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The above defined arrangement permits evaluation of the operation of the actuating arm and, hence,
evaluation of the operation, function and performance of the complete MEM device.

PREFERRED FEATURES OF THE INVENTION
25 The MEM device preferably is in the form of a liquid ejector and most preferably is in the form of an ink
ejection nozzle that is operable to eject an ink droplet upon actuation of the actuating arm. In this latter preferred
form of the invention, the second end of the actuating arm preferably is coupled to an integrally formed paddle
which is employed to displace ink from a chamber into which the actuating arm extends.
The actuating arm most preferably is formed from two similarly shaped arm portions which are
30  interconnected in interlapping relationship. In this embodiment of the invention, a first of the arm portions is
connected to a current supply and is arranged in use to be heated by current flow. However, the second arm
portion functions to restrain linear expansion of the actuating arm as a complete unit and heat induced elongation
of the first arm portion causes bending to occur along the length of the actuating arm. Thus, the actuating arm is
effectively caused to pivot with respect to the substrate with heating and cooling of the first portion of the
35  actuating arm.
The invention will be more fully understood from the following description of a preferred embodiment of



~an inkjet nozzle as illustrated in the acconpanyi ng draw ngs. BBINEarch 2006
DESCRI PTION OF THE DRAWNGS 1In the drawings: 5 Figure | shows a highly
magni fi ed cross-sectional elevation view of a portion of the inkjet nozzle,
Figure 2 wWBd1492289pl an view of the inkjet nozzle of Figure RCT/AUQUOESSB shows
a perspective view of an outer portion of an actuating armand an ink

ej ecting paddle or of the inkjet nozzle, the actuating arm and paddle
being illustrated independently of ot her el enents of the nozzle, Figure 4
shows an arrangenent simlar to that of 3 Fi gure 3 but in respect of an inner

portion of thgzzl% é’y‘%}‘ﬁ%mw ng‘%{'e 5 shows an arrangenent simlar to

t hat of ures o t he conplete actuating arm
incorporatlng the outer and inner portions shown in Figures 3 and 4, Figure

6 shomsgmﬁgdm@pmqunent sensor arrangenent that is shown
encircled in re 5, Figure 7 shows a sectional elevation view of the
B\}l“g‘ﬁT‘%f p

nozzl e of Fi rior to charging wwth ink, 15 Figure 8 shows a
sectyonal el Etgareilsttowvahghly)ﬁm@h‘xedcr-xdc&omlfeleﬁét@nview?fmtﬁowbttheih]kj&nmtauati ng

arm and paddi:?mgg,touggﬁgn‘;,&@ﬂ;eeﬂamégﬁ c1Figure 9 shows ink ejection

fromthe nozz when actuated under test condi tions, Fi ure 10 shows a
bl ocked condFiewe fshats ? PREPRRYYE iQw QfAR ppier pestioncof Ef}aﬁcfuﬁﬂ‘g&FW‘gﬁ%lmbaﬁ%‘P%P"é‘%“
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the nozzle, ﬁgnﬂamvg VabraA AR sifdi m@ﬁéﬁ%{@ nozafanggoréonOQ&t'on of

an electrical “circul IS e o I e Ure 12 shows
an ci ARSI e di agram appl i cabl e to nor nal (| nk ejecti ng) actuation of

t he nozzle ﬁgﬁ&&ﬁbﬁﬂaﬂﬁﬂﬂgsﬁh@ﬂﬁﬂmiﬁhﬁbﬂﬂ@r@ﬂaﬂ@u{ iR rdspudr of the okl ACHcAkng
appl i cag,hencgg 55255%%#’535&3?%, AT [F 4 V%Jge 36K 4atl ng arm 25 Figure 14

shows conpar acene nme cur rcable to the
exci t ati on- t Figge ¢ishayy h?ﬁéﬂﬂmqn of amoremant sersor| prapgepent that iFshgwp encitdeddmBiguse Hin

exci tati on- t Figie wmﬂfﬂma@ueﬁaa{@d&maamuﬁp@e&mﬁu@l&t:l:hﬁahgmmﬂt,on

prog dures t |ch the. n t be Figure 16 sho

terrpsgrat ur e- ?me@ B SaecrﬁoPagﬁlf%vag%m&%p fm@ﬁ dg‘t“‘h%‘%&‘@fﬁa %W&P?%p% and
whi ch @m%wﬁmmnM,wth the excitation- t| me di agram of Figure 15, and
Figure 17 shgpge 8shdRf e Gttt rdn MBnd3i180KA M3 tkaa indePted BoNahiER! bl e to the nozzle

sctuator antulll e SORSERENGR D LU XL LI A g v g
extent that normally would be sufficient to eject ink from the nozzle,
20 Figure 11 shows a schematic representation of a portion of an electrical circuit that is embodied within
the nozzle,
Figure 12 shows an excitation-time diagram applicable to normal (ink ejecting) actuation of the nozzle
actuating arm,
Figure 13 shows an excitation-time diagram applicable to test actuation of the nozzle actuating arm,
25 Figure 14 shows comparative displacement-time curves applicable to the excitation-time diagrams shown
in Figures 12 and 13,
Figure 15 shows an excitation-time diagram applicable to various testing and calibration procedures to
which the nozzle might be subjected,
Figure 16 shows a temperature-time diagram that is applicable to the nozzle actuating arm and which
30  corresponds with the excitation-time diagram of Figure 15, and
Figure 17 shows a deflection-time diagram that is applicable to the nozzle actuator and which
corresponds with the excitation/heating-time diagrams of Figures 15 and 16.

DETAILED DESCRIPTION OF THE INVENTION
35 As illustrated with approximately 3000x magnification in Figure 1 and other relevant drawing figures, a
single inkjet nozzle device is shown as a portion of a chip that is fabricated by integrating MEMS and CMOS
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other relevant drawing figures, a single inkjet nozzle device is shown as
a portion of a chip that is fabricated by integrating MEMS and CMOS 8 March
2006 WO o 028389 PCT/ AUCD/ 00582 -4 technol ogi es. The conplgia

device includes a support structure having a silicon substrate 20, a netal
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The outer arm portion 31 of the actuating arm 28 is mechanically coupled to but electrically isolated from
the inner arm portion 32 by posts 36. No current-induced heating occurs within the outer arm portion 31 and, as a
consequence, voltage induced current flow throngh the inner arm portion 32 causes bending of the complete
actuating arm 28 in the manner indicated in Figures 8, 9 and 10 of the drawings. This bending of the actuating
30  arm 28 is equivalent to pivotal movement of the arm with respect to the substrate 20 and it results in displacement
of the paddle 27 within the chambers 24 and 25.
An integrated movement sensor is provided within the device in order to determine the degree or rate of
pivotal movement of the actuating arm 28 and, hence, of the paddle 27.
The movement sensor comprises a moving contact element 37 that is formed integrally with the inner
35  portion 32 of the actuating arm 28 and which is electrically active when current is passing through the inner
portion of the actuating arm. The moving contact element 37 is positioned adjacent the second end 38 of the
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causes bending of the conplete actuating arm28 in the manner indicated in
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of ipk fromthe nozzle. Figure 12 shows an excitation-tinme diagramthat is

appl cabf'€*to ef fecti ng actuation of the actuator arm 28 and the paddle 27
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Figures 15, 16 and 17 shows plots of excitation voltage, actuator arm temperature and paddle deflection

against time for increasing excitation applied to the actuating arm 28. These plots have relevance to various tests
that may be applied to the nozzle device using the movement sensor arrangement incorporating the moving
contact 37 and the fixed contact 39.

30 Variations and modifications may be made in respect of the device as described above as a preferred
embodiment of the invention without departing from the scope of the appended claims.



‘Figure 13 shows an expanded excitation-tine diagramthat is appBiMawhe2006
effecting actuation of the actuator arm 28 and the paddle 27 to an
excessive extent, such as is indicated in Figures 8 and 9. The
di spl acen¥a01482289 he paddl e 27 resulting fromthe excitati oRCDAUBN/GASBZE 13 i s
i ndi cated by the upper graph 44 in Figure 14, fromwhich it can be seen
that the maxi num di spl acenent |level is greater than the optimmlevel 25
i ndi cated by the displacenent |line 43. Figures 15, 16 and 17 shows plots of
excitation voltage, actuator arm terrpefgf ure and paddl e defl ection agai nst
tinme foFdLichr easing excitation applied to the actuating arm 28. These plots
have rel évance to various tests that nmay be applied to the nozzle device
usi ng the novenent sensor arrangenent incorporating the noving contact 37
and t he1fi xedaafdé aedro-aRchadithl ¥¥ick &dnipaling: and nodi fi cati ons nmay be nmade in
respect of the device as described above as a preferred enbodinment of the
i nvention without? B%’%’ “from t he scope of the appended clains. 8 March
2006° WO 01/ 02289 SCFluAsu@amips@ga fift €gd dodplédsto khe shpporhstrudture Andrai seqond end that is
el ectro-nmec hﬁ%ﬁ@kvif:jeﬁ% HOMPpdrStriklire, 18 aARM A béth Hﬁﬂeuinepanﬁem%?él&ﬁ%hgg
74

arm having a first en upled to the s ort structure and a second end
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el enent . fixed contact element and the moving contact element.

2. The device as claimed in claim 1 wherein the actuating arm is arranged such that the second end of the
actuating arm moves outwardly with respect to the support structure with passage of heat inducing
20 electric current through the actuating arm and moves inwardly upon termination of current flow through
the actuating arm.

3. The device as claimed in claim 2 wherein the actuating arm comprises an inner arm portion that is
formed from the electrically resistive material and an outer arm portion that is mechanically coupled to
25 but electrically isolated from the inner arm portion.

4, The device as claimed in claim 3 and embodied in a liquid ejection nozzle having a liquid receiving
chamber from which the liquid is ejected with outward movement of  the actuating arm.

30 s The device as claimed in claim 3 and embodied in an ink ejection nozzle having an ink receiving
chamber from which the ink is ejected with outward movement of the actuating arm.
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