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PRI NTHEAD CHI P FOR AN | NKJET PRI NTHEAD FIELD OF THE | NVENTI ON Thi s

i nvent i orwpaeBas@se to a printhead chip for an inkjet printRreahUMOTIE9
particularly, this invention relateslto a printhead chip for an inkjet
printhead, which includes discrete air and nozzle chanbers. BACKGROUND OF
THE | NVENTI ON 10 As set out in the above referenced applications/patents,
the Applicant has spent a substantial anmount of tinme and effort in

devel opi ng print [ ' RRIA SYstem
(VENE) - hased ISGRETE AR AND NOZA E-CHAMBERS IN A, &
printing. As a RRINTHEAD GHIPEORs ANsINKJEh PRINTHIEAD, "t he
Applicant has been able to devel op printheads having one or nore printhead
chips that together incorporate up to 84 000 nozzle arrangenents. The

Appl i cant FIRS.DROFOTHE/ENVENTION t abl e processor technology that is capable
of controlling gperation of such printheads. In particula t he ,pro<iessor
t echnol ogy and TiheinyentipnTelates to p @rithsad rlap der ];a:gr,ﬁﬁ@ad; Yioge partigelarly,
resol utiong:. : : | . ] . 2 X AR ' .
processor q@éé%&ﬁgggd%%em pr{r%%%a?gl&; flgﬁaltqﬁgq % o?/igle? ef er enié%&ﬂ%%t&fgﬁe%%@
appl i cat i ezindmpailenhanbefhie Applicant has overcone substantial difficulties
in achieving the necessary ink flow and ink drop separation within the ink
jet printheads. A nunber of printhead chips that the Applicant has

devel oped i&@ﬁ@qummgmqwts that each have a nozzle chanber
with an ink ejection nenber positioned in the nozzle chanber. The ink

ej ectilOn nenbeks set ovhiarthalalsye acferbtel apptibitionsipeteniszthe dpphiaartides spenei ect

i nk f th | h ) ticular. difficulty that th li cant
Ll esses SHRSHRE ArauBiiE NI A ATBR el yoRE papts et BRirebidte R oo
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printhead chip. In the above referenced natters, the various conponents are
often 30 expessay fasp@ntinggqui renent of their function. On the MEMS scale, the

various componeq o 3 SeE! Ay bl e LaLl A devBBphESY R A AR 180ed

able to develop printheads having one or more printhead chips that together incorporate up

to 84 000 nozzle arrangements. The Applicant has also developed suitable processor
technology that is capable of controlling operation of such printheads. In particular, the
processor technology and the printheads are capable of cooperating to generate resolutions
of 1600 dpi and higher in some cases. Examples of suitable processor technology are

20  provided in the above referenced patent applications/patents.

The Applicant has overcome substantial difficulties in achieving the necessary ink
flow and ink drop separation within the ink jet printheads. A number of printhead chips that
the Applicant has developed incorporate nozzle arrangements that each have a nozzle
chamber with an ink ejection member positioned in the nozzle chamber. The ink ejection
member is then displaceable within the nozzle chamber to eject ink from the nozzle
chamber.

A particular difficulty that the Applicant addresses in the present invention is to do
with the delicate nature of the various components that comprise each nozzle arrangement
of the printhead chip. In the above referenced matters, the various components are often

30 exposed as a requirement of their function. On the MEMS scale, the various components
are well suited for their particular tasks and the Applicant has found them to be suitably

robust.



robust. WO 03/086766 PCT/ AU02/01169 2 However, on a macroscopic scale, the
vari ous conponents can easily be danaged by such factors as handling and

i ngress oWomBos@scopi c detritus. This m croscopic detritugcTedmoaiee t he
formof paper dust. It is therefore désirable that a neans be provided
whereby the conponents are protected. Applicant has found, however, that
it is difficult to fabricate a suitable covering for the conponents while

still achievin f Lnk- e j

ot {1 ciont seal eI EhaoscoBlcxgalomERarigle PhRhMACAPERAEOamARA,

i nvent i on biyrsuch tketors as lnadiing and treses df fnidrasdopicatetritud ThBUkidedR¢otiPe detkEus

| NVENTI ON According to the invention, there is provided a printhead chip
for an i nikfBt egﬂ“? PPEHEShr i nt head chip conprising a substrate; and a

plurality of nqzzliBefdrdGaUBR BattaRlank Be PRVIdIGNRIHNLE BEmpoiRBisSAE e, each
nozzl e arrangenment conprising nozzle chaiber walls and a roof that define

a nozzl e ghetetted. Applivantrhas fowid, holeéveni thef itis diffficuls fetabricate poritablecdveting

comuni catjon with the npzzl e chanmber: . an . nk-.ejecting,menber that i

oo 11 onedot frePhizbabgSy BREF afh SRABRLA (ARG EF 1 M B acRRk chBbndel

di spl aceabing cHRet dealipbravyz1t cRambdre | nk ej ection port so 20 that a
resultant fluctuation in ink pressure within the nozzle chanber results in

an ej ection of TheApnlisantlse cprgeivgddbisiimienpen in order to addieswhihese difficulties.
work-transmtting structure that is displaceable with respect to the
substrate and is connected to the ink-ejecting nenber so that displacenent

of the WESHKMMARMOF THE NVENTION results in displacenent of the
i nk-ej ecting nmenber; an actuatqr that .is connected to the work-transmtting
structure, the Aeoudingto thsdnvegtiendhereds wpvided prgathead ehip figndnkicbns i t ti ng

structure ﬂfﬁ%aﬁ%@bﬂbth%gd aﬂg c&lnﬁﬁgiﬁ cal drive signal; and air chanber
n that

wal | s and "a covetrin ormati s positioned over the actuator, the
air chanber wald subsinatetdmd covering fornation defining an air chanber in
whi ch a plurality of nozzle arrangements that is positioned on the substrate, each nozzle
arrangement comprising
nozzle chamber walls and a roof that define a nozzle chamber with the roof
defining an ink ejection port in fluid communication with the nozzle chamber;
an ink-ejecting member that is positioned in the nozzle chamber, the ink-
ejecting member being displaceable towards and away from the ink ejection port so
20 that a resultant fluctuation in ink pressure within the nozzle chamber results in an
ejection of ink from the ink ejection port;
at least one work-transmitting structure that is displaceable with respect to
the substrate and is connected to the ink-ejecting member so that displacement of
the work transmitting structure results in displacement of the ink-gjecting member;
an actuator that is connected to the work-transmitting structure, the actuator
being capable of displacing the work transmitting structure upon receipt of an
electrical drive signal; and
air chamber walls and a covering formation that is positioned over the actuator,
the air chamber walls and the covering formation defining an air chamber in which

30 the actuator is positioned, the roof, the work transmitting structure and the covering

formation together defining a protective structure positioned in a common plane.



30 the actuator is positioned, the roof, the work transmtting structure
and the covering formation together defining a protective structure

posi ti onewoiog/oss76O@nmoNn pl ane. WO 03/ 086766 PCT/ AUO2/ 01169 PC3/Ale/0itevent i on
i s now described, by way of exanple, With reference to the acconpanying
drawi ngs. The follow ng description is not intended to limt the broad
scope of the above sunmary. BRI EF DESCRI PTION OF THE DRAWNGS 1In the

drawi ngs, Fi 9Ur@elnflhAH i€nciP BABEE by WHyAT AuiBRS Waflabieintiddhea nozz! e

arrangenent of ‘an  printhea I'p, I'n ac e I nvention, for an
i nkj et pr iactdmepahyirgnitaFingsr Enc2fol e destriptioa islhotenendethio lnhievhed:froa&m:op@zzl e
arrangenent, of Figure 1. 10 DETAI LED DESCRI PTION OF THE I NVENTION I n the
dr awi ngs, HADNESURBRBFal 10 general Iy indicates a nozzle arrangement for
a first enbodinent of an ink jet printhead chip, in accordance with the
invention. The nozzle arrangenent 10 is one of a plurality of such nozzle
ar r angeneBRIEHDESCREITION OF THE DRAWINGSstrate 12 to define the

pri nt head chi pIof the invention. As set out in the background of this
speci fication, B W HGVEESr i nt head can contain up to 84 000 such nozzle

arrangements. FQgurkheshBwk RAs&Foned, tted dithinsidiil Sidfoffnodels biapidnt 0P y one
nozzle arrangenent is described. It is to be appreciated that a person of

or di Inar y sﬁlrinﬂlead ehiphin gdcetdgncecwith thedayenjionpios pm inkjet ppntheedicad chip by
t te 12.
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technijque. In particular, each nozzI e arrangerrent 10 is the product of a
MEMS - based fabrication _ techni i s _known, such a fabrication

t echni que PRVALILED PESCRIBIION 6 T)HEfWNHQN I ayer s and sacrificial
layers of int E%%eegka%gg%gfe&cer%%{m@éra 10D B AR ARYR rafifinéih FIC
onponent’s an

to define various novin e sacrl |C|a | ayers are etched
away to rel fasembddimentoofpariskjes pridthead clipawaccadatve frathr the atvientiort. echni ques

generally | vole e eBlL ol 00, S 4 SLA5PATRSE o SLILLar component
conponent Sy f & QM KAGHFP btRrate 1Pit8 dEBANHRpEReh Bhip WP MR GiohNAS sd out in
the background of this specification, a single printhead can contain up to 84 000 such
nozzle arrangements. For the purposes of clarity and ease of description, only one nozzle
arrangement is described. It is to be appreciated that a person of ordinary skill in the field
can readily obtain the printhead chip by simply replicating the nozzle arrangement 10 on
20  the wafer substrate 12.

The printhead chip is the product of an integrated circuit fabrication technique. In
particular, each nozzle arrangement 10 is the product of a MEMS — based fabrication
technique. As is known, such a fabrication technique involves the deposition of functional
layers and sacrificial layers of integrated circuit materials. The functional layers are etched
to define various moving components and the sacrificial layers are etched away to release
the components. As is known, such fabrication techniques generally involve the replication
of a large number of similar components on a single wafer that is subsequently diced to
separate the various components from each other. This reinforces the submission that a
person of ordinary skill in the field can readily obtain the printhead chip of this invention

30 by replicating the nozzle arrangement 10.

An electrical drive circuitry layer 14 is positioned on the silicon wafer substrate 12.
The electrical drive circuitry layer 14 includes CMOS drive circuitry. The particular
configuration of the CMOS drive circuitry is not important to this description and has



person of ordinary skill in the field can readily obtain the printhead chip
of this invention 30 by replicating the nozzle arrangenent 10. An
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A plurality of ink inlet channels 36, one of which is shown in the drawings, are
defined through the substrate 12, the drive circuitry layer 14 and the ink passivation layer
16. The ink inlet channel 36 is in fluid communication with the nozzle chamber 18 so that

20  ink can be supplied to the nozzle chamber 18.

The nozzle arrangement 10 includes a work-transmitting structure in the form of a
lever mechanism 38. The lever mechanism 38 includes an effort formation 40, a fulcrum
formation 42 and a load formation 44. The fulcrum formation 42 is interposed between the
effort formation 40 and the load formation 44.

The fulcrum formation 42 is fast with the ink passivation layer 16. In particular, the
fulcrum formation 42 is composite with a primary layer 46 and a secondary layer 48. The
layers 46, 48 are configured so that the fulcrum formation 42 is resiliently deformable to
permit pivotal movement of the fulcrum formation 42 with respect to the substrate 12. The
layers 46, 48 can be of a number of materials that are used in integrated circuit fabrication.

30 The Applicant has found that titanjum aluminum nitride (TiAIN) is a suitable material for
the layer 46 and that titanium is a suitable material for the layer 48.

The load formation 44 defines part of the proximal end wall 26. The load formation

44 is composite with a primary layer 50 and a secondary layer 52. As with the fulcrum



The fulcrumformation 42 is fast with the ink passivation |layer 16. In
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during operation.
The effort formation 40 is also composite with a primary layer 58 and a secondary
layer 60.

20 The layers 58, 60 can be of any of a number of materials that are used in integrated
circuit fabrication. However, as set out above, the nozzle arrangement 10 is fabricated by
using successive deposition and etching steps. It follows that it is convenient for the layers
58, 60 to be of the same material as the layers 46, 48. Thus, the layers 58, 60 can be of
TiAIN and titanium, respectively.

The nozzle arrangement 10 includes an actuator in the form of a thermal bend
actuator 62. The thermal bend actuator 62 is of a conductive material that is capable of
being resistively heated. The conductive material has a coefficient of thermal expansion
that is such that, when heated and subsequently cooled, the material is capable of expansion
and contraction to an extent sufficient to perform work on a MEMS scale.

30 The thermal bend actuator 62 can be any of a number of thermal bend actuators
described in the above patents/patent applications. In one example, the thermal bend

actuator 62 includes an actuator arm 64 that has an active portion 82 and a passive portion.

The active portion 82 has a pair of inner legs 66 and the passive portion is defined by a leg



circuit fabrication. However, as set out above, the nozzle arrangenent 10
is fabricated by using successive deposition and etching steps. It follows
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In one exanple, the thermal bend actuator 62 includes an actuator arm 64
t hat has adlrivac:irbu!ieryrlwdrllén 82 and a passive portion. The active portion 82
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act uat or particu e portion 68 defines the prinmary
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gge Appl i cant e lfe\C/)eli'r}gec Qllnzm%BStﬁcr:lluges a loeveti~ armV\%Jormgu%ntﬁ posItR)Elecs 0S aad s?t or
with, the secondary layers 48, 52, 60 of the fulcrum formation 42, the load formation 44
and the effort formation 40, respectively. Thus, reciprocal movement of the actuator 62
20 towards and away from the substrate 12 is converted into reciprocal angular displacement
of the paddle 54 via the lever mechanism 38 to eject ink drops from the ink ejection port
30.

Each active anchor 70 and passive anchor is also composite with a primary layer 74
and a secondary layer 76. The layers 74, 76 can be of any of a number of materials that are
used in integrated circuit fabrication. However, in order to facilitate fabrication, the layer
74 is of TiAIN and the layer 76 is of titanium.

A cover formation 78 is positioned on the anchors 70, 88 to extend over and to
cover the actuator 62. Air chamber walls 90 extend between the ink passivation layer 16
and the cover formation 78 so that the cover formation 78 and the air chamber walls 90

30  define an air chamber 80. Thus, the actuator 62 and the anchors are positioned in the air
chamber 80.
The cover formation 78, the lever arm formation 72 and the roof 20 are in the form

of a unitary protective structure 92 to inhibit damage to the nozzle arrangement 10.



The | ever nmechani sm 38 includes a |l ever armformation 72 positioned on, and
fast wth, the secondary |ayers 48, 52, 60 of the fulcrumformation 42,
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material s $,hat are used in integrated circuit fabrication. The Applicant
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in position. Further, the torsion formation 100 is configured to experience twisting

deformation in order to accommodate pivotal movement of the lever mechanism 38 during
operation of the nozzle arrangement 10. The silicon dioxide of the protective structure 92 is
resiliently flexible on a MEMS scale and is thus suitable for such repetitive distortion.

20 Applicant believes that this invention provides a printhead chip that is resistant to
damage during handling. The primary reason for this is the provision of the protective
structure 92, which covers the moving components of the nozzle arrangements of the
printhead chip. The protective structure 92 is positioned in a common plane. It follows that
when a plurality of the nozzle arrangements 10 are positioned together to define the
printhead chip, the printhead chip presents a substantially uniform surface that is resistant

to damage.



provi di ng suitabl e adhesion surfaces for a neniscus fornmed by the ink. The
sl otted openings 94, 96 demarcate a torsion formation 100 defined by the
prot ect i WeOIBH08Tb@r e 92. The torsion formation 100 servesPCo/AAwpporsd t he

| ever mechanism 38 in position. FurtBer, the torsion formation 100 is
configured to experience twsting deformation in order to accommpdate

pi votal novenent of the | ever nmechanism 38 during operation of the nozzle
arrangenent 10. The silicon dioxide of the protective structure 92 is
resiliently flexible on a MEMS scale and is thus suitable for such
repetitive WEGBAMon. 20 Applicant believes that this i nventi on provides a
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covers the novi Iagubsrmn@raﬁahts of the nozzl e arrangenents of the pri nt head
chip. The protectlve struct re 92 is positioned in a comon pl ane.
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t oget her t Mtg&ﬁ §%nt head chip, the printhead chip presents a
substantially uni form ce that is resistant to danage. WO 03/ 086766
PCT/ AU02/ 01169 8 V\Enﬁme bhdimbef wails pbiitenkdodn the babsstrate andljredf thati defihead, t he

printhead chip co risi a substr and I urality ozzl e
arrangement s thgf’ %’6’% i dﬂi’etge gﬁﬁn@ﬁﬁgﬂﬁ%\%@dw@d’@ﬁt lﬁgé”l‘ir%"m@]’l?l&ﬁt&@hent
conpri sing nozzmtmhgﬁpgﬂem&rpo& tioned on the substrate and a roof that

define a nozzle chamber with the roof defining an ink ejection port in
fluid édmuni cation anitkejertengroember thitasbesitionkd iathd mvizziejcbambergthenioer
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an ejection of ink fromthe ink ejection port; at |east one

wor k-transmitti gipctien obinkdeon fetink Qegmm%eabl e wWith respect to the
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i nk-ej ecti ng mefiixesubstrate and is connected to the ink-ejecting member so that displacement of
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the work transmitting structure results in displacement of the ink-ejecting member;
an actuator that is connected to the work-transmitting structure, the actuator
being capable of displacing the work transmitting structure upon receipt of an
electrical drive signal; and
20 air chamber walls and a covering formation that is positioned over the
actuator, the air chamber walls and the covering formation defining an air chamber
in which the actuator is positioned, the roof, the work transmitting structure and the

covering formation together defining a protective structure positioned in a common

plane.
2. A printhead chip as claimed in claim 1, which is the product of an integrated circuit
fabrication technique.
3. A printhead chip as claimed in claim 2, in which the substrate includes a silicon

30  wafer substrate, a CMOS drive circuitry layer positioned on the silicon wafer substrate and

an ink passivation layer positioned on the CMOS drive circuitry layer.



an actuator that is connected to the work-transmtting structure, the
actuator being capable of displacing the work transmtting structure upon
recei pt oWoan/os@bectrical drive signal; and 20 air chanberCraitog/oamwg a
covering formation that is positioned%ver the actuator, the air chanber
wal I s and the covering formation defining an air chanber in which the
actuator is positioned, the roof, the work transmtting structure and the
coveri ng f@r mat mmﬁthwdhq; ag\elhint¥dng cﬁuﬁBQirﬁ\%ch@ ﬂﬁrélﬂ?tdfﬁﬁciﬂ%%'chéxﬁﬂéﬁ%é n a
conmon %.ﬁn grlnthead chip as clainmed in claim1, which is the
product of dghngdH hesubptrate, Wlth eashink il et shannet ppRnEAesintaa respestivanperdel
chip as cl %haﬁﬁger! nclaim2, in which the substrate includes a silicon 30
waf er substrate, a CMOS drive ci rcuitry layer positioned on the silicon
waf er substrate and an ink passivation |ayer positioned on the CMOS drive
circuitry Iayer 6766 PCT/ AUO2/ 01169 rlnthead chi
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respective nozzle chanber. A printhea as clarmed inclaim4, in
whi ch the wnoitdry. t he work transnlttlng structure and the covering fornation
are configured so that the protective structure is wunitary. 6. A printhead
chip as clained in claim3, in which the nozzle chanber walls are 10

confi guredgso th@ﬁnﬁtﬁ&d&%ﬁé&l&ﬁﬁﬁ%&laiﬁ 39%@11 kne ﬂd%%%ﬁ&%@r &féa? an
view, with the nozzle chanber walls including a pair of opposed sidewalls,
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wal |, the watlk transmtting structure being connected to a proximl end of
t he i nk-ejecting nenber so that the ink-ejecting nenber is angularly
di spl aced towards and away fromthe ink ejection port upon pivotal

di'splacement of A g didnty AR Glafth U Whih R\ Wfanb Qb SerSifR 4 3t €

pivotally mounted with respect to the substrate to define at least part of the proximal end

wall, the work transmitting structure being connected to a proximal end of the ink-ejecting
member so that the ink-ejecting member is angularly displaced towards and away from the
ink ejection port upon pivotal displacement of the work-transmitting structure relative to
the substrate.

20
8. A printhead chip as claimed in claim 7, in which the actuator has a fixed end that is
fixed with respect to the substrate and a working end that is displaceable towards and away
from the substrate, the working end being connected to the work-transmitting structure such
that the work-transmitting structure is pivotally displaced upon displacement of the actuator
towards and away from the substrate with the result that the ink-ejecting member is

angularly displaced towards and away from the ink ejection port.

0. A printhead chip as claimed in claim 8, in which the actuator is in the form of a
thermal bend actuator that is configured so that, on receipt of a driving signal from the

30  electrical drive circuitry layer, the actuator bends towards the substrate, with the result that
the work-transmitting structure pivots away from the nozzle chamber and the ink-ejecting

member is angularly displaced towards the ink ejection port.



20 8. A printhead chip as clained in claim7, in which the actuator has a
fixed end that is fixed wth respect to the substrate and a worki ng end
that i s dwepBaggebl e t owards and away fromthe substratepcCrhmonoried ng end
bei ng connected to the work-transmttithg structure such that the
work-transmtting structure is pivotally displaced upon di splacenent of the
actuator towards and away fromthe substrate with the result that the
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a uator, a 0

effort formation connected to the working end of the
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i nterconnecting the effort, fulcrumand | oad formations, the lever arm
formatjon i fining an int gr(ial Part of the protective structure, the roof,
the | eVer aFm r ondakichpriathgad fhat melpdes pidessh pneprintbeadcehiss asclpimediibickim 1.
material to permit the lever armformation to pivot with respect to the
roof and the cover formation. 10 11. An ink jet printhead that includes at
| east one printhead chip as clainmed in claim 1.



