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ACTUATED | NK EJECTI ON CO%WM@@E@WAN | NK JET PRI NTHEAD CHI P FI ELB,£F
THE | NVENTI ON Thi s inventi 0 a printhead chip for an ink jet

pri nt head. rticularly, *19W"s i nvention relates to ' d chip

t hat i ncl L}ﬁé@;@“g@ural Ity of symmetrically actuated, mﬁ%gxﬁ@"gf"g
arrangenents. BACKGROUND OF THE | NVENTION 10 As set out in the above
referenced applications/p mﬂmmwmmmr\pplﬂ cant has spent a substanti al
anount of tine and effort ng printheads that incorporate mcro
el ectro-nechani cal system (HENB)on+ based conponents to achieve the ejection

of ink necessary for printing. As a result of the Applicant's research and
devel opnent, the Applicant has been able to devel op printheads having one

or more printhead SYMMEFRICALLY ACTUATED INK EJECTION 022! e

ts. T, ' I I |
Fechnol ogy ¢ hat CQMEQNENTSEOR AN INRCIET BRINTHEKD CRIR.0c. 11
particular, the processor technology and the printheads are capabl e of
cooperatin on of 1600 dpi and higher in some cases.
Exalrorpl esI O?WS&?EW{)@CEHM ogy are 21) pr ovi Iolgd [ nI t hz aboveS >
ref erenced pate%@%ﬁoﬂkﬁf&&@ﬂbﬁﬁ&&dcﬂﬁoﬁ&?iﬂkﬁéﬂﬁﬁdﬂ?&d%@f% ly
f1ow and ; nk drop

substantial difficulties in achieving the necessary ink

separ at i on HsiRyention gelataxtojagrinthead chip dpt includes a plusality of summetrically achusted,

referenced PatiaRhssh ef@bgLi cations, a nunber of printhead chips
devel oped by thg Applicant 1 nclude a structure that defines an ink ejection

pork The structure is displaceable with respect to the substrate to eject
struct ure BRGSOV TRENVERTIONC™ . L 1S o721 € Chamber . A parti oul ar
difficuldy wth Asiseont ia e dbgue riférated applichtichg/patent, the Applicant has spent a
substantial amount of time and effort in developing printheads that incorporate micro
electro-mechanical system (MEMS) — based components to achieve the ejection of ink
necessary for printing.

As a result of the Applicant’s research and development, the Applicant has been
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. Bxampies of suitable processor technology are

20 provided in the above referenced patent applications/patents.

The Applicant has overcome substantial difficulties in achieving the necéssary ink
flow and ink drop separation within the ink jet printheads.

As can be noted in the above referenced patents/patent applications, a number of
printhead chips developed by the Applicant include a structure that defines an ink ejection
port. The structure is displaceable with respect to the substrate to eject ink from a nozzle
chamber. This is a result of the displacement of the structure reducing a volume of ink
within the nozzle chamber. A particular difficulty with such a configuration is achieving a
sufficient extent and speed of movement of the structure to achieve ink drop ejection. On
the microscopic scale of the nozzle arrangements, this extent and speed of movement can

30  beachieved to a large degree by ensuring that movement of the ink ejection structure is as
efficient as possible.

The Applicant has conceived this invention to achieve such efficiency of movement.



sufficient extent and speed of novenent of the structure to achieve ink
drop ejection. On the mcroscopic scale of the nozzle arrangenents, this
extent and speed of novenent can 30 be achieved to a | arge degree by
ensuring t nt of the ink ejection structure is apcrffifobfiight as
possi bl e. %ﬂsﬁ%ﬁggant has conceived this invention to achFe\}fg /gft}c
efficiency of nmovement. WO 03/ 086765 PCT/2AU02/ 01168 2 SUMVARY OF THE

| NVENTI ON According to the inventi.on, there is provided a printhead chip
for an ink jet printhead, the printhead chip conprising a substrate; and a
plurality of nozzle arrangenents that are positioned on the substrate, each
nozzl e arrangenent conprising an active ink ejection structure that is
posi ti oned SYMMARMNOFTHEINVENTEIONed fromthe substrate, the active ink
ejection structure having a, roof with an ink 10 ejection port defined in :
the roof; a statMecording tothe inveption there iy pee iatﬂné‘h@&‘sﬁmptfgféné%ﬁrate, t he
active ink ik @B pihthedd i odh sqﬂ'ge static ink ejection structure

t oget her delfrlﬁinl ng’ a Rglezr@t cquarrglgjr I'n fluid conmunication with an ink
supply, the actiasbstdte;apdcti on structure being displaceable with respect

o roduce and | rPBE o Pgk aelghin MR ol Bt Bl e Wil BRUBRAL 7

fromthe nogangebtcbmprisiagd at | east two actuators that are operatively
arranged with respect to. the actjve, ink ejectian structur di spl ace the
active ink ej ection sHragHYgk ejfctiop ?t&?ﬁg%ﬁiaﬁ& Wﬂgoneét%tﬁﬁw%ﬁﬁﬁgf’éigﬂ%
structure towar dgoaRKk sb@yatd, actife inkleisctioR bteuctird Bavifg b adofwithRaiinlg 20
configured and connected to the active ink ejection structure to inpart

substant@ al |y reiectionipegdefinedintianoofo the active ink ejection structure.
Acconpanyi ng dr aw nget SHaR Sfptdhenin bosKBER oF e Wabstral WAERAAL 0 | 12,
the broad scope ejedtiohistructine\and sherstaticyink ERttich sDESGR tPFetlnm definiligE nDERAN NGS
N the drawings, . mber in fluid communication with an ink supply, the active ink ejection structure
being displaceable with respect to the static ink ejection structure towards and away
from the substrate to reduce and increase a volume of the nozzle chamber to eject an
ink drop from the nozzle chamber; and
at least two actuators that are operatively arranged with respect to the active

ink ejection structure to displace the active ink ejection structure with respect to the
static ink ejection structure towards and away from the substrate, the actuators being
20 configured and connected to the active ink ejection structure to impartf-substantially
rectilinear movement to the active ink ejection structure.
The invention is now described, by way of example, with reference to the
accompanying drawings. The following description is not intended to limit the broad scope

of the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
" Inthe drawings, i
Figure 1 shows a three-dimensional view of a nozzle arrangement of a first
embodiment of a printhead chip in accordance with the invention, for an ink jet printhead;
30 Figure 2 shows a three-dimensional sectioned view of the nozzle arrangement of
Figure 1;
Figure 3 shows a transverse cross sectional view of a thermal bend actuator of the

nozzle arrangement of Figure 1;




Figure 1 shows a three-dinensional view of a nozzle arrangenent of a first
enbodi nent of a printhead chip in accordance with the invention, for an ink
jet printhead; 30 Figure 2 shows a three-dinensional sectioned view of the
nozzle arr 5of Figure 1; Figure 3 shows a transvepsggathdsties
sectional View ol & thermal bend actuator of the nozzle arrangement of
Figure 1; WD 03/ 086765 PCT/ AU02/ 01168 33Figure 4 shows a three-dimensional
sectioned view of the nozzle arrangenent of Figure 1, in an initial stage
of 'ink drop ej ection Fi gure 5 shows a three-di nensional sectioned vi ew of

the nozzle arra u a_ ternm.nal a f

ej ection; Figur Héﬁg wia g'lfﬂ"é qnéxoﬁlgwhgpe@wgwcoggﬁq%%dg re of t he
nozzle ar rmgﬁeqemmq&dilgugﬁoﬂnkﬁtogltj&uan shows a schenmatic view of a part
of the coupling structure attached t :?Eﬁ'ege tion struct re of
the nozzle arrarﬁj&‘ﬁ’é fish OWP\éFhIP‘?Ta‘“P@{ sﬁqquﬁé)

condi tion; g et &.8? Etlcﬁi gure 7 when the nozzI e
ar r angenent |h an operatl tho ?mrge 9 shows an internediate

section of a corﬂlgam'e|6rsbowbase11eofat1pm“mﬂqnbm structurgofthempaale t he nozzl e
arrangenent _is |ner8 gw escrnt condition; Figure 10 shows the internedi ate
section of ’he nozzle arrangenent s in an operative

condi tion; FI gUrFigirk 75hows aaclraditioniencofia part offtheccoppling stictufeeatiached!|to ey
structure attached . tg a conne ti n%égerrber of thﬁ nﬁzzl e arranagﬁnt when
the nozzle @Fvawg&meﬁpnﬂ“we apngegsat ¥ i grepg W e

part of Fi g(gﬁﬁ tl:oiMlﬁGnthe nozzI e arrangement is inan
operative-conditio d Figure 13 shows aﬁman vi ew of ano zl e

arr angelent of aFlst@rS&OWﬁMaﬁmftplme 4 when themnezzle azanggment is Q@@@P&@H&% With.
t he invent I%)%El an ink jet printhead. DETAILED DESCRI PTI ON OF THE

| NVENTI ON | u es 1 to 5, reference nuneral 10 generally indicates a
nozzl e arr angeneFipurefd shows an intermediate section of a connecting plate of the coupling

structure, when the nozzle arrangement is in a quiescent condition;

Figure 10 shows the intermediate section of Figure 9, when the nozzle arrangement
is in an operative condition;

Figure 11 shows a schematic view of a part of the coupling structure attached to a
connecting member of the nozzle arrangement when the nozzle arrangement is in a
quiescent condition;

Figure 12 shows the part of Figure 11 when the nozzle arrangement isinan

20 operative condition; and |
Figure 13 shows a plan view of a nozzle arrangement of a second embodiment of a

printhead chip, in accordance with the invention, for an ink jet printhead.

DETAILED DESCRIPTION OF THE INVENTION
In Figures 1 to 5, reference numeral 10 generally indicates a nozzle arrangement of
a printhead chip, in accordance with the invention, for an ink jet printhead.

' The nozzle arrangement 10 is one of a plurality of such nozzle arfangements formed
on a silicon wafer substrate 12 to define the printhead chip of the invention. As set out in
the background of this specification, a single printhead can contain up to 84 000 such

30 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
the wafer substrate 12.



a printhead chip, in accordance with the invention, for an ink jet
printhead. The nozzle arrangenent 10 is one of a plurality of such nozzle
arrangenents forned on a silicon wafer substrate 12 to define t he

print head he invention. As set out in the backg hi s
speci fi catwginog/ g&gl& ngl e printhead can contain up to 84 00 %29(&1 &snozzl e

arrangenents. For the purposes of clarity¢ and ease of descrl ption, only one
nozzle arrangenent is described. It is to be appreciated that a person of
ordinary skill in the fiel d can readily obtain the printhead chip by

sinply replicating th z r angement 10 on the fer. substrate 12. WO
03/ 086765 PCT/ A %@88 Pt*ﬁ emﬁ‘P caHoR Fabql In

integrated ;Fahg Gaitdr! ealcR Béiﬂé‘ﬁrkﬁ@eﬁ:@ﬁ%h@hﬂﬂh@prddﬁcto?ﬁ'MEMB'-%asecPﬁBﬁbdﬁGﬁz| e
arr angenent I's the product "of a - based fabrication technique. As .

i s known, dedmiguef Amlwmwch@cfnbmqu@ fephniquedayvolves thrdspesitionnf fynctional
funct i onal r}e;y dssa@:qﬂcxﬁﬂgﬁzrg hﬁg?éqatave It&atehmteﬁt@ﬁﬁ&oﬁm%gm géd als.

The functi on ayers are ne varl ous novi hg conponents and
the sacri f itoidefiné varivus muvingtonipeterdvand thosacrficeldayers dre etcheﬂmvwrto scleadg i s

known, suc fabrlcat ont chni que ner al nvoI ve the r cat .on__of a
| ar ge nunbéer® BB a@s&sﬁlﬁﬁ’ Ef%wcguo&t Kéﬁ"oﬁ%dé ‘Eﬂgﬁtly
diced to ssmd auhlbemﬁtmnwco emmm:ss %@Wﬂi&tﬁkﬁﬁéqueﬁﬂ y ice@tonf or ces
t he subm ssion that a person of ordin LIl in the field can readlly

obtain t he SopatAtertbavErioNs gomponerisdram 0 eipforees he wbmissionithat ano2 7] e

arrangement Lthrﬁﬁ Fan%ﬁﬁfg" on the
silicon wafier sudt? {(ﬁia%g%% eélg ectri é’?’ rv ﬁ%l %é(:llu‘:'h?’ty g%‘&ﬂq%‘

i ncl udeld Cl\l@&ephcahagdlermltemmpwt icular configuration of the CMOS
drive circuitry |s _not. i.mportant. f@re not
been shown in a 8@?%"1’1 t"H@“‘Hﬁ ig@sgéﬁﬁﬁe@ém?%@a% %Z?”{l?&l[ageﬁ
connect ed tThe élediticdl dHVecirduitrplayeaclddsciudes CMOS dﬂvdﬁﬁcuﬁt}e([‘hepnﬁbulaur rent to
t he nozzl e arrangenenf 10 _u

t, of bl i I d
Uit o nieREENIEEs Sk MOS Asivh ey it 20t RIPAERG o FICISHRCR sebha o
descri bed i ]ttfre SRRl ﬁl%%eﬁﬁt@m&afmﬁ@nsuﬁe@w safttaPil s conhedtéd toOWs
that this Ieve det ail |

wi Il hot be set out 1n this specification. An ink
passi vat i ora $utable nnsrqpsoqswr andprovideseleaticaljeurteat @uth%mmﬁwmaas@enttw upte i nk
20 passi vat S} %1]%!;‘ con
nitride. S&ﬁgdzo?y é’:ﬁm%asg%f?&%a ﬁ%ﬁ%ﬁ%@%@ﬂ n sof e? Zlﬁlk}gannel %hat S
one of a pl nfcedbprogessorfis descﬁbednh thenalbet'etefmmedpatei&i/pataﬂ applicatienssh fisitovat e 12.
that this level of detail will not be set out in this specification.
An ink passivation layer 16 is positioned on the drive circuitry layer 14. The ink ‘

20 passivation layer 16 can be of any suitable nié.teﬁal, such as silicon nitride.

The nozzle arrangement 10 includes an ink inlet channe] 18 that is one of a plurality
of such ink inlet channels defined in the substrate 12.

The nozzle arrangement 10 includes an active ink ejection structure 20. The active
ink ejection structure 20 has a roof 22 and sidewalls 24 that depend from the roof 22. An
ink ejection port 26 is defined in the roof 22. '

The active ink ejection structure 20 is connected to, and between, a pair of thermal
bend actuators 28 with coupling structures 30 that are dedcribed in further detail below. The
roof 22 is generally rectangular in plan and, more particularly, can be square in plan. This is
simply to facilitate connection of the actuators 28 to the roof 22 and is not critical. For

30 example, in the event that three actuators are provided, the roof 22 could be generally
triangular in plan. There may thus be other shapes that are suitable.

The active ink ejection structure 20 is connected between the thermal bend actuators
28 so that a free edge 32 of the sidewalls 24 is spaced from the ink passivation layer 16. It



The nozzl e arrangenment 10 includes an active ink ejection structure 20. The
active ink ejection structure 20 has a roof 22 and sidewalls 24 that
depend fromthe roof 22. An ink ejection port 26 is defined in the roof

22. The acﬁkﬁﬁ s€j ection structure 20 is connected to,p g% %

pair of therna end actuators 28 wth coupling structures at are
descriibed in further detail below. The Sroof 22 is general |y rectangular
in plan and, nore particularly, can be square in plan. This is sinply.to
facilitate connection of the actuators 28 to the roof 22 and is not

critical. Fo 0 exa v t_t.hr at or rovi ded,
the roof 2 %@?ﬁﬁ??&v’f@?{ﬁbﬂ aﬁeﬂ%sgtﬁmrﬁﬁ t?& ‘fﬂ%s be ot her
shapes thatmggteat@mtabl e. The actrve |nk ej ection structure 20 i s connected
bet ween the thernmal bend actuators zqo that a free f .the

ed
sidewal | s 24 is Eheseef23 tsmqrﬂb'nlmér@% ﬁ@aﬁwﬂmﬁ@@?g@ ednl 086765
PCT/ AU02/ 01 oﬁsgg'z's' gHﬁ&Pﬁ ﬁﬁds &éﬁ%ﬂ&‘éss% &?M@Bbﬁtﬁéno%@ 6 I €gi on

bet ween the roo trate 22 i1s generally planar,
but defi neswhchméﬁounhibi?ﬁlktspmdbwnﬂ@fmhwemgbemndrﬂmmzlpm7Q6 The r oof

cerves to i nh bi (oS FEZ8 aresarrent 10 8068 Rt il BrARR it e clBUEC |,

76. The nOozfbmf ts udSEREED tovkls thetoafl2B aml intothé reglonlboapdedbiydire sidewalls 04 34

t hat extends fromthe substrate 2 towards, the roof 22 a e region
bounded by Thistaticjekai and he getive | @;%E?MHEEF?E@P ‘éef %araa the
active ink fdz%ﬁtch%bauztiﬁfﬂﬁr@co%ﬂnﬁﬁ&ﬁerm%Bpaﬁngass SFQBE {n® iflBRRRe] 48 i N

fluid communication with an opening 38 of the ink inlet channel 18. 10 The

static §0nk 'a;eamnmnkmm maavaﬂmomq@&&th%m@@sran@%%

?geggggt?gn@%'@%@ﬁbﬁm port m%m]t rgﬁg‘)é%lesgjoglﬁbrn |spmgﬁent area
that is Sufrind(ﬁeﬁn&anlh:rhrdtsplasemanateatﬁaamrshﬂicamﬂylargxmasmmmmgemmmft he

ink ejection port 26 when,the active .ink.displ.ac nent struct 0,1 s
di spl aced ohfmytheipeieroame vihen the petiy ep’@ﬁ g@tsi(ﬁ

al i gned wi ti&vﬁaﬂﬁthé‘iﬁlﬁhﬁ@ﬁﬁ%eﬁ?éﬁm@% is Blibstdntianyal fn@@@&h&h‘émbj@t&tﬁoﬁﬁnﬁre

substantially identical. It follows that, provide simlar driving
signal is s&pplied to each thermal bend act uat or 28, the thermal bend

actuators 28 eacsndy g Bedt Al 2fhre Yulshiin AR/ TertRAr & fBllowd Batlfrbvides "k
ej ection structure .
similar driving signal is supplied to each thermal bend actuator 28, the thermal bend
actuators 28 each produce substantially the same force on the active ink ejection structure
20. ‘ : .
20 In Figure 3 there is shown the thermal bend actuator 28 in further detail. The
thermal bend actuator 28 includes an arm 44 that has a unitary structure. The arm 44 is of

an electrically conductive material that has a coefficient of thermal expansion which is such

that a suitable component of such material is capable of performing work, on a MEMS
scale, upon expansion and contraction of the component when heated and subsequently
cooled. The material can be one of many. However, it is desirable that the material has a
Young’s Modulus that is such that, when the component bends through differential heating,
energy stored in the component is released When the component cools to assist return of the
component to a starting condition. The Applicant has found that a suitable material is
Titanium Aluminum Nitride (TiAIN). However, other conductive materials may also be

30 suitable, depending on their respective coefficients of thermal expansion and Young’s
Modulus.

The arm 44 has a pair of outer passive portions 46 and a pair of inner active portions

48. The outer passive portions 46 have passive anchors 50 that are each made fast with the



20 In Figure 3 there is shown the thermal bend actuator 28 in further
detail. The thermal bend actuator 28 includes an arm 44 that has a unitary
structure. The arm44 is of an electrically conductive material that has a
coefficien rral expansion which is such that a s onent
of such ma é?&é#%s capabl e of perform ng work, on a NEI\/S‘)&’P’R{IF:/&?&B
expansi on and contraction of the conponeift Wnen heat ed and subsequently
cool ed. The nmaterial can be one of many. However, it is desirable that the
material has a Young's Mdulus that is such that, when the conponent bends

through differenti al ating, energy stor n the. C on nt i s rel eased
when the co#k d’ﬁ%ﬂh‘fatIE% gr%bbawf%mnsémtn g?%{ nE‘E titagium &ndy ¢ ng

condi tion. ém?),_hr gm{ﬁgﬁgﬂt hat a suitable rrat erial is T| t ani um
|

Alum num Nitri ALN). However, other conductive materials al so be

30 suitable, depﬂuﬂmgqumwmﬂé#&ewgwfﬁdh@meaﬁ@ with the
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portions 46 an i nner ac i ons passive
portions 46a1kmmh1¢ya¢smtha raﬁanimgsh‘uﬁﬁret&ﬁeaf successivedayernoftitinivm and siticome WO
03/ 086765 P / U02/01 passi vation | ayer 16 by a retaining
structure 5 € OF f ?‘\38’*‘? rs of titaniumand silicon dioxide or

equi val ent mat erTRéarmm:is@thﬁﬁbh&&aﬁ@ﬂ&ﬁ&ﬂ%y%&ﬂd@dﬁoﬁ@h58’ﬁ1aﬁnCh0r s 54
that are each nmade fast with the _drive circuitry |l ayer 14 _and are

el ectricall sut%'@mﬁém the pegiong é@cﬁsr [tdoliawsdhat; with pbgygﬁavelagchom p4 conpected ta,

achi eved wi f‘ﬂ{qi and
silicon dioxi e or e‘zmuélb%g%&r}#%ﬁa%ﬁ a ﬁg&gﬁ]ﬁifjﬁﬁég&?%%%gggn t hat

i s defined hyelacﬁncaldge.up&‘ntthm'nthspomhas% 48 havecasviteble slectrisalyesistinpe so 4Gt 48.
It foll ows th the a nehor s 4c n A e

el ectrical m\ém@veﬁo?q? g? g‘egﬁgg ?gurf 5%36{4}0811@#;@ i ve
portions 48pgheds thfoudPtheriniter actveipottions #8. duwﬂlbd-‘apptdoiatedthheu‘pmmnmﬁo 46, 48

have a sui tabl e eI ectri.cal si stance so that i nher act.ive portions 48
are heated GWrEsRt wilkpgss %?“@@WWH@W?@@%W@E H?é%%"e&or&?ﬂsough t he

i nner acti VE ftd Qﬂg%xgig%ndtytles%ﬂ éxtéaemafeqﬁﬂeahafbetpmioﬁ Y SR8 théirngr NO

current w I he outer passive portions 46 resulting in the
passi ve por a¢ttyn$ortimt48 expand tea giegter ¢xtent fhan fhe anderpassivernontions¥én t he i nner

extent than the aapeosiben a3t bach BilskiRalde phBg e fib FSHRAE 2 §7°0 01
out er passi Heérijoatdly@rtedding sectiong60 andaf centrdl dvrizontally extending section 62. The
central section 62 is connected to the outer sections 60 with a pair of vertically extending
sections 64 so that the central section 62 is positioned intelmediafe_ the substrate 12 and the
20 outer seétions 60.
Each inner active portion 48 has a transverse profile that is effectively an inverse of

the outer passive portions 46. Thus, outer sections 66 of the inner active portions 48 are
generally coplanar with the outer sections 60 of the passive portions 46 and are positioned
intermediate central sections 68 of the inner active portions 48 and the substrate 12. It
follows that the inner active portions 48 define a volume that is positioned further from the
substrate 12 than the outer passive portions 46. It will therefore be appreciated that the
greater expansion of the inner active portions 48 results in the arm 44 bending towards the
substrate 12. This movement of the arms 44 is transferred to the active ink ejection
structure 20 to displace the active ink ejection structure 20 towards the substrate 12.

30 This bending of the arms 44 and subsequent displacement of the active ink ejection
structure 20 towards the substrate 12 is indicated in Figure 4. The current supplied by the
CMOS drive circuitry is such that an extent and speed of movement of the active ink
displacement structure 20 causes the formation of an ink drop 70 outside of the ink ejection



hori zontal |y extending sections 60 and a central horizontally extending
section 62. The central section 62 is connected to the outer sections 60
with a pair of vertically extending sections 64 $o that the central
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As set out g:%ve%bh other when actuated, while the active ink ejection structure 20 maintains a -

. rectilinear path. It follows that the coupling structures 30 should accommodate movement

-.20 in two axes, in order to function effectively.

Details of one of the coupling structures 30 are shown in Figures 6. It will be
appreciated that the other coupling structure 30 is simply an inverse of that shown in Figure
6. It follows that it is convenient to describe just one of the coupling structures 30.

The coupling structure 30 includes a connecting member 74 that is positioned on the
bridge portion 58 of the thermal actuator 28. The connecﬁng member 74 has a generally
planar surface 80 that is substantially coplanar with the roof 22 when the nozzle
arrangement 10 is in a quiescent condition. ‘

A pair of spaced proximal tongues 82 is positioned on the connecting member 74 to
extend towards the roof 22. Likewise, a pair of spaced distal tongues 84 is positioned on the

30 roof22 to extend towards the connecting member 74 so that the tongues 82, 84 overlap in a
common plane paralle] to the substrate 12. The tongues 82 are interposed between the
tongues 84.



the coupling structures 30 are positioned between respective thernal
actuators 28 and the roof 22. It wll be appreciated that the bridge
portion 58 of each thermal actuator 28 traces an arcuate path when the arm

44 i s bent i ghtened in the manner described above he
bri dge port oﬁ:‘é&gggof the oppositely oriented actuators ch’{éﬂgﬁ'{%&mve

away from each other when actuated, whil& the active ink ejection
structure 20 maintains a rectilinear path. It follows that the coupling
structures 30 -shoul d acconmodate novenent 20 in two axes, in order to

function effectivel Detaj |l s of one of the | i structu .30 .are
shown in Fi guresxe'f’xpﬁ %@4”%&“"%\%&?3&%@&‘ gﬁ%‘f?‘ﬁ&?ﬁﬂ%@@%%?xﬁ%“’a
structure 3ghd §8 éitétidb frod eatlyFthé fonghes! 843bwadds e shibstratedl2! The Bds 86, S8akd ows
that it is convenient to describe |Just one of the coupling structures 30.

The coupl i ngubstantigiiyidentivel. The ponpeeting stweires( ingludesitisornepting plate 50sThe
posi ti oned ﬁ@tré)éelﬁs }‘?5‘{?9&9 befekh fH2 tfﬁ%u@% Fi %3 ghfl ﬂe@tsﬁ%@é&‘ﬂ?ﬁ%{ pllgtg 9o The

connecti ng as a general dnar surface
subst ant i al interconmeets andsf2tdf theveds 86G;188 ZPhushthe tarigeesR2z 84 are canneetedteach 10 i s

In a quiescept ¢ I ti ajr of space raxi mal tongues 82 is

posi t?oned Sﬁﬁﬂgﬂgkﬁfﬁ%ﬁ’ﬁg%%&mﬁ&%ﬁa@ end towargs the roof 22.

glzktevw sei adp?i rDQfainé?%ﬁeéﬁodioSﬂ}%!nokﬂBﬁﬂﬁ%eﬁ?nﬂ H),luyﬁﬂs'f;)ftmﬁ&ﬁ?l%atfaf& 830 g ZOf
o extend towards e connecting er so _fhat  the fopgues :

overlap in deposiethind syb%ﬂemﬂxmh%mf@g?wméﬁw&wnmw%ém- 82 are
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extends from edc e tongues 82 towards the substrate 1 Li kew se,

rod 88 8t eAdisrefof AR Furthér, bath theretgining SrnctunesH2 (186, andthe gouneetingmamberghe
rods 86, 88.are su ant i.al L dentd. cal. ' .30

I ncl udes a nge%ﬂpﬁgf&pp%‘?@ é%y&%eotﬂug@%lgcga ?a?%@rsg%gngfog@%&ésgﬁ&pﬁe
tﬁnguez 8&0&%&@?0&&1&1@0&@%{3 t&'hestMiﬁtthe&@dgeip@ttﬁmdSmﬁﬂretthermaﬁhs 92 oL
t he rods : . Thys, t tonguye , 84 are connect to eac ther wit
t he rods 86?%%%ﬁﬁ§°£§ﬁr@d’tg“aﬁge %&%@Sé@.ﬂﬁﬁ%@gﬂﬂﬁtﬁ%& 583{‘ e
nozzl e arramq.ggﬁm&gofémr@oﬁae.nateri al that are deposited and
subsequent|ly etched i nclude |ayers of TiAIN, titaniumand silicon dioxide.

Thus, the ther mraWhenthe€MOS drive cireitry 5eis up rishidbln eurent ipdhethermehkenst at i ¢ i nk
o oot o0, 5 gt 1t i Hlenld s U Bt 8 BV,
| ayer 94 of atrow®8iin Figure6. Thisaemits &ba thirust being exerttd oritheecopnecting plate®0 by the
rods 86. One actuator 28 is positioned on each of a pair of opposed sides 100 of the roof 22
as described above. It follows that the downward thrust is transmitted to the roof 22 such
20 that the roof 22 and the distal tongues 84 move on a rectilinear path towards the substrate
12. The thrust is transmitted to the roof 22 with the rods 88 and the tongues 84.
The rods 86, 88 and the connecting plate 90 are dimensioned so that the rods 86, 88
and the connecting plate 90 can distort to accommodate relative displacement of the roof 22
and the connecting member 74 when the roof 22 is displaced towards the substrate 12
during the ejection of ink from the ink ejection port 26. The titanium of the rods 86, 88 has
.a Young’s Modulus that is sufficient to allow the rods 86, 88 to returnto a straightened
' condition when the roof 22 is displaced away from the ink ejection port 26. The TIAIN of
the connecting plate 90 also has a Young’s Modulus that is sufficient to allow the
connecting plate 90 to return to a starting condition when the roof 22 is displaced away
30 from the ink ejection port 26. The manner in which the rods 86, 88 and the connecting plate
90 are distorted is indicated in Figures 7 to 12.
For the sake of convenience, the substrate 12 is assumed to be horizontal so that ink
drop ejection is in a vertical direction.




on the layer 74. The layer 74 is shaped to nest with the bridge portion 58
of the thermal actuator 28. The rods 86, 88 and the sidewalls 24 are of
titanium The tongues 82, 84 and the roof 22 are of silicon dioxide. Wen
t he CMOS b\{)?m&%scui try sets up a suitable current in thghlghiifesPend
actuator 28, The connecting nenber 74 is driven in an arcuate path as
indicated with an arrow 98 in Figure 6.9This results in a thrust being
exerted on the connecting plate 90 by the rods 86. One actuator 28 is
positioned on each of a pair of opposed sides 100 of the roof 22 as

descri bed above. It follows_that .the war.d .t hr i ) o the
roof 22 such ZO@W&?{’? 0 iR Figuses liﬁﬁd?%%&°éf‘“?§§%@°@ﬁe’ﬁg%&%‘ﬁg‘aé
rectili nearyRaitfon?¥e/CMOB #Rive dhalifrjitke cobBectiifthember M is idsiver towardstieed t o
the roof 22 wth the rods 88 and the tongues t§4' The, ro d the

i 5 B torl
connect i ng shbstrate Wnssetout pbrstes Tlin sgvesdo displace the conpacting plate H0 togrands the,
connect i ng sﬁl&ﬁgeW%%%@&Bp%ﬁf@@%@d&b@&dw@dﬁsﬂib%ﬁ@tefﬂnt of the

roof 22 an connect’i ng menber “74 when the roof 22 is displaced towards
t he subst r atith the rodd 88i Agdescrbes above, e displacament of therpef 22ix restilineer aifl port 26.

The titani t he,. : gbﬂé}ié? ndtihiredioniaCl ent
to all ow tﬁg]er%f%esv%%%afggfoﬁovvge a?xﬁﬁl?%e?%e}{ﬁ rail (gﬁ%ne g%n Ition mofgnact he
roof 22 is veitival putle However, fisplacénmt bfithe proxirhdl tongpesr82 i@ Breudth endrhasbthof  t he
connecting plate 99 al so has a Young'.s Mdylus that ,is sufficient to allow
the connederticgl ?5!"31"3%"0@8?@2% rfl?ﬂch%l%ﬁéﬁ?’?ﬂ%“& ﬁ&%i&?ﬂ“ﬂfyeﬁwq O oof 22
I's displ aCgﬂeaﬁ)thi%f%efdﬁ%BHSfih%o&jS%%Sﬁdtﬁ@éohn&@n Flage g0BBRforé N Whi ch t he

rods 86, 8 e connecting plate 90 are distorted is indicated in
Fi gur esl07 tagcar@modates thhbomﬁ eompanentafimayementof theproximaltongues 825 assuned

to be hori zontal ; ' ' [ ' ' ' i ' . WO
03/ 086765 poT) AUpBRGHES defods 86 Bt o cBfdoing flate oY hiatel pirefly &hioRR. |

t her mal berif Figire: 32, dn tii8operativie\condition, therpreximalitongnes B2 arengled withaespeetdai t ry,
t he connectjng . ,nenber, .74 i s .driven t,0 ds th 3 t.put
bove et dhe Snaler Thidiserys® 8 b RasBR T Rooiigt o & BRYRN Sordie 82 o eef
substrate g abdvel the Qistdl fshgaey Bieinaiddn g retitin@Opath avindichied by af a8w102dn ds

the substrate 12 wth the rods 88, As descri begaq%bove th% di spl acenent of
the roof 2FigereScThys, thesnds 3R{hat bepd peshopa in Bigpied s a rpsultaf B igFaRe ¢ hat

20 g5y BT A ARS8 s fbers
vertical areppresiatedthitain intenpaiisterpart 104rtetwesn ieachirod 86 anshitendiarens rod BH ip
general Iy aa‘i‘saé’ sui)_{eg{gd to a partial rotation, although not to the same extent as the part shown in
Figure 12. The part shown in Figure 8 is subjected to the least amount of rotation due to the
20 fad that resistance to such rotation is greatest at the rods 88. It follows that the connecting
plate 90 is partially twisted along its length to accommodate the different extents of
rotation. This partial twisting allows the plate 90 to act as a torsional spring thereby
facilitating separation of the ink drop 70 when the roof 22 is displaced away from the
substrate 12. |
At this point, it is to be understood that the tongues 82, 84, the rods 86, 88 and the
connecting plate 90 are all fast with each other so that relative movement of these
components is not achieved by any relative sliding movement betweer these components.
Tt follows that bending of the rods 86, 88 sets up three bend nodes in each of the
rods 86, 88, since pivotal movement of the rods 86, 88 relative to the tongues 82, 84 is
30 inhibited. This enhances an operative resilience of the rods 86, 88 and therefore also
facilitates separation of the ink drop 70 when the roof 22 is displaced away from the

substrate 12.



the roof 22. The distortion of the rods 86, 88 and the connecting plate 90
therefore .10 accomopdat es the horizontal conponent of novenent of the
proxi mal tongues 82. In particular, the rods 86 bend and the connecti ng

plate 90 ra{(ﬁ%ﬁ%Gﬂgrtially as shown in Figure 12. In thifcﬁg%ﬂg%e

condi tion, roxi mal tongues 82 are angled with respec

substrate. This serves to accommobdate t hH) position of the proximal tongues
82. As set out above, the distal tongues 84 remain in a rectilinear path
as indicated by an arrow 102 in Figure 8. Thus, the rods 88 that bend as

shown in Figure s a.Lesplt of a tor.que tr.ansmi tted by.th |
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adj acent rod 88 is__also su cted to a partial rotation, although not to -
the same exprintheadsWithaeferance tofigpres hto 12, kka xeference pymerglsrefes fodike naps,Fi gure 8

IS subjecte EJE;;WJ Leifgount of rotation due to the 20 fact that
gn(%&%l?c I’g?gﬁl on i

resi stance S greatest at the rods 88. It follows that the
connecting pl at Eheéxbzzle arangenznt 110 includes dourlspmmetricelly amapged thesrmaldendodat e

the different extept f, rot.ation. Th rii t W St pl ate
90 to act agctﬁa%?%ﬁ& %?glth%ﬁ%dgﬁr}g?tgzg%ﬁsm B@M ?tﬂﬁ?eéggcaﬁg% ﬁgrs]o%?gt he i nk
drop 70 whefpof 2. Theahersidl béhddictaptlofsd8chresiibytaitiallyidentical toi&surethat théroofi2 t hi s

point, it is ;o be_ undersfood that the tongues 82, 84, the rods 86, 88 and
the connectsidigplasedins regtilipear magnef.ost with each other so that rel ative

movement of thesepe GENEIAR 8fekiord strubitbe AL &Y RideWalRID6 dnd!ad idutes walll 108 fieht
novenent between t%ese conmponents. It follows that bending of the rods 86,

88 setslp together defing partion3t Andnwardly divegied ledge 1 bbis popitierednsbe al
novenent of.the r 8 88 relativy 0 ft@ngues 82, 84 is 30

i nhi bi t ed. Wﬁwﬁlﬂﬂg%@sc” %E&%P@%ﬂeﬁgg@ﬁfﬁ%&e of the rods 86, 88 and
therefore al so fAGedlidgafortativanal fipositiondd dnolthe outér wialb1l 820 emtend ottiwardipof 22
is displaceqd away fromth trate 12. WD_,03/ 086 PCJ/ 2 10
In Figure 1500 F?PéR€@°H§§elrstgq%ffghegg’r?ém)f“ﬂ?g%ﬁignﬁﬁ%? in&‘giBne

arr angenent tl:(éﬁnl@disﬁlﬁé‘éﬁ%tﬁiﬁ@ﬁ'émt of a printhead chip, in accordance with
the invention, for an_ink jet rinthead. Wth reference to Fi urestﬁeto

12, like ref er endbe sraling frmatior 20 includes p&e-griraptportion | s!9alnees R
Rl R DB kel AT ity 0
respective frofrthd f2emfant pration 122, The sealing formation 120 and the sidewalls 24 are
configured so that, when the nozzle arrangement 10 is in a quiescent condition, the lip 124
“and a free edge 126 of the sidewalls 24 are in horizontal alignment with each other. A
20 distance between the lip 124 and the free edge 126 is such that a meniscus is defined
between the sealing formation 120 and the free edge 126 when the nozzle chamber 42 is
filled with the ink 72. When the nozzle arrangement 10 is in an operative condition, the free
edge 126 is interposed between the lip 124 and the substrate 12 and the meniscus stretches
to accommodate this movement. It follows that when the chamber 42 is filled with the ink
72, a fluidic seal is defined between the sealing formation 120 and the free edge 126 of the
sidewalls 24.
. The Applicant believes that the invention provideé a means wﬁereby substantially -

rectilinear movement of an ink-ejecting component can be achieved. The Applicant has
found that this form of movement enhances efficiency of operation of the nozzle

30 arrangement 10. Further, the rectilinear movement of the active ink ejection structure 20
results in clean drop formation and separation, a characteristic that is the primary goal of
ink jet printhead manufacturers.



roof 22. The thermal bend actuators 28 are substantially identical to
ensure that the roof 22 1is displaced in a rectilinear manner. The static
ink ejection structure 34 has an inner wall 116 and an outer wall 118 that

10 togeth { the wall portion 36. An inwardly direcl;(ﬁ? 114 is
p05|t|onedevgﬁﬁobfgg5 i nner wall 116 and extends into the nozzle c&an‘ger 42. A
sealing formation 120 is positioned on tlhe outer wall 118 to extend
outwardly fromthe wall portion 38. It,follows that the sealing formation
120 and the | edge 114 define the ink di spl'acenent formation 40. The
sealing formation 120 includes a re-entrant portion 122 that opens towards
the substrate 12. A lip 124 is positioned on the re-entrant portion 122 to
extend horiygqn¢pAiM fromthe re-entrant portion 122. The sealing forrratlon

120 and the sidewalls 24 are configured so that, when the nozzle
arrangenent 10 is in a quiescent condition, the I|p 124 and a free edge
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i s defined betusabsttate asdal i ng formation 120 and the free edge 126 when
t he nozzl e chanber ed with e ink.72. .\
arrangement 10 &Pl \nﬁﬁ%{ﬁ%&B@%WE%?ﬂ%'ﬁ‘F‘i BRPOTYR °?ngh %ﬁ%ﬁeﬁ@h nozzle
i nt er posed hRhp@fdh uﬁgp;llglﬁg 124 and the substrate 12 and t he nmeni scus
stretches to acconmodate this, npvenent @ fol | pws gla m@%ﬂ? cha er
42 is filled wth thénlaﬁk"em'&ele%fl"lnlsﬂ'l‘ﬂ?{? i3 Bysicongd o thg o
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Applicant beli eves t I nventi on provi des a means wher eby
substantO al |y rejectioh port definedimethemeofof an i nk-ej ecting corrponent can be
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WE CLAIM A pri nt ﬁ?ﬁ&aﬁl?ﬁutﬁ?&b&%w fk siatié klfRfon stheni towdidochddway

conprising a substrate; and a urality of nozzle arran emen{’s that are
posi ti oned on trﬁommma@tOéagne prskinprsase a volume of the nozzle chamber to eject an

ink drop from the nozzle chamber; and
at least two actuators that are operatively arranged with respect to the active
ink ejection structure to displace the active ink ejection structure with respect to the
static ink ejection structure towards and away from the substrate, the actuators being
20 configured and connected to the active ink ejection structure to impart substantially
rectilinear movement to the active ink ejection structure.

2. A printhead chip as claimed in claim 1, which is the product of an integrated circuit
_fabncatlon technique.

3. A printhead ch1p as claimed in claim 2, in which the substrate incorporates CMOS
drive circuitry, each actuator bemg connected to the CMOS drive circuitry.

4, A printhead chip as claimed in claim 1, in which a number of actuators are
30 positioned in a substantially rotationally symmetric manner about the active ink ejection
structure.



arrangenment conprising an active ink ejection structure that is positioned
on the substrate and spaced fromthe substrate, the active ink ejection
structure having a roof with an ink 10 ejection port defined in the roof a
static in ' ' structure positioned on the substrat jove i nk
ej ection :wgﬁ{ﬁ%é?gpand the static ink ejection struct ure%%%"gﬁ?@ﬁséc?efi ni ng
a nozzle chanber in fluid conmunication2nth an ink supply, the active ink
ej ection structure Dbeing displaceable with respect. to the static ink

ej ection structure towards and away fromthe substrate to reduce and

I ncrease a volune of the nozzle chanber fo_eject an inpk drop fromthe
nozzl e charber, W%M%FIQW%ﬁwyhﬁMclB&% %ﬁm ranged
Wi TeSPeGhediflaldihaidd, oHE pothalér Reflibhedih ik UFd phifofl pBleI Qs B dacd | Ve
ink ejection structure wth respect to the static ink ejection structure
t owar ds andokemetidorsbmeturge substrate, the actuators being 20 configured and
connected to the active ink ejection structure to inpart substantially
rectilinear novenent to the active ink ejection structure. 2. A printhead
chip as cl a.med A pristheddohip aswddimed irsclaitne3, jn which thepdctive inkrefjestion steatturer c ui t
fabrication techn|gue : rjipt head chi,p as claj ned.in clai L nwhi ch
t he subst r%@“&ﬁéﬁﬂﬂ@p%&%f\ OIB&‘ °€ ﬂ%@ﬁ?ﬁb&%%@?@gﬁﬁgpﬂ&e
connect ed tsqaﬂchﬂ‘gjmnq&y@mgi rcuitry. 4. A printhead chip as clainmed in

claim1, in which™a nunber of actuators are 30 positioned in a
substantially rotationally symetric manner about the active ink ejection

structure. 03 G T ey ; | s efidPstAenfe ai med
inclaim 4,¥\$hi cégﬁ%?au%déeﬂga pal r&ﬁé%@;&ﬁvﬁcﬁ]ﬂ%ﬁtﬁﬁﬁgﬁﬁ ca acttl}g% ors,
one actl(at odefinesart ink disglacement formafiomathgtis spaséd Gpmdbeshbstrate and facesibe zanfi ve

i nk ejection,structure.. 6. rinthead chi | ai need Ji@ .claim3, in wich
the active & eqﬁlégg{.qkoqecgppa Wgtﬂ?}?&dﬁfg&%ﬁgﬂéﬁggflﬁ%ﬁé%?& fromthe
roof, the sdigsneinent &26i fhat id dimssionad fadilitateeudtiohof ink frokn theiinkejetidatportn
structure. 7. A printhead chip as cl,ai,rﬁd i.n clg‘%m 6,, in which the static

i nk ej ect i owhentheaqtiyednk ejectipnsirpgture i displced tapard WA sthsteeter nation that is

spaced fromthe substrate and faces the roof

8. A printhead chip as claimed in claim 7, in which the substrate defines a plurality of
ink inlet channels, one ink inlet channel opening into each respective nozzle chamber at an
ink inlet opening.

9. A printhead chip as claimed in claim 8, in which the ink inlet channel] of each
20 nozzle arrangement opens into the nozzle chamber in substantial alignment with the ink
ejection port, the static ink ejection structure being positioned about the ink inlet opening.

10. A printhead chip as claimed in claim 1, in which each actuator is in the form of a
thermal bend actuator, each thermal bend actuator being anchored to the substrate at one
end and movable with respect to the substrate at an opposed end, and having an actuator
arm that bends when differential thermal expansion is set up in the actuator arm, each
thermal bend actuator being connected to the CMOS drive circuitry to bend towards the
substrate when the thermal bend actuator receives a driving signal from the CMOS drive

30
11. A printhead chip as claimed in claim 10, which includes at least two coupling
structures, one coupling structure being positioned intermediate each actuator and the active
ink ejection structure, each coupling structure being configured to accommodate both



of the active ink ejection structure, the ink displacenent formation
defining an ink displacenent area that is dinensioned to facilitate
ejection of ink fromthe ink ejection port, when the active ink ejection
structure J I ced towards the substrate. 8. A printh ?P j S

cl ai med in‘k’g"g},"iﬂ%? in which the substrate defines a pl urg |/f‘;f/]wc/)@1& nk
inlet channels, one ink inlet channel opkhing into each respective nozzle
chanmber at .an, ink inlet opening. 9. A printhead chip as clainmed in claim
8, in which the ink inlet channel of each 20 nozzle arrangenent opens into

t he nozzl e chanber in-supstantial, align W t.he ipk ejecii ort, the
static ink &suatemeyFmeant H&atif@?smdﬁggﬁ@%ﬁwi E‘B’&Wﬁéaﬁ“‘ﬁ?“* Sf’ﬁ%gf'gtb%]gni ng.
10. A prinq@%mi%?ﬂﬁWéﬁﬁﬁ&ﬁmgﬁﬂwbmﬂgﬁakmhkmdmhﬂWHCh each actuator is in
the formof a thermal bend actuator, each thermal bend actuator being
anchored to the substrate at one end and novable with respect to the
substrate an @Qg 1 ; en
differenti :lltz't hé?ﬁ@fﬁﬁg%pa SPon Seﬂgie’%l%f‘ﬁ]@t gﬂ%ﬁcg‘a’?{gr@i%ﬁ]&nég%ﬂ&%er mal
bend act uatthé passive gnicejection meethbepareishapeiss thirt, whendik isweceived iwtho aozile owar ds
the substrate when .the thernal, ben ctuaiar recel.ve ardyi Si gha
fromthe ﬁ,&gm]&gmxp?b%m%lt_ﬁe Me%ﬂ?ﬁgg@l%ﬂ%d%@}{gﬁ%%&oani n claim
10, which i|pglinidles oFthe RaaE chaiibet betplebnithe isl &jsctionmeembersnie coupl i ng
structure being positioned internedi ate each actuator and the active ink

ej ection structure, each coupling structure being configured to accommodat e
both WD 03/086765 PCT/ AU02/ 01168 13 arcuate novenent of said opposed end

of each thernmal bend actuator and said substantially rectilinear novenent
of the active ink ejection structure. 12. A printhead chip as clained in
claiml in which the active ink ejection nenber and the passive ink

ej ection nenber are shaped so that, when ink is received in the nozzle
chanber, the ink ejection nmenbers and the ink define a fluidic seal to
inhibit ink from |eaking out of the nozzle chanber between the ink

ej ection nenbers.



