f0r BRRIQRITHNG ARPEAHORS, syster] NEnARILL R ivADHIORIP hy@lsRGvithout
fundamentally changing a nozzle design_has significant ramifications for inkjet, printipg. It is a goal of
inkjet printing to BrRIRTEESHY SBHIeS W@F%Fﬁﬁﬁ"%@rﬁﬁgﬁﬁ% ﬁ?ﬁ’ﬁﬂﬁé‘ﬁ%ﬁﬁg}ﬁa 1g)gk text and/or
photos without canngepmisingphistiaticaheansifyvayinbaicguatityiniespestivélyitbikénisdnthe ability to
optimize drap volume in situ for.arinti nto differe jgnificant
covelopment in T P e 78 Stoow
schematically a PrmercOBH?iSifg WA ERAT ISR ST OS ARV iHkedEpRIpAES e Hhich can
deliver different Rxdegstalic ok RiessuWHRRYYRWAG IRigblalibe fldsesensain 206walative to the
printhead. Of course, more sogyisticated means of varying hydrostatic ink pressure in situ, via the ink
5supply system PRIPBEFESIR apparent to the person skilled in the art. For example, as shown in
Figure 6, a reversible &implirofxcadecbempueiatinganits prércadspadon has freardiskeiessEbyoir 206, and
an ink presgjire SeNSPLALZRIANAING BdenshackSianalita Raie AhAUMBITAY Regdsdne It will
of course, be appreciated that the gresent invention has been described by 10 way of example only

and that modificHEHs: HREhIHIETMSE I HEESRAmMRIHESEBER of the invention, which is defined in the

accompanying claims. 18 CLAIMS 1.An inkjet nozzle assembly comprising:



a noz_zle 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; énd a
the_rmal bend actuator for ejecting ink through the nozzle opening, said actuator comprisiné' 10an
active beam_ conn_ected to said electrical contacts anég extending longitudinally away from sz;lid
contacts, said Aol am defining a bent current flow path between said contacts; and a passive
beam fused to said active beam, such that when a current is passed thré)ugh the active .

beam, the activ? beagg‘gréeﬁa g@@@%ﬁ%@{%iggo the passive beam resulting in bending of the

actuator, whereln sai tor has a working face for generating a positive i id i
: wherein  actu; fc ( pres in said ink
during said bending of said &effatoFheaiEWETRITFIRCE ngfﬁ'é& gﬁagz%ﬁoaﬂgég ?ﬁ%\rlgg)é%%%%are

microns. 20; 2. The inkiat mezzle assembly of claim 1, wherein. said working face has an area of less

than 600 square microns. 3.The inkjet nozzle 3%%& ¥ fgla i ' } i '
_ ) _ L of claim, L swherein saidhwirkiag face is defined
by a.face of said passive beaaﬁ“i“.lrﬁk é%cﬂ%%%l%ﬁ%et E zzklé agsengt})lly of claim 1, which is configured to
provide a peak astemtod iedositywivfairieasd 2.5 m/s.

a thermal bend actuator for ejecting ink through the nozzle opening, said

actuator comprising:
10 an active bearn connecied to said electrical contacts and extending

longitudinally away from said contacts, said active beam defining a bent

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 m 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

iess than 600 square 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 & 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 assembly of claim 1, wherein said drive circuitry is configured to 30 deliver
actuation pulses to said active beam, each actuation pulse delivering le 4 %Q ﬂ §)f energy to said
active beam. W% %’.]’Pﬁ%“?ﬁ?(jet nozzle assembly of claim 1, wherein said ?j?iv%?(]:??cu%y E|s configured to
deliver actuation pulses to said active beam, each actuation pulse having a pulse width of less than 0
2 microseconds. 57.The inkjet nozzle assembly ofglaim 1, wherein said active and passive beams
each have a length offiessitban 50 micteRsrokhe, inldeinemriaassembly afitiair 1y wherein said

active and passiye beams, each iave,a widih of Jess AR FHG/AS A% . Tagigkiet nozzle
assembly of claim i, w ere,lnpsald active and passive beams have a combined thickness of at least 1.5
microns. 10. THesSAKeP ABYRISYEmMbIy of claim 1, wherein said active beam comprises a first 15arm

extending longitudinally from a first contact, a second arm extending longitudinally from a second

contact and a connecling MEMboK 9&&@&9@8@%@@, fisstandiseaendanmsivetadh@dnlet nozzle

assembly of claim 9, wherein each of said first and second arms comprises a respective resistive
heating elementPEirgsRidiH BF1eSSIRAR’S 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 dista] relatiye;i@jsaicaleciisnl coniacts.«2bid. Hminljahnpazie assamnbly of claim 1,

wherein said acfiye, boam i LQRIEeHialA.
10
9. The inkjet nozzle assembly of claim 1, wherein said active and passive beams have

a combined thickness of at least 1.5 microns.

10.  The inkjet nozzle assembly of claim 1, wherein said active beam comprises a first
15 arm extending longitudinally from a first contact, & 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 comtacts.

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, titantum aluminium ritride

and a vanadivm-aluminium alioy.

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

axynitride.



material selected from the group comprising: titanium nitride, titanium aluminium nitride and a
vanadium-aluginiyip.aligy- 14.The inkjet nozzle assembly of claim 1, wherekysaighiassive beam is
comprised of a 30material selected from the group comprising: silicon dioxide, silicon nitride and
silicon oxynitride. 20 15.The inkjet nozzle assembly of claim I, wherein the nozzle chamber comprises
a floor and a roof having a moving portion, whereb§ actuation of said actuator moves said moving
portion towards ¥aid fldeinsdastiesintethoddeindsehsisl) &F efara chsmbeheramivar moving portion
- comprises said agiuaiosrdof rhhedakistinogaiansserakly.eheaim:1@ eseinthandzzle opening is
defined in the movin@egrt]?tr.tiopwsuegqagh%tpe nozzle opening is moveable relative to the floor. 10 18. . ..
The inkjet nozzIEAsgen bli))I} of laim ) Wheérein 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 tosclaimm 15fhe inkjet nozzle assembly of claim 15, wherein said moving portion comprises

said actuator,

17.  The inkjet nozzle assembly of claim 16, wherein the nozzie 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 nozzie 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 L



