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PAGEW DTH PRI NTI NG FIELD OF THE | NVENTION Thi s invention rel ates Q@Otﬁ%ggol
vol ume pagewi dth printing. Mre particularly, this invention relat esﬁ%@%%&
met hod of NeQO3W8ATM printing and to a printer. BACKGROUND POF/AMR/00TR/ENTT ON

Hi gh vol ume, high resolution printing isl an objective that has been sought

by the manufacturers of wide format printers for sone tinme. Wde fornmat
printers have been 10 available to the public for nany years. Exanpl es of
popul ar wi de format pri 100015000, the HP
3000/ 3500, the Epson 7("8&&&'3"%3‘-’% ﬁ&%ﬂﬁm&fﬁ rinters all have

a traversing printhead that traverses a print mediumwhile depositing ink

on the medium Applicant believes that these printers suffer frominherent
di sadvant aFHELD 0F THEUNMENTIONN attenpts are made to utilize the design of

such printers i . order to. achieve faster printing speeds at high_ .

resol utions. Ce FHTVBP@&W@“&FBE*ESM" R ﬂw&%&ngg}@maﬁfgc ethis i s the
abi ity tojRefMdelafes tdh metHdA phgdlidth rify ko @bprifiRper ati ng the nee ssary
nunber of ink dots at a suitable rate.” Further, in order to achieve

accurate printing, i is desirable that a row or band of the imge 20 be
created i nBﬁ? ' I VEN ossi ble, and preferably in a single
print cycle. *G?ylﬂesdfggﬁl [ sﬂu%n'gesi rable for a traversing ptinthead

to be used in aHightvobin, high resohitenerintingjis apobjettiepthatdas hemh sohghit by tlss ngl e

D o PRERBBERAr 3007 il B BI0Bh e Witk i PRl

pi ezoel@ct avelablptd thie Eemfob &ty hees) Exumplesbt populi widdforhatPRinteF @8 thes Uf f er

from excesls_llﬁvie heat h%nléd y and ener consunption_and have therefore
i% 00y

been found ettrfackasd 90%dhe HE 3000/8300) the Bnsen 700/10-009 ayd snaqy ot h

confi gur at h@ges, A nunber of di sadvantages associated with such printheads
are set out in US application no 09/526,504. The applicant has devel oped a
printhead chi p These printersalidiave a grvessing panthepdithal geversesa mipd medivm whide| ut i on

Fabri oat ol aingicon R RRAR, Moty BRBVARMUAGS Blfbube fliRo T "' !
r ef er enceddisajwahtages; pavticul arfydwhent atetpts afpmbdectantilipethedlesign dfakch plintes in
print head 8r%.iep t% a‘?:lﬁigveetxagtzzre Igrr?rlltXlg 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 necjh

ssary number of ink dots at a suitable rate.
Further, in order to achieve accurate printing, it is desirable that a row or band of the image .
20  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 printheads 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 not 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.

The applicant has developed a printhead chip that is capable of producing images

30 having aresolution 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

suitable for use in wide format printers. The reason for this is that such chips operate at
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suitable for use in wwde format printers. The reason for this is that such
chips operate at | II11INrnll~l 11~1i11111

FINFTLTUN LTS hEfEEErErrrrererrrrertlr * 166166* *ACTI ONF WO 03/ 086770

PCT/ AU02/ 0052 03/886ZWt r enel y hi gh speeds due to the | arge nurareAUMITOZZ] €
arrangenments required in a single chip 2and due to the fact that such chips
can be driven at an extrenely high cyclical rate. The Applicant has been
faced with a nunber of difficulties in order to achieve the effective use

of such printhe rmat printers. One particular difficulty

identified®® °lPaZé h;&SﬁB?@aQtw f°§g? [?égeé“f“@@f Pﬁﬂ@%léﬁﬂmemmsaeqmwdmaanglsuch

pri nt head ‘éﬁip%d'ﬂﬁe oA FRY aP e b oA eticivEflat y eh cYeid T N
re |s pr Vi

According to first aspect of the invention, et hod of
pagewi dth 10 pﬂhﬁﬁpﬂ@caﬂtmbmfmeﬂwﬁhpmumberg)ﬂdifﬁchmnMGrtdmva@ea print
medi um t hr 0 Ll 2P | nk at rate of at

| east one % |vgr‘119%¢f(;§tllgﬁ] eﬁtﬂga%”' q?%‘% eﬁlp Qé‘gm lﬁlhdl?f e print
medi um i n tidentified by the @pphmt isthgeffiectiaé contio] of wgiinises of §ifth Phinthead EFEN oM
According t %:i& second aspect of the invention, there is provided a print
assenmbl y f 8Ff °‘f?a?§‘éwtﬂtpﬁm & et printing, the print assembly comprising an
el ongate carrier that is nountable on a support structure of a printer in
an operat‘lgm osifion with respect to a platen of the printer; a nunber of
pri nt head '\Q@WapFaT'éEﬂﬂy QA4 on the carrier, the printhead chips 20
t oget her defini }Je@ta(lf t 0
billion drops pgrgcd;i‘g@g't@ﬁ pri nt ?%g&zlgﬁ%rggseér Bﬁg%f%fl{eﬁxtog °€§$§§WI&E
print hé@d anuhnglﬁlephelhmtmiprtsmgtbﬂtepsmf and control circuitry that is also

positioned on t arri.e [aTe at Js _con ured.to control operation of
the printhead cﬂﬁd@ga,&g@ mtpff’ ﬁf’?ﬂ tH‘ga%B%cﬁ“dof the invention, there is
provi ded an i nkg:;eéur@rdrdslis&if 1ﬁmtara16©l’f§trlb@86neﬂnﬂiéﬂmdﬁs pet dedérid firéin a%nﬂi aten

posi tioned i e supporf structure; a print assenbly positioned
operat i vel ?sﬁﬁnwl onde B'@cﬁn“f Fefivm iy the pRptingzane,fo; generats 48 impge,ondBepHItsi ng

medium.

According to a second aspect of the invention, there is provided a print assembly for
pagewidth inkjet printing, the print assembly comprising
an elongate carrier that is mountable on a support structure of a printer in an
operative position with respect to a platen of the printer; .
a number of printhead chips that are positioned on the carrier, the printhead chips
20  together defining a printhead that is configured to eject at least one billion drops per second
into a printing zone defined between the printhead and the platen of the printer; and
control circuitry that is also positioned on the carrier and that is configured to
control operation of the printhead chips.
According to a third aspect of the invention, there is provided an 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
30 an elongate carrier;
a number of printhead chips positioned on the carrier, the printhead chips
together defining a printhead that is configured to eject at least one billion drops per

second into a printing zone defined between the printhead and the platen; and



30 an elongate carrier; a nunber of printhead chips positioned on the
carrier, the printhead chips together defining a printhead that is
configured to eject at |east one billion drops per second into a printing
zone defi nedV®&YWEER the printhead and the platen; and WO ®STREH7/9¢64

PCT/ AU02/ 00764 3 control circuitry that3is also positioned on the carrier
and that is configured to control operation of the printhead chips; and a
feed mechani sm positioned on the support structure for feeding a print

medi um though the printing zone. The invention js nQw described, by way of
exanpl e, wth refereﬁ%’gﬂﬁ'g‘f%'éyﬁ‘ﬁ%&ﬁﬁé’ﬂﬁflﬂ%ddﬁ“ ??ﬁ'é‘?ra?ﬁéh#tﬂqo&ﬂg‘#ﬁd
description i s B®tontiol nloP the printheh@6hiBs; @@ scope of the above summary.
BRI EF DESCRI PTI ON OF THE DRAW N 10 In the drawings, Figure 1 shows a

schematic, t hr edfepdmaschanism posifiengdom thewuppent stmqgire foriferdingaptintmedinmf a
pri nt assem%tﬂe#rﬂﬁﬁgwénce with the invention, of a printer, also in
t

accordance w e Invention; Figure 2 shows a front view of the printing
mechani sm of Fi Fhe invéntionfis gow deribed)\by vayrof exanyle withf refefenceta the i ng

of “the pri Arcsprtyige iawitesptitolobMadhiption ok mlenord URBH 4 broudscere
operative pfthHeaibove suftnarppri nter; Figure 6 shows a schematic, exploded view

of the printer; 20 Figure 7 shows a schematic, side sectioned view of a
portion of the printer incorporating the print assenbly; Figure 8 shows an

expl oded viBRIEFDESCRIETION OF PAEIDRAWINGS'® Printing mechanism Figure 9
shows a_cross sectional view of an operative portion of the printing

mechani@m Fi gulfbthidfa_é‘ﬁ’éﬂ%s a high-level block diagramof a print engine
controller of t?f%U{eD% %H&%v%?sglﬁn%ﬁ%ﬂhﬂé—&ﬁ@@oﬁﬁi@%%?BQI? gf z? {n%&xl%gd' agram of a

page expansion u
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;
20 Figure 7 shows a schematic, side sectioned view of a portion of the printer
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;
Figure 10 shows a high-level block diagram of a print engine controller of the
printer;
Figure 11 shows an expanded block diagram of a page expansion unit of the print
engine controller;
30 Figure 12 shows a block diagram of the print engine controller incorporating the

page expansion unit;



engi ne controller; 30 Figure 12 shows a bl ock diagram of the print engine
controller incorporating the page expansion unit; W) 03/086770

PCT/ AU02/ 00764 4 Figure 13 shows a schematic, three-dinensional view of
part of a prWROHd%chi p of the print assenbly of the pri m@VAURNOWNG one
nozzl e arrangenent of the printhead chip4 and Figure 14 shows a schenmati c,
t hr ee-di nensi onal view of a printhead nodule that incorporates a printhead
chi p. DETAI LED DESCRI PTION OF THE I NVENTION I n Figure 4, reference nuneral

10 general ly ingg.cat % a printer, in accordance with the invention. 10 The
printer 10 has I%S shoves; 4 schematic, thyee-gimensionab view<of pars of a printheashabipyofi 4
above a SuliléprﬁlﬁtaesemB(l}eof&H@ tbr, SAdWISE BhEnak2l iaﬂﬁ}) bi; ah ced feet
16 and a Ieag 18 extendi ng ?‘ri!(i)m each %oot 16.e T eéég[%?tn?ftgéslg{é%%ay 45’i S
mount ed on 3fle |l egs 18 to span the legs 18. A nedia tray 20 is positioned

bet ween the | egg g | ﬁiﬁ:; V QUr e o.store suitable
print nedia, sucﬁég%l%g‘g)grﬁ %&%@%g%er gs?clmsal ?‘g{q ‘?P@ﬁ'ﬁ’eﬂ‘gwﬁﬁ
mechani sm itecorpasatesoa printhead oipdi a rol | 166 through the print assenbly 14 .

and on to a take up spool 24. An electronics enclosure 26 is also
positioned between the legs 18 to encl ose various el ectronic conponents

that are OBETAILEDDESCRIPTION OF THE INVENPION 14 includes a lid 28, with a
handl e 30, and front cover 32. The 20 |lid 28 and front cover 32 are

posi tioned bet wekHigdreh refersnceainmens]| 19igenesalbyindivates ppiinter, isaccoddance Withal so
I ncl udes aeaAh®ntibf.,! LCD 36 with touch screen navigation. A stop button 38
is also _provided to enable a user to stop operation of the print assenbly
14. ThdOprint adbeptntgr ihagsguppart structuse: 32 thanyuppertst sprint asssimblynl 4 abobei t her

detail in | i ' . ' . 1t reference n ral 40
genelral : y ?%Fg%?g@%b %E##gg;%%%ﬁgﬁ%fgfﬁ%&ﬁ#%aﬁggi xlieg‘ﬁmﬁs can
be seen i nfomeeadh fnot dG<Thetpinint pssembiyrig isrmobutad smthéledsd8 t6 egRRs REs 18.n

articular, the,priptin chani sm.40 incl udes nine prjnted circuit boards
EPCB' s) 42 connég %‘ﬁa#@g%(g%t?oﬁ‘ﬂﬂ%& %E)‘Y‘FF“&%‘?U]F&% h'HF Aisdiadray@Oinsonbigwers 44.

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

20  lid 28 and front cover 32 are positioned 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
assembly 14.

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

In Figures 1 to 3, reference numeral 40 generally indicates a printing mechanism of
the print assembly 14. As can be seen in the drawings, the printing mechanism 40 is
segmented. In particular, the printing mechanism 40 includes nine printed circuit boards
(PCB’s) 42 connected to each other with corresponding connector blocks 44.

30 The printing mechanism 40 further includes a printhead 41 having seventy-two
printhead modules 46. Each PCB 42 is configured to control eight printhead modules 46. It

follows that nine PCB’s 42 are provided. The printhead modules 46 are described in further
detail below.



30 The printing nmechani sm 40 further includes a printhead 41 having
seventy-two printhead nodul es 46. Each PCB 42 is configured to control

ei ght printhead nodules 46. It follows that nine PCB's 42 are provided.
The print head OB’ 46 are described in further detail bPCTWUIOM@T764
03/086770 PCT/ AU02/ 00764 5 Each PCB 42 i5ncl udes a print engine controller
(PEC) 48. The PEC s 48 are also described in further detail bel ow Each
PCB 42 al so includes nenory chips in the formof 64 Mit external DRAM

chi ps 50. The s, 50 cooperate with the PEC 48 in_a manner that is
described bel %&E&ﬁ@ﬂ?‘?@gﬁf%%&nﬁ otrober JPHCY 48, The PESTs #Rare alsat i on
(QA) chip Sddscribed ai fusther detail Selbw.abl e QA chip are set out in the above

ref erenced Unit St at es. application no. 09/113,053 and are therefore not

set out in this 5eRBECB2 alsp inqindesapemorny ghippinsthe form df 64 Mbibexternal DRAMOT | zed
refilling hidsik. RAMER g&?ﬁ ' ' 3,053, in addition to 10
ot her functi(?rs;s sTjt({:bhlbas ensgflg%g é%?j ﬁggé&éﬁaﬁ?a at 15,desgrifgd h ¢ he
printer 10.bejQW.endnost PCB 42 includes a serial connector 54 that permts
serial data cablggs, 26 onnected to the PCB s 42 Each PCB 42 is
connected to its asesib%ﬁc{é? ec?e ﬁﬁ“ﬁﬁﬁ%‘}?@l%ﬂﬂ@%@ﬂm(QAbcmpé%lw@Js ab@B 58.
The printi mgitmaammé@etiancimﬁesb@e@&&:@heeﬁhﬁﬁ&h%ta@% abgﬁégﬁ%fﬁ”ds bet ween
the“end no

a pair of gi | dj n 61 that are positioned in di ngs 34. The
PCB's 42 ar(’éhﬂgﬁﬁ? é‘&fiafgihef redioh set oyt ig dhis deperiptinns The QAchim§2 serysiter al | y

U shaped crifltbit GiftHogiRed fjghfgrm Al hs- ROSk L.i.oned on

t he chassi é 60, A_chasgil;é mol~di Eﬁgk%\f{h%?la%lﬁgp%sgﬁ?%déﬁggﬁé?,ﬁ?,1113&%}6%1}9 oned
on an gﬁt siother Binctions spehassangurinpthe qualityiofirint mediarvs¢d with theaeinter®® 42 i s

nmount ed on the @RaR§iInSst P The. . chassi s di ng 64 defjnes_a pair of
recesses 66 on an out E?t Sl défg?ﬁﬂﬁﬁsea%%%g%@gmﬂuﬁr%ﬂd’e%ﬂ‘?ss?ﬁ@ Eables 36 66
extend a | éhbg¢onoéctedte theBCBIsst2nol di ng 64. A busbar 68 is positioned in
each recess 66. ars 68 e.configured to supply electrical power to
the PCB' s 42. Aﬁ‘-‘r"{ﬂﬁ%&‘?ég ésr‘iPBP?C"i‘QéﬁﬁF%?c‘ t§dipanthsad mpdHesia with A 8exiblear
channel 62PCBI8.i nk reservoir assenbly 70 includes an ink distribution

arrangenment 72..Fach printhead nodule 46 is g;s_itioned on a respective ink
distribution ar }[Eﬁﬂé'ﬁlé‘ﬁtm%?m?lﬁ 40 dncldes p zmetal ghaskis 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 positioned on an outside of the chassis
20 60 and the channel 62. Each PCB 42 is mounted on the chassis molding 64.

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,

An ink reservoir assembly 70 is positioned in the Invar channel 62. The ink
reservoir assembly 70 includes an ink distribution arrangement 72. Each printhead module
46 is positioned on a respective ink distribution arrangement 72, In particular, each
printhead module 46 is removably mounted on its ink distribution arrangement 72 to
facilitate removal and replacement when necessary.

30 The ink reservoir assembly 70 includes a plurality of ink reservoir moldings 76.
Each ink reservoir molding 76 corresponds with an associated printhead module 46. The
ink reservoir moldings 76 are positioned end-to-end along and within the Invar channel 62.
Each ink reservoir molding 76 defines a plurality of elongate ink channels 74, each



printhead nodule 46 is renovably nmounted on its ink distribution
arrangenent 72 to facilitate renoval and repl acenent when necessary. 30
The ink reservoir assenbly 70 includes a plurality of ink reservoir

mol di ngs 76.WORHBHK7I0nk reservoir nolding 76 corresponds W tHCRAU@MS®EI at ed
print head nodul e 46. The ink reservoir 6voldings 76 are positioned
end-to-end along and within the Invar channel 62. Each ink reservoir

nol ding 76 defines a plurality of elongate ink channels 74, each WO

03/ 086770 PCT/ AU02/.00764 6 ccgg;fﬁating a differently colored ink. Thus,
ef fective SFENYRPGRUPRR colarsd imkdlhys, qifeatiyeelongaterink rhannels extemhel  62.

An end cap léaptibfibe i¥ar shaRdieh! oned on an endnost ink reservoir nolding 76.
The end cap nolding 78 has a éjl urality of connectors 80 defined thereon

and in al i gnmenAngndi¢ap medieg7§ is@ositienadromramendmast inkweservoie meiding 26 The! di ng

78 i s posi ty . S ipk reseryait ding 76. The connectors
80 are Cm%g@?ﬁ%@%@ﬁg%ﬁﬁ%ﬂ%@%gof;%mgci?rglsﬁéﬁﬁn ereqrhandyp aengsnt Withy, g2
i's, in turmespedive ink cheinnels Bawherothe andtapradlding 78fis poktioned 68 sfid endniost flk! OVS

that each hose 84 is. ir:} f,t#i d communj cation W th a respective ink channel

74. Each h&SEVEY m‘&i‘ﬁ& pethe; qomnectors 8Q atecopnectahleda an ink hage gpnnpctpd2. Fhe a

ti | i t . , t
M, Yel ?Eﬁ \JS6 corttof 8 Rispintur, RSGAEE cheh 6% SIRAYEATMc A0 WrpldRers 2

84 are prothaheish hagedd isdn fnidcommupigationwithiamespy@ive ik chasndl GdrEdchhosergdnnel s
74. Al terngtd : : . nt a . YEIl O

(), "Req. ( EypPtE; dhe ilYEectAie s D Bl ik o Plhucuecolf BN Rarhplhi o Bosel ™ o
hoses 30 aBécyremydiun (B), MagentadMD, Yelkev (iDiand Bidoiti(KYinks, redpectivéBl i@ Si X

i nk channe 7 ' (fferently . colaregd i , .the six hoses 84
can onery ERpTOu NS 24 Bovilel) Rleh GEF Rerboir FpIR 26 dglnes shur ik gAmansocs
printing s@4.tAltmatively] th hossa 84 diry carpiCyahYC), Mupinia (88, %ldvﬁ(iggﬁé@ﬁiged to a

respective_ nk ntajiner 86 (Figure 5). so that each hose I's connect ed

bet ween anm'(égm‘g#ﬁ& t(Bh’@k%r’iiﬁpﬁ"“d’ﬁert Ingtmssasei #ik hesea 8 are pravidechdlsohoses 84

are Conneck risrbliohélding T8 definEAH AhhmoR%aMflad oflif ifte aafipect e 94
e y | €s a |

shown 20 in Figure 1. T print asse nclu plura of

cappi ng de¢¢leEd inks, the six hosesrfdsn sarry GMYK redbinérated (R )pnksndedikatived®) 6 46.
Each cappi b ' | vween an operative position in
whi ch it sgir%sg@ét %ﬁgg‘gg%({stggﬂrtgﬂ)%g?iﬁe&e&b&%{head nodul e 46, to inhibit

drying of ink, Bachhase 8hisgennecteddo peospectioa inkeontainehsé Bigaas), b6 tai ehed from

the printh A le 46, A canshaft 90 i sitioned in the chassis 60. A
tr angl ati ng&gfem nﬁ?éér&gactefbetween an 1% contamer 8% aggapartmular ink channe] 74. The

hoses 84 are connected to their respective containers 86 with T-piece connectors 94 shown
20  in Figure 1.

The print assembly 14 includes a plura!ity of cappiﬁg 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
module 46. A camshaft 90 is positioned in the chassis 60. A translating member 92
interconnects the camshaft 90 and the capping devices 88, so that rotational movement of
the camshaft 90 results in reciprocal movement of the capping devices 88 between their
operative and inoperative positions.

The camshaft 90 is driven with a suitable motor, indicated generally at 96 in Figure

30 5.

Further detail of the print assembly 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 assembly 14.



I nterconnects the canshaft 90 and the cappi ng devices 88, so that

rotational novenent of the canshaft 90 results in reciprocal novenent. of

t he cappi ng devices 88 between their operative and inoperative positions.
The canshaf WOIB/0B&74ri ven with a suitable nmotor, indicatedPG&ATPAUINT¢ at 96
in Figure 30 5. Further detail of the print assenbly 14 is shown in Figure
7. As can be seen in this drawing, the front cover 32, the Ilid 28 and a
rear cover 98 together define a housing 100 for the print assenbly 14. WO
03/ 086770 PCT/ AU02/ 00764, .7 A plurality of ink cartridges 102 is pqsitioned
beneath the |1 dAPRIARE @ inkgarisessr Daassosoned beaeis torfid 3. EoplinksRiades

ment i oned a§0i6res Eﬁ&&m@ﬁé@?ﬂehﬁ?x%%gé%%& iHEEéu&idﬁS%ZE gﬁ]déﬁr% ePbetW8en a Of

clips 104 so that 1t can be replace en necessary. I nk cartridge 102
and a respavef alips Lok so thatit 9arl be Bplacadavhien necassaty.diaghvink aastridgmnl0iand acach

ot her, whe | A '6d&§' : 4l S EEeal |4 104. A
pair of pl %s%é%gyé?%r?%g\;o%ér m o%nlg%dﬁbper %F‘g@g‘ﬁﬂqg%ﬁgﬁ‘l&h%eg‘vﬂ\gﬁgl aten 108
i s positi carrisigeil0isredeinedivetveden gheldlips 1@4.pai r of spaced prinmary rollers in

the formof an ypper rimary, roller 110 and a . lowe rima roll.er 112 is
provi ded to di sglp_ggé’ff’ﬁ’ée“ﬁéﬁil?e @EMEPHRPQ?]&PWB lbgf’ﬂ‘iagﬁ"‘éﬂ[ﬁ/? 1%5.13 The upper
rol | er 110pbstided withR e hadisim1 000 ASairf §paebd Eﬁﬁaﬂy@oﬂéﬁlrﬂ!ﬂé fokRof aﬁ%ﬁperm' le
the lower roller 112 is positioned between the platens 106, 108. The

rol | ers 11ptimaryzoliard 10 gnd pdawes@rimaryioflenl 12 is prowided fo displagethepaper2dyver |
consecutiv ' . er
surface of ﬁl‘ltr%éh ?%p%r?ﬁ?%%saet ew'flﬁgﬁe%%g?&[ekgwgggg%g%%%g@k@g@&;? e upper
rol | er 1A 10platens 16, 108, whileghe lowter enllef 112 iis positienckli betvessn It platems 106p16E. Thy and
downwar dl y Vi tions. of the .paper A bru 114 is pivotall

mount ed at I8 lgg’ ﬁ%arﬁg?@g%cdltggpgerﬁgwgtrz%%c Rapgt ?ggvea,rfon%ﬁpﬁthvgyea{l F’é’ﬁgver se
profile tharrfjacoofmﬁmh splaue'xtm&dmdaupptﬁrsxnfabemfmenp[bd;@latemmﬁ. Th, theush 11;11
is positioned [n the housing 100 s t. the paper can pass .between the
br ush 114" B0 24 RSSThSU 10 UDors role i ycbile e ook ol S1258 Boffcnabetsmor r oam
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and a lower C
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
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20  upper primary roller 110. Thus, when the paper 22 is displaced from between the brush 114
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
of spiked 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 spiked wheels 126 and
the pinch roller 118 are configured so that a suitable tension is set up in the paper 22 when
the paper 22 passes over the printing zone 120 of the upper platen 106.

30 The chassis 60 and channel 62 are positioned above the printing zone 120 of the
upper platen 106. The chassis 60 and the channel 62 are connected to a displacement
mechanism 129 so that the chassis 60 and channel 62 can be displaced from the printing
zone 120 when necessary. In particular, the chassis 60 and channel 62 are displaceable
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112 and the sprung idler roller 138.

20 The print assembly 14 includes a cutting mechanism 142 that is mounted in the
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
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 assembly 14 includes an air impeller 150 and a
motor 152 to drive the air impeller 150. The air impeller 150 serves to generate an air
current within the housing 100 for cooling purposes. An air filter 153 is also positioned in
the housing 100 to filter the air passing through the housing 100. The air impeller 150 also

30  serves to generate the air current to a sufficient extent to minimize the build up of dust on
the printhead modules 46.

As can further be seen in Figure 6, the primary rollers 110, 112 are connected to a
gearbox 154 that is mounted on a bracket 156. The gearbox 154 and bracket 156 are



i ncludes a cutter 146 that traverses the paper 22 to cut the paper 22. The
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the paper 22 is mthe print asse oth theé nedia roll 166 and
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encl osure ﬁ:ﬁtorTﬁ&am)a\mke sp spdo} drive motby 270, sespectively(Figdret ). be power ed by
either a 110/ 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
20 220V power supply. Further, the power supply unit 172 is configured so that up to 90Amps
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 motherboard 174 that is also positioned in the
electronics enclosure 26. A printhead interface card 176 is mounted on the motherboard
174. The printhead interface card 176 is connected to the nine PCB’s 42 with suitable data
cables 178. Thus, conventional print data supplied to the interface card 176 from the
motherboard 174 can be converted into a suitable form for reading by the various PCB’s
- 42,
30 The printer 10 includes a hard drive unit 180. Conveniently, the hard drive unit 180
can have a capacity of 40 Gigabytes. This facilitates the storage of entire images to be
printed. The hard drive unit 180 is connected to the motherboard 174 in a conventional

fashion. The hard drive unit 180 is a conventional hard drive unit and is therefore capable



20 220V power supply. Further, the power supply unit 172 is configured so
that up to 90Anps can be drawn fromthe power supply unit 172. The power
supply unit 172 is connected with power cables 173 to various conponents
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conponents w th required operational endgy. The printer 10 includes an ATX
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a schematic diagram of part of a printhead chip 186 that is suitable for use in the printer 10.
20  Each 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.

The printhead chip 186 is described in detail in the above referenced US application
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
layer 190 is positioned on the wafer substrate 188 and is connected to the flexible PCB 58.

A plurality of nozzle arrangements 210 is positioned on the CMOS drive circuitry
layer 190. For the purposes of convenience, one such nozzle arrangement 210 is shown in
Figure 13. The printhead chip 186 comprises a multiple replication of the nozzle

30 arrangement 210 on the wafer substrate 188. As set out in the above referenced applications
and patents, the printhead chip 186 is the product of an integrated circuit fabrication

technique. Replication of components in order to achieve a product is a well-known feature



zone for the flexible PCB 58 associated with the printhead chip 186. Figure
13 shows a schematic diagramof part of a printhead chip 186 that is
suitable for use in the printer 10. 20 Each printhead nodul e 46 i ncl udes
what are kriw@934867¢h chip fiducials 258. The on chip fi duR¢HAE0NB4,r e
essentially in the formof markers to fatilitate accurate alignnment of the
printhead nodules 46 in the print assenbly 14. The printhead chip 186 is
described in detail in the above referenced US application no. 09/112, 767
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188 when a¥ gﬁ&ﬁ%gﬁ? ne;an %5?@6‘11%%83@“%@%@2%@%%?’ aé\él"fi fﬁsieb%chanber
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20 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.
The actuator arm 196 is connected to the CMOS layer 190 through the support post
194 so that the heating layer 198 can receive an electrical signal from the CMOS layer 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 line running the length of the printing zone 120. This
facilitates a measure of overlap at adjacent ends of the printhead chips 186 to ensure
printing continuity.
30 It is clear from the above referenced United States applications and patents that a
pagewidth printhead including printhead chips as described above can incorporate up to 84
000 nozzle arrangements. It follows that, by using the printhead chips 186, it is possible for

the print assembly 14 to have over as many as 200 000 nozzle arrangements. It follows that



I's positioned on the nozzle chanber walls 202. The nozzl e chanber walls 202
and the roof wall 204 define a nozzle chanber 206. The roof wall 204
defines an ink ejection port 208 fromwhich ink is ejected, in use. 20 A
paddl e nmenbWO @D8677& nounted on the actuator arm 196 to exPEWAUP2RIG64 he
nozzl e chanber 206. The paddl e nenber 2422 is configured and positioned in
the nozzl e chanber 206 so that, upon displacenent of the actuator arm 196,
as described above, ink is ejected fromthe nozzle chanber 206. The
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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
20  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-
level dot data as output. It will be appreciated that each PEC 48 communicates with eight
printhead chips 186 in this example. Each PEC 48 is capable, however, of communication
with up to sixteen such printhead chips 186. In particular, each PEC 48 can address up to
sixteen printhead chips in up to six color channels at 15 000 lines/sec. It follows that each
PEC 48 allows for a 12.8-inch printhead width for full bleed printing of A3, A4 and letter
pages.

30 Each PEC 48 is color space agnostic. This means that the PEC 48 can accept print
data in any color. While each PEC 48 can accept contone data as CMYX or RGBX where
X is an optional fourth channel, it can also accept contone data in any print color space.

Additionally, each PEC 48 is configured to define a mechanism for arbitrary mapping of



being driven at a cyclical rate of up to 80 kHz by its associ ated PEC 48.
This permts 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
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03/ 086770 ?%&5& |'s to output channels. The PEC 48
Is also configure dfggrﬁ%(gnrggnrﬁ g)otﬁsg%ﬁgr& I nk optim zation and the

gener alQ on of cRachPBEG4Siaatso conlﬁg.mgd ﬁomhe‘:page—bhgthta@mshc.f&ohPEe 48| operatdslas
exanpl e, | s,.t ased on |nt“ , K for
2B 1 ovel Biting N ot Sk B Eocel B BV A8 nib oS Pendh AR RS " pEC 45
I s al so cognilgue ety reasopableleagth. a flxatlve channel for fast printing

appl i cations. 48 | S conf ured ta be resol ution a nostlc Thi s
means t hat eacﬁg‘fsgc?%i%“sg‘?f I Wt F%I%thét‘ e hesynabenigsd i r BEC3%| ut i ons
and out put48,as @ thd i‘eq{iﬁrexﬁé‘ntmrtﬁls%venﬂﬁf 'Iﬁié%ll%ﬁf@k@lﬁ]ﬁ@ivﬂf PEC kBlutith forexanpl e,
t he expect ed out put resolution_ is 1600 dpi. However, the PEC 48 does not

store any HEulanegus ABA4Lkstier duplexopnnting. Fingalagallawssasly PEG48ite be rspansibile
| t t d
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r easonabl esynehirgniation 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
20  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

Feature Benefits
Optimized print architecture in 30ppm full page photographic quality color printing from a
hardware desktop PC
0.18micron CMOS [High speed
k >3 million transistors ) Low cost
' ' High functionality
1.8 billion dots per second Extremely fast page generation

15,000 lines per second at 1600 dpi [1.1 Ad4/Letter pages per PEC chip per second
1 chip drives up to 122,880 nozzles [Low cost page-width printers
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 systems
buffering and caching

UTPEG expansion low bandwidth from PC
low memory requirements in printer




Each PEC 48 defines an interface so that
48, as is the requirenent with this invention.
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t he feat urfieipage tasgEPANFIPC 48 and [Generaigs intesdclivempienefits. Table 1. Felatures
and Benef|stscm&lcﬂﬁge@abmmeBenqmpﬂcmysaiobﬂﬂ@qﬁu]itywt architecture 1n B0ppm
full page |phot ographic quallty @0 moirduffetts i Ng froma urdware esktop |PC
. 18mi cron eSS T STy 3T %mpmmmmuy
1.8 billidg q f ast page generation 15,000 |ines per
second at epi Adi-et-ted ges—er—REC—ehi-p—per—seconrd—Ii—chip
drives up %?iwpﬁﬁi%nes W "tnggﬂglgr @?1 ters 1 chip drives| up to
6 color pllanes 9%of printers cg thegfl f9sher page Sophisticated
i nternal r{EXOTSpacy ageastit res 1 exteqmpatiblewitipaliinksets and mee spurcevingleding sy sk ens
uffering gnd cachi ng PEG expansi Mfﬁﬂ%gﬁﬁ*ﬁ?ﬁ epachepmpen X GEK
requiremerts in printer WO 03/ 0fBBPrnbeetaAU02/ 00764 14 ssless bitpl ane
expansi on br spasebamersom t ext arfdigher gealityr/tlowdr bimdwalth bandwi dth from PG e. g.
over USB) |E5RpS] &sagaadiie! O TNGbAS Gith UBBE | IREE P390 @Fire witke §) C |
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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

cadable in speed Very high speed printers can be built
ixative channel data generation |[Extremely fast ink drying without wasteage
Built-in security Revenue models are protected

Undercolor removal on dot-by-dot
basis

Reduced ink useage

Does not require fonts for high
peed operation

No font substitution or missing fonts

Flexible printhead configuration

any configurations of printheads are supported by one chip
type

Drives Memjet ™ printheads
directly

No print driver chips required, results in lower cost

Determines dot accurate ink usaege

Removes need for physical ink monitoring system in ink
cartridges

In Figure 10, there is shown a block diagram of the PEC 48. The PEC 48 includes a

high-speed interface 214 through

which an external micro controller 216 can write to the 64

Mbit DRAM chip 50. The PEC 48 also includes a low speed serial interface 220 through
which the micro controller 216 can access registers of the PEC 48 and the DRAM chip 50.
The PEC 48 also includes a page expansion unit (PEU) 222 that receives data

relating to compressed pages and

renders it into data relating to bi-level dots. A line

loader/formatter unit 224 is also provided that formats dots for a given print line destined



Dead nozzl e conpensati on Extends printhead life and yield educes printhead
cost ol or space agnostic Conpatible with all inlcsets and i mage sources
including GB, CWK, spot, CIE L*a*b*, hexachronme, YCrCbK, RGB and ot her
for space cWOW3/08478h Hi gher quality / |ower bandw dth ConpPE€EAUPMOZ4f ace
agnostic Wrks with USB 1, USB2, 1BEE13®% (Firewire), thernet, 1EEE1284
(Centronics) Variable page I ength Print any page length (up to 64 kn
eadable in resolution Printers of any resolution cadable in color depth
Speci al color sets e.g. hexachrone can be used .cadabl.e. in, i.ma Si.ze
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physi cal i nk moni t o fposyEhid Blodialvia BRI gk dedintafb ause 10, there is
shown a bl ock diagramof the PEC 48. The PEC 48

i ncl udes a hi gh-speed
interface 214 tdr oug&enﬂhﬂm%ﬂbé@@&%theﬁFWPWGﬁPé%tQﬂ@Wgﬂ“\ﬁﬁi te to
the 64 Mit DRAM Ch«%tﬁ’ps\‘j&%ﬁ The PEC 48 al so includes a | ow speed seri al
i nterface 220 through Ich the micro controller 216 can access registers
of thel(PEC 48 dTihkst bskORéMdependetOHowpver,Hhcy dgshareshe extemm 80. It

expansi on it (P 222 that .r Y - . ' RANTRE d page
ang render@%WSM?"HE?‘Q“?%ﬁﬂﬂ%ﬁ%ﬁﬁc%g"e‘iﬁ@%‘?gw%‘afﬁne cegsef . PAges
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print line '

est ’II'trlleelgEC 48 includes a PEC controller 228 that provides external clients with the

means to read and write PEC registers, and read and write DRAM in single 32 bit data
chunks.

The DRAM chip 50 is connected to an SDRAM controller 234. In turn, the
SDRAM controller 234 is connected to 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

20 serial bus 232. The PEC controller 228 is connected to the data bus 230. The PEC
controller 228 is also connected to the low speed serial bus 232 via the low speed interface
220. The high-speed interface 214, the PEU 222 and the line loader/formatter unit are also
connected to the data bus 230.

In use, since the PEC 48 prints page bands from DRAM, a given band B is loaded
into DRAM via the high-speed interface 214 before printing can begin. Then, while the
PEC 48 is rendering band B via the PEU, band B+1 can be loaded to DRAM. While band
B-+1 is being expanded and printed, band B+2 can be loaded, and so on.

In the following table, the various components of the PEC 48 mentioned above are

described briefly.
30 Table 2. Units within PEC (high Jevel)
unit unit name reference description
acronym numeral
DIU DRAM interface unit| 236 rovides the interface for DRAM read and write




WO 03/ 086770 PCT/ AU02/ 00764 15 for a printhead interface 226 that

comuni cates directly with the printhead chips 186 of
nodul e 46. As can be seen,

are:
i nterface

DREM chi p 50).

each printhead
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In turn, the S control I dr 234 fuiguedataagprosriatehiioM Meinget pame |uni t
236. The REC 48 [i ncl udes a data bus and a | ow speed serial bus 232.
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table, the various components of the PEU 222 are described briefly.

Table 3. Units within Page Expansion Unit (high Ievel)

An expanded block diagram of the PEU 222 is shown in Figure 11. In the following

[ unit unit name reference numeral description

acronym :

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

CLBI  [Contone line buffer 240 Provides line buffering between CRU

interface land HCU

CRU  [Contone reader unit 242 Reads expanded contone image from
DRAM

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

DWU  [Dotline writer unit 246 [Writes out the 6 channels of dot data
for a given printline to the line store
DRAM

HCU  [Halftoner compositor unit] 248 Dithers contone layer and composites
the bi-level spot 0 and position tag
dots.




acronym nuneral DRJ DRAM interface unit 236 Provides the interface for DRAM
read and wite WO 03/086770 PCT/ AUO2/ 00764 16 cess for the various PEC
units. The DIU provides bitration between conpeting units and passes on
RAM r equestWOt03/084720 SCU. 151 Hi gh speed interface 214 vi deBCHAPE/9Z44
clients (such as the mcrocontroller ith the nmeans to wite to DRAM Line

| oader formatter 224 eads the expanded page inage fromline store, for-

LLFUt tting the data appropriately for the Menjet print- ead. | w speed
i nterface 220 ovides external clients with the s to

the PCU arfeBR ecdliosdess bilgvekdepodennds. 230 EC c PW@P“’Z@ Eﬁ&‘?ﬁﬁﬁ‘q t er nal
clients wWSIBIt hdSpoelneduffer intedidte Aind W2R2e PEC{Pravifes tivetmifferimgbetweaiLBRdl wri t e
DRAM in Iingle 32-bit chunks. EU age expansi HeUt 222 eads conpresged
page dataﬁgm t&gﬁcogw the econpr exaed fombﬁﬁlsﬁaE&atSQIfﬁaideﬁf@BM. H

t head i nt ¢ ee2Z26—responsthteffor—sendrmgyot—data t 0 e Ve &t

ri nthead degtrentBagdinelbuffer interface ¢li ng |23 sy nEpvides lingh i pl e
PECs. SCU|DRAM dontrol ler 234 oyides the DiUjwi th acce®@dHGUt he ext ef nal
DRAM  unilt _An_dxpanded block diagramof thelPEU 222 s showa—in—Figure 11.

:jn thebfgl Iboyvi pg tabl e, the various conponents of the PEU 222 are

escri be rie | bidbd ],{aggpp-géq% fi ' Jgh | evel
unit unit nane }r‘}g’f‘set}-%%:gl %ﬁ%e%éﬁﬁgigg%ri ptéi?on lacr O%ﬁ]ﬁ&g %{Hl%ﬁg!{jgcoder euali t
238 Expand23RICR 262, the EBD2F0cod the{BE 254: dihe SR 338 expandscatBici-eonapressednt one
to DRAM CLBI, Ot RBRaly ERrAY . BtA B 9% Shnkd Néonptbds&d bilBve flyspen CRU

(typically K), and the TE 254 encodes data tags for rendering (typically in infra-red ink) at
a 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.

10 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
of options exist for the way in which compositing occurs. This stage can produce up to six
channels of bi-level data. It should be noted that not all six channels might be present on the
printhead chips 186. For example, the printhead chips 186 may be CMY only, with K
pushed into the CMY channels and IR ignored. Alternatively, the position tags mentioned
above may be printed in K if IR ink is not available or for testing purposes.

The DNC 244 carries out a third stage. In this stage, the DNC 244 compensates for
dead nozzles in the printhead chips 186 by error diffusing dead nozzle data into
surrounding dots.

20 Bi-level, six channel dot-data (typically CMYK-IRF) generated in the above stages
is buffered and written out to a set of line buffers stored in the off-chip DRAM via the
DWU 246.

In a final stage, the dot-data is loaded back from the DRAM, formatted for the
printhead, and passed to the printhead interface 226 via a dot FIFO (not shown). The dot
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, pclk/2 or pclk.

Figure 12 simply shows the PEC 48 incorporating the exploded PEU 222.
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substantial amount of flexibility and speed. Digital control of the printhead chips 186 is by
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.

The incorporation of the CMOS layer 190 serves to integrate CMOS technology
with MEMS technology on each printhead chip 186. It follows that at least one off-chip
connection for each nozzle arrangement 210 is not required. It will be appreciated that such

20 arequirement would make a printhead unreliable and cost-prohibitive to manufacture.

A further important advantage associated with the printer 10 is that a width of the
printing zone 120 is extremely small when compared to the length. In a particular example,
the printing zone 120 can be as little as 0.5 mm thick. It will be appreciated that it is
necessary to achieve extremely stable paper movement through the printing zone 120 in
order to ensure that accurate printing takes place in the printing zone. The narrow width of
the printing zone 120 facilitates minimal control over the paper 22 as it passes through the
printing zone.

In the event that a substantially wider printing zone were provided, it would be
necessary to provide further control over movement of the paper 22 through such a printing

30 zone. This would require such devices as vacuum platens to retain the paper 22 against any
form of pivotal or lateral movement as the paper 22 moves through the printing zone, This

could greatly increase the cost of the wide format printer.



pushed into the CMY channels and IR ignored. Alternatively, the position
tags nentioned above may be printed in Kif IRink is not available or for
testing purposes. The DNC 244 carries out a third stage. In this stage, the
DNC 244 conPphB#8€30for dead nozzles in the printhead chi BET/ABB2/764r r Or
di ffusing dead nozzle data into surrouddling dots. 20 Bi-Ilevel, six channel
dot-data (typically CMYK-1RF) generated in the above stages 1is buffered
and witten out to a set of line buffers stored in the off-chip DRAM via

the DWJ 246. a stage, the dot-data.i Ioade back from the DRAM
formatted for tﬂ@ h’;ﬁm}g}ﬂ %WWW&&&W blg j6t and plegos lf%?”%'%eaQQG vi a
a dot Fl F%Bﬂﬁho?ﬂégﬁﬂ UCJ%I&QRN eft hitérhpit gh@"aané{féttﬁe ﬁrﬁﬂ?ﬁ %’B&tl Micsof e

| oader/formatter 224 at rat e, le the p
renoves dathg pfinteml@.n%s set m:ath;e abevmfmnccd)annlmtmm and patents,isighepriitcads a

| mcor por at RGOt 5 uffueinelis® gies bt SR8 AbtnltrRinssRg BN e e

printing bptthéads oﬁmeabm&txeﬁreucédlmhﬂms it followe drit, erhamnp‘tﬁﬁ t@apply;mbnﬂﬂt in
detail in ,%pe ab ve ref (?ced agﬂtl cati ons andalo ents. V\fﬁ sonme
benefits a eads $8 it FormARTInST pit woyld; b ngeessary #9 BaVe Ry f or mat s.

A particul euaubawlaé pnﬁuﬂg%n@ k@ that ovERgpping omamiead@édmﬁﬂ@ttﬁe HebBsshfg/
printhead chip 186. This facilitates extrene rapid printing 1n that a

si ngl e pri ¢xtentyEhig weuld immediajely gise thmgblewnmuomd alzswnowlk mher» QSPP@all}BOt
necessary §g" dots as
is the cas{e’%ﬂ{eﬁﬁ%@g ’g‘ﬁﬁhﬁ%‘sgﬁﬁﬁéﬁlﬁﬁg&%@ %éljeﬂow e necessary
synchr d&i ztethperatire ol theprm‘hng 7ome it direagbnabie fevel. T vamldldsazmctease thbcost to
Furthernore, as i f ea 1 m a nunber of the above referenced 10

appli catloﬂsunffﬁ E@y r exanple 09/113,053, the printhead chips 186

allow for the chrdsrso m‘luéve(amapﬁ@éﬂ@iﬁofﬂhé gﬁebdldftﬂé?ﬁﬂt%ﬁm?aﬂa(}eidwﬁoh dti gi tal
processes. This allows for a substantial amunt of flexibili ty and speed.

Digi tal coMt0sipi.ghe ollewing sempasalive ieblsds 15 6ut elgsy. t#@a}s’sbemoqdﬁba thec s 48.
The fact tphahodelt® tiREGiiowihg 140181stsBhply e Rk ﬂfcligecﬂ F} fst 186
to 21 I on drops pe

all ows for e high prlntlng speed 0of up r second.
I n part|cumﬁmdﬂiﬁekmnﬁﬁﬁ Q@ﬁgﬁﬁﬂéuﬁﬁ@ﬁFW@ﬁﬁméﬁrp drivers is renoved,
which is key to the high printing speed of the chips 186. The

I ncorporation of the CMOS | ayer 190 serves to integrate CMOS technol ogy

WIDE FORMAT PRINTERS - 100 TIMES FASTER

OEM Printhead Print Width (Inches) 384 448 512 576 640 704 7638
% Number of Printhead Chips 48 56 64 72 80 88 . 96
‘% Number of Nozzles 368,840 430,080 491,520 552,960 614,400 676,840 737,280
Max. print speed (sq fthr at 1600 x 1600 dpi) 17,678 20,608 23,438 26,367 29,297 32,227 35,156
Make Model Resolutlon |Speed Memjet Speed Advantage (# of times faster)
HP 1000/5000 | 600 x 600 120 | 146 171 195 220 244 289 203
HP 3000 / 3500 800 x 300 72 244 285 326 386 407 448 488
Epson |[7000/10000] 720x720 90 185 228 260 203 328 358 391
€ | Encad | Novajet800 | 600 x600 96 183 214 244 275 305 336 366
g Qretag Arizona Draft mode | 444 40 46 53 59 -] 73 79
g Qretag Arizona 309 x 618 220 80 93 107 120 133 148 160
g' Colorspan| Mach X11 600 x 800 116 163 178 204 229 255 280 306
= Canon BJW 9000 600 x 1200 72 244 285 326 368 407 448 488
Mutoh | Albatross 792 X 792 85 270 316 3861 406 451 496 541
Roland HiFi Jot 720 x 720 96 183 214 244 275 305 336 368
Nur Fresco 360 x 360 300 59 68 78 88 98 07 117

20



wi th MEMS technol ogy on each printhead chip 186. It follows that at |east
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zone 120 is extrenely small when conpared to the length. In a particular
exanple, the printing zone 120 can be as little as 0.5 mmthick. It wll
be appreciated that nec achi eve extre .St apl e paper
novenent t hr ougfs !Sh‘gwﬂ’lnl l?i’tq‘?ﬁﬁ Oggﬁﬁ “{%’6?? ca@qﬁgntpgra@ﬁ?ﬁgtst W&le %g"&B‘Pat e
printing t giseforPhedntmificthie®f B ln‘?éghﬂ&l GRAE: deUi'E!@cMerlﬁ%K et dFlcomimdgcial
printing zone 120 facilitates mniml control over the paper 22 as it
passes t hr pantfactiee of sachdevings isgelativelylow & fellews thahépplaaxy@nwm thet the wi der
printing z t her
ot ol oy e eEFaRaR K o? iniod oSt 0 SRARAN hiL VLR GAB ) 00

Thi s woul dcomparabletcsthe bosﬂeﬁnm:facﬂmewﬁdwwidpfc&hnrmnters tistedimthe beoveagble. 22
agai nst any formof pivotal or lateral novenent as the paper 22 noves
through the printing zone. This could greatly increase the cost of the

w de format printer. WO 03/086770 PCT/ AUO2/ 00764 19 This highlights sone
reasons why thermal or bubble jet and piezoelectric printheads would not
be practical choices when attenpting to achieve the printing
characteristics of the printer 10. As set out in the above referenced
applications and patents, such printheads are not suitable for providing
the high density of nozzle arrangenents achieved with the printheads of

t he above referenced matters. It follows that, in attenpting to apply
thermal and piezoelectric printheads to a wwde format printer, it would be
necessary to have a relatively wde printing zone so that overl appi ng of
pri ntheads could occur to the necessary extent. This would i medi ately
rai se the problem nentioned above. Still further, especially wth the
thermal printheads, a suitable cooling systemwould be required to keep the
10 tenperature in the printing zone at a reasonable level. This would al so
i ncrease 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 follow ng conparative table is set out below It should be noted that
the purpose of the followng table is sinply to illustrate the speed of
printing and is not intended to denigrate the various printers used as
conparators. W DE FORVAT PRI NTERS - 100 Tl MES FASTER




OEM Printhead Print Wdth (inches) 38.4 44.8 51.2 57.8 84.0 70.4 76.8 3
Nunmber of Printhead Chips 48 56 64 72 80 88 . 96 Nunber of Nozzles 368, 640
430, 080 491, 520 552,960 614, 400 675,840 737,280 Max. print speed (sq ft/hr
at 1600 x 18O®M3MR47y0 17, 678 20, 508 23, 438 26, 367 29, 297 32, POVAYR/03G Nake
Model Resol ution Speed Menjet Speed Advahtage (# of times faster) HP

1000/ 5000 600 x 600 120 146 171 195 220 244 269 293 HP 3000/ 3500 600 x 300
72 244 286 326 386 407 448 488 Epson 7000 / 10000 720 x 720 90 195 228 260
293 326 358 391 Encad Novajet 800 600 x 600 96 183 214 244 275 305 336 366
0 Getag WEGKAIM, af t node 444 40 46 53 59 88 73 79 0 Qretag Arizona 309
X 618 220 80 93 107 120 138 148 160 C Col orspan Mach X11 600 x 600 116 163
178 204 229 256 280 306 Canon BJW 9000 600 x 1200 72 244 285 326 366 407
448 488 Mut oh Aloethodbefpageridth printing3homethed gomprisiugihe s®ps ah6 541 Rol and
H FI Jet 720 x Z2Q 9 7 3 . Nur Fresco 360 x 360 300
59 68 78 88 98 %5&“&%?%%%%%5@29%&@3\@?00764 20 As is known by
those of skill ¢jectingeirdpslofiitkedtiaqate of atiledstgredsikion diops pert sscondfrdm agriset up
cost for the nuf acture, of an integrated circuit device can be high, the
cost of cofigmply.gn to thepring 18@%%@8&9?%@#1‘?#@5{‘?57@ B ¢

foll ows thgkdipgp! | cant envisages that the cost of manufacture of a w de
format printer in accordance with this invention will be conparable to the
cost of manufacture of the wide format printers listed in the above table.

g e e

printing, conpri si ng ps o eding“a print nmedi um
t hr ougtd a billion drops e second fidwathe ptintragsedibdyen withe plintawediym.at e of at | east
one billion drops per second froma print assenbly on to the print medium

in the printing zone to generate an image on the print nmedium
3. A method as claimed in claim 2, which includes the step of ejecting at least twenty

billion drops per second from the print assembly on to the print medium.

4, A print assembly for pagewidth inkjet printing, the print assembly comprising
an elongate carrier that is mountable on a support structure of a printer in an
operative position with respect to a platen of the printer;
a number of printhead chips that are positioned on the carrier, the printhead chips
together defining a printhead that is configured to eject at least one billion drops per second
20 into a printing zone defined between the printhead and the platen of the printer; and
control circuitry that is also positioned on the carrier and that is configured to

control operation of the printhead chips

5. A print assembly as claimed in claim 4, in which the printhead chips together define
a printhead that is configured to eject at least ten billion drops per second into the printing

zone.

6. A print assembly as claimed in claim 5, in which the printhead chips together define
a printhead that is configured to eject at least twenty billion drops per second into the

30 printing Zone.

7. A print assembly as claimed in claim 6, in which the printhead chips together

incorporate at least one hundred thousand nozzle arrangements.



2. Anethod as clainmed in claim1, which includes the step of ejecting at

| east ten 10 billion drops per second fromthe print assenbly on to the
print medium 3. A nmethod as clainmed in claim2, which includes the step of
ej ecting at We#B6Tqenty billion drops per second from t heCpaUa/EsEsenbl y
on to the print medium 4. A print asse@Bly for pagew dth inkjet printing,
the print assenbly conprising an elongate carrier that is nountable on a
support structure of a printer in an operative position with respect to a
pl aten of the printer; a nunber of printhead chips that are positioned on
the carrier, the printhead chips together defini ng a printhead that IS
confi guredgto et agseﬁlspys&t chiifiedinlcldifry, Hﬁ@lﬁéhfh% EH‘Ehl S3gé

printing zone defined between the printhéad and t aten of t e prl nter;
and contromC@ﬁPPmtﬁ’Gtr19ﬂstmhundredlﬂwlsmowbmdngﬁmemse carrier and that is
configured to control operation of the printhead chips 5. A print assenbly
as clainmed in claim4, in which the printhead chips together define a
printhead 9hat Agprinoadsemblyes claimer] iaclairat8, Whithtindhedes betiveeroforyraagenper second

into the p riont assenpbly as clainmed in claimb5, in
whi ch t he %?q%?ﬁ%ﬁ?ﬂcb?s%%{) donMBGAHCT. 5 printhead that is configured

to ej ect at | east twenty billion drops per second into the 30 printing
zone. (ﬁrl nk assenbl élgas clained in claim6, in which the printhead
chi ps toget er Aiprabassemblyas gleimed i cleim 4, mowich each prnthgadchip s the:product

arrangenen&isanl}{@gg@g&%@m@abﬁ%ﬁoﬁl&%egp764 22 8. A print assenbly as

claimed in claim7 e printhead chips together incorporate at
| east o hundred thousand nozzle arrangenents. 9. A print assenbly as

clai med inqgl ai ndr rinthead
chi ps p05| |fone p%nt%&ﬁﬁgﬁ&gﬂge%sﬂgmﬁﬁﬂﬁt q’é‘gge@fa% Otggad”" Wﬁ@g‘?sﬁ“ claim
4, in whi cwafensubstrate m&em@&dﬁveamﬁwlpy@@usiﬁoneafonm wﬂbﬁgxbsﬁrﬂdw@ﬂartwi t
fabrication ocess % rlnt asenbl as C";‘dgﬁ% n claimi10, in

whi ch each™ ﬁfﬁﬁﬁ?}n QPS}t}?B ?ﬂe@e&" L i Eed’b‘gtﬂ?c Vg CERREY iVey e
circuitry layer positioned on the wafer substrate with the nozzle
arrangenents positioned on the wafer substrate and the CMOS drive circuitry
|l ayer. 1212.o phipeint assemblyag claimedip claira 11 rin whighsagh nozzle agpangementisrintlsy 2| e

ar r angenenforindf h%JEtkbeelectro-mechanlcal system that is electrically connected to the CMOS drive

circuitry layer.

13. A print assembly as claimed in claim 12, which includes a plurality of printhead
20  modules, each printhead module incorporating a printhead chip, the printhead modules

being mounted on the carrier.

14. A print assembly as claimed in claim 13, in which a flexible printed circuit board is
mounted on each printhead module and connected between the CMOS drive circuitry layer
of each printhead chip and the control circuitry.

15. A print assembly as claimed in claim 14, in which the printhead modules are

configured so that the printhead chips are each positioned at a common angle of greater

than zero degrees and less than ninety degrees with respect to a line extending a length of
30 the printing zone, so that consecutive printhead chips overlap at their ends.

16.  Aninkjet printer that comprises
a support structure;



formof a mcro el ectro-nechanical systemthat is electrically connected to
the CMOS drive circuitry layer. 13. A print assenbly as clained in claim
12, which includes a plurality of printhead 20 nodul es, each printhead
modul e i NCowW@3AB4TMy a print head chip, the printhead nodul BETANRY¥F64ount ed
on the carrier. 14. A print assenbly as2%lainmed in claim113, in which a
flexible printed circuit board is nounted on each printhead nodul e and
connected between the CMOS drive circuitry layer of each printhead chip
and the control circuitry. 15, A print assenbly as clainmed in claim114, in
whi ch the pri nt%@ﬁ'&nﬁﬁﬁHP@glﬁﬂES“&ﬂﬁﬁtﬁ'ﬁ?’é‘ﬁ so that the printhead chips are
each positione HHPHb ottratieRAVEH respdefid (BEplated Bé and | ess

t han ninety degarlzﬂenstq\s;\n&th reggie%g%&t%&% I?ﬁ‘g extﬁendi ng g | engt Eﬁgtf 30 the
printing zassemblycompesingonsecutive printhead chips overlap at their ends.
16. An inkjet printer Jises a support structure; W 03/086770

PCT/ AU02/ 00764 23 aanpﬁtl%%tﬁ%%g}s%?’ti oned in the support structure; a print

assegl y positioned a)mﬁnljaﬁrbf/pdimheﬁdtch@psgs;iﬁmtedtom thmearmf i raﬁlerpﬁnﬁlgad ‘E;i]psnt
assenbly conprising an_elongate carrier; nurber rjnt i pS
posi ti oned on ttﬁgetggrc{;ﬁgm,g at%ﬁ’égﬁﬁmah’éégn%@ eie&gﬁt‘??é@ zﬁiﬂf‘ ﬁbopgper
printhead that Jegoffiid Qﬁﬁxﬁﬁgtzen@dléﬂh%d BétwleSiPthe peifithedti dnd thetpldtefdndper
second into a printing zone defined between the printhead, and %ggle pl at en;

and control circuit repntrabaircpisrythatds sse pesitinned op theroamics and thatis sopfigured | s
configured to t%%%%&'oﬁ{%ﬁ[)ﬂ)fﬂl@gﬁﬁthk&?c ¢ fidread chips; and 10 a feed
0

mechani sm posi tione e support structure for feeding a print nedi um
t houghl@ he pri na fead mechaism positioned on the support structure for feeding a print medium

though the printing zone.



