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extend across e prin areloca on~a’given chip
wi || perform PEEIRAUGRDO5A 3, BOTYAUN0AO06T 4 PICEATURO/@0GASer bat ed when chi ps t hat

are obtained fromdi fferen ed.to be,assenbl.ed i.nto a gi ven 20
s head Al 6358 iRologes Bt e Rl apaiation o2 R PRSI DA 105175
PCT/ AU0O/ Gefeface.- 2 from different wafers nmay need to be assenbled into a

gi ven FI’I nt head. Al so, having fabricated a conplete printhead froma
pl ural °ty of chips, it is difficult to determ ne the energy |evel required

for act U%AOKGRUUNi)CbEfI‘HE)mVENTmﬂ for evaluating the continuing
performance of 3 gi ven nozzl e, SN%UI\/I\/ARY OF THE, | NVENTI ON 5 The present

i nvention may bé Bigh sneedipagewitih ipkigk printephas receptly been deyaloped bysibe present m cro
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actuating ann that is novable relative to the support structure under the
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A difficulty that flows from the fabrication of such a printer is that there is no
convenient way of ensuring that all nozzles that extend across the printhead or, indeed, that
are located on a given chip will perform identically, and this problem is exacerbated when
chips that are obtained from different wafers may need to be assembled into a given

20 printhead. Also, having fabricated a
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the steps of: 10 (a) passing at |east one current pulse having a

predeterm ned duration tp through the actuating arm and (b).detecting for
a predet erwoneekitevel of novenent of the actuating arm BCEAUNSSES on as
above defined permts factory or in-use testing of the mcro electro-
mechani cal (MEM device, to determ ne whether the actuating armis or is

not functioning in the 15 required napper to neet operating conditions. In -

the event that_a predeterm ned |evel of novement . ofthe actuating arm does
not occur WPPRIHSEEYHYS By neediobr aymbld e a giye priythsad, Algchaxing fabdedar at i on,
t he devi cecompldte frinthes fii £plurality pfhips di il @ifficalt torde@iniineths éndigy leMEikgmintdih}

FEATURES OF THE .| NV I 20 .The testi t hod be effected, by passing
a single cOPfE m%%?‘sﬁe_n%e\llﬁaﬁggé'% erm negr uorréﬂcgﬁﬁ%veflﬁ?zgﬁgh t he
actuati ng SUMMARY @ BE INGENTION he predeterm ned novenent of the
actuati pg arm Al oroat invélidh méy b2 AbAned bidhdiF 4 R itingRitleAdd oftbstifgis mias | Vel y

I ncreasing duration tp .nmay be passed through the actuating arm(so as to
i nduce suceledwmyshapicaldeyiesfa type ASUPPOT SESRE I Acuging gEm thatismovably i )
IoverI a ]Ei NR:1af04 to @6 shipport BRidtuekinded tie@ifludck bf Heet ifiuciag éuvemdlow3hrpughdat er m ned
evel of noyenment of .the actuating armwihin a.oredeterm tige w ndow
o Cwher o PEHRE g, sod ey et Sicor et ek . BB S IR B plinSs 1
enpl oyed iﬂxesfeﬂsa_f:i on to an MEM device in the formof a liquid ejector and
most  phef _e(agbl Y 4 h{g%eis@&d@cﬁ;m?ﬁhsh%i&laeﬁédhﬁ'ﬁﬂﬂbﬁaﬁﬂa&ntg ! le to
ej ect an ink droplet upon actuation of the actuating armlIn this latter
preferred form A 30 invention, the second end of the actuati ng arm
preferabl y@)s Cai¢btag fora predeteritineg lettl lof mbemem@f tha dahlating atlai ch i s enpl oyed to
di splace ink fram.a chanber into . which.the actuatin m ext ends. The
actuating arm n@’setmvﬁ?ué’flcgsr% y&%—%‘?d#’gfnrlr% Woo?n%‘i\%g S %f’f%?f‘if“?s??acg%d arm
por ti ons  wiseaanicah (MEMhdevice; trdvteoniae whather the avthatingyimmds orés ngt funsvioningin then t hi s
enbodi g?nt reqllﬁmh%ﬁaﬂe%% braridl cHﬁﬁs.Q%mﬁvmﬁﬁﬂ‘a@gﬁitéﬁ?ﬁd lﬁelgﬁﬂé\{%ﬁg@d t 0 a
current supply and is arranged i use e heated by curren pul se
or pul ses byaknagAER Agss .°%\5¥kﬂfé?ﬂg°?ﬁ€"?&98#ﬂh%aﬁﬁﬁ?mw R ¥Pons to
restrain | theaévice wilkinergjsdtalor piit asitkcfommodifiationg arm as a conplete unit and heat
i nduced el ongation of the first arm WO 01/02179 PCT/ AUO0/ 00585 -3 portion

causes bending to occur along the length of the actuating arm Thus, the
act uati ng RREFERRER{FEAJURESIGF THE INVENBIQN vot with respect to the support

structyge W th RNRUHK AN o 8L Liftere@byf fASsinlgia'shizle cltfnt fullBnBfnglahe act uating
ann. predetermined duration t, through the actuating arm and detecting for the predetermined movement
of the actuating arm. Altematively, a series of current pulses of successively increasing duration t,

may be passed through the actuating arm (so as to induce successively increasing degrees of
movement of the actuating arm) over a time period t. Then detection will be made for a

25  predetermined level of movement of the actuating arm within a predetermined time window t,,
where t>t, >t

The testing method of the invention preferably is employed in relation to an MEM device in
the form of a liquid ejector and most preferably in the form of an ink ejection nozzle that is operable
1o eject an ink droplet upon actuation of the actuating arm. In this latter preferred form of the

30 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 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 the current

35  pulse or pulses having duration t,. However, the second arm portion functions to restrain lincar
expansion of the actuating arm as a2 complete unit and heat induced elongation of the first anm



The invention will be nore fully understood fromthe follow ng description
of a preferred 5 enbodinent of a testing nethod as applied to an inkjet
nozzl e as wobuetMated i n the acconpanying draw ngs. BRI F-I/BESERSISTI ON OF
THE DRAWNGS In the drawings: 10 Figure 1 shows a: highly magnified
cross-sectional elevation view of a portion ofthe inkjet nozzle, Figure 2
shows a plan view of the inkjet nozzLe.-of Figure 1, Figure 3 shows a

perspective view of. an outer portiqn af .gn actuating amand an ink

ej ecting pEEAREEES bePipa R ofeRy %%@%&eﬁf%ﬁm%i Bs e AFRUAS R e bei ng
i |1 ustr at ecffectivglyrauseidtopivpt witbrespect it thesupmirtestracitrs wish hdatig and zadlieg ofthafitste 4
shows an A AP HE hd3d@r to that of Figure 3 but in respect of an inner
portion of the actuating _arm Figure 5 shows an arrangenent simlar to that

of Figures 3 anthemvgiion Wil becmgsefully wrdexstoad from the fallowing desqrintion gf zpreferred

| ncor pos at énikddinaft oW teflingMitthoil By PP1icd e 4l iNII& nSILRYS ilhubraleld HBE Secdnfbifing 20,
Figure 6 s‘?(?)ws a detailed portion of a novenent sensor arrangenent that is
shown enc 4 in Fi gure 5, Figure 7 shows a sectional elevation view of

the nozzle of Figure 1 but prior to charging wth ink, Figure 8 shows a

sectional ﬁkﬁgg?'ﬁhﬁ"‘l‘% f Figure 7 but with the actuating
pa % act uat egilrt'%lhgnggs pso

25 arm an 2 osition, Figure 9 shows ink ejection
from t he nBbedaWiRESn act uat ed under a test condition, Figure 10 shows a

bl ockegb condi t i Gipugs1 ﬂabﬁ;ﬂﬁ@@ﬂa%ﬁﬁﬂﬂmb&%e@ﬁﬁ#@l@aﬁ&ﬁéﬁbﬂﬂr&ﬁ@ﬁl@i ;
mal |y

act uat ed 19,30 extent t hat nor woul d be sufficient to e]ect |nhk from
the nozzl e, *gure | 1 shows a schenmatic representation of a portion of an
el ectrical circdigureZshows splandfeveofiiednldd nudzlelof Rigirk®, Nozzl e, Figure 12 shows

o the nozzle adiin) BaReARRIbLERY G SuBl Yol oM pE i B B, L0 L
appl i cabl efigcting paddle grgf aﬁéql%n%#e,twmlaen angpadilg Yeing illustrtedindepindently 14
shows gD NMPeflofkier dléneits SPthéfiA_Nt -t i me _curves applicable to the
excitation-tine Fig%e%ﬂg&smwméﬂsiﬁl L{cr) ggt o%%igergg b%tBifl respect of an inner
portion of the actuating arm,
Figure 5 shows an arrangement similar to that of Figures 3 and 4 but in respect of the
complete actuating arm incorporating the outer and inner portions shown in Figures 3 and 4,
20 Figure 6 shows a detailed portion of 2 movement sensor arrangement that is shown
encircled in Figure 5,
Figure 7 shows a sectional elevation view of the nozzle of Figure 1 but prior to charging
with ink,
Figure 8 shows a sectional elevation view of the nozzle of Figure 7 but with the actuating
25  arm and paddle actuated to a test position, -
Figure 9 shows ink ejection from the nozzle when actuated under a test condition,
Figure 10 shows a blocked condition of the nozzle when the actuating arm and paddie are
actuated to an extent that normally would be sufficient to eject ink from the nozzle,
Figure 11 shows a schematic representation of a portion of an electrical circuit that is
30 embodied within the nozzle,
Figure 12 shows an excitation-time diagram applicable to normal (ink ejecting) actuation
of the nozzle actuating am,
Figure 13 shows an excitation-time diagram applicable to test actuation of the nozzle
actuating arm,
35 Figure 14 shows comparative displacement-time curves applicable to the excitation-time
diagrams shown in Figures 12 and 13, '



WO 01/ 02179 PCT/ AUOO/ 00985 -4 Figure 15 shows an excitation tinme diagram
applicable to a testing procedure, Figure 16 shows a tenperature-tine

di agr am t hwo 01/621%ppl i cabl e to the nozzl e actuating arm RERIAURH08SSS
corresponds with the excitation-tine diagramof Figure 15, and Figure 17
shows a deflection tine diagramthat is applicable to the nozzle actuating
arm 5 and which corresponds with the43xcitation/ heating tinme diagrans of

Fi gures 15 and 16. TAl LE CRIPJC]\ICFT NVENTI ON illustrated

wi th appr oxi rrati;%'}mfggkﬁ?" Eﬁ’%s l'éﬂ’F it%ﬁ’& f‘f@? el evant

drawi ng flguresfwwmanwmwmwhmmmm of a

chi p that dnﬁwF:ﬂﬂ &vﬁ%the]&cdaﬁ il damE:M)S technol ogi es. The
e structure avin

conpl ete noz deV|ce |ncludes a_suppor a silicon
substrate 20, aF that i applicgble toghenazzlq agpyating g ayer 22,

and a mn-ﬁemsb&@sﬂwvaﬁ&ﬁd&aﬁeamw QiR iRefams 6f Figirkq s hy®! 23. The

nozzl e device incorporates an ink chanber 24 which Is connected to a source
(not shown) of ink and, |ocated above the chanber, a nozzle chanber 25. A
nozzl e opmwmnmcmmmmmmmmmanber defining layer 23 to permt

%fglha::ﬁlr(relnts ?1; b e osI t %o{:ﬂ%@lg g(fbﬁ&%mﬁ an(%ate betvvee#w%imShOM) onto

chanber s Ziravipgf %smalslemn?zﬂe F%ceqiﬁhe%@mpmpﬁqcbwth% fbriggteddyed in

?5 gu rT ﬁ& 1 a@%d 7Mms a:ﬁa:mbsteaﬁoleﬁxéseqme uo?bwommg:cé Meludedd s@lbafrber s 24 and
e a | | nsi on

29" and a” BRve Rne3a R R® o SRt i Pt e P

actuating mdanﬁﬁcmsxfecmamum@omycmpesieﬁmmzmg fabrication of the

device) to be m&x&&@ﬁéﬁce‘mc&fj& r#ﬁﬁﬂﬁﬁﬂchﬁﬂbéafwﬁgpﬂ%ﬁxe&&rtyﬁdd{c@ gf substrate

20. That is, the actuating a first that 1s co tothe

support stsherm af ik andelogated aboys the shambes; 2 pozle chambersa ) nez2lk A rwa? Byis wi t h
respecis t qarwi&dmmmhb@mmﬁfgwye: ﬂihmnaﬁﬂsdemmamk &Splastpaidpasr qut er and

i nner ar ortipons,31,25.and 32 er .a n31 illystrated in
det ai | a‘ﬁfeﬁ F‘g‘gf'gf’flsgﬁw?)%“%fch éeﬁ 5“?"%‘1{ e'sr%"c?tf‘ Eetwa"@’\‘/ﬁ‘ge in the
per spect i vewro ghambers Rband 25 m@w@n&mﬂ%mmmqu&émﬁw3zn¢%tﬁel | ustrat ed

in a simlagy y\@,yeffe&vﬁs,qmdgsfﬁﬁw'grgwmhgﬁ&ﬁct uat i ng arm28 is illustrated
in perspective in Figure o, well as in Figures 1, 7, 8, 9 and 10. The

i nner portion @ebﬂﬂﬁp&&@H‘WWM@W@MW&W9”MW ging
titanisom glotidh B0 bFthedidléctritRoatid@24. Ti Al ) N deposit during formation of the

st rat ed scibpiesis 2P et o8 Gilsbigiinalot-dalnothl Bl BB’ "0 ¢
el ect ri calpivotable with wspecttothe support stmcmre or substrate 20. That is, the actuating arm has a first :
end that is coupled to the support structure and a second end 38 that is movable outwardly with
respect to the support structure. The actuating arm 28 comprises outer and inner arm portions 31
25 and 32. The outer arm portion 31 is illustrated in detail and in isolation from other components.of
the nozzle device in the perspective view shown in Figure 3. The inner arm portion 32 is illustrated . |

in a similar way in Figure 4. The complete actuating arm 28 is illustrated in perspective in Figure 5,
as well as in Figures 1, 7, 8, 9 and 10.
The inner portion 32 of the actuating arm 28 is formed from a titanium-aluminium-nitride
30  (TiADN deposit during formation of the nozzle device and it is connected electrically to a current
source 33, as illustrated schematically in Figure 11, within the CMOS structure. The electrical
connection is made to end terminals 34 and 35, and application of a pulsed excitation voltage to the
terminals results in pulsed current flow through the inner portion only of the actuating arm 28. The
current flow causes rapid resistance heating within the inner portion 32 of the actuating arm and
35 consequential momentary elongation of that portion of the arm.
The outer arm portion 31 of the actuating arm 28 is mechanically coupled to but electrically



connection is nmade to end termnals 34 and 35, and application of a pul sed
excitation voltage to the termnals results in pulsed current flow through
the i nnerwpdi®i®h only of the actuating arm 28. The culFEAUABH causes
rapid resistance heating within the inner portion 32 of the actuating arm
and 35 consequential nonentary elongation of that portion ofthe arm The
‘outer armportion 31 of the actuating-arm 28 is nechanically coupled to but

el ectri Caisbmmé\ﬁ%rhm\é\@m%ﬂ drfiSn SAT/ pob0 9. AP Sent iminbed Bbating bockis Wil | Nner

arm portion 32 by posts_ 3 No current induced heating occurs wthin the
outer ar nPPEHAR pRFtian 31 and as a conseqpenpe; yolizasindnced wyment Slow, & IEF Nt £ ow

t hr ough tbmmumommﬁu@nﬁwmwg a2 816 the imagnepindicdted 1ﬁ0mﬁ| ete
actuati nggar m nner t e ures 9 10 t he

dr awi ngs. g%@ﬂ‘g}&‘g%%?% at‘f‘%g?% gfé#’erﬁc?gm%sa“%qw v vag@fndt?Bw ot al
novenest sivenivet aftite amh with respeptae the substrates2Osb 8 resultsan @icplagemient of thepmddle 27 i n

di spl ace%g{ecﬁmeg%lgﬁﬁgﬂ within the chanbers 24 and 25. An integrated

novenent sensor 1S prov within the device in order to determ ne the
degree or rat eABintsgrated muovemant epsonis Pravided within the devics dn ordertoxdstegpigethy or der to

permt teaégrdt@r ite of Pivotaldfovefieht ofithe SbhRridFAVE DB Md if 6rderas pEANREiERSthe MOV NY
contact elepent 37 that is fornmed integrally with the inner portion 32

of t he act&%ﬁ“ing arm 28 and which is electrically active when current is
passi g t hr ouhe rdveménn seasor pouprisesa nufving lcontart ¢lemagnt 3ibthatngformed intepomily withcont act

el ement 34, nﬁwﬁ%a 053991% maﬁfg% zimv&mmecﬁﬂgnﬁﬁu&fwﬂebmt P%ngg;g ant

and, thus, voltage V applied to the end termnals 34 t he
novi ng coffFragh grepartion,of the acmating agm . Theapqving|congyct glement 7 igmesitiopedy/ 2. The 15
movenent sajsuaﬁtrmeab@ad &idIzp bfﬁemﬁg a)ﬁﬁdnd; &m aﬁﬁx a@bIRFE Ntapplfdd whihedadi s f or med

o e gt o ot VU e Rl LR 8 PR 200,
to a ppedetommmmoeakosnmpnsﬁweﬁted chmmm@ wlmmnquntegzdhmmd
el ectri Cab?v)b%\ﬁy %ﬁ%nh%ﬁﬁm%&ﬁ&%ﬁb%@oﬁ%@db?ﬂ@nﬁbﬁé9&3&9&?&&%37%&@&196”9”t

41, both are shown 1n ure onponent el enents of
whi ch ar e 3EWAHBEIREP8 RIOV paTs toApr ipedypatento Thefined gomtpct glement i\hen t he

aﬁt uat or amaﬁeﬁaﬂcanbmﬁeﬂmﬁdddama?&aﬂrcﬂ,pfoaessdaenﬂige@@embo@eﬂtlon, as
snown in ure

tact t d fixed
contact el ﬁr[e "gﬁé'"%l an%ﬂfceq’gﬂg& ?ﬁ%?"%?f"g’ﬁémen Ei%&%‘ﬁ’é’%tggmsgrrenltng
t he a@puaCdfOHayer 2 theleviradd| e occurs, indicated in Figures 8 and 9,
contact i's MadyaehYEARk B 780 BehoR it pfaaaf@éiz R R Ghiefleft FoHich, a3 Ehdtd

in Figures 1 and 7, no contact is made between the moving and fixed contact elements 37 and 39.
At the other extreme, when excess movement of the actuator arm and the paddle occurs, as
indicated in Figures 8 and 9, contact is made between the moving and fixed contact elements 37 and
25  39. When the actuator arm 28 and the paddle 27 are actuated to a normal extent sufficient to expel
ink from the nozzle, no contact is made between the moving and fixed contact elements. That is,
with normal ejection of the ink from the chamber 25, the actuator arm 28 and the paddle 27 are
moved to a position partway between the positions that are illustrated in Figures 7 and 8. This
(intermediate) position is indicated in Figure 10, although as a consequence of a blocked nozzle
30  rather than during normal gjection of ink from the nozzle.
Figure 12 shows an excitation-time diagram that is applicable to effecting actuation of the
actuator arm 28 and the paddle 27 from a quiescent to a lower-than-normal ink ejecting position.
The displacement of the paddle 27 resulting from the excitation of Figure 12 is indicated by the
lower graph 42 in Figure 14, and it can be seen that the maximum extent of displacement is less
35  than the optimum level that is shown by the displacement line 43,
Figure 13 shows an expanded excitation-time diagram that is applicable to effecting



25 39. Wen the actuator ant 28 and the paddle 27 are actuated to a nornal
extent sufficient to expel 1ink fromthe nozzle, no contact is nade between
t he novi ngvaoteitexed contact el enents. That is, w th noPCEIAUY0SESi on of
the ink fromthe chanber 25, the actuator arm 28 and the paddle 27 are
noved to a position partway between the positions that are illustrated in
Figures 7 and 8. This (i nternedi ate)5positi on is indicated in Figure 10,

al though as_a.consequence o nozzl e 30 rather than_ during normnal

ej ection #iﬁg‘ﬂ“ﬁ‘g gaﬁ“gg‘e ) an exprsifee Xistesuch #54¢ PdeAdiide di agram
that is apﬁigurmew'ﬁheeﬁsbhcﬁneﬂgpfﬂepatﬁlazamesﬁlhngﬁnﬁnthaeichﬁoﬁbfﬁgm fHisand t he
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that the maxi mpguet sk akf 17dhsR pifdiertiatich vb ctagtorafa Rmb&8nRRhd Mum | evel
that is shovxaﬁgé/ﬂathe di. sp| acenment Jlne 43. Fliéa%ﬁ’rae sh%\!/rvslh an é“ﬁ(‘banded
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i ndi cat ed %ymm@lﬂquﬁrsucgwsamhvmmmmgmnépqmdwcp@nmmwghthe@m seen
that the rEx%2EUrafing PR € e turkt®n®) is bchtrblled & Béredsd Rith drittasHiiickiga M | evel

i ndi cated by.ihe .dLs enment line 43. 5 Figures 15, 16 and 17 shows plots
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of excitat ctuator armtenperature and paddle deflection
agai nst tine f(Eacleunnanpdée\tmiuyesherﬁaSanglmmdmmsafmMhhaﬁnisqnenaﬂpl ied to.

the act ua‘;l;l JhG zaP']n ov\t}awa{egb %1&%553&&% %Isé he nozzl e

devi ce. estl evi ce, or ea noz evice'ln an array

of such dékwae%Asan ﬂesFlgml%@ﬁ#@mmwu%ﬁowwsmbrmeywmmeaa ng

duratign tigerékén| mghm&doﬁsgsjhb%tmh the actuating to arm 28 over a
time period t rati.on

u t.p.isS trolled t crease with tinme as
i ndi cat ed graﬁﬁiaé‘ﬁ%f’ﬁsﬁ“ﬂcﬁdﬁ{‘:‘ﬁ“’iquﬁéﬁﬂaﬁrﬂgﬂvﬂﬂﬁ i R8s nonent ary
heat i ng i rsu¢ckssively ingmbdingglegreas) séfde afiwhich mﬂhsbﬂpmﬂhatlra#uredttecqnﬂrcantantmhel sein
th t gl th
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pul se duration the tenperature rises to
successi véhayreﬂwgﬁ&mmvwwbmﬂwthh@?‘e%@d tack elgments: {TBISE as shown

[ n Fi caer e iﬂ«_ﬁoate&\%yﬂae r‘tgnga” litShévith pfgh.edw n Figure 17, the actuator ar m 28
e B blete o SRR b 64 S SRR B o
and fi xed acoating atm 28 (berhet wst Iswe)withB0s predetdmubddding wikdowit thitt fails wlithip gheabov e
testing time t. This is then correlated with the pulse duration t, that induces the required movement
within the time window, and this in turn provides indication as to the appropriate working condition
25 of the nozzle device.
As an altemative, simplified test procedure, a single pulse, such as that shown in Figure 12
may be employed to induce heating of the actuating arm 28 and to effect a consequential
temperature rise, which will be followed by a temperature drop on expiration of the (single) pulse
duration. Then, the microprocessor 41 will be employed to detect for a predetermined level of
30 movement of the actuating arm resulting from the single current pulse so that, in effect, a Go/No-go
test is performed.
Variations and modifications may be made in respect of the device as described aboveas a
preferred embodiment of the invention without departing from the scope of the appended claims.




that required to cause contact to be nmade between the novi ng and fixed
contact elenents. This is 20 indicated by the "test level" line shown in
'Fi gure 17wWomé@2H®croprocessor 41 is enpl oyed to detect fRET/AU “ﬂfoﬁféterm ned
| evel of novenment of the actuating arm28 (i.e. the "test level") within a
predeternmined time windowt. that falls within the testing time 1. This is
~then correlated with the pul se durati®n tp that mcﬂﬂﬂl”ﬂﬂ’"]mmum’j
novemnent \Mthlnthetlma wi ndow, and this in turn on as
to the approp'? ate working condition 25 of the nozzl e ‘devi cB. s *a
alternative, sinplified test procedure, a single pulse, such as that shown

in Figure 12 @Maﬂ&o?ﬁmngﬁﬁﬂcrbaeéﬁ%&&nﬁﬁ%h fﬁﬁyp&mhfvniégf I | Bcitid) 28 and

to effect a consequent| al eratyre rise, whic owed by a
tenperatu@éamw@ﬁ.m%hlw jYe tp Fhs SYRROHh Fugirermles he i infiypage PEhFat Then, "t he
m croprsocemm&ﬁrewﬂobvtbeu@maamadlgbﬂn,dﬂaaeﬁaveﬁleﬁtsa;s&raesdaswdmmd | evel of

30 novenent,k of the ac ting arm u ng fromthe single current pul se so
that, in eaﬁugtgg ‘E% %ﬁd&gp?sén& e%p etjrformed Vari ations and

modi f i cat it@ns mmbvlmgemm@gbewnehptcmcmdwmmmlmmve as a
preferred enbodj of the invention w thout departing fromthe scope of
t he appended clains. WO 01/02179 PCT/ AUOCO 00585 illilllilililil0 lilt!
111111 | dPhj mdetecting for 3 predetermingd lavel of moyement of the sptvaing aect r o- mechani cal

devi ceipof a type having a support structure, an act uat| ng armthat S

novabl e reJ ative,to0 €.« SLPD StoygLure un ne eat 5

I nduci ng %rrenﬁ?’f’%ﬁ?%"ﬁf%‘ujﬁﬂ%e ac ua?ﬂ‘pr%(a'e'g'rnr’f‘fla% %L% ton hsor
associ ated wit hhﬂmzammcimgcmwmmmu@ommcdlw@mdﬂemm@@ of (a)
passing at |east, Qg & rent pul se having a predeternined duration tp

t hrough the actuati ng arm and (b) detecting for a predeterm ned |evel of
novenment of the actuating arm 10 2. The nethod as clained in claim1l when
eLrplngdef i3 r%ah?]ﬁa?]ddalsalainieguidhmjlmeﬂ @ipld}eimlraanohwam f@eﬁhd'nqwz'ﬂe recei vi ng
chanmber from ch the ||qgui cte Lh novene tuatlng
arm 15 3. The #@t%oaa BSUE %‘bg'lf? al:’j“r’r}1l '\f\'ih S f“ﬂ;'/%&l%trg Stion to an
i nk ej ecti on noacthagng #rmevi ng an I nk receiving chanber fromwhich the ink is
ej ected with novenent of the actuating arm 4. The nmethod as clainmed in

claim3 wher ei n_t he pnovenent sensor conprises a noving
The method as claimed in claim 3 wherein the movement sensor Comprises a moving

20 contact element formed integrally with the actuating arm, a fixed contact element formed
integrally with the support structure and electrical circuit elements embodied within the
support structure, and wherein the predetermined level of movement of the actuating arm
is detected by contact made between the fixed and moving contact elements.

25 5. The method as claimed in claim 4 wherein the movement sensor includes a
microprocessor that detects for the predetermined level of movement of the actuating arm.
and correlates the predetermined level of movement of the actuating arm with the
predetermined duration of the current pulse.

30 6. The method as claimed in claim 1 wherein a series of the current pulses having
successively increasing durations t, are passed through the actnating arm (so as to induce
successively increasing degrees of movement of the actuating arm) over a time period t,
and wherein detection is made for a predetermined level of movement of the actuating
arm within a predetermined time window t,, where t>t.>t,.

35

7. The method as claimed in claim 6 wherein the movement sensor includes a



20 contact elenent fornmed integrally with the actuating arm a fixed
contact elenent formed integrally with the support structure and

el ectri cahygommuiot el ements enbodied within the supportl’(g‘(tﬂlwlﬂ@ﬁsé and
wherein the predeterm ned | evel of novenent ofthe actuating arm is
detected by contact nmade between the fixed and noving contact el enents. 25

5. The nmethod as clainmed in claim4 wherein the novenent sensor includes a -

m croprocessor that detects for th redetermn | evel of, novepent of the
actuating and &ww&@ﬁ@%@%&fﬁ%&ﬁ%ﬁ%%% RS ACTRnE Ay,
actuating arm Wﬁmlntmrwpreﬁdﬁummwwbmmelpedammwmfse 30 6.
The net hod as cl_ ai rred | I ul ses
havi ng successiwgfl’ﬁ‘/ I ncr SI ng ﬁ@g‘?&ong‘@f%?@%ﬁ‘g‘g@%ﬁ%‘ﬂﬂ&t‘%
actuating arm ( simexdgndowti-nduce successively increasing degrees of novenent
of the actuating ann) over a tinme period t, and wherein detection is nmade
for a predeterm ned | evel of novenent of the actuating armwthin a
predetermned tine windowt,,, where t>t"?tp. 35 7. The nethod as cl ai ned
in claim®6 wherein the novenrent—senser—i-ncludes a WO 01/ 02179

PCT/ AUOO/ 00585 -8 m'croproce for the predeterm ned |evel
of novenent of the actuati ng N"]H"Iﬂ 'l mr edeterm ned tine windowt,,,
and correl ates the predeterm n eve enment with a pul se duration

tp that induces the predeterm ned m)verrent within the tinme w ndow U. |
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