THERVAL BEND ACTUATOR COVPRI SI NG BENT ACTI VE BEAM

HAVI NG RESI STI VE HEATI NG BARS Fi el d of the Invention
wabiog/132wention relates to inkjet nozzl e assenbtT/av2008000618

has been devel oped primarily to inprove the efficiency

of thermal bend actuated inkjet nozzles. Background of

the I nvention The present Applicant has descri bed

previously a plethora of MEMS i nkjet nozzl es using

thermal bend actuation. Thernmal bend actuation

genEHERMALBEND AC Y ATQRGOMPRISING BENT A( TIHE BEAM HAVING
expansi on of one mat @EsETFIVEAERTING BARSENt passi ng

t her et hough, relative to another material. The

resul ting bend novenent nay be used to eject ink from

sa RQIZIBLOREGLDY. optionally via novenent of a paddle

or “vane, which creates a pressure wave in a nozzle
chanber Thiswrentioe prasesde inkict naazle ppembliss. It ks beqnl depdengd primarily

| Nk SRR %R Sk oﬁ?&&ﬁﬁiﬂgﬁa%ﬂua{@ ihif& B2&Nt s and

patent applications listed in the cross reference

section above, the contents of which are incorporated

heiﬁhg g¥dr9&§ﬁ§qﬁ%h The Applicant's US Patent No.

6, ; an inkjet nozzle having a paddle

10posi t i oTiethréesantaA ppbcat ieas dvaritxerpravivas g atplegroradt MIEVIH inkjet nozzles
act uat or i tioned ternall f.the nozzl e chanber.
Th é‘“ﬂ%g‘ﬁ%‘i)agse“fiﬁ%t&%“oﬂlh . Qﬁ?‘@ae a‘i”d\%?“%@t g Eeélgbmo jpment
C oReheedtdds therinelrex pdnsio ofonetnakedinl, Haviny 4 durrde)padslhgalcbrdtioough,

an er passive b of non-cqnductive naterial .(e,g.
si Ir?li%ﬁ t‘bF?“B i it?“aiﬁﬂ?eéeét‘%% B@%i‘%ov%ﬁﬁg‘é‘?gﬁ‘l%mc Het inf from a
pacieig dpieﬂngf@ Rp@dnally §E &ovasknt B 34gie Br wh@twhidh ckdags Wakeksure
of the nozzl e chanmber. Upon passing a current through

L5t havaViferozs $h¢R0Heam the actuator bends upwards and,
consequgitid ¥predcl@iiRAGSHS 81 BYRS bdnd WA & H021e0 8% Zk@nplified in the
openi ng defined in a roof of the nozzle chanber,
t hertenyans natepi applicationsdistee in 1By crpsiefonpeeaeiignebrye the contents of
t iy SR i90brhcRatbd 11 BPlefefdnky Of construction. A
drawback of this design is that both faces of the
paddl e WesrAppdigait'n &S Patgat W@ 02 6.V@] deseribscanuskiptrikzlgnkaving a
th | i C ' .

20" SRR TR TSP RLL Al Pl P vty o
ac theaerle flembrer. Bharotrptegtakedlic foon vf Dlaweofactieebean £ ta@ductive

ch %{Lpe%[al' (e}ht%arﬁ&r% lﬂﬁ‘ltlc‘i)elj futsg(i( G 3n %Hoeer {)2%51% B)efam 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
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a serpentine core of conductive material encased by a
polyneric material. Upon actuation, the actuator bends
wo owanse4m fl oor of the nozzl e chanber, increaRCTgULI18/000618
pressure within the chanber and forcing a droplet of
ink froma nozzle opening defined in the roof of the
chanber. The nozzl e opening is2defined in a non-noving
POt ih@lefbn s iRt 5:2Pbne Atk AthéantvageodIR0E i BGHaf aghintShe
desi g[n i s that on %eone face of the noving roof
por BRSO dnkiBY ke BifBe7RS Chirper refrarbase Pgthwdgse%}ug thahk
| NSbielBudtidg oA &t RatGIRRPLLpcAifcBaNRRGe Rimchidndasd@8y Silymeric
is that construction of the actuator froma serpentine
comireiel iy difliquil e rphican M BMEyalsisripmeracessnat erial is
Sd' ffi Cu’tﬁe Aﬁbh@aﬁll% @%Q’a{eﬁtﬁo WWl(ﬁla&Eérﬁ)@st anHkJQtrnQEz@ec'&mprlsmg a
The Applicant's US Patent . descri bes an
i niepee qh@l@bﬂf@l@@rf@ﬂ*fp@qler@@ompﬂaeneha%leropwntghdeéned therein. The
MY,C30E rbrﬂgiord%ﬁrst ﬁ‘ec%‘éprbg afhn ROZA L PRGE h&&t%%foélﬁ&féd
t herel n. novea e roof portion is connect via an
ar uxtemally ¢fiternvatic prmticadhamteror pbssi th redf @xtpperrafiveybeam
of t r es t I f
n DR ELIRR SR 0P R s bR A R R g TR g
10bedrﬂm8ynelﬁtﬂﬁcmgy ﬁsheaxanltzed/smcamb pR@ssibua trmacmctay edt sink for

d th '
R T e B R S R TR D
papsitio hawﬁglt’hé @odzld dibél@hlghbfinbtetha@ﬁll ¥ eawdpperothie &owardshdloor of

rmveabl 0 on, i ng, the nozzl e openi .
ot eBe s FBRE Rl Sl g APt Fnggpe opening
of niohes mzmé e)of:ﬂstaﬁ@e Hrop FIRDE GlRcti6] Bst H)ertgnﬁrd]re@ ug buntalsle

nozzl e, openi ng &gﬁt he nozzl e openin

th
15t h&adgisrtiqer fheéwpea nezzjeqiRy- Ay aduintass ﬁg Wﬁ;ﬁ%@ S th only one

C Ok OF the thobiMig Sdbif b&hbrﬁhdmdw{)ﬂk%?dlhs@ﬂle RflathBl vSoARENIOhside the
the nozzle rim An advantage of this design is that

onhgzzsrrbambgs A Hrthetnd vaniage ighe HEimy dhermy dospraachieyeddy rpacing
ag abmhe Sdige SR Ifé\Es'l\)é%Mn WeRBAKISA al%bdcﬁwhe Jeagn fg%%se of
chanmber. A further advantage is the m niml Thernal
| oﬁewr@imidetv espeging g ithegctiyseaant pashige beani memband

ZOpaS si verheam, ‘H@JﬁQFE roé rtﬁev\é%ﬁ& gcng’aftloﬂ Bt §1eﬁjtsﬁdf rehat bEA4E

oss of structura d)ty I n spacl ng

ac@ﬂv%mand passi ve bean1nenbers There is a need to
i nprove on the bend actuation efficiency of thernmnal
bend actuators. Sunmary of the Invention In a first
asﬁemnmnheﬂmﬂeemnmlinvention provi des a thermal bend

aCt[ ah { dspec?% present glventlon provides a thermal bend actuator, comprising:
25 a pair of electrical contacts positioned at one end of said actuator;
an active beam connected 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
30 through the active beam, the active beam heats and expands relative to the passive
beam, resulting in bending of the actuator,
wherein said active beam comprises at least one resistive heating bar, said heating bar
having a relatively smaller cross-sectional area than any other part of said current flow

path, such that heating of said active beam is concentrated in said heating bar.
MMJ003_4-PCT



a pair of electrical contacts positioned at one end of
said actuator; an active beam connected to said

web@etsi2enl contacts and extendi ng | ongit udi naPCT/AENN/000618

fromsaid contacts, said active beam defining a bent
current flow path between said contacts; and a passive
beam fused to said active beany such that when a

current is passed through the active beam the active
beam heats and expands relative to the passive beam

r eSWLPTalY S 2pETPRHE cYrPrisREr sty eendigglapgiuding!y fiom a first
ac bt RQ8IBNE AFPEH SR KingliRBSlly BB o S&Ind L&t BRAL doRgbcting

bar, said heating bar having a relatively smaller
cr dssbeicopnesteg saihfas anhipsoymdt her part of said

scurrent flow path, such that heating of said active

beamis concentrated in said heating bar. MVI003 '

4- Roroysily oxaell ¢fypaid Sigt andseedng @rmyecamPUTP rdsBesy varesijtivg fheating bar.
armextending longitudinally froma first contact, a
second arm extending longitudinally froma second
cofpaonallardidaoweetmegndnigr merdoercct olmted citds wfsaghfirel apil pespnd arms,
and,;$ 850N LR i RLHANRYY Yoig 8GR PLBRRD Tirst and

second ar ns coﬁ%rlses a respec

Ive resrstive heating

10bar. Optionally, said connecting nenber interconnects

15

di | ends..of, said fi.rst. and second arns,. said dista

en PTG e Ot Ry A8 B BERA Gy BTl IhRh Rt cns
contsatihes smpd khan aktoys-sestiindl @da df edssth@pert bEalddirye flow path.
heating bar has a cross-sectional area which is at

least 1.5 tinmes snmaller than a cross-sectional area of
anYpabhdly, spirat le@h oStk dstivt héa€ing bdrheve PRtof 1EPthh® B adidrins.
said at | east one resistive heating bar has a w dth of

| ess than 3 mcrons. Optionally, said connecting

e E@bnaPG GHidicBSnclingl iB@ier RUpi&Fat Radt QOB Iof ¥ RItHWBIuRE oBRIChctive
active beam Optionally, said active beamis connected
tobeRMve circuitry via said pair of electrica

contacts. Optionally, said drive circuitry is

configured to deliver actuation pulses to said active

b e &pfionadiy fraid @ctivgtbean ispaniseteth indrivg ciscuinl Gesad piiitef glectrical

20! €88ntidian 0.2 microseconds. Optionally, said active

25

30

beam is conprised of a material selected fromthe
group conprising: titaniumnitride, titanium alum nium

ni Upitigl%ll?,rgglid%rﬁéaa?cqit&% %nﬁ@trgd t%rﬁleﬁleh' 2Muation pulses to said active

beam, each actuation pulse having a pulse width of less than 0.2 microseconds.

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

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.

In a further aspect there is provided an inkjet nozzle assembly comprising:
a nozzle 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
MMJ003_4-PCT



Optionally, said passive beamis conprised of a
materi al selected fromthe group conprising: silicon

waele@iseds silicon nitride and silicon oxynitriREI/AUZ008/000618

5

10

further aspect there is provided an inkjet nozzle

assenbly conprising: a nozzle chanber having a nozzle

opening and an ink inlet; a pair of electrica

contacts posithdrnadn@icn@fe farftc@fs isldhebudls S8 AiblzYe @BSing, said

connected to drive circuitry; and MMI003 4-PCTa

t h@FHPT SSERESBEt uator for ej ecting ink through the

nozzl e opening, gRdHvASdakabRec® INaldddBical?dOnB&E A@xtending

beam connected to said el ectrical contacts and

ext endi ng | degatedienliyarpy ramagd epndess widpcEbhca@idsTiniagg pent

active beamgefiy ﬁb&}%a@l bBGREN G doffLis:fh@W pat h bet ween

said contacts; and a passive beamfused to said active

beam such that @ahespvabeanyfiedto sail asteskedmt yelo thgthwhana current is

active beam %TQ(?th?o %fl HE a E%%m%eﬁc%%e%m@%ggeﬁl ex and% relative

relative to the pasSive beam resulting in

t he actuatoﬁoﬂMMaﬁEEhm@mﬁ@umngmﬂﬁnmmaWﬁbnwpwwses a

re r V. -
e G S L L R

palretlatoffaly%namer cusy-gational v that dmy oﬁlulcmrttdﬁ atid bemhi filgy dth, such

sald concentrate one
ol GRSt SRS Rt P RSy e Bl neiRbrrce
a floor and a roof having a nDV|ng portlon mhereby
actuatlﬂ ﬁ d]il act uat or. n ortion.

t oRP eI APl Gram &)‘EW&?H&?S 00’”3%{11 E;gg?n PYpROrton,
COEieBesctfdlbklofeiiuatifbr méRE kanabliNg pdrh@l 00Eas &id floor.
opening is defined in the noving portion, such that

15t he nozzle opening is noveable relative to the floor.

20

25

30

@bpﬂ&ﬁhl&)’smdtnlﬂﬁu%p%ﬂﬁh@6mpr$seﬁ§a%ﬁ.@ﬁ|a%r relative to the
nozzl e opening tionally, said active beam conpri ses

a first armextending longitudinally froma first

CORRGlally A SREAR Up AR i XIRAH AL Aqmgg forttinn@lch Whaf hOMAle

second contact and a connecti ng nenber connectlng sai d
f i openingngimeerebla delativato thaAdorwher ei n each of said arns
conprises a respective resistive heating bar.

Optionally, the actuator is moveable relative to the nozzle opening.

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, and wherein each of said arms comprises a

respective resistive heating bar.

Optionally, said resistive heating bars together occupy less than 50% of a total volume of

said active beam.

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

beam, each actuation pulse having a pulse width of less than 0.2 microseconds.
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Optionally, said resistive heating bars together

occupy | ess than 50% of a total volune of said active
Whewni3ps i onal |y, said drive circuitry i s conPCAD2I®8/000618

to deliver actuation pulses to said active beam each

actuation pul se having a pulse wwdth of |ess than 0.2

m croseconds. MMJ003 4-PCTIn asfurther aspect there is

Pr ovi de@erdlpdeitkérels pRsvidd AR atjet PiiRkdag chprainglaphablity Yf @izzle
nozzl e assenblies conprising: a nozzle chanber having

a ﬁﬁf@b@”@ﬂ@ﬂﬁﬂ@ and an ink inlet; a pair of

el ectri cal %%Eﬁ&élﬁmﬁ&ﬂia%hgﬁ‘ﬁ&zﬁto ang: ﬁaqnq&lﬁ@ﬂ d
assenbly and connected to drive C|rCU|try and

t her mal ~ bend PAE Chlewiicat gmtagl gesitiongd ptore ?rrdr%@ﬁa&smbly and

5N0Z&hRctOPRDYeircdfilydaRCt LAt Or conpri sing: an active
beam connected to said electrical contacts and

ext endi ng | aribgrmaldicpnddatuatos faywicttingrinls iy gle tha negztosoperjpg, daid

actly ﬁmQ%Q@hQﬁi'”ing a bent current flow path between
sal cont act and a passive beamfused to said active

beam such that whetivabeurcoeicted © palsketiclvoreghandtestending
active beaml L ﬁ&dil@ﬁl&!a%gy gr%@ug gg}ltta?c aglﬁjd &ﬁ@@tﬂé@% Cfleﬁmn bent
tive" pasdive of

relative to USTRY ing 1n

10t he actuatompnmnﬁpwmmm$aw@mamkhmembeandconpr|ses a
resi stive heating bar r
e atively sl | BpREy s na UG RS Rup et e lvign g guorent i
part of sai gased thevuph fhe avtivodtdm, tistctivdthah hbaedndrgpaafls relative
said active b amis oncenﬁratequﬁ s%jd at | east one
heating bar . i PESYE RGN "SR Beptingytdicdsiuaiony ent i on
Pr he@BSaid abllebosh odm@Gtdiatkiinte ﬂedtlhgbidemdh%ﬁltdlg&ﬁi mtn@ra
havi ng an active bean1fuseg to a aSS|ve g
nefﬂ%}s/elaé%%rgr%@s ] 4igp than Ay @H‘F"rl?aétaﬂ sy Flrr@m ow path such

t hiQuehtisabMaidatiw ®che ARLERnBed iR sE@MIQst e hERBL Bt | C
expansi on of said active beamrelative to said passive

beam and bendi ng of said actuator, wherein said
cumg £ ﬂatcoﬂoeasﬁje%{ ﬂh¥ ﬁlre?éﬂt 1'110611%8n gx%(flld@std ﬁ&hcﬂiuclf €A 'a @lgarrﬁal bend

pul se wdth of |[ess than m cr oseconds. ionally,
s aiagfugien hywingprrladiive beagy fmseﬁht(z:? prsevobrd. wrd methed comprising passing

20  an electrical current through said active beam so as to cause thermoelastic expansion of
said active beam relative to said passive beam and bending of said actuator, wherein said
current is delivered in an actuation pulse having a pulse width of less than 0.2

microseconds.
25  Optionally, said pulse width is 0.1 microseconds or less.
Optionally, a total amount of energy delivered in said actuation pulse is less than 200 nJ.
Optionally, a total amount of energy delivered in each actuation pulse is less than 150 nJ.
30

Optionally, said actuation pulse causes a peak deflection velocity in said bend actuator of

at least 2.0 m/s
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Optionally, a total anount of energy delivered in said
actuation pulse is less than 200 nJ. Optionally, a

wo roali3ewdunt of energy delivered in each act uB€T/am2008/000618

5
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pul se is | ess than 150 nJ. Optionally, said actuation
pul se causes a peak deflection velocity in said bend
actuator of at least 2.0 mls MUO003 4-PCTOptional ly,

S aiogmamry VeidReAMbeANPShERE Arefi@it ﬁédtMgE bahe@td' mgmkgafar having a
said heating bar having a relatively

cr 6§§1V§1éém@@%a¥085a$eé%on@ﬁ%w t]é\WnéStOWé‘ipaﬁ%Prf ﬁal%FCt%P%?m such that
ac thl:éﬁ%% BEAM acBHORahidlonb@ahitdB saif abRIHoRAfhiHR theam i s
concentrated in said at | east one heating bar.
Optionally, said thermal bend actuator conprises: a

paig; t195a11§|s@i@lﬁﬁérﬁﬁ'beﬁ@d&hﬂﬁb}éorl%}ﬁbst' oned at one end of

sai d actuator; an active beam connected to said

el ectri cal @mﬁtraétlsctramucoeis@@@mﬁlm@eql drogP enddif naifl pgfuaseiay
from sai d CORLARESpurd@hfledibith Y BEAAGHIBLM Bhan
current flow path e ween sald contacts a passive
beam f ubegtudmakbadvehydioni saisl dostaety, ssid edtive heam ddfi@mga bent current
current g4 é\%pﬁﬁ‘g&%gen SQ Qug tst Ed active beam the active
beam heat's”and ex an sre Ive to the passive beam
resulting i ratplasmdlbaegn ﬁfsedﬂoealdtacttwabcum swdhelnae whersadutirent is passed

h saj .
ﬁgtalt Yﬁgggoglgf] ﬁlg\%wé?,gaq 2‘? 15\03 L Vgﬁ%ﬁe 'crantg:,eQ[gangs e tativeto ?he passive

Cr 0SS- Skesani Qslahnganeaadﬁﬂgaﬁt}amytuatMer part of said

current f] ow. such t hat, ing, of s

oM AR e It e P bR R i e
Optrél@Ralylshhall@ @iods-@etidndBareBan 459 Tkt @ﬁ%f@alﬁ turfeht @fWibath, such
extendlngl itudinally froma fir

cont a
3s eé‘@ﬁbeasvwfé%géﬁafeﬁsam BISGRICRERSHD Faﬁ g 036@%8&8& far
contact and a connecting nenber connecting said first
and second arns. Optionally, each of said first and

se&pHenadly haid @etisibeane somprisesspldisi g exterdingslongiadnalht fronga first
baronifRtal SRR b ex%é'i‘i'dﬁilg G {éﬁ@cﬁﬁa‘llg) grofﬁea'EQ@Jnd e BMe&% Qrﬁirhrh%ﬁﬂe%tmg

di stal ‘ends of said first and second arns, said distal
endreniber qognagiing wid firatjand sopendtagmsai d el ectri cal

ycontacts. Optionally, said at |east one resistive

heati ng bar has a cross-sectional area which is at

| e@ptionk]l, cathnasaid Mt st scednd mrnes compgsss ¢ exspéconallesistive heatifng bar.
any other part of said active beam Optionally, said

at | east one resistive heating bar has a width of |ess

t h&ptidnatty cridresnnecting member interconnects distal ends of said first and second arms,

said distal ends being distal relative to said electrical contacts.

25
Optionally, said at least one resistive heating bar has a cross-sectional area which is at least
1.5 times smaller than a cross-sectional area of any other part of said active beam.
Optionally, said at least one resistive heating bar has a width of less than 3 microns.

30

Optionally, said connecting member occupies at least 30% of a total volume of said active

beam.
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Optionally, said connecting nmenber occupies at |east
30% of a total volune of said active beam MVI003

wa2MQTEe3 onal |y, said active beamis connect eRCT/aU2008/000618
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drive circuitry via said pair of electrical contacts,
said drive circuitry being configured to deliver said
actuation pulses to said active beam Optionally, said

actgp¥iendne; asmdiaSmfémﬁ iseBheoled @ d¥BE eirdudtly Selarh@dbrtlamtal
t he qrou nprising; titapiumnitride, titanium

al GRH#AS ?ﬁl%?‘rme.ca@l%lael% SpaRgardimIgighiaH! asiRap Rses to said active
Oopepmal |y, said passive beamis conprised of a

mat eri al selected fromthe group conprising: silicon

di oxide, silicon nitride and silicon oxynitride. In a

fu rdp'ﬂ@ﬂall?%@ﬁ%%tnteq)%&rﬁ il c%mBﬁé%M e RhaRriTRLRAG Rim Bk %Fotub ng

ink froman inkjet nozzle assenbly, said nozzle

as senpisyne bppmgittde, tl@nwmﬁur@n@lhﬁn@@ atffepiapgglivn-plypyiiem alloy.
opening and an ink inlet; a pair of electrica

contacts connected to drive circuitry; and a thermnal

be kuptiamd Iparidpassor bejgnescomprisedkf ¢ matour beledd froovtht group

openi ng; saj.d t C .Sing an

e en Rt by ST BE R A RO ORI 2o ts ane

a passive beam fused to said active beam said method

l.ectr . rrent t hr augh, sai.d
e ER A N R e b W T
Samﬁe@BWJMEHEEﬂﬂM$@N£ﬁUMﬁangsaId passi ve beam and
bendi ng of said aé%gﬁ%g%.result' % i.n ej.ectiaon of ink
from sai d ndZ9Fz ving p Bozg|e dPeRgAnd gp frkplet o
delivered i raparﬂ oBElbdtiadal Entapld kS@ektedioligvciRultseandl dt h
of | ess t han 2 mcroseconds, Optionall t he nozzle

I5chanber comﬁrtheg@% bgng ‘I‘%FOT%&Jeﬁt“}gd@f thr%z%ﬁﬁa ngZZiGRpPHES. said

POkitck @4 beMNRABRY csridAk P ActiRE b&@l nAGtcd s QFd IRVRE] RfHabls and
novi ng portion towards said floor. Optionally, said

no¢iPAYIVp BPaN Bicdcte spd e begat. d act uator. Optionally,

the noz@ahcﬁn&ﬁ’moﬁﬁnblﬁg pa%&hg‘ﬁfjelécﬂlctal%rr@ﬁ\fﬁr h@Qiﬁtabt% ’beam S0 as
such that the nozzle opening i s noveab rel ative

t héo ¢augsghermpelpséit cxmanwer gftshid Actoe btrmretaﬂawowg@ passive beam and

bending of said actuator resulting in ejection of ink from said nozzle chamber, wherein
said current is delivered in an actuation pulse having a pulse width of less than 0.2

microseconds.

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.
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.

Brief Description of the Drawings

Embodiments of the present invention will now be described by way of example

only with reference to the accompanying drawings, in which:
MMJ003_4-PCT



Enbodi nents of the present invention will now be
descri bed by way of exanple only with reference to the

waewonpamyi ng draw ngs, in which: MVIO03 4- PCTIRCTAD2008/000618
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is a cutaway perspective of a partially-fabricated
i nkj et nozzle assenbly; Figure 2 is a cutaway
perspective of the inkjet nozzge assenbly shown in

Figure ﬁlgafetlesra&ﬁum!y@bﬂsﬁmn@foffaipalﬁhﬁﬁfaaﬂ@teﬁam&tcﬁazziecargsembly,
steps; Figure 3 is a cutaway perspective of

part i al U 3073 CX4vey PPRRGCRYC CH gfzvlaetggézéenweylb%%wa imigjgure 1

t 0 38R oRPREGHVS finfINk E&‘éBﬁcat@HgtelFsl gure is a graph
showi ng variation of energy inputs required to achieve

a peak Ellémeéé%wktﬁwm@rémcyvedff aganiplly-(3BTiGapd dnloqt piipassembly

acLutdifto Rl p&eWiflefifon; 4Rt @i | ed Description of the
I nvention Figures 1 and 2 show a nozzl e assenbly 100

at two GEPEéregitphshewyas vafatibmeiranergy inphts regyirellis eetiityed peak
ApRId L tion No.

11fl g7%%“440 RO eSS Elﬁlgﬁffsem AZCSL% Hﬁ%‘{l}g%gg?ent s of

which is incorporated herein by reference. Figure 1

sh%%%J&p o ﬁh fﬁé%%gp(%>partlally formed so as to

il I—u*sFraﬁe—r?ﬁe—?—)eal—m active and passive beam

| ayer s Fighingd,and 2 flerw a mggzie essBiblyrl 60 4t twb Higfeeent Sagshaffbrication,

the noz 100 fo

suBs P afet 1D3E R indu s e ir DL APofealbt Red 1y 4 g on e
10450a7. ekt cﬁﬂ‘@ﬁt’[s of\mah k heopuhsihatch blQ&cend. Si devval l's

106 ex end| roof to the substrate, 1102 {s
roof 1 Aglﬂres e§18 eoﬂﬂseglb}?bl?ﬁﬂ']‘?a Y SEPES s 1 BlUSFEe the catures

st aF hqinasing ]daQsNelb@zﬁn ﬂagz@fs VITHuk) réfergia® toligirel efthddeld shown the nozzle
herebetween A nozzl e openi qgﬁllz i s defi nefld in

rm@fSﬁ@ biydPY fomediens FYPSsfliser 1T | Rndk nozpies ﬁ%bﬁrﬁgdegned bya

po &édf o éb@&d%?ifpfrd)rﬁ &R sabstrblt@ nBindReRERClY @it@f{dn{gaﬂ/dnﬂ&e Poof to
pair of cantilever beans in the formof an u

actﬂie\ﬁébslﬁfé‘ﬁ 2 The Faof &Qf i goraprisemhefra pydng Rs«)éﬂ%éagrﬁ@mtatmﬁ%y
WettioR 2BV Yfa &?ﬂ'@ ddithed ﬁfefeﬁ@ﬁleénhg ®¥1EHenRE 118 defined in the

rmV| ng portion 108 of the roof. The upper active beam
11m0@mgmpﬂ@@é08af0pgﬁqﬂoopf ks 114A and 114B whi ch

ext end 1,0 %gﬁlg gbrg 1] SBJOEIl%ﬂgerS g%ﬁ%ﬁﬁgl grﬁi &b g&){' flegf%% a rpalr of

contacts ar ns 4A and 114B
c onrgideverbeams inrtkg forr péﬂ;naipp@rmdisveb)yam 1 tofusalde b hgvenpasiieg beam

1 1§ 16. g’:ﬂ? bog&%pgagg {iéllg;egmrﬁ gJﬁﬁ{nfeg'&lg c ?IHQ)F {h§, Fﬁjlb%lgllm hé%f the roof.

condu whi ch tacr (1tates el
The upper active beam 114 comprises a pair of arms 114A and 114B which extend

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 comprises 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.

The electrode contacts 118A and 118B are positioned adjacent each other at one end
of the nozzle assembly and are connected via respective connector posts 119 to a metal
CMOS layer 120 of the substrate 102. The CMOS layer 120 contains the requisite drive
circuitry for actuation of the bend actuator.

The passive beam 116 is typically comprised of any electrically/thermally-insulating

material, such as silicon dioxide, silicon nitride etc. The thermoelastic active beam 114
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conduction around this join region. Hence, the active
beam 114 defines a bent or tortuous conduction path

wheipasf43 he el ectrode contacts 118A and 118B. PAT&U2008/000618

el ectrode contacts 118A and 118B are positioned
adj acent each other at one end of the nozzle assenbly
and are connected via respectiv¥e connector posts 119

t 0 ndy e bathprsbAS ahavefabld ARrdeldshemsks et £ tilddm diltRle, titanium
CMCS | ayer . 120 contai.ns the reqU|S|te drive circuitry

f oralugeltlwaﬂlr%ﬁi? 1ofl aluanipa Atoyacaurapigined ipdhe perlisprys C%eaﬁepg Us

116y ?ﬁcaﬁbﬁpN c.al1lan7 9PRIEd SEHDEEnBBY2006 (Attorney Docket No IJ 7OUS)
electrically/thermally-insulating naterlay such

Si Wﬁl@éwnmlwmn%l allgyy 312 & Arefyried mgierigl becaupp ghey combine the

st hegvmabast ff)l%p@}ﬁés oY Rich @RIt L& MYBDRR, dn Bl gﬁﬁ}ilgﬁq{wng S

conpriséd of any suitable thernoelastic raterial, such
as madplghi um nitride, titanium alum niumnitride and

copendi e GRS 1K HoRRS php ATy bR EABY Bgars
De@mntgwﬁoﬁfﬁlnrtcgmqme"ly“hdmtdeassbmbly POFIQWSY has a nqzzle chamber 122
Vaqeaian%({% ﬁléﬂ M%mﬁ@u E)ﬁi tSHhE n& R C%En%err e19 @Hﬁt{ioﬁgg@'g?tire roof i

because dvan ageous

10hi ghvetdulemﬁm lagx pﬁpmymnmc niaml\lahi@ﬁssutlyasqmd/dhnayﬁyls‘ﬂomg (EDMS).

| . Ref t
Cont B unSRUSET L% S Ees Rt ot it BRI g hegpnc
f abéthﬂat hﬂh’ophiﬂb'iﬁnglthz b 1asadpil wdinf a fechunieal 2eahfas tha gap 109.

| e cha an et ,124 for supply of

¢ BTGt 12 e A BRendow Yafts Shoo o BHRPicalon and
r 0@fecﬂ1cﬁl dfmk&lirﬁﬁlghvmé bzale opanls 105. AOﬁllown%fan@d crwctrfphblabfthe
126, such as9golyd|nethyIS|loxan

15 poPgRHBITICIay Ay &6 inchigingds Tupctionsand tefe%caaPn F%}hlafpmn for example,

I NgJsuhphgitioR Nt £16946®A0 @ifed bh Mob&Rstr 8¢ bogt or ,
hydr ophobi zi ng t he roof 104 anh@ErOV|d|ng a mechani ca

seal fd¥hanHs EFQBH@OQ €] eqtﬁéir%’éﬂt % frem|thg nogzlq dgmbgisl 23, a current

SUfrfylvG treftich YhelaBite YOMA 91 SbdBPAH e 1dcRod! cht‘éfét@PItSU‘Pﬁé 4fve beam
and ejection of ink through the nozzle opening 112. A

morl &4 Yeanadly beptedds chro prrpis andexpaisle rghasivy trethe nasmw/leqamllz 6., thereby

20: 2%&#91‘;5 ek rh('i\ﬁTgf e[}é)ﬂ%g 1@@?0 (A démaki%%%%‘s GhEs gstﬁ‘?e fo? H‘g&iwe to

25

30

1 cation 40 f
o n tm@mmm p@@on DO0This Miresmeint, inj tgrny eagass m@dlqnc@f akdiom the nozzle

e
el etopsr bdeng drtraotis pbitBn 1The allevedte rdveane idsldhidseent @pitidh,yshown
BZ?&: %]e%{&%lyg {1 t%%%‘?’ glggromxﬂqe 1n93§ 1£4e1|nta0ttlllevneoz%lg c}}am%er 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 least part of the moving portion 108 of each nozzle assembly 100.
This not only simplifies the overall design and fabrication of the nozzle assembly 100, but
also provides higher ejection efficiency because only one face of the moving portion 108
has to do work against the relatively viscous ink. By comparison, nozzle assemblies having
an actuator paddle positioned inside the nozzle chamber 122 are less efficient, because
both faces of the actuator have to do work against the ink inside the chamber.
However, there is still a need to improve the overall efficiency of the bend actuator.

Electrical losses can occur in the connecting member 115 due to the sharp bend in the
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causi ng the noving portion 108 to bend downwar ds
towards the substrate 102 relative to the stationary

w@rwian43110. This nmovenent, in turn, causes ePEDAU098/000618

5

10

15

of ink fromthe nozzle opening 112 by a rapid increase
of pressure inside the nozzle chanber 122. Wen

current stops flow ng, the nouong portion 108 is

al lo@@e 160 phthiand thetrfal idsSes QA @SGDYtraPder of hed fro ARVt Nayer
Figures 1 and 2, which sucks ink fromthe inlet 124

i nt&? torke s Vs hiimber 122, in readiness for the next

ej ecti O”ﬁurm'ng &N & MNe#iE k Qhéi@fsls%\n rﬁeﬂ%\ﬁhl ;y[faﬂzlcﬁlb’([ £Szid a@@ﬁbly 200
2. it is advantageous for the bend uator to define

at hpuegy diffaient copfiguppsionpl/fhe gctlﬁéla«fmblﬁqu & the Hégiestia” glegty,

as %ﬁ@%ﬁle F0Qures B ®siBfte APk hS LM rhiblefids Bﬁ‘lﬁer@lg %eﬁlnl F1§ures 1
g(?n and fabrication of the nozzle assenb

aI§ provi des hi gher ej ection efficiency because onIy

one f ac?heﬁfozﬂ@?ssm F@J ipgtrtflé &Hleqsgge m%rkgtlo‘ﬁ%sm %zzle assembly

agai nst the relatively viscous inK. By conparison,

noZ 80 shows sekgiic é sOhawispghamzae pssernlgy 21@1231@1@[8! lec wbwitantinpecessed

in f ety

pedateup o AT AT IR St € P 3Bl s R prpeever e

ag aamigly-fabecaied koo atesdssbabi 200k ﬁl@&r& bekfolvetrates tht kedicie feagures of
till a nged to '1 rove the overall efficiency of the

beﬁlﬁ’a PS8 let ri cal | osses can occur in the

connect iniguresrtiasan bd Seetl that th@adtlhebﬁhﬁnp cb@puihes Mpdihe resistive

3 4-P urr.en Iow and thermal | oss

o bt ot 1 Lo b Pl £ e KRS g ar oy apye to

t h@heﬂ&ﬁg&h&’lﬁal lcavy @k £1dk Gireclivi)thadGin{ Otert fartfoF hd C@rrcht {16 B4R defined
hown a partially-fabricated nozzle assenblty 200

ha b it S8\ AE) LhTYEBHE: b RO |1 #e A4EHT vt akiisa which i

| ayiekasd 1.4 timk8 af B&t D Of6Y, eslb&t Dfim&d @l ekt 4 link€sntPRZth a cross-
features are designated with the same references

nuiestignad aigs elopny Qthes Rjgrod ghe pusend flow p3th e gies: hedheaténgdats|ly 7
20%eﬁe§at@&n évgﬁvh%ﬁﬁﬂﬁg I%EJQHS‘/ o‘Pfhefh@aQ i @hdQPbA%h flﬂ%vﬂk%ﬁe&mred
assenbly 1 shown in Figure 1. O course, the nozzle
as§@ﬁhﬂr1}30€2®00h@ﬂabteatmbsequent |y processed to provide

202 C onpl e%at?ﬂhgzoasq I@E%Etﬂgl ofc g]rél fve&r%mtap gegloﬁl?)?ﬁﬂ@ éﬂong part

25

30

Fi gure ver I cat nozz
as denBlypic@oleef than Wi & 1@5 B@s 6%| df thegetalareaf theenoyaigipen 08 is

f 6%5%1@1%3 bg hethﬁaﬁltngﬁﬁljs Y. k}ﬁgﬁgaL rs t%%‘t]her %&uF agf'é'l—a%vgljésriléll

can active Ses a
of vplasi of thy ective beam 114. Typically, less than 50%, less than 40% or less than 30%

of the total volume (and/or area) of the active beam 114 is occupied by the heating bars
117. Typically, the heater bars 117 have a width or a height dimension of less than 3
microns, less than 2.5 microns or less than 2 microns.

This configuration of the active beam 114 provides a number of advantages over
the configuration shown in Figure 1. Firstly, by concentrating heat into a relatively small
region, the total amount of heat transferred from the active beam 114 to the passive beam
116 during thermoelastic actuation is minimized. Thus, for a same amount of energy input,
the thermal losses in nozzle assembly 200 are less compared to the nozzle assembly 100
shown in Figure 1.

Secondly, the connecting member 115 of the active beam 114 can be made larger,

which minimizes current losses due to the sharp bend (180 degree bend) in the current flow
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heating bars 117A and 117B having a smaller area in
transverse cross-section (relative to the |ongitudi nal

w@opas24f | ow direction) than any ot her part o0PCT/AB2008/000618

current flow path defined by the active beam 114.

Typi cal ly, each heating bar 117 has a cross-sectional
area which is at least 1.5 times, at least 2 tines, at
| epsth, ahd hiahBEVIE tRthed®@BSthe forldudiRE p&ITRI7] Blic hdi@ity 8f the active
crosssectional area, of an%/qdot her part. of the current

f 1 SpbAtARE npEfcassembhe? 00 dy wgte%@rr%axmmg Speangflew gy the heating
OV LN} RIhRY aFBEQOhde B tHeRfocRER! acttidh ?{)}ﬁ@illbthﬁe BRABtng

114 which is required for thernpelastic

actifabPoH S orpgich atdedshity betras least #0% of die faia! velumg e thg active beam

sreljgiively small region of the noving part 108.

Typically, less than 10% or | ess than 5% of the total
area of Ther@zz%@)wﬂ@olp rown 10 Bighis gt pantpiutsgly @iﬂcw@ls éigr psed in

bar.g ﬂlillzqon-&h{ﬁ F(?ﬁ ﬁmpﬁlﬁs%s lﬁgﬁﬁlgﬁ E@H i ?f.nount of time for

rel atlveysrra urre of 't tive '
Ty priacsddr [off theined snerdyanto B@assivedayct higns hddimized, ressléng mamaller

300@ 9%%1&?65 cgﬁl@rec}/tg Lf%@el(%ﬂlgg&lgotu?sr el\%éregxrer &%o%ﬁré{%n of the

10Ty [ms(sai/d Iy:atutgt&rsrﬂé atiregontbaragonl with :hﬂmet agtustiodtphls@genarates a greater

m PO O et RS TR TAh® REn GF Ptk v

t h greaet differchied e phidonliconden e l8yen indobicvall whidl anilades higher

CoRtiERet PR e Tt Re Pt i RFFElletaraglosty ot

t othdlving Ferd MOS 1@fhef¢ﬁﬁéal tacengdvemigdnlf & etk hﬁo@@tﬂoﬁﬂh@@@me
114 to the passive beam 116 during thernoel astic

I5acoD¥%did2i s mini mi zed. Thus, for a same anmount of

ener gy FigRdl.shdviexphpidmlly h@@ §R% dificifi B eASHESFRNon and drop
200 are less conpared to the nozzle assenbly 100 shown

i n SEFiurigachievesusgigdhonozzlpesserpin 4% withy ielstipdy shpitmctyption pulse.
t hgpaghhy §oRe addiht %%hep% rBREEd BB e ﬁ%ﬂ &lﬂectlon éfgloclty of 3

mnimzes current | osses due to the sharp b
dedr'eter pured) adtugtipmeuleuridanin the wpgeid o030 Ammmmmds (saprefated

ZOmaY) @@5 'nﬁér Se&ﬂ@ nﬁgﬁg\)e@% f‘ir@t%&%‘&%#‘ﬁ 'af? Q Qﬁlgn é‘]%wlmeocg 8 5

25

30

act | eam 11 nozzl e as
i S rrderdsecmde ehdt requimaxd it Eregeycioput €n227f9 rdvp dchicoe ¢ peak deﬂectlon

g%lﬁgg/l agtrn?sc %CC{OIG \é&?i ﬁl% .la%}i.(?atff peo%ﬁ %sta{nk%ﬁ@atgoglr ulse W.ldtthf 0.1

rre mhepsetdifdls amb‘acpmem ttal bmzt in30 06 @rly 838 dJ enamhleﬂcﬂ% efme peak

t h%ettlecglon Vf:YOClt}l/'I rOTP3 hence eF éx\ﬁgrmtl)ee amn dailta éllearly illustrates that shorter
pulse widths achieve more efficient actuation, especially in the nozzle assembly 200 shown
in Figure 3.

Typically, the total amount of energy input required for actuation in the present
invention is reduced to less than 200 nJ or less than 150 nJ. Usually, the total energy input
is in the range of 100-200 nJ or 100-150 nlJ.

The skilled person will readily appreciate the advantages of overall lower energy
input into thermal bend actuators in order to generate a predetermined peak deflection
velocity. Thermal bend-actuated inkjet printheads may be made more efficient and require

less power, in accordance with the bend actuators and methods described herein.

MMJ003_4-PCT



The nozzl e assenbly shown in Figure 3 is particularly

ef fi caci ous when used in conbination wth short
w@eigasizeh pul ses. By using a shorter pul se, tPEI/ANRIB000618

of time for transfer of thermal energy into the

passive layer 116 is mnimzed, resulting in smaller

thermal | osses conpared to a lignger actuation pul se.

Mor eover will, Recsueiaf beGippdiibedthef thd lﬂ@seﬁﬂﬁ%ﬁﬁ&ms beatdeRgibed by

bars 117 in conbination with a short actuatiaon. pul se
gensy 4t eemplegnlyapne that madiBications ol defpif may bhRaleathijeBnsqoprof the

activwidna¥gith & bériRach hbgccBApsiyUe clader 116. Hence,
greater differential expansion between the layers is

achi eved, which results in a higher peak deflection
svelocity of the noving part 108. The peak deflection
velocity of the noving part 108 is the critical factor
governing ink ejection velocity fromthe nozzle
opening 112. Figure 4 shows experinentally how nore
efficient thernoelastic actuation and drop ejection is
achi eved using the nozzle assenbly 200 with a
relatively short actuation pulse. The graph shows the
anount of energy required to achieve a peak defl ection
l10vel ocity of 3 mis for various actuation pul se w dths
in the range of 0.5 to 0.1 m croseconds (separated by
0.05 microsecond intervals). The first data point has
an actuation pulse width of 0.5 m croseconds and
requires a total energy input of 227.9 nJ to achieve a
peak deflection velocity of 3 nfs. By contrast, the
| ast data point has an actuation pulse width of 0.1
m croseconds and requires a total energy input of only
15138 nJ to achieve the sane peak deflection velocity of
3 ms. Hence, the experinental data clearly
illustrates that shorter pulse wi dths achi eve nore
efficient actuation, especially in the nozzle assenbly
200 shown in Figure 3. Typically, the total anount of
energy input required for actuation in the present
invention is reduced to |l ess than 200 nJ or |ess than
150 nJ. Usually, the total energy input is in the
range of 100-200 nJ or 100-150 nJ. The skilled person
will readily appreciate the advantages of overal
| ower energy input into thermal bend actuators in
order to generate a predeterm ned peak deflection
vel ocity. Thermal bend-actuated inkjet printheads nmay
be nade nore efficient and require
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| ess power, in accordance with the bend actuators and
nmet hods descri bed herein. MVIO03 4-PCTIt wll, of

W@ oweAass24Hhe appreci ated that the present invene@CDAULMS/000618

been descri bed by way of exanple only and that

nodi fications of detail may be nade within the scope
of the invention, which is defizned in the acconpanyi ng
cl @rsMsSMVI003 4- PCTCLAIMS 1. A thermal bend actuator,
conprising: a pair of electrical contacts positioned
at one end of said actuator; an active beam connected

tosai dA@lle%&lfbb&ﬁicnﬁ%mc@ﬁbﬁsn?]d ext endi ng
l ongitudinally away from said contacts, said active

beam def i ni Rg28 Oﬁéﬁﬁtrl@mﬂ@ﬁf@ PRSI HIORC PRk ofstith acsuter;

scontacts; ang ,&iBassh YnLeA [HF QL1 SAtdis akd éXY&Idlﬁlg

beam such that when a current is passed through t

active begdinplheaveutiiopesalsecantoeis atid aeiivd bestpdafidmg a bent current
relativg,t atﬂﬁ& 9&%&1‘&6811&353% resulting in bending of

t he act uat erein sald active beam conprises at

| east one r @siastwe\beaméacd tngaith agtive bednd stmbahat mwermgurrent is passed

havi ng %rd’uglll ﬁ% aé/tﬁ) %ea%m?ﬂe a%ﬁvecd’eglf %%%?%gieg&ﬁgsu%ﬁﬁﬁtgﬁ%%SiVe

any ot her part sal d current

10heat| ngbaafn &allnin@nﬂoendmgtméamacmatomncent rat ed in said

heatin of ¢
o SPET 85 1 SRR & B B8 R i O i e
exlhe\ﬁﬁig nglationgshaldi ¢radstsyctiong area thah bsy otha phi@ ot salda:urrent flow

sSeco xtendi.ng. longjtudinally from a secon
oo o B T e G SRt e Pt 1 BT O ¢ s
and second arnms. 3. The thernmal bend actuator of claim

2 wherei n each of said first and second. arns

corpr i sb therpakhisad fstOTOE S | pheRBEH g5 RFam gomprippiga first
t hafiBlteragiddodahH AR frodf a Gk@loMad; a BN eBBkdihg longitudinally
connecting nmember interconnects distal ends of said
f i MM saygePnd sewsprd augd heonnesHpgIMenar SPIneFHE sHé firpgangisegoadl arms.
relative to said electrical contacts. 5 . The thernal

bend actuator of claim1, wherein said at |east one
r esi st i Ve tharmpl begd priwatds g8 clainc. odisremeaeh efnaill figst el saprind prms

20! S¢

25

30

;':lr o %ésgé"‘ﬂesﬂec%'e résné‘ﬁ%ﬁ%?{és than a cross-sectional

any ot her part aid current flow path.

4. The thermal bend actuator of claim 2, wherein said connecting member
interconnects distal ends of said first and second arms, said distal ends being distal relative

to said electrical contacts.

5. The thermal bend actuator of claim 1, wherein said at least one resistive heating bar
has a cross-sectional area which is at least 1.5 times smaller than a cross-sectional area of

any other part of said current flow path.

6. The thermal bend actuator of claim 1, wherein said at least one resistive heating bar

has a width of less than 3 microns.

7. The thermal bend actuator of claim 4, wherein said connecting member occupies at

least 30% of a total volume of said active beam.
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6 . The thermal bend actuator of claim1, wherein said
at | east one resistive heating bar has a width of |ess

w0 b@o/13248 crons. 7 . The thernmal bend act uat or PGF/AUR@BM00618
4, wherein said connecting nmenber occupies at | east
30% of a total volune of said active beam MVI003
4-PCT8. The thermal bend actuagor of claim1l1, wherein
said active beamis connected to drive circuitry via

sai d palr of electrical contacts. ... The thermal bend
actuat of heghermpkhend actuajgs of gl ]sé{‘ihareﬂlrSWéCtt‘:"erbE%Hl fsrcgniested o
confil Qufcelkytve dRlphi 8f clabhddAddnfbis Pul ses to said active
beam each actuation pul se having a pul se width of
| ess than 0.2 mcroseconds. 10. The thermal bend

saciuat ofyQherfrhAlelY dotuPSF Qhith $ HhBreAGhid iR vO&R MY Ss configured to
conprised of a material selected fromthe group
Cco #plmesﬁtqﬁgmmt pulseh fousmdrictvei bgem, caght aghiation palsa i vipggpulse width of
nlq iumalum niumalloy. 11. The

&égﬁ @ 8%?ﬁ§?or of claim1l, wherein said passive

bean1|s conprlsed of a material selected fromthe
grqyp ¢ Fﬁg{flér ﬂ%gd g’ét\% 50%&,1191&1% 'w%?reln slald at Rl bnallntl S Cgl%pﬁsrég ofa
sil'r'con oxy Al t zzI'é asse

10c o mprerigl srelgctecafrnrnzlml geouplrampeying ditahng ratridg zlzdnmnoqimninhgl nitride
and $n in% inhet: a ﬁair of electrical contacts

podd ¢ BHAY L TN EAHO%f sai d assembly and connect ed

to drive circuitry; and a thernmal bend actuator for

b i < iRl Bt P B BER o RAREB= g BF o & compred of

eI elkdiiaClecte @b eeSzrapdomistiid killgon dek@de] Hidonabttiye daicon
fronlsald contacts, said active beam defining a bent
ScuPrERtids | ow pat h between said contacts: and a passi ve
beam fused to said active beam such that when a
current is passed through the active beam the active
bedf hedr gikighapzelk gaamslycemaisinge to the passive beam

resul ting in BeAdifgb&ihatila AckIah&ing and an ink inlet;

a pair of electrical contacts positioned at one end of said assembly and

15

20  connected to drive circuitry; and
a thermal bend actuator for ejecting ink through the nozzle opening, said
actuator comprising:
an active beam connected to said electrical contacts and extending
longitudinally away from said contacts, said active beam defining a bent
25 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
to the passive beam, resulting in bending of the actuator,
wherein said active beam comprises a resistive heating bar, said heating bar having a
30  relatively smaller cross-sectional area than any other part of said current flow path, such

that heating of said active beam is concentrated in said at least one heating bar.
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wherein said active beam conprises a resistive heating
bar, said heating bar having a relatively smaller
W@ewsa3RrexTti onal area than any other part of SBECTAU2008/000618
current flow path, such that heating of said active
beamis concentrated in said at | east one heating bar.
MMI003 4-PCT13. The inkjet nozazl e assenbly of claim

12 13wheTid ifkjéthezAkO&d i1 BrRIMIA 2 GRHERSIN GE ozl cfch@er B6thbraes a
roof having a noving portion, whereby actuation of

sall9OAaf 4 S8 PaHRR ABOERY RPNy RY CHYACTRERT A SHA pefeatargpqyes said
| aQing bstiol RRvatdikiigonozzl e assenbly of claim 13,
wherei n said noving portion conprises said actuator.

15. The inkjet nozzle assenbly of claim 14, wherein
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such that the nozzle opening is noveable relative to

t heaid pggentor. 16. The inkj et nozzle assenbly of claim 14,
wherein the actuator is noveable relative to the

nozzl e opening. 17. The inkjet nozzle assenbly of
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l0cont act and a connecting nmenber connecting said first

and second arns, .and erein ch of sai r ns .
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i nk¢ e neakzpeni@ssenbl y of claim 17, wherein said
resistive heating bars together occupy |ess than 50%

of a total volune of said active beam 19. The inkjet

nozzl e BisSHKIE Yz asedndlyd flofaim WhtiRkdin Siai dticd bod® comprises a first
circuitry is confi del i ver actuation pul ses to
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printhead conprising a plurality of nozzle assenblies
ac CHEEinrgeh of seif amph comprisgyp O BeCH VETistive heating bar.

18.  The inkjet nozzle assembly of claim 17, wherein said resistive heating bars together

20 occupy less than 50% of a total volume of said active beam.

19.  The inkjet nozzle assembly of claim 12, wherein said drive circuitry is configured
to deliver actuation pulses to said active beam, each actuation pulse having a pulse width
of less than 0.2 microseconds.

25
20.  An inkjet printhead comprising a plurality of nozzle assemblies according to claim

12.
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