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phot ogr aphi ¢ quabctryAUwq@swr Powmomostvs Qﬁ@r/moo/dom&mfmmmoswve this
15 nozzl e densit 0zzl es are

t echnol ogy. A di %ﬁTéﬁpg?/Wﬂét P@T%O(WWiE@T/ﬁmO(Q%?fé’rCW%QWQHS% .printer
i's thag there i SPQQ‘/ABW@ﬂERﬁW/é@%@ Uﬁ@/d%b@%’@lgAB@E/OW/ 00586

-2 conveni ent way ensuri ng nozzl es that eXtend across the

printhead or, i n(H'@é"dAU{)WQQSO8aP6TJMé@Q/@l§08rP@1T/@|UﬂQ{006 0, PCH/AUOROOS 1% m

identically, and ﬁg@(ﬁ ps that are obtained
fromdifferent vvawréurar%@&gnlgggt?/ g@sgw Ogggé gi ven print head.

Al so, having fabiThe aliseli:sarec ofitiesd eo-pendinghapplicitionsnafe inkorporfatedyhepdin biicpsss- i t
is 5difficulf to determine the energy |level required for actuating

i ndi vi dual ABZEPES, to evaluate the continuing performance of a given
nozzl ggand to detect for any fault in an individual nozzle. SUMVARY OF THE

| NVENTION T efined broadly as providing a

met hod of dgfﬁgmwﬁ ]??N@i’t&ﬁg)lg m cro el ectro-nmechani cal device of
a type having a sdplieh spesd pmmﬁtb inldet printer bag rieeryptinbeent dexeloped byothe present
relative to gf c&ﬁpmstty,ﬁéany@gg@smdﬁrorde%f5rﬁobm@&%oeileéft%hm M‘ﬁlhl@izeg

current flow throu actu arm and. a_nov ensolf associ
W th the  adenckh e RroRaE R A HBhgH i oBE oAb g in grder 10 ehieve i
: 15 nozzle density, the nozzles are fabricated by integrating MEMS-CMOS technology.
A difficulty that flows from the fabrication of such a printer is that there is no
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(a) passing at | east one current pulse having a predeterm ned duration tp
through the 15 actuating arm and (b) detecting for a predeterm ned |evel
of novenent wafoiosoact uati ng arm The net hod as above def i petapoddisssS

in-service fault detection of the mcro electro- nechanical (MEM device.
If the predeterm ned | evel of novenment is not detected follow ng passage
of the current pulse of the predeterm ned duration through the arm it 20
m ght be assuned that novenent of the ar2nis inpeded, for exanple as a

an | mpod mEAVeBRBLY RO SO Y SRR ot 5o Arrofibe privibesd S gt o
1;) Zu lrr;[adient E) lare 1bcated af a gived clig w@fépaf(?rmtidelitinallyh endviild pleblem ds e:mnerb‘md :vhqnt I rsméty
(having 2SS ﬂ*&%@?"%ﬁ‘“&??ﬁ AERR! Pite mySERl e ET. PG
DSt n aomeastmemeth gy v ek g i s o g 1
ol Tned. - afir g2 pRtorybie S eRVeh it i b Miehs Py iu TR ThaOmud P

current pum@®le.hrough the actuating armat an energy |evel greater than
that of t hgUMMARYORTHEINVENTEON pulse. If the renedying step fails to

correct the faul t M i ou ser Vi .or _be
returned to a s_u%j}ﬁ? ?%%%V8§§¥V#§QWES%%Q¥§£ P pré‘éi?Iengta‘l %th‘??g?%%geg%a be

ef fedd ed byaulaxithin g nicrs;elpgtre-meghanical deyicesef attype hayinga sypparestanchira@d dur at i on
tp through abfastimGdrinahit iOmoviblerktideiontd suppoft Sructurd LAGLR IRy ibfle@ke of R4l  Of
novenent of {he actuati ng,ar thAltter aatively, a series of cur.rent. %ses of
L1 W0 01/ (ERSE eI 5t ik e asaliik anecand s REpERARR aRAEEH PR S ey
be passed twbmatingarmhdhgmethodicomprisenthasteps ofit t enpt  to i nduce successively

| ncr easi ng (fegr epgssink alRYR GRS éurftht pll& MCingalpréidtedhifed Uifation {,/thBugiP@ei od t.
Then, detection wWll- be made for a predeterm ned | evel of novenent of the
actudting arm wi PHPH"E2BPeEt er i ned tine windowt,, where t>twstp. 5
PREFERRED KBATURESecting Toita prafgreningn leveboff monemegtofdbe aawatingaimd of t he

i nvention BhehRiRAlY absve FRhED{R it inlsBvide! At dlecHiBn of the micro electro-
mechanical (MEM) device. If the predetermined level of movement is not detected
following passage of the current pulse of the predetermined duration through the arm, it

20 might be assumed that movement of the arm is impeded, for example as a consequence of a
fault having developed in the arm or as a consequence of an impediment blocking the

movement of the arm.
If it is concluded that a fault in the form of a blockage exists in the MEM device, an
attempt may be made to clear the fault by passing at least one further current pulse (having
25 a higher energy level) through the actuating arm.
Thus, the present invention may be further defined as providing a method of
detecting and remedying a fault within an MEM device. The two-stage method comprises

the steps of:
(2 detecting the fault in the manner as above defined, and
30 (b) remedying the fault by passing at least one further current pulse through the

actuating arm at an energy level greater than that of the fault detecting current
pulse.
If the remedying step fails to correct the fault, the MEM device may be taken out of service
and/or be returned to a supplier for service.
35 The fault detecting method may be effected by passing a single current pulse having
a predetermined duration t, through the actuating arm and detecting for a predetermined
level of movement of the actuating arm. Alternatively, a series of current pulses of



MEM device in the formof a liquid 'éj ector and nost preferably in the form
of an ink ejection nozzle that is:operable to eject an ink droplet upon

actuation wigdiesasactuating arm In this latter preferred dariodioodspe

i nvention, the second end of the actuating armpreferably 10 is coupled to
an integrally fornmed paddle which is enployed to displace ink froma
chanber into which the actuating arm extends. The actuating arm nost
preferably is formed fromtws simlarly3shaped arm? portions which are

i nterconnected._in jnterlapping relationship. In this enbodi ment of the
| nvent | on SUgEeRSIYELY IGreatng oML 12 o $assed Bispped b acuaging 4t BHESTI ol y and
i s arr angag indncasecesSively ilnzedsingtdegrebs/ofithevement afithe pemaimgarm putrsectiméiavi ng

t he durati |, : ' j estrain
[ near oxPotigd b mhepPYischbn i e RRAORS 2 3riBeichBiroh el dilfiduelidfe e B) 81 0

. ) ng ; co
el ongat i orfcatingRmy Within apredetcemined fme yiadow be‘gg‘?rﬁ&‘wﬂp-occur al ong the
| engsh of the actuati PRERERREDFEATURES ORTHEINVENTIONef f ecti vel y caused
to pivot with r : . . ' ' i ng of
the f1rst port |08t Jqebubd reuBRE Biclimrlnlly7 hiticrul IetolfSetp iibniga | 15, PO
under st oodMEModavigedn thel foammphayligrid ejerter ardhmest preferpblzfin thedormepfdnkent of a
Iﬁul t det egdctibs na?ehmd: iﬁ&p@gné tcedfedt Qnﬂilk dr?#lhﬁ?gﬁ_?_&tﬁhtﬁm&ifﬂﬁ ddmaiﬁhg aid in

e acco Al rawin .

o awi nge: 9ate et R B S 8@5‘2&%@%&‘\"& bnd ofrn R bty o,
vi ewdof a ipoouplesiio gh integrally formed paddle Which icmplayed te displecedink fram /i ew of t he
I Nkj et noZghh@b& into! vei€lEthe actiratiigl #mexbhayys a perspective view of an outer
portion of an tuating arman n..ink.ejectin addl e or of. the inkjet
nozzl e, the ac?]ﬁ’ﬁtaf’tr‘fémﬁgramnafﬂ?lﬂﬁée rplélybseﬁogbecfﬁragygéwhﬁygéa A8 endent | y of
ot her el erpomtions sfhichase interednnected ipuinteriappihg relationship.r larthis wmbodigient 6fthe t 0 t hat

of Fi gur e j3védieibn, 4 VirsESERRCAmPPorBohs!i§ BinectBPiold QreRf sub aﬂ&‘ié‘ﬁﬁg@ﬁi %{r?él .

oot ofto e AEAL L 8 FTHT PSR PRRRISE: HeT R i duton o HONEVEn A Seom Fner
portions giootien functiong to restrain ligéar axphnsion Bf the actudtingiapmss a cdmpletd wnit gndr t | on  of
a :MVementye3fgited %IJngilﬂﬁr& Bife firSPdrm’ portidHoiiises BBAdiAE lottchr hlbigdHE fength of O
01702180 Ptgg QQM% Thl_lsA,' the actuating arm is effectively caused to pivot with respect to the

support structure with heating and cooling of the first portion of the actuating arm.

20 The invention will be more fully understood from the following description of a
preferred embodiment of a fault detecting method as applied to an inkjet nozzle as
illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:-
25 Figure 1 shows a highly magnified cross-sectional elevation view of a portion of
the inkjet nozzle,
Figure 2 shows a plan view of the inkjet nozzle of Figure 1,
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
30 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,
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
35 and 4,

Figure 6 shows a detailed portion of a 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 Qboriotigee 7 but with the actuating armand padﬁéﬁﬁg%m('ed to a

test position, 5 Figure 9 shows ink ejection fromthe nozz en act uat ed
under a fault clearing operation, Figure 10 shows a bl ocked condition of
the nozzl e when the actuating armand paddle are actuated to an extent
that normally would be sufficient to eject ink fromthe nozzle, 10 Figure
11 shows a schenmtic representation of a portion of an electrical circuit
that is enbodi eHigwethshawspseciions elevationyiew of theqwezle ofFigased; R prigfiot i ne

di agr am apphdrgiagmgthtigk,nor nel (i nk ejecting) actuation of the nozzle
actuating arm FLgur 3 shaws. a .t at.l ON1.1 i am Li¢ eto
test actuation OF%H?ES thf Sﬁgé%ogﬁé"g%%{é?nl‘ﬁ@w F?ﬁcqﬁ?—)lzgﬁsgﬁfﬂm%\}\gl@ arative
di spl acenenttuatingamand paddpitvaiedipa teshpesiféon, exci t at i on-ti me di agrans shown
in Figures 12 angighR,9 Jho@H ik cjectidh @ A8 n2sAd Wwhdn ®fimtcdWdél a¥aileaeani | cabl e
to a fault detection procedure, 20 Figure 16 shows a tenperature-tine

di agram t hQPEIROM 5 i cabl e to the nozzle actuating arm and which
corresponds wi t hFighe ¥shpwaa blocked gendition of themofzldwhen the agyatingarm@ndure 17
shows a de%&ﬁﬁé 10 QeduhtBB (PP A Ha Rrrmlafly RBRIIbeABRienProleit R ZFInPRCt Uat i ng
arm and which corresponds with the ex0|¥at|on/ heati ng-time di agrans of

Fi gures 189274 16. 25 Detail ed Descri ption of the Invention As illustrated
wi t hi@ppr oxi mat eFiguf20dGhows g a¢Hematic represematiengdi a @oftionrod an tleetrical reirwt that

drawi ng fi fﬂ?}vi’ dojt et nozzle device is shown as a portion of a
chip that ?g;{ af)e_?iviigﬂt}% b%/%lin’te rati, ng MENS angﬁgs\/os tecgr%pl ogei es.. The
conpl et e nozzl e H@YECk? SBOWS AR pXfifadonstingg, diggram appficable fonopma)i(ik ckecipg); con
substrat e ZGmationroftie noaxle detusting ampduct or | ayer 21, a passivation |ayer

22, and a non-co | ' L5 C | f Lol : 23. Th
nozzl e device i nfg%ﬁ%ﬁ%;@%@éﬁ&ﬁx&&%ﬁgﬁn%g@g{ [ cbkidtg’ t%sghﬂg%{og?% a sourge
15 nozzle actuating arm,

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 a fault detection
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
(not shown) of ink and, located above the chamber, a nozzle chamber 25. A nozzle opening
35 26 is provided in the chamber-defining layer 23 to permit displacement of ink droplets
toward paper or other medium (not shown) onto which ink is to be deposited. A paddle 27
is located between the two chambers 24 and 25 and, when in its quiescent position, as



(not shown) of ink and, |ocated above the chanber, a nozzle chanber 25. A
nozzl e opening 35 26 is provided.in the chanber-defining |layer 23 to
permt di spbepesnt of ink droplets toward paper or ot her poedivooodsset
shown) onto which ink is to be deposited. A paddle 27 is |ocated between
the two chanbers 24 and 25 and, when in its quiescent position, as WO

01/ 02180 PCT/ AUOCO 00586 -5 |nd| cated in Figures 1 and 7, the paddle 27
effectively divides the two chanbers 24 and 25. The paddle 27 is coupl ed
to an actuatin rm28_b a n.,29.and a Dbridgi ion 30
of the diieniceed i gt 1At SabS pendte. S SERRRY a3t SorcSpmbeisan 5825
deposi ted dur|Tlg}fadﬂle|2ﬂa3mpledftoammtukImg(aa)128cby5paddlpiemnsima9aﬁd«h respect
to the saﬂp%gégﬁ{l&%y ﬂagalefwﬁ Slhaify 280. That is, the actuating arm has a

first en couple e sup ort structure and a second end 38 that
i s novabl e oufReAcHalingah 2§ isdpmead (1. depesited gpring fabricatiop of the deKise et uat i ng
arms28 c ouseopwaeme @itifh&ésp%ado thersapporostiictudé bi substrald 261 MThat &, thEhet@tib@armar m

por 10N gt oS 8 lplef 3184 QoA ikl bl SRLALLAR b 3R BSoGRBONCNt S

of the nozZl'e deVi ce VoW SHOWR
i nner ar neWwerdlnbYith respectitq the §upp&rtééructﬁrea 'Ianemplruaﬁmgmn 28rpomngx§¢%omer apfe

conpl et e infért di ponGorR31and 32.5The bmatmtpbﬁloﬁnmeﬁlﬁm%d #edetdil ridgdr € S5, as

well as in . on .32

ot uat ool 5. ot omfioneis She cbpe BeFicd IGE ARSRGEL ViF aBowh i ) o
depidsi t dBigurecd. f Brerinndr@rm portion 32 initusteatetbini asémiargvaytin Figueefin€he eamplete

el ectri Cakényaﬁng afm Q81i§ mﬂﬁtra?ﬁ{h‘?@%gﬁ@uw@ﬁx FighidS, b8l aSinlF8gREd £, BYg iy Fi gure
11, Wlthljl‘l CMCS structure e el ectrical connection is made to end
term nal s %‘4 and 35, and application of a pulsed excitation (drive)

vol tage to theTheemmrrmlrtsoxr@s:fIthasaqtuaupgulamaSmfpnmttfroxﬁlammﬁmaughntuhe i nner
portion ophydeqiTiADR d%?&s‘xﬁiuhﬁﬂf mxé’fﬁof tﬂ@ﬁofz!br Je%{He afoi AU &re&ed r api d

resj stanc heat e acjuatl ng. arm and
con’éequenaF B’ tgrﬂr%ﬁ?%frs?m@? 8#1 % S@}?&?‘lﬁg\w g?g“(ﬁ ht’ Wé‘hé‘g the The outer
arm porti GMmstufcturh.eTbmclemwahgomemcﬁﬁs madetocdndrterndhdly 34 and35dnd 0 but

el ect 1| Gaphy mba Gbiset Riallon (RS vl RARE (Bl 1P BTG

current-| uced heat’ing occurs wt er arm portion as a
consequendew thg iR RREER EBY 08 HiE aCIUBURE H St ghherparent vy canses rsaﬂt ion 32
causes rmrasrstaacg/héaangwmgxme ininer pootigul 32 ef the hatadting grm and Smséfhientialt he nmanner

| ndiocat edﬁo&eﬁwggﬁ%ﬁong ﬁg{ko}@mpgﬂﬁgfmfiraw ngs. This bendi ng of the

actuating arm novement of the armw th respect
to the substratie oute aawcportfonr%lémtheswmuas am 28 isrmgchagcallyrrouplsd 1 @t27 wi t hi n
t he chanbelesatriedllycisslat2t 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

25 28 in the manner indicated in Figures 8, 9 and 10 of the drawings. This bending of the
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 fault

30 detection in the device.

The movement sensor comprises a moving contact element 37 that is formed
integrally with the inner 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 actuating arm and, thus, with a

35 voltage V applied to the end terminals 34 and 35, the moving contact element will be at a
potential of approximately V/2. The movement sensor also comprises a fixed contact
element 39 which is formed integrally with the CMOS layer 22 and which is positioned to



An integrated novenent sensor is provided wthin the device in order to
determ ne the degree or rate of pivotal novenent of the -actuating arm 28
and in ord mt fault 30 detection in the device. nt
sensor corrpev‘r:,(i:’gfe?osz'i)‘ai'r novi ng contact elenment 37 that is for rre%ﬁ?%)eﬁg%glly
with the inner 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 noving contact elenment 37 is-pgositioned adjacent the second end
38 of the actuating armand, thus, with a 35 voltage V applied to the end
ter m nal s I34coatadted by thermaoving conjact elemeunt 37cvkamshe achating brm 28 pivotsppwardly al  of

R e M A s T W R T R
oS &1 onacEBe b RS FABCRORNE PRI RRent 4 Ytk CoRbiSk i hayn EhEeEviing
cont act elaxeh¢ canponkmrelantentsafvwhach arg embodi@BwithinshesCMOBHlaykin2?2 of thea
predgterm geg.extent. The fixed contact element is connected el ectrically
to anplifier elenents 40 and to %t I Cr opr oc, fﬁSQ]r arrﬁnge,mant 41, both of
whi ch are shownWhen ibe gefpatonarm éﬁﬁl‘ c&c}ﬁﬁ)mg 2Tarethdhe quigicenlposion,as
enbodi ed véhiblvinrin FipareSiand [7apecontitt sfmdde detfweer tHeawovinumd fixed cambetat or arm 28
and, hence | x&f% ' L L. '
Figures 1 %{%’hgﬁs ?ﬁ%mc%h@ct_?g f&gé{%ﬂ e B’%@?&S"{gﬁg‘?’%%@??ﬁ %F?(’gg&@gfgﬁact
el enent s 3the gadfleseccus; asipdicasedin Fighres & ard 9, cRRtactds madesbeteen the moying epd
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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
25 indicated in Figures 8 and 9. The displacement of the paddle 27 resulting from the
excitation of Figure 13 is indicated by the upper graph 44 in Figure 14, from which it can
be seen that the maximum displacement level is greater than the optimum level indicated by
the displacement line 43.
Figures 15, 16 and 17 shows plots of excitation voltage, actuator arm temperature
30 and paddle deflection against time for successively increasing durations of excitation
applied to the actuating arm 28. These plots have relevance to fault detection in the nozzle
device.
When detecting for a fault condition in the nozzle device or in each device in an
array of the nozzle devices, a series of current pulses of successively increasing duration t,
35 are induced to flow that the actuating arm 28 over a time period t. The duration t, is
controlled to increase in the manner indicated graphically in Figure 15.
Each current pulse induces momentary heating in the actuating arm and a
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currgnt pul' ses Rf o Q&:&E@Q%&E gﬁﬂ])‘féj procedure toward fault detection, a single current
pulse as indicated in Figure 12 may be induced to flow through the actuator arm and
detection be made simply for sufficient movement of the actuating arm to cause contact to
be made between the fixed and moving contact elements.
Variations and modifications may be made in respect of the device as described
25 above as a preferred embodiment of the invention without departing from the scope of the
appended claims.
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3. The method as claimed in claim 1 when employed in relation to a liquid ejection
20 nozzle having a liquid receiving chamber from which the liquid is ejected with

movement of the actuating arm.

4. 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.

25 5. The method as claimed in claim 4 wherein the movement sensor comprises a
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

30 moving contact elements.

6. The method as claimed in claim 4 wherein a single current pulse having the
predetermined pulse t,, is induced to pass through the actuating arm and detection
is made for a predetermined movement of the actuating arm consequential on the
passage of the single current pulse.

35 7. The method as claimed in claim 4 wherein a series of current pulses of
successively increasing duration t,, are induced to pass through the actuating arm
over a time period t and detection is made for the predetermined level of
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contact elenments. 6. The nethod as clainmed in claim4 wherein a single
current pul se having the predetermined pulse tpis induced to pass through
the actuating armand detection is nmade for a predeterm ned novenent of
the actuating arm consequential on the passage of the single current

pul se. 35 7. The method as clained in claim4 wherein a series of current
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