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THERMAL BEND ACTUATORS! w E I NVENTI ON The present invention « - °
rel ates to thernal bene‘l\\\\\%\m nd nore particularly ey Uﬁo/&?ﬁ@d

actuator structure that s‘so%o;.abl e for use in the design o ow power ed
general ly el ongate nechani SHE, which usi[}g prior art structures may have
been prone to bucking during operation. "THe invention has been devel oped
primarily for use with transient thermal bend actuators, that is actuators
utilising paral | elBUGKLE BESISAANT THIERMAL BENR AGTUABORSY 0 10 be
sensitive primarily to relative tenperature differences and thereby |ess
sensitive to anbient conditions, and will be described hereinafter with

ref erence t oriEIDOPFEREINVENGRON cati on. However, it will be appreciated by
those skilled in the art, that the inventive concept is equally applicable

to non-transi entlheReEseri invsetinn reletes i thermal brad aepaiers apbRomparsPEIlY M4 et al | c
actuatorsi gﬁhgﬁéﬂﬁo%w&hm%ﬁ - ubd ¥R iR si@ﬁé"}uglgg‘éyﬁggﬁg ggngmND OF

THE INVEN‘?'I e present invention has been dev

over comi ng pelaigatemeechansms,) vhick nsiogipti@ragdtrdemienmay haye reenfrarettabeckdingl desi gn
of mcro-elegtro rrecthani cal systenms (MEMS), which are produced via a

mul ti-stage ‘gufugégg%rab@'successi vely depositing and etching thin filmlayers
of di f}‘ler ent natmeiilaieﬁtﬁaﬂialgedg%g@m&ﬂ@dnﬁﬁlydw ﬁszI G}hﬁl&aﬁ?%éﬁ &@hﬁ?lbagyd .
Typically, transient thermal bend actuators used in NENMS are forne y
deposi ting i#HBED MabisEeyatgEuklisag P@ﬁ\ﬁ@ é@daﬁaweamﬁe#%m@l gkt Wds fayer s

or bearms 1gf SMMET ¥ riiftve il A AURLY A HoR91eNs Rhsifieonduct i ve

struct ural mat er i al "such "as SI [i con. beans are secured at one end at an
anchor and camhient cerdlitinstand will bedeseribed hereimefieriwith 12fsrepen to thus prefeeredechani sm

The actuator_i hen..contral | by the ssage a i current through
one of thes eappgf/aélf’ g Eﬂ%’e er’ééswﬁﬂ)éa aé%rte?%%&)g}éﬁaiﬁ%n%%gwtﬂ?%’oﬁ%g}e lf“(’)en{r;{’}’eni m se
t he power r egutdpets eyGallyRppltdable tdwonriamiiany thermal bead ngautas inetndinge®e act uators,
it is desirable to use relati ve%% |.ong,. actuatin a,{.ms lso ,aﬁ to achieve a
bal ance bet vEaRPItabirneRHin getiairs HSlidmg g pe fRergp! $Ehesr ee distal end

of the lever 30 nmechanism achieving the requisite applied force, and

control I 139 BREKCROBED GF Iggrgg@%Nﬁoﬁurrent required to effectively
operate the actuator. 2J02328 -2 PCTJAI 100J00749 It has been found

when nodel | i ng Slhelpregent investionthaabeenovelepgd apewieand lof overdomingprgelems he
unsupported S anon?f thetga&%lri el ebeaanu it nebaenrdsescif t rgicl%(-:tluc toord thce nor e
likely that S cP'eH’r“%‘é“ 3f ué’ﬁlﬂ? [ o] ngdtog%%cur, tH r%&gmbé‘} ng

get Elr m nabl gnybtymﬁ (VIBMISS,rwidéh irﬁpﬂoﬂﬁ&dfvm lhﬁltiis'ta@c piDcd3o Sﬁaiubée@Ti{rdgy fepositing ht he
uckl i ng node .and, come up wt atisfactori 5 operatjona signs that
al | ow for s@ﬂe&gaaﬂiuﬁ&tfmth% Ofgl?qte?eﬂbm?/te‘fl%s V%%%JPFg'?Wgélr?"éfs@’I@%f i ci ent

and/ or | egs wardicst.abl e node of operation of the device. Accordingly, it
has been preferable prior art practice to try and stiffen the effective

beam portion of Tynisalii; traesiest themnahbendracaiatorsisedinMEVAgre formed byfepesétingone i n

a number of jyierconnected parallel spaced apart thermally isolated layers or beams of conductive

material within surrounding layers of non-conductive structural material such as silicon.
The beams are secured at one end at an anchor and connected at the other to the movable
25 part of the mechanism. The actuator is then controlled by the passage of a heating current
through one of these layers known as the active beam member.
In order to minimise the power required to operate the mechanisms incorporating
these actuators, it is desirable to use relatively long actuating arms so as to achieve a
balance between magnifying the maximum displacement at the free distal end of the lever
30 mechanism, achieving the requisite applied force, and controlling the voltage and amount of

current required to effectively operate the actuator.
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ways including formng stiffening struts and other reinforcing structures
that extend |10 transversely between and often beyond the two actuator
beans. Howeyimassdhi S can have two di sadvantages. Firstl perfdiRomedd tional
structural material and general stiffening of the lever may result in

hi gher operational power requirenents. Further, the additional mass of the
structure contacting the active beam nernber nmay act as a heat sink, .

mons e oo 1 BOER) sbBT e ANFABE 50040 SROEDLBNR. bR acka |
i nvention tgnsppsiticd Spsd df iR paRdllclRaf riibénl dTthoHdchudiol, WhmuiailkBly @R sGHR4TES  Of
at |l east aneliorates one or nore of the above discussed di sadvant ages of

the prior afiegreef bypkling isgoingda secusithemadebeipgetprminphle by a npmber oSHIARY OF
THE | NVENTI SAccar dlF L Eﬁ%qﬁ i j eis a
provi ded a ?r}ilél'rsbﬁrrg pgkesglkge% trgdé%tores%‘g I ImC %d %Iﬁ%?&ge#wglﬁ]gdéﬁ%ﬁ%r portion for
secur i ng st ooperdtionaldlesipirsthatatlew fer shch tcklinps thisik likely trrdsudt in adesa efficieat beam
menber secur t a proximal end to.sai.d fjrst anchor portion and extendi ng
to a novabl @%Z‘Trg?siPregﬁgaﬂeefn%‘gcogﬁaﬂ téoé’rﬂfﬂlfrdfgfe'si mlarly anchored at a

proxi mal end t oAcoatdingly,liHas BEdipEferdble Peibi drDptadie Sty Mhdekffenhe pHEcive el to
said first active beam nenber, each, of said first and second beam nmenbers
bei ng di r ecPi¥P BFUPHR, herqaoriin PERRER Hereting: Thisenn bedassant myedbPSt al ends
remote sai dybidiatiu@AE ARhidRQtiEER sﬂ%@'o&e?ﬂrﬁo&fy@?&u&tﬂ@gﬂﬁﬁlelx%nﬁo_ndUCt' ve

active beam nenber 1S cor{%i gur eggto define a |l abyrinthine conductive
pat hway Wavirangversely httivaechndfofter béyend the inye actiatordeatny. ddaweyrr, §is emthaviinog

bet ween said fixed praxi end..and sajd.nmovabl e .di stal .end t xceeds
Che or 1 eor ! iseyiiiaedR! Pt ine SR8 R up i FARRR! St o B85us b RV

PCTI AUOO/ OO0 rebtileirf 18 stidr opdrAtimbl potvet RG@itdMentsS Fusiag, thoaddaicmbl hays bheheat i ng
portion of the conductive pathway over which bend inducing thernal

. pat C

expansi on oBEHFES cqnipchng the getivsbedre megther mrhct pyrehepbyigs inersasing s dhermaly i s
configured joQsed RhdiRiEnedtify, %e?éb&%%aiﬂfnc%iﬁ’é 1h8 bowdrrb e @l SpRtaRtht Qevicel €Nd i N a
direction that is parallel to"the direction between said 5 respective

proxi mal 15and di Kissn objegbof thepresest invaption te projvides theima) b¢ndtagtugtonstatstieel t o
define a si . i S hway in t ref er. i.ent is
Formed on® st sPRbERor ot SR LINR G i3S A G E S ARARRARDS | C

ext endi ng aofths pridhet, acwhivie atleatoffi@sdadeful Bighaivabl y, the | abyrint hi ne

pat hway starts and ends at the proximal end of the active beam adjacent the

anchor portj t nly be supplied to the active beamio
menber fron‘#ﬁmg%pﬁ:f@m@ﬁqm mechanism In the first preferred
form this resuhbdrdifig @ aSirktlgpddt 6F theinlEion thefMi8 B p R b tkmBded ddtlator
serially interconnected strips. Desirably, the first active beam nenber
and/ or t¥e #EBEHE: beam nenber each has a first anchor el enent formed as one
or nore tabs ataﬁfs?ax{éh | o f&r@curﬁ-{% o?ﬁ&pﬁggm@gchor element, simlarly
preferably forned as one or nore tabs for securing to the novable lever t5
of the device tofishthetmallysombictreet astive lseamondnebe saened pedprofdmal endabkaid t he

t her mal benﬂrsgctcgla;c oorrt.i s{}nagt{ea&si%ng thaﬁ{e SI,[ %ﬁ}gd actuator in which the
second beam'rie L 3P0 % EeRS ¢a terial to that of the first

menber and whi clisdeasd sdalisrhemlier SikdiMrly eeohbied al a frbyisiaCend t6 edid figuarmhoons al ong

the portions that extend ) ) ,
P 25 portion so as to extend parallel to said first active beam member, each of said first and

second beam members being directly or indirectly interconnected at their respective distal
ends remote said first anchor portion;
wherein said first thermally conductive active beam member is configured to define a
labyrinthine conductive pathway having a combined effective length in a direction
30 extending between said fixed proximal end and said movable distal end that exceeds the

effective direct linear path therebetween.



parallel to the operational portion of the first active beam nenber, the
ends of the beans 20 renote the anchor portion being held in a spaced apart *
rel ati onshi ns of an internmediate non conducting hi t endi ng
e ebot vocho BB N O THe DRAW Neo A pr ef er TBERALRI R 0T
the invention will now be described, by g/ay of exanple only, with reference
to the acconpanying drawings in which: 25 Figure 1 is a perspective
sectional view of an |nkjet padd|e ejectaqr chanismutilising a first
enbodi ment t_ran'gb“etﬁlimt Hﬁqleﬁ%hdm&é%dg}af%?ﬂgﬁ?eg‘%w&% SfitherFopdetiveyent i on
i 11 ustrat edphBwhévet Ghithhefd ind@E: MOSial bQAnsibi sieuR, 2 IS a perspective
sectional view of the device of figure 17illustrated in the actuated
position; 3 o Hngfiret Befegedifogmcthe bhatintkine pathwasnis obnfiguesdde défine agharalityiofi t he

previous figur her . w . pl an Vi ew 0 ower. I her nal | .
conductive g%’fﬂ? %éaﬁ)gg}rﬁnﬁr%dn%né%}ngl%ﬁ?éﬁgﬁg P %Ql%&% tﬁ?%%of@ﬁ%eé %aﬂdr e dis
aI secti orsal ;ﬁbﬁﬁvexpaemn&ffl aﬁd]ﬁstdbsnﬁgeaidfstﬂpgbeiﬁg esriaﬂwgltéri:cgmﬁ%d foclghder with a
pl an vi ew of, t he | ayer I m t he second passi ve beam er;. Figure 5 is
a perspecti %_glsipé@efwghpw m?"g"aaef iyt enimdﬁe@mszorggﬁéeﬁe hipfie 6 is a
perspecti veyy bﬁﬂﬁ%ﬁ)ﬂs@&a%éﬂ/ﬁrm'tﬁﬁ phfE bxtedifd £YSsS tit-acRyd FeainthdrdteeN OF

PREFERRED AND OTHER EMBODI MENTS The preferred enbodiment il1lustrated in the
acconpanyi ng drRBreferably, ithe labyrintiijeatathyeag dlags andesntlpat thephosiniad endlofgheattived

usi ng MEMS technol o in ich.structures are created,vi lti-stage
oy ocass of L agirging el & it Pesier fled R iR sSmubi Ty By Bypih

di f f er enfo Madefibetfdin Hsl fH@d ipbitidd bAthe theGhdnixt, tIn I strefeREbREm, this@eshii®in
nechanism1l is forgirisd on top of a ClV[Xg]é%ub,strate 2 which is the portion
that cont ai ASTYEEe ARERDHAREVEE PRBRGTOS Prralld seiplly antereennestadstipst em as a whol e.

The 1nkj et el CCDBirabBCRRRK: Blte bBfth HiBaitRaoR IheSOAAR SEar? mARNL WO | €1
aperture 4. Disposed"wmthin the chanber 3 Is an ejector paddle 5 which is
moved in a @ist echbiosiehewdorthed as eneor nfartabs 4iats priximalznd, apd bypearpdaschof a

| ever arm 6., The armis unted with the substrate 2 vi n 15 jnternediate
hormal benfoREt AP RETC i eh o8 BrEP Ry T seguing o 8t Ayabl cver
nmechani s{g 7of a6 Usd&StoavHidl thé acklEdras tolRIcbhmete@hown general ly at 9 which in
use is secured to the substrate 2. Connected with and extending fromthe

anchor porti on Prefesably, thertbermahbsndaptugtoris adgesiony thegraalibord arduptar e whbish thep

Ext endi ng a | St . Y2 i cond, in
this case i%}ezgg??@%% %rg%éhgﬁ%g?@fi@x\%ﬁéegﬁca?g}a%ﬁgpm | ar 5% g{t]c e(r';hrbgrdﬁa gt its

pr oxi mal enghich hahsbbtantiily adentical physidal cnfifuratidns albap thegortans tnat eftertdhe | ower
active beam 10.i est sho inp figures 3 .and 5. It . C be, seen.that the
oper at i onal PP ?%ﬁe 8?“?%‘&‘%"3{;?‘} %fqﬁ%ﬁﬁst %ﬂ?’%ﬁe%ﬂgbe{%ge 54 °§§%E\B§%‘HS t he
anchor pgy t ebtdthd BechoP forfib®B&8E hedd th Ddpaded AparEreRitioAship & Mbdns bf s referred
to as the active region 13 identified in the various plan views as that
area bet weekntermedipiginon gendygtingigatpria) extendinpthershdween. The current pat hway 14
is shown by the shaded |line with arrow indicated on the draw ngs with the

| abyri nt hi ngRRRF OINCRPTEONOR THE WRAWINERE active region 13. Wthin this

portion it can seen that there are a nunber of parallel strips 16 which
ext end bet ween A preferred embodiment of the invention will now be described, by way of example

only, with reference to the accompanying drawings in which:

25 Figure 1 is a perspective sectional view of an inkjet paddle ejector mechanism
utilising a first embodiment transient thermal bend actuator in accordance with the
invention illustrated in the return or home position;

Figure 2 is a perspective sectional view of the device of figure 1 illustrated in the
actuated position;

30 Figure 3 is a sectional side view of the device shown in the previous figures together

with a plan view of the lower thermally conductive active beam member;



first anchor elenment 17 formed as a plurality of tabs 18 at the proxinal
end apd a second 30 anchor elenent 19 simlarly preferably forned as a
plurality 20 for securing to the novable |ever e inkjet
ej ection n@éﬁ%ﬁ?;}m 1. Two of the proximal end tabs 18 a?ﬂreéﬁeASIt“*e?lrr}loggﬂ to form
el ectrical contacts 21 and 22. WO 02/ 02328 PCT/ Al J00100749 -S In the
exanple illustrated, the thermal bend afuator is a transient thermal bend
actuator, the second inactive beam nenber 12 being formed fromthe sane
material as t hduew$ 4 ispsegliqual sdeiem ef the devisepfithepreienstitentes gether wishe i cal
physi cal caogfi Gu%aF RS Afne L ' [ .ons that extend

paral | el tgﬂt e operat?ygngﬂpgﬁ%ﬁgn&gﬁﬁs%%%g%ﬁ%% ive beam 5 nenber, that
is to the port ifguref it dperspestivevievhdipwingttenattivellayaof figupdraid el to the

active region . Agcordingl whi l.e the, overall si shape and
configuration é%glfrﬂ 5 °5%p|g?t§/8eré{%ﬁ&f’wg?"‘fﬁaﬁavet]ﬁ%ergiﬁg\lfﬁuand i nactive beans
10 and 12 are quite different, they are equivalent at the rel evant

| ocati ong, DRSCRIBTION I(OFEREFERRERDCANDIOTHEREMBODIMENTS rel ati ve sizes of

the tabs at either end of .the active and_inactive beans.is,i terial to
t he operation of*PH emﬁ’?@gﬁ%nﬁ‘hﬂs‘@ﬁ%d? the gecommanyiug drawings isan Jekigyt her

unrel at ed npiadfeafdcior hRehaaRAST fefdkel 08ivg MEMStebtiRlogh i WRith stenaedé ed to
el ectrical contact 21. As the current passes through the reduced section
| abyri nt hi n&egiest tip amultstaga mpeess tfsuecessively depepiiting apg etching thin Silve layery of
resi stance g . At . 'ﬁiﬁp‘?ﬂ he strips 16 in a
direction b@,ﬁ%@ﬁnét%é&ﬂ%ﬁ}s‘g%lﬁg{a%ﬁgu I's alasﬁ%fggste iereby applying a

di fferenii al stFhessechanisnn @ isforherdsindep affa CMOSaabstrate®r whicle Bulsd pogtidh thatt he

| ever to bend. u r dl from,substrate 2. This jin tyrn causes a

pi Vot i ng. of SRy et cHomeh e i s libe e Bl abhatule Ssias: o
toward the gedhafitmapeslhassen dk d}ﬂﬁb@bmaﬁu? Bih BiEtleRapéhtar 40TDikptisedithif thet he
chanber 3 as shown in figure 2. Once applicatjon of the current is ceased,

the active #esherdisansiesionprddiestwhislsis mevedia athietioneverd on away &emwe i n
figure |, t ' [ I r [ : perture 4,
20 In this %ﬁ%%bfﬁgéﬁgﬁgu%%%{h? \?lgét e?nxg?ﬁge?%gl%#b%gﬁﬁebﬁsﬁachi eved
via a mish wieonedate thetmgd bemhachmidr ynephagism shown genecadlyahe¥.i ce t han t he

equi val ent in the ior art..thereby significant].y reducin he.l i.kel i hood
and/ or degree o egﬁ@ﬁfpf W&"l}aw&?ﬂeﬁﬁéu%eé 36%?8{5%0%0%%@}18%&@&%%“?18% he
i nventi on hasisbResceaso tid¥abstaie ) Caheta@nsit 41d cRRAJIEP 6 theandh& poftioad 25
exanple, it w e appreciate ose skilled in the ar a e

mpl t,IIM ted by th killed th t that th
i nvention cdi afes lweprdpctivg agtivsbaan mesbeisl0. Exisoding appgpeed distance Al M A
thermal ben Q6 bl ng: ' th ' to a
[ xed subst 1oy o e AbAYe Sef pltaess o deqohll Th ufG00RAANE, el RibeE PERBLER | 0
menber s¥cusimiladhy anghgred i itseproximal end testhe ArsGarfchorgtortaomchor porti on and
extending to a .jqovable di st nd; a.second. beam nmenber. sim,l arl.y ,anchored
ot o or ol mal ol prdastoil e fier BB REP B BTSSR PP s B ol o
said first bedebvthabibaoparmivasportbaclt tefbeanisthitiviedh spirth thegmrtdtvirenthenenber s

being directly or indjirectly interconnected gt their respective proxinal
ends renot ea%cé?rdmmqngia“gﬁl&% ‘Pseﬁ(‘}P‘E Pfgtﬁ‘_? E’I?I% rVgP?ql lééqfﬁquit?éﬁ f ﬁgg’_ﬁal ly
conductive Rgloh'S idaaRIR IR aribds fANiEW4sAEht bka 88leAftha phifBdoted Rheids

conductive pathway having a conbined effective length in a direction
ext endi i b#hoween said fixed proxi mal end and said novabl e distal end that

bon act uat or aBsar ety P4 s bIRE indRRk Sl R SRY HiRReq & g Ly s
confi gured #rawihgf ivith tiee 1pbyuinthinet portivh 15@x@hdifg withihititsactivé Rpioad3t Withwi end in a
direction that is parallel to the di reﬁti %n tg?]glme,en aid respective

proxi mal antPsRozion 1t ¢aqfeen thafthere aur p gumpesiof garelldl stripp 16 Mhich exighhbtvesd & o

define a sin@tschetdimant 17AfkRGT 4581 plRERY oPfabs/ B8 AkheAR6RMA] A sh@a Sdodhdn 1 oOr
claim2 wherein the | abyrinthine pathway starts and ends at the proxinal

end of t¥e anchenclenyah iy sinvladepreferahly founadnes adturgisy of tabs 20dor wesuringdotie need
only be suppld f o I : bend
act uat or - acigy Sl is0er o S RS BUh Ml T INB Rt ifor e GHELRRS
menber has aefktesdeddmionnreleeirienteontaétoredl 2% its proxi mal end and a second
anchor elenment forned at its distal end.




25 5. A thermal bend actuator according to claim4 wherein each anchor tab
secures 1 or 2 strips, the tabs at each side of the active beam al so being -
configured t yide electrical contact surfaces for thg.activating
current. 6.W(X°7?(hg%ﬂrral bend actuator according to any one S?ﬁ\t he’ pr9ecedi ng
clainms configured to act as a transient thermal bend actuator, the second
beam nmenber being 3 o forned from an idemtical material to that of the

first beam nmenber having substantially identical physical configurations

al ong the porti dasherewampleiiustated shetheraial band ppiuatonis p irensiow thermapbemh/ 02328

PCT/ Al 3007 00£A YL LABnPinaddi® bldal Hom B! 12 48ind IR BIRShe sl BAAT 2 Ohhad N

beans renote the anchor portion being held A a spaced apart re aflonshlp

by means of <fithe axtize meohbertand having orbetenttially dlentidabphyaicaleohfigictativgs tlheg thbet ween.

A . A9s% Ah. A& A A(. Al 3 # i {*GPsy . . .

325t o) o [ v] cayrnufibe forlor 5 v en RangteL oo epnpeiopel mpiop S AL ATAPERR) ca cal

cal f%]) (]:-a]b ?a] ?&%B%Lﬂl@tai fb&h% P@'}iﬂnﬁj&]tﬁ? @dﬂ%dé&lixa\’e)ﬂend]s Gﬁfct]y]parallcl ti) the Le}]ctive] regi]on lcal
) v ca] cal.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU].ca] ca] ca] ca

>c/a] ca] ca] ca? bﬂ]%%}%}*@&f is1ovepl sipe, Ahaps ape sonbigurajion ofghe deposited layers

v9%-/ | MM } XS Nfohnigh el eV EAUGRIRRA Kealns 30 2 L€ alikcAiffdthR ahepd:€ el iRldglcal ca] ¢

aJca] ca] ca]calcaJca] ca] calca]ca]cajcalcalcal % K |

L Z1 1" ## S SOheslBestdecations, (hat is fiviigeguiiidheraive eegfaa]3c dhe afldive siapeef]tiafien] ca] ¢

] ca .cal ¢ 1):)../1&

TS A D eGSR S0 R R BT B S AP B R SR e L ca

ca{;a]cggg;]§?¥mg%g§g§ghgghﬁa&6ah3?wmﬁﬁ$ﬁhh&mﬂ$ﬁﬂh&aakMQHhm&]caU]ca]baU]ca]

cal] ca X s WX,

45B555=66{ vql gb]X¥bF3Fa0f isapelisdda pleciiical poniact 21 A tha pemagnt Bpsesthapshthe ca] caj ¢

a] cal] ca] ca] ealeak&abs tbedlikial peHicRl S Rligia ittt egioff T8 thdFRMLAYE fsistanct
10%& ()-@0%& ()-!b YI0%& ()-!Y10%& ()-Y10%& ()-i{*dESY10% & (? -
10% &' () - S109%&s dlative thermal expansion of the strips 16 in a direction between the proximal and

10% & () - Sf 1Q%& O & () %W &, 01097 & () - kb - S3"10%
1094 ()~ 19912 3100681 COBECLAY 8, o SEAMIAHIO Pl

10(%_2 & () -15s! th@?@&;tbbleﬁ&im (@)&V@ﬁ‘(@'ﬂlﬂ%ﬁ'&% ) ITE’S ixﬁﬁfn&'éa(lsels la piv(oﬂlﬁﬁ/ﬂ?ht{ .) -H

e T 100 oA S s O o 1o 0 @loe O @aIgni)) -

t 109 () -! s 1 Qg b didp U idk ou? $ABYEhdmler 3 as shown in figure 2. Once application of the

current is ceased, the active beam 10 cools and returns to the home position as shown in

figure 1, the drop of ink simultaneously breaking away from the aperture 4.

20 In this manner, the same effective thermal actuation force is achieved via a much
shorter but potentially wider actuation device than the equivalent in the prior art, thereby
significantly reducing the likelihood and/or degree of buckling that may occur during
operation.

Although the invention has been described with reference to one specific preferred
25 example, it will be appreciated by those skilled in the art that the invention can be embodied

in many other forms.
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LzI1dE/ 1059 10(V%1rst {I-Permglg%ox%iug ve gzgfvegi)e(a)n-member secured at a proximal end to said
5  first anchor portion and extending to a movable distal end,

a second beam member similarly anchored at a proximal end to said first anchor
portion so as to extend parallel to said first active beam member, each of said first and
second beam members being directly or indirectly interconnected at their respective
proximal ends remote said first anchor portion;

10 wherein said first thermally conductive active beam member is configured to
define a labyrinthine conductive pathway having a combined effective length in a
direction extending between said fixed proximal end and said movable distal end that
exceeds twice the effective direct linear path therebetween.

2, A thermal bend actuator according to claim 1 wherein the labyrinthine

15 pathway is configured to define a plurality of parallel strips oriented to extend in a
direction that is parallel to the direction between said respective proximal and distal
ends, said strips being serially interconnected to define a single pathway.

3. A thermal bend actuator according to claim 1 or claim 2 wherein the
labyrinthine pathway starts and ends at the proximal end of the active beam adjacent the

20 anchor portion so that power need only be supplied to the fixed portion of the
mechanism.

4, A thermal bend actuator according to claim 2 or claim 3 wherein the first
active beam member has a first anchor element formed at its proximal end and a second
anchor element formed at its distal end.

25 5. A thermal bend actuator according to claim 4 wherein each anchor tab
secures 1 or 2 strips, the tabs at each side of the active beam also being configured to
provide electrical contact surfaces for the activating current.

6. A thermal bend actuator according to any one of the preceding claims
configured to act as a transient thermal bend actuator, the second beam member being

30 formed from an identical material to that of the first beam member having substantially

identical physical configurations along the portions that extend parallel to the operational
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