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PCf / AUOO/ 00515 The di scl osures of these co-pending applications are

I ncorporated herein by cross-reference. 35 WO 01/02289 PCT/ AU00/ 00582 -2
difficult to determ ne the energy |evel required for actuating individual
nozzl es and Wop/e88 uating the continuing performance of BCHAURMIOSE3z7] e.
SUMVARY OF THE | NVENTI ON 5 The present invention nmay be defined broadly as
providing a mcro el ectro-nmechanical device conprising: a support
structure, an actuating armhaving a firsfy_ end coupled to the support
structure and a second end that is novable wth respect to the support
structure, dfiialdetdmbine g erdfef et teiigred BF ARSling indiAdual nokAediid 87 evdluting the contirluidg
resistive materi zglof 10 z%(r,]zczjl&bei ng arranged to conduct heat inducing

el ectrical ‘current froma current source Rzthin the support structure to
ef fect novenent of the actuating arm and a novenent sensor incorporated in
t he devi ce.SUMMARYOFTHEANVENTIONr conpri ses a noving contact el enent forned
integraldy wth itiiahtloR Sha¥e Bb e BGAY bs kodiRing SRR LR RanitadGovicel 5
actuating arm _a fixed contact” el ement formed integrally with the support
structure &PP8%itioned to be contacted by the noving contact el ement
when the actuati agrpatustiees t o a predeterm ned extent under the influence
of the heat i nduSdcRgingirGivingQ kst bl Edufled to thédiphoft bRtk kridalsecbidlefid tha is @oRBE N S

formed wthj. %Eﬁlﬁidp AT QEI'EE{%F 'ri]giﬁ C ggy?g!a the .f.ixed
20 cont act ru"eﬁﬂe_ nt and the rm\(’i%relg CO _ac%ﬁl%ﬁ’g&r#gnt ﬁ%kg‘b%\c/tg e |nve°d£%";]

ar r angelfentanhemgarraneed o sonduct hegtindyqme; efrarics) et frogyp GFent yECeTEE e SRR A d
hence, evaéeffattimovemedt offtheactagtieg ariaodh, f uncti on and perfornmance of the

conpl ete MEM deV i gvemEiriehdet ieigotntd ih WeERice- THE | NVENTI ON 25 The MEM devi ce
preferably is i txne fcgtrm of a.liquid ejector and nost preferably is in the
formof an ink €] ection hozZie that is operable to eject an ink dropl et

upon actuati on of™PYS cemactsismpr frmed integrafly Wiftjthe aptuptingapm diasnithe seppnd spdofthien t he

i nvent iBn, attwtingasond end of the actuating armpreferably is coupled to an

Im gg\rAﬁ! LK Iﬁ;ﬁgg,{eg ti n%l ar .oe t;an S 'I.'h)gﬁac as‘tiiljl ar mﬁirimstt“ref r apl _eg

| | uat i Xt | ) uat.i 1 y i

formed fr om%wm%%ﬁwwﬁamﬁw%ﬁﬂﬂwmm%w&%
inducing electrical current, and : '

electrical circuit elements formed within the support structure for detecting contact between the fixed
20  contact element and the moving contact element
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 paddte
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 canses bending to occur along the length of the actuating arm. Thus, the actuating arm is
effectively cansed 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 2 preferred embodiment of



30 interconnected in intedapping relationship. In this enbodi nent of the

I nvention, a first of the armportions is connected to a current supply
and is arranged in use to be heated by current flow However, the second
arm port WPt i ons to restrain |inear expansion of PRYAYIYOSEE ng arm as
a conplete unit and heat induced elongation of the first armportion
causes bending to occur along the I ength of the actuating arm Thus, the
actuating armis effectively caused .30 pivot with respect to the substrate
with heating and cooling of the first portion of the 35 actuating arm The"
i nvent i aninkjetnbzzle as ifustrated fin the apcompadanesiraydes.- f r om t he f ol | owi ng description of a
preferred enmbodi nent of WO 01/02289 PCT/ AU00/ 00582 -3 an inkjet nozzle as

illustr | awi ngs. BRI EF DESCRI PTI ON OF THE

DRAW N(étlﬁﬂr#ﬁse&ﬁ?g&ﬁngs Igure 1 shows a highly magnified

cross-sect i otthedsAwangsit i on vi ew of a portion of the inlget nozzle, Figure 2
showss a pl an Figire Vehows dnighly iniagsified crso@zliosal dévation giow of alpertifti f the BLj8 nedzles a
perspective ¥ Sbwd i %@&,ﬂ {e{,g&legfhg&lact uating armand an ink

ej ecting paddl'e or of th g nozzl el,l tuatmﬁ% rman addl e
being il | ust FAFEYPTRAPFERIE: T grovlst it g ?%'%f“g YA A e = gure 4
shows arofacMngmmmmIMM§M¢m8WW@mef°¢%m%ﬁew%an i nner

portion of t Rguddsews adaidnFegherd Eiflilar folUGtLT Bigire SHiGesie ofdnlimagei@ifthsi m | ar to
that of Eigures 3 and 4 but in respect of the conplete actuating arm

I ncorpora ﬁggm{"he outer and inner portions sho in Fi es and 4, Figure
6 shows a defigner eoparRsrmeT sy iohatal Figuresd ﬁg"oﬁ' gﬁ%ﬁf"“?‘ﬁ‘ FULE S hown
enci r cl e incorpbiatingithe oisr andiimgn portion? stowwinEigares3and 4, onaI eI evation view of the
nozzl e of Fl @igﬁresémdmt mﬁ&&&%@h@&ﬁﬁ&@&kmlﬁh&mwﬂmﬁm a

secti onal vat vie Q7 C%Hng actuating
F ?nest J(‘)'glglloog ?@},gl S‘Bs OWS lnk ejection

arm and padd uaat e
frond% he nozf@ﬁﬂé‘?ﬁ%&@?}‘a’t%“ww & Figee a
bl ocked a&ﬁﬁn&alt@rpo@ﬁon,t he nozzl e when the actuating arm and paddl e are

actuated to e%e%ﬁﬁ&?fh%é’wﬂ%uﬂeﬁﬂd&ﬂﬁﬁdnﬁh@ﬂt to eject ink from

e ot e, e ol i T L g b el 00 s

an exci testent tatnermally weild bersaffsienbig Kipt Ml fram hepords nml (i nk ej ecting) actuation of
the mozzl e aighrtifllshi¥@ a soheMaticregeséntitichDE Syoaias ofamelenicil tiatit bat isteinbndiediivithir am

appl i catyme LR test actuat ion of the nozzle actuating man,
Figm’e 12 shows an excitation-time diagram applicable to normal (ix_lk 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 ]5showsanexmauon-umedmgmmapphcablemvanmstcsungandcah'brauonprooedmcsw

which the nozzle might be subjected,
Figure 16 shows a temperature-time diagram that is apphcable 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 actuatorand 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



25 Figure 14 shows conparative displacenent-time curves applicable to the
excitation-tinme diagrans shown in Figures 12 and 13, Figure 15 shows an
excitation-tinme diagram applicable to various testing and calibration
procedures WOOMR28h the nozzle m ght be subjected, Fi gur ePGHAYMAASS2y
tenperature-time diagramthat is applicable to the nozzle actuating arm and
which 30 corresponds with the excitation time diagramof Figure 15, and
Figure 17 shows a deflection-tine diagramgthat is applicable to the nozzle
actuator and which corresponds with the excitati 'on/ i heat i ngfime di agrans
of Fi gur es tetimologié. ﬁ&mﬁﬁeTﬁokﬂBa@Eﬁﬂi&ePIhﬂdﬂ@ﬁmiﬁHﬁaﬁxMﬁhEﬁh fldkdte 2008 metal oxide

i1l ustrat egaam&aaga ol deb gRy - 1EY xmﬁgﬂﬁ.czm diderik &Mﬁeamgw&%r
rel evant draw n b%ures sin et nozzle deV| cé |]s shown as
portion of Ref “E‘rfgﬁa& Hpdetgth ?%‘feﬁ"e‘glﬁ&mﬁ#‘i P PHEIRERES CE %W

01/ 02289 P@Fieilsppicard&iiled "ThtrniabAdmatol” (@pr Bgcket NocMP8xphichtcarresponds todUSRatentc e

i ncl udeg a{%@ﬂi@iﬁ@ﬁsenﬁtnﬁtﬂﬁhUB@adh&l'ff}Qd&mﬁd&écﬁ%&ﬁbﬁﬁﬁc@ﬁoﬁﬁ%n@eﬁ&i@' oxi de
sem conduct or assi vat.i.o n non- ¢

dielectric coati né’?uﬁ%%er- il ng M f-:?"?egre%(a:seomﬁeém r?agmk?nd‘ t he
above i denfacqdabpve the ehamber. PWF%‘F@?’?& AAWGPWS%SWdWWﬂ@E&W t he
pr esent Apptm@mm@mmamnk&mmummamm&@mmwmemmm whi ch
cor r espondgeshdled A fadificdA s 1oartiRiwbnle mamnm&nqnmm@sgeﬂp%ﬁﬁm dor a
detalleg di, clos e of tHe fag‘%}gaglog af ttﬁ? nozzl e %g The nozzl e
devi ce mcg’?"ﬁ?ﬁ” and fy e i o a source (not
shown) of ink aﬁ&M*@%EF@dﬁbWﬂh&%ﬁ&M@W?W@@30Af
nozzl e ope giedglecttt coatingw3oVvi ded in the chanber-defining layer 23 to permt

di spl acement of pi.nk Egmm ih&% ) onto
which ink is to e e 05|te pgﬁ?mé“?géls dgﬁqt%tgpté@%}m%&%

chanber s 2%&%@% Baiiehe é‘i‘ﬂmﬁd’é’f f st enddhayigcoppleditotht o
Fi guredsl Wmm@qﬂ@h@n@%tuﬁmlv@m@mmmécmﬂwmnbeﬂs 24 and

25. The padﬁia@g&kzs%oww&d@mmmylmﬁrme%&u%p%rda@ﬁdiiﬁusﬁai&%lsI On
29 and a brj d dg B%rth‘an d| ele trlc coaspmﬁ‘ga 23. Theract
arm28|sfiorme ep oofngdm('ﬁsurln rrc it ewceg}“
pi vot abl e WPQ‘H““W’@‘SW@%‘“WWH@%’HWP dcmﬁ@nﬁ“mgm?@wt | s,
t he act uat peagecaveridEigures, isiwelt hs ieFighrdsh 27t 8, 0andaoupl ed to the 15 support

structype and alh%ﬁﬁ&%@u&fﬁoﬁﬁem m:w&%m%mﬂl%fﬁmﬂﬁ RELHN to the

support struct act uating arm2 gll’l ses oute I.nner ar m

portions 3 T e pesrle depice @ s cprmpced plertricplly w afument | a9
in isol ati émrcs 33oﬁ$ﬁlb§m¢scmmﬂvenflml vithin thecCMQSctraptups. Jhe eleptri¢ahconneetionjseadei ve
Vi ew ShoWntoiefid tirinGhhlk ©1 add 35]44@ applidatidlof dekcititioh {di@fvolizge tohd tirkid 4 resaksQlcokrt Bow
simlar wWayds ﬂE HDsmg,. mgumgﬂqﬁmngmzeghuwaﬁ@%em%&mw L
perspect [ ve | n T of gllé S WwWwe gnuoti'tehgtpornm
Theomerarmpomon31ofthcacmaUngaHnZSBmechamcallycouplcdtobntdecmwlylsolatedfrom
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 anm portion 32 causes bending of the complete
actnating 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 sobstrate 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 elernent 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



20 The inner portion 32 of the actuating arm28 is fornmed from an
titaniumalumnumnitride ((Ti,Al)N reactively sputtered) deposit during
formati on of the nozzle device and it is connected el ectrical I}/ to a
current SHAPYR283  as il lustrated schematically in Fi gl @/AHU0AKS K n the
CMOS structure. The electrical connection is made to end termnals 34 and
35, and application of an excitation (drive) voltage to the term nals
results in current flow through the imgner portion only of the actuating
arm 28. The current flow causes resistance heating within the inner 25
portion Q&Mﬂgahhadams,miwgagawmmo tho e deqpuisalst 3¢ arld 36 fthg mmgwitg comachlentehy il

Pechani ¢ 3 fig ol ﬁf‘“ B e s ha
é}“ %“&g P? hT‘:ﬁ B@Mk%?“ﬁm%lc ?s OB R ot er

portion
arm port |3bwh®memwﬁmmmdﬂm%€1|%%%ﬂmmw hr ough
t he i BNe eyl iniplifen cléutnts KLEEH a B oBGsoftradghifent4) 5oih Of whichar shodh inFigmar m 28
N e M0 DG e AR E end de il e Sibaitiea i MOSUyel 2B Gr AU @LNTS.  TI S

bendi ng o uat1 ng arm 'S, .equiva

nt tostHlota mavenent of the
armwith resp@@ﬁ“‘?ﬁ%“&‘%%@‘é‘?@% ?’Tmfhég'ﬂ?‘ie%‘ oBi2Y ﬁﬁ'ﬁ?‘ of the
paddl e 2andf, tdvbmact ikneade betwrinaheon@idg anddixd@SontadyeleineptsF pnd3@ dAytgwerexeme avheaior | s

provi ded e%&ﬂhﬂm&b&ﬂﬂ%a&%&ﬂe@@dﬂe%&nﬂ%ﬁ&éﬂeﬂﬁ Figkes £iag9, Oanadtis tizak € Of
pi vot rgoverTg]?t OftQFﬁxeaaCE,,Hmt lleugmsasr m @E}g&eem&?%%gﬁ%gmg% mz7 The

nove rrses a novin conta or med

i nt egral lagpuatgsl toig nerpal extephfiicient tp exps}ipk fiypp themoggle, Rojgentagtis made befpgenthafmoyise 2y whi ch
is elect ﬁkﬁa&:ﬁme&m&iwmnaVﬁmmmaahmepmkﬂmgethhnlmfgm«tmatcrrme%anwt i on

OL the a*ﬁ&ddéb}:ﬂg%@sufloa%mﬂm;w ?ﬁ%ﬁgﬁemﬁmﬁp@e&wwm ad] acegt
the second en o) m an
t hus, ?’ﬂ'ﬂ?”‘gﬁ SEfd e né’?zb ez 92%%%@ '@ﬁ novi ng
cont aét emn‘m%m’wfmﬁmbélemmﬁ pot ential of approximately V/ 2. The novenent
sensor al so cmimﬁ&mdmmmwkmhﬁmmmwmdmmm

Ib;t '?gtraalmlgw n ont act eliemnﬁsa%%g-a%‘iﬂ I n | vo?gnhg\(l:v;?gl y
to a predede ? f@ﬂ%ﬁf“m?ﬁgpfgfnﬁé%l’sﬂ‘g‘ﬁ?‘g &% ‘ﬁé‘ﬁ@"‘?? &l ganbe '

el ectri cmynatmn@nlpmmpf@bmglmﬂum‘%@w#w@s%@%mgenent
41, bgt hzgfazwhi ch are shown in Figure 11 and the conponent elenents of

O ar® gl %Zh%ag*ﬁ‘%“ﬁ‘)@ﬁaﬁwmﬂ?ﬁ Qg*%“@iﬁ;%&%%s??. on, as

shown |ﬂ%‘f"é§8a}d‘h&Pﬁd‘°7”%W ng and fi xed
cont act aismmmﬁ?pammﬁﬁﬂungﬁnmhewﬂdwrofﬁxmanndlmﬂwemes@hﬁWerrent of

the aCtU, ot 12 BAREnlidE v0 REThA me Mfliindn diBocnBf ictehis §eatdr thardthdiptiidin BveBNd 9,
cont I"é’&q%g’? 18 EFF‘.”%F 4réhe noving and fixed contact elenments 37 and 39.
When e ®Na t he paddl e 27 are actuated to a nornal extent
suffi CI ent t oFigigsas. 16 3afk 17 sheysplots ef exciiption goltage pofuger puptemperature apd paddledeliestiqn 1o
NoVi Ng aaghinsthimx RfinGa@iigRedtatioh gpkied todhe adtivaitg ans 28. Fhdséplotchavertlevaiceto varions ts6  t he

kT Oy G4\BEHRP 0 orid ¥ el B el S e ing! € Moved
to a p03|t|o§ Qﬁ pay bet%en the positions that are illustrated in Figures
7 and 8 contact 32.

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.



(internediate) position is indicated in Figure 10, although as a
consequence of a bl ocked nozzle rather than during 15 nornal ejection of
ink fromthe nozzle. . Figure 12 shows an excitation-tine di is
appl i cabl e WVO®P¥8:ting actuation of the actuator arm 28 POTHHORE0S ddI e 27
froma quiescent to a |ower- han normal ink ejecting position. The

di spl acenent of the paddle 27 resulting fromthe excitation of Figure 12
is indicated by the |ower graph 42 in Kegure 14, and it can be seen that

t he maxi num extent of displacenent is |less than the optinumlevel that is
shown by @kleimdi spl acenent 20 line 43. Figure 13 shows an expanded
excitation-tinme diagramthat is applicable to effecting actuation of the
actuator grm 28, and d e .27 excessive extent, such as is

i ndi cat edql n Fi gur Es egmé'ﬁ Fﬁﬁ"eceso spracenent of the paddle 27 resulting
fromthe excitati or»¥PPORLFEES 13 i s indicated by the upper graph 44 in

Fi guresl4, from mhlahmumﬂhdaﬁgswwedmmmmdmwmmlkevel is

gr eat er Eganfés Qvagl?l? SYIE o?éuﬁ &@Jcﬁ!tﬂm P¥mibhies ﬁ&fﬂﬁlt}helladtﬁ}ﬁlyﬁ
i gures ang sho s Jof atj an uat or _arm
tenperature anBFo gt ‘W"g‘g g‘?‘ 4 °¥ ﬁ%‘é’?“éﬁﬁ ncm:'?xs@'l“fatl on
applied to themmwzi&ﬁemméﬁmwmvance to various
tests that maybe aﬂﬂ&v&nﬂéﬂtisﬂoﬂx&&pﬁmﬁﬂedﬁv&,memmmseh&aﬁmﬁﬁi&mnt sensor

arrangenent incorpo g;' ? ngo %%% Ehﬁfe@ t 39
30 Va?L:Batl ons and { n%’p%lns rr%ﬁl%gm& e I n respect 01l devi ce
descri bed abov@"%‘a‘ﬁ'gﬁ‘i“\ef erred enbodi ment of the invention without

departing from t he sftxedentadt eltnrst formedtinteizlly gitathesyppoif\@rugirk a@pedioRE Ty YaUOO' 00582
-6- | claim 1m1ﬁuﬁ'b?&9m%ﬁg%ﬁﬂ&téi@ﬁﬂ@zﬁén@ﬁ'act@ﬂéaﬁﬁmﬁﬁﬂpﬁbﬁdeﬁﬁnmed@m&i«lwrt
structure, 5 agmaﬁt uatahgeqﬁgfxg havi gla rsh end coupled to the support

en a

structure and secon e Wth respect to the support
struct¥dre, the act M%@WW@W6WWWW§HWF@EF PriEcsh g

resi stive nat efitedbonaél dledient s thamoviipgahetememnduct heat i nduci ng el ectri cal
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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 5. 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 actyating arm.
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the influence of the heat inducing electrical current, and 15 el ectrical
circuit elenents forned within the support structure for detecting contact
between the fixed contact el enent and the noving contact elenment. 2. The
device asWO®¥% in claim 1 wherein the actuating arm RETAUGPFEY such
that the second end of the  actuating ant noves outwardly with respect to
the support structure with passage of heat inducing 20 electric current
t hrough the actuating arm and noves inwardly upon term nation of current
flow through the actuating anmt. 3. The device as clainmed in claim 2
wher ei n he aTiederice asglagnedinchinp wiss the actiatinggrm is conplgicr 4 paddie thania positiened f or nmed
fromthe el GCMMbMM%eMEiMﬁ%M%M&MMWH i's
nechanlcally qg&gled 1%k coain 25 but & trlgglly isolated fromthe inner arm
portion. 4. THh&E deviee 28 eI aTTed | Chaf"almB and enbodied in a liquid
ej ection nozzle having a liquid receiving chanmber fromwhich the liquid is
ejected Wi th Thelwwie sk chinee iiRRAim Ebheiei e 804 titabt IYmEIRNS positibhedto belddRackt@ Yy e  AS
clai med i n Cl vy SufdbihefilHPOfth B bl o mﬁﬁmg&g& alag.an i nk

d w'th outwar

recei ving er fromwhich t Nk 1s ejecte vement of
the actuati ng%ﬁ?‘ Tcemefit of the ink ‘“‘f‘eﬁ"“‘r % l 1 1 CLSIIIl W 01/02289
PCT/ AUO0O/ 00582 -7 6. The device as clalned in cIa|n1S wherein the

actuating, ar mﬂsawﬁsﬁpmhmq&aﬁéh&em&tgo&n&cmismasm&hipﬁje&daﬁof_chaﬂber
and vgerein the aﬁgﬂéﬁmﬂémﬁﬁat 8%%&%% 4qe actuating armto expel the ink

t hrough a nozzie openi n I'cates with the chanber. 5 7. The
device as clained in claim6 wherein the fixed contact elenent is

posi ti onéd t oThedevivomsichintedil chbin ltvherein e l¢chigal cionit daientedresmbpdied i EMOS he
actuating ar NgrheudRuRkint QpRR et greater than that necessary to effect.
di spl acenent of the ink fromthe chanber. 8. The device as clained in claim
6 wherein the noving contact element .is formed as a |ateral projection of
10 ofdé side of the inner portion of the actuating arm 9. The device as
claimed in claiml wherein the electrical circuit elenments are enbodied in
CMOS structures within the support structure. 15 1111111111111 VIII VIII
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