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15 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

20 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

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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15 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 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 movable 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 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.
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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

20 remote the anchor portion being held in a spaced apart relationship by means of an

intermediate non conducting material extending therebetween.

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;



I ntermedi ate non conducting material extending therebetween. BRI EF
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ol an view of CHEUF 48R PPBPAANG viameshosting e pastie/avese or: Figure 5 is

a perspective view show ng the active layer of figure 3; and Figure 6 is a
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PREFERRED AND OTHER EMBODI MENTS The preferred enbodinent illustrated in the
acconpanyi ng dimvirefgsed smhndimek] ginstraedioil the e¢eeatpanying diwvingais 2n kgetuc ed
usi ng MEMS technol ogy in which stryctures_are created via a nulti-stage
process ofpag(&]@@é%c&rg’é‘?%‘a@é@c}sﬁ’rp Hgd Asiae MEMSgchnelagy in mhighpeturesrare
di fferent I-al i [ L: i r :
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that contdiffeent heteriblg ugingligegmrdictBuit CRADS prozestks.ol the system as a whol e.
The i nkéet ejector nechanism 1l includes an ink chanber 3 having an outl et
apertut® 4. DiHosecdhanismn is formed araniobr CMOS sabstiajeck whichpathipertonghptch i s
nmoved in LEection toward .or a fromdthe substrate 2. b ans. of a
| ever ar m%é’ g{a"llﬁgh%glﬁ% PSS ﬁﬂ]f%gse:%l%%/ ROYHR t%w&%%sea ‘ﬁﬁq}F'a%gﬁ }/ni(g% CKE nedi at e
thermal befethagikmat Reludes ik b bV hAaRemAddtét lertlre 4.NBisp6iddati@tin the
mechani sm 7 includes a first anchor portion shown generally at 9 which
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
15 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 spaced distance
above the active beam member is a second, in this case inactive, beam member 12 which is
20 similarly anchored at its proximal end to the first anchor portion 9.
The configuration of the lower active beam 10 is best shown in figures 3 and 5. It can
be seen that the operational portion of the beam is that which spans the gap between the
anchor portion 9 and the closest end of the lever arm 6 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 arrow 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.



in use is secured to the substrate 2. Connected with and extending fromthe
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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.



reduced section | abyrinthine portion 15 within the active region 13, the

i ncreased resistance causes relative thermal expansion of the strips 16 in
a directivooopetsaeen the proxi mal and distal ends therebyPappUyi/ong4a
differential stress to the underside of the actuator 7 causing 15 the |ever
to bend upwardly away from substrate 2. This in turn causes a pivoting of
the lever arm6 which raises the ejector paddle 5 upwardly toward the
outlet aperture 4, thereby pushing a drop of ink out of the chanber 3 as
shown in figure 2. Once application of the  current is ceased, the active
beam 10 cool s nﬂw;eturns to the home position as shown in figure 1, the
drop of ink é?ﬁé aneously breaking away fromthe aperture 4. 20 In this
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fixed proxi gRlotRAdxaRdiHtvdRvat f%(eqip%ﬁ}naﬁ 06 4448bid 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



exceeds twice the effective direct linear path therebetween. 2. A thernmal
bend actuator according to claim1l wherein the |labyrinthine 15 pathway is
configuredovpoxies i ne a plurality of parallel strips ori enp€dAU/@R¥eNnd in a
direction that is parallel to the direction between said respective
proxi mal and distal ends, said strips being serially interconnected to
define a single pathway. 3. A thermal bend actuator according to claim1l or
claim2 wherein the |abyrinthine pathway, starts and ends at the proximal
end of the active beam adjacent the 20 anchor portion so that power need
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accordi ng t magdrial BxténdihetiRidbetreh. anchor tab secures 1 or 2 strips, the
tabs at each side of the active beam al so being configured to provide

el ectrical contact surfaces for the activating current. 6. A thermal bend
actuator according to any one of the preceding clains configured to act as
a transient thermal bend actuator, the second beam nenber being 30 forned
froman identical material to that of the first beam nenber having
substantially identical physical configurations along the portions that
extend parallel to the operational WO 02/02328 PCT/ AUO0/ 00749 -7 portion
of the first active beam nenber, the ends of the beans renote the anchor
portion being held in a spaced apart rel ationship by nmeans of an

i nt ernedi ate non-conducting naterial extending therebetween.



