WD 2012/ 040765PCT/ AU2010/ 001292 1 | NKJET PRI NTHEAD HAVI NG COMMON CONDUCTI VE
TRACK ON NQZZLE PLATE 5Field of the Invention The present invention
rel ates twothe/dmsd of printers and particul arly inkjetcpramndiwad®2 |t has
been devel oped primarily to inprove print quality and printhead performance
in high resolution printheads. 10 Background of the Invention Many
different types of printing have been invented, a | arge nunber of which are
presently in use. The known forns of print have a variety of nethods for
marking the print media with a relevant markin Commonl y used formns
of briating | AP Ry SEEAB A NG COMMON SPRAUGE ERACR N itz
dot matrix type inpact printers, thernppaspgper 15printers, filmrecorders,
thermal wax printers, dye sublimation printers and ink jet printers both of
the drop on demand and conti nuous flow type. Each type of printer has its
own advant@gquggfﬂgqgghﬁ when consi dering cost, speed, quality,
reliability, sinplicity of construction and operation etc. I n
recent years, theThﬁeﬂe@nblﬁlvqnnknje@ttesmihnﬁhldgfpl\mw aidpadwelarly méicvi dual pi xel
of ink is 20 {nhe%g M%%Q &v% Eiﬁlah@ npgé\le in faﬁ}t&% whdd§ " €as “g'y
popul ar pri n ensi rsa ure Many
di fferent teqﬁﬂque&nomgmmwohmbnpmnmmﬂmg have been invented. For a survey
of the field, reference is nade to an article by J More, "Non-Inpact
Printing: Introduction and Historical Perspective", CQutput Hard Copy

Devi ces, Edi tRuckgidublibik ardtién Sherr, 25pages 207 - 220 (1988). I nk

Jet printers the | v cone in_.many different The, uti.l tion of a

cont| nuous. ot r eamVBRY SHEHYPEE p@f%ggmheﬁbm estelof Biee S0 BhER Mo at

I feast 1929 wheésently 1hJ$se{36ﬂh€ nﬁowlbforrﬂs&%emmbya mlrasjeifhleﬂhggscfgma&m t}&l?)mg% g fOL m
of continuous sireamelectrostatic_ ink jet printing US P t 35 75 by
Sweet al so d.lgiqwo\g@%a oy gpednggnedia. dpmmanboyred rtomes pleyingpg IH?I fffgo ffstic1 udi ng

the step wherginfing, m@eﬂﬁalmlmge;nd%smagraemesn@amaatxqglpé%pact Ehﬂ@rsftﬁ&ﬁhbﬂqﬂﬁé%

el ectro-static fiel.d so as to cause drop separation. This technique is

still utilizedingys. SbYEFArehabfinalorarPEpsTs; %wu‘&%owmt@ﬁ anghigk SEPHIESES (see
al so US Pat erﬁotmth&%@&%nﬁﬂd %ﬁmﬁgu@ﬂo\v tyfe. %@K%& 8§63 rInke® hdsNl ot

prl nters are al so one formof conmmonl Yy utilized ink jet BSI nt i ng devi ce.
Pi ezoel ect ri cadsgndagenandardlamsgdicn sedidpyngapsiespeed, quadity, ralinbilys, Paplkay oo,

3946398 (1970) Leh Mibbd4Bs o di aphragm node of operation, by Zolten in
US Pat ent 368§5M§1§1§58 ﬁmﬁ?hﬁ di scl oses a squeeze node of operation of a

pi ezoel ectric crydtwbent Btagsprthe figld of ink jet printing, wherein each individual pixel of ink is

20 derived from one or more ink nozzles has become increasingly popular primarily due to its
inexpensive and versatile nature.

Many different techniques on ink jet printing have been invented. For a survey of
the field, reference is made to an article by J Moore, “Non-Impact Printing: Introduction
and Historical Perspective”, Output Hard Copy Devices, Editors R Dubeck and S Sherr,

25 pages 207 - 220 (1988).

Ink Jet printers themselves come in many different types. The utilization of a
continuous stream of ink in ink jet printing appears to date back to at least 1929 wherein
US Patent No. 1941001 by Hansell discloses a simple form of continuous stream electro-
static ink jet printing.

30 US Patent 3596275 by Sweet also discloses a process of a continuous ink jet
printing including the step wherein the ink jet stream is modulated by a high frequency
electro-static field so as to cause drop separation. This technique is still utilized by several
manufacturers including Elmjet and Scitex (see also US Patent No. 3373437 by Sweet et
al)



5 US Patent No. 3747120 (1972) discloses a bend node of piezoelectric
operation, Howkins in US Patent No. 4459601 di scl oses a piezoel ectric push
node act mai2ore/@d7éshe i nk jet stream and Fi schbeck in UBC#32000¥d ch

di scl oses a shear node type of piezoelectric transducer elenent.' Recently,
thermal ink jet printing has becone an extrenely popular formof ink jet
10printing. The ink jet printing techniqaes include those disclosed by Endo
et al in GB 200716221@%R)inefRtprvauodit 168 ol foinNo\dSmPRhie RtiliA4 %kjéGrinBat h t he

af orenenti oned references disclosed ink jet prlntnﬁﬁ$techn|ques that rely

upon the act i 47¥icF-oHicaFlegHc Biser prstdisionss bydettigt aF WA BHeH e uPt839 t he
creation of & %ﬁhhﬂllﬁsggﬁéﬁrﬁgn@h%% SRBGRLonSHETL1RR iPUS P& 86330 Ch

t hereby causes the ejection o from an aperture connected to 15the
confined spadéd?®ntvbica diselpwy anuegicinmide aeericetioned ayi¢zagleatias sreead, Yiemme i ng t he
el ectro- Lher @by Nialf 1 G ARBNIAE! ¥6&H oo DAY %Bagamgx et Ebvdshs Canon
and Hewl ett Packard e seen from or egol ng, many

di fferent typed/Sofatept NevtdhipOt distiersh ogicesleatrie pushanddaléteation dedk inkjeta printing

technol ogy s rk%alnﬁi a&?f‘ﬁ?ch@ecﬂ 'IH@§ Us Qtf (Si\%ﬁlclli EQJ &4 {Heh dimc;d% %ya\atel gﬁ %?oele?t lc ude

i nexpensi ve construction and opera I on, spee oper and 20
conti nuous Idmgm@ewmkopetatlon etc. Each technology may have its own
advant ages and d'%?dv éﬁggﬁ» he arﬁg%eof cost e;Peed

reliability, pomereﬁ?a mkje fP“m% constrlic ??%l%ngma 98%0F%5 ablllty

and consunabhemﬁng'Hwimgﬁﬁ@nmngedmkmﬁppﬂu@ahmehm@o@dngo&eﬂaanmﬂethora of

pagewi dt h pri Si . Statio r|n head ich extend
across a mﬁdfﬂbZﬁﬁguggb@gq§P@§§ﬁ# Gﬁéﬁﬁﬁaggﬁﬁ %h ‘H%E? ﬂm%ﬂallenges
when conpar ededidnbes rmr:leseaolm/etrﬁrinoﬁgaﬂecﬁntqamhalrﬂgupdahheeztcupartioﬂbhﬁﬁds For
exanpl e, pagemndthggm,nthead icall fron13%gfurallty of

i ndi vi dual prilSfABEGR! $REr X eﬁre}ﬂﬁ%ﬁﬂwrﬂ[ &@J albe,w#@w LFYRYTIG SPEiened

seam essly t oup Vi dez18 ivakich Alicrdbly caiad théﬁ ectibR8f Ak @SANh apRikd andtchas _
hitherto described printheads having is Flaced section of nozzles, which

enabl es nbzz|te ?qf)l%gedtsa%ﬁroma relavan 1@@% mydige Priging dedes ytikizinggheslriichead

i nt egrated CHB&H&L&m@Q@Q@hﬁﬁuﬁ@ﬁ@§§y§wﬁﬁﬁﬁ%&9&ﬂh6§@ﬁm9§hfﬁ&ﬁ@&Ph@%ﬂ
7,390,071 and 7,290,852, the contents of which are herein |ncorgorated by

reference). O her Aaspt et @eﬁeg@mgdmnnwlffﬁ’@mﬁ@ee ef pyintipgteghigiogiche TM
Technol ogy) eplayamil 2848y %%rﬁﬁh%@%@%g%@%ﬁd%% e WHnfblr Mh%é{faBl%QlthdtéECgeas e

the size of the print zone and tional denands on nedi a
mechani sns i nTlofsededudeonmﬁmtvap@nsm@perlndeﬂneglhwnhtgh\ﬂmeh op@atiohesafsrandit zone. |t

woul d be gesidahl %ust18n TR b5t BN ! EEJhQ@c%hc(\q?gﬁil%rzﬂa@%fgsgog%s%aﬁ@@eg{]]de”ab' €s a

new approach to the construction of pagew yplca
pagew dt h pr|mﬁhemdgmﬂndmudesbﬁmdundahqaﬂmwzﬁH@thm&wrmmg@hmmhyobé used for

dead nozzl e com n at|0£10 uf%1t géatln 1@ peak power requirenent of the
5pri nt head (see "Baten }lkﬂ YABS Q1A 7, 252, 353, the contents of
whi ch are herei n The present Applicant has disclosed a plethora of pagewidth printhead designs.

Stationary pagewith printheads, which extend across a width of a page, present a number

25  of unique design challenges when compared with more conventional traversing inkjet
printheads. For example, pagewidth printheads are typically built up from a plurality of
individual printhead integrated circuits (ICs), which must be joined seamlessly to provide
high print quality. The present Applicant has hitherto described printheads having a
displaced section of nozzles, which enables nozzle rows to print seamlessly between

30  abutting printhead integrated circuits spanning across a pagewidth (see US Patent Nos.
7,390,071 and 7,290,852, the contents of which are herein incorporated by reference).
Other approaches to pagewidth printing (e.g. HP Edgeline™ Technology) employ
staggered printhead modules, which inevitably increase the size of the print zone and place

additional demands on media feed mechanisms in order to maintain proper alignment with



i ncorporated by reference). Dead nozzle conpensation is a particular
problemin stationary pagewi dth printheads, in contrast with traversing
pri nt headsp o008 t he nmedi a substrate only makes a si rgraanmonfy2each
nozzle in the printhead during printing. Redundancy inevitably increases
the cost and conplexity of pagew dth printheads, and it woul d be
10desirable to mnimze redundant nozzle3row(s) whilst still providing

adequat e nmechadpsfiBodeOl wdgiRdBe 08%ZH1€ 0GRIRENmANtARIve nozzle debifn, WhidhGniesf Ur t her
desirable to provide nore versatil e pagew dth printheads, which are able to

control, for‘@%ﬁﬁﬁP@MdHPgﬁCﬁmﬁﬁgﬁﬁﬁfP%ﬁﬂﬂ@ﬂ”@&?“ﬁesoIutlon It would be

further desirabl eT%ﬁcﬂfyolydo@\%d@lrﬂriﬂ’gh@ﬁﬁ%ld%tr@dﬁhﬁrﬁ’rﬂb@ilb Vfvsl WhiPha bon of 15
MEMS and CMOS Iaéfrs be especially desirable to mnimze the

undesi rabl e pheh ﬁé@@éﬁozﬂe cogmwﬁwnb)émﬁé@dulam asak RAYYRT ragprancat efifke over al |
el ectricals ef fi,fl8NS¥% tgée PR RS, 017SMW5¥ 394, tﬁe*b%mleﬁy%ﬁl&{‘argﬁérana first

aspect, there I'S provi an inkjet nozzl &€ assenbly conprising: a nozzle
chanber for coenrpiraiediyy iefgkenca)Hacand @szleéomhmmﬂn lt'@mtrlquiﬂr n@bhmﬂn setionaryd a

roof having giagésl%é&?plnnﬂlﬂgﬁ's Ny (ﬁﬁfaét Q&ﬁtﬂ tlrat;'e%l?é %}hnﬂ?e%g l?eca%ﬁ e%la flystrgtfe

noveabl e pad ng at lTeast part o e roo urality of
paddl es beingm&umdabhan@opcauﬁﬁwbmazbummcpmmmndMHMunnmmeﬂemmdmwyhe nozzl e

opening, A BAM, feRAL fll a0 A SR RSP SR Bk e ATRE S S: 2
upper t her moefl'd BRI CoRRaeled o~ Y PVESeY Fed) Tower passi ve
beam fused t Giekl%letthﬁﬁrﬂm&]eaﬁiﬁlhdanhﬁﬁﬂb rm(e)hv}nlhtatﬂlwwrm@ adequae micchamispassed
t hrough the bh ngela tic be% the thernoel astic beam expands relative to
t he passive 85%3 CPPH%“?Hmbendlng of a respective paddle towards the

fl oor of the nOZZIItaVo'ﬁqh iehrantie desirdble fogirsvi@andte agtaiat @gewigthipiigepandeand y
controll abl e VI resp eeﬁ ve drive circuitry @8%? thqt.a di rection of

dropl et ] ectADIPT PSR HOTIZPIE BRRMiagorSnEBf BP9UH%e by | ndependent
movenent of each paedgiEse fufther desirable t%spréiﬁ@q)rﬁﬁlféﬁis Ryithtah@nitRE Michaing be
assenbl y" and "nozzle" are used |nterchanﬁeabl .. Thus, .a "nozzle assenbly

or "nozzl & %EM%%@SW%@W%@W%% egicstafly degirahls wrainigrizg theundsinblsct uat i on.

The "nozzle Q§éﬁﬂﬁ%ﬁnop§r uRPEAh& mﬁﬁH&H&Mn@RﬁPﬁk%@éd@d&%&%i&ﬁ&@ﬁﬁnﬁr havi ng
a nozzl e openin %Fd at | east one actuator.
printheads

Summary of the Invention
20 In a first aspect, there is provided an inkjet nozzle assembly comprising:
a nozzle chamber for containing ink, the nozzle chamber comprising a floor and a roof
having a nozzle opening defined therein; and
a plurality of moveable paddles defining at least part of the roof, the plurality of paddles
being actuable to cause ejection of an ink droplet from the nozzle opening, each paddle
25  including a thermal bend actuator comprising;:
an upper thermoelastic beam connected to drive circuitry; and
a lower passive beam fused to the thermoelastic beam, such that when a current is
passed through the thermoelastic beam, the thermoelastic beam expands relative to the
passive beam, resulting in bending of a respective paddle towards the floor of the nozzle
30  chamber,
wherein each actuator is independently controllable via respective drive circuitry such that
a direction of droplet ejection from the nozzle opening is controllable by independent

movement of each paddle.



50ptionally, the nozzle assenbly is disposed on a substrate, and wherein a
passi vation | ayer of the substrate defines the floor of the nozzle chanber.
Opt i onal Iwo 2te4oef |1s spaced apart fromthe floor andpsrdaealom®i®zt end
bet ween the roof and the floor to define the nozzle chanber.

Optionally, the nozzle assenbly conprises a pair of opposed paddl es
positioned on 10either side of the nozzle opening. Optional ly, the

nozzl e assenbly CORPEIIIRREIL MR tdPRI* ‘h@zz&faséé%gs@tﬁ'd PREM ese ReSintdr@nagdaliel ati ve
to the nozzl e opening. Cptlonally, | es are nmpveable relative to the

nozzl e openi ngius: 2 “nozzle assembjyy j0p ({9EFIS re@éﬁdﬁaB%@@I@éﬁt%é@%ﬁ%@g%monof t he

nozzl e openi rtgmaﬁtﬁmtét%t)zzt&%selqwzo%t fozRReNuRY Rl nbAAdheSHEheviRDY eabl e
relative to the fl oor. Optionally, the thérnoel astic beamis conprised

of a vanadi urkrdePpaningand #idsast CpEStEHe |y, the passive beamis conprised of
at least ope mat edgﬁbnaﬁ? RES e fa{s&%l'y 'fk%@%é%ﬁ%n%%b’%{rét%'aH&Jw‘H%rem%' l'icon oxide,

silicon nitride an con oxynit 'y, the passive
beantconprlsemw%wdmnbWﬂ@ﬁﬁ@ﬁmpﬁ@Sd@@wb@aﬂv®6ﬁﬂwmsgﬁﬂéﬁmﬁﬂs|Ilcon oxi de and

a second | ower t%%'u&ﬁll %I?J?ogﬁgrpﬂalc%ﬁga@ Froﬁ#}é ffQP ?1{21' sgc{elvgﬁ"s ex%t& b&{%@é&&%e b; he

roof is coated w meric meric nmaterra
confi gured toomhmdﬂdébmﬂnddhEnMDatﬂsdwhmbetween each paddle and a
stationary part o Mgn1n|n12|n 96 dur.i ng

i-nk
actuation of the O&é%‘taﬂg%%totzzelt nat 1 vely, rree @ Py °f°%%°lse S nesliahiop may
have openhng&mﬂahuhedmbhe&ﬁmmmmmgh that there is a f|UIdIC seal 25 betmeen
each paddle and a art of the ro ionally, neric
materal 15 compr RURYE G AP huse Rt ot SxnaninclopBhad Uit pidted
pol ynmeri zed sklatwand éheindzAaebpaigd frontthe group consisting of :
polysilsesquioxan i, et h tion ,, the actuators are

i ndependent |y con BQP'bﬁ@”%gd%%%? V? ﬁ QP”F% § 1075 é)p lo:i8 a

timng of drive sicgnalaflytcaciepale aéfilchies ﬁtemaﬁ‘mesloﬁqu nih@suh et gl a
coor di nat ed nnvenent of the plurality of paddles; and a power of drive

signals t & e Rzl prenig andthg g_@dél}eg are moveable relative to the floor.

Optionally, the thermoelastic beam is comprised of a vanadium-aluminium alloy.

Optionally, the passive beam is comprised of at least one material selected from the
group consisting of: silicon oxide, silicon nitride and silicon oxynitride.

Optionally, the passive beam comprises a first upper passive beam comprised of

20  silicon oxide and a second lower passive beam comprised of silicon nitride.

Optionally, the roof is coated with a polymeric material. The polymeric material
may be configured to provide a mechanical seal between each paddle and a stationary part
of the roof, thereby minimizing ink leakage during actuation of the paddles. Alternatively,
the polymeric material may have openings defined therein such that there is a fluidic seal

25  between each paddle and a stationary part of the roof.

Optionally, the polymeric material is comprised of a polymerized siloxane.

Optionally, the polymerized siloxane is selected from the group consisting of:
polysilsesquioxanes and polydimethylsiloxane.

Optionally, the actuators are independently controllable by controlling at least one

30 of:
a timing of drive signals to each of the actuators so as to provide a
coordinated movement of the plurality of paddles; and
a power of drive signals to each of the actuators.

Optionally, the power of drive signals is controlled by at least one of:



Optionally, the power of drive signals is controlled by at |east one of: 5
a voltage of the drive signals; and a pulse width of the drive signals.

In a furtwenomspews related to the first aspect, there iPsTPUINDOR92N
inkjet printhead integrated circuit conprising: 5a substrate conprising
drive circuitry; and a plurality of inkjet nozzle assenblies disposed on
the substrate, each inkjet nozzle assenbby conpri sing: a nozzle

chanber for contai ni nga {dMsge R IREZkMmihanber conprising a floor defined
by an upper surface of the substrate and a roof having a nozzle opening

defined therein; 10and®Pulse widthgf e dfivq 5ig0¢lsof nmoveabl e paddl es defining at

| east part of theIﬁQHﬁﬂmﬂJﬂ%ﬂH&H&éhﬁ%yﬁﬂf%B&QQHﬁémBﬁkﬁﬁdépﬁkéﬂh%ﬂkgiCaUSG
ej ection of an ink droplet fromthe nozzl e opening, each paddle including a

t hermal bend &gt evcueteAPPiigtighg: an upper thernoel astic beam connected to
the drive cirglplifalecofPfsidefive &P asei ve beam fused to the thernoel astic
wh I 3

beam such that when a curtent Is passed through the thernoel astic beam

t he t her noel asplitelityehimkiekyyarld assemblas digposedorn thesybsieatd, vechidaghnozzéesul ting in
bendi ng of a ' .paddl e towards the floor of the nozzle chanber,
wherein each2%%%§§5%r%ﬁg&?ndependentIy controll able via respective drive
circuitry such thamno2bschdinbe dtricomaioing drkohk ebzzéyj charhba norhpromgtaH®onddméde

opening is cantrollabl e by.independent enent of. each gdl e
Qpti onal 1y, tHe IBRErEGF PEbE-upa a2 AT nlg ShRRIE AN, ot | on
| ayer, theo pasdi vation |ayer being disposed on a drive circuitry layer. In

25compri sed of & BPOFA SyRER PR B st Lo BT E vk Pbbifbed ™ "o
end- on- end acfaadiss ety apaganodaiie cfeb@onf binink @awghlet A6M theSioRde GRAINQS cattDr €
nozzle rows ep)éltdglg (11nicﬂlgingla%ﬂ:9ma?l bend actuator comprising:
an upper thermoelastic beam connected to the drive circuitry; and
15 a lower passive beam fused to the thermoelastic beam, such that when a
current is passed through the thermoelastic beam, the thermoelastic beam expands
relative to the passive beam, resulting in bending of a respective paddle towards the
floor of the nozzle chamber,
wherein each actuator is independently controllable via respective drive circuitry such that
20 adirection of droplet ejection from the nozzle opening is controllable by independent
movement of each paddle.
Optionally, the upper surface of the substrate is defined by a passivation layer, the
passivation layer being disposed on a drive circuitry layer.
In a second aspect, there is provided a stationary pagewidth inkjet printhead
25 comprised of a plurality of printhead integrated circuits butted end-on-end across the
pagewidth, the printhead comprising one or more nozzle rows extending along a
longitudinal axis of the printhead, each nozzle row comprising a plurality of nozzles,
wherein one or more of the nozzles are each configured to fire a droplet of ink at a plurality
of predetermined different dot positions along the longitudinal axis.
30 Optionally, the one or more nozzles are each configurable to fire a droplet of ink at
2,3,4,5, 6or 7 different dot positions along the longitudinal axis.
Optionally, each nozzle is configurable to fire a droplet of ink at a plurality of
predetermined different dot positions within a two-dimensional zone having predetermined

dimensions.



| ongi tudi nal axis of the printhead, each nozzle row conprising a plurality
of nozzles, wherein one or nore of the nozzles are each configured to fire
a dropl etwof2oimidoms a plurality of predeterm ned different/adabioposiori ons

al ong the longitudinal axis. 300ptionally, the one or nore nozzles are each
configurable to fire a droplet of ink at 2, 3, 4, 5 6 or 7 different dot
positions along the |longitudinal axis. 6 Optional ly, each nozzle is
configurable to figpRomifriRPiont isQlibstaikalBlcirBul d kdslahdalklpriedehe wittged
different dot positions within a two-dinmensional zone having predeterm ned
di nensi ons.  centroid of theyane gpgspepds b 2 seneidiof thewwgtant i al 1y circul ar or
substantial l'y el l ioplibal, thesd oPReFSloR 1@ afEMhiQIEhiOh frheddPREr& i §SPoNds
with a centroid of the nozzle. Optionally, the one or nore nozzles
are conf i gur aBingry ¢otppsitongnd pdpaseancaecopday dqt pesitm; argither gge obbe pimys and at

| east one secQpgafindot position on either side of the primry 5dot

posi tion. Optionally, each nozzle in a first set is configured to
fire a dropl et of Opfiknadly, cachpiogrlain & irstoft ipeandigured tifire l dupplef efrigdnat adot
positions al : i J { I i bei ng
posi ti oned vvioﬂt]j}%laltlntg)t(8 \fl\é)r&g]!%ézrf?ﬁgh g?iie{:eﬁ@so%?ﬁgﬁgga ﬁ%fz%g lgldﬁﬁleatx Sia&%f*r1 P?\Zt% eead,
wher ei n one nozelfestpéttbeing pssith@fd waldn &so Bozafk pitehanoi aglegd tazdle mathe piiighadce

bet ween a pai f, ofiy 100221 G MukREs SAMBARAAL Rl Bl digance berfRh b GRELE V. €ach
nozzle in a nOzz1e oW1 s’ conti gure& to fire félropl St I NK Al a
pluralityiof mprddahdrnrimetbzdicrdver ent dot positions al ong the | ongitudinal

axis, such that a printed dot density exceeds nozzle density. of the

¥t hoad, Opt 1 onSPTY Ea el My Bl oo DM RN BL e B o BB rcui ¢ s
defines a | oipgra&giotpredcldvmndd WiRregi dvt fositRaZ dléngxhd LAgiadmaksist fieh jhai H regi on
exceeds one nozzl e E'tch, on nozalﬁrgitgtg bei ng qd]efi ned as a mni num

| ongi t udi nal RIMEAARTENBRHESH BNBAF Fersky pdho@di®ed, t he same nozzle row.
Optional Iy, wher eioptigaup, gkt ip@ir@%ﬁﬁﬁ@ﬂdjin Fatdd%ir6@R LRI @bk RelohS € a
droplet of ink at a plural i,t){1 ofg predet erm ned different dot positions

al ong t he!d orfgf tlicHia nogals ritchprassapiofyTagion §xoesds preaivate PNl "9&te posi ti ons

including at }i@RBLinONGinePLs RRRIntUnPRnMuliEINi{the bQWEn 28 ir @Pnozzles in the | N &
third aspect, there is provided a stationary pagew dth inkjet printhead
conpri si ng orfémepozsTeWNnozzl e rows extending along a |ongitudinal axis of

the printhead, whepglRugadhidiPael fok R ieORELAHLEdcdifighkd & M uRBIE AL T nk
at a plurality of Sr edeterm ned 25differ entﬂfj’ot posigt ions al o%g t %e
| ongi t udi nal #ripkiraliguefirradptarminedghifferens dotdotitigsding hedwpesedinal axis, the
20 plurality of predetermined dot positions including at least one dot position within the join
region.

In a third aspect, there is provided a stationary pagewidth inkjet printhead
comprising one or more nozzle rows extending along a longitudinal axis of the printhead,
wherein each nozzle is configured to fire a droplet of ink at a plurality of predetermined

25 different dot positions along the longitudinal axis, such that a printed dot density exceeds a
nozzle density of the printhead.

Optionally, each nozzle is configurable to fire a droplet of ink at 2, 3,4, 5, 6 or 7
different dot positions along the longitudinal axis.

Optionally, each nozzle is configurable to fire a droplet of ink at a plurality of

30  predetermined different dot positions along a transverse axis of the printhead.

Optionally, the printed dot density is at least twice the nozzle density of the
printhead.



nozzl e density of the printhead. Optionally, each nozzle is
configurable to fire a droplet of ink at 2, 3, 4, 5 6 or 7 different dot
posi ti onswal2org4vtee | ongi tudi nal axis. Optionally, eachpoozsai2e1i®1292
configurable to fire a droplet of ink at a plurality of 30predeterm ned
different dot positions along a transverse axis of the printhead.
Optionally, the printed dot density is at | east twice the nozzle density of
the printhead. 7 Optionally, & ho@RalslcynfiRa@ho NRZEIE tha o &@Rfith G Und Bméi re nore
than once within one line-tinme, wherein one |ine-tinme is defined as the
tinme taken fovheseipeiedinetigyitdaliped adieitectakpader a Mt pedinpieatyansg Pehiiel i ne. In
a fourth aspegihhehd ) &ellife.Provi ded a stationary pagew dth inkjet printhead
5conmpri sing one or riore nozzle rows extending along a |ongitudinal axis of
the printhead, whéefourteapbctitbue sorgvided antatignanarseevyld ipkjeteripthepdopl et of i nk
at a plural i toonlisihl ek Glofd potle fhislotfite HoHs AORILLRASRLPAG plififen

| ongi tudi nal axi's, each nozzle %aV|ng a primary dot position gSSOCIated
therew t h, whereiincachaozskeiinednéigerallstodont dipnletef inkoat e ol efipeedesrmiacddead

nozzl e by pri pgel o : i,0ni - (L] in a sane
nozzl e rom1a§ﬂ§%§ﬁggﬁgg%sﬁggggg%ﬁgﬁéﬂgg%g%?ézg?ﬁ%%%%%ﬁ#g% rn&%??e bei ng
confi gured t ookitipeasatcidtaiaberewitnehemia thir wpthetdis adonftghed pr ¢ompensaddor aptead t i on
associ ated wi &OQZIE err(ijn%f’rjid rp)r(ljlzazsle etk fljmétonfni rngzz?tpolsi?lase% iPe rgraneinr(])lz( ldrroo Iset s at
its own primary dot pOSF{IOH. Ebigona(ﬁy, the sefectedz?unéﬁioning
nozzl e i sipostht daatedzit tha sdecsdddmeeodhg wnele btinpcontfipuredtodire htdenst oo 2dke
pitches away fr t he dead nozzl.e, wherein.one nozzl itch is 15defined as
Dt mum TR PGy i ee e Sl R fss PbSi fi S ane
nozzl e row. some ink dpilétOtadk bwn ptilerylot pustiead i s configured to conpensate
for the dead nozzle .by the ste of . identifying.the dead nozzl e;

20sel ecting a f unapfleﬁﬂlwdhw%ﬁ*gif%naﬂ%l&w@%% goR ey e CHERS 0. and
configuring tihre seoacioede piwhed dvaRifdeh HOdAN BodzR, vhéreindhe ARAS hit@As® i nk

droplets at the primary dot position associated with the dead nozz] e.
15 defined as a minimum longitudinal distance between a pair of nozzles in the same nozzle

rOw.
Optionally, the printhead is configured to compensate for the dead nozzle by the
steps of:
identifying the dead nozzle;
20 selecting a functioning nozzle to compensate for the dead nozzle; and

configuring the selected functioning nozzle to fire at least some ink droplets at the
primary dot position associated with the dead nozzle.
Optionally, the selected functioning nozzle is configured to fire a first ink droplet at
the primary dot position associated with the dead nozzle and to fire a second ink droplet at
25 its own primary dot position within a period of one line-time, wherein one line-time is
defined as the time taken for a print medium to advance past the printhead by one line.
Optionally, each nozzle is further configurable to fire a droplet of ink at a plurality
of predetermined different dot positions along a transverse axis of the printhead.
Optionally, the selected functioning nozzle is configured to fire a first ink droplet at
30  the primary dot position associated with the dead nozzle and to fire a second ink droplet at
its own primary dot position in a period of more than one line-time and less than five line-
times.
Optionally, each droplet ejected perpendicular to an ink ejection face of the

printhead results in landing the droplet at a respective primary dot position.



Optionally, the selected functioning nozzle is configured to fire a first
ink droplet at the primary dot position associated with the dead nozzle and
to fire aweaommdoienk droplet at 25its own prinary dot pesTtA@mooizn a
period of one line-tinme, wherein one line-tinme is defined as the tine taken
for a print mediumto advance past the printhead by one I|ine.

Optionally, each nozzle is further configurable to fire a droplet of ink at
a plurality of pregabenyinesindichd Bcemgutato QRfchdaRSr A)@WELy df dda@dnsver se
axis of the printhead. Optionally, the selected functionjing nozzle is
configured t Jrorzlesbypriptipgsirom agorgrRpBE PRalityef selRdchineHapPe 8e!posi ti on

associ ated w th tkeidead tﬂé)l;rgllﬂ%a@ﬁgg nB?echdaﬁt Rz9efRRd ink droplet at its own
prinary dot position in a period of nore than one line-tinme and | ess than

five |ine-tinggfurtheraspect Q&tfrddﬁ&lelfyuﬂhéél@?ﬁt d’ﬁ@pﬁ povidpdepraghepdingaréidcul ar to
an ink ejectign,ace st%onta;?/% ?&M&hhﬂ(‘?gpﬁﬁﬁéﬁhttﬁe kﬁhtﬁeﬁﬁ‘ﬂhéggatédfb‘?rcﬁ{ oplet at a

respective primary d ionally, the printhead is
confi gured tcﬁomnpem@toem‘omrnoazlprowsakﬁewngﬁlortmddngﬁ@élml@sw thereof, imitticg f rom a

cor r espondi n,pl # Ak i lur S8l BREBINIE A Al IRAFbE S DRI ARELY . the

printhead has no redundan nozz aspect ed to the
fourt h aspectdot péveoes atlsngjh@kohdeldmal qarsi mc}nwzdlelhmlegu piiredy Batipositiot f or a

stationary pagsomagedhhelrer\]xfkl Wﬁl emﬁlt h%g ad 1%&@9‘[6(‘1 &%Cﬁe’;?‘sdcolrlp 1oUF tg‘éoer}q'%ei%lsaﬁg ui t
COITpI‘I Si ng one or nore I'IOZ ero a

t hereof, wherfoer md@anmzm@kmtmgﬁcﬁmmial@wdéuhcnmnig r[oEzlapdslltmnb(Efn aghme¢ Nk at a

pIuraIity of determ ddlffe posi.tion l.on |tud|nal
s eanh ndBEE RPN Al Bl et bR a0 BreahEFrL oo
wher ei n the pedstdorrack droplegsehEghingdry awpbsm@ asmfateguﬁmdhd@a@mleaﬁcaﬁoe | of or

a dead nozzle_ by printin rom a .sel ect.ed nctioning nozzle positioned in
a sanme nozzl diIf Waégsofnﬁ %et%‘z‘flognpflﬁlérysdg FRSER functi oni ng nozzl e being

configured to firenaffih 2ped t(BQER pkdvkicd b OfRli@has RAbevil@ ifkjdt FRieadOt pOSi tion
associated wth the dead nozzle and to fire at [east sone ink droplets at

its own pti MERYPHYRS PSS MoBRozflnraysexErdingalpnec longithéipyd axig Oﬁ%mlla%fa

stationary pageyyifitdd bakd @&np@iﬁéd@f'&%ﬁﬁ’al%%ﬁ%ﬂfhka’?«f rﬂ&iui%@ﬁax@ﬁg i 8d REZd € rows
extending al ong a Ion%ptu i nal axis of grl nt head, the printhead being

conprised of @prpiitgerdsibuijedsrrosy vitdHedd Pﬁgﬁdéﬁc @uq&ag/p%@fﬂorm@@admu@écond
opposite endsdelﬁHltng Qg?rﬁﬁi&pﬁ)ﬁl @gl@ﬁ,%hlareﬁlfa Iﬁ)zﬂ@gﬁch a@t%gﬁhp}éhltljefﬂgn PRkdds Bfe

printhead nodul es”defining a Common join region, wherein a nozzle pit
across the j oioazle elglhoweemzelﬁeld@hbneg Adingd e qommmlm bngitidoizdigansi bahvedve ng

defi ned as, a e(ﬁ}r%'f%%e %Cﬁs'aﬁlgg%ﬁﬁlroxg a%h%&%mtb? AG Bk st rﬁgzlp sftloﬁéd ﬂg{eﬂ es in

a sane nozzl ow, and one first nozz Itironed at the
first end of fastfend sfa ﬁmﬁmmﬁeaﬂrnncbdhmebumngpebmstonfgulpéltorﬁnesnkabml@tgmtosad to
fire ink droplet nt.o_a. respective join region. Optionally, at |east

one second nozi)leéwﬁ Si tF0hed at the second end of a second printhead nodul e
in the butting paiOptiogllgcinfehgunedcdnd nbideepasitiknadraoihk edceond aridaf & keotidespect i ve
printhead module in the butting pair is configured to fire ink droplets into the respective
25 join region, such that first and second nozzles from opposed first and second ends of
abutting printhead modules fire ink droplets into the common join region.
Optionally, each first nozzle is configured to fire a droplet of ink at a plurality of
predetermined different dot positions along the longitudinal axis, the plurality of
predetermined different dot positions including at least one dot position within the join
30 region.
Optionally, each first and second nozzle is configured to fire respective droplets of
ink at a respective plurality of predetermined different dot positions along the longitudinal
axis, each respective plurality of predetermined different dot positions including at least

one dot position within the join region.



25 join region, such that first and second nozzles from opposed first and
second ends of abutting printhead nodules fire ink droplets into the conmon
j 0i n regiwn.2012/040765Cpt i onal | y, each first nozzle is confPcguirdioioifere a
droplet of ink at a plurality of predeterm ned different dot positions

al ong the longitudinal axis, the plurality of predeterm ned different dot
positions including at | east one dot posivtion within the join 30region.

Optional ly, each fOptistalldndiodiehmnedthd RAZ fe€ioh $ sGBMkiBIN 1BElsahf of biicenozAs Pect i ve
droplets of ink at a respective plurality of predeterm ned different dot

posi tions al di§Pt he | ongitudinal axis, each respective plurality of

predeternined dif tjfoﬁ%ﬁly,cég&h ﬂﬂg@ha géiaal% Ak ié@ioﬁ‘@%u?éfd th BRShor® fhan Ok WA L1 0N
o]l

within the join region. Optionally, a dot ch in the join region is

subst ant i al | y» Rered siae linstippevheriyons lisp-tipg is dofngdos die time talgga forfairigt  and
second nozzl g} IERQQLQMEEﬂt&Qgﬁ&&%dB?%ﬁamﬁa” once within a period of
' ne-time i

one line-tine, erein one line-t s defined as the tine taken for a
print 5 medi um t o Qatlomsigeopaestposinencg taweardsaladfirktyend are chifipared Gpfiicgiraplldtsy
nozzl es posit,| , i ~ i | opl ets of
i nk skewed td&ggﬁgfﬁﬁﬁgégﬁ%%pgﬁg&gﬁ'd%%%? é%n%%§f¢%%ﬁ§%€%§ﬁ%%%§ag%e second
end are configuofigdedto fifd dreplets ofohletisweod towalkds dleevwmdd trewar ds t he second end.

Optionally, a degr of, skew is. de egpent n_a .dj st ance, of h.nozzle from
2 1(ycent te of - CREpBly Bl B A REEIADYR D bR RS RS Boei t Foned
near er toid heceotendfragespeatiee grigidad hedab, suctkthahex#d pbetsed haner mothz basre

G eat or ¢ han RACREE A Bse T b negkt BRdiondt s MGLRLGa% 0 "oi ton 1<

| ess than 1% gr eaiOpkiodallain@i@ade@ozpith (N dréder tHApbhomaklk pitcheach nozzle in the
printhead is configured to fire %&orletr OL ink at only 150one dof position
unl ess conpensat i MHIPBIY-NGEEESHES Plieh is e harsd g giratsijutene nprrls it pr ovi ded

a printhead integioptigshiigcagitiozzié liGhe FRAY RicDENRREA tOfire WS RANGIZA £ oRIPWS
extending along a longitudinal axis thereof, the printhead |IC having first

and second erfd§ dpigrosigpi ¥nleng camrsatidne ior @ dpadmosther printhead 1Cs so as to

define a pagew dt i, plikMhliRadheRaGHoNOZE! Finlhe¥d N @l LidR(1C)d0hpRAR 10N
associ ated 20therewith, wherein at |east one first nozzle p05|?|oned at the
first end i s WORFMmgigmeerle 9wp prtendig along a longitudinal axis thereof, the printhead IC

having first and second ends for butting engagement with other printhead ICs so as to
define a pagewidth printhead, each nozzle having a primary dot position associated

20 therewith, wherein at least one first nozzle positioned at the first end is configured to fire at
least some ink droplets skewed towards the first end in addition to firing at least some ink
droplets at its own primary dot position.

Optionally, at least one second first nozzle positioned at the second end is
configured to fire at least some ink droplets skewed towards the second end in addition to

25  firing at least some ink droplets at its own primary dot position.

Optionally, the first nozzle is configured to fire one ink droplet skewed towards the
first end and to fire one ink droplet at its own primary dot position within a period of one
line-time or less, wherein one line-time is defined as the time taken for a print medium to
advance past the printhead IC by one line.

30 Optionally, each second nozzle is configured to fire one ink droplet skewed
towards the second end and to fire one ink droplet at its own primary dot position within a
period of one line-time or less.

Optionally, a nozzle pitch of the printhead IC is the same as a dot pitch of printed

dots, wherein the nozzle pitch of the printhead IC is defined as a longitudinal distance



| east some ink droplets skewed towards the first end in addition to firing
at least sone ink droplets at its own primary dot position.

Opt i onal IwQ 2at2/d4emst one second first nozzl e positi onedprat/Athelczecodnd end
is configured to fire at | east some ink droplets skewed towards the second
end in addition to 25firing at | east sone ink droplets at its own primary
dot position. Optionally, the firgt nozzle is configured to fire one

ink droplet siavedabaneridsziéhe abimstozanehwedd theiot pitcd iONEntdds adr opl et at its
own primary dot position within a period of one line-tinme or |ess, wherein

one |ine-ti meopgitugiagldingrcoetyees appifal dosidaa s¥eg ling oSpImngnedi um t o advance

past the printheagplilnay, tﬁ)@ﬁrstl ﬂo@ﬁe 1s%91%1¥e‘a@@-h}e%t le%%&ﬁﬁ%ﬁle@@%e@ i's
configured to fire one ink opl et skewed towards the second end and to

fire one ink tavegs &e figt endiby a&wn[é?@frbﬁwe@bﬂn%%qzﬂﬁéﬁchﬁﬁthl n a period of one
l'ine-time or | essOﬁ%aﬁlg%&H %zzl@rcﬁxp%&énﬁs IEE‘[JV&H a(ﬂ‘ st Jﬁ?re foh%tﬁ@ﬁgt e%ng ah@ the

sane as a dot pitch rinted dots, wherein the ozz e pitch
pri nt head ICd%C@éﬂ@lme&gloaslt@eBQ@nlgietnddl nal distance 10 between a palr of

n.OZZ| es in a sane dﬂa&ﬁ 19 t%é)%(staaﬂg séc&?d Jgﬂltre@{n{schgvé afswfaﬁlf deﬂﬁecél Q3 Hﬁmhﬁﬂlg' tudi nal

di stance between a 'pair-o In a‘sane
Optional |y, thearke bgtveanomzlige df shegontheglUCadd b 0o4zler e at Ieast some i nk

droplets skewed t 10naﬁ Feﬁrfstlégf%treﬁor}l aqgw1dtlgofst;[ NET09 nozze 1tcﬁmd 3 .
nozzl e pitches. &t ach™ozzl e row eX end be vveen a First join

regi on at id heantl nlresbcoedl gabnamgmahmdﬂi off betveenelys amd 3at ndzkie pseheond end

Optionally, the fi nd sec oi.n regions have .a w dth define s a
i mum d st ance. SELRER BRGASEO T HESEP G i CoEd T gt
Optional ly, tdxenféfititndz£le Fow ®@inGRe fiishead W ditatiokrybet ween 0.5 and 3.5 nozzle

pi tches, 10and the second join region.has a wdth of .5 and 3.5
nozzl e pitches. ??ﬂ‘f%flﬂi‘?z;pecé e BePpi d?BH’étw??g“g’Fgr?t %‘fcuﬁﬁg) 2z1e rowis

| onger than atdiengy pasdiviua rﬁm{eednttheqa‘rmﬂlhﬁi 0@ BsihOW e h&elepbl Nt head | C
is stationary. In a sevent% aspect, there is provided a printhead

i ntegrat el cﬁr"é"’ﬁihpg elpgy 2 P&%ImélngltaétSﬁ%%qfwf}ﬁéFg‘éwea%thOﬁ%wr%%?é’e?@ne t he printhead

| C conpri si ngogts loﬁcﬁl%g to@l‘fbenogﬂ@?ol\xﬁls ToRWer HR@L U GREAN JTohe@lo@AProd. | ongi tudi nal axis
t hereof, wherein a (ﬂ printabl e zone
Optlon v, the length of the printable zone is at least one nozzle pitch longer than

the length of the nozzle row, wherein one nozzle pitch is defined as a minimum
longitudinal distance between a pair of nozzles in the nozzle row.

20 Optionally, the printable zone is up to eight nozzle pitches longer than the nozzle
rOw.

Optionally, the printable zone corresponds to a line of dots printed by the nozzle
rOw.
Optionally, the printhead comprises a plurality of nozzle rows, wherein a length of

25  the printable zone corresponding to each of the nozzle rows is longer than a length of each
nozzle row.

Optionally, the printable zone extends beyond each of end of the nozzle row.
Optionally, at least one first nozzle positioned at a first end of the printhead IC is
configured to fire ink droplets skewed towards the first end.

30 Optionally, a degree of skew is dependent on a distance of each nozzle from the
first end, such that nozzles positioned nearer to the first end fire droplets of ink skewed
more towards the first end than nozzles positioned further from the first end.

Optionally, at least one second nozzle positioned at an opposite second end of the

printhead IC is configured to fire ink droplets skewed towards the second end.



corresponding to the nozzle rowis longer than a |l ength of the nozzle row
Optionally, the length of the printable zone is at | east one nozzle pitch

| onger t o 20t4bmRgt h of the nozzle row, wherein one nezTlAan2pioiones
defined as a m nimum | ongi tudi nal di stance between a pair of nozzles in the
nozzle row. 200ptionally, the printable zone is up to eight nozzle pitches
| onger than the nozzle row. Optionally, tihe printable zone corresponds to a
l'ine of dots prinigdoty tahﬁgﬂ@@@ﬂs’k@w isQi8bendent on a distafJr@AInbYzle frfiapr i Nt head
conprises a plurality ¥ nozzl e rows, wherein a length of 25the printable
zone cor r espdBIFhef ﬂeed)r@ﬁ@w]&f sych dhah BozziePesinged @aqebﬁqgl@rceﬂqﬂﬁaﬁfeérqp@ﬁgkf h of
each nozzle rig¥kkewed f%)stthﬁ%ﬁlé’&po&h@neﬁ"fﬁrﬁfe@@&ﬁ H%QBRrEXt ends beyond each of
end of the nozzle row Optionally, at |east one first nozzle positioned at
a first end of th&ppeiayeecsipositience gn segliv meiop of fr panthesd 1@ prsshefigsrodk ened
towards t (N’ I r n a

di st ance 251? é{%@?&ﬁ%?&})b@?%khﬁﬂg Ijlfe%bﬁlé(?cu%“ﬁgﬁ% ec’?ﬁ%ﬂdﬁ%fg&lgg@%ggf??oned
nearer to theprfnthead [Gend fire droplets of ink skewed nore towards the first
end than nozzl es It t onal |y,

at | east one secoﬁ%ﬁ%%?gﬁgqg% dB@%wB%Pﬁ%gﬂﬁg%%%%%Pgﬂ%g%gﬁgo th t he
print head ICIﬂEhconfigured to fire ink droplets skewed towards the second

end. 11 (@] Y, . a de e. ent on tance of
each nozzl e fron1g%ggﬁb the?m?ﬁgdg napﬁggﬁ Q "That “nozzik %ﬁp05|t|oned

nearer toidhe centmemﬁMyewdnﬁpﬂehsm@mmnmﬁdskeMQﬂmhesﬁmuhamﬁmmzmd@Snw
positioned furt tionally, nozzles positioned

f
in a centre ré§ g%%m8$8$ﬁﬁ%BFWWFH?§HgF%FQ?QI@ F¥igured 5to fire ink droplets

substantially per memmlgmﬁ abbay, tmré R pretpeeimcthod afconitlligg €ditdcoon dfaeplof t he

rinthead IC. nal | an dot pitch . in the prin | e zone is
gl’ eater than eéeh: orh o) Ialé}/ngﬂef Rgszle, t{le 1%1%6‘[ nozzle comprls}ng a nozzle cham erl%a\?mg a

roof with a nozzle opening defined therein and a plurality of moveable paddles defining at
15 least part of the roof, each paddle including a thermal bend actuator, the method
comprising the steps of:
actuating a first thermal bend actuator via respective first drive circuitry such that a
respective first paddle bends towards a floor of the nozzle chamber;
actuating a second thermal bend actuator via respective second drive circuitry such
20  that a respective second paddle bends towards a floor of the nozzle chamber; and
thereby ejecting a droplet of ink from the nozzle opening,
wherein actuation of the first and second thermal bend actuators is independently
controlled via the first and second drive circuitry so as to control the direction of droplet
ejection from the nozzle opening.
25 Optionally, the first and second actuators are independently controlled by
controlling at least one of:
a timing of drive signals to each of the first and second actuators so as to
provide a coordinated movement of the plurality of paddles; and
a power of drive signals to each of the actuators so as to cause asymmetric
30  movement of the plurality of paddles.
Optionally, either the first actuator is actuated prior to the second actuator to
provide droplet gjection in a first direction, or the second actuator is actuated prior to the

first actuator to provide droplet ejection in a second direction.



Optionally, the average dot pitch is less than 1% greater than one nozzle
pitch. 100ptionally, each nozzle in the printhead is configured to fire
dr opl et s Wb 201kn4at650nl y one dot position unl ess conpensacirag2bmvoomodead
nozzl e. In an eighth aspect, there is provided a nethod of
controlling a direction of droplet ejection froman inkjet nozzle, the

i nkj et nozzle conprising a nozzle chanber2 having a roof with a nozzle

openi ng defined t lptigian aeﬁtﬂerahdqtr'straaduatwls ofppnEMebh6re PaREH ths tRlefebdiang at
15l east part of the roo¥ each paddl e including a thermal bend actuator,

the method cotpRiosiohtepeeandicaior ssesupplied with mopq pomiehigamthe fifss atyafir mal  bend

actuator via resp@@h&%ﬁ ﬂhéﬁiwﬂBﬂﬂ%e9@5&@&%&%@ﬁ&9@u&Hﬁ&cﬁe&ESpeCtlVe first
paddl e bends towa | oor he nozzl e chanb actuating a

second thermal bend ac%ﬂé@%ﬁomﬁ%¢¥@§%@%%ﬁwb second drive circuitry such 20
that a respective SECOQ&HQ@Q@h%f&@BQ? ggrds a floor of the nozzle
t”of i

chanber; and thereby ejecting a drople ink fromthe nozzle opening,
wher ei n act uat i on Qpfionalg, tip paits cdrpposeuddics tveitinedd rfetivg tade neaztsropening.

i ndependent |y Conkfﬁ&hﬁ?t%é%mp&ﬁm ph&%ﬂ%QQ#%§&%$% gdrive circuitry so as to

control the direction o ection fromithe nozzl e opening.
25Cptionally, the f|rs&manmg$@U¢ﬁdnmﬁbadmmmaoawenxmmEpﬁhd@nw¢ymmmntroIIed

by controllin | east one n ive signals to
onch of tne reChetEPtelE i bashats oy b B el G404 o P ed

novenent of the pl ur al actupting a foadidthersnal Bmd actuator via respective secoad pmwer of drive
signals to each . ctuators so as use C enent of
The ol ur al i ¢y IBpatrdag s e Bect e SR R SR HET Y TG of o PR 1
actuated prior towhbeinseaais oﬁﬂiell“ﬁlit(sl’ecdn@ tm@mcfeurdlrtﬁmhleltbeﬁd £tlatd@isi N a
first directi.on, he secqnd act uat i's tu te or. to the first
actuator to p‘P%e\PFIH{Smii’rC(?B r%lfegéf SGEPRGH (R 30BN 3 #8%41 (GYE ciroyisry 6y onal |y,
ei ther the fithséntREihWatr&tioh Sfcﬁrbtﬂéﬂeje@ﬁanﬂdnhthgﬁéleeR@Wﬁﬁg t han the second
actuator, or the second actuator is sggglled with nore power than the first

act uat or . Opt i onaldPfonaflkdheRpddles 3¢ maysapls relptyisae be pezzoReHRS | ed by at | east
one of: Optionally, each paddle defines a segment of the nozzle opening such that the

nozzle opening and the paddles are moveable relative to the floor.
In a ninth aspect, there is provided a method of compensating for a dead nozzle in a
stationary pagewidth printhead, the printhead having one or more nozzle rows extending
20  along a longitudinal axis of the printhead, each nozzle comprising a plurality of thermal
bend-actuated paddles configurable to fire a droplet of ink at a plurality of predetermined
different dot positions along the longitudinal axis, each nozzle having a primary dot
position associated therewith, the method comprising the steps of:
identifying the dead nozzle;
25 selecting a functioning nozzle in a same nozzle row as the dead nozzle; and
firing at least some ink droplets from the selected functioning nozzle at the primary
dot position associated with the dead nozzle.
Optionally, the method further comprises the step of:
firing at least some ink droplets from the selected functioning nozzle at its

30 own primary dot position.

Optionally, the selected functioning nozzle is positioned at a distance of one, two,

three or four nozzle pitches away from the dead nozzle, wherein one nozzle pitch is



a voltage of the drive signals; and 5a pulse width of the drive signals.
Optionally, two pairs of opposed paddl es positioned relative to the nozzle
openi ng. Wptzommabiey, the net hod conprises the further stepsuahto/001292
actuating a third thermal bend actuator via respective first drive
circuitry such that a respective third paddl e bends towards a floor of the
nozzl e chanber; 10actuating a fourth thermal bend actuator via respective

second drive @ﬁﬁ@d&sfarﬂnlﬁﬁﬁmﬁmama disBHPESH A8 2 peiE oNthzRada iR shapfszlowar ds a
fl oor of the nozzl e chanber, wherein actuation of the first, second,

third and fodf¥h thernal bend actuators is independently controlled Vi a

respective first, @gg&lﬂ thg@étﬁpdﬁﬂgert%ﬁsgsgggtg@ gircuitry so as to control
the direction of droplet ejection f he nozzl e opening. 150ptionally,

the paddl es are nnveab%@mﬁﬁméﬂﬁmbm@hmﬁﬁ@mﬁﬁﬁiy@ﬂﬁb@ﬁmﬁgmypﬂmhﬁméﬁﬂm@nalIy,
each paddl ¢ deflnﬁﬁeg> g&p&ymghngpﬁenozzle openi ng such that the nozzle
opening and the paddl es are npveable relative to the floor. In a
ninth aspect, there i sfipreoMirdeck dopletfvouthe feletddenseningepztlort the pigaaty nozzl e

in a stationary pggﬁ%@@@pﬁg&hﬂ%nﬁagheé n&& n&ﬁead havi ng one or nore

nozzl e rows extendi along a [ ongi I'nal”axis of the printhead, each
nozzl e conprising a pl fims 4 segondfinkt digpetdilomybneticact fiacechingasdtlest isowhi gur abl e
to fire a dropl et 8&,'@%t%%1a plurality of predeterm ned different dot
positions al ong t Re Pg 1 RUd hal axi s, each nozzle having a primary dot

posi ti on assocheatiethe Eéimteelvﬁmdnpnmgmozmeﬁilmdhecfﬁmd sdcoigl ithéroplt® psthdfthe
identifying the dead 25sel ecting a functioning nozzle in a sane
nozzl e row ad{'He’ ﬁ@ﬁﬁ ﬁ?%le and firing at |east some ink droplets

fromthe sel ected o‘pumuly Qld RGcio0 Zinkonais fohude Pries MBIt aialtseq8 fifki dddplasimoci at ed
with the dead nogé Optionally, the nethod further conprises the step of:
firing at |edS¥® e i nk droplets fromthe sel ected functioning nozzle at

its 300wn prinmary opabnalPSath @Azle is krtideEdniigsa@s toirdh Qiopleidf igogiatpughing|
di stance between a pair of nozzles .in the sane nozzle row.
15 of predetermined different dot positions along a transverse axis of the printhead.
Optionally, the method further comprises the steps of:
advancing a print medium transversely past the stationary printhead at a rate
of one line per one line-time;
firing a first ink droplet from the selected functioning nozzle at the primary
20 dot position associated with the dead nozzle; and
firing a second ink droplet from the selected functioning nozzle at its own
primary dot position,
wherein the selected functioning nozzle fires the first and second ink droplets in a period of
more than one line-time and less than five line-times.
25 Optionally, the dead nozzle is identified by detecting a resistance of one or more
actuators corresponding to the dead nozzle.

In a tenth aspect, there is provided a method of printing at a dot density exceeding a
nozzle density in a stationary pagewidth printhead comprised of a plurality of printhead
integrated circuits butted end-on-end across the pagewidth, the printhead having at least

30 one nozzle row extending along a longitudinal axis thereof, the method comprising the
steps of:

advancing a print medium transversely past the stationary printhead at a rate of one

line per one line-time;



Optionally, the nethod further conprises the steps of:
advancing a print nediumtransversely past the stationary printhead by one

5l i ne i n woperzmaresf one |ine-tine; firing a fireCTiatodvoopet from
the sel ected functioning nozzle at the primary dot position associated with
t he dead nozzle; and firing a second ink droplet fromthe sel ected

functioning nozzle at its own primary dot4 position, 10wherein the selected

functioni ng nozzl grihg 0:@plets REinkifloff pratRérBREPNG 1K 1 RRIEIS tilckchien t he
period of one line-t]ne. Optionally, the selected functioning nozzle

fires the fir'¥deceayis wecy®dt nk droplets in any order. Optionally, each

nozzle is fury@din SA0ki GHE 3P ple@etértiRd R0 QR irOfiropIRK oftfnk 8t a%lh%ﬁtki ty 15of
predeterm ned different dot positions along a transverse axis of the

print head. Optfiredateimynediduiéerens doigsifienstalpag thedensiidies axinduripgopsligsttime,
advancing 2 Rk TRAHRld AR/ Bl RESH prinh6i eS8t APRAYacRER N head at
rate of one line per one |line-time; ' S Iring A first ink
dropl et fromthe detedeverthinset themiirmgovidezzhenkgat prikthead compirsyng20dot  posi ti on
associated with the de . sl ring a second i nk dropl et
fromthe selected func?&gﬁﬁﬁéoﬁgggﬁga %rtweictlrgmic;%\%&%ﬂ mary dot position,
wherein the sel ect ed faplotalignif ngzzlazemblidsidispgset! e arf uppst sudact Sdeond i nk

droplets in a,perl.ady ot I8 & hOANA08.LING: LBaAnT L ae s bl ats Ll e

i ne-tines. Z%Ei)tlonafllry,g he"yeat’ hoZ1%e Y s denti Yire rbyy etect | ng a

resi st anceo ofpritead rachmpezlastaudiyospeioing: aspaidchagbthating a deadefucd bl e.

In a tenth aspect, there is.provided. a thod of printi at. a.dot density
exceed: ng . rBs g ylag: ¢ or et abat v in ey oRa sBka B Rt RRe Rkl it ced o
a plurality ofnopslt bpdaeadeiiniieghated circuits butted end-on-end across the
pagew dt h, the printhead havjng at |east 30one n%gzﬁll e row extendi ng along a

| ongi t udi nal axis ther&¥Ze PRI SHispdiBg e PEPEnhepd the negzlglatggt Ieast

partially defining the roofs; and
15 at least one conductive track disposed on the nozzle plate, the conductive
track extending longitudinally along the printhead and parallel with the nozzle rows,
wherein the conductive track is connected to a common reference plane in the drive
circuitry layer via a plurality of conductor posts extending between the drive circuitry layer
and the conductive track.
20 Optionally, the common reference plane defines a ground plane or a power plane.
Optionally, the printhead comprises at least one first conductive track, wherein the
first conductive track is directly connected to a plurality of actuators in at least one nozzle
row adjacent the first conductive track.
Optionally, the printhead further comprises at least one second conductive track,
25  wherein the second conductive track is not directly connected to any actuators.
Optionally, the first conductive track extends continuously along the printhead so
as to provide a common reference plane for each actuator in the nozzle row.
Optionally, the first conductive track extends discontinuously along the printhead
s0 as to provide a common reference plane for a set of actuators in the nozzle row.
30 Optionally, the first conductive track is positioned between a respective pair of
nozzle rows, the first conductive track providing the common reference plane for a

plurality of actuators in both nozzle rows of the pair.



advancing a print mediumtransversely past the stationary printhead at a
rate of one |ine per one line-tine; 14 firing droplets of ink from
pr edet er woedizmamwtes in the nozzle row to create succe®siaabiones29of
print, wherein at |east some of the predeterm ned nozzles each fire
droplets of ink at a plurality of predeterm ned different dot positions
along the longitudinal axis during one limne-time, Ssuch that the printed

dot density in eachtibhan@ @th Rtdaldt h&%XIREASMINALIRGEZEMANGRATH ¥ firk N an
el eventh aspect, there is provided an inkjet printhead conprising:

substrate corfePfustivragk and 4,ecqidiermminat sonnesksrto a drivs tipnsifpy i ﬂ}ﬁfdrlﬁ%)%liquéfy

assenbl i es dngggsed on an upper surface of the substrate and arranged in
one or nore nozzle rows extending |ongitudinally along the 10 printhead,
each nozzl e assen®iPjiorediypeshsiopicpomarises atlpast eigaptyatpr wd\vheﬁgstéerﬂmtag@f cgef i ned by

the upper 5surafcﬂ1%r 1s%oﬁn%9tfed PRACKHS: IR chyeftF gﬁ‘vfa*ﬁ%nsfv&%’@éonn@cﬂgs é&@enﬁﬁl%uat or for

gjecting ink froma nozzle opening defined in the roof
nozzl e pIatet@ww@ﬁﬁanDaﬁh@ggﬂ@m@wgﬂWWWh@é@fﬁﬂh@ﬁh@l@médﬁlate at Ieast

partially defini ”tg)gh&%}!]lg%é SeordMdmhRpk c&rﬁ@&& {8 &89?:91%&&0‘{% Fah%ftﬁat&l’ sposed

on the nozzle pla conductive tr |ng ongl tudi nal Ty al ong
t he pri nt headoardtepdingbdteteniha drive hiecungzlzy e ancbbhmecvweamimalt he conductive

track is connect e?) 10n§ Ct? uralltog ) ?sra?ncee hl@‘u er tl ane ﬂ{lel %t c%ln uc%lII try layer
via a plurality o Peondtic RO bet w8 drive C|rCU|try
| ayer andid heracbnducti ve track. 20Cpt|onally, t he common reference pl ane

def | d | ane. tignal [y . th t head
comrisea at | oastrona!Fiondy BERE: IS e R ComirAS: "Conduct i ve

track is direepepive annedbed dcmaar, Mlepaddle byin®hoaebltiaiards theloat oflaeast one
nozzl e rom1ad acent thg first conductlve trafwbgpgﬂ onal |y, the printhead

further conpr'f %@%ﬂvsfwffz £0pmbE 80 adR 6He FeTigne Zﬂ?slem&gew §iRe

second conduqhémgnhnaghauﬁmaabnghggctIy connected to any actuators.
Optionally, the first conductive track extends continuously along t he

printheadlso as t 8" pprsyihganoglagtisrhsen hpdnsethe Askandisggead fegpings@Rd act uat or i n

the nozzle row.  gjower &ﬁﬁé@&ﬁh&%ﬂt&mﬁﬂ%hﬁ&ﬂwﬁ@@ﬁﬂﬁ&kﬂﬁmﬁ&ﬁﬁ%xﬁ%&ﬁﬂﬁs
di sconti nuously al ong P he printhead so as to provide a common reference

pl ane for a gupsedthreugh thetthprgoglastie heany die hesmpedgntic beam expands relative to the
passive beam, resulting in bending of a respective paddle towards the floor of the nozzle

chamber.
20 Optionally, the thermoelastic beam is coplanar with the conductive track.
Optionally, the thermoelastic beam and the conductive track are comprised of a
same material.
Optionally, the nozzle plate is comprised of a ceramic material.
Optionally, the drive circuitry layer comprises a drive field effect transistor (FET)
25 for each actuator, each drive FET comprising a gate for receiving a logic fire signal, a
source electrically communicating with a power plane, and a drain electrically
communicating with a ground plane, the drive FET being either one of:
a pFET wherein the actuator is connected between the drain and the ground plane;
or
30 a nFET wherein the actuator is connected between the power plane and the source.
Optionally, the drive FET is a pFET and the first conductive track provides the
ground plane, and further wherein the first terminal of the actuator is connected to the first
conductive track and the second terminal of the actuator is connected to the drain of the

pFET.



300ptionally, the first conductive track is positioned between a respective
pair of nozzle rows, the first conductive track providing the conmon
ref erencewpl2ar®4dmws a plurality of actuators in both norzirawmomwowd2t he

pair. 15 Optionally, each actuator has a first termnal directly
connected to the first conductive track and a second term nal connected to
a drive transistor in the drive circuitry |ayer. Optional ly, each

roof conprises at dpaasillyaRescasideaidtivnfickt fevilitstid pdwef plusttdnd &f cofieRd
Sactuator is connected to the first conductive track via transverse

connectors exdifdPwee eibidfdr sel y across the nozzlie plate relative to the

first conductive igpaGkily, the drive @Etl“'1§METyandttﬂEQir§%8ﬂHﬁgt1\Ilea@R peligdssneonnect ed
to the drive tran3|stor via an actuator post extending between the drive

circuitry | ayewenplanc el faghes whereia the frg|termpnal ofribg gojuator heorneetgdtoghe Bisst s are
per pendi Cuf! arcoh&hcﬁveptka%ﬂ anptim ge'@@ndftéljhﬁﬁal Sptﬂg&lﬁﬁa'to\f% c%gﬂgcéﬁlﬁo the source og?lte' onal ly,

each roof includes at |east one noveabl e paddl e conprising a respective
t her mal bend ®diluat or, the paddl e bei ng noveable towards the floor of a

respective nozz ! eﬂég&?ﬁzﬁh gl? ugt%%%ﬁclgf)rgslhéSQRe %I)udd%gag% Slﬁdg]}% é%:h?lecquz zle

openi ng, wherein actuator conpris
thernDeIastidoﬁeamﬁmaMhmgﬁﬂhe flrst and second ternlnals and a | ower

passi ve beam fuse € th roel asti.c. bea mﬂ current is
passi ve, bear | s § R hERE BRI BB eal Ny AR 00 B GAEE.

relative to uhmﬂpasﬂwmenheamnwgm®mbﬁmmgompmhgmding of a respective paddle
towards the floor of the no zl e chanber . 1onally the thernoel astic

beamis coplanar with Tﬂ@ eoneuetie? ?ﬁf&ruryayﬂ Optionally, the
t her noel asti c beam anda plb@ligA dorzlciavRmbli@Glspadce of aimpipeseetafof thesame

material. Optionally, the nozzle plate co i.se eramc material.
Optional ly, tH# tr&}%a\‘}%aré*}nﬁﬁﬂ[}i“toflﬁ/orl ‘g‘gf%P‘”éL?ﬁﬁ‘?’? g%é‘ Qggqnﬂ\}‘@aﬁ‘aﬁéﬁlﬂn% fect
transistor (EE]&)he&BIfcpéacﬁasineae@geml}wompﬁﬁﬁ aQbrNEchmlerG@VIRE 4 8bdtdcfncgat e for
receiving a ic fire signal, a source electrically conmunicating with a

O
power pl ake, t@{ﬁae @parr%!rf?«f:ee? wet wrgeqjapat %%hﬁﬂoeraﬁladr@ aURRT 9T PGB H KDl ane,
the drive FETrheh e-RIHbAREe RBRedh the roof;

a nozzle plate extending across the printhead IC, the nozzle plate at least
partially defining the roofs; and

at least one conductive track fused to the nozzle plate, the conductive track

20  extending longitudinally along the printhead and parallel with the nozzle rows,
wherein the conductive track is connected to a common reference plane in the drive
circuitry layer via a plurality of conductor posts extending between the drive circuitry layer
and the conductive track.
Optionally, the common reference plane defines a ground plane or a power plane.

25 Optionally, the conductive track is disposed above or below the nozzle plate.

Brief Description of the Drawings
Optional embodiments of the present invention will now be described by way of
example only with reference to the accompanying drawings, in which:
30 Figure 1 is a side-sectional view of a partially-fabricated inkjet nozzle assembly
after a first sequence of steps in which nozzle chamber sidewalls are formed;
Figure 2 is a perspective view of the partially-fabricated inkjet nozzle assembly

shown in Figure 4;



a pFET wherein the actuator is connected between the drain and the ground
pl ane; or 30a nFET wherein the actuator is connected between the power

pl ane andwoOhe12saoTes €. Optionally, the drive FET i #Ca/ARED/@m92t he
first conductive track provides the ground plane, and further wherein the
first termnal of the actuator is connected to the first conductive track
and the second term nal of the actuator i’s connected to the drain of the
pFET. 16 Blutconid b kide-sdchnas GieRRa pRRLN bl InkfknRER uisd@Blyt he power
pl ane and is connected to the source of the pFET, Opt i onaIIy t he
drive FET is dehPeErondiaiuerss of pierstin @éﬁéﬂt@tm%e thembg lbﬁW|“d@§’Oth1§1dﬁvomer
pl.ane, and furthemr;gyhesgh BedifRBiidd iSt offthd SRl - fmncat&elnﬁj@mbaaeasshﬁblyonnect ed

to the first 5conductive track and the second term nal” of the actuator is

connected to Sﬂlﬁ‘énﬁﬁjglg@iof t he nFET. Optionally, the second _
conduct i ves track gy g sih@—?ecg rﬁ%@wl%kéﬂaﬁnﬁfl}%lb&aféﬁ’ ﬁ%&glefa%eﬁlﬁr? drain of
t he nFET. In a twelf aspect els provid a printhead

i nt egrat ed ciaficud third pa@perfco pf Heps imidhiel conggetdr potieard formpdurpto iaghdreledrdofit egr at ed
circuit conprisings: : a
plurality of nozz?gu %ﬁgﬁg?@%@ﬁgﬁ&ﬂg& I%%tlaglﬁq%ﬂpr)%gﬁ&gk ¢ ftéégo%@axlﬁ%
substrate andshawnmrfggdeﬁn one or nore nozzle rows extending longitudinally

al ong the printhe h npzzl e ass C risin nozzI chanber
neving & 11 oor der RS 1800 EREThES) Lt Pty TR B S8 T e

floor, and amfieci fmattmeqﬁme elj seph lmgh1c}rd0nzﬁ1rcom metmlqﬂezésare)ﬁoﬁmdng defl ned in
t he roof;

nozzle plate at | &5 %5???3? ef&/‘!%d’ét e?ﬁeﬁéga?t% y&%’%ﬁé&? pl%??ﬁfr’ Igsgétflhﬁgﬁel © the
conductive trsokn fnusgde 7,0 the nozzle plate, the conductive track
2oextending 1 ongt il R Yo Shal view BF & partaly-tabriatel iget nczzle Sseroly® MO77! €
after a fifth sequence of steps in which an active beam member of a thermal bend actuator
15 is formed;
Figure 10 is a perspective view of the partially-fabricated inkjet nozzle assembly
shown in Figure 9;
Figure 11 is a side-sectional view of a partially-fabricated inkjet nozzle assembly
after a sixth sequence of steps in which a moving roof portion comprising the thermal bend
20  actuator is formed;
Figure 12 is a perspective view of the partially-fabricated inkjet nozzle assembly
shown in Figure 11;
Figure 13 is a side-sectional view of a partially-fabricated inkjet nozzle assembly
after a seventh sequence of steps in which hydrophobic polymer layer is deposited and
25  photopatterned;
Figure 14 is a perspective view of the partially-fabricated inkjet nozzle assembly
shown in Figure 13;
Figure 15 is a side-sectional view of a fully formed inkjet nozzle assembly;
Figure 16 is a cutaway perspective view of the inkjet nozzle assembly shown in
30 Figure 15;
Figure 17 is a plan view of an inkjet nozzle having opposed moveable roof paddles
and a moveable nozzle opening;
Figure 18 is a plan view of an inkjet nozzle having opposed roof paddles moveable

relative to a stationary nozzle opening;



wherein the conductive track is connected to a conmon reference plane in
the drive circuitry layer via a plurality of conductor posts extending

bet ween twe 2rdmerssircuitry |ayer and the conductive tr&cCh/AU2010/001292
Optionally, the conmon reference plane defines a ground plane or a power

pl ane. 250ptionally, the conductive track is disposed above or bel ow t he
nozzle plate. Brief Description of the Draw ngs Opti onal enbodi nents

of the present inygptdions a/unhf)hﬂwwr&e d@geﬁfmbleakp@mem%y o@tiolmgalmk»e only wth
reference to the acconpany |ng]ie raw n Figure 1 is a
t

si de- sect i onaCtugiomi te kichagz ﬂFW@¢$gBWeééted i nkj et nozzle assembly after

a first sequence @fguRi@RSa pish WA @baﬂ%@%&t&ﬁ%@?ﬁ{rmﬁg dRpehdzsledlith fo@r Med;
Figure 2 is a perspective view of the partially-fabricated inkjet nozzl e

assenbl y showroverbliroginaddlas; 17 Figure 3 is a side-sectional view of a
partially-fabri Ca%%‘dre'ﬂ'ﬁh&%s ARG %in%n@@&?mé%lﬁo%ﬁfor é’neso‘?%%’}%e? gaugace of

steps in which the nozzl e chanb Is fi pol yi m de; Figure 4
is a perspecﬁmvenvﬂhmnwﬂ)the partially-fabricated |nkjet nozzl e assenbly

shown in Figure 3 gﬁ@ﬁlﬂ £ Vi lltgpa n@ﬁét'pﬂ?tﬁ%ld\ébrmgﬁ h that a rlnted

partially-fabricat i nk Nozzl & asse seque ce of steps
i n which conn@&&mme@mgmﬂ&meahmﬂhRHmMpofmemndhamber roof Flgure 6 is a

perspective view |aII b Ki,e Iy shown
in Figure 5; Flguf%é;urfh?gsl%ISISGV c? dﬁ%qﬂ& nmﬂe Con ?f a ¥ i cat ed

i nkj et nozxzl ecoapsemipny 10after a fourth sequence of steps |n mhlch

conducti ve net al gla%gﬁk wﬁﬁ%@? 5f§§%§%ﬁ?£§h§waw§ﬁ&§ﬁaﬁw Mﬁm%lw&iOf t he

partial | y-fabricat &
Figure 9 is acsj de- sectlonal view of a partially-fabricated inkjet nozzle

assenbly after a fift equence o an acti ve beam nenber of
a t her n%/J bend achi%{e S1s aqp an \Slew an 1nd61:\p gual prln\{mag I%

Figure 26 is a perspective view of an end region of the printhead IC shown in Figure
15 25;
Figure 27 is a perspective view of a join region between a pair of printhead ICs as
shown in Figure 25;
Figure 28 is a perspective view of a join region for a pair of printhead ICs comprising
nozzles configured for printing into the join region;
20 Figure 29 is a side view of a printhead IC where a printable zone is longer than a
corresponding nozzle row;
Figure 30 is a side view of a printhead IC where end nozzles are configured for
printing into respective join regions;
Figure 31 is a plan view of a part of a printhead IC having conductive tracks disposed
25  onanozzle plate;
Figure 32 is a simplified circuit diagram for an actuator connected to a drive pFET;
Figure 33 is a simplified circuit diagram for an actuator connected to a drive nFET;
and
Figure 34 is a plan view of a part of an alternative printhead IC having conductive

30 tracks disposed on a nozzle plate.
Description of Optional Embodiments

Fabrication Process for Inkjet Nozzle Assembly Comprising Moveable Roof Paddle




15i s fornmed; Figure 10 is a perspective view of the
partially-fabricated inkjet nozzle assenbly shown in Figure 9;

Fi gure 1lwo0m/Eie- sectional view of a partially-fabri earad2orkjoed2nozzl e
assenbly after a sixth sequence of steps in which a noving roof portion
conprising the thermal bend 20actuator is forned, Figure 12 is a
perspective view of the partially-fabricated inkjet nozzle assenbly shown

in Figure 11; Fi gubehd@ké §f Bm ?leféﬁes§ﬁﬁltﬂy%§|ofwcﬁg%1ﬁlﬂ tBer@ 1L doM deXredcabed cat ed
i nkj et nozzl e assenbl ter a seventh sequence of steps in which

hydr ophobi ¢ potrysyol t)a/kgr@ﬁtmgsanef&&égwléassa%lyg AFEIS pLOMBliSfg: moveable ropd gyr e

14 is a per Sp&ﬁ&lb Hﬁvm\gla%rﬁm b%ﬁlﬁacﬁé{oll @b bdﬁnﬂlé&hhk]@ttr%gzlé K Rily mb@nﬁﬁsenbl y
shown in Flgure gure is a side-sectional view of

formed inkj etFlgw%zllSeanéé@ ét#ﬁpg/thermablmné agtgation, vehegaly awwyaphepadgle dtip @/éozzleew of
t he I n kl et 5 n%ﬁﬁlﬁermggﬂg YOV@J%%HBSHM@QF&SQMEI% 1n]1§k ejectlon Th@ [C%l()]‘l?ﬁ)l‘dcéssa pl an

view of an inkjet noz havi ng opposed | 'e “r oof es a
noveabl e nozzyas deysabddrigthe Applicantfsj cgilieeU &Bublgatwn@‘l OaHS\ZD@W)WWéWnd bRj et nozzle

havi ng Oppos%o@@%o@?%‘&ﬁrﬁ%ﬁ%ﬁ&eﬂé Ee%r@[ btGrbied b?%&%&&@%&ve@&zﬁ' €

openi ng; I's asinplified circu I'agram f of

i ndependent | yw1d:1cbntapmbdlatﬂt}hatherretsmmldagtfda'tca'rog piroweS:Sbsenziyrchuedzd tndabribae styown i n
Figure 17. ur 20 | ie f rinthea
conpri sing | rﬁ(f the 1nlﬂ f2e assen%bhle% (%IPC!’ 1ndee i eead?, %ngfprm% a 1nt%grat§ mrccllrsé 21 Shows
a tmo-dinﬂnsumhakmpnmaihhhm zone for one of the |nk1et nozzl es shown in

LI 20, e < A B Rl P L RS R LR
of the print headiircuitry disposed ifripdf Ryo2@) 6 passhtathd siicewvarfbr. paihk e@f ofalie i nkj et
printhead conf g/[%rfgtglcgt?gn p?oecae's% trﬁ%Z\x%alfer is diced into individual printhead integrated circuits
(ICs), with each IC comprising a CMOS drive circuitry layer and a plurality of nozzle
15 assemblies.

In the sequence of steps shown in Figures 1 and 2, an 8 micron layer of silicon
dioxide is initially deposited onto an upper surface of the substrate 1. The depth of silicon
dioxide defines the depth of a nozzle chamber 5 for the inkjet nozzle. After deposition of
the SiO, layer, it is etched to define walls 4, which will become sidewalls of the nozzle

20  chamber 5, shown most clearly in Figure 2.

As shown in Figures 3 and 4, the nozzle chamber 5 is then filled with photoresist or
polyimide 6, which acts as a sacrificial scaffold for subsequent deposition steps. The
polyimide 6 is spun onto the wafer using standard techniques, UV cured and/or hardbaked,
and then subjected to chemical mechanical planarization (CMP) stopping at the top surface

25 ofthe SiO, wall 4.

In Figures 5 and 6, a roof 7 of the nozzle chamber 5 is formed as well as highly
conductive actuator posts 8 extending down to the electrodes 2. Initially, a 1.7 micron layer
of Si0, is deposited onto the polyimide 6 and wall 4. This layer of SiO, defines the roof 7
of the nozzle chamber 5. Next, a pair of vias are formed in the wall 4 down to the

30  electrodes 2 using a standard anisotropic DRIE. This etch exposes the pair of electrodes 2
through respective vias. Next, the vias are filled with a highly conductive metal, such as
copper, using electroless plating. The deposited copper posts 8 are subjected to CMP,

stopping on the SiO, roof member 7 to provide a planar structure. It can be seen that the



10conpensation; Figure 24 is a plan view of an inkjet printhead conprised
of five butting printhead ICs; Figure 25 is a plan view of an individual
pri nt headwODQGp12i4giese 26 is a perspective view of an endpceguamombiohbe
printhead I C shown in Figure 1525; Figure 27 is a perspective view
of a join region between a pair of printhead ICs as shown in Figure 25;
Figure 28 is a perspective view of a joiw region for a pair of printhead

| Cs conpri si %pﬁ@&@tﬁﬁ@r poRBR | e Auifif thPEIbdHoleRBcoppdr Platileg nje®l Wit ©Pe@Ve
20Figure 29 is a side view of a printhead |1 C where a printable zone is

| onger than aFl‘?fHPﬁleééﬁ‘bPFélYlH@aHQFZ‘E‘FOé‘d‘t‘%‘MFPathuPtOtheITPQﬂJre 30 is a side view of

a printhead | C whef gigRdy RRZZ LAl ﬁard§9Qfé%ﬂnﬁlz!'b?geﬂoﬁlhn?iﬂdr&dhﬁhg aloNt Ricron
respectlvejom regl ons,; Fgure 1S a an vi ew of apart of a

print head | C lneswpridureia e oy bighkyrcardustiveimgid segl a@mula, ey elcplmgy 8¢ Fi gur e
32 is a siyplidd & GoliFy epgsllt@@(vﬁmIh@cfkn@s@o%to‘cﬂﬁi%nc%@eﬁ%és%gaél%t@o drive

pFET; Figure 33 1s a sinp circurt diagramfor an actuator connected
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nozzl e as $(entrlfyte11i)s(ho®m m/ﬁﬁgdres Fanwnw bk blimindte ¥onuthe fabi@siot precasal bend
actuation, wher eb)fn f?iguregl & nd IOpa?' i grlmeoeﬁsnc act1vert>eam member 10 is formed over the
SiO, roof 7. By virtue of being fused to the active beam member 10, part of the SiO, roof 7
functions as a lower passive beam member 16 of a mechanical thermal bend actuator,
which is defined by the active beam 10 and the passive beam 16. The thermoelastic active
15 beam member 10 may be comprised of any suitable thermoelastic material, such as
titanium nitride, titanium aluminium nitride and aluminium alloys. As explained in the
Applicant’s earlier US Application No. 11/607,976 filed on 4 December 2002, the contents
of which are herein incorporated by reference, vanadium-aluminium alloys are a preferred
material, because they combine the advantageous properties of high thermal expansion,
20 low density and high Young’s modulus.
In order to form the active beam member 10, a 1.5 micron layer of active beam
material is initially deposited by standard PECVD. The beam material is then etched using
a standard metal etch to define the active thermoelastic beam member 10. After completion
of the metal etch, and as shown in Figures 9 and 10, the active beam member 10 comprises
25  apartial nozzle opening 11 and a tortuous beam element 12, which is electrically
connected at each end to power and ground electrodes 2 via the actuator posts 8. The
planar beam element 12 extends from a top of a first (power) actuator post and bends
around 180 degrees to return to a top of a second (ground) actuator post.
Still referring to Figures 9 and 10, the metal pads 9 are positioned to facilitate
30 current flow in regions of potentially higher resistance. One metal pad 9 is positioned at a
bend region of the beam element 12, and is sandwiched between the active beam member
10 and the passive beam member 16. The other metal pads 9 are positioned between the

top of the actuator posts 8 and the ends of the beam element 12.
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i ncorporated by reference. However, it will be appreciated that
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to during actuation. Secondly, the polymer has a high hydrophobicity, which minimizes the
propensity for ink to flood out of the relatively hydrophilic nozzle chambers and onto an
ink ejection face 21 of the printhead. Thirdly, the polymer functions as a protective layer,

25 which facilitates printhead maintenance.

The polymer layer 19 may be comprised of a polymerized siloxane, such as
polydimethylsiloxane (PDMS) or any polymer from the family of polysilsesquioxanes, as
described in US Application No. 12/508,564, the contents of which are herein incorporated
by reference. Polysilsesquioxanes typically have the empirical formula (RSiO; 5),, where R

30 is hydrogen or an organic group and n is an integer representing the length of the polymer
chain. The organic group may be Cy 15 alkyl (e.g. methyl), Cy jparyl (e.g. phenyl) or C; 6
arylalkyl (e.g. benzyl). The polymer chain may be of any length known in the art (e.g. n is
from 2 to 10,000, 10 to 5000 or 50 to 1000). Specific examples of suitable

polysilsesquioxanes are poly(methylsilsesquioxane) and poly(phenylsilsesquioxane).
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of the thernoel astic active beamnenber. It will of course be appreciated
that the netal pads 9 are not strictly essential and that the sequence 10of
steps shown in Figures 7 and 8 nmay be el?m nate fromthe fabrication
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al | ows t hes noveab F%ufbaddh(ﬁvs%otzﬂe Hesntbly W0 Matifeoppokd baldihambedd @Band t owar ds
the substrate 1 (Hjalon of the actuator 15.
where 9 each paddle defines a segment of the nozzle opening 13. Hence, the nozzle opening
13 will move with the paddles during actuation.
Figure 18 shows an alternative nozzle assembly 210 having opposed paddles 14A
and 14B, whereby each paddle is moveable relative to the nozzle opening 13. In other words,
30 the nozzle opening 13 is defined in the stationary portion of the roof 7. It will, of course, be
appreciated that both nozzle assemblies 200 and 210, as shown in Figures 17 and 18, are
within the ambit of the present invention.
Figure 19 shows a simple circuit diagram for controlling a relative amount of power

supplied to each actuator 15A and 15B of the nozzle assembly 200. Actuator 15A receives



Referring to Figures 13 and 14, a layer of polyner 19 is then deposited
over the entire nozzle assenbly, and etched to re-define the nozzle opening
13. The pwbyrevosbmger 15 19 nmay be protected with a thiPo/ARomvmidIe net a
| ayer (not shown) prior to etching the nozzle opening 13, as described in
US 2008/ 0225077, the contents of which are herein incorporated by
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(and thereby w@amhf drive signals. Indeed, this method of varying the power supplied to each actuator
may be the most feasible using CMOS drive circuitry, especially in cases where it is
desirable to change droplet direction ‘on-the-fly’..

30
Inkjet Nozzle Assembly With Four Moveable Roof Paddles

The nozzle assemblies 200 and 210, shown in Figures 17 and 18, enable a direction
of droplet ejection to be controlled along one axis. Typically (and most usefully), this axis

will be the longitudinal axis of an elongate pagewidth printhead along which nozzle rows



paddl e) is independently controllable via respective drive circuitry in the
CMOS drive circuitry layer of the substrate 1. This enables a first

act uat or wbAo(2zzma7eshereby a first paddl e 14A) to be contcoiAR010/001292

i ndependently of a second actuator 15B (and thereby a second paddl e 14B).
25Fi gure 17 shows a nozzle assenbly 200 havi ng opposed paddl es 14A and 14B,
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defined as thg,primary dot position resulting fromdroplet ejection
perpendicular to the ink ejection face. This result has inportant

ram fications for Thahebilge i tga inkfdrqpietsealing e ransmipeaxisgi . perhendgslartas wi | | be

di scussed zd n lgl?g%tﬁdlgﬁ tng’izie rgxg 5}9 gfnm%ﬁ qlat(dpohﬁe?gecufm? froﬁm%lbki@ﬂge%{b E}%b plgaies the

use of the p troneter es a power paraneters to
readily |nvestmgamedmﬁH@wamemyW@kemﬁﬂxﬁM®pmémsamﬂntﬂﬁww1§n&h§naﬂ¢hngvable
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cases where ithe héyzl@ @@aﬁ@p b2y dnable&RReadH haRh@l dekigneihi c0fh grier FiBabifilyy ' -
than the nozzle assemblies 200 and 210.
In addition, multiple roof paddles increase the overall ejection power available to
30 each nozzle. Therefore a four-paddle nozzle design is more suitable for ejection of viscous
fluids than a two-paddle or a one-paddle design. Similarly, a two-paddle nozzle design is
more powerful than a one-paddle design.
The power of each individual actuator may also be increased by increasing the length

of the actuator beam and/or providing a serpentine actuator beam with a plurality of turns.



30 Inkjet Nozzle Assenbly Wth Four Myveabl e Roof Paddl es The nozzl e
assenblies 200 and 210, shown in Figures 17 and 18, enable a direction of
dropl et eyvecbiomaoted be controll ed al ong one axis. Typi caCnamzarndomst
usefully), this axis will be the longitudinal axis of an el ongate pagew dth
printhead al ong which nozzle rows 24 extend. However, further control of
droplet directionality is achievable through the use of nore than two

paddl es ar r ange@ntiRlaghiht¥ierch@s 4rb @esa%a irﬁh@ﬂﬁﬂicﬂﬁ’s US Patent NE7Bur 252 Shows
part of a printhead conprising inkjet nozzle assenblies 220, each nozzle
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one of thes; actuators fails. In the four-paddl e arrangenent shown in

Figure 20, droplet ejection may be skewed al ong either or both axes (i.e.
Iongitudinal‘hhdﬂhmﬁmmUWﬁhHﬂ&iﬁﬁmehvough coordinated 10 novenent of the
four padd oS S Bl PR a0 551 BTN LR RO

t wo- di nensi onal zone rint medu cally a circular or

el liptical zodreghapiingatheeifedbyribe mtmzhz:hda ﬁais 0n¢esm&1m|edmdume Moreoveri gure 21
shows part of zl.e .row havi rallt of no C apart
from each ot heea(ra’h IBOZ%IG R TR nalrrllkc(g lgt gg%c?l}leﬂtl)artlgzlaz ik pp pfl O(FJPOS%OH ils(sjorlcmie’([a81 ﬁlnal axi s
of the nozxzl eh¢ mmzle TgKum aeiokzilqaﬁéc@ajntoztsm@oaﬂé’d pﬂmay @crtlpnmumre(ﬂbpjme;ebmmsm t he

area onto Wmch f|r|n tioned 0|d t he
o T e ear "D Rt pinba R T 038! B Gl pcPRIA@RRE, Py TSl gl |
nIOIZ'Z| e (‘lo ) Iﬁﬁhﬂlgizdzs e @zzlagéfllsﬁ}odftm&ifnﬂlbﬁrtobhisbgid@ Wﬁth(ﬂletd%Ddedl difyRN e Pridbd

e |pt|ca Zone e apl |1 to 1 r I.N r s . al Qn ansver se
axis (i.e. pdPgehd f‘éﬁﬂ“&? atpage“ééiﬁr%&.r% ?VHW%%I@ PHW™ B&%&)taﬁf@%?fs t hat
dropl et ej ectdo@atih@iudtpRINIZZNRrEHS BBl Yitehdd RSt POk are @efhed hthst ri ct
synchrony with other nozzles in the same nozzle row. Typically, all firing

nozzles i a dﬁ%@é@\k’f‘d‘f@i’nﬁFPfﬁﬁOWé)éadJﬁ%ﬁg‘tnoﬁl"rSénW%F‘?ﬁpeé“ﬁé‘r| od of one

line-tinme, which iRyt d 1HEettn%£<z¢éhs§e9{bh@s 290 21b aﬁ@ﬁb‘éfﬁb’ie%rﬁ@ﬁéﬁl@@cﬁoe
transversely past the r| nt head a di stance of one |ine. However, a

firing nozzl eyt Whﬁ’@ abE piigtgd Q%Plé]hé%lﬁss ithsk themegsletiish af thiryinthead: ardsver se
axis of the ﬂﬁgﬂ ropl et either
before or af t2t gér}éfim%tt te? %gtrcfeﬁsﬁt?gmeﬁgg{ eglgéﬂsé;cfili){}/%g ﬁlg p}r%lgigezalqe and still

direct the ink dr &puest22ahowsipiag obapagewidiheriatheadr23 wherg the prstod dit ndhyis lesshe
nozzl e as Weli ri - ' ' reater

L oxi bi 11 80 hdreERzAR B R 1B BT fh R h 2805k Db ity RESIAT P DT
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axis denoted by arrow 236. As shown in Figures 22, 23, 29 and 30, the print medium 235 is

25  Dbeing fed out of the page (i.e. towards the viewer and transversely with respect to the
longitudinal axis of the printhead or printhead IC).
Still referring to Figure 22, each nozzle 231 is configured to eject ink at two different
dot positions with a period of one line-time — one dot position is the primary dot position 232
resulting from droplet ejection normal to the printhead face; the other dot position 234 results
30  from skewed ink ejection which lands ink droplets midway between the primary dot
positions. The resultant dot pitch d is therefore less than the nozzle pitch # so that the printed
dot density exceeds the nozzle density of the printhead.
In the example shown in Figure 22, the nozzle pitch # is twice the dot pitch d,
although it will be appreciated that any ratio of nozzle pitch » and dot pitch d may be



The power of each individual actuator may al so be increased by increasing
the length of the actuator beam and/or providing a serpentine actuator beam
with a plwoabizogows turns. 25 Serpentine actuator beanmpCara20mgorioded in
the Applicant's US Patent No. 7,611,225, the contents of which are herein

i ncorporated by reference. Thus, the present invention also provides

hi gh- power ed i nkjet nozzles suitable for2¢d he ejection of fluids having a
relatively hic%ﬁtﬁ;ﬂrmitﬁﬁﬁﬂﬁad @chih@her 7 Yos&@shlt ikt Wadt@hch whekdbl kj et
Printhead Wth H gh Dot Density . In a typical pagew dth printhead,
each firing rio¥zVelqbapghicyed if eaChyrpzzle prindedt dt PRty 89t PPYivianFgd Bye pher det dat a
recei ved by theiipfsi0kRaaMer fitid SShORERM PhsflioRNGitdih AR 1bARe. MOr eover, each
nozzle ejects an ink droplet such that" it |ands at a primary dot position
associ ated with 10heectuabges pich aglevsbls istlyzlinaited be skshapheprefil sites sy &t ed
primary do it : el | S Gl e ink
A S b A o S
the nozzl e dehdiat§p pagestphemipntentheanbaomerkyyohithd aticashtwidvevithor ondéinstimg of t he
printed page._FE ' - ' e pitch of
n, wll pri ntsogg{oiaﬁé‘gg? Jltglgtas Wﬁ%\?ll% ‘é&gg%eﬁﬁg/ﬁ% %a:'ll? %%h%gl? &]%yd t&ﬁggéﬁﬁﬁéﬁynozzl e

pi tch and t hepagotidpiptinthcadr@f chafk¢, Nlodingshetrhte oflfFdit mtdimed et wS@mpm) wewdd r oi d of
adj acent nozz) es ancili o}d}% erngiﬁgecti vely. However, the inkjet nozzle
assenbl i es 200, 210 "#nd 8 enabl e printheads to be designed whereby the
printed daot pitchlnthislvesstdibhsany pagewidhzrintequls inahaddievt fimilprvensthiead, and

therefore the printed, dat densi.ty exceeds. t he, noz densi f the
Rt A e WU R e R A T AR A
printed dot mytidteak&l HygsitingQit {16adt spdads, BRARE ehepedntifig plinthidae sqand otReach Three

nozzles 231 in a sanme nozzle row are shown, spaced. apart by a nozzle pitch
n. Each of tHESEAWHES 21 QPOFHYLY huPrig Aipany ﬁﬁgmf %B?S‘tﬁﬁgfﬁﬁ?l’é}ngt‘)ﬂ&leﬁ‘&i’?zl e

assenbly 210 asl. SRQWMohary Fric@Wit@ plifitheadAR0 sHokn G BIRLEL? hdsQMMiRACRIRF Zhe 1S
ejectable onto a print nmedium 235 at a plurality of different dot positions

al ong a | &hgi eRlesmaintingat ery Bigh dedlemiticn ot 00981, sheit aHBYh f3ster priiliges 22, 23,

29 and 30, thgedat inah elBnbintAdmg bantkapei ng fed out of the page (i.e. .
towards the viewer and transversely with respect to the |ongitudinal axis

of the printhead or printhead 1C). Still referring to Figure 22,
each nozzle @&F@ﬁ@?&q&%ﬁgﬂto eject ink at two different dot positions
with a period of one Tne-tinme - one dot position is the prinmary dot

posi tion 232 resullh¢ Applicans hasrojdusly descalesdinepahanismenkdr dead nokrde qomippitshiead f ace;
t he ot her ,dot. [t - 1S ' ' ' L,ch | ands
i nk dropl édtjs 1%9@%%&8)2%%2@%51?@%&%?ﬁ?rgsreg E“%gl%l ’ %g‘g??? %z?]l:l; .m%bflﬁgtﬂrb%%u t%thn1 dot
pitch d is thetegtaingalyasls ot hanzlt hbichozxzdcengink ehh msighci¢t edntohe dppi nt ed dot
density exceed

Gont 1Y, xeeSIR S GREALS NP LR kMR TSRS ey o NP
it will be apptheiostredily hiaitifably caat ofmondle fiabwz vie dgedtioh circuaryyl bdiahaygiloch d may
be 26 be caused by a non-removable blockage in the nozzle opening or non-removable debris on
25 the ink ejection face which obscures or partially obscures the nozzle opening.
Typically, dead nozzle compensation in stationary pagewidth printheads requires
printing from redundant nozzle rows (as described in US Patent Nos. 7,465,017 and
7,252,353, the contents of which are herein incorporated by reference). This has the
disadvantage that the printhead requires redundant nozzle row(s), which inevitably
30 increases printhead cost.
Alternatively, the visual effect of a dead nozzle may be compensated by firing
(preferably ‘overpowering’) a nozzle adjacent the dead nozzle (as described in US Patent

No. 6,575,549, the contents of which are herein incorporated by reference). In effect, this



configurable by the printhead such that n> d. For exanple, printing at a
dot pitch whereby n = 3d would be achieved if each nozzle prints at its
primary owo 2pi4bieen and two ot her dot positions (e.g. eaTaAWwhavoosisgde of
the primary dot position) within one line-tinme. The actual dot pitch
achievable is only limted by ink chanber refill rates relative to 5 the
rate at which print nmedia are fed past ttre printhead. The Applicant's
nmodel i ng has sV nloddicatah o he PABKESasRES thil tRASRrallivitkal GREETREMS deRhoRA:
refilled at least twice within one line-tine so as to allow printing at
twice the dotS HéH®{%€¢ usual |y achi eved by a typical stationary pagew dth

printhead. O Couﬁﬁ@inkﬁlgﬁ%legss%ﬁﬁlie%%@ z‘{(ﬁ a&rjzﬂknmegd £ 28 cdiBpMsatib® 30 pPpmM
(0]

woul d al | ow even hi gher ensities. 10In this way, stationary pagew dth

print heads mayitheetie@ansiednda ngzglegars ¢1chynging thaing inatk. piging 2 slzays pait n
scanning pJi %%§ﬁ Lt ; ' Lty may by
i ncreased %nggﬁn‘iﬁgﬁ%?hé?%%gbﬂgggh g%ﬁﬁgggggéa%hehggggg%%gﬁgﬁynthead
scans across lseathning pezlg 3éh indly same ogzplorawuni ty to print at nmany different
dot positions dep i . 1 e i gewd-dt.h

print head 230 shoﬁgg%ﬁ&%%gﬂfg%ﬁg&%ggigfﬁgﬁg§ﬂvg§£§%wﬁ%$§&gﬁ)gﬁﬁgﬁ%bles
printing at verslc mgibldditO (akeshewi indsgufel 8. Thd 2@Mraldpilg 24Qlihdsiad oatthermish f ast er

printing speeds.than. traditjonal scanpi rint heads. . De Nozzl e
Gompensat | on LAIE Rk EabEons SERL AR Ao JRRNS uuBBEs MR P e
nozzl e comnperE@taredimcAOiing ®i@illyonary pagew dth printheads. As used herein, a

"dead nozzle' neans. ozzl.e whi.ch i.s not ej i ny. i ., ar _.a nozzle
ahi o 1978 eot i itk GRRE Hmeey Pus BanS hosst 221 g a8 Mbisc 1Sk 685 1 0B 5 o
di rectional i tfedidds 268 (ki tovebe@dhd\adZdr Svievaddan Eiguis e8l) doy plaslityal giffefead dour e

(which is the nmost readily jdentifiable cause of nozzle fajlure via
detection ci rrzf)alflt)l}S%O}lgg\ﬁﬂdvnﬁW%?%ﬂgg- Tiguie %@ cigCthghink By et ockage i n
the nozzl e opRMBGIRpositRA 20 LIA\GBDrEAE Bt ipSsiti 238 heeidtdtiaviti tREddh@RoRCEe Whi ch
obscures or partially obscures the nozzle openin

.al ) I g. Typi cal |y, dead
nozzl e cohpenddtiiBin dngried ofenalingrtimen dbpisvinenaszlp At hiomparrater g the fesd n Z1>(<*»nti ng

from redundaniynege i in (AVGmb AszzR88E Iy el gtwbRoPRIRR b pARRLof dncAfie.itit 7 and
7,252,353, the contents of which are herein |ncorporaped by reference).

This has the @fcwasdmn wheqrmplincttive. e nerzisedt meeeumneastededbadraneczale 243 e
row(s), whi Chnét&%g %&glle ggﬁgd ﬂﬂ&%%?ﬁe%%@éﬂg%ﬁ‘?%%h&%e the workloaftbf € nati vely,

the visual effect of nozzl e may be c ensated by firing (preferably
' over power i ngeompenspingAprehcatipdiecant. Méreovde the compenbatory agzzigesseacd betdei n US

Pat ent No., 6,. hA9, 0 i e i 0. . by

rof orences’ 1Rkl BORLARLBPIop b M AIcREL B Dl ERRELRST Y oo

t hat the overahikcvableskialexasfpiee e conhpantreorg ecrdlespmay e fiositioned bt z8d2, -1, +1,  The

i nkj et nozzle enblies 2 210.and 220, enabl e dead nozzl e conpensati on
w thout T equi 7 h T et aS a7 0N e R ORAL sEoREE B i SRR gure
23 shows par tshare dfe varijegefcdifenqatingoheddd 2d@lewher e a dead nozzle 242 is

conpensated by an_adj acept functioni nozzle 243 in taﬁ ) npzzl e row.
Three nozzles in &lios HopACErBIP Ahie SHa6aT B oo i £FoTS BBRAT i sed of
t he nozzl es asisemalpyimddQlof @sitishamant bt thd [Glhiey o positibh @48 &8dciaddd withalkd ®al42 i s
dead or otherw se_pualfunctioni.ng, whilst the adjacent nozzles 243 and 244
on i ther i d¥af 2L REMEEE aF IR P aImEos pit g rermrit%ﬁwﬁfgs WP

are required to fire during one line-time. In the event that a dead nozzle is required by the

print mask to fire in a particular line-time, then a suitable functioning nozzle may be

prioritized for compensation if it is not required to fire at its own primary dot position during

30 that particular line-time. Selection of compensatory nozzles in this way further minimizes the
demands on functioning nozzles neighboring a dead nozzle. Indeed, in many instances and

depending on the print mask, it may be possible to avoid a compensatory nozzle being

required to fire twice within one line-time.



An ink droplet fromeach functioning nozzle 243 and 244 is ejectable onto
the print medium 235 (fed towards the viewer as viewed in Figure 23) at a
pl ural it ywofoiibmsent dot positions al ong the | ongitudPoalAriono?R®s. The
nozzl e 243 ejects an ink droplet at its own primary dot position 247 and at
a primary dot position 248 associated with the dead nozzle 15242 within a
period of one line-time. Thus, the nozzl® 243 conpensates for the dead
nozzl e 242, whi ChAlt@mhtRefyh@prﬁﬂ[E@d ORHAEE & IF AWzleRYseRblidd LD (NEhablddclPh-M t hi n a
period of one line-tinme. O course, in a subsequent line-time, the nozzle
244 may conpeERensationpvithp nerssarily sing eomngnsaionsiagdes Wihihige sams Imggmeso t hat
nozzl es 243 ajidcatdido 96 z1S BRk&nd ﬁ&zl@@is&h@ﬁﬁzmcfan%%Hﬂ?orh%%btfbgsﬁl&f the
dead nozzle. Moreover, the conpensatory nozzle(s) need not

i medi at el y avifercentdinemsionrs aenekipeludiag dol apslings Hepesriransiarse ey @éhﬁ‘of skewed
dropl et ej @Ctﬂrﬁlﬁleﬁﬁ hhé?lvc@}ﬁb&satﬁﬁl}‘or%%gm rﬁ)zzlé b& eﬁmg{f@@%@{% 1R0A7k&hR) My be
posi tioned at +3 +4 nozz pitches away fromthe
dead nozzl e, @hamghtrﬁ(gvﬁlﬁrﬁglarmaﬂfeeh@mmm@zlz hl@svsw&ﬁnmreevqrmhm top erdattionf
conpensat i ng ure 23 shows the scenario where nozzle
243 is requi rafeglilmﬁ1 %??%na % Oé%:lk\sgf ink at 25its own primary dot position
247 and at the prilliwhwzzimar@tysmllyodﬁnﬁﬂﬁl tasistemngtaectlmntdnoﬁoheomad nozzl e 242
within one lin our t [i .t at es. whi ch
nozol 65 are. rouiorag pE RO IR ekl el T AR bRt B My " ead
nozzl e i s1¢ eqlehd wazibydentfeathmiand comksatmm waever rthar rpahdds ¢arlicentiflying deddi me,
then a suitable f nctl on nozz riari ensation if
T ot r edurABdeEarRrY Bhaker e R b MRS T A R rng 30t nat
particul ar Iipa)@mlile,rre. Sel ection of conpensatory nozzles in this way further
m nimzes the demands on functioning nozzl es nei ghboring a dead nozzl e.

| ndeed, in many instances and depending on the print nmask, it nmay be

possible to %@é\ﬁdﬁpﬁﬁmnﬁﬂ{wamm@QMG bei ng required to fire twice within
one line-tine. Al'ternatively grl nt head corTEf i sed of nozzle

assenbl i e$’ 220 enémrhége %%tﬂl%efznz@f@h@w&%@ Pahegls Wueh suHerdREs Y Iy firing
conpensat ory \Razai&s, ik hppidadil agwfa%h prirfiRadsl abBocArhBCRh&M b @by BiRindead

nozzl e. Since thé nozzle asse can fire onto any dot position with a
t wo- di mensi orfagetiepmplugalipiof penthegd é%ﬁten@yé%ﬁlﬂ %198S &ageMgd. t r ansver se axi s of
the Sprinthead), ig%f&ﬁ%ﬂ&%%%&&&n&ﬁ"ofﬁ& r1%@a§l@9§521AeEﬁlﬂ@dgﬁcf(f]‘? ndR$

del ayed to a later 1ine-tinme or brou to an earlier ne-timne.
This al |l ows efprma pirodatidth pathead £50, wﬁlslemnglmmﬁ@hféiﬁimnﬁ shon inj Figung2Soft

o5 stance M@’f’é@%}%@?@t g R LR L A B R T 5
net hod advantagéous) I}Aa}dnat‘aﬂreste@@}ﬁalmng nm(iii:lﬁaldlearblﬁz P&l fogkesiny. |Btitti11glpirimheadnd
compensat | on 1 ERUR S 18IS e FLIRA R S LB, B R, 2,
possi bl e. Pagemiottibtefhe fbtlﬁl%dnt\ﬂ)]t \h:r)ﬁﬁameahglmbm b@ﬁween the pr1nt med1a and the

printhead. However, and referring to Figures 26 and 27, printhead ICs butting together have

25  adisadvantage that it is difficult to print across join regions 257 between butting printhead
IC pairs. This is because nozzles 255 cannot be fabricated up to the very edges 258 of each
printhead IC — an inevitable amount of ‘dead space’ 259 must be maintained at the edges for
structural robustness and for allowing printheads 1Cs to be butted together. Hence, the actual
nozzle pitch between butting ICs is inevitably larger than one nozzle pitch within a nozzle

30  row of a printhead IC.

Consequently, pagewidth printheads must be designed to print dots seamlessly across
join regions. Referring again to Figures 24 to 27, the Applicant has hitherto described a
solution to the problem of constructing pagewidth printheads from abutting printhead ICs.

As best shown in Figure 27, a displaced triangle of nozzles 253 effectively fills the gap



15Wth the exception of nonolithic pagew dth printheads which suffer from
very | ow wafer yields, the Applicant's pagew dth printheads are generally
const r uctwa 2b12/daotesi Nng t oget her a plurality of printheagCr@u2erdom2end
across a pagew dt h. Figure 24 shows an arrangenent of five printhead
| Cs 251A-E butted end-on-end to forma photow dth printhead 250, while a
single printhead IC 251 is shown in Figuree 25. It 20 will be appreciated

that |onger pREE d@zalepfrbrﬁw]%ﬂt&m{tﬁg Brinthvdd 04 BY Agadsg AB dmMgdend ka5
printheads) may be fabricated butting more printhead |Cs 251 together.

Butting pri ntﬁféchwthln:@etdtﬁglé%eﬁéfﬂanglﬁ 288 Wé‘ymg\%setnﬁéﬂeééﬂ%ﬁtaa&@“of ni ni ni zi ng

a width of theRhbifingRPde ro‘%"d@@ chrf'oetﬁﬂ'h{éd %ﬂﬁlﬁ&r@s@%e?&ﬂf& fe®NtrLd or very
precise ali gnrrent between the print nedia and ri nt hea However, and

referring to Fcar ethodsplsed @ZZI@ frengle ﬁ@aadqseﬁoeémtmswglyﬂrb@@ﬂ’ et Nosve 25 a
di sadvant age - fipf é)ﬂ bnd B2g8 dsbl U dnrehQ oPSvthﬁ al%%lér%ﬁlsindo%o&té r%r%n%27 bet ween

butting printhead IC pairs. This I's because nozzl es 255 nnot
fabricated up to ﬂ@re\ﬂéra’}wéh@@dmz@@d@ﬁ e‘es@bnmalmgf@a@ng@dmahmgbnébhﬁtabI e

amount of ' [ [ ctural
r obust ness aﬁ%ﬁil “dﬁa“&{%ﬁdﬁ‘? ﬁ ;@sﬂf"%&&f‘%dgtg %) %?Iﬁlgcqgovdég r6t§0tnaﬁL-jlence,

t he act ual ndzuztlshovm)tt@prohéepwnalhﬂjlbglb RigndlCs tlilesCM@S\drltfacbtcyltﬂyam @er t han one
nozzl e pitch W zl e rOwW .0 rint head, |

pagew dt h prl Lhea sCa The Zthmei lduCIaIS d6 %10% buﬁmﬁ pa’ottheal sI(e:SaC%r)% ess%ne aét}rllloss join
regi ons. Ref enth astgeralgamgnohmruléncgwfdﬁe p214ithba:d Rihg atshn&bkpa;ptwatalngnrrhaﬁodil(mdner to
descri bed a S%| ut| on to the problem of constructing pagew dth printheads
from abutting™B¥¥ht head 1 Cs. As best shown in Figure 27, a displ aced
triangl e of nozzl esthdhB tef figlictd@izyle triahls 25 h@ogap anZ@eqbﬂE v&eonneme! es from
adj acent butti nt head | Cs.. By. adj ust t he t of nozz|.e 5
firted within FAEe lﬁpéﬁa n&e%afr?slw%ﬁg@n%%ve@ prablegyystyl rﬁmﬁg ﬁlﬁ@%éherfjéﬁwg | at er

than their cofozaspRAEE DB MeZBE QippWwithdait, sn@mamlmhmngfﬂucﬁ@ame%ﬁm/g across
the join region 257. The function of the displaced nozzle triang Ie 253 is

descri bed!extRepeidrdnksupply ganpels eatpdygssly affpotilsupnly obink tomozdes ‘8‘5‘2“ thehe

contents of whhfi BBesdIEHR, 'ﬂae'd%%&lq{oéil@fﬁaﬁgde 5 &f RIRBCSafer yields becdﬁhélﬂt” e 27
al so shows bond pads 75 positioned al on? one | ongitudi nal” edge of the

print head | C iagerersed theywidkrmef epahauiathaadsiCs. ef?@ém@tyﬂ@mbwstheps Igmastdgrhect ed vi a
wi r ebonds ( “%dﬁﬁﬁﬂﬁ)emtt‘é} a O?IYCﬂOQQﬁpQ%rOZMWE Q:%If:théﬁgﬁmﬁé p?m‘h%acf ﬂ@eong\@ drive

circuitry in the printhea e alignment’ fiducials 76 allow butting
print head | Cy noezlpeowal i gned with 10each ot her during construction of the

printhead, qu' ng a'[ﬁé’h(%@l@ lagerﬁlﬁ}e r : é2ﬁ1 dngggfg&tsc&bg&)%er&ﬁ'%lth%% VXB)hty to gject

Al t hough the displaced nozz rovi des 'an adequat’e solution to
t he probl em afik groplats atra@ha@lrty)s@r@cbtenmn@ghﬁﬂsﬂ,t dsterogtiails apn@bloegmdmahakis remai n.

Firstly, the displac Ie 25 bes edvvlthlnk and a
sharp ki nk |rPr?oneaistoﬁlféjﬁmnt8|1?‘3}’“*’rl nmg pri‘ghegg% e ‘ﬁEHS PPy ERannel s can

adversely af f@@adisténin dot pirghpdcyosodach Jol«n rtagrom M)zdoea amdtamhnwh ImeF1g1rre 28)ghﬁhéé53

Secondly, ced nozz e trian 3 red ﬂﬁ Eecause it
“nor cases t ndCaP DK IO UBR P eaR . DRy R BE D e R SPTR head
| C nust have ia Fisdubto) @ e laitt@ntbgdli@r. fﬂi@@mﬁﬁ?bﬁnmea& 1@ QAR f&ilitawshe even
t hough the printhead 1C only has r | e rows. nozzl e a senblies
200, 210 and 230 ek APt erar i B sy aaf Yl@? s PprirBle BRRR®r opl et s
at a plurali tiyo@bssplicagpbehtd viach Myl feRIBMyed toftidid 0NabhtORGzIas
| ongi t udi nal axi s,

spanning across the join region 257.

In a first approach, nozzles positioned towards either end of the printhead IC 260 are
30 configured to gject ink droplets skewed towards a respective end, whilst nozzles positioned

towards the centre of the printhead IC 260 eject ink droplets normal to the ink ejection face.

Referring to Figure 29, there is shown a printhead IC 260 where nozzles 264 positioned

towards the right-hand edge are configured to eject ink droplets skewed towards the right-

hand edge. Similarly, nozzles positioned 262 towards the left-hand edge are configured to



provide a solution to the problemof joining printhead |ICs together whil st
mai nt ai ning a consi stent dot pitch across each join region. Mreover, and
as shown wo 2Bi2g40m528, printhead 1 Cs 260 with uninterrupCeAU0020€92 0WS
(i.e. without the displaced nozzle triangle 253 shown 25in Figure 27) may
be butted together. This design of printhead I1C not only facilitates the
supply of ink along each nozzle row, but3tal so i nproves wafer yields. In

principle, twcemaﬂ@prew@kmawvm@ RNET-RAE BES. MUz 26m0siBeh B R RK e t o
conpensate for 'absent' nozzles spanning across the jog;hr%glon 257. In a
£

first approackntiedhensathprsd Crarerreligufedvirriers inkidfapksts norer! cjspiondHead | C

260 are 3000n,&mugmzﬂégz%n%h aﬁdﬁ%@ﬁ&ﬂilf?&éﬁ% cﬁ&i’@ﬁﬂ&el@stléseﬁlgfﬁgz bve end,
whi | st nozzles positioned towards the centre of the printhead |1 C 260 eject

i nk dropl et s Geoperl idensicel fyethp paseethas ghey @i npzrdcs of the fvge $110WQ it Gewpgldr ¥ @9, there
i's shown & prm%ﬁl%%ﬂegm?a@ﬁuy\@%&ﬁroﬁ'&%ﬁllet%eﬁ@ﬂ posi tioned towards the

ri ght-hand edge are configured to e]ect dropl ets skewed towards the
ri ght-hand edge. Shenldgeeloyskenavdepesieyositcidshed 6 partigdmmdeletfven thef t - hand

edge are conf 6t r ft-hand
edge. hbzzleé!g%% poég??%%ég2?%&3?%%mg%gB%%%??%hgﬁﬁ%ﬁ&gwgfﬁt éggh%l are
confi gured t dCaremnfigundd td r:J@cp Illéquopiﬂmr firewed roort Hen thde rejzmsu)pmmnb@towardm t hough
nozzl es 262, tge cem‘,’j1 1¢ 9f 66 6r1 }fn]; er%& d ﬂarlrno 81|1t\e’vt d ro ttllleocgntﬁeh aCt et'he %t I cs,
they are of course 2" I)ﬁen% P AT e Sense that “they are no 71'é€%of the
t ype showm i nCR6Qabdkes Q.BQnsﬂthtGﬂDt Iﬁ‘rﬂﬁ)to\lhemnﬂa‘madmhea{sehﬁ leI@fh ofi theyprmﬂleazki@t rol
droplet direction

f. skew | s de end tance of
a particul ar nozzl¥heyshiie ﬂ@méeﬁ%v%m%?wqwgmﬁb?WV% 1&% Qﬁdggﬁnozzles
posi tioned atbctapgre@attd datitiic a@sra@fdot ficth pf ¢jettdaedcrbfletamay mngmguxrg@ tHa@ €j ect
ink droplets skewed t han_ t nozzl es positioned towards the centre
of the print HESRp2FleptopT e g B?PQ% 5?%%8.aﬁan<8&1}{%9&§r06§118f ohs éve&eéﬁ*flﬂle of the
printhead 10lgnd68 #naka88 oan@&ré§1nseh@nfozﬂ@ﬁowpthta 6hsécihl Sodi@ioR tAdol @EhsiACT 0SS
the length of the printhead IC gh the "flaring of droplet

ej ection 15 SRBWE t%%'ﬁé‘?‘&t%&fﬂﬂﬁn@l&hh’e Tz@caﬂwthwelfag%@tawr%P%&e@dhacnhat t he

average dot pjof g e%a@ah@ﬁ&z%fé pha%fq{egﬁhﬁéaﬁ RYittRendhd ﬁ@ﬁilrh‘d Jil@ﬁlgt%{ecﬁ(ﬂan the
nozzl e pitch of t print head as a consequence of arin

However, with hun@yefasle@fth@ H@W@@dfd@let@iecmazrhégdgew@b%mmﬂ@zcﬂcem(m the
Consequent r eﬂ%ﬁﬁiﬂrfa&bf&o&% gﬁﬂaﬂﬂo&ﬁ ?stli}]ﬁégr hh tﬂ%ﬁgtﬁoﬁﬁeﬂ%béﬂé W11 be

negligible. Typically, the average dot pit I'ess than 1% | ar ger
t han the noziﬂ@ppmwdhﬂmﬁHWMéeﬁ@nﬁﬂ%%a@ﬂﬁmﬁdmﬁbhgiénmﬂmg@thUWVﬁmEd dr opl et

ej ecti on. %ea dex e&&%lé%lhtra lﬁgon%fall&bﬁqh%&l ! gcl)];ytgghﬁtmtg h%i&nll %2109‘55';&%6%9965 of

the print e act I cular nozzle row
i s | onger t haabuttiheprirgiregd HCs@H0, ttheatby nbwaating theakwpladdieoprld tna@b?l B3 zlover imay be
fromlto 8 quzI?7p|tches | onger than the nozzle row. This 20 extended
printabl e zone S@ffows the printhead ICto print into the join region 257
bet ween abutting pﬁnmﬂhﬁmde@ﬁﬂyaﬁ@mbﬁhemshymﬂaqbﬁnhmgmkhemdkﬁﬂkaced nozzl e

triangle 253 Rslglﬂ‘]g?fl fgt 0 E%hvg sléeﬁv&g Sliop]t%eéecgon ?Ieowewer glven ﬁl%%%tﬂl gf D 831%2{1 ?0'1 e for only

nozzl es posit
25 region 257 (i.e. a width between nozzles from a pair of butting printhead ICs which are in the

same nozzle row), the arrangement shown in Figure 29 with flared droplet ejection is
typically preferred. This maximizes the extent to which abutting pairs of printhead ICs can
compensate for ‘absent’ nozzles in the join region 257.
The printhead IC 260 shown in Figure 29, with flared droplet ejection, has the
30  advantage that, in the absence of dead nozzle compensation or a requirement to print at
higher dot densities, each nozzle fires only once within one line-time whilst extending the
length of the printable zone beyond the length of a corresponding nozzle row. In an

alternative approach, a printhead IC 270 may be configured such that selected nozzles at the



printhead I C to have skewed droplet ejection. However, given the width of a
typical join 25region 257 (i.e. a wdth between nozzles froma pair of

butti ng pworbieera’esCs whi ch are in the same nozzl e row) pCrhanzarvmmye ment
shown in Figure 29 with flared droplet ejection is typically preferred.
Thi s maxi m zes the extent to which abutting pairs of printhead I Cs can
conpensate for 'absent' nozzles in the j&in region 257. The printhead IC
260 shown i n dxireiHiies & BachWokdl bl aiEslod iR bide vaihgdnk Afb-tihas & RecodPadiant age
that, in the absence of dead nozzle conpensation or a requirenent to print
at hi gher dotfor@apsntt pezales i@AHoingElne fires only once within one |ine-time
whi | st ext endi ng RRRMGAGEBuL RO, ttllﬂ:?e REHALAR! BindkeRACOY AAde & nbengkfcof _a
correspondi ng nozzle row. In an alternative approach, a printhead 1C 270
may be confi gok épletsaermeHathedel dectienfapral MegsinghpadIneHovgeyerpattleasiving pesgleof each
nozzle row fi nsate for
'absent’ \n\éoz zjl7g S{@%gin%@ﬁ? 8%{5?%1%\%0%&5 Ebn(ﬁg&ed b %19 MP ?f?{n(gg%légl%ﬁ%ﬂr%%g t here

i s shown t he nsitipit ddik. h@nring ﬂwhlelrﬁeecmfacqmlzttbe]@cfelperdqdr@m ager wpinders nor nal
to the ink ej fr 659{&11%@%];&% istsp&v te\ga{r@seaqgspe&v %é rlnﬁ}ea(!l Rast oRGe nozzl e
5 272 at the extremty of a nozzle row s conti gure s ej ect an Ink
droplet at a \pcrrdsmaheylodms 2pdaiecodrguRd 4o §ect evo lrnbdlmaletsmthnrmle|11n¢<tlmp,ema| on
face) andtoe nk drop . secondar. |t|on 276 which is
kowed t owar doniiulTabie S52RF Rinedi g RERTR Bt PR PR GOSN e
nozzl es 27® aroeplmhmhs guin@ihed by thic @01zlck B2 §ortkat dreoplad ﬁltdh/lntlhlyplcﬂil‘)&qhallme-ti ne,
inasimlar fa o the nozzles 231 in_.the ity printhead 230.
However, a coh%?ogpga’[éfbﬁeﬁleﬁ‘%?%ﬁnam §Z?Pﬁlonbﬁ|pﬁgh%8§2@ nozzl es 272 so
that the nozzle pIAﬂt(hbhg]Ich tlileSprinﬂiail(m@th éaegtuahdvbﬁxagehﬂatdete iPhé ¢ ﬁalanﬁceaﬁﬂass thﬁ .
whol e printabl.e zone of t rinthead,.l t he printhea
'C 270 has. t Hh e Qg@zgﬁee@ht%‘érséhq dgsaﬁ Fl@rtrleeoza@d %7& CEFFHESat i ve
to nozzle pit@RachidozAe®widercgiifady ek agat tvn@etthé hequBieg 2k 88 othéPnikled 178
extremties of each nozzle row are required to eject ink at twce the

f r equency of Wecoafeﬁe%n%lzewéeesﬁiaremaesece@tng%fa%lﬁeey fafighe MG es 272 are
nore suscept iBfneehPrd %0'1%%&?% hét Lakeng 'Bﬁéférfé@ aP% LR 3 bllingPGnth&d

t herefore nore genera ly preferred as a solution for butting printhead |ICs
t oget her. Inﬂﬁé%@t WEMS/ CMOS | nt egrati on 20An i nportant aspect of MEMS
printhead design is the integration of MEMS actuators wi th underlying CMOS
drive circuitry. In order for a nozzle actuation to occur, current froma
drive transi gedratwnci rcuitry | ayer nust flow up into the

MEMS | ayer, throu ye circuitry
| ayer (e. 5. to a 3‘9&%‘&@‘ ﬁfats%g{ ]?ﬂgp%%%dﬁ%@ﬂ %tﬂe %L%ﬁl severa thousand
actuators in acmetoprv'rlthtumeabhngCM@&@@@&MW}C reerdyr fofa norala sshiatidnl towecpat hs

shoul d be ma‘Xclupr]enzt r%msao e tr;[m%ls{n r 1rr]1I t}rlg 51\%0% AT CSII'CIIJI ?a\{/eerrrr?‘uslt flow up into the

MEMS layer, through the actuator and back down to the CMOS drive circuitry layer (e.g. to
a ground plane in the CMOS layer). With several thousand actuators in one printhead IC, the

25 efficiency of current flow paths should be maximized so as to minimize losses in overall
printhead efficiency.

Hitherto, the Applicant has described nozzle assemblies having a pair of linear posts
extending between a MEMS actuator (positioned in the nozzle chamber roof) and an
underlying CMOS drive circuitry layer. Indeed, the fabrication of such parallel actuator posts

30 s shown in Figures 5 and 6, and described herein. Linear copper posts extending up to the
MEMS layer, as opposed to more tortuous current pathways, have been shown to improve
printhead efficiency. Nevertheless, there is still scope for improving the electrical efficiency

of the Applicant’s MEMS printheads (and printhead ICs).



printhead efficiency. H therto, the Applicant has described nozzle
assenblies having a pair of |inear posts extendi ng between a MEMS act uat or
(posi ti orwd 20re/ubmssnozzl e chanber roof) and an underl yi rgTQ@V2SI 0001292
circuitry layer. Indeed, the fabrication of such parallel actuator posts
30 is shown in Figures 5 and 6, and descri bed herein. Linear copper posts
extending up to the MEMS | ayer, as opposg&d to nore tortuous current

pat hways, have beemne pR6Mm akRcib@PHAY Conbiling K0adl (Bfubdndla@RaMns MNRY i@ ess,
there is still scope for inproving the electrical efficiency of the

Appl i cant's NEXBSpPY#iRé&aedPimes pRnavie agoyngdyunce’ croupg baynesrs awelbei at ed

wi th control linagn El%m@ﬁﬁlh intd3RHARNERREHNAWIRAS phfRIGPIIRbaf R and
ground planes is known as "ground bounce'. G ound bounce is a well known
probl em i n i neggrErkegofderiegsipowered pajwicengpmepn pasvep ard greust alapsp. @soreder bat ed by
having a | A1 agu by AoV hiaR REIRIGE B6) RRRDGROITIRAPEIRNA LI ound

pl anes. Ground 5 bounce usually describés an unwanted vol tage drop across
ei t her a powerhigy mgrasaniton mamediffovit sbureryl yaicklseurfs ofrpmarhbodick finshud it
sources. Typi s ) | i X { i e ("IR
drop"), self-#ﬁ%ﬁ%@%ﬁ%ﬁ}ﬂg%%g%gﬁﬂgﬁgﬁﬁgﬁg%%ﬁgﬁhgg?aégéb§§8%§§légg&gomer

pl anes. Each mfvet ese Hatterfdeenizhenanyene oay canbibie t¢ grogrddwnicte bp umtearably

undesi rably decreasin he ential difference betwee ower and ground
bl anes. - Tht s BEERR Bk RERER Rl b bR DS PR P RUE LY, B Peduced
el ectri calo effotentiddifferonte indvitabinteadns &t educed eletidal effieney pihé inegtaged leiycuithe
printhead ICin th resent. case. .It will be ap ciated at . the

D+ angenent e BT LGS o RRRc b e Pessnecis SRR SEpiglt 18 gt s
connect i ons td@hi@hent @& tonfigineuien bl dr inddrbeaiplagépanctiovnaetiamndhdréte, over al |

efficiency of a_printhead, Referring to, Figur , there is shown in plan
view part of %" E}F‘FWP?‘? HafiRet goendby Cﬁ@ndfgi‘:gwmﬁfffil%% Sadrate end ng

| ongi tudi nal I'y angcpaimald Blkurds t hdR0ig 2o nliP¥¥En vidh BartlXRGHAMsdd 10BLY IRing! ayer
19 has been renmpved for clarity in Figure 31. A plurality of nozzles
210 (descti bednfustivatagy extepdipplondadingly apt paaliel yith oz yovay EheibPEmgEd i n

nozzle rows &xieRdig lgm%e@reﬁ@%if@)%rig)ath@ﬁfe%lpf the printhead I C 300.
Figure 31 shows a pair of nozzle rows 302A and 302B, although the printhead

| C 300 may of 20 évtiwglély ebinsrlpssd (desribedhin othibincgprectionethiidgusd B) pisws  302A
and 3028 are pahffth At Rl %nc{iﬂgomngag&gﬁﬁdﬁﬁﬁ axiVB el pﬁg@eﬂ%éb@. FidiW gOZA

bei ng responsible for printing 'even of’'s and the ot nozzl e row 302B
bei ng r esponsilshevsarirpf ierzke neys 3034 'andiHEB, altNoughlthe priothsaddCa00 ypy ofal | y pai r ed

in this idéu}spgon‘féglgt%singog%ﬁo}zﬁe pJv&snfﬁ%%%gz?e ro@?%%&ﬁ%%@fiﬁgpmﬁ'ﬁnféfﬁ@g ly in,

for exanple, Figure I'rst conductive positioned

bet ween t he niomztagh pihovswRIDA narmdk BO3B2A héieg fesposdible ton gurging veyer’rdas kn303 i s
deposited on the, nozzle pl 304 of the.printhe 00, which defines
e nozs e cHingad B 2GR st Bn P I TRESAR, & e AT CE1 ve
track 303 i s tgecdly ahited icthplvanar thaipplichin® ptilteadned emtbk sccbh @mnsclchly of for he
actuators 15 and ) be formed during MEMS fabrication by co-deposition
with the ther%‘@?gf?ggu cHeam material 30 (e.g. vanadi um al uninium al | oy).
Conductiviiy of t heficieostiuctivc\t@ck J0aGkposilidnaaytwoen thelidzAe FowsspLauRIBORE.

deposi tion of_another conductive netal |ayer (e.qg. copper,. titani

al umi ni um et cyheg.lé}? FW&“‘?\VER/E“%&B?‘/ .iséléli’qsﬁerﬁizon rn%%(l%m%r: é& C&lﬂ‘e\ﬂnm eaﬂ‘éeéﬁg]r eci at ed
that a netal Jiayedefin@YhdiRzAeambir@sbf (s Fi@e UBPLHE ItheOfitst@bndubtBre track

t hernoel astic_beam material ( co-deposited with the netal pads 9 shown

n Figure 8) J0ARASHE HUARS MEATTSRTBITAMDGE Mg fanhBrare pads 33
formed during MEMS fabrication by co-deposition with the thermoelastic beam material
30 (e.g. vanadium-aluminium alloy). Conductivity of the conductive track 303 may be further
improved by deposition of another conductive metal layer (e.g. copper, titanium, aluminium
etc) during MEMS fabrication. For example, it will be appreciated that a metal layer may be

deposited prior to deposition of the thermoelastic beam material (e.g. co-deposited with the

metal pads 9 shown in Figure 8). A simple modification of the etch mask for the metal pads



9 may be used define the conductive track 303. Hence, the conductive track
303 may conprise nultiple netal |layers so as to optim ze conductivity.

Each act mbani2lBoteas a first term nal directly connect eg#Cratzbhm/oiaost
conductive track 303 via a transverse connector 305. As will be seen in

Fi gure 31, each actuator from both 5nozzle rows 302A and 302B has a first
termnal connected to the first conductise track 303. The first conductive
track 303 is cpnRakartichft Bl EMINMN itk 802 MefcePhafRdidivé Rk YosiRLY Yi ng CMOS
drive circuitry layer via a plurality of conductor posts 307, which are
fabricated arf&MBgwUBHPlE @etﬁﬂ@’eé?csf’6%1‘[0@Pt1fﬁ’6%‘f‘§1d‘8m&'é>écr| bed above in
connection with FEQ&Wﬁu@mrEﬂﬁ§aﬁﬁh@HEQHQH&ﬂyMﬁm&ﬁ&ﬁ5ﬂ§@§nHﬁMu&%é@ﬂﬂ
continuously along the printhead IC 300 to provid Oconmon ref erence

pl ane for eac3attad@pyerse epnneseor 3@ As il W%@Frg@wl emsh ivator emppBcussed in
more detaid bgl g,k '362&&11&'%@3 Ba%fa‘%frﬁ%ﬁlna'c%ﬂﬁ%ct@ﬂo"{ﬁ@ﬁkst Bﬁdu@%%{lvﬁ( Jpws 302A
and 302B may be a power plane or a ground pl ane, depenglng on t her nFETs
or pFETs ar e HBupirdyedustive tripk 3ChdDSorhcitodtogicommon r@ﬁerew plererimthewadoplying he
conductive tr I thead I C
300, with ea(%&ggﬁgﬁgga%“9ﬁﬁgnggﬂgﬁgﬁ?%ggﬁggc ¥%§3@? Hﬁgﬁﬁéégﬁﬁgﬁ reference
pl ane for a setlogfusiyet hatawagr péstsc deswibtd sboouis comndivo it Eiguretc KnB0Be may  be
preferable in ¢ del a f the con track . is

probl emati c, COP?‘H'?‘“WC‘EG 1B el ?O\I}E“ v %lo%%ﬂ“fﬁ’“‘@‘uncﬁ@r‘?s OPRIEE same
manner asude&mnmﬁﬁddaﬂﬁv@hnémsembmﬁmhemmhﬂamxﬁhoﬂﬂnhwa@muambﬁmﬁﬁwmxm
connected to an derl yi drive FET in the 20 CMOS dri i.try layer
Taan act uarBre HRETDAPL I MG e B R R E Aol Tt Op R EEE U i v
circuitry | aymsdy. beE@@he@@atnuai 2O<Fr01|ﬁﬂ§311an8 deisen@ing bif ®hothod IR TB@O PEEWiatdh t he
actuators posts y(F(ﬁhown |§ ure 6 and is fornmed during MEMS fabrication
in the same viPlovefhidhe QO] IH¥S GSP8Y- 15 is individually controlled by a

respective drive RREmatlyHhgbm@uddive tr@kBod maPbxi&aeRBshtifRANYELAYEe t r acks 310A
and 310B al so extend 25Iong|tud|nalg% alon the printhead 1C 300 and fl ank

the pair 6f r¥pdred [Co\RE vatzachagione ecquc e ek drevais icommenfeencs 310A

and 310B commlgiest, sEth)? adctl!la'io?srf AQH&QQM&E&M %oﬁd'h@tﬁllé té&é’%m by Bt heferaRliflSses T the
first conductlve track 303 is a power plane, then the Second conductive

tracks are botlhe iﬁdﬂmﬁwﬂﬂl@H@§mn@ﬁﬁvéﬂ§bwyﬂbkmmﬂ%émﬁWQs@eéﬁﬁ@EW?F%% track
303 is a grO%ﬁﬁﬁﬂgﬁﬁﬁuﬂh@&ﬂm%ﬁﬁn&%ﬁ&ﬁﬁﬂ%@ﬁﬁHQt'Ve tracks are both power

pl anes. The second conductive tracks 30310A and 310B are not directly
connected to the attwerddeminebof dadvastretor 15 inegnnente te emumeleryarel driye HET in the

cor r espongy n M%E%E%‘&%PB& ?aﬁ% \&Pé?l"é(@t‘h%tg{ ps?gtgsg#&ﬂ%i?é %“f’%ﬁ LR G dnl{ G C1 T CUI LTy

| ayer via a urallt uct or be appre0|ated t hat
t he second cdﬁd@&ﬂnwsnmumyk@mSEﬁhmawmbwoﬁéﬂn&dmﬂumMngmNENBﬂkabnuwat|on in

an entirely a oatl Q90 iR %ﬂlr% s a% 1stf0hrrenegl dlErlsntg M;ﬁqg %Ia%rlca i6n %nrtl?ecslémggx%y "[%us
each actuator 15 is individually controlled by a respective drive FET.
In Figure 31, a pair of second conductive tracks 310A and 310B also extend
25 longitudinally along the printhead IC 300 and flank the pair of nozzle rows 302A and 302B.
The second conductive tracks 310A and 310B complement the first conductive track 303. In
other words, if the first conductive track 303 is a power plane, then the second conductive
tracks are both ground planes. Conversely, if the first conductive track 303 is a ground plane,
then the second conductive tracks are both power planes. The second conductive tracks
30 310A and 310B are not directly connected to the actuators 15; however, they are connected
to a corresponding reference plane (power or ground) in the CMOS drive circuitry layer via a
plurality of conductor posts 307.
It will be appreciated that the second conductive tracks 310 may be formed during

MEMS fabrication in an entirely analogous manner to the first conductive track 303, as



34 descri bed above. Accordingly, the second conductive tracks 310 are
typically conprised of the thernoel astic beam material and nay be

mul ti pl e-Wayerado®e as to enhance conductivity. TireTiAUR2810/0M92 Second
conductive tracks 303 and 310 function primarily to reduce the series

resi stance of corresponding reference planes in the CMOS drive circuitry

| ayer. Thus, 5 by providing conductive tsdacks in the MEMS | ayer, which are

el ectrically &enBerdnact. ABcRERAY, 1Rl scathd Ebnqmlrv@@mmiuorage Stk QBERised &nes in
t he CMOS Iayer the overall resistance of these reference planes is

si gni fi cant | yih¢ Gefinoelastispeam wataiial andypp hearlinkiylapmredyoss © onbace ameHEM v, t he
conductive tracks T8t rsCANLIOM &Qd&ﬁv@tﬁacksoso%ﬁﬂ Wozfﬁqch&%rfmah%&b%dﬁ&%e for
exanpl e by maxi m zi ng their wdth or depth a as possible. 10The series
resi stance ofsceesgesstprer iicarrspanding reﬁ@mre pbn%ﬂiéthﬁQMQ}qedeéGWéﬁ’ liyier. dhuy, east
25% at | e@“byﬁa@o@idﬁécoh@tﬁﬁ@e t?a@%)lgEhe%EMg Z% %ﬁ’lc‘ﬁ Qé! el\éétlrléa ? &Be&JEIQn conductive
tracks in the I"ayer. Li kew se, f -1 nductance o? a ground pl ane
or a power plmrﬂélelrmgh d@@essonﬁungaqbfblynqe@@ncﬁemtheﬂhﬁ@s ki qrihé @\@@Htresr@d@ﬁcqfi on in

series resist -d t planes hel ps
to mnimze gt?%gﬁeéé?%gaﬁ%gsilsrf% ?ﬁdtu b&% f,"[y Pgt 83{1‘% ere ore i npr oves
print head ef fGaewhgyhe cbnduicts'weunaderaﬁoomfizgutﬁﬂ sb bmtommmnhelrmMQMW frt hat nut ual
i nduct ance bet veen r%\é\ﬁﬁnm qhegrr H@ rﬁ’e ﬂ}rle%arlaqs O%ISIES)O be reduced in the
printhead | c 308°s R In gure PR R P antl tative anal ysis of

mut ual 1 nduct ance Thespuesneastmmemﬂ acptout giahé (ISTgt,poWﬁl pidne sy beyedmdd bha lsstope  of

this disclosujge. Fi e ] fied r.cyi t di agrans
for a pFET a%/‘a ?%trgoféaﬁ w@%{ﬁéfﬁg‘?}jgﬁ lgn‘g?ﬁt%cof@ﬁ 'Sk Eaffff mti’@ither nFET
or pFET) i S OVEBIStAyr. CKIRRE Rt lf-ndubtencs 8CORturld lait aadpo%r Iﬂmmnagcbb uat OL 15
via the actuator post 8, as.s i gure 31. ure .. the
actuator 15 .%ﬂ%&ﬁ@éﬁ@ﬂﬂ%&%&%ﬂ&@@cmﬁv PFriGY re%{Stb‘lﬁEﬂﬂdaﬁﬁ@*“th ange Bﬁ?%}l pl ane
("Vss"). The HOWREnPHAREplancYRESs th niSime2 R\ BfindcQn thd Prisdssd ¢€ 30 antihe pFET,
whil e the 5gate receives the logic fire signal. Wien the pFET receives a | ow
vol tage at tHéerﬁs@am@mwyﬂvﬁh?a{d@éﬁcwx Hds waRpogkyehe PrEﬁﬁP‘r"é‘ﬁf‘tOTSIﬂ&?\Bmf”ﬁlr ough
the pFET so tiR@ctahf@eRREMANWRE anbirdud ﬁféﬁééf?staﬁs% be kd¥uédagn ﬁgﬁTntHéa& fwido the
first termnal of the actuator is connected to the ground pl ane prOV| ded by
the first corfdet infegure Hejlthgagh qupitdtize pialyss ebppual inluptoeg redsifespaplect uat or
i's connected ﬁl&ieflﬁ%\vﬂfﬁgbema%’scc&ag%ftﬁﬁgﬁags&@ndUCt' ve tracks provide power
pl anes. In Figure t he actuato I's connected between the power plane
("Vpos") and the Bowey B2 edds peovhREMplifitleCYOS whiehitpliagreens (orvinSEY anda dfinect ed
to the drgjn - | £, Si gnal .
When the AFErSEaryRE The WL EuHTBRLAETRERLYBY: distn QRhEh K B INSD
gate), curr ergeccmtlminalmf@wglacmfh@r lﬁWE‘Ifhesacotutaﬂoamost Ehes dotoatiogurd5l.i s act uat ed.
In the nFET ci rCu'In FlgurQ§2 the actuatore f5nl]s Qoaﬂlnec Jd btetr\}veeen %t H %‘%n%rfai)lﬂsElcglg%Ct ed to the
power plane 35

ground plane (“Vss”). The power plane (“Vpos™) is connected to the source of the pFET,

,_)

while the gate receives the logic fire signal. When the pFET receives a low voltage at the
25  gate (by virtue of the NAND gate), current flows through the pFET so that the actuator 15 is
actuated. In the pFET circuit, the first terminal of the actuator is connected to the ground
plane provided by the first conductive track 303, while the second terminal of the actuator is
connected to the pFET. Hence, the second conductive tracks provide power planes.
In Figure 33, the actuator 15 is connected between the power plane (“Vpos”) and the
30 source of a nFET. The ground plane (“Vss”) is connected to the drain of the nFET, while the
gate receives the logic fire signal. When the nFET receives a high voltage at the gate (by
virtue of the AND gate), current flows through the nFET so that the actuator 15 is actuated.

In the nFET circuit, the first terminal of the actuator is connected to the power plane



provi ded by the first conductive track 303, while the second term nal of
the actuator is connected to the nFET. Hence, the second conductive tracks
provi de gwountk/@bmaes. From Fi gures 32 and 33, it pairtAuzbm/mameeeci at ed
that the first and second conductive tracks 303 and 310 are conpatible with
ei ther pFETs or nFETs. 50O° course, the advantages of using conductive
tracks, as described above, are not in asy way |imted to the nozzles 210
shown in Fi guirévidll by MeYirR codabiiRadadkGow willle 8RR ¥edodP@rfial 3Ethb adt@kor &N, 1 N
principle, benefit erﬂlt he conductive tracks described above. Fi gure
34 shows a prioAtsssaly handoHersayhs srang cendyetive §reks progide groynd pdaet 0o (of a
simlar type to theserdascsihgds, 1%199@%%0121%tﬁMﬁlQﬁF’tﬂfdrs@coﬁ@éon%dﬁa@ged in a
| ongi tudi nal |y 10extendi ng pair of nozzle rows 302A and 302B. The first
conducti ve t rigek 3983nd3d0ardsmpatibleeth dithe pBET T ordFERvzzl e rows 302A and 302B,
and the second coRpgughicV eEJv%K% s 30 30O Badlb A0 hebliRa REE, o notfpz 2! ©
rows. Each actuator 15 of a res ectlvé nozzl e as a |rst term nal
connect ed t o anfevay limged to dhedeAds V0 showa ko 1B@8e ¥ énaptlmmﬁéi%wgba@dmv@t or 305,
and a second } I ' an actuator
post 8. 1t wi FTPHaRp bAGGELet e 2 AREnd Peiel e 3", 8700
functions anal ogoligiue ¥chdvser ppinthpddHEAAO ta@BBDg b plutdhity & eozkes 10D 4 he
conductive t&g&»sQQO%t ndd%%%mﬁﬁﬂ%h%%m&?”ﬁpp reﬁ %%nce?%aines llvlrtue of
connections to correspon erence planestn drive
circuitrylo I\/bsmmheg pantdfeozleerrs\tzs 3112Ad1u¢BOABeTherﬁsﬂco&®13tme3rad{ 30écet<ﬂe1ydsconnect ed

to one term of .each actuyator_.so a i de n ce, pl ane
for Coach act URPSE [ PRbeirorepre PRE B BhR o RS Rere daS T ELAR P

apg ; eci at gdf b1 0B ridhlas yalmmkﬁregowm Eﬁdmh aStufitbel Sthf Iﬂa'specﬁvermmu soovhaf] 4 filsi O ns )
and/ or nodi ficat.i e to the sent invention (o] in the
specific enbotarﬂ%(ﬁf‘gm%t%ﬁ%ﬁff %?féﬁ%i‘fi‘f‘i“m;“%f?éﬁ% vﬁ%tr%rﬁmr?etwmﬁcte@&% “ﬁ?‘ t he
invention as REmadMindasednhRed o ANBJETRSEHT IBQLiuiBN oS @ Ft&yill theefrf e, to

be considered in all respects to be 25illustrative and not restrictive. 36

Clains: & mplieﬁk%thatﬁhq it CABredans gralogowipie thegriathed b BPS indlf a dri ve

circuitry |ayghs (nphPEiHidive ¥aRl 303044 '3 ) RSAE HnRA rdbrsiRe @@9@5%9 vitle YPPer
surface of said substrate and arranged in one or nore nozzle fows extending

| ongi t udi nal | pnRECERTy taseprresppRding TlsErHCe Rdanenin hagerly B SYKEHIVY CE@r i si ng: a
nozzle c haanvlgﬁag\é& e fﬁstfclnﬁfa&wg Ghdked 1sl%b{rea@7' HndPPEL oﬁy{eﬁﬁ‘lﬁﬁ of &ch 00f spaced

apart from sai | oor, an actuator for e ecti ng 1 nk froma nozzle
openi ng defi rp@t]laﬁonsogaaiqprqb‘o@fq common reference plane for each actuator in both nozzle rows

20 302A and 302B.

It will be appreciated by ordinary workers in this field that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to be

25 illustrative and not restrictive.



10a nozzl e plate extending across said printhead, said nozzle plate at

| east partially defining said roofs; and at | east one conductive track

di sposed wo 2/d0T66221 € pl ate, said conductive track extremiuzgl0/001292

| ongitudinally along said printhead and parallel with said nozzle rows,
wherein said conductive track is connected to a common reference plane in
said drive 15circuitry layer via a pluraddty of conductor posts extending
bet ween the driuwR: circuitry layer and the conductive track. 2. The inkjet
printhead of claim1, wherein said common reference plane defines a ground
pl ane or a power plane. 20 3. The inkjet printhead of claim 1 conprising
at | east one firstanGRRAdWEhVAR binfsding: Wherein said first conductive track is
directly connected to"a plurality of actuators in at |east one nozzle row
adj acent said first cohtgmtamMprgeks dPSAITHEY [3i%] et print head of claim 3
further comprising at | gastinQRRSRANALAQUMEEE Yhat iREKuriliakelin sai d

second conductive track i Irectly connecte 0 any actuators.

The i nkj et priubttisgadd efangdinwndor méte nedzly rew ektdniding fongibrrchadly lpeg sapdack
extends conti I I i nt. I ovi

ref erence pl adr}i}é{a#%df X%Cgél ﬁ%o%%é‘f %)r {blhﬁﬁg gﬁ nggzrll(gc;hza gerﬁlg%¥é Qg_o@rfﬁgﬁga%% et
print head of seidaipper3yrfasherredfivpsad apaftifrost saglohwbu@bd sreactuate kor epettergdsk
discontinuou%# gl&ggc§9h9 g%kghggggn%g as to provide a common reference
pl ane for a se of “Act’bat'Gr s 'R Sai'd Wozzle row 37 7. The i nkj et

print headiof claim 3, amerlephtddiending sdross edidipidiithoad, shilaoksld datpadedsi oned

bet ween a regPechgéelﬁair.of nozzle rows, said first conductive track
provi di ng t he EBHHEHT S8l pf ane for a plurality of actuators in both
nOZﬁI e rows of ht he p?l dt leabt onSan'Hhéllivg_ﬂkék&Iispps’eidl’(bh bz&didozgfe plt@bdid a%n_dmfﬂi@é ein
each actuat or s afirst termn I.rect connectea to, sal I rst
conducti ve ¢ riEEk g asikdibel el vy p%ilﬁy%é&? rll i Zq? HWSi stor in
the drive cirenbrdif Yaid @y@ictivd @2k Th@nhdatel & a @nidnheReén&f pisledt Middriveher ei n
each roof conprises at | east one actuator and said first term nal of each
actuator 15 cHRHEY e Hive Blgralf Fardueteriae eriglingbapwecy he deiyeisyigy dayer
connect ors ex,emdidankfiansyer sely across said nozzle plate relative to said
first conductive track. 1510. The inkjet printhead of claim9, wherein said
second termnal is connected to said

2. The inkjet printhead of claim 1, wherein said common reference plane defines a

ground plane or a power plane.

20
3. The inkjet printhead of claim 1 comprising at least one first conductive track,
wherein said first conductive track is directly connected to a plurality of actuators in at
least one nozzle row adjacent said first conductive track.

25 4. The inkjet printhead of claim 3 further comprising at least one second conductive

track, wherein said second conductive track is not directly connected to any actuators.

5. The inkjet printhead of claim 3, wherein said first conductive track extends
continuously along said printhead so as to provide a common reference plane for each

30 actuator in said nozzle row.

6. The inkjet printhead of claim 3, wherein said first conductive track extends
discontinuously along said printhead so as to provide a common reference plane for a set

of actuators in said nozzle row.



drive transistor via an actuator post extendi ng between said drive
circuitry layer and said second termnal 11. The inkjet printhead of claim
10, wher ewo 20m/d0®m6t uat or posts are perpendi cul ar to a 20plaaneiowoidbe fir st
conductive track. 12. The inkjet printhead of claim9, wherein each roof

i ncludes at | east one noveabl e paddl e conprising a respective thermal bend
actuator, said paddl e being noveable towsrds the floor of a respective
nozzl e chanber so as to cause ejection of ink fromsaid nozzle 25openi ng,
wherein said thernmal  bend, actuator co rises per thernoel astic beam
havi ng sai d first Tapikisbrgmisad erding & ef%lﬁ@@@‘@@%ﬁ‘“ﬁ’éé@?kl’ép%%@ used to

sai d thernoel @gfdefa l?é%ﬁé&we%h%f hbale e @a@ﬁf?s%dn@ﬁtttwé ﬁa&%ﬂﬂn% {E Qupehort he

t her noel astic beam 't t her noel astic beam expands rel ative to the passive
beam resul t im§range Mewdorigleplity of aqygtost in Pethpaerd oW ofie Bt he fl oor of the
nozzle 30 gchanber. 38 14. The inkjet printhead of claim 12, wherein said

t her noel asti ¢ beam and sai d conductive track are conprised of a sane
material . 15 Th&he mkjeeprigicahohaan Jovhatiaicrahetusibidrep firss giminplolzzéty pl at e

s corrpri S.ed c%tme%teﬁ% ﬁ[& ffrqt%gﬁtfu ﬁ\l'ead'ack an]d6d seggﬂﬁ tér lﬂafgcton erc][e g&?@gem‘ claim 4,

wherein said drive circuitry layer conprises a r|ve ct

t ransi st or (HEEMMMUnﬂeatweaumUQﬂ@mr each drive FET conpr|5|ng a gate for
receiving a logic fire signal, a source electrically conmunicating with a
power plane, and a 10drain electrically communicating with a ground pl ane,
t he drivelFED.bei Age akjch@intleaé ofodfldaim &, whmmnammEEICmMpmﬁimla@mmeaﬂtﬂaior S

connect ed bet ald drain and said oun a..nFET, wherein said
ot or i o b SR Rl R el Gt RS AN B SRR AT 1 e
i nkj et print heatdveat ceinattons taendiparairstRacidss suid nblzle plste eldpivEb saladiréthe fir st
conductive track provides the ground plane, and further wherein the first
term nal of ﬁWB‘&BWﬂEF is connected to the first conductive track and the
second term nal of the actuator is connected to the drain of the pFET

15 10.  The inkjet printhead of claim 9, wherein said second terminal is connected to said
drive transistor via an actuator post extending between said drive circuitry layer and said

second terminal.

11. The inkjet printhead of claim 10, wherein said actuator posts are perpendicular to a

20 plane of the first conductive track.

12.  The inkjet printhead of claim 9, wherein each roof includes at least one moveable
paddle comprising a respective thermal bend actuator, said paddle being moveable towards
the floor of a respective nozzle chamber so as to cause ejection of ink from said nozzle
25  opening, wherein said thermal bend actuator comprises:

an upper thermoelastic beam having said first and second terminals; and

a lower passive beam fused to said thermoelastic beam, such that when a current is
passed through the thermoelastic beam, the thermoelastic beam expands relative to the
passive beam, resulting in bending of a respective paddle towards the floor of the nozzle

30  chamber.

13. The inkjet printhead of claim 12, wherein said thermoelastic beam is coplanar with

said conductive track.



20 18. The inkjet printhead of claim 17, wherein said second conductive
track provides the power plane and is connected to the source of the pFET.
19. The iwbj2et2/q@oieat head of claim 16, wherein the drivePEEFAU2810000mBET and
the first 25conductive track provides the power plane, and further wherein
the first termnal of the actuator is connected to the first conductive
track and the second termnal of the acttgator is connected to the source of

the nFET. 204, Thent RljeEhritMcadbnNead 10f witdrah WBid@ermtbBSRIbRars dddhagiecond _
conductive track PFOVIdES t he 30ground plane and is connected to the drain
of the nFET. conductive track are comprised of a same material.

15.  The inkjet printhead of claim 1, wherein said nozzle plate is comprised of a ceramic

5 material.

16.  The inkjet printhead of claim 4, wherein said drive circuitry layer comprises a drive
field effect transistor (FET) for each actuator, each drive FET comprising a gate for
receiving a logic fire signal, a source electrically communicating with a power plane, and a
10 drain electrically communicating with a ground plane, the drive FET being either one of:
a pFET wherein said actuator is connected between said drain and said ground
plane; or

a nFET wherein said actuator is connected between said power plane and said

source.

15
17. The inkjet printhead of claim 16, wherein the drive FET is a pFET and the first
conductive track provides the ground plane, and further wherein the first terminal of the
actuator is connected to the first conductive track and the second terminal of the actuator is
connected to the drain of the pFET.

20

18.  The inkjet printhead of claim 17, wherein said second conductive track provides the

power plane and is connected to the source of the pFET.

19.  The inkjet printhead of claim 16, wherein the drive FET is a nFET and the first
25  conductive track provides the power plane, and further wherein the first terminal of the
actuator is connected to the first conductive track and the second terminal of the actuator is

connected to the source of the nFET.

20.  The inkjet printhead of claim 19, wherein said second conductive track provides the

30 ground plane and is connected to the drain of the nFET.



