: JKe3eD\ A86T\ +/ woa~=~v i nnm~ uA~u np .~r, ~vo~" DEC Nt
"BUCKLEREG615TANTTHLI LYI p ‘ ; S" FI ELD OF THE | NVENTI &l The present

) mvenho&gﬁj@%gﬁ t o t hehlivg @it uat ors and nore particularly to a bend
act uat or e that is sulkét,ggbl e for use in the desi gnPGI/AU0MOYIeNEr ed

general |y el ongate nechani sns, which using prior art structures may have

been prone to buckling during operation.i= . . The invention has been

devel oped pri rrarily fox ruse with transient thermnal bend actuators, that is

actuators Utl||8 ][csgiagm gﬁﬁt rraterlals SO as
to 10 be sen5|t|ve pr| mar ORSYnd

thereby | ess sensitive to anbient conditions, and w | be descrl bed
hereinafter with reference to this preferred appl i cation. However, it wll
be appr eciFAEED OF THESENEENTION ' in the art, that the inventive concept is

equal l'y appI| bl e, to non-transient thermal bend actuators |nclud|ng, for
exanpl e, Irgsentinvention relatas do thermal bend ectatorsenidanire hrtichlatlyad a

swi tchegs. bg,@m NTION T rese i nvention has been
devel oped .as a neans o %EFAE%JNWIE B?%SSI]'B Ei‘i}”ﬁ%‘é’?fe@lg@?ﬁéﬂ}’durl ng

the manuf alngete mevhasienisORhioh using ﬁoﬁhﬁﬁﬁﬁ&uﬁ?@agﬂh&@ﬂeeﬁ@r@qg ngE'VB)

whi ch are pr.oducéd via a rruftl- age process o uccess 8 ng and
et chi ng tﬁlﬂngpp?ﬁﬂl@!yers of different materials usingint egrated circuit

CMOS 20 techn transjent thermal bend actuators used in
MEMS are for %Iélg%%ve&gégb?ﬁ?%‘ detvelapeopriraatiiy donyse atitheiransisat tharnzed end
- thermal | yattagdosd, @cht §PaPi80r3k e hi
sur r oundi ﬁg layers of noa?imggﬁ {alx‘eéilg %@gﬁﬁg’“ﬁw gr“k&ﬁ"@ﬁ&i"@&%?ﬁt@on
The beldmsb aﬁ@smé\mpmﬂardy tmmiatmdempeﬁmr@ﬂiffk%nc%d%&eﬁﬂe%dseﬁﬁmw other to
t he rmvablalglb tggfﬁ% of t { mfchanlsm The actuator is tthen controlled by
th;a. pasza bqnggﬁ densngnd wil th%flespﬁb&@ﬁiemnﬁemmﬂtm&mndeaqdﬁsgﬂemm ats t[}ﬁ
active be r ni ni s P required to operate the
mechani sms |Hr%or por at i ng ﬁﬁ’g%leb%aa?ﬁ?g{a{) sglvi@ééﬁlﬂ?fﬂfbﬂt%th%évwéwat ively
| ong act uedricept BreqBalioapplicille wﬁu&&m&%ﬁﬁ&&ﬁﬁ%@ﬁ&mm@é £ t he
c

maxi mum di spl alcement at the free distal ever hani sm

achi evi nge’fql?%p Felﬂtﬂl%tﬁkh@ agpiatare thehulingelectromechahical thesigh sWitcheg) t age and
armunt of current required to effectively operate the actuator. *coooo2*

Dgg gg@%é% 2 PCT/ AUOO/ 00749 It has been found when nodelling
such Vi ON he | onger the unsupported span of
the parall el g&.ﬁtm; tor, the no | i kely that sonme degree
of buckling |'isPﬁgg}| ng to egltt:lgébwf 4‘?8 BP%?%?ng@Sé&ﬁlvﬁﬁﬁm@gwoﬂemnber of
factors.  Wmimhlyduoomipeashiihg tmBhdsiil HRA0uf kHiRgo ThdE, Ay cann up

ng

wth satlsfactorll S operational designs t or's

this is I‘W@ U Chmeapmé!s@deaﬁd ammtagaﬁfdaésslcﬁ’sﬁcdagmlyaéw paﬂg)de
of oper ata&pﬁ ggﬁngﬁ# Aﬁél%rg It has, been preferable prior "art
practice to try IF%?{SP @%@mﬁlﬁmﬁt iepnittGMO/ct uat or to

m ni m2ee. tetlgolbgekl i ng. This can be .ddne in a number of ways including
form ng stlffenl ngllstruts and other reinforcing structures that extend

yp1c , transient thermal bend actuators used in MEMS are formed by depositing
interconnected parallel spaced apart thermally isolated layers or beams of conductive
material within surrounding layérs of non-conductive structural material such és" silicon.
The beams are secured at one end at an anéhor 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 betwegn 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 r:equired to effectively operate the actuator.
(R
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1 o transversely between and often beyond the two actuator beang.g Wr,'

this can have two di sadvantages. Firstly, the additional structlra

~ materi ayoapehggneral stiffening of the lever may result li(f‘rlﬂbw‘?@'? 9
_operational power requirenents. Further, the additional mass o t11e

structure. contacting the active beam nenber nmay act as a heat sink,

i ncreasing the thermal | osses during hHeating, thereby again increasing. the

power..required to operate the device. 15 It is an object of the present

i nvention t oltprdheandound mhenmodeling such desices, that, not unexpediediy, thy bmgerhs or

at | east ' t es e or e of the. ve di scussed dj sadvant ages of
the.pri o‘#&gﬁ% ér?é(;cf‘s io? < ar?lgii)gm%me rsac?f?}ggpqpatg;,t RArS W@?Y@%m@/ OF
THE | NV N\ A RIIHY i ' PEChe; i t.i '

pr ovi dega?ft her mal pgeir%&ég%ﬁ)aédg?ﬁg%alﬁncl ued?%g‘%tggm??ﬁrﬂglt%gnc oﬂré?égfrak:ﬁ%% for
_seﬁg ri ng“ﬂ@lsfaléﬁs m@mtmsprséxllmtheguéklingm%d?rmm;e u;ﬁwttheﬁtisf@t@ﬁyi \ée beamd_ ,
menber secur.e a_pr.oxi n sal, irst_anchor portion and extendi ng
to a ﬁov%qr%uqﬂaga%qmgsﬁg;at aﬁr§v¢s§5 Bﬁ%ﬁﬁhﬁ‘mé"rm&qlﬁq wepulingmleporiBaicat a

proxi mal aeask b ﬁ@ai@tagiéﬁ%%%‘?ﬁéﬁfatﬁﬁgf?ﬂé&e&??es0 as to extend parallel to

said first active beam ne eac sal. irst and second beam nenbers

bei ng di r ect Agcardinigiy]iit s theyn prefealle priecire grasticd foaty addestifRaithy eradtiskal ends
renote said first %nchor portion; wherein said first thermally conductive
active bRAR RebipRfthe actirtordemalnimise thetbuglling. | By cambéilone inarmindter 06

th | 3 ‘ l.hed fect | I th i, di ti 3 di
et voon 2ot P BuR R BreuRE ol of Pl oAl it AR cxcoods

the abf epinsverselyiReiedn RS feRHe orid \BE BHE hYRSHr be %{Rﬁ&ze@%s\/é‘%lﬁgég%ﬁ 8 -3

PCT/ AU00/ 00749 The term "effective length” 1's used to refetr to. eating
porti on @&isadvagtagesn diicstlyy thepalditiony! simeturalimatbridlend genstulostiffentdyestigd lever -
expansion _occurs. ,3n a first preferred form the |abyrinthine pathway is
conf i gur@ﬁytr?u[}é? #’%@e’éoﬁrﬁ’}‘%ﬁ' POWETeRMFeRReIRS. Burthendhd additional mass ekthend in a

directio ' el ' LOD. . Siais : i

or o Tl e S APREe At ol B ot MR W s BB el

def i ne alossesglucing hbatinmy thefebyt dgain inerelsiviy thebotWee radjuded ks Ssbrawiiardeiiey, | s
hin fjl mle&l/er, this results in a square wave type pattern

for Nﬁd on a ]}1 , : .
ext eldi ng acl #5230 phictafihe prepent inveationto, provide &thermal bendbadtugion strectire e

at hwa t . i mal _end of..the active beam adjacent the
Bnchor” peih iyt B b Bhet BB R or B B e e st ect R GEbBEET 1o
menber { sfotite pHer &t xeovile bi st @ffetsuseRA ARBISHYe. | N the first preferred
form this results in a structure having an even nurrber of parallel

serially interconnected strips.
SUMMARY OF THE INVENTION

According to a first aspect of the invention there is a provided a thermal bend actuator
20 including: |

-

a first anchor portion for securing to a fixed substrate;
a first thermally conductive active beam member secured at a proximal end to said
first anchor portion and extending to a movabie distal end; | _
A second beam member similarly anchored at a proximal end to said first anchor
25 portion so as to extend parallel to said first acﬁve 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 leﬁgth in a direction
30 extending between said fixed prdximal end and said movable distal end that exceeds the
effective direct linear path therebetween. -



Desirably, the first active beam nmenber and/or the second beamrgzpgperagmach
has a first anchor elenment forned as one or nore tabs at its proxinml end,
. and a sec‘\ggq) ﬁ?ﬁgor element, simlarly preferably formed as one or nore
tabs for Qf to the novable | ever 15 of the device t#CHAEG/ 00T
actuator is to be connected. Preferably, the thermal bend actuator is a
transient thermal bend actuator in whictBthe second beam nenber is forned
froma identical material to that of the first nmenber and which has
subst ant i al | y Thelésrt Gedfective/lsngth? is0@8d totefertd MRheat rﬁ&?opﬂétcbrgcﬂl%ﬁ{,gat
extend parall el to‘tﬁgie perational portion of the first active beam nenber,
the ends BFNPRE operyrkich bgnd indueing theomalrxpansigoodcisn bei ng hel d i a spaced

*apart relatio ' of ,an .i nt er medi at e non conducting materj al

" ext endi ng the%ggﬁﬁgﬁeﬁ%&%@’%ﬁ B W@WE@F&E}W@ defipe afpuraléty of
enbodi nenparaflelt shbps drieatdd 10RxtohA § 24 ] f exanple.only,

wth refer ence,étngpt he aCcorrpanélhggg&%ngg%q%#?%lﬁ&%ﬁ%ﬁéwggq iﬂlfg

per spect i YEPBIePEoRimal andlistel ends) sak] stippisstol seriallp Git@bonmReRanh a8rat 4 | i si ng

afirst e imant transient thermal bend actuator in accordance with the
i nvent i ongqlﬁgli1 LPrsgﬁ}v%\atyed% frsli“s't Waé(t’*&m HPF%ﬁﬁnabeémqnbﬁ;fommmaﬂﬁnﬁka
perspecti 1S 868 FQORY invd f ' Lgure 1 illustrated in the
act uat ed lggesi biegcr;; bi?g”}:, lﬁ%ewé‘gi gi aﬁﬁgfé&% %"&%SS#?%%%HF %F"HB %e
shown in the Preferablystheilahyriathinogakwey stitd dhdend bW i
thermal | y,_conducti ve actjve beam rren%resr; 2 3I31 &ﬂ%h%g%%%e&gl%&%\é%hve
PCT/ AU00/ B 8ciacast Eheranchor nortion; se thab newersiedd omiydw soppliddeto dies/active bbarihe

previ qgs il .« |.an,vi.ew qof the |ayer formng the second
Dacsi o baCbLE RohtEiNES pifblof off ARNENES, Ty s fiticoran Ao s seulto

| ayer of & sigucterediavingrig dve@Hi@b& dfa ; | S ShQW Ng the passive
| ayer of figure 4. e PTI d‘zﬁ PR B o S T TS The
prgzI Ierred enbBasiFAdHK, tl_nq ﬁlﬁi@mgdmhdrmdﬂﬂm_ ran?\%/gﬂwgla{syédﬁg bldm%aﬁ&_ \Xlir]e_ac%ﬁlasiglkj et
paddl e - ej ani roduced using M echnol ogy in whic

structur egl%gfg%(:hg? g@f”&&"sﬂﬁnﬁgﬁs PRA 9 M AR5 apjts proximelfend, anskassscond gnchor

depositi'n@]meﬁ&, ) | r di.ff.erent.materials usin
i nt egr at ed ci rcﬁiih?mr% ﬂ[a)*raglcye%gdéga. Lﬁ%@ﬁ%%ﬁﬁ?%‘fﬂ% 03{%??.9&? ﬁiqvgb of a
CMOS d6ibsefithe devicentn which she dveuapsris toobe édpabets@nt ai ns the micro el ectronics

used to contrgl .t stem as a _whole. The inkjet ejector mechanism1l
i ncl udes an i%?feeaﬁx’t%? thermal hend agiaton is adtransient thermal bénd Brtastos aowhichhhe t he

S
vy 11 o is” B e BN ol ichioRl Rl il of e TiempmbacI: o0
wi th t he whichthaatebstanvially fentldil Fﬂirs%a!lfe&if?gtu?ati EJEEF lzj]%ib%{ﬂ;é’%&iﬁ{ Sl chani sm

shown gener%:lply at 7. The actuator necham sm /7 inc I TS or

portion shiselgRtheraperafional mrtin ofthe firsh setivecheamaniember] thetdhds 6£MS Heahs 2.

Conneg}ed..w xtendi ng.fr t he" anchor portion 9 is a first thermally

condu%{)i \?rgmgté%‘fhgggﬁlgoérﬂoﬁté% %%Tdﬁ?%ﬁ’ gpagt relatiopship by mesnsofan above t he

act] ve beiatermiedR®ndrooddaafithateridl diithing WG ebdiAbld e, Deam menber 12 which
o]

is 20 simlarly anchored at “its proxinmal “en e first anchor portion 9.

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 thérmal bend actuator 1n 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;



The co 'b%@éﬁ%qn of the | ower active beam 10 i s best shown 'i n f2 §WDEEs 204
and 5. e seen that the operational portion of tRCTANNHPHIt hat

. which spans the gap between the anchor portion 9 and the cl osest end of

the. lever arm6 which is referred to-as-the active region 13 identified in
the various plan views as that area between the pair of dotted |lines as 25

shown. . Therieufe £t : ; 1d : ' . ] .t h_arrow

i ndi cated on, 1tgﬁllre d?a%m@ﬁ%%gltd%%?zoﬁgg%@%ﬁ@gpf)%ﬁq]s(;ﬁréukeggo%‘gﬁeéXﬂ%

wi t hi n tian siew ofthe dajienforiing theiseduind padsive eant membért can seen that there

are a nunber,.of d,Jaral l el sLrips 153 whi ch extend between a first anchor.

el enent 17 f%gﬁg L8 RETHCGHYE Yiey spwingihe activadayenef figusdiand end and. a

second 30 a fo d gs a plurality of
e e oepe i amhlhe bS8 st Of e 3

tabs 20 for sécuring to the novable er-e Kj.et ejection
mechani sm 1. Two of the proximl end tabs 18 are extended to form
el ect§ i CRESERIPIION OF RREFERRED2A RDIFCHERDEMEODIVIZGPE PCT/ AU00/ 00749

5 . 1In thenggéa e illustrated, the thernal bend actuator is a transient
thermal bend E’i?get‘ﬁd,e@t??éi@@% wstrated i thecacpempanyingodrawirgs ieamigkiebr med f r om

dent o leiedr ASclifin P brodiRel b ST Rehn by, M hieh skvetrisn g nat
extend paeatd eia 4 QulthstagPeroasds @@aﬁcceﬁi%gp&p%ﬁiﬁhg gxtui %@%ﬁg@hg@@ el%f‘e?%/%ﬁ

menmber, that is, to the portion: of the device t
par al | el diferephatesials usingigtegratad ciraiid@VidiSygropesseshi | € the overal | si ze, ,

h ‘and i t f.the,d i . f ! th ti d
Thabfo o hoarhe BBt 1 5 somea R Bgtia QTR subetisp 2a¥ach by Romr et ¢ ho
r el evantcon@d the dsicrd &l8dtrdndesiuded td &bl ﬂets?ﬁerﬁ% é‘(\ﬂmﬁee.gi‘“ﬁegméggﬁg&g% relative

sizes of the tabs at either end of the active and Inactiv _
i mmat er i E¢chepisthbinghedeaehduk clanttee 3 deving an botletagenee ! Dispsel Wit e’ esul t

of other_ unrelated manufaecturing,considerations. In use, current is applied
to ol ectSHRRhFT %bin%@?aﬁrlpa@$ﬁglé’dﬁ perved puadisection oyt or away &dmdbe sect i on
| abyri ntgp O k| Wi £l e Lye regio ... Lhe ingreased

resi st arfceﬁ?gﬁgg n?ééﬁné? Fvéé‘{g %Fﬁngl ng%)%gﬁ ’Bﬁ‘%’?&jwﬁét@% §q|%ﬁgati% idan

di r etd i dntehrédisterthérneal bemamtomscrﬁbﬁhpdho%%n&aﬁyﬂ appl ying a
differential_stress to the underside-of the actuator causing 15 the |ever
to bend upweit¥laFtuniermechanismibincludesa first Bhitorportionrshowageraally g 9whichg of

out ot A Felol SR e RbsBe A7 (ohaetenE pad fucndite Somtbe aeshanponion as
boam 10 coararhdm QAR REYE Borl nictifhef ¥, BRnling 872 5R IS 1 F
drop of abake theragtive hewn shember énk savgnd)iathis camindetive pRatuhember 12GyHich tshi S
Chor Ty e p B EBrd f oo mah nd irthofrs sorho DoTgR &t he. oqul val ent. - the
DUk i g § hortes tightdlith oA lolkr SAYIHERA 1017 bt KoM B B8N Rl S eibenn

descr i bew seent that Sfecoperationhiportion 696 bk iPthaf WhicRdpAR B giPbawebd il || De
appreci at eﬁ%‘bﬁ/ t,_hquée' killed in the art that the invention can be enbodi ed
in many SFRIPOTEpRHE and the glogesiendonf the lewer-arm\g-which is referred to as the active

region 13 identified in the various plan views as that area between the pair of dotted lines as
25 shown, |

The current pathway 14 is shown by the shaded line with arrdw indicated on the
drawings with the labyrinthine portion 15 extending within the active region 13. Within
this portion it can seen that there are a number of parallel strips 16 which extend between a
first anchor element 17 formed as a plurality of tabs 18 at the proximal end and a second
30  anchor element 19 similarly preferably formed as a plurality of tabs 20 for securing to the

movable lever arm 6 of the inkjet ejection mechanism 1. Two of the proximal end tabs 18

are extended to form electrical contacts 21 and 22.



“A, thermal bend actuator i ncl udi ng: a first anchor portion fbriﬁﬁﬁﬂiaﬁ to
a fixed substrate; a first electrically atctivated, thermally te

active weamoprpber secured at 5 a proximal end to said fadBiugieher Portion
and extending to a novable distal end; a second beam nenber simlarly

anchored at a proximal end to said first anchor portion so as.to extend
parallel to said first active beam nenber, each, of said first and second

beam menbers_berg directly or indirectly interconnected at their respective
distal ends PeRgcgampledlipstrated, thedhesmapbénd astuatards 8 sradsiéntrthernsl bend i cal | y

activate I I t4ive actjve eam penber, being configuyred to

defi ne ag%tg%@gi n eic‘%%&%%n Ctgelagjemﬁrg.b qﬁ%ﬁ/g’e egﬁé’g’rr%‘f:%%eé’!?ft@é"cli%glaffength
in a dir eftheqbtitnemBershdItkMRambsatthil i dG R s iTE i vabl e
distal end that exceeds the effective iler%gltc%%%?i cﬁgp%u%ﬁg?iglgg%\eme%n;

wher ei n tabgripthinetpostienst thiteextdngl paclleltatthel pperhitoma portion off thecfisy sctheteud beam .

t

menber, i s. g fi.rst.anchor element fornmed at jts proximl end and a
secon aﬁ%eﬁgbrer,g%laé ﬁ%ﬁ’tﬂ]? 8 P’H@& Ogtthqn%é’lc(?itg?télxte@aﬂ directlyparailef truthetsstive reiamat or

accordi ng3t ' ItRa : ' [ j figyred to
" define ag%'l %rcg(%ria%ngl%(ﬁ%grt% %emg?lr&?’%)sﬁﬂo%g nctIa @92@’35%@%% d%ﬁgsééegﬁ?’y&st I.on
that is fomieg telactive and inactiliebeani 10 ab@l Deeny SR diffsesaRY Ve qUioatrRl and
di stal epds, saig st,rips, being, serially interconnected to define a single
pat hway. {h\?.f"%&"ﬁ’i 99%&995@&41 1xalingrvoith the astive egionol 3c | Bierrelutivbisizes of the éabs

| abyri nt by t Ln at. the proximall end of .the active
bea% adj gﬂcégﬁltépt&?dr]%ﬁéﬁgﬁg&fe %8?%%6&6 g%“&%’é%%}%&%@&?“ﬁﬁ%ﬁ 1&nly be
suppl ioedafid ocouss Hirxlods RIESULIT -oﬂﬂifﬁhﬁlfd?ecﬁﬁ'iﬁlﬁ'abﬁﬁﬁ% &hsi%&?%@“ 4. A

Ir

thermal bend_actuator according to claim2 whereifl sard first and second
anchor el eneHt éseapwrenhéhanpliedtiseledrical cohtactfl. Aetid cantnigiassesahmuptitg t o

LT M B PP S e bbbl o o
proxt el g Rl il EphaR P B0 SN GGG B LA ©2

act uat or distat endsdhergby applyiag mdifferentil gtresdo tiee wlerside 6€ thé RGBT chtistngral
bend gct at.or t{;le second. beam nmenber being formed i ram an i denti cal -
Hﬂ?ﬁe 58 O ynyarly

mat erfal ¥ re3Yay Seommsuhstater2. hEhis iytusueansesa pivoting iofithet i cal

Operat ool erd PALRReTUE Ntk BaRel ) TBell) iR AR el B bt
beams  epuhing didropof e oRUFHASYhaRHERY ab Sholvi fh nEPIC ThodR '%Jér%h%tfiﬂ&)é‘s hi p

by neans of ail internediate non-conducting nmaterial extehtli
t her ebet Hreant isceasedptherastive bedne i@l cacls and cotuins ¢4 thdihoge position as shown in

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

20 In this ménner, the same effective thermal actuation force is achieved via & much
shorter but potentially wider actuation device than the eq-uivélen,t in the priof art, thereby
signiﬁcan_tly'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.



20 a first sachet portion for securing a fixed substrate; a first :
electrically activated, thermally conductive active beam nenber é%@dﬁ@ﬂzgﬁ
a proximal end' to said first anchor portion arid extending to a novable
di stal end; a second beam nenber simlarly anchored at a proxinmal end to
said first anchor portion so as to extend parallel to said first active
beam nmenber; each of said first and 25 second beam nenbers being directly
or indirectly interconnected at their respective distal ends renote said
first anchor portion; said first electrically activated, thermally
conductiv%(ﬁg%h%g beam nenber is configured to define a | abyrinthine
conductive p y having a conbined effective length in a direction

ext endi ng 1bet V\ﬂ@fheﬁxﬁél%cﬁél%&dat&riﬁé%?mkz end and said novabl e distal 30 end
t hat exceeds the effective direct [1NRear path therebetween; AM-(VvJDE ~
~MEEf | PEq/ AU 2 fixstanEie peeiion fgr seaimingetorn fixed soteaaed beam nenber is formed

froman identigg terial to that of the first beam menber having
substantial |y 2 ef#t@?eeirr%ﬁxw Efp @m#‘@wa@qcaﬁ%a%mh@m ﬁ@mb_etratemng 4t hat

ext end Ppamglrbxinal end BRa@FREALLIRD PbrifdBahH BteMind A& ,Lb\;ag% (%glle\(,g. beam menber,
the ends of the beans renote the anchor portioh being held. Tn" a spaced
apart rel ati angifsPnd bggmmpasmber similarlyianchoraded a ataximalrend enghid fitsognobvet er i al

ext endi ng s e ctuator accprding_to claims$8
wher ei n tﬁte’hﬁ’;%g?% %ﬁknne&pp%\if\gﬂefr d@%@“ﬁﬁ?ﬁ&@&‘ ’?’Sméﬁf f‘ﬁg °g3 ‘gﬂfséﬂl y of
paral | el $§eqongddeam inmemiteds totngediteetigof mdﬁedﬂiyﬁﬁ@kbﬁkfécicbiﬁthEﬁré%?é&fvl:a to the
directi ondpftlw%&n sald .respective proximl and distal ends) said strips 10
bei ng seriarty WW&%@F LY RSP He a singl e pathway. 10. A thernal
bend aot uat or ggid@is : i I : (L pthi ne pathway starts
rétleltrical dﬁ&%vﬁlcg. t%a@ly%oﬁ&h%tlbca‘%lg% Eerﬂm {nﬁg%g%lzﬁllr&g

and ends at the proximal end of the active beama portion
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, ;0 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 wherein the labyrinthine pathway
starts and ends at the proximal end of the active beam adjacent the anchor portion so that
25 clectrical power need only be supplied from a fixed portion.
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6. A thermal bend actuator according to claim 4 wherein the anchor tabs at each
side of the proximal end of the active beam are also configured to provide electrical |
contact surfaces for the aclivating current, '
10 '
7.. A ;hcrma! bend actuator according to claim 1 configured to act as a transient
thermal bend actuator, the second beam member being formed from an identical material
to that of the first beam member having substantially identical physical configurations
aloﬁg the portions that extend parallel to the operational portion of the first active beam
15 member, the ends of the beams remote the anchor pottion being hc'ldl in a spaced upart
relationship by means of an intermediate non-conducting material extending

therebetween, '
8. Athermal bend actuator including; .
.20 a first anchor portion for securing a fixed substrate;

a first electrically activated, thermally conductive active beam member secured at
a proximal end to said first anchor portion and extending to a movable distal end;
a second beam member éimi_lar!y anchored at a proximal end to said first anchor
portion so as to extend paralle! to said first active bearn member, each of said first and
25 second beam members being directly or indirectly interconnected at their respective
distal ends remote said first anchor portion;
said first electrically activated, thermally conductive active beam member is
configured to define a labyrinthine conductive pathway having a combined effective .
length in a direction extendling between said fixed proximal end and said movable distal
30 end that exceeds the effective direct linear path therebetween;
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10  being scrially interconnected to define a single pathway.

10. A therraal bend actuator according to cluim 8 wherein the labyrinthine pathway
starts and ends at the proximal end of the active beam adjacent the anchor portion so that

power need only be suppligd to the fixed partion of the mechanism.
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