1 A M CRO ELECTROVECHANI CAL ACTUATOR W TH BUCKLE- RESI STANT PROPERTI ES FI ELD
OF THE | NVENTI ON The present invention relates to thermal bend actuators
and nore particularly to a bend actuator structure that is suitable for
use in the design of |ow powered generally elongate nmechani snms, which
using prior art structures may have been prone to buckling during
operation. The invention has been devel oped primarily for use with
transient therrmal bend actuators, that is actuators utilising parallel
conductor beans of identical materials so as to be sensitive primarily to

relative tenperature differences and thereby | ess sensitive to anbient
conditions, and w | A MdCREO-ELIBECHROMECHBANECAW AGTUXNEOBNCe to this

preferred applicatio i i é‘gﬁé i at by those skilled in
the art, that the in%ﬁ%ﬁ@%—ﬁ&l@‘ ?%é‘%ﬁﬁgbl e to non-transient
t hermal bend actuators including, for exanple, bi-netallic actuators

i ncluding el ectro nmechanical thermal sw tches. BACKGROUND OF THE | NVENTI ON
The pr eseRELRHhTHENNYENIGON devel oped as a neans of overcom ng probl ens
comonly encapyntered, during t manuf act ure and, desi gn of ni.cro-el ectro
rechani val | oG, KR (et A Bl BCETS Sa Rl PIUEAGY Brbcess of
successi Vgl acHRRRSHULRE: &adiselfiiblRdol ﬁﬁerinfth%] H&li@/ 8f RvPhowiEd GESBAILY

materials using integrated circuit CMOS technology. Typically, transient
t her mal ba&oungatrmoctanissisuwbithiusingpisr art striictnres dnayyhavel bpamgirohanty buckling

i nterconnected par.allel spaced apart thermally isolated | ayers or beans of
conduct i @FTHPDW t hi n surrounding | ayers of non-conductive struct ural

material  suchAgyshddnCiRR bedRBNEHER HBarRF T &L With RAEsiEATh&malBeRNChOT
and connected at the

actuators, that is actuators utilising parallel conductor beams of identical materials so as
to be sensitive primarily to relative temperature differences and thereby less sensitive to
ambient conditions, and will be described hereinafter with reference to this preferred
application. However, it will be appreciated by those skilled in the art, that the
inventive concept is equally applicable to non-transient thermal bend actuators
including, for example, bi-metallic actuators including electro mechanical thermal

switches.

BACKGROUND OF THE INVENTION

The present invention has been developed as a means of overcoming problems
commonly encountered during the manufacture and design of micro-electro mechanical
systems (MEMS), which are produced via a multi-stage process of successively
depositing and etching thin film layers of different materials using integrated circuit
CMOS technology.

Typically, 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 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 part of the mechanism. The actuator is then controlled by the
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other to the novable part of the mechanism The actuator is then controlled
by the MJ137-SG 2 passage of a heating current through one of these |ayers
known as the active beam nenber. In order to mnimse the power required
to operate the nechanisns incorporating these actuators, it is desirable
to use relatively long actuating arns so as to achieve a bal ance between
magni fyi ng the maxi mum di spl acenent at the free distal end of the |ever
mechani sm achieving the requisite apptied force, and controlling the

vol tage and amount of current required to effectively operate the
actuator. It has been found when nodelling such devices, that, not

unexpect epHsyaget dfea heatogr curtene throsgippoe DE dhesp dayers khdven patiad halvebleam nmenber s
of the actuator, the nore likely that sonme degree of buckling is going to
occur, th&*Wdtle bei ng determinable by a nunber of factors. Wilst it is
ossible to Gt : i ppé;jﬁ 1 . ] ily
gperati onal g%:‘?gﬁgot g{ﬁg‘?wg fgvgr S g%@gouc Ilﬁg;&t éﬂsamlsgé}dll%téﬁ)%&?ﬂoé resul t
in a | esthesfddncitent it andésimbleds usprddircinbing avhaengbrmpes ad tooachidvetare
device. Accordingly, it has been preferable prior art practice tq try and
stiffen t aﬂC@fhegmwaa%%ﬁﬁgp CPHimEF SRelagamien b fhe; Bos{liaheRd of fee

buckl i ng. | Jhi.§ : e | : I i ]
ot 11 ent g Ui anaReedined P THEEDIE) (B Sl TG R0 Ty Bend
t r ansver sahyurb of veresmt asdired teesffdedydndperhe theacta@atbiuat or beans. However, this

ey G R I S S T
LT S A, 54 e TGS, U UL O 00,
duri ng hesmedpgrdehdbabilirgdaizoing e bems, thgmolie bpiapdetermigable bed numbepef at e t he
R WL N B MUTRIESC M T RO R D SR
act uat or fPfict u P p g p
satisfactorily operational designs that allow for such buckling, this is likely to result in a
less efficient and/or less predictable mode of operation of the device.
Accordingly, it has been preferable prior art practice to try and stiffen the
effective beam portion of the actuator to minimise the buckling. This can be done in a
number of ways including forming stiffening struts and other reinforcing structures that
extend transversely between and often beyond the two actuator beams. However, this
can have two disadvantages. Firstly, the additional structural material and general
stiffening of the lever may result in higher operational power requirements. Further, the
additional mass of the structure contacting the active beam member may act as a heat
sink, increasing the thermal losses during heating, thereby again increasing the power
required to operate the device.
It is an object of the present invention to provide a thermal bend actuator structure

which overcomes or at least ameliorates one or more of the above discussed

disadvantages of the prior art, or which at least offers a useful alternative.

SUMMARY OF THE INVENTION
According to a first aspect of the invention, there is provided a micro-
electromechanical actuator that includes

a substrate;
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whi ch overcones or at |east aneliorates one or nore of the above discussed
di sadvant ages of the prior art, or which at |east offers a useful
alternative. SUMMARY OF THE | NVENTI ON According to a first aspect of the
invention, there is provided a mcro- electronmechanical actuator that
includes a substrate; MI137-SG 3 drive circuitry positioned on the
substrate; an active beam nenber that is anchored to the substrate at one
end and electrically connected to the3drive circuitry, the active beam
menber defining an electrical heating circuit that is spaced from and
overlies the substrate to heat resistively and expand when a current from
the drive cir cdiivagircugrygsssitioped on thesubsgttatase beam nenber; a passi ve beam
menber that is al so anchored to the . substrate a end and eIec&LicaIIy

on
i sol ated from ThECHYS Ve memper {at i angharpd; do B MUk Al K8F fdidi M%r posed
bet ween t hechplft EaiRcRBdo! (e BRRSL¥QIBRARRINE Beaft hRAMCE WERARL! ¥

extending lever "armthat is fast at one end to an opposite end o t he
acti ve anclegrsa iheatingeamnitelsb ér pacslibmtand bvedipathsisobstatedtodwhtregstérty

contraction of the active hea nber. causes recj procal venent, of the

ever - ar g SR T RGRLE CRES CUBLTY RSt SRS SIBIEHS RS | ast
with an opposij g 8RR Blant BRMLEY Blat & Blso FRGAGT KA sufBVatd BCoMIEPhPNChor
portion that is formed on the substrate to anchor the active and passive

beam nmenbdecritallyt ikelaed st dteedrivEh@reaiity, ve detiaenbamninemmbeaycing istegpedi so t hat
t he heati circuit extends IaLerg%l in a | abyrinthine manner, with each

end of t heFTHESH thR gubstirteang thiRassiye fMembs;  contacts connected to the

drive circuitryjongitudinally extending lever arm that is fast at one end to an opposite end of
the active and passive beam members, such that expansion and subsequent contraction
of the active beam member causes reciprocal movement of the lever arm away from and
towards the substrate; and

a working member fast with an opposite end of the lever arm.

The actuator may include an anchor portion that is formed on the substrate to
anchor the active and passive beam members to the substrate.

The active beam member may be shaped so that the heating circuit extends
laterally in a labyrinthine manner, with each end of the heating circuit having electrical
contacts connected to the drive circuitry.

The passive beam member may be substantially equivalent in structure and
material to the heating circuit defined by the active member,

The working member may be an ink-ejection member that is receivable in an
ink chamber to eject ink from the ink chamber.

According to a second aspect of the invention there is a provided a thermal bend
actuator including:

a first anchor portion for securing to a fixed substrate;

a first thermally conductive active beam member secured at a prokimal end to
said 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
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The passive beam nenber may be substantially equivalent in structure and
material to the heating circuit defined by the active nenber. The working
menber may be an ink-ejection nmenber that is receivable in an ink chanber
to eject ink fromthe ink chanber. According to a second aspect of the
invention there is a provided a thermal bend actuator including: a first
anchor portion for securing to a fixed substrate; a first thermally
conductive active beam nenber secured @t a proximal end to said first
anchor 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
ext end pascabihEbedrn msanlbkrf bemp dotily er badinacthe nhierconeatdhl af thsai rdspfectiat  and
MI137- SG 4 second beam, frrbers being directly or indirectly interconnected
at their ‘ﬂlé'ég ir%‘)te&?'gfgﬂaé‘ﬁ]%@ﬂo@%e said first anchor portion; wherein

said first t | yes ' IV &:-he gﬁ%ggglr ' af | defi ne
a | abyrinthi Egﬁéggﬂr?d%ag??@gu%gﬁmgéﬁh% idﬁgo i negiegjfb? g(q:g; ib%keﬁgl%ger%%bh in a
di r ect i ondefinkendabygintieteveemiustvel phihwes lpving asdonbirdaeifecsiae demgtvable di st al
ot ect | VENICGRGERITIge eBtFeD ARG RS CHb AR A BOPERB DR itebat
conductiv ; LG4 ; ' t hermal expansion occurs. In a
first pre ecret?dgz}{?%frf%}ﬁ%% H%tg@fwﬁ%ﬁﬂpﬁ%u%%ﬁnMy is configured to define a
plurality of Par adrhel“cHtotivpslength?nt ewbetl otoexifant ithe acatirge pbition dhalie | s
parallel to the direction between, said respective proximl and distal

ends, sai @ngﬂ?t}‘fs§aﬁa'f%)vgbwﬁ§?l|bynd indpeipg HisHasl FRMIPHI e a singl e

R T R T e
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. As this pathway in the preferred
embodiment is formed on a thin film layer, this results in a square wave type pattern
extending across the active beam member.

Preferably, the labyrinthine pathway starts and ends at the proximal end of the
active beam adjacent the anchor portion, so that power need only be supplied to the
active beam member from the fixed portion of the mechanism. In the first preferred
form, this results in a structure having an even number of paraliel serially
interconnected strips.

Desirably, the first active beam member and/or the second beam member each
has a first anchor element formed as one or more tabs at its proximal end, and a second
anchor element, similarly preferably formed as one or more tabs for securing to the
movable lever of the device to which the actuator is to be connected.

Preferably, the thermal bend actuator is a transient thermal bend actuator in which
the second beam member is formed from a identical material to that of the first member
and which has substantially identical physical configurations along the portions that
extend parallel to the operational portion of the first active beam member, the ends of
the beams remote the anchor portion being held in a spaced apart relationship by means

of an intermediate non conducting material extending therebetween,
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extendi ng across the active beam nenber. Preferably, the |abyrinthine

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

t he anchor portion, so that power need only be supplied to the active beam
menber fromthe fixed 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 active beam nenber
and/ or the second beam nmenber each has a first anchor el enment fornmed as
one or nore tabs at its proxinmal end, and a second anchor el enent,
simlarly preferably formed as one or nore tabs for securing to the

novabl e | BREEFBIESGRIRELON OF SHHMDRAWEINGEt uator is to be connected.

Preferably, the thernal bend actugtor is.a transient fhermal bend agctuator
i n whi ch th&sﬁégeﬁdgab%%bﬂ%ﬁ%?f e s w@rﬂoaf b fqr@gnﬁ_ hacem &f to
that of t@@an{rglé Silly "R RfereAdo WY &Qﬂﬂ?&ﬁ%&%ﬁﬂ%&%h ichdenti cal physi cal

a exten ar al

configurations along the portions t el to the operational
portion of thEghierkis agerspectivearctieabeicw dhen énlde kldlet dectdrempshannwt e t he

anchor portion being held in a spaced apart rel ationship hy neans .  of an
't er medi SIS HROR %aﬁaﬁg?‘ﬁﬁﬁnhﬁﬁ%ﬁmtﬁ@fﬂ@&&%@@@ﬂ@ﬁ dBechpErce N thasG 5
BRI EF DES&%IR}UH%%EG F{Etﬂﬁg{{yﬂ}lﬁhﬁtgg ig(gr{;ed enbodi nent of the invention

wi |l now be descri y way o e only, with reference to the
acconpanyi ng Figemsi higs: penspattichsecrorglivewlof the deyies spgire I dllseataddnalhe vi ew of
an inkj et%%gad%{:}? gj ector mechanism utilising a first enbodiment transient
thermal b LBy in accordance with the invention illustrated in the

Gevice of T1guPaer’ i fuseraPlaRenibh T BEIGRRE YEnaFbL I it (he
together with a plan view of the lower thermally conductive active beam member;
Figure 4 is a sectional side view of the device of the previous figures together
with a plan view of the layer forming the second passive beam member;
Figure 5 is a perspective view showing the active layer of figure 3; and

Figure 6 is a perspective view showing the passive layer of figure 4.

DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

The preferred embodiment illustrated in the accompanying drawings is an inkjet
paddle ejector mechanism 1 produced using MEMS technology in which structures are
created via a multi-stage process of successively depositing and etching thin film layers
of different materials using integrated circuit CMOS processes.

The mechanism 1 is formed on top of a CMOS substrate 2 which is the portion
that contains the micro electronics used to control the system as a whole. The inkjet
ejector mechanism 1 includes an ink chamber 3 having an outlet aperture 4. Disposed
within the chamber 3 is an ejector paddle 5 which is moved in a direction toward or
away from the substrate 2 by means of a lever arm 6. The arm is mounted with the
substrate 2 via an intermediate thermal bend actuator mechanism shown generally at 7.

The actuator mechanism 7 includes a first anchor portion shown generally at 9
which in use is secured to the substrate 2. Connected with and extending from the

anchor portion 9 is a first thermally conductive active beam member 10. Extending at a
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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 nenber; Figure 4 is a sectional side view of the device of the
previous figures together with a plan view of the layer formng the second
passi ve beam nmenber; Figure 5 is a perspective view show ng the active

| ayer of figure 3; and Figure 6 is a perspective view show ng the passive
| ayer of figure 4. DESCRI PTI ON OF PRERERRED AND OTHER EMBCODI MENTS The
preferred enbodinent illustrated in the acconpanying drawi ngs i s an inkjet
paddl e ej ector mechanism 1 produced using MEMS technol ogy in which

st ruct ur espasscedistaneadbede vheactivenbbar nsdnsige ips ewesd, iofthis vewdssitive] heam
depositing and etching thin f| I mIa ers of different_materials usjing

i nt egr at e@eBPpClA ¥ naelalé)é is el chie thedinplangher Rosi9d of a
CMOS substr at t: F lzeGi roni cs
Lsed to. contr ieedifieilidon of g IQWAC’P"@ bighE 0 BARSnH figliet B 508t 10

i ncl udes emljersleerc’rhanherop&ahmal portian of the lehmap drat which4parld thp ggebktwedrt hi n t he
chamber is ejectorag(?ddle 5 which is noved in g directi ntoward or

aay fron‘ihﬁﬁé Portion @ and e clesesisonsk ofgthe dgyer amgn f ehich eresgrtedi e At ed
with the r ani sm
shown gerSiaproRigh 13 el i Sh %ﬁéﬁr%%ﬁhﬁﬁ%ﬂ‘;&%%ﬁ%%é
portion sdwied lgensy shobw. at 9 whi ch in use is secured to the substrate 2.
Connected wi th and extendin portion 9 is_a first

fromthe h
thermal |y conbRfcgurieat a@bwa&qﬁé%ﬁhmwel% geéxlmenmﬂharraw indiggred on 8 6
spaced di Vet ase
i nacti ve,&;%ea ﬁgﬂrrbtg? I?@rg\}n Ogﬁﬁn%g?éagaﬁ{dﬂgc or ecqig qal“%egré on>s<|1§ral end
to the fimmnam:sfmrm@mrttcm@eeﬂ thé[hleeremfa lgumt&i‘bﬁpar@]ﬂeltsh@sllﬁ\hﬂﬁc}ﬁeitbn& beam
10 i s best shown in figures 3 and can_be seen_that the operational

portion OfSHVRE bEEThanehar gipmegkil & ffo%"?féilr@ 3 plaralifpoiiabsbat the proximal end

and a second 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.

In the example illustrated, the thermal bend actuator is a transient thermal bend
actuator, the second inactive beam member 12 being formed from the same material as
that of the active member and having substantially identical physical configurations
along the labyrinthine portions that extend parallel to the operational portion of the first
active beam member, that is to the portion of the device that extends directly parallel to
the active region 13. Accordingly, while the overall size, shape and configuration of
the deposited layers forming the active and inactive beams 10 and 12 are quite different,
they are equivalent at the relevant locations, that is in line with the active region 13.
The relative sizes of the tabs at either end of the active and inactive beams is immaterial
to the operation of the device and occurs purely as a result of other unrelated
manufacturing considerations.

In use, current is applied to electrical contact 21. As the current passes through
the reduced section labyrinthine portion 15 within the active region 13, the increased
resistance causes relative thermal expansion of the strips 16 in a direction between the

proximal and distal ends thereby applying a differential stress to the underside of the
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t he anchor portion 9 and the closest 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 shown. The current

pat hway 14 is shown by the shaded line with arrow i ndicated on the
drawings with the | abyrinthine portion 15 extending within the active
region 13. Wthin this portion it can seen that there are a nunber of
parallel strips 16 which extend between a first anchor elenment 17 forned
as a plurality of tabs 18 at the proximal end and a second anchor el enent
19 simlarly preferably formed as a plurality of tabs 20 for securing to
t he novabhaudtesy ércansing ¢heolevemnte berklj epwafkycawanirmmchbsiraten2l. Tisoinotfurrt he
proximal end tabs 18 a xtended ta formel]ectrical,contacts, 21 and 22. In
Phe. examprors 1 BypPan Bfifhe it AEDaucn B Just Gistor St boGniieither mai
bend act gatddklet dfeuRes ORekeb aHINEL REFDMBRRRE of theRPRBef 9LEBENE g t he
sane material as that of the active menber and having substantially

i dent i cal fighry 8i &iceapplidatjom af thewerrentlinergsech éhel anbiye bearhiheogoand wheng hat
extend parallel to the operational. poriion of the firs active heam
oo . ciaheoreoposiiPt By FRSH B efie b d8on hAmke iRty e Har al 1 o
to the aghavRomeEd Yrrthd 4. Accordingly, while the overall size, shape and

configuration of the deposited |ayers formng the active and inactive
beans 10 and Im2hismeargei, ttlee shinfef effestive thetthayachrbor futy &l aehteved vinhemned evant
| ocations,, that js jn.line.wth the active.region 13.. The relative sizes
of the t aoraf vt pishigh wyfér, saialfpFiokn i Hhe Crikaisuis e Pitter | 4
to the op@egb Abnfcahil® rdiBl¥inG ShANkIME64 Ad/BH IS Ye BEbRKIBS Wdk nly Qher
unrel ated manufacturi’ng considerations. In use, current”is applied to
el ect ri cadurogipgctiogl. As the current passes through the reduced section
| abyri nt hi ne tion 15.within the active.regiaon 13, the increase
resi stance ca‘ggé%ug?‘ep’gt W«Sm_l‘(ﬁb #ﬁﬁfbe&%pﬁﬁgﬁﬂaﬁﬁi B‘fl{i’t RRCiepes e ans FPF‘"“&?‘C
di recti on,0piNERahPR, ithéT?pr@dme@ 'b?ttﬁése%ﬂﬁl%dtiﬁ%@gﬁf tERRh iREnton
differential stress to the underside of the M137-SG

can be embodied in many other forms.
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7 actuator 7 causing the lever to bend upwardly away from substrate 2. This
inturn causes a pivoting of the | ever arm 6 which raises the ejector
paddle 5 upwardly toward the outlet aperture 4, thereby pushing a drop of
i nk out of the chanber 3 as shown in figure 2. Once application of the
current is ceased, the active beam 10 cools and returns to the hone
position as shown in figure 1, the drop of ink sinultaneously breaking
away fromthe aperture 4. In this manngr, the sane effective thernal
actuation force is achieved via a nuch shorter but potentially w der
actuation device than the equivalent in the prior art, thereby

si gni fi ca@lAIM®duci ng the |ikelihood and/or degree of buckling that may
occur during operation. Although the invention has been described with
reference to one specific preferred exanple, it will be appreciated by

those skijl ed Amichfeleétorhd@hnitAchaeMa aRtludegn be enbodied in many ot her
forns. MJI137-SG 8 CLAIMS 1. A micro-el ectronechani cal actuator that

i ncludes a subsubstiate; drive ci rcwtry positioned on the substrate; an
active beam nenber .t hat |stanc€ the substrate at one end and
el ectrical ly cONECTEY R THEYP ?%ﬁtry, the active beam menber

defining an eheGLhivCabaiCAbMBE @ak qylatncﬁ&}@d th Sthé& RAGSAFtd L0 HnBNEhdOY&] | 1 €S
the substrate to heat resistively and expand when a current fromthe drive

ci rcui t r yelegrigaty utpnnentetlrte thet drne  bieeuitryrethioeactive hzmmsnwmﬂoeah‘ﬁnmgbm t hat
one .end_.an |sokated

from the BFNEACHE Sy Re Soerd BB a5l TG R g gbasae
and expand when a current from the drive circuitry is set up in the active beam member;
a passive beam member that is also anchored to the substrate at one end and
electrically isolated from the drive circuitry, the active beam member being interposed
between the substrate and the passive beam member;
a longitudinally extending lever arm that is fast at one end to an opposite end of
the active and passive beam members, such that expansion and subsequent contraction
of the active beam member causes reciprocal movement of the lever arm away from and

towards the substrate; and

a working member fast with an opposite end of the lever arm.

2. A micro-electromechanical actuator as claimed in claim 1, which includes an
anchor portion that is formed on the substrate to anchor the active and passive beam

members to the subsirate,

3. A micro-electromechanical actuator as claimed in claim 2, in which the active
beam member is shaped so that the heating circuit extends laterally in a labyrinthine
manner, with each end of the heating circuit having electrical contacts connected to the

drive circuitry.
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bet ween the substrate and the passive beam nenber; a |ongitudinally
extending lever armthat is fast at one end to an opposite end of the
active and passive beam nenbers, such that expansion and subsequent
contraction of the active beam nenber causes reciprocal novenent of the

| ever arm away fromand towards the substrate; and a working nenber fast
with an opposite end of the lever arm 2. A mcro-electronechani cal
actuator as clainmed in claim1, which 9ncludes an anchor portion that is
formed on the substrate to anchor the active and passive beam nenbers to
the substrate. 3. A mcro-el ectronmechani cal actuator as clainmed in claim 2,
in which the adtinjwo-clssapmpehebisal acuaipapedaied iaclainn@ dredt innghich rtbei t

ds | Ly i | abyri nthi , oW th h f. the . heati
i rouit navrng Cetnetefhl hHEAR G SouRER ety SRR EOR Cnectens

MI137- SG Grchit BfiakEbPtRI LGV @BRBAANI cal actuator as claimed in claim2 or
3, in which the passive beam nenber is substantially equivalent in

structure and naterial to the heating circuit defined by the active

L CEEEREE S S W e R
that is reeeisiablich thedforkindknGHRFREAN Iik-§b@oh rhdikbdr HIRMNid Reeilatle &haDer . 6.

A new m cro-el ectronechani cal actuator, substantially as described herein,
wi th refiakehemberdo efest imk domptheyilnchagrteni ngs. MI137- SG

6. A new micro-electromechanical actuator, substantially as described herein, with

reference to the accompanying drawings.
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