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| NKJET PRI NTER FIELD OF THE I NVENTION This invention relates to a w de g
format pagewidth inkjet printer. Mire particularly, this invention relates

to a print for a wide format pagewi dth inkjet pri to a
w de formt‘géigé%%‘th i nkj et printer. BACKGROUND CF THE I%@gﬁfgh
vol unme, high resolution printing is an jective that has been sought by

the 10 manufacturers of wide format printers for sone tine. Wde format
printers have been available to the public for many years. Exanples of

popul ar wi de format ' ERADt et 0015000, the

HP 3000/ 3500, the Ep@@?%gwmgﬁgnd manyH I@ﬁ;ersfgmgﬁgri nters all

have a traversing printhead that traverses a print nediumwhile depositing

i nk on the LU ' | ieves that these printers suffer from :

i nher ent ﬁﬂh&ﬂ%@#@ ularly when attenpts are nmade to utilize the

desi gn of such mhisth@nfiod Rlatétd §widOfopakt RYSvilRTAGE fRintd! Motk r@?@&ﬂ*ﬁg?t_ hi gh
hi gh speg S

resolutions. Central to the problem of achreving high printing I's

t he abi | i t yhis invantidngelates to gprintassembly fone wide format prgevad etrpaintergnd toea
necessary nu r_of ink.gdo .a suitable rate. 20 Further, in order to
achi eve ac ?%oém%rqaﬁ%ﬁ%,&%f?é%n esirable that a row or band of the inmage
be created in as little print cycles as possible, and preferably in a

single pri | Kkt 1s undesirable for a traversing
print head %@%&L@H*‘W%MW@ achieve high print speeds and that a
si ngl e pri nt heagigieshme) high legbhation'pirintRg & af\objestivethatiak bedn solght by e | S

required. Therpal printheads also referred to_as bubbl e iet pri nt heads and
pi ezoel@ct manufaghurers plcwide formatpriters fonsame Simee Wids fosmahprintesphave e suf f er

from excesataﬁb%qamﬁﬁbﬁéf&&mﬁggﬁrgg : 1&9@@%&&@& ﬁﬁﬂatnﬁi‘ﬁ&réﬁ}@'ﬁféc ore

been found by the applicant to I tab for use In a pagew dth

conf i gur at HewletiPavkaidHP)1000/5980,the HR 360/3800); thedipsch TQ0A 0409tand pranyit heads
are set out,in US application no 09/526,504. 30 The applicant has devel oped
a print head 'p that is capable of producing images having a resol ution
as hi gh as 1600 THgde prihteassdl] e p fravérsingprintheadtthet eredvetsds frie@iuat while Ci r cui t

Fof er onced RSEBRK pbihe TG ABHE bASFY Balhess SRS e By et
printhead giya@sntigss, patit @AM} When attempts are made to utilize the design of such printers in
order to achieve faster printing speeds at high resolutions.
Central to the problem of achieving high printing speeds is the ability to achieve a
printhead that is capable of generating the necessary nun;ber of ink dots at a suitable rate.

20  Further, in order to achieve accurate printing, it is desirable that a row or band of the image
be created in as little print cycles as possible, and preferably in a single print cycle. It
follows that it is undesirable for a traversing printhead to be used in an attempt to achieve
high print speeds and that a single printhead incorporating a suitable number of inkjet
nozzles is required. _ _

‘Thermal printheads also referred to as bubble jet pfintheadé and piezoelectric
printheads have been available for some time. These suffer from excessive heat build up
and energy consumption and have therefore been found by the applicant to nc;t be suitable
for use in a pagewidth configuration. A number of disadvantages associated with such
printheads are set out in US application no 09/526,504.

30 The applicant has developed a printhead chip that is capable of producing images
having a resolution as high as 1600 dpi. These chips are manufactured using integrated
circuit fabrication techniques. Details of the chips are provided in the above referenced
applications and patents. Applicant believes that these printhead chips are extremely
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*ACTI ONF *166166* WD 03/ 086764 PCT/ AUO2/ 00766 2 suitable for use in w de
format printers. The reason for this is that such chips operate at
extrenely high speeds due to the |arge nunber of nozzle arrangenents
required i | chip and due to the fact that such cly e
driven at gw?’eoé)togoglr;fgl y high cyclical rate. The Applicant hggﬁgg@?lda?ééced
with a nunber of difficulties in order o achieve the effective use of
such printhead chips in wide format printers. One particular difficulty
identified by the Applicant is the effective control of a nunber of such
printhead ghy ; CTHE feBidn'or thikls thaf §fh hte at

I ncor por at éﬁ{aﬁ%fh@gegﬁ%ﬁ@gﬁiﬁ@gﬁ%g&ﬁgﬁd&e&g ng tao%qes ﬁg%rg capabl e
of processexteenxdyhigh sperdgdue tathedarge numbéranf norale arsangemdentswreghired ina spiglesi cal

rate of printing.achievable by a nunber qgf. th ve printhead chjps. 10 :
Anot her di ?l?lpéﬂq?%etpﬁﬁ"t&F%tgﬁtﬁ?th%m%%%ﬁ@?&%ﬁﬁg&‘?ﬁ%&hﬁhfﬁ%ﬁ&a hters are
the problens agroApplicast s berfacdd with 4 surier of Gifficulttes i bidentoraehievs then t he

necessity for expenglﬂ\i/e heat extract id(égpdevi ces that add.to. ihe conplexity

of the pri plfestive ssmiisrsh pyinthead chipyinyidedprmat BrRfeRORopattieylarditiculty, o " of { he

i nvention, jdehiffi& t?fth@ %%Eﬁ%ﬂis%@éﬁd&ﬁv@&%&ﬁpéﬂh fiugdberof sOCK PrihtBédiEthigaagewi dt h
inkjet printer, tHe priht assenbly conprising an elongate carrier that is
nount abl e echievesggyrate prigting: Thiscentsel mustingerparats the pe of effegtivsiimpgmed an

operative di n ' ' d

chi ps.t hat PRPRARETp0te id e Byablebe Brockdifgbidrtd Hiageardtife Mt CorBblols s

provi ded i meq:hpsimgeﬁeaﬂﬁ-imr?gfabMewabldb;rammﬂehrbﬁllhb abd\{egniﬁthead]dﬂps.chi ps define
a printing zon t carrier and the platen. the printi zone

havi ngl® | engt hiﬂ? afmﬁﬁfpc@i{gﬁ)ag ﬁg"gm%g‘ltﬂmﬁrﬁf?w‘gﬁmw &G “hi p being
of the typgrdblts dsseRitdtd i Réat Build wii. Thislorn oftén ReeuEineheticcasiye fartkpensivech
nozzl e arrangenent being in the formof g mcro el ectronechanical system

. 19 m.C
to achi eveheaiextsgction deyicesithat add to the compleity,of the PRI genent . and cont r ol
circuitry that is positioned on the carrier and is operatively connected to
the printhead chips to control operation of the printhead chips. According
to a seconSUMM&RYGIFTHEmHMQ&], there is provided a w de format

i dth i nkj - - _ "
L i L e e G L

oper at i vel widé fofméitgrapewidthtinkjeiprintdrathe print dssenyibly compristrenbl y  conpri si ng

an elongate carrier that is mountable on a support structure of the printer and is

positioned an operative distance from a platen of the printer;
~ anumber of printhead chips that are mounted on the catrier, the printhead chips
20 being provided in a number and configuraﬁbn such that the printhead chips define a
printing zone between the carrier and the platen, the printing zone having a length of at
least 36 inches (914 mm), each printhead chip being of the type that incorporates a plurality
of nozzle arrangements, each nozzle arrangement being in the form of a micro
electromechanical system to achieve the ejection of ink from the nozzle arrangement; and
control circuitry that is positioned on the catrier and is operativély connected to the
printhead chips to control operation of the printhead chips.
According to a second aspect of the invention, there is pfovided a wide format -
pagewidth inkjet printer that comprises
a support structuré;
30 a platen positioned in the support structure;
a print assembly positioned operatively with respect to the platen, the print assembly

comprising



WO 03/ 086764 PCT/ AU02/ 00766 3 an elongate carrier that is nmounted on the
support structure of the printer and is positioned an operative distance
fromthe platen; a nunber of printhead chips nounted on the carrier, the
print head | j ng provided in a number and confi gur aty s gldfolel hat the
printhead c P%gmffgﬁ ne a printing zone,between the carrier an'gﬂt Ehe pl at en,
the printing zone having a length of at |east 36 inches (914 nm, each
printhead chip being of the type that incorporates a plurality of nozzle .,
arrangenments, each nozzle arrangenent being in the formof a mcro

el ect romechani cal_sysbRALhOCARKRM s BB 6 ooyt slbtmle Tl frneraad | e
arrangenent; and 10@:%‘?}’ 0 c%ﬁ%}éﬁélf'?sry that 1s pg%ﬁti oned on thﬂg&carri er and
i s operati vel yispositontd an operativh distance fromcthe plateps t o control operation of

the printhead chips; and a fee hani sm t ol kel ] 1he support -
structure for feedi A& of printhgadic ?ﬁ'ﬂﬂ%ﬂ&ﬁgiﬁ‘%ﬁﬁeﬁg&%%{. ﬁ‘ﬂe

i nvention i s newng9s6Addaad a nibsaid ebnfiptastivhenchihitthe pfistherdchips defitecn
acconpanyi ng draw ngs. The fol | ow ng dc?%%r'h%ti nis.not i tendeij to |imt
the broad scop@rintng zone bghveen the¢arricf gnd BRP, “D%S@QPW@QG%@%E NGS

In the draw ng Is ?’Wéacﬁ BRABERIS beinp bf e typetis ifedipordtésew Of
part of a pri ntiltlr?é&r?géﬂéaﬁ%lgg%dfﬁg "a prpi'i%t asg%gbbfy,g I n ag:cqrdanc?ovm'th t he

i nvention, of a phuralityef nozdlsurangenents ealynoszlparangemsat beingdnthedarm ef ure 2

h f I, f.th I Nt ' | Q4G ' ' 3 sh
ear view of 1 GO R ALRERTEBAMRIAR, oot fony e ° L10CS

I'Smo ure Igure 4 shows a three
di mensi onal , exu@ngementiiaady of the printer; Figure 5 shows a schematic,

t hr ee- di nensi onal vi ew Qf ,operatiyve rts, of .the. pri,nter: . Fi hows a
schenmd0i c, expl oded WP%&ch'ﬁFﬁg‘abFimg@P?eqﬂ?ng%? gate Wgﬁgée%ugh@#éﬁegfeﬁsi de
secti oned vi ewtgh,eaprgﬂ{gaaempgg‘ocbheolmﬂeﬁﬁeﬁofﬁepﬁﬁmeiwp&thmg the print

assenbly; Figure 8 'shows an expl oded view of an %Eﬁrat{?\}'/ ortian of the
printing necharsfeed mechagismehs isprsitiongd op Hresuppart §ticture &ﬁﬁ‘ﬁgagﬂnbperative

portion of \Lhe Mdudhitipridlig Yoy, Sm WO 03/ 086764 PCT/ AU02/ 00766

The invention is now described, by way of example, with reference to the

accompanying drawings. The following description is not intended to limit the broad scope
of the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings,

20 Figure 1 shows a séhematic, three-dimensional view of part of a printing mechanism
of a print assembly, in accordance with the invention, of a printer, also in accordance with
the invention;

Figure 2 shows a front view of the printing mechanism of Figure 1;

Figure 3 shows a rear view of the printing mechanism of Figure 1;

Figure 4 shows a three dimensional, external view of the printer;

Figure 5 shows a schematic, three-dimensional view of operative parts of the

' printer; : '

Figure 6 shows a schematic, exploded view of the printer;
Figure 7 shows a schematic, side sectioned view of a portion of the printer

30 incorporating the print assembly;

Figure 8 shows an exploded view of an operative portion of the printing mechanism;
Figure 9 shows a cross sectional view of an operative portion of the printing

mechanism,;




4 Figure 10 shows a high-level block diagramof an inage processing
apparatus of the print assenbly; Figure 11 shows an expanded bl ock di agram
of a page expansion unit of the image processing apparatus; Figure 12
shows a bl l.agram of the inmage processing apparatus i jng the
page expangf(gwqq?gﬁf‘; Figure 13 shows a schematic, three- d??r@%‘g%@g#wvi ew of
part of a printhead chip of the print assenbly of the printer, show ng one
nozzl e arrangenent of the printhead chip; and 10 Figure 14 shows a
schematic, three-dinensional view of a printhead nodule that incorporates
a printhead chi 1 e pld i dgfrand bFarl iNXENIbELYsihB appadithiCorthe

ref erence nurrelfd;%m Qiaér?grga y in??-cate a print egé,\gi n acgoﬁr:%ance wth the
i nvent i on prihhassemblyt er 10 has a support structure 12 that supports a print

Support st uct £ 5t SR 8P apdbibtk Bl Ay Bpa By Wil o T
ext endi ng i afsdf 16. The print assenbly 14 is nounted on the |egs

18 to span the legs 18. 20 A fa tr 20 i s posi.tioned between the |egs
8. The'mud o Egye Kshawsadlpokipeaan of e Sagorbsing sERaRS HOOROAMLEE such as

paper 22. l,_h@a')gg Rﬁz[us%%dn?t-fed froma nmedia feed mechanismin the formof a
medi a rol Itﬂ-l %t rough the print assenbly 14 and on to a take ug. sp%ool 24.

An el ectroni cs Figuré b3 shawsagchematig) theeeptimpnsionabyiew of putef & printhead ¢ to
encl ose vayious el I Ok Jﬁ%f] rﬁ%f." (g hfe% QWchiphe print
assenbl y %‘P?@Iaﬁsgggﬁ%gﬂl}'%p%&%%ﬂﬁgoian g ggg%lgo; rc%%t%ecoSeig’ 32. The
. lid 28 aaAd front cover 32 are positioned between a pair of end nol di ngs
34. The print sembly 14 al so includes a color. TET L 6, W ch
screedl navi gatﬁﬂ‘igtfﬁgg‘{w sﬁﬁ?‘?ﬂ?’ %?ﬁﬁmﬁ?%‘?}mg%%%saf%‘%%d%‘%@ g&dser to
stop operqﬁé&poﬁsabﬁnmwpﬁo assenbly 14. The print assenbly 14 and its
various conponents are shown in further detail in the remaining Figures.

WO 03/ 086764 5
DETAILED DESCRIPTION OF THE INVENTION

In Figure 4, reference numeral 10 generally indicates a printer, in accordance with

the invention.

The printer 10 has a support structure 12 that supports a print assembly 14, also in
accordance with the invention, above a substrate. The support structure 12 includes a pair
of spaced feet 16 and a leg 18 extending from each foot 16. The print assembly 14 is
mounted on the legs 18 to span the legs 18.

20 A media tray 20 is positioned between the legs 18. The media tray 20 is configured
to store suitable print media, such as paper 22.

The paper 22 is fed from a media feed mechanism in the form of a media roll 166
through the print assembly 14 and on to a take up spool 24. An electronics enclosure 26 is
also positioned between the legs 18 to enclose various electronic components that are
described below. | ‘ _ .

The print assembly 14 includes a lid 28, with a handle 30, and a front cover 32. The
lid 28 and front cover 32 are p&sitioned between a pair of end moldings‘34.

The print assembly 14 also includes a color TFT LCD 36 with touch screen
navigation. A stop button 38 is also provided to enable a user to stop operation of the print

30 assembly 14.
The print assembly 14 and its various components are shown in further detail in the

remaining Figures.




PCT/ AU02/ 00766 In Figures 1 to 3, reference nuneral 40 generally indicates
a printing nechanismof the print assenbly 14. As can be seen in the
drawi ngs, the printing nechanism40 is segnented. In particular, the

printing | 40 i ncludes an i mage processing appar j
mtﬂﬂb@% vk Morss

accor danc he invention, that includes nine printed circuit boards
(PCB' s) 42 connected to each other w th?correspondi ng connector bl ocks 44.
The printing mechani sm 40 further includes a printhead 41 havi ng . -
seventy-two printhead nodul es 46. Each PCB 42 is configured to contro

ei ght printhea dul 6 fallo [ 'S vagded.
The printhead ﬂ%g'fﬁméeéelztg%&eéé C&ar 3é|¥j"47(|) %@SP?#&?&%@F ﬁg%glaglv?/af s%oéfgach
PCB 42 i nghdipigs adsepibly 14, 9a0ian be seentin thieldeawigRFih prstinglinech@ismat048 are al so
described in further detail be]qw Ea}%rﬁi PCR .4 | so.includes u% menory
storage deogmented; In particyantherprinipgmechapispisil 1y H&ﬁ'ﬂ‘f’émqur?‘?ﬁﬁ ly in the

formof 6 ' ta25HBAnc LR 15 thiéntiaR); that e 1ddBMne pined clrbuitlwandy at e with
the PEC 4 n Eéls%r?ﬁéer that is descri bed bel ow. Fu?t her, each PCB 42

i ncl udes APGBAY)i4R\connrctedrio pashtothen withsprrespppdingconpegtorblacks g suitabl e QA

chip are set ouf in.tl ?g%ﬁ : la o dthel P EifaviNeb&iy-twd no.
09/ 113, 053 and e@n[n%lgge ore %@@ﬁ%ﬁuﬁa hi's descri ptlgn. he QA chip

52 serves printhead ddules 46 aBech POB4Xis corifigutediig cantrol eight printhead mednles 48kdbcr i bed

in 09/113,053, in addition to _other _ B uality
of print rfﬁﬁ?‘é’ls ﬁ’é‘%ﬁmﬁdi’bh ﬁ#earﬁ Pfor’ﬂ@' %rb%gﬁ%méﬁg%oﬁmgwg%ﬁc udes a
serial conpegiwdlow4 that-permts serial data cables 56 to be connected to
the PCB's 42. Each PCB 42 is connected to ifs ocj ate ti nt he nodul es
46 with a f|exiEﬂcbPM@QIU@WWFW%@“HB@M@@%&%“F%@&&&“& t al
chassi s 60 a‘ﬁﬁeﬁ% s pasw. a pair of side noldings 61 that are

I'n e end no

posi tione Ings 34. The PCB's 42 are npunted on the chassis
60. The chassi sEb RCB:42alseincludey amemerysinsege devicaindhe formypf memorueiE: 62 of

an Invar all.oy is_Rositil Aotk %9 TheDRAMGHBE Of a
pl astics nﬁidéi(?‘glpa&s?%}o%lg I?Iplﬁlg rtgse}ga %ﬁrfaahg&out. s@é‘%éﬁgﬁc hassis 60 agd t he
channel 6250 EpbrafeGRith the PECA intaglanner thitds desarieddelomi- di ng 64. 30 The
chassi s nol di ng_ 64 defi air, of r . st t he
chassis nol di F op PR A Eihicef ol ELRRER PR QAT RS2 DpEe T,
64. A busbgfiafie O£ chipQse det Oitas tHenberreferencaUnited. Stabeapplisdtionmnob8 ar e
configured to susppl y electrical power to . the ,PCEi;hs 4‘3. V\Q 03/ 086764
PCT/ AUO2/ 0097&E3,053 and are therefore not set out in this description. The QA chip 52 serves to
inhibit unauthorized refilling of ink in the manner described in 09/113,053, in addition to
other functions such as ensuring the quality of print media used with the printer 10.
20 An endmost PCB 42 includes a serial connector 54 that permits serial data cables 56
to be connected to the PCB’s 42.
Each PCB 42 is connected to its associated printhead modules 46 with a flexible
PCB 58.
The printing mechanism 40 includes a metal chassis 60 that extends between a pair
of side moldings 61 that are positioned in the end moldings 34. The PCB’s 42 are mounted
on the chassis 60. The chassis 60 has a generally U-shaped cross section. A channel 62 of

-

an Invar alloy is positioned on the chassis 60.
A chassis molding 64 of a plastics material is posiﬁoned on an outside of the chassis
60 and the channel 62. Each PCB 42 is mounted on the chassis molding 64.

30 The chassis molding 64 defines a pair of recesses 66 on an outer side of the chassis
molding 64. The recesses 66 extend a length of the chassis molding 64. A busbar 68 is
positioned in each recess 66. The busbars 68 are configured to supply electrical power to
the PCB’s 42.



6 An ink reservoir assenbly 70 is positioned in the Invar channel 62. The
ink reservoir assenbly 70 includes an ink distribution arrangenent 72.
Each printhead nodule 46 is positioned on a respective ink distribution

arrangenmen{ 72. |ln particular, each printhead nodule 46 }s./k |y
nount ed onR‘Hé’qsﬁ{%“di stribution arrangegent 72 to facil i%g’{/‘éﬁ@%al and
repl acenent when necessary. The ink reservoir assenbly 70 includes a

plurality of ink reservoir .noldings 76. Each ink reservoir noldi.ng 76
corresponds with an associ ated printhead nodul e 46. The ink reservoir

mol dings 76 ar e, pagirde %ﬁy%ﬁgg?ﬁ&&ame%mlemeﬂ >ThHR' channel

62. Each ink reservoir defines a plurality of elongate ink
channel s Téseresicissembly 76 irctudes atmink digtribution aangement 72oEacheptinthelad mbidule,

effective gl.ongaj.e i,nk channel s_.ext . | enat h he .l nvar channel 62. -
An end cap Pgﬁlhﬁne%miw& vteina}ﬁéatﬁgﬁnognnmgﬁée%e& %l'rhipg‘gg'é § nol di ng 76.
The end Gantieal thodbile 4% i§femovally wiobhted ¥n &t inkalisnsinition ettt T t her eon

and in al itgnr{ent with respective ink channels 74 when the end cap nol di ng
78 is posi W@F@&jfemw%laﬁnéf@gﬂ?ﬁ@%‘itwmﬂnm&a@f‘voi r nol ding 76. The connectors

80 are connect wgqnfcgeéaooﬁa&e GOGRMRRE b Plurdly of 1A resbVbir IR EngPPGIECT OF 82

i's, in turn, connect to each of a plurality of ink hoses 84. It follows
t hat each Eashdnlgrséryoir molding 76 cooesnondxwith amasgpaistediprintbeadanodple 4:behannel

74. Each . ' A VOl YPY/ ' ' a
parti cul apﬂ%g?sglﬁ'_o “&%@&é%%g&%‘%e{%g%&’%f @gﬁﬁ%rg}g% °§%‘f”%‘3§*‘%ﬂa%gé nt a
(M, Yell dBachYk esetviit anldifg<)6 defikes a plesfityodifielonpate inkchiimeds 20 eachse, f our
hoses 84 are proyided.,Als each, r I VOI ol di ng, 7 efines four ink
channé®s aFﬁ?’gHog@Pﬁeﬁ UrsHY Mi@’uﬁ’ff@ﬁﬂ%c‘g? teé@&%’a(nﬁ‘r}l,s e’f\’ﬁﬁéejﬁt a (M,
Yel I ow (Y)lengfg df the)linvar hi@6él 25) and Blue (B) inks, respectively. In this
case, six hoses 84 are provided. Al so, each reservoir rmlgg*(gggz?)g t hen

defines six i nkARfei¢gIRolding 78 #ﬂo@aen%#own@ﬁtmww AR TARs, the
si x _hoses d&é cﬁﬁﬁw‘ftﬁﬁ%? %{ﬁl{ﬁﬁﬁé’tﬂo’f’ éﬁE&%Qb&ﬁﬁé&@eﬁmaﬁiﬁ'aﬁ%‘ﬁsﬁéﬁﬁ wifh) for

hi gh speed prihting inks can dry rapidly. Each hose 84 is
connect ed respeativecippchannele 74 mihen thetend papr mgldingHi8dspasitned on saifl gndraest ink hose
84 is connected b ' i.ne | ' nnel

74. The eSO BRIBEET Mo thiaio spallonilsitlo iy B GLE Uorlooo o BT

T- pi ece cainkhesedonnéfors2asyin tuini) cobnrgoted tdeach Of Aplaratity oftinkheses B4 \it followsc| udes

a plurality of ¢ i deyi.ces 88 .that correspond. wW.th respgctive

pri nt head tﬁﬁ'&&?‘éggﬁéﬂqﬁﬁiﬂ@m}wcmwe %SF%uv&i%fmg&%eﬁﬁ%’t%%ﬁ‘l an
operative s%?ﬁﬁésitﬁ@idk&egeﬂioﬁhsée&nbgewwh ik of aPaiticelaF @AGEPbr ekample tHelhosed
nodul e 46, TO inhibit drﬁgng of in and an inoperative positiaqn |,£1 whi ch

K
i nk can beS4gancary Cyrm(R): Magonta An slowne banddiackdK) inks; teepestivly:ds thi

20 case, four hoses 84 are provided. Also, each reservoir molding 76 defines four ink channels
74. Alternatively, the hoses 84 can carry Cyan (C), Magenta (M), Yellow (Y), Red (R),
Green (G) and Blue (B) inks, respectively. In this case, six hoses 84 are provided. Also,
each reservoir molding 76 then defines six ink channels 74. Instead of six differently
colored inks, the six hoses 84 can carry CMYK and Infrared (IR) inks and a fixative (F) for
high speed printing so that the inks can dry rapidly.

RBach hose 84 is connected to a respective ink container 86 (Figure 5), so that each
hose 84 is connected between an ink container 86 -and a particular ink channel 74, The

hoses 84 are connected to their respective containers 86 with T-piece connectors 94 shown

in Figure 1.

30 The print assembly 14 includes a plurality of capping devices 88 that correspond
with respective printhead modules 46. Each capping device 88 is displaceable between an
operative position in which it serves to cap its respective printhead module 46, to inhibit
drying of ink, and an inoperative position in which ink can be ejected from the printhead



7 nodul e 46. A canshaft 90 is positioned in the chassis 60. A translating
menber 92 interconnects the canshaft 90 and the cappi ng devices 88, so
that rotational novenent of the canshaft 90 results in reciprocal novenent

of the capp | ces 88 between their operative and in |
posi tions. wg’“gg%éhaft 90 is driven with a suitabl e not o?,e’i{An ?/}é@ 6ed

generally at 96 in Figure 5. Further defail of the print assenbly 14 is
shown in Figure 7.. As can be seen.in this drawing, the front cover 32, the
lid 28 and a rear cover 98 together define a housing 100 for the print

assenbly 14.,10 plurald &y of .i.nk cantridges,l i osition beneat h the
lid 28. Eﬂcﬂj“?en -&‘i"ﬂ’ﬁ”&ﬁ%ﬁl‘s fﬁ?hg?egl‘ggwghg‘gg%ot 8@%&@“&?@%&3@% above.
Each inE Qﬂtéfclbhﬁ@g tﬂ@&msm 'BanWbﬂdméeiEbph%tdm es 88, s thiat ro@efltigghhﬁgvehﬁﬁt 60 that

it can be replace en necessary. Each i cartridge and a_ respective:
i nk reserm&n@gafé?%@ﬁtﬁmwrem?‘&%ti gﬁ‘e\féﬁﬁﬂ%ﬂ% es BB detwegmthein he i nk
cartri dge ohBdtivSaddiacerdtide PSsiNGRN the clips 104. A pair of platens, in the
formof an“upper platen 106 and a | ower platen 108 is positioned within

t he housi ng 10The camshiaft 981s drinen adthor suitable motor) indicated genegallyat 86 of Fignreupper
primary r@ ler 110 and a lower primary roller 112 is provided to displace

t he paper 22 through the print assenbly 14. The upper roller 110 is

positi oned at &orthgrgetail efithe piint d&ssemipliy 44 ésshodf G Fix0e, 7. Asicar bt keenlintes rol | er

112 is posj ti.on et ween l.agens 106, 108, The 20 _rollers 1 112 are
confi gur egl“}"&“&relﬁ?/gmﬁ CaYFE é%’t}g? Hfl 2& a’b‘iﬁﬁa‘ %°!°553eﬁ°§°‘§€frfg§eafl %h9'é‘|“§g, }&@F nner
sur f ace ofthd pntlassemblydldat en 108 and an outer surface of the upper platen
106. Thus, the paper 22 passes over the upper roller 110, while the | ower

rol 1 ed0112 is Porlprefitind dnksartidess 102 ivRasitiope m%m%&-ﬁaﬁbmk@fpési i ons
of the papgss oﬁeEfﬂéthk}ﬁfenﬁénaa'awéhhahmu&ﬁfgpﬁ@mnw&t@wa ng

100. The brush 114 has an arcuate transverse at corresponds with
t he upper ppiriofreligs 104iso that it ¢an benieplaped wheninedessary. Haok intki carteidgs 102 dnd ahousi ng

100 =0 b M RaRleit 6 BRARSSA LA B0 o A 8,017,
agai nst t leertridge(lOR igweceivedibetvaden dlie dip® 104.hus, when the paper 22 is displ aced
o Dot e el o s b otP Bl SRE et e BT
106 defi n?_ésiﬁﬂnédﬁtlﬂﬁn the hBasing 1000 ASpairdff spatdd Brim@MQ611&S b the SorkO6Fan upper A 9ap
124 is defined between the upper and | ower printing zones 120,122 A
pl ural i t y Prmagayoligti§and alower primary roller 112 is provided to displace the paper 22
through the print assembly 14. The upper roller 110 is positioned at an upper end of the
platens 106, 108, while the lower roller 112 is positioned between the platens 106, 108. The
20 rollers 110, 112 are configured to drive a sheet of the paper 22 over, consecutively, an inner
surface of the lower platen 108 and an outer surface of the upper platen 106. Thus, the
paper 22 passes over the upper roller 110, while the lower roller 112 is positioned between
upwardly and downwardly moving portions of the paper 22.
A brush 114 is pivotally mounted at 116 to the housing 100. The brush 114 has an
arcuate transverse profile that corresponds with the upper primary roller 110. The brush 114
is positioned in the housing 100 so that the paper 22 can pass between the brush 114 and
the housing 100. ‘ - '
A pinch roller 118 is positioned downstream of the brush 114 to bear against the
upper primary roller 110. Thus, when the paper 22 is displaced from between the brush 114
30 and the upper primary roller 110, the pinch roller 118 retains the paper 22 against lateral
movement.
The upper platen 106 defines an upper printing zone 120 and a lower cutting zone
122. A gap 124 is defined between the upper and lower printing zones 120, 122. A plurality



8 PCT/ AU02/ 00766 of spi ked wheels 126 is partially received through the gap
124 to engage the paper 22 and the |lower primary roller 112. A crossbar
128 is operatively positioned with respect to the spiked wheels 126 to
retain the spiked wheels 126 in position. The spi ked wheel t he
pi nch rolléygfygwgye configured so that a suitable tensionﬁ?éﬁg%ﬁﬁﬂg in the
paper 22 when the paper 22 passes over & he printing zone 120 of the upper
pl aten. 106. The chassis 60 and channel 62 are positioned above the printing
zone 120 of the wupper platen 106. The chassis 60 and the channel 62 are

ted t i spl t . mechani sm 12 t t he chassis 6 d
channel - 62otaken tReiE 196 Hartaly ar pited Hop b e eie, Do Pogresmimper 2y 1 1
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t he channel 2. The displ acenent chapi s 9 i.nc) udes . a canshaft 132 and
a pusher 1mechagism 12339 aﬁba’f%s {5‘?&43&5@31 ahe &4l fropyshe, peintinge

channel 62,650 100 #hen hdResafy? tipdraculff the @Rassid 60 eAdEALL 623 disPRcdaBRSSI S 60

and channel 62 are displaced towards and away fromthe printing zone of

t he upier Bstwean-anpperativppesitiondnavhighthe printhaaglgnedules46: ase a distanoefromdle above

t he upper pi .hat. ' I ved. bet. the upper
bl at on 106 Apre 208 5 Gficablitor AR pifad PSSy R o SR b,
138 i s npu22 carl bemeledsed fromethe plintingeoh®820.0 be partially received through a
Qonfi gur ed and PSShHeG AR 5BuR) SEuEeHuER 1 oAU SPRa LD SOyl 1
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30 housi ngnd GRkéePRNERIs 128 a?é’&ﬁsbl&&dzﬁﬁiﬁ’ttk%%g&fplétﬁﬁlmgéthﬂj witteihe thfsis §be

cutting nechanism includes a cutter 146 that traversSes the paper 22 to cut
t he paper @8 thef¢haneel62i ng mechani sm 142 includes an optical sensor 144 so

that the cutternldf 200G SERARRGH 196 Elddbs 5 EAGMGR 139 s B3U2E P L the

PCT/ AU02/ 00766 ,
pusher 134 is connected to the chassis 60 and the channel 62 so that, upon rotation of the

20  camshaft 132, the chassis 60 and channe] 62 are displaced towards and away from the
printing zone of the upper platen 106. )

Upper idler rollers 136 are rotatably mounted above the upper platen 106 so that the
paper 22 is received between the upper platen 106 and the upper idler rollers 136.

A lower, sprung idler roller 138 is mounted on the lower platen 108 to be partially
received through a gap 140 defined in the lower platen 108. The sprung idler roller 138 is
configured and positioned to bear against the lower primary roller 112, Thus, an upwardly
moving portion of the paper 22 is gripped, and passes between, the lower primary roller 112
and the sprung idler roller 138.

The print assembly 14 includes a cutting mechanism 142 that is mounted in the

30 housing 100 above the cutting zone 122 of the upper platen 106. The cutting mechanism
includes a cutter 146 that traverses the paper 22 to cut the paper 22. The cutting mechanism
142 includes an optical sensor 144 so that the cutter 146 can be stopped when it reaches an



9 end of a cutting stroke. The cutting zone 122 defines a cutting formation
148 that cooperates with the cutter 146 to facilitate cutting of the paper
22. As can be seen in Figure 6, the print assenbly 14 includes an air

impel ler 1 gﬂ notor 152 to drive the air inpeller 15 g '

I mpel | er 13802 @ggtto generate an air current within thegﬁgg ﬁ%@h%oo for
cool i ng purposes. An air filter 153 is & so positioned in the housing 100
to filter the air passing through the housing 100. The air inpeller 150
also serves to generate the air current to a sufficient extent to mnimze

i gur o 50 Fiagotihe sfPp. HF PR 7 801 Skt bRt 148 oo bow 154
that is nmuoopedteswith the andee146lfodacilitace apetinpgladthelpaperr2r] bracket 156 are
positioned on o th.one of the_end nol dings

e of the legs 1 nd .cover i .
e o i e A catibesboniniideues 8,156 prmiaseie 14 incindy an tir bupsABLISOAR g augh
the print ASReTs b dibve th BF inffellERL500TRE P tmpeRér 150 Rpwk td Qiterkd 4h di'e housing

100 and extends between the 1egs 18. The printhead bracket 157 provides a
support stqugeniwithin ghe hovsing 186 Sorsoeling:piaposes Amnair fikker 153 isalpo positiopediinbr acket

157 al so | r leler.. rgll 136. The
housi ng 1%8&&%%838@8%&8? ?%gﬂ%%ﬁ%tﬁg&l nfghte?@gﬂﬁgtrféop;@g g‘géméﬁﬂef §é§?}§°per 22
into and semtes of genbmtenthe air caseare ndh yuffidientexeat toohintiive thebuildaprofdastall v
nount ed on,a t.itg [ %-go hat extends between the |egs 18. The feed

roll ers 162°BM¥ b’%:‘P? et so that the paper 22 20 passes over the feed

rollers 162 wheAs daRguftiRR®€ steh ih Tihuird16,ahé Prdmaryirollerf $ 8GR, 1D Yreldnnecttd®o 41 © bar
160 al so serves _a,structural c%urpose ip that it provides structural

ri gi difly t852toq% 1pf that ismaunted qn afrgcket 15 Jihe gearbaxsko4.and brasket BI&E mount ed on
A . rot unted
the upper gisfoRéd diPbne ﬁgeed rég§f@a{@&v@bﬁmﬁgﬁﬁgﬁd%@%?‘hﬁuﬁ at the

paper 22 passes over t I Scharge rollers I's fed

from t he primary solleeniliOy 1 12iseredpidriva therpaper22 thtough 8@ paintlasstmblydhe up spool
24 are driven wj L& af P4 ;o dL L I Kk spogl drive
notor 170, res&@ﬁ?@é@&%ﬁegﬁtﬁ%#lﬁﬁegqg&‘%rw)égggg&?ﬁ@%fg'é@s§%8€9e'?’°suppl y
unit 172 tlegs 18. Thepdntheadteatken] Imoeidess suppore structure ferthis €haséls 607kl pover
pover  supbgRne e T anites kel 187 pBP praries A Epor ST HhReanis aR: up
to 90Aps rdflersaBe.be drawn fromthe power supply unit 172. The power supply
unit 172 is connected W th Bower cables 173 to_various conponents of the

printer 10, suctedousinglQhisishepeddp defmeppopering 128 fanppispen ofdhepappioldantes wi t h
requi red qR@'oRt bAREpriftMREekibly YOFS RHRAOH2 RleToftidty AREREA of @ tie bar 160

that extends between the legs 18. The feed rollers 162 are positioned so that the paper 22

20  passes over the feed rollers 162 when the paper is fed into the print assembly 14. The tie bar
160 also serves a structural purpose in that it provides structural rigidity to the printer 10.

Discharge rollers 164 are rotatably mounted on the upper platen 106. The discharge
rollers 164 are positioned so that the paper 22 passes over the discharge rollers 164 when
the paper 22 is fed from the print assembly 14. :

Both the media roll 166 and the take up spool 24 are driven with a media roll drive
motor 168 and a take up spool drive motor 170, respectively (Figure 5).

The printer 10 includes a power supply unit 172 that is positioned in the electronics
enclosure 26. The power supply unit 172 is configured to be powered by either a 110V or
220V power supply. Further, the power supply unit 172 is configured so that up to 90Amps

30 can be drawn from the power supply unit 172, The power supply unit 172 is connected with
power cables 173 to various components of the printer 10, such as the various drive motors

to supply the components with required operational energy.



The printer 10 includes an ATX notherboard 174 that is also positioned in
the electronics enclosure 26. A printhead interface card 176 is nounted on
the not herboard 174. The printhead interface card 176 is connected to the
nine PCB's 42 with suitable data cables 178. Thus, convenjd | nt data
supplied t VQ 98T er f ace card 176 fromthe not herboard %?@%IO%&
converted into a suitable formfor readlthg by the various PCB's 42. The
printer 10 includes a hard drive unit 180. Conveniently, the hard drive
unit 180 can have a capacity of 40 G gabytes. This facilitates the storage

f entire i to, i nf ed, h dri it 180 j ted t
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referenced applications and are erefore not provided in this description.
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printhead nodul e 46 incl'udes what are known as on chip fiducials 258. The
on chip fdigited teanalopegsignal convassion.al |y in the formof markers to facilitate

ey b e ey P M RBRAN el 1B BB 14
detail in dontroldpesation ef theevarieus driyeapgbns apd theTFT LCD. Details of such control are -
20 set out in the above referenced applications and are therefore not provided in this

description. The motor and LCD controller PCB 182 is connected to a cut off switch 184

that is, in turn, connected to the stop button 38 so that operation of the printer 10 can be

halted. '

As can be seen in Figure 14, the printhead modules 46 each include a printhead chip
186. The printhead chip 186 can be in the form of any of the printhead chips described in
the above referenced applications/patents. Each printhead module 46 includes a carrier 187

in which the printhead chip 186 is positioned. The carrier 187 defines a suitable connection
zone for the flexible PCB 58 associated with the printhead chip 186. Figure 13 shows
a schematic diagram of part of a printhead chip 186 that is suitable for use in the printer 10.

30  Bach printhead module 46 includes what are known as on chip fiducials 258. The on chip
fiducials 258 are essentially in the form of markers to facilitate accurate alignment of the
printhead modules 46 in the print assembly 14.



no. 09/112,767 and will therefore not be described in such detail in this
specification. Briefly, however, the chip 186 includes a wafer substrate
188. A CMOS drive circuitry Jlayer 190 is positioned on the wafer substrate

188 and is connected to the flexible PCB 58. A plurality qf
ar r angenment¥0 9¥8B67&4 nositi oned on the CMOS drive ci rcuitr&cﬁ%@%ﬁm. For

t he purposes of conveni ence, one such ndzzle arrangenent 210 is shown in
Figure 13. The printhead chip 186 conprises a nultiple replication of the
‘'nozzle arrangenent 210 on the wafer substrate 188. As set out in the above
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20  material is capable of performing useful work on a MEMS scale as a result of expansion
upon heating. The heating layer 198 is positioned on a layer 200 of a material having a
coefficient of thermal expansion that is less that that of the heating layer 198 defining the
electrical heating circuit. The heating layer 198 is positioned intermediate the layer 200 and
the substrate 188 so that the actuator arm 196 is bent away from the substrate 188 when a
current is passed through the heating layer 198. '

Nozzle chamber walls 202 are positioned on the CMOS layer 190. A roof wall 204
is positioned on the nozzle chamber walls 202. The nozzle chamber walls 202 and the roof
wall 204 define a nozzle chamber 206. The roof wall 204 defines an ink ejection port 208
from which ink is ejected, in use.

30 A paddle member 212 is mounted on the actuator arm 196 to extend into the nozzle
chamber 206. The paddle member 212 is configured and positioned in the nozzle chamber
206 so that, upon displacement of the actuator arm 196, as described above, ink is ejected
from the nozzle chamber 206.



194 so that the heating |ayer 198 can receive an electrical signal fromthe
CMOS | ayer 190. As can be seen in Figures 3 and 9, the printhead chips 186
are each positioned at an angle with respect to a straight |ine runni ng
the length inting zone 120. This facilitates a overl ap
at adj acent‘géﬂé}q&(ﬁ{the printhead chips 186 to ensure [ﬁfﬁng con?l nuity.
It is clear fromthe above referenced U ted States appl I cations and
patents that a pagewi dth printhead including printhead chi ps as descri bed
above can incor por ate up to 84 000 nozzl e arrangenents. It follows that,

by using the pr ﬁ§ch| 186 f 0t print assenbly
14 to have over ﬁ@ Ré@ F@@bg 577@#9%’ “ﬁFﬁVSPPWC{SHat
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Large 20 Scal e, I nte ratlo .VLSI, F@ol 033@ begt is fully described in the
above r ef e8HEISH Pr P B A desordbed abavs (fap ipforgogate up to 84
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little as 32 microns wide. This allows each pri nthead chip 186 to have a
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rate of up to 80 kHz y|t associ at'e permts Inting of up

to 21.6 bidxample, thesprenpetwopsinthead chips lﬁﬁmowdegpnnuwﬂﬂmﬁﬂeﬁmmmﬁquare
feet per ach printhead chip 186 is connected to its

associ at eﬁ@é@@%%ﬁ%ﬂj{%ﬁgyﬁem ble PCB 58. It follows that each flexible
PCB 58 i s connéftieadzile airtgeivhis 21 Quyfsach Slidp 486 afeposiBOnatisidechyedideinivont head

chip 186. Each PEC 48 e.renderin |nea, lication specific

i nt egr at edOWs ing5tase 01{)& lowy, q@ﬁ@a F@ﬂ?ﬁ”ﬁ higvedwitly st essed
page i mg%niﬂ&&b&ﬁ@l%i nthead interface 176. The PEC 48 produces

deconpr essed page es at u to six channels of bi WO 03/086764

PCT/ AU02/ 00766 tspne d chip 1¥fxtharefose ingluden 7680 moggle arrangemenis 210. Baely t hat

each PEC 4R350 qiiipen@hfE10'% Eﬁheﬁéﬂbﬁﬂy controlled by the PCB 42 to eject a 1-picolitre
drop on demand. The integrated circuit fabrication technology used is based on Very Large
20  Scale Integration (VLSI) technology that is fully described in the above referenced
applications and patents. As a result of the manufacturing techniques used, each nozzle
arrangement 210 can be as little as 32 microns wide. This allows each printhead chip 186 to
have a surface area as little as 21 mm?.

The characteristics of each nozzle arrangement 210 are such that it is capable of
being driven at a cyclical rate of up to 80 kHz by its associated PEC 48. This permits
printing of up to 21.6 billion drops per second that provides thirty-five thousand square feet
per hour at 1600 dpi. '

Each printhead chip 186 is connected to its associated PCB 42 with the flexible
PCB 58. It follows that each flexible PCB 58 is connected to the CMOS layer 190 of its

30 associated printhead chip 186.

Each PEC 48 is a page rendering engine application specific integrated circuit
(ASIC) that receives input data relating to compressed page images from the printhead
interface 176. The PEC 48 produces decompressed page images at up to six channels of bi-



printhead chips 186 in this exanple. Each PEC 48 is capable, however, of
comuni cation wth up to sixteen such printhead chips 186. In particul ar,
each PEC 48 can address up to sixteen printhead chips in up to six color
channel s a lines/sec. It follows that each PEC 4 ra
12. 8-i nch &%Pﬁi"%g'gfé width for full bleed printing of A3, ReEAURIRre
pages. Each PEC 48 is col or space agnoé?i c. This neans that the PEC 48 can

accept print data in any color. Wile each PEC 48 can accept contone data
as CMYX or RGBX where X is an optional fourth channel, it can al so accept

cont one dat a, i Vo RELNE +COhQr I BEC. S
confi gur egevfb&‘géﬁﬁﬁé Ogbﬂéé%ﬁm%r@gﬁggggéﬁ fég:g ncg{)%‘%d%m%rﬁ@a?#ﬁ%&%léﬁannel S

t o out put peifithesbtiips 1866n RECexeinpls FaticPEC 48 is @paldel Hoveverpofidomnn@iciton f or
ink optim zation and the generatjon fga channuell s b %g,a‘?n ané nunber of -
ot her chaffiéyup tosjxteepgpch ghipg; 186, In pasti¢ ?Iseft“s} § cangddiess WPHOCMYK f or
contone p%k%eh[?&nm'éa& SipLinttip th &% blor LiARs afl 15600 liRs/setNH fORSwsRaeabtir t her
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| nput res ions and out put resolutions by neans of various scale
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s 5l S0 c AR aRLEPie, Niue i CAS R ekl eiheos delh f AN RER e
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requirene %L%u‘f‘klg#ﬂ%? % oﬁrg?&%ggﬁ:feﬁ-. THOPEC 28 {Qitdo Rdnfipired forlcbinte dofd feki on for

si mul t aneo Lett uplex printing. This also allows e€ach PEC 48 to

be respongilbopimizasiontand ther genetation ofichanels basqslon any mugberof othes chanpelgiIn|  be
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printing s fiatiestand opidnabifunhersnkchiannele dine RECH &g alspiconfiguregl to\genrate or nat
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printing, & “ﬁ??ﬁ}?ﬂﬂ3°‘é'§f}lﬂr@ﬁ$&?§°§a%f“e nore than six ink channels are
required. The fEatl PRCAB i adfiguRd teberdiolitivn dpRadtic! Thiis eathdt eREEPRG 48Nd i ts
associ ated benefits. Table 1. Features and Benefits of PEC WO 03/ 086764

PCT/ AU02/ GommlB provides @ mappigdisivech s1pyt fesalytions snd autpat reslutions by meags of
various scale factors. In this example, the expected output resolution is 1600 dpi. However,

the PEC 48 does not store any data to this effect.
20 Each PEC 48 is also configured to be page-length agnostic. Each PEC 48 operates a
printing band at a time and a page can have any number of bands. It follows that a “page”

can have any reasonable length. .

Each PEC 48 defines an interface so that it can be synchronized with other PEC’s
48, as is the requirement with this invention. This allows a simple two-PEC solution for
simultaneous A3/A4/Letter duplex printing. This also allows each PEC 48 to be responsible
for the printing of only a portion of a page. It will be appreciated that combining
synchronization functionality with partial page rendering allows multiple PEC’s to be
readily combined for alternative printing requirements including simultaneous duplex
printing, wide format printing, commercial printing, specialist high contone resolution

30 printing, and printing applications where more than six ink channels are required.
The following table sets out the features of each PEC 48 and its associated benefits.

Table 1. Features and Benefits of PEC



Oppm full page photographic quality color printing froma dwaredesktop PC
.1 8m cron CMOS High speed >3 mllion transistors)w cost H gh functionality
1.8 billion dots per secondExtrenely fast page generation 15,000 |ines per
second at 1 | 1.1 A4/ Letter pages per PEC chip per se Lp drives
up to 122,é§89%§§ esw cost page-width printers 1 chip drﬁ@@guég&pQPG col or
pl anes% of printers can use 1 chip per Iffage 9% of printers can use | chip
per page histicated internal nenory y requires 1 external nenory, |eading
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page | englLishiPEpvesapan 13280 npazles bpw coshpages iti on
1 chip drives up to 6 color planes 99% of printers can use 1 chip per page
{Sophisticated internal memory Only requires 1 external memory, leading to low cost
buffering and caching ystems
JPEG expansion How bandwidth from PC
ow memory requirements in printer
[Lossless bitplane expansion jigh resolution text and line art with low bandwidth from PC
(e.g. over USB)
etpage tag expansion Generates interactive paper
Stochastic dispersed dot dither Optically smooth image quality
No moire effects
Hardware compositor for 6 image |Pages composited in real-time
planes .
_ |Dead nozzle compensation Extends printhead life and yield
Reduces printhead cost
Color space agnostic Compatible with all inksets and image sources including
RGB, CMYK, spot, CIE L*a*b*, hexachrome, YCrCbK,
[RGB and other '
Color space conversion Higher quality / lower bandwidth
Computer interface agnostic Works with USB1, USB2, IEEE1394 (Firewire),
ethernet, IEEE1284 (Centronics)
Variable page length Print any page length (up to 64 ki)
Cascadable in resolution Printers of any resolution
Cascadable in color depth Special color sets e.g. hexachrome can be used
Cascadable in image size Printers of any width _
Cascadable in pages Printers can print both sides simultaneously
Cascadable in speed Very high speed printers can be built
Fixative chanm?l data generation  |[Extremely fast ink drying without wasteage
uilt-in security evenue models are protected
ndercolor removal on dot-by-dot [Reduced ink useage
asis
oes not require fonts for high No font substitution or missing fonts
peed operation
Flexible printhead configuration = [Many configurations of printheads are supported by one chip
type
Drives Memjet ™ printheads No print driver chips required, results in lower cost
directly




scadabl e in col or depthSpecial color sets e.g. hexachrone can be used
ascadable in imge sizePrinters of any width cadable in pagesPrinters can
print both sides sinultaneously scadable in speedVery high speed prlnters
can be built fi ve channel data generationExtremely fasj.
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10  unit (PEU) 222 that receives data relating to compressed pages and renders it into data
relating to bi-level dots. Line loader and line formatter circuitry in the form of a line

loader/formatter unit 224 is also provided that formats dots for a given print line destined
for a printhead interface 226 that communicates directly with the printhead chips 186 of
each printhead module 46.
As can be seen, the PEC 48 performs three basic tasks. These are:
a) Accepting register and DRAM access commands via the low speed interface
220 (or from the external DRAM chip 50). '
b) Accepting DRAM write accesses (typically compressed page bands and
register command blocks) via the high speed interface 214.
20 c) Rendering page bands from the external DRAM chip 50 to the printhead
chips 186. '

These tasks are independent. However, they do share the external DRAM chip 50. It
follows that arbitration is required. The PEC 48 is configured so that DRAM accesses
required for rendering page bands always have the highest priority.

The PEC 48 includes control circuitry in the form of a PEC controller 228 that _

' provides external clients with the means to read and write PEC registers, an& read and write
DRAM in single 32 bit data chunks.

The DRAM chip 50 is connected to memory storage control circuitry in the form of

an SDRAM controller 234. In turn, the SDRAM controller 234 is connected to memory
30 storage control circuitry in the form of a DRAM interface unit 236.

The PEC 48 includes a data bus 230 and a low speed serial bus 232. Both the

SDRAM controller 234 and the DRAM interface unit 236 are connected to the low speed
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IU provides arbitration between

I [High speed interface 214 ovides external clients (such as the
icrocontroller) with the means to write to
RAM.

LLFU  [Line loader formatter [ 224 Eeads the expanded page image from line

unit tore, formatting the data appropriately for
e Memjet printhead.

I w speed interface 220 E\ovidcs external clients with the means to

end commands to the PCU and receive
egister reads.

PCU EC controller 228  [Provides external clients with the means to
read and write PEC registers, and read and
write DRAM in single 32-bit chunks. -

EU Page expansion unit 222 eads compressed page data and writes out |

e decompressed form of the same to

RAM.

HI Printhead interface 226 hresponsible for sending dot data to the
emjet printhead segments and for

providing line synchronization between

multiple PECs.

SCU SDRAM controller 234 ,Provides the DIU with access to the external
unit DRAM.




N provides arbitrati on between onpeting units and passes. on DRAM requests
to the SCU | H gh speed interface2l14Provi des external clients (such as the
‘crocontroller) with the neans to wite to RAM LLFUne | oader
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segnents and for roviding |line %nﬁr&rﬂ zaéf‘iﬁ%&gg%t,gﬁen mul ti pl e PECs. -
CUSDRAM c &9i6» the variouseamenpnemis of the PEY 242 Hefl¥-he ext ernal uni t DRAM
WO 03/086764 17 PCT/ AU02/ 00766 An expanded bl ock di agram of the PEU 222 is

shown in Figure 11. In the following table, the various conponents of the
PEU 222 are described briefly. Table 3. Units, within Page Expansion Unit

(hi gh 1'evel) unitunTeblpdJenitsrethinage Fxpansiop Yoit Ghighlerdh acronym uat one

decoder upt-=238FExp3 OHPH-e5-5-ed—6-0Rtre B\ npr essed
contone o nit name reference numers description

[acronym

CDU  [Contone decoder unit 238 Expands JPEG compressed contone
layer and writes decompressed contone

- fo DRAM
CLBI  (Contone line buffer 240 Provides line buffering between CRU
interface fnd HCU

CRU Contone reader unit 242 Reads expanded contone image from
DRAM

[DNC  |Dead nozzle compensator 244 Compensates for dead nozzles by error
diffusing dead nozzle data into
purrounding dots.

WU tline writer unit 246 EVrites out the 6 channels of dot data for]
] given printline to the line store D,

ﬁ!—ICU [Halftoner compositor unit 248 Dithers contone layer and composites

the bi-level spot 0 and position tag dots.
D Lossless bilevel decoder 250 Bxpands compressed bi-level layer.

SLBI  [Spot line buffer interface 252 Provides line buffering between LBD
land HCU

TE Tag encoder 254 Encodes tag data into line of tag dots.

TLBI Tag line buffer interface 256 Provides line buffering between TE and

HCU

A first stage in page expansion occurs along a pipeline defined by the CDU

238/CRU 242, the LBD 250 and the TE 254. The CDU 238 expands a JPEG-compressed
10  contone (typically CMYK) layer. The LBD 250 expands a compressed bi-level layer

(typically K), and the TE 254 encodes data tags for rendering (typicallyin IR or K ink) ata
later stage. The CLBI 240, the SLBI 252 and the TLBI 256 receive output data from this
stage.

The HCU 248 carries out a second stage. The HCU 248 dithers a contone layer and
composites position tags and a bi-level spot0 layer over a resulting bi-level dithered layer.
A data stream generated by the HCU 248 is adjusted to create smooth transitions across
overlapping segments or printhead chips 186. The HCU 248 is configured so that a number
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all sik0 chmegedmngmnqseOﬂ?@ééﬁ&of&aebhﬁmﬁpwﬁmﬁwﬁ%wb?w vigthe exanpl e,
the printh Mgps 186 may be CWY only, with K pushed.into the CW
channels and TR ignored. Alternatively, the position tags nentioned above
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or FIFO accepts data from the line loader/formatter unit 224 at pclk rate, while the printhead
interface 226 removes data from the FIFO and sends it to the printhead chips 186 at a rate
of either pclk/4, pcik/2 or pclk.

Figure 12 simply shows the PEC 48 incorporating the exploded PEU 222.

The printing benefits associated with the printhead chips 186 are set out in detail in
the above referenced applications and patents. However, some benefits are particularly

20  important when applied to wide printing formats.

A particular benefit is the high number of nozzle arrangements 210 per printhead
chip 186. This facilitates extremely rapid printing in that a single print cycle can achieve an
image band. It follow that it is not necessary for further print cycles to be used to fill in
“missing” dots as is the case with a scanning printhead.

Thé PEC’s 48 provide the necessary synchronized control of the printhead chips
186 as described above. Furthermore, as is clear from a number of the above referenced
applications and patents, for example 09/113,053, the printhead chips 186 allow for the
conversion from analogue printing processes to fully digital processes. This allows for a
substantial amount of flexibility and speed. Digital control of the printhead chips 186 is by

30  means of the PEC’s 48. The fact that the PEC’s 48 digitally control the printhead chips 186
allows for the high printing speed of up to 21.6 billion drops per second. In particular, the
need for separate printhead chip drivers is removed, which is key to the high printing speed
of the chips 186.



dead nozzles in the printhead chips 186 by error diffusing dead nozzl e data
into surrounding dots. Bi-level, six channel dot-data (typically CWK | RF)
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printer 10. As set out in the above referenced applications and patents, such printheads are

20  not suitable for providing the high density of nozzle arrangements achieved with the
printheads of the above referenced matters. It follows that, in attempting to apply thermal

et

and piezoelectric printheads to a wide format printer, it would be necessary to have a
relatively wide printing zone so that overlapping of printheads could occur to the necessary
extent. This would immediately raise the problem mentioned above. Still further, especially
with the thermal printheads, a suitable cooling systein would be required to keep the
temperature in the printing zone at a reasonable level. This would also increase the cost to
an unacceptably high level.

In order to achieve an appreciation of the speed of the printer 10 at a resolution of
1600 dpi, the following comparative table is set out below. It should be noted that the

30 purpose of the following table is simply to illustrate the speed of printing and is not

intended to denigrate the various printers used for comparison.



the printing zone 120 can be as little as 0.5 mmthick. It wll be
appreciated that it is necessary to achieve extrenely stable paper
novenent through the printing zone 120 in order to ensure that accurate
printing t éfg in the printing zone The narrow w dt
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cost for the manufacture of an integrated circuit device can be high, the cost of commercial
manufacture of such devices is relatively low. It follows that Applicant envisages that the
cost of manufacture of a wide format printer in accordance with this invention will be
comparable to the cost of manufacture of the wide format printers listed in the above table.

‘It will be apparent to those skilled in the art that many obvious modifications and
10 variations may be made to the embodiments described herein without departing from the

spirit or scope of the invention.



MakeModel Resol uti onSpeedSpeed Advantage (# of tines faster) HP1000 /
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control ciprithdad hiph & contropopsirdtionrof thecprinithved chips.i er and is operatively
connected to the

2. A print assembly as claimed in claim 1, in which each printhead chip is the product
of an intégmted circuit fabrication technique carried out on a silicon wafer substrate that

incorporates CMOS drive circuitry for each nozzle arrangement.

20 3. A print assembly as claimed in claim 2, in which the printhead chips together

incbrporate at least fifty thousand nozzle arrangements.

4, A print assembly as claimed in claim 3, in which the printhead chips together

incorporate at least one hundred thousand nozzle arrangements.

5. A print assembly as claimed in claim 4, in which the printhead chips together
incorporate at least two hundred thousand nozzle arrangements. '

6. A print assembly as claimed in claim 5, in which the printhead chips together
30 incorporate between three hundred thousand and eight hundred thousand nozzle

arrangements.



printhead chips to control operation of the printhead chips. 2. A print
assenbly as clainmed in claiml1, in which each printhead chip is the product
of an integrated circuit fabrication technique carried out on a silicon
waf er subs t t incorporates CMOS drive circuitry f zl e
arrangerrenwoa‘?@sgg?A print assenbly as clainmed in claim Z?EFﬁﬁg\ﬂ?ogﬁﬁzt he
print head chi ps together incorporate Z2 | east fifty thousand nozzle
arrangenents. 4. A print assenbly as clainmed in claim3, in which the
printhead chips together incorporate at |east one hundred thousand nozzle
arrangenents. A. ' : 1Al - ' | ' { he

print headabhi psi q@ég% glplfﬁ%%g%@%%fﬁ%&aﬁhﬁglgk%@m@@r@%ﬂ%‘%@%ﬁd nozzl e
ar r angeneptisthe®l chipsare moustsd imthe garsier.cl ai med in claim5, in which the
printhead chips together 30 incorporate between three hundred thousand and
ei ght hundred thousand nozzle arrangenents. WO 03/086764 PCT/ AU0O2/ 00766
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overl apping to ensure continuous printing in the printing zone. 9. A print
assenbly as clainmed in claim7, in which the carrier includes a plurality
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carrier to be in fluid comuni cation with the printhead chips, the ink
reservoir assenbly being configured to supply the printhead chip with at

| east thr in ' imed 1: ' lL.aimed in
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each printhead chi g tha | catd can, t gke. pl.gce.between .t h
control Cp;%&&gfﬁ%}seﬁﬁ@ ! %e&’%# g‘{/@?@bﬁ%@"&‘?ﬁa&?ﬁ‘gﬁ}ét@ﬁ USRI nkj et
printer tHQifferenooglotsses a support structure; a platen positioned in the
support structure;

11. A print assembly as claimed in claim 2, which includes at least one flexible printed
circuit board that is interconnected between the control circuitry and the CMOS layer of

20  each printhead chip so that communication can take place between th‘e control circuitry and
the CMOS layers.

12. A wide format pagewidth inkjet printer that comprises
a support structure;
a platen positioned in the support structure;
a print assembly positioned operatively with respect to the platen, the print assembly
comprising '
an elongate carrier that is mounted on the support structure of the printer and
is positioned an operative distance from the platen;

30 : a number of printhead chips mounted on the carrier, the printhead chips
being provided in a number and configuration such that the printhead chips define a
printing zone between the carrier and the platen, the printing zone having a length of
at least 36 inches (914 mm), each printhead chip being of the type that incorporates



a print assenbly positioned operatively with respect to the platen, the
print assenbly conprising an elongate carrier that is nounted on the
support structure of the printer and is positioned an operative distance
fromthe pl X a nunber of printhead chips mounted o jer, the
print head éﬁéﬁgmwgging provided in a nunber and configuraEQ§$E§%&#§hat t he
printhead chips define a printing zonethet ween the carrier and the pl at en,
the printing zone having a length of at |east 36 inches (914 mm), each
printhead chip being of the type that incorporates WO 03/ 086764
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circuitry that is positi oged on the carrier and is operatively connected
to the print heé&'a’égﬁntfélt'taa control operation of the printhead chips; and a

feed mechani sm that cofirdlQEchitg Med iNpbsitidfedotBO Eirried dndas vpeatively cofimsttedg a

print nmediumthough the printing zone. . ) )
to the printhead chips to control operation of the printhead chips; and

a feed mechanism that is positioned on the support structure for feeding a print

medium though the printing zone.



