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nozzl e density, e nozzles are ricate I nt egéafl ng MEMS-
t echnol ogy. A di PETAQG/0Q531 PET/AMH0A05 e, PR/AHBO/0@HS on of such a printer

is that there is..no, convenient f,. : .
extend across thzﬂf)ﬂsﬁlf’ﬂgﬁsdoﬁ ,ese:,\%%eg’gfngﬁﬁgﬁéaﬂgﬁaé}gs?%é?%g& é%x@% ﬁi \@;ﬁé%s chip
wi |l performfedasedically, and this problemis exacerbated when chips that

are obtained fromdifferent wafers nmay need to be assenbled into a given
printhedd. Al so, having fabricated a conplete printhead froma plurality of

chips, it | ACKGROUND OP T#AL ENVENTIONe energy level required for
actuating individual nozzles and for |

A high speed pagewidth inkjet printer has recently been developed by the present

Applicant. This typically employs in the order of 51200 inkjet nozzles to print on A4 size

paper to provide photographic quality image printing at 1600 dpi. In order to achieve this
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eval uating the continuing performance of a given nozzle. 10 SUMVARY OF THE
| NVENTI ON The present invention nmay be defined broadly as providing a

nmet hod of calibrating a mcro el ectro-mechanical device o,T a t pe havi ng a
support sYPIWH®  an actuating arm that is novable rePg?Ngn’?'%"the
support structure under the influence of heat inducing current 15 flow
through the arm and a novenent sensor associated wth the actuating arm
The method conprises the steps of (&- passing a series of current pul ses

of ccessively ingreasi ng duratdon t Nk . ac ' al o] t 4
hduce. ouone o plabie PRAPETRI A Purgl oAy 1600 Foi 7 bolg o dekidlethiy 0 20,
over a ti mfazﬂﬁaénei@, the nd@zléddre fubirieated bgin’i:egrat’mgpﬂﬂdﬁt@g[ﬁ&technbbggl of W
novenment of the agfuati rmwithin.a predetermned ti w ndow t ere
t>twstp, and (c)‘&ﬁ’&ﬁ?'ﬁ%%ﬁ%"%@aﬁ &eﬁ&%ﬁ%@f’ﬁ’s HEEIBAC of t he

act uati ng cahvonidit @afdﬂeﬂﬁﬂﬁ:g thd laBl RoLbAesithid extestlicrdds Sk printtiedd bi, Gideed, thad

produce the predeterm ned l'evel of novenment within the predetermned tine
wi ndows5t . areigcatedonggiven chirt willperform idsatically andshis peoblem isisxagerbated yher sj ngl e

T 6r0 el i1 BE ARG oMtk e MRS 1) Sond VS BB et 1 15 (e

cal i bration®o rce wthin an arrt devices, so that all of
t he devi c gsinthedadai Adsa, having fabyicated 4 complete printhead from g phsality of ehipsyitdhi f or m

manner . . 01/.021.78 PCT/ -.3 P EA]HBE%E | NVENTI ON
The cal i M%ﬁéﬁéﬁﬂ@lﬁ%%@g?gn%gﬁﬁ?%ﬁ pretera P@ 'S enp (%e I°h relation
to an MEWsleatingehe contituing performance of a givenlnegzlect or and nost preferably in
the formof an ink ejection nozzle that is operable to eject an ink

dropIéP upon actuation of the actuating arm 5 In this latter preferred
form of tIUMNMARY OF THEWVENDIONend of the actuating armpreferably is

coupled to an integrally fornmed padd].e g‘uic I s enpl oyed t I Spl ace ink
froma chanberTPWrss%PEﬂ“'Pﬂé‘aig’F§5}é494 r%ﬁd& M@H@gg%metho% ogca%raung
a micro electro-mechanical device of a type having a support structure, an actuating arm

that is movable relative to the support structure under the influence of heat inducing current

15  flow through the arm and a movement sensor associated with the actuating arm. The
method comprises the stéps of: : : .
(@ passing a series of current pulses of successively increasing duration t,, through the
actuating arm (so as to induce successively increasing degrees of movement of the
actuating arm) over a time perio& t,
20 (b) detecting for a predetermined level of movement of the actuating arm within a
predetermined time window t, where t>tw>ty, and
(© Calibrating the device for subsequent actuation of the actuating arm by a current
pulse having a duration t, sufficient to produce the predetermined level of
movement within the predetermined time window tw.
25 The above defined method permits the calibration of a single micro electro-
mechanical (MEM) device and, more importantly, permits the calibration of each device
within an array of the devices, so that all of the devices within the array will functionina

substantially uniform manner.



The actuating armnost preferably is fornmed fromtwo sinilarly shaped arm
portions which are interconnected in interfapping relationshi p. In this
enbodi nent of the 10 invention, a first of the armportions is connected
to a currelVOQUPMIY and is arranged in use to be heated byPGIAUMOQPIAN

pul ses having duration tp. However, the second armportion functions to
restrain |inear expansion of the act uating armas a conplete unit and heat
i nduced el ongation of the#first arm poc§ion causes=bending to occur al ong

the length t uating armis effectively
caused to pﬁ’ﬁmﬁ@ﬁ%ﬁgﬁﬁﬂéﬂm}ﬁﬁa&ﬁ structure with heating and
cooling of the fThéEaliBPd’tfoh%btﬂddf'%&ﬂ%ﬂﬁ%bf&er&lﬂ sJHﬁojréNﬁ'i‘élhﬁUhtWah' be
nore fully understood fromthe foll ow ng descripiio preferred

enbodi ment MEM device i the fosm ofaliqyid ﬁscterm@mnwt prsfembly wkt}l@forn&fﬂp dnkys

illustrated %&zﬁ e@l"%{f‘iﬂﬁ §{;§k— | E
DRAW NGS ejeethxf raw ngs: gureqjl shows a %tﬁﬁi}y magni E‘anatg:gﬁ

" Cross- seatlcknﬁixs lattenpaefered farmwfﬂie lavqntlon,lthrmeomd enﬂwfthdqcmatmg)mweﬁb@ure 2
per spect | veRsuRIeafo o sty e tafug phion s Bhbye o Bl i 3 k"
per spective in

e{ facti ng pgdﬁdmbdeointafmhtchd lthd‘dqnmmf ﬁaﬂﬂbﬁendshe act uaLi ng arm and paddl e bﬁi ng
illustrate In en en.t yo ot he nts the nozz Fi gure 4 shows
an arrangement si sb?"eéf’g %’%‘W‘bﬂ'ﬁé%‘h Shapefharm nor
portion of bbﬂnoﬂ&%ﬂi%hhf&nﬁfd&hn&&dﬁhﬁué& ing F6l¥GorRipa Th SIOGHABIHimEHt BFHRT t O
that of Figures 3 and 4 _hut in respect o t he corrpl ete actuating_ arm

i ncor port i H{j’ef“l*\@ a dirst of the drm pagtions,is,copppsted de a garrent synnly andsis arranged injuse

Figure 6 sheype feathdibyithechrient Mhmm dﬁi‘&ﬂ@d‘%”ﬁo@@ﬁ%e@é&ﬁ&‘m&h ophat is
shown WO 01/02178 PCT/ AUCO 0 -4-"encircled in Figure 5, Figure 7 shows

a sectional ﬁmc@mtpmtrmémemexpmmmfzh@mm ann &5 ajcampletp phip and keat
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
15  support structure with heating and cooling of the first portion of the actuating arm.

The invention will be more fully understood from the following description of a
preferred embodiment of a calibration method as applied to an mkjet nozzle as illustrated in-
the accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings:-
Figure 1 shows a highly magmﬁed cross-sectional elevation view of a portion of
the inkjet nozzle,
Figure 2 shows a plan view of the inkjet nozzle of Figure 1,

25 Figure 3 shows a perspective view of an outer portion of an actuating arm and an
ink ejecting paddle or of the inkjet nozzle, the actuating arm and paddle being illustrated
independently of other elements of the nozzle,

Figure 4 shows an arrangement similar to that of Figure 3 but in respect of an inner
portion of the actuating arm,

30 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,

Figure 6 shows a detailed portion of a movement sensor arrangement that is shown



charging with ink, Figure 8 shows a sectional elevation view of the nozzle
of Figure 7 but with the 5 actuating arm and paddl e actuated to a
calibration 03| tion, Figure 9 shows ink ejection fromthe nozzl e when

act uat ed WAQHP21B cal i bration condition, Figure 10 showSCHABPUWRSy
condition of the nozzle when the act uati ng armand paddle are actuated to
an extent that normally would be sufficient to eject ink fromthe 10

nozzl e, Figure 11 shows a schematic +@presentation of a portion of an

el ectrical_ci iﬁ(éui P,.thast?11 is enbodied within the nozzle, Figure 12 shows an-
exci t at i of8¢T%fE applicable to nornmal (ink ejecting) actuation of
the nozzl e act uBigured shows a déctibhd) elevatich vidvo vbthe nozdeofiRigure b but priordo agr am
applicable to, caI | brat ion actuation of: the nozzle actuating arm Figure
14 shows \}%I"dl spl acenment tinme curves applicable to the
excitation-ti ”EF @ shBWs & SQ¥iBnd] Rleatita' viéw éfthe R6zzle’of Fijne 7 GutlRitBews an
excitation-tinme di agram applicable to a calilbration procedure, 20 Figure
16 shods actuatingarmand paddiegctusteddp asplibsationiposition| i cabl e to the nozzle
actuating arm agg_m\gry r ram of
Figure 15, and gure ?y&ﬁ{l}ge‘?\%ﬂ% I e%ﬁ%%%%@m%%%%ﬂrﬁ?ﬁg%%@appl | cabl e
to the nomﬂchtlonact uating arm and V\/m ch corresponds w th-the

excitation/ heat i r

DESCRI PTI ON OF lh@&ﬂ% £RloRt °§¥‘ {iH b gz a"me}ﬁég oxﬁaﬁm 5o,

nagni f i capaddle re attugied t ah extert thhthmrmallyewenld be sufﬁamntrtgejecgnkﬁ'smthe5| ngl e

i nkj et nozzI device is shown as a portion of a chip that is fabricated by

i nt egrlgtl M5 and CMOS technol ogi es. The conpl ete nozzl e device 30
includes a SUppBifgtlreSltlrsH@&sJi scheutic@presentdtion ofla porien ofdreel@fricahcinetahatoxi de -
sem condugt or yer .21, a passivation layer 22, and a non-corrosive
dlelectrlés%@oﬁdf &‘B ”E"efining :

Flgure 12 shows an excitation-time diagram applicable to normal (ink ejecting)
actuation of the nozzle actuating arm,
15 - Figure 13 shows an excitation-time diagram applicable to calibration actuation of -
the nozzle actuating arm, _ .
Figure 14 shows comparative displacement-time curves applicable to the
excitation-time diagrams shown in Figufeé 12 and 13,
Figure 15 shows an excitation-time diagram applicable to a calibration procedure,
20 Figure 16 shows a temperature-time diagram that is applicable to the nozzle
actuating arm and which corresponds with the excitation-time diagram of Figure 15, and
Figure 17 shows a deflection-time diagram that is applicable to the nozzle
actuating arm and which corresponds with the excitation/heating-time diagrams of Figures
15 and 16.
25
DETAILED DESCRIPTION OF THE INVENTION
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 technologies. The complete nozzle device
30 includes a support structure having a silicon substrate 20, a metal oxide semiconductor
layer 21, a passivation layer 22, and a non-corrosive dielectric coating/chamber-defining
layer 23.
The nozzle device incorporates an ink chamber 24 which is connected to a source



| ayer 23. The nozzl e device |ncorporates an ink chanber 24 which is
connected to a source WO 01/02178 PCT/ AUOQ 00584 -5 (not shown) of ink
and, |ocated above the chanber, a nozzle chanber 25. A no ng 26
IS provi ded"? A chanber - defl ning layer 23 to permt di ?ﬁ@t@ﬁ@ﬁ%’ I nk
droplets toward paper or other nedium (not shown) onto which ink is to be
deposited. A paddle 27 is located between the two chanbers 24 and 25 and,
when in its qU| escent p05|t|on as 5 inficated in:kigures 1 and 7, the

paddl e 27 eff | The Dz .27 1S
coupled to %ﬁ‘f‘ﬁ@t#ﬁ% S{@ g’é&g&&’g@’ fgﬂggggﬁéeﬁ%gﬁ%ﬁﬂ Kﬁ Jd e:lanrfl
portion 30 ais i$ providedinthé chambendéfiniag er ZBito penmudxtplmmnmﬂﬁk dmlplemsf med
(i.e. deposited.,durin abr i “atlon f t.he deJ b i.vqt €, M
respect to {¢¥Ard paRss of other F‘Eﬁ‘é“ % °§6‘2k’??%}? ﬁ??gs'feﬁ %@d&gi

arm 10 has j@otdtedbetRBéh théilo tambersP4qed 29 ah@,emumm §uisdcemGosition,a8d a
second end 38 that is novable outvvardlﬁ with respect to the support

structur&. Tnicated inFigures Landh 72 theaddle 2 Gge@l}'ﬁb’rdlﬂﬁﬁﬁ the H’I’fé?ha&bﬂﬁsr?ér@ﬁ@ﬁs 31
and 32. The out Epe mdm-;lhggur},} ,iosmgg{\?lgtzﬁeél h thgnaﬁﬁ 'éxtei‘nﬁlgnbﬁamiﬁo' ation

from ot her corrponen S of perspective view shown in
Fi gure 3. Thddgingportian 30 oftheidiglecsic ¢aating Phstrated in a sinmilar way in

Figure 5 as el Mg Eong B K RBeFig) ol bl WhALER) R UREISREY o7

t he actuati bgpbvotabRSwitlsrespectiodhé suppor strudtaneion mbmtratm'zm Fhat is) rtheracdmtx(xg ardh ) N,

e bctri i yapn ikt ot hels Sl e M sbrsert Fuchite AfnsroatdieotdB Bt i Povabler gur o
gérmw.nglhisnSZ and }?:5 anz tusmltirsap%(: on of at%ﬁuﬁmﬁ;ﬁw?gﬁ&e@taoe?ﬂe
termnal s ré“é’&’r’?@l"ﬂ“ﬁ‘?}lge’&gg &gﬁw'ﬁmquﬁ ‘f e i e‘ﬁb‘ﬂqlﬁg only of

the actuati f@lafiolrdfh othétomipbhediy offth%zﬁlél&ei'ée frPdak gersﬁe%ﬁ{'éﬁéﬁ%ﬁmbﬁﬁi i ng
within the inner portjon 32 of the actuating arm and consequenti al

el:ongati on &igurerkt ThesinnerarmaprtionS24s Musezqedw similanwayrimFigyre 4.0 fhegomepleten e
actuating agghgbhg afmPRGEANsEALd M peRpRtRd i Pightt!s, 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 (TiAI)N, 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

20 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 consequential
elongation of that portion of the arm.

25 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
through the inner arm portion 32 causes momentary bending of the complete actuating arm
28 in the manner indicated in Figures 8, 9 and 10 of the drawings. This bending of the

30  actuating 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 in order to permit



electrically isolated fromthe inner armportion 32 by posts 36. No
current-induced heating occurs within the outer armportion 31 and, as a
consequence, voltage i nduced current flow through the inner arm portion 32
causes rrdﬁ@ﬁ%%?rlgﬂ bendi ng of the conplete actuating arm PEFAUVNORY anner
indicated in Figures 8, 9 and 10 of the draw ngs. This bending of the 30
actuating arm 28 is equivalent to pivotal novenent of the armw th respect
to the substrate 20 and it results igr displacement of the paddle 27 within
t he chanber 24 agcﬂ] % An integrated novenment sensor is provided within

t he devi c&al* % V’&%term ne the degree or rate of pivotal novenent of
the actuating ThélindPentdht! senfor@ofiPfisds@ rieving éonvicr Eldmént B73hdtisForkh&d 00584 - 6-

calibration of_ the device. The ment sensor _cC a_no .cont act
el enent BWQSﬁ%HY‘i"%hﬂ’G%BP‘”Pﬁ'P %PéﬂiFW |8, E@ﬁmﬁ ?l?%“!&'a Ve he
actuati ngvﬁwb&%n@ﬁ gh fle @il péribh xsfa,erauuﬁmg\mn THE fioVThk cofita@l2SSi NG
t hrough the 1 nner rtion of the actuati n&-larm ' ' novi ng, contact 5

el enens 3¢Iemsntrﬁ79$p¢mda®}i@§bﬁ9 seqead sud: eftbmptmnsmn@l Hwsgeithdg arm
and, thus ?lmtg%h/ fpenln&?{ ttﬁ@ﬁd\%ﬁlﬂmflé $4ladd3. e o %c# Gntich dbment el?Bg \f’ag t he

movi ng con a poteéntl appr oxi nat The
nmovement petential oﬁt@mmmalplylwas The fnoxendent serisaalso wnmﬁerQOMh i s

cont act cacBerS WHbh o epy i 4 O W PR BRI AeRiEd B, 7,

upwar dl y. s&cértactedbyatiemoviny cotact clemeht 37Hvbedthmudumghanﬂ8 pivotsaipwardly
connected electrically to I rrent.s 40 cr cessor
arrand®nefft @ B‘f‘ti Maﬁm 6‘%&{9 %fqefeéﬂﬁd{?ﬁgaglﬁhﬁgnent
el ement s %m%qugmmmﬂge;gmmbwmh%mm IFigatevilce.

Wien the actuator arm 28 and t he.. ui escent
posi t i on, ansthe compoRskelements of °¢;g‘? J“Béﬁﬂ ﬁ‘ﬁ@"i‘r&géf ween the

movi Ng angedite<ed contact elements 37 and 39. At the other extrene, when
excess novenent of the actuator armand the paddl e-occurs, as jndicated in

Fi gures 8 and Whep theragtmtor army28jand, hengg.the paid Qﬁ]\ﬂf?\@'ﬁﬁa‘m‘l‘:ﬁws‘t‘%@&ct .
el emen §l? F??xe%'ﬁ&?t H@c&ﬁi&&tﬂde%wéﬁtﬁﬂlﬂoﬁﬁﬁdﬂm%&hare act uat ed
mal  extent Su

to a nor cient to expel ink fromthe nozzle, no contact is
made bet welements37 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 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

20 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 rather than during
normal ejection of ink from the nozzle.

25 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 resultir_lg 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 than the optimum level that is shown by the displacement line

30 43.

Figure 13 shows an expanded excitation-time diagram that is applicable to 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 displacement of the paddle 27 resulting from the



20 noving and fixed contact elenents. That is, with nornmal ejection 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 illustr ‘ﬁf i n
Figures 7 NG 0L0214%,; 5 (internediate) position is indicat ePcFTi"ﬁE O&Sf.?f’e 10,
al-t hough as a consequence of a bl ocked nozzle rather than during nornal
"ejection of ink fromthe nozzle. 25 Figure 12 shows an excitation-tine
diagramthat is applicable to effecting7actuation _of the actuator arm 28

and the pad it a4 ' j i.ng
Sosi ¢ 1on - Taktafds b 13 BR(CEA by (hehppirbon SPRTIRAR, b whhToA'd
of Figure b@sden that thecnpenuimdisplrcementdeveljisgoéaterdhanthe Bptirours leivé] indicated bycan
be seen thahgetdéue nexi mym 4§xtent of displacenent is . |less than the optinmum

| evel that i's. ﬁ?&%ﬁmﬁé}q’t“ﬁe di spl acenent line 30 43. Figure 13 shows an
expanded exci t at FigiresilSp16lindar7akivwiiplotsiof exgifation ebltage] aenafdr afih tedfperadgieuat i on
of the actuator ﬁS and the paddle 27 to agn exgessive extent,, such as is
i ndi cat ed iﬁn@-mﬁ{eae getion peynst fine for yeeessivalyipcregsing furations plexsitatiols y| t i ng

from the VOapphiel ¢d the ablidtinpl et 230 Fidse pldts Bxde fefelvhmie tO Lalibklioh of tha nl
I ndi cat ed b?ﬂ%{\e uppgr graph 44 in ?:eipgurse 14, fromwhich it cg%nggﬂgeen

that the nafev¥iedn di spl acenent |evel is greater than the optinum |l evel

i ndi cated by thendh SRl | i . 7%&? nlots
of excitation vol taggixl bg%. at%lr'&g[ré%et&e %F%@éégﬁ%ﬁéﬂ'@ e }Q%‘é'tg%%n
agai nst ti e séries of curcent pulses of suqressivalyl increahingduration tp Arednduiceditioi florw thagughi ed
to the tugtl | of. el.evance t Libration of the
nozzl e qgev?}ge".al Oﬁg?rc?hgfsl %—Jr}gg %p%éd{‘:?zﬁ Id’é’raé'é’eﬁ%lé,co%t%l%g&mggﬁe@@ in an
array of the nozzle devices, a sgjtpAtgltEAAt;ert pul ses of successively

I ncreasi ng duratjon t re.induced to flow thrau 10 ..t he actuating arm 28
~over a time peri%ﬁwgﬁ@“&ﬁﬁﬁﬁffﬁp?%@@%ﬂﬂwg@oa%@%m%@@ as: t1, ,

t pi +etpi, t consedieftial temperatareitise vtduey) followed Byiatepa aturefR bh expirafieabl g | N
the actuating armand a ., ¢ons ntial fenperature rise occurs, .followed by
a .t enper at uPlse é.}ff.tl% %gﬂﬁlpaatp(f g):ﬁgfre tl e temperature rises to successively higher

15  levels with the increasing pulse durations as indicated in Figure 15.

As a result, as indicated in Figure 17, the actuator arm 27 will move (i.e. pivot) to
successively increasing degrees, some of which will be below that required to cause contact
to be made between the moving and fixed contact elements 37 and 39 and others of which
will be above that required to cause contact to be made between the moving and fixed

20  contact elements. This is indicated by the “calibration level” line shown in Figure 17.

The microprocessor 41 is employed to detect for a predetermined level of
movement of the actuating arm (i.e. the “calibration level”) within a predetermined time
window ty that falls within the calibration time t. . This is then correlated with the particular
pulse duration t, that induces the required movement within the time window, and that

25  pulse duration is then employed for subsequent actuation of the device.

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.



pul se duration. As indicated in Figure 16, the tenperature rises to
successively higher 15 levels with the increasing pul se durations as
indicated in Figure 15. As a result, as indicated in Fig t he
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bet ween the noving and fixed contact elenents 37 and 39 and ot hers of which
will be above that required to cause-sontact to be made between the noving
and fixed %‘g contact elenments. This is indicated by the "calibration |evel*
line showhSRIME; gure 17. The mcroprocessor 41 is enployed to detect for a
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2. The method as claimed in claim 1 when employed in relation to a liquid ejection
nozzle having a liquid receiving chamber from which the liquid is ejected with
movement of the actuating arm.

20 3. The method as claimed in claim 1 when employed in relation to an ink ejection
nozzle having an ink receiving chamber from which the ink is ejected with
movement of the actuating arm.

4, The method as claimed in claim 3 wherein the movement sensor comprises a
25 moving contact element formed integrally with the actuating arm, a fixed contact
element formed integrally with the support structure and electric circuit elements
formed 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.
30
5. The method as claimed in claim 4 wherein the movement sensor includes a
microprocessor and wherein the microprocessor detects for the predetermined

level of movement of the actuating arm within the predetermined time window tw
e

T



nmovenment within the predeterm ned tinme windowt". 15 2. The nethod as
clainmed in claim| when enployed in-relati-on to a liquid ejection nozzle:
having a'l i‘gui d receiving chanmber fromwhich the liquid is ejected with
noverrent of WPRYOH& yating arm 20 3. The nethod as cl ai rreoPQ"{‘r“&quPWI when
enployed in relation to an ink ejection nozzle having an ink receiving
chanmber fromwhich the ink is ejected with novenent of the actuating arm

4. The nmethod as clainmed in claim3 whesein the novenent sensor conprises a
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met hod as clained in claim4 wherein the novenent sensor includes a
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