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THERMAL BEND ACTUATORS" FI ELD W NVENTI ON The present invention

rel at es to‘&(gg{/ " bend aﬁ\\\\“ﬁ\\m-\\ nore particularly to_a 5 bend :
actuat or st g that i aple for use in the desi g CaAUYW Hower ed
general | y el ongate nechani sns,*0%Mfch using prior art structures nmay have
been prone to buckling during operation.-1Fhe invention has been devel oped
primarily for use with transient thermal bend actuators, that is actuators
utilising paral | 'BUCKLE RESISTHNT THERMAL BENBAGTUAPORSYO be
sensitive primarily to relative tenperature differences and thereby |ess
sensitive to anbient conditions, and will be described hereinafter with
reference t I c o i cation. However, it will be appreciated by
t hose skill %@??Eﬂ?t, tﬁgit%yhe inventive concept is equally applicable
t o non-transi entThe presenh invbgive relatesitattbermal tenll adiiaigrs afidmoexariellarly ia met al | i c

actuatorsci LN nec Lcal thermal .swit.ches. 15 BACKGROUND OF
THE | NVENTI gﬂ%}‘#ﬁ%‘“ E?IZS@ﬁ{‘{eﬁkr‘ma\?‘esns TARIE Poxuse il e J&%%?%B‘@&"’H&“’g EFEIAY of

over comi ng iaghte mechmismWyick ndogpri@aadirditiresigaf Rve BEM @ity beckingd desi gn
of mcro-electro nechanical systens (MEMS), which are produced via a

mul ti-stage dE‘F‘B%gléeéat{S’P' successively depositing and etching thin filmlayers
of different matiggt RICT ' Is i :

Typi cal lye L r aner oot nadfeep BRMTRN pRrah B ik W Bpitat BEARTLERY, |
deposi ti ng isatuatorsothatis eetdatora utilising pasgirt ebdagianticam el idedticyl masariabitsods taayer s
or beans  pof i ve teribal wthin syrrounding.l ayers of .non-conductive
structura r}r)gt(:g %%lugl% pgll?gﬁnge{g reé‘%vf" \é\é(%ﬁera?lﬁgg gﬁﬁesﬁp‘gﬂﬁ%ﬂe@ﬁseﬁfﬂ‘%@ end at an
anchor and ambiwacteditiohs, ah@will beafesdribed hereiBiea bl retbrepasth 19€ prefegredechani sm
The actuator _is é.he control Iﬁg b the%cpaztzage of a heating current through
one of thes@PPURGHPT Howssyer: dwvill fe appreciaf PRe fn the gt, dhad the imnfiyeni ni se

the power reghieptid cAPREBIRRE foRnRENAR RIBalLAEPIRRRL inbRapese actuators,
it is desirable to use relatively long actuating arns so as To achieve a

bal ance bet &¥Apladtrmetafligastuatoes ineleiling plectrapecieniral thermal switehesr ee di stal end
of the lever 30 nmechanism achieving the requisite applied force, and

controlling !ﬁ?li ﬁﬁﬁ%@% urrent required to effectively

oper at e tlﬂeﬁac u%?éir. -@{O@ PCT/ ALI f 10/ 00749 It has been found
when nodel | i ng Fheprestnyint@fion hileen B&lelopBP3RAREAEbNoveicBRidgGRAEmS he
unsupportedcgtgan of the parallel beam nenbers of the actuator, the nore

likel'y that “SBmenyegraatesd dytekite mynpiactyrsiang designgd supro-clagizo msehanisal ng
det er m nabl gydamaAMBNIEE whith a’feﬁ}%ﬂc@d vix\lg'nhﬁﬁft';ée ﬂréce?@ﬁ%h@e&li\legvedgﬁngﬂﬁ t he

buckl i ng node and cone up with satistactorl S operationa gns t hat

al | ow for s@edhetphipkthimGlm laygrs of diff¢rentanagerials usmg integrated cirdug SM@ST i ci ent

and/ or I%st&mhﬁ abl e node of operation of the device. Accordingly, it
has been preterabl'e prior art practice to try and stiffen the effective
beam portion of Tyfiellactransientrthérmalbend adtsators heedinMEM S are fdiftied bg depoegingone in

a nunber of .ways includi formng stiffening strutg and ot her reinforcing
structures f:ﬁggorgsgr{g PArg egsqapfgl%zglgﬂgegp yﬂ%‘{lﬁgdelﬁy%ﬁ 1Re0f 99BPNSHYE t he two
act uat or beafiferiaHRMEM Sfirroulnfling 1458 oPANLcIndtive 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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di sadvantages. Firstly, the additional structural material and general
stiffening of the lever may result in higher operational power

requi rene ) her, the additional nmass of the strict ting the
active bear%ar%ﬁg’é# may act as a heat sink, increasing thtg’l?ﬁg@%ﬁgl osses
during heating, thereby again increasing the power required to operate the
device. 15 It is an object of the present’-'i nvention to provide a thernal
bend actuator structure which overcones or at |east ameliorates one or nore
of the above diKbaskesa fonind adommodejling syfch dendcesythey noj prexpegtedinithelonger thsast

offers a us i MARY, EM ki t first
aspect of tﬁ%ﬁkﬁ%ﬁs P %ﬂ%@%@s a prpg@lj%ggﬁgé\%/ erdﬁ’a%le @é?\eglﬂ%b{} g%ttsglrngzo
}_ncl udi Eg: delcglréefcsﬁbugkihig_ds gqng toio@mr{3 the nmde:heih@@:térmimbfgibyamuﬂibbxsdﬂfattti&s. ad
irst ther . onduct.ve actiyve m nmepber, secured. at . roximal end to
said first %%@ﬁ‘%ﬂ?ﬁl‘g% P BRGC ?g?fgf%m_[’%‘;oa&‘dmﬁﬂl’ &“&gsgttsgicp% © a second
beam nenter opdriiidnal desiga@RONIBE, f3f sush Bﬁqklih%m!hs BMHkelly@o feBhlflin{d leslefigRor 25
portion so as_to extend parallel to said first active beam nmenber, each of

sai d first apHodesaruigeinmadsefoperation ofgheidevicet |y or indirectly

i nt erconnect ed bikr | e%.g : | [r chor
portion; wherei %E%og@ggly’l IIE' Eatgm)t% %%al?r%%faﬁ%/ co%gﬁ@? I&\I/cg?gg% ﬁ‘ﬁ%ﬁ%{eﬁ%& tg}r3 IS
confi gured beangipdrtioe ofithe atsyatonto hiimimisschobickiing: This dandy dérenin aguaberarfbi ned

effective length in a.direction 30 extendi ng.between said.fixed proxinal
end and sai d oV IB?IQg &ming Sttlgt%'&m% ﬁté‘ﬁs @flcogféedgﬂ?ﬁ’é’"&sfr&‘&t}'ﬁet?g’ah?’&% | i near
pat h t hereebehiwenely beti@e®indnZBR Seyord HetivdWOQ4t0I0%48s. THEWERE,This edd Iest twe

|l ength" is used to refer to the heating portion of the conductive pathway

over which Bisatyantaaeic iFigily, feradditional saveirelmaserial pad gepprabstifieniag ofthefeyer ed
form the | aR¥iishii REhd 3piiithal Soyfe? Mab @&, [Pl 8ol it o Yo"
parallel strips orienfe 0 exte Inadrection that 1s parallel to the
di rection betrwean centiating theespedicamaenqmisx inap ket anahait sitk linaemidig tisahetnst ri ps
n the: pr et e iRt BRRRETSTY Pub st oont KR eRrr PRAIR R BhesrEeul te. i n
a squar eisvave t jtpeanpstidcesftheplessntinvehting topBvide & tirfrhdl bendebindretiidire

Pref erably, i‘gﬁ%‘ | abyr i nt hi p?e pat vvaty starts and ends at the proximl end of
the active BEMHOYHCIRERT & frastamelieratep oe qr gppre ofghs shove discissed fasedvasingss be
suppl i ed tOofﬁgﬁﬁﬁﬁéﬂ{%r%ﬁﬂhﬂ@as%ﬁggﬁuge.rﬁﬂrﬂt&hﬁi\fe! xed portion of the _
mechanism In the first preferred form this results in a structure having
an even nunber of parallel serially interconnected strips. Desirably, the
first activ8U AFFHEANVENTIEN second beam nenber each has a first

h I t ; | j d
anchor ol nent , ~SioRa R Alepl ARG i B ihere 53 R Wbt pndt it °C "

secur i ng2a oidchelingovabl e | ever 15 of the device to which the actuator is to
be connected. Preferabl the.thermal. bend.,actuator is a transient thernal
bend act uat or iﬁ%{’/ﬁ%f“b 0 ng?b@ﬁﬁﬁur%&aﬁ&ﬁ% St or med from a i denti cal

materi al to thakfigk tHehiRallyl coduciRedtive Béach MBrnBd? stbafed Std Flogiddl ahd 4 shident i cal
physi cal co gurations along the portiogns_that extend parallel to the

fi
oper at i onal %b%?‘{“ihﬁﬁpﬁloﬁﬁéle?‘fﬁ“@‘flg&b%Wéabﬂfe‘Hﬂ?IrFé%er, the ends of the beans

a second beam member similarly anchored at a proximal end to said first anchor

25 portion so as to extend paralle] 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.



20 renote the anchor portion being held in a spaced apart rel ationship by
means of an intermediate non conducting material extending therebetween.

BRI EF DESCRI PTI ON. OF THE DRAW NGS A preferred enbodi ment of the invention
will now be¥98¥¥thed, by way of exanple only, with refer BREAUIHO{4Se
acconpanying drawings in which: 25 Figure 1 is a perspective sectional view
of an inkjet paddle ejector mechanismutfrising a first enbodi nent

transient thernmal bend actuator in accordance with the invention

i lustrated i n thedemptaffeative lengiiiis pengite refer;to thedwatingdortionaf frerepdurtive e
sectional vj LCe: : i.ll:ustrated in the actuated

posi tion; 3b %mg%ﬁ;reg%?,g??kgflggéﬁlé%t%%ﬂ%é|gx 3L 4\}éldle‘it’/\‘/;co "the device shown in the
previ ous fi gur el atfrgigiréferrediotrh, the abarinthinepatihiayt is ol fiparid tb BEfH¥R glyrality of
conductive act L%e Dbeam mepber; . WD 02/02328 -4 PCTJAUQO/ 00749 Figure 4 is
a secti onal Paillpl PR gFigste tﬂéxﬁ%‘élin@edl{‘}’rm‘f atis RAFRLEL & the disection beyeerhaid wi th a
plan vi ew Ofespddfve pySimal IRl bE 58 SRIE bHAS Sridfly PERABIMEIRED defhdir € 5 1S
a perspective view show ng the active layer of figure 3; and Figure 6 is a
per spect i vesipglenatBax Aythisnathyvey én the prefsreed eotbodiment is formed oDESERIfiERI ON OF
PREFERRED referred.enbodi pent .illustrated in the
acconpanyi ﬁ{gy%é Sg\l}'ﬁ%‘ élﬁ yﬁg%dgﬁ%vg?ﬁ 5 ﬁ?}gﬁ ee)gfrgl&goarcr‘)r?ﬁgﬁﬁﬁ?‘éerheimﬁ?%&ed

usi ng MEMS t echireferably, the ladyriathirktpatholay stass @idends gakestoxihal endvflthd activege
process of succegssi veg%/ dﬁ‘?osi ting and etching thin filmlayers of

di fferent niEByddiacent iy mghoriogifnatosthatomernoed eminde surrkied tuibe actiye bpam
mechani i Imbmbér@Foibthe kel PoHiOh oPthEMeBhaRIRS Uh BleSird pAETdY forin RS QAT dnON

that contains the mcro electronics used to control’ the systemas a whol e
The inkj et @fteectuss havingraravemnumben of patalie! sanially knterbambaed Sripsavi ng an out | et

. Di it Ri . hanmber 3 i ' ddl whi ch i
moved 1 a i r oaer Bt B E P PR b ol EsoREbam AR Stk s | °

| ever arm 6firsildnehdretenicht fopmad sonsiok hotdabssdt RS brokingal 2nd/iaAd @BecdRd iith6r Medi at e
t her mal benci act uat or mechanj sm shown gener al at 7. The actuator

mechani sm 7e/FRAT By rrpierplyfntmedias ga¢ on meFo SRt sgawiag 19 thy movalge lvech i n
use is %@C%ﬁﬂe%&i&'ﬂ@wﬁ}éﬂﬁﬁéa}hﬁto@i { QG&&S&Q%V‘“*‘ and extending fromthe
uc

anchor portion Is a first ermal 'y con ive active beam nenber 10.

Ext endi ng at a Psgfemably, tie sheamaldendantentdriiea aatsientthomalbersinretiator $n whisktend, in
this case inact,,ve, beam er, 12 whjch js 2q sim|l anchored at its

pr oxi mal enscﬁcqn(sl.b[e?fg ni'elni‘q’s"f lsgﬂwgrfrlo_ﬁ‘b? ﬁeﬁtﬂfabr."at?ﬁﬁl tﬁmﬁ %‘lﬁggﬁ BEMEFT e | ower
active beanyibh hs sbBgintiahpWentidal ﬁuygum%n%]@mnmohg the %&ti‘%ﬁs #8eRdnat the
operational portion of the beamis that ich spans the gap between the

anchor por tRagebtodbrionerationsl porion of the Tt active beamanerahemtiss qiids efithe beanast er r ed
1o as 196 aehbihd £Eh&holtbn KlEN'Hld 8 shlded Sirithali BiRioH Heald G 25 L Dat

area between the pair tt I nes g current  pat hway 14
i s shown byintetmedidtanatcdnduaingintaerat extendingdhereticekenn t he

BRIEF DESCRIPTION OF THE DRAWINGS
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;



drawings with the I abyrinthine portion 15 extending within the active
region 13. Wthin this portion it can seen that there are a nunber of

par-al | el i 6 which extend between a first anchor 1,forned as
a pluralit 63?/37’[3 s 18 at the proximal end and a second%%ﬂ)h/ﬂ@r‘w el ement
19 simlarly preferably formed as a plurality of tabs 20 for securing to
the novabl e | ever arm 6 of the inkjet e‘j”ecti on nmechanism1l. Two of the
proxi mal end tabs 18 are extended to formelectrical contacts 21 and 22.

WO 02/ 02328 PCHigwedoy oepiianal gdg viewgbthedayips of the praviovsdfiguees together withgal bend
actuator is [ dat .econd i nactive beam
menber 12 b%l?lﬁg{e%?lrtrtgeg%fe%goﬂn Wéhé;%ﬁ%%%bgﬁmé%%gt of the active nenber
and havi ng subsHigmtiSad 4 persmbetinte view shplwis thahctive lyergufifighitednandal ong t he

| abyri nt hi ne p\?[g.ti ogs t hat eggtend ar al Icgl to t[}g o(ftxgrﬁati onal portion of
the first acti vVESFERAT SPHEFELE VIThoWme P resiee B 8861 t he devi ce t hat
extends directly parallel to the active region 13. Accordingly, while the
overal | si zPESSRAPFIGNOEPREFERRED ANDOOTHER EMBODIMENITSyers form ng the

active and inactive bea 10, and 12 are qguite different, they are
o val am e FerpE e ebotisey 1etod n e dotormbnying driyingt § SInKiEt  ve
regi on 13. JThRld fdcfir me@hishe § pRtiuded Bsihd EMNS 1Rl M6y if Wlichlstrbdigreqtrbi Ve and

inactive beans iS inmateri al fo the operation of the device |0 and occurs
purely as actededivie agfultysstags praeasepbguectsyieehudepositing ang etabing thiarfdmilayes of | n
use, current.q J. . L : ct 21 As the current passes

t hr ough thehlﬁg%ﬁgﬁgéegggﬁ@%ﬁ%ﬁa;eﬁc(riir?’#]lltﬁgmp r%?e(%snes'w within the active

regi on 18, the Theanhehagsn 1dsfoshah@etop afls EMOSdubstiave? whizh isthe posfiamehapn of
the strips 16 i.n E directi on_betegeen t he proxi nal agﬂ diﬁ%ﬁgjﬁends t her eby
appl yi ng a SAMAIRY 18R micHp cleptraniss uses tp rantioh the Susiera avt whele 4 bHeCHOrc qusi ng i

s the | ever neghaRRMA BNAdshnniedMaMmbér PRvgRE biilddt @petturelNi Bishéked WithindRdISes a
pivoting of the lever arm6 which raises the ejector paddie 5 upwardly

. C » . t ) .
toward the ehpmber3 igsaeiagios padle hwhighis mpaysh ingydizectioniowerd ararapfipmdhe t he
champer 3 a%lb?»t@ﬁ%bgﬂm sgdfrage\%rar%eT&paﬂjn'isCﬂEﬁrﬁéh\Qirth{hggulﬁﬁgt'éé ia > CEased,
the active beam ool's and returns to the hone position as shown in
figure 115 t ngerohediptedlicrnalkbend acttdtamemhalism Hrosalgengalipdy. f rom t he aperture 4.

20 In this manner, the sane effectjvye thermal actuatjon force i chi eved
2Da n i anor Tl achybfor BRR BB Rolalss ASLaBEeS Py On Ry opADy A Dyyaich
equi val ent ik ReseRirkdfo (BE SubsttdRes. eOMmSEiENiyith BRNGkAIRBHOR 1N aidh6r pdrk&l | hood

and/ or degree of buckling that may occur during operation. Although the

i nvenlti on hass piwhtheraadly consyctiverantivedicamarrseber 8. dfmdensinacit hispacest distepaeed 25
Pvent ton o g edBr ARRRACHANES i WechfI5 AR bt Bl b Bt 13wikclls, 1y

t her mal #enedimaletly atchpred atitumioxigial endfte thetfirstaudhor pgtiert $.on for securing to a

fi xed substrate;, PCTLAL100/ Q0749 a fj.rst ther.mnal conductij v cii.ve beam
renbor oeur od- B SR ot Ut skl eal WG oGS Hiibd TS, fen
ext endi ng t be geeithatthe @pétuisdnal petich ofahsamrigthaewiivingihethe ghpbdt@édnythanchor ed

at a proximal _.end to said first anchor portion so as to extend parallel to
said first aRapvRorBIRhidhpelpsesiend pf e lavss gmrg which Basfewed o hsshitsrenber s

bei ng di ' CHgion®s il i h viRLEPIRO VRRE htlbealtRRlden HRTABSE bt HnEds ™
ends renote said first anchor portion; to wherein san irst thermally
conduct i 2 awmwnve beam nenber is configured to define a |abyrinthine
conductive path havi ng a _conbined, ef.fecti length in ,rection

ext endi ng bet weﬁy%eﬂtRaﬁwgﬁqgrlso%??%fwLbﬁﬁﬁ‘éfiﬁéﬁg%}"gg%%‘ﬁm@%%ﬂ??(gfe end t hat
exceeds tw dewidps vefhitRelabprintidhd guitiod 19 @tdhdipgtithin e adtiet vaeoh 132. Withih her nal

bend actuataqr according to_claim1l wherein the |abyrinthine 1 pat hway is
confi gured ths BRI cap 5pRthal therg atsre qymybey frféamﬁtﬂrsfrﬁ@ 16Mhé¢rheé&n{1§et&seﬁ%d in a

direction t gk ahchoPalbbnt @Y férhell BEa HlufaBBdredbs l??hﬂ"tﬁ@?roﬁﬁ&la@' ehERRAGEENE
proxi mal and distal ends, said strips being serially interconnected to

def i ne a3Gi aegher gemetd sinmlarly prefarably, fonmediesta plurality € tabs 40 fog secoyring teithe 1 or

clai m 2 wherej VA I g){\mé ts d ds & i mal

end of the é@ltv %Eenggﬂaa?h&aéd‘}fg%egh@&tcﬁ%h 0 acnh%higlﬁl lpc??’?’. %fﬁﬁes‘%mt%hlgt tt’}1|c(?)lc;[\g/txfes?Pgneed
only be suppieexttniel tb fenf ¢lootdtapamtacsi2l ahd 2he nechanism 4. A thernmal bend
actuator according to claim2 or claim3 wherein the first




active beam nenber has a first anchor elenent formed at its proximal end :
and a second anchor element forned at its distal end. 25 5. A thermal hend .
actuator a i.hg to claim4 wherein each anchor tab secures 1 or 2 - .
strips, th(ew(?ézg@;‘%t each side of the active beam al so bei"fid 84! Gured to
provide electrical contact surfaces for the activating current. 6. A

t hermal bend actuator according to any orfe of the preceding clains
configured to act as a transient thermal bend actuator, the second beam
menber bei ng 3o In#erEamplediiustiated, deatheroal bendmetuatal is pdrahdiatt tiefmallbend i r st beam
menber havi Lad Ly 4 [ cal ical. conf.igurations alqgng,the
portions t hg@tJQ %)%?’Zh%g%g@a#ngg t8 %&r{‘ ﬁ'gmg%g?;bte 16 %%F’eg f\ﬂ% %ﬁf%’fﬁ?@fena? as'that

PCT/ Ai 100/ 00%4g getiv¢ inemberfantl hevifid subbtamilly ienbebphysRalehfigirione Adse B t he

beans renot he .anchor. rtion bei held in,a spaced art re|ationship
by neans of el%é?mn "éerpr?é{d?'ggléa ﬁ’btf‘fl‘&?ﬁgltgﬂ: itg‘Fg"H"?’é?P@?aﬁ RPrtian oEiha firg 24tive bease t ween.
. A" 9. As{ . A ymémbedsthatAs ©IepbrtikM@le &RicX that extends directly parallel to the active region

\ cal.ca] cal] ca] ca] ca] ca] ca] caJca] cal ca]calcajca]ca]c
g}lg ;{ 2a}/\£ g? Lﬁﬁ%&%ﬁ?éf%%h}e@%@iﬂ giee, ]shap]e anA con]ﬁgur]atiog of t}]1e deposited layers

JTs&AnK* +Yei g W AN YotV ok 1R Cadcal.cal cal calc ca] ca]

2a] ca] ca] ca] A CA IR Are 8 RIAAEEL IR, SRR IR Gl

Istt|w m]qc/\]\qlq m@]vela]lm}lm?} thﬂl is a]amgmﬂjatﬁ?*gﬁiﬂggl% az}: gdz.ltﬁ'.a.]sﬁad( (ifaﬂe)ctg%f acha]O
ca] ca] cal.¢al.calc . 7 .
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15 the lever to bend upwardly away from substrate 2. This in turn causes a pivoting of the

lever arm 6 which raises the ejector paddle 5 upwardly toward the outlet aperture 4, thereby
pushing a drop of ink out of the chamber 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.



JAESH= 10, @O0%& () -, 10%& ()-Y S109& ()-, 109 ()- 10%& ()-, 10%& ()- TsAESH=
10@#, 10%& ()- @ 10%&' ()-, Y@ 10%& () -s! (153%(5;3()16&:&@2) ‘) 10 "

109 () -s" 1QU& () - &nKJESH= 10Y , 10%&' () - @+10%& () - () -

109& 8 s&\l’%%{ﬂ%s Y $10%& () - K*+dESH= 10s96&! 10%&’ () - @S"grég@c')(‘ﬁ”-“?f

&3 10%& ()- @Y 10%& ()- @ 10%& ()-sY.f 10%& ()- +VWKYei xbC 103 10%4& () -

1 10948 () - 10948 () - ml0%4& ()- 10 10 10@10% ()-"wa?bC !L" 10%4H& () -,

10948 ()- 10944& ()- 10%4& ()-!1 M 10%H& ()-9 10%4& ()- 05p}~?bC

10948 () - 910%4& ()-Yf 10%4& ()- 10%4& ()16 109%& ()-!=L" 10%4H& () - x) f dEbC
*10044& () -s' YI0%& () - %rL0%-&' () - L$10%4& ()-" 10%4& ()- & 10%4& () - gGIELC
$310944& ()- MGDARM: ()- 010%4& ()-. 10%4& () - 9- 10%4&'(§)-;'Li82ﬁ' 8-G[Z)bC e
109 () - YZ109%& ()- 10H 10HS8- 109%4& () 263" 10%4& () - *()-vD u

‘ 10%&'( % )-3 &10tyéz)‘( )-3 Asj‘%g%&)??-ga?ltf%&"%”@“giow ()-9! 109%& ()-u

sl "a#dEbC a first anchor portion for securing to a fixed substrate;

a first thermally conductive active beam 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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