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 el ongate

mechani snms, which using prior art structures may have been prone to
buckl i ng during operation. The i nvention has been devel oped primrily
for use with transient thermal bend actuators, that is actuators utilising
paral | el conductor beans of identical nmaterials so as to be sensitive
primarily to relative tenperature differences and thereby |ess sensitive to
anmbi ent condi tions, ATMMIGRO-FIECEROMBEHANIEAL,ACEUATOR ref erence to
this preferred application. However, it wll be aggreciated by those

skilled in the art, thWITHBUGKIERESISTANEPRQPERIIESy applicable to

non-transi ent thermal bend actuators including, for exanple, bi-netallic
actuators including electro nmechanical thermal sw tches. BACKGROUND OF THE

| NVENTI ON FIELD OFETHERSVENTIONt i on has been devel oped as a neans of
overcom ng problems commonly encountered during the manufacture and design

of i cro- el ectThs presshaimventionsselatesrte thevmebpendprteaiors aad prose peaguiarly tga

mul ti-stage process of successivel 0Siti j i I | ayers
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depositing interconnected parallel spaced apart thermally isolated | ayers

or beans dluringogerstipne material within surrounding | ayers of non-conductive
structural materi.al S n. ,The beans are ur e
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actuat or igwhfied) kAR 504164 Wi¥istaBParallel 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



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
t he nechani sns incorporating these actuators, it is desirable to use
relatively long actuating arns so as to achi eve a bal ance between
magni f yi ng t he maxi num di spl acenent at the free distal end of the |ever
mechani sm achieving the requisite applied force, and controlling the

vol tage and anmount of current required 40 effectively operate the actuator.
It has been found when nodel |l ing such devices, that, not unexpectedly, the
| onger the unsupported span of the parallel beam nenbers of the actuator,

the more |dak@by dfeheftMizEc#RAt @Ro0sh BHE loifithebel 1aydoikigwh Qisai€ Wktivd beaninde
bei ng determ nabl e by a nunber of factors. Wiilst it is possible to predict

t he buckl imegmberde and cone up with satisfactorily operational designs that

all ow for such bucklin t.hi i kel result.in I f11lcl
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beam portion of the actuator to mnim se ¥ ucklin This can be done in
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addi ti onal, Evsmr?ém%hﬁewef?eaﬁlva%%ﬁketﬁwéﬁl%ng of the lever may
result in higher operational power requirenments. Further, the additional
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I ncludes o3 URSdilAa@d/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;



3 drive circuitry positioned on the substrate; an active beam nenber
~that is anchored to the substrate at one end and electrically connected to
the drive circuitry, the active beam nenber defining an electrical heating
circuit that is spaced fromand overlies the substrate to heat resistively
and expand when a current fromthe drive circuitry is set up in the active
beam nmenber; a passive beam nenber that is also anchored to the
substrate at one end and electrically igolated fromthe drive circuitry,
the active beam nenber being interposed between the substrate and the
passi ve beam nenber; a longitudinally extending | ever armthat is

fast at one endirfve cadui@iRRsitibBeotl tRfsubfimtéict i ve and passive beam nenbers,
such that expansi on and subsequent contraction of the active beam nenber

causes reci procal agtyeeheam rgmbdrethat e angharediviaythe r sibstzaiel at qwsr epd

substrate; . and wor Ki er.fast. wi.t h an oppasit nd .of . ] eyer arm
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active beam nenber may be shaped so that the heating circuit extends
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chanber t besyeentthe sibstratoand He paskive heambsember;

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.

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



According to a second aspect of the invention there is a provided a thernal
bend actuator including: a first anchor portion for securing to a fixed

substrat e; a first thermally conductive active beam nmenber secured at
a proximal end to said first anchor portion and extending to a novable
di stal end; a second beam nmenber simlarly anchored at a proxinmal end

to said first anchor portion so as to extend parallel to said first active
beam menmber, each of said first and 4 gecond beam menmbers being directly
or indirectly interconnected at their respective distal ends renpte said

first anchor portion; wherein said first thermally conductive active
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havi ng a conbi ned ef ective ngth in a direction extendi ng between said
fixed pr oﬂuMlendmmmﬂsaadfdstmnvladJIpertcbmtaI end that exceeds the effective
direct linear path ther bet he term"effective .length" is used
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type pattern extendi ng across e active beam ne
conductive pathway over which bend inducing thermal expansion occurs.

In a first preferred form, the labyrinthine 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. 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 parallel 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.



Preferably, the labyrinthine pathway starts and ends at the proximal end of
the active beam adj acent the anchor portion, so that power need only be
supplied to the active beam nenber fromthe fixed portion of the nechani sm
hi_.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 nenber each has a first
anchor elenent formed as one or nore taps at its proximl end, and a second
anchor elenent, simlarly preferably fornmed as one or nore tabs for
securing to the novable |l ever of the device to which the actuator is to be

connect ed. BRIEF DESIIRIERION ONTHIOREWING® actuator is a transient

thermal bend actuator in which the second beam nenber is formed froma
i dentical mat ekipatfetred teamattodirhenthef flier Bventiorbevill aneav ki dascibed, dybweredi al | y
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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



Figure 4 is a sectional side view of the device of the previous figures
together with a plan view of the layer form ng the second passive beam
menber; Figure 5 is a perspective view showi ng the active |layer of figure
3;. and Figure 6 is a perspective view show ng the passive |ayer of figure
4. DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS The preferred
enbodi nent illustrated in the acconpanying drawings i s an inkjet paddle

ej ector nmechanism 1 produced using MEMg technol ogy in which structures are
created via a nulti-stage process of successively depositing and etching
thin filmlayers of different materials using integrated circuit CMOS

processes sRaced distiiRe TBGNAME SRive béanh HMBfér Ma 5QBn@fin dhicWhie inbhiBiel Béath 2

which is the portion that contains the mcro electronics used to control
t he syst emensbea 1@tvdlieh is Fhmilarhkinehordet ite proxeu#iamnid serthe firsicinghespagiion Pk

chanber 3 having an_out| et erture 4. Dis ed within.t chanber is an
ej ector padd| éfhg CRRTEHatn ‘P]ftafg‘éif"i’fﬁ aguyg Bﬁ?@ﬁd&eﬁ‘/\%}o&mdpqmv%f@gr% ﬁhe
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substrate via an I nternedi ate thermal bend actuator nechani sm shown

gener al | y it arhor portioftSearaicthe alwestnandhafithe heveér ame budaish as fefersed tarastibe
portion shown generally at 9 which (n use is secured to,the substrate 2.
Connect ed 2@t fenregin @(ﬂ‘éﬁﬂﬁ?@ 13 FW%TH%‘Séﬁ%‘hESFWﬁ&Stt Yrprep petwgen ilﬁ?espalf ﬂgr mal |y
conductiv - menber 10. Extending at a 6 spaced di stance above

t he activgogfg%tr%){%eérgrggr I's a second, in this case inactive, beam nenber 12
whi ch is sini Thelcyrramciives; B4 is diwwnr ox theeshadeddineowith errbiv ieticated worthgor t i on
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in the vabktwen pl fkt Michvsecletehh Bl famed dset plamlityt btabail 8 adfhedmoxiethl ehdes as
shown. and a second anchor element 19 similarly preferably fofmed 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



The current pathway 14 is shown by the shaded Iine with arrow indi cated on
the drawi ngs with the labyrinthine 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 elenent 17 fornmed as
a plurality of tabs 18 at the proximal end and a second anchor el enent 19
simlarly preferably forned as a plurality of tabs 20 for securing to the
novabl e | ever arm 6 of the inkjet ejectyjon mechanism1l. Two of the proxinal
end tabs 18 are extended to formelectrical contacts 21 and 22. In the
exanple illustrated, the thermal bend actuator is a transient thermal bend
actuator, aﬁ:ﬁﬁt&eﬁ%ﬁblﬂgnﬁfétlbv& Resendnepbatlyldvhefom sbsted 1.r amis hetsame
material as that of the active nenber and having substantially |dent| cal
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| ocati ons, that %ln I|ne with the active region 13. The rel ative sizes of
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unrel ated manufacturing considerations. In use, current is applied to
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differenti ess to the underside of the 7 actuator 7 causing the |ever
to bend upwar d’tl;hoaghythérmmmdmmaatlmeﬁ désaiibed rwithurrefeccags e® angispetifing of

the | ever arm 6, which rai s t addl pyar dl war d
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shown in chu?Hé@m odlgl‘fr?mﬁn?}pt)ﬂhgﬁfd p of the current is ceased, the active
0

beam 10 cools and returns one position as shown in flgure 1, the
drop of ink sinultaneously breaking away fromthe aperture 4. In this
manner, the sane effective thermal actuation force is achieved via a nuch
shorter but potentially w der actuation device than the equivalent in the
prior art, thereby significantly reducing the |ikelihood and/or degree of
buckling that may occur during operation. Al t hough the invention has
been described with reference to one specific preferred exanple, it wll be
appreci ated by those skilled in the art that the invention can be enbodi ed
in many other fornms. 8



CLAIM5S 1. A mcro-el ectromechani cal actuator that includes a substrate,;
drive circuitry positioned on the substrate; an acti-ve beam nenber
that is anchored to the substrate at one end and electrically connected to
the drive circuitry, the active beam nmenber defining an electrical heating
circuit that is spaced fromand overlies the substrate to heat resistively
and expand when a current fromthe drive circuitry is set up in the active
beam nenber; and a passive beam nenber that is also anchored to the
substrate at one end and electrically isol atted fromthe drive circuitry,
the active beam nenber being interposed between the substrate and the
passi ve beam nenber, the actuator being characterised by further including:
a | ongi tudi ngi AyMextending |l ever armthat is fast at one end to an opposite
end of the active and passive beam nmenbers, such that expansion and
subsequent contraction of the active beam nenber causes reciprocal novenent

of the lever, arm away from and. towar te; and a worki ng nenber
fast with anl'oppo‘gﬁléroéﬂ%?trgfnefh%m\flgz\E}égtﬁaté{%]atsmgl.%%am' cro-el ectromechani cal
actuator as cl ai negdibktatg! ai m 1, which includes an anchor portion that is
formed on the substrate to anchor the active and passive beam nmenbers to
the substrate. 3lrivacirceity pesiiengdoreibn awhstiale; act uator as clained in claim

2, in which the active beam nenber .is.sh heahs BEd Ghacui t

ext ends | ateral | 4 #5€) 58%?13%%2”? sﬂ%@??%s@hﬁ%g%uﬁg%ﬁ% of the heating

circuit havigiggdaf§tdohfdtedC @NRCHeCARNALY, 8 hetivehieath meenbet defining yn
electrical heating circuit that is spaced from and overlies the substrate to heat
resistively and expand when a current from the drive circuitry is set up in the active

beam member; and

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, the actuator being

characterised by further including:

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 substrate.

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.



9 4. A micro-el ectromechani cal actuator as clained in claim2 or 3, in which
t he passive beam nenber is substantially equivalent in structure and
material to the heating circuit defined by the active nmenber. 5. A
m cr o- el ectronmechani cal actuator as clainmed in any one of the preceding
clainms in which the working nmenber is an ink-ejection nenber that is
receivable in an ink chanber to eject ink®fromthe ink chanber

9

4, A micro-electromechanical actuator as claimed in claim 2 or 3, in which the
passive beam member is substantially equivalent in structure and material to the

heating circuit defined by the active member.

5. A micro-electromechanical actuator as claimed in any one of the preceding
claims in which the working member is an ink-ejection member that is receivable in

an ink chamber to eject ink from the ink chamber.



