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1 A DUPLEX NETWORK COLOR PRI NTER FI ELD OF THE | NVENTI ON Thi s invention
relates to a printer. More particularly, the invention relates to a print
engine for a printer. BACKGROUND TO THE | NVENTI ON Pagew dt h pri nt heads have
t he advantage of being able to print rapidly but are constituted by a very
| arge nunber of nozzles. Should any of these nozzles be defective, an
i nadequate print quality may result. SUMVARY OF THE | NVENTI ON According to
a first aspect of the invention, therelis provided a print engine for a
printer, the print engine including a first printhead; and a second
rinthead, both printheadg, j [ i nkj et nozzl es
gonstructed usi ng nicroe?é%?@g%gtqgﬁ?ggkgigkﬁhﬁﬁ ,%, t he printheads being
mat ched so that defective nozzles in one printhead are substituted by

cor r espongipLy, OYTOHE teyietiiowe nozzles in the other printhead. Preferably,
each printhead.is a pa 1 dt h _printhead. The. printheads nay, be arranged
si de- by- si de ?[r?lss"bvﬁrgéja,%%gég’flpf'gtfn Neolreaﬁaf“(‘iﬂ%r itBQmYeﬁt“’t“ﬁ%‘gesé‘b%%F‘f mgint fobh

unl ess t heringont ext clearly indicates otherw se, the term "pagew dth
printhead" is to be understood as a printhead having a printing zone that
prints on;_b' at_a tine on a age, the line being parallel either to a
| onger edge=ot gdge—or—t he page. The line is printed as a whole
as the page ndirgsviqdagintedie haye ihatdveeteke anbbitghkle prrint lgdtd bitSresbdititONBr y/, | . €.
it does n@lvikdst&b : Al . [ he incl ude a
transt or ol e R e PO il (RGP
transferr™g ink fromthe printheads to media passing the roller, the

pri ntheads being arranged in circunferentially spaced relationship
relative {ovvdRd GEaE RN ENTBR roller, With the printheads extending
parallel To a rotattronal axis of the roller. The transfer roller may be
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occur r i ngerinomginetihéllatidigi Nng evaporati on of ink fromthe printheads. The print
engi ne may i”%@&@ﬁﬁﬁw .ganing station for cleaning a surface of the
transfer roller. Tn addition, a drying means may be arranged downstream of
‘the roller. THeSCWRY PHtherfe pf8 Prisieadshaclyipgianlyralite of iistinazylel somptructed uging
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}%i'nthead are substituted by corresponding, non-defective nozzles in the other printhead.

Preferably, each printhead is a pagewidth printhead. The printheads may be arranged
side-by-side in spaced, parallel relationship.

In this specification, unless the context clearly indicates otherwise, the term "pagewidth
printhead” is to be understood as a printhead having a printing zone that prints one line at a time on a
page, the line being parallel eithef to a longer edge or a shorter edge of the page. The line is printed as a
whole as the page moves past the printhead and the printhead is stationary, i.e. it does not raster or
traverse the page.

The print engine may include a transfer roller rotatably arranged adjacent the printheads for
transferring ink from the printheads to media passing the roller, the printheads being arranged in
circumferentially spaced relationship relative to, and adjacent, the roller, with the printheads extending
parallel to a rotational axis of the roller.

The transfer roller may be displaceable into abutment with the printheads when no printing is
occurring for inhibiting evaporation of ink from the printheads.

The print engine may include a cleaning station for cleaning a surface of the transfer rolier.

In addition, a drying means may be arranged downstream of the roller. The drying means may
be an infrared drying lamp.

In a preferred embodiment of the invention, the printheads may share a commeon ink supply.

As described above, it is possible to obtain defective nozzles in the manufacture of the

printheads. Thus, the printheads, at the time of manufacture, may be characterised and matched so that



As described above, it is possible to obtain defective nozzles in the
manuf acture of the printheads. Thus, the printheads, at the tine of
manuf acture, nay be characterised and matched so that 2 no two
correspondi ng nozzles of the paired printheads are both defective. A defect
list, which may be in the formof a characterisation vector, may be
provided for providing an indication of which nozzle of a matched pair of
nozzl es of the printheads is to be used. The characterisation vector may
be encoded and incorporated in the print engine. The print engine may
conpri se rtrl usi ng, the pr.int heads and the other conmponents. In a
preferredqoetﬁ'g(g%ﬁe%?gﬁ%gh@ﬁ%sO%]ﬁeé’falé%itpgr BTNV may be retrievable via a
bar code appl i e¥ defecttlie whigh mey Hegyén thjfieem of \peoharpaterisatisat es9s redy e praovided i nt i ng
station fpovidingdnl iitficion of WBcHMokAN df B tha®hed bhiOdt nb2ked $tHePentheddshid b 3L usbd. ITAL €ngi ne
as descri &%%ct%?sgt}éﬁ; eczil':)rrld a seconegaa%ql nt engil ne, al so as descri bed above,
arranged | R opposedee|T keGP BREPHEY jtherpring grging.  Thechrint engiye may s of
t he pri nt caapyierresartridsebaubingythaiprinthests amlabhotiot bamporeots.e Inf agedferped emddingntothe bot h
surfaces ghra@eris®dg 9dctoPhayHeirdbeviRifh bgﬁ§&|aﬁgiecp£%%§9idéehe tranSf er rollers.
Preferably, t %ri nt headﬁgﬁ{gf bot h, grl nt engl_ nes recelve ink froma common
i nk supply. ThU% " ¥REPEA WG PETHRE P i Privire thypanting gaton ewdips| v, t he i nk
suppl y conpri sifig pant pigine ad detoyibifabevepat at e i nk  cartridges, each of a
di fferent col %'ng I NL LG L nting. stati may
include an i ngsﬁé&g?@%i r _a’gdésggig %etggiga{vﬁ]?% ’ %5%]: ann%%%d?% f}%',]%f @Q%%Shfphg}%f when
an ink calf Fggaoles ot Rt goeliss JopEngReant pash ebpr oot pranting onchethisprfagesiobs  of t he
car t r i dgeshee off pninfrhediaghasbihphvtweerothemeniferaslietan Wi th the reservoir via a val ve
arrangenment. T oy . At e . di. ceahl v arranged.rel ative
to the first pﬂr?i&ﬁ?ﬂ)ggfga?ﬁ@ﬁéta %r()f_gg%g%ﬁie%k_ésa%%é‘gs& Itoécg%bae%%r% he S?PBQ'aq]ﬁ?si nt
medi a pat He BEfips EeHop abndsiids the ink siarly. & gikfarply wepdsingiarripraliey of ssratsrick aspect
of the i neendgeDench bfhalfRrehiolpt, @\prdd il forcdi@ phidilg. of manufacturing a printhead
assenbly for i | [ he et hod including, the steps of
providing a f?r.rhg gﬁrﬁ% (r%ttgt%gada&%\cc dﬁéﬁi lﬁ]g r%serf) ura cl|att%(1§/ qu‘ ei&ﬁ I?j'kecf"%hdggiq %@t’
const r uct B g% ink gertriggeds peunesd o nasehiaind resrvoircn irkiriqueldhe cawridgeis impidiflerecond
pri nt headcomuhibeBiosRIEBhCORBEbIF UG 1208 addhgdnitar. T 1 rst printhead; and matching the
first printhe to the. second print head. by ensuring that. no_correspondi ng,
paired nozzl 212113 SF° dhpemf Wo prio tbﬁg%?@%“%’#yexfﬁa%eﬁ e g{ﬂ figy Srst pyint \gpgine
appr eci at @ablipgzeeess o he gaingd tojaprnt medie pattedeisd boweep tho prig sngines. t he second
printhead may AcBot@hy/® a seohlBRRA of e iNRBhRA QDR ploQid&SMLfdtP bRl AT € NO
pai red nozz eé of trﬁyhtg t\/\owpchl nt heads gl\é(f_nt uqall sel ected which are both
def ect i veP"MTRE *RETTOY" HREEIHIR P e gRTeT EY M e s 5P pr i nt head from a
plurality of geyitmats fasrpinped! imluding a plurality of inkjet nozzles constructed using
microelectromechanical technigues;

selecting a second printhead of the same construction as the first printhead; and

matching the first printhead to the second printhead by ensuring that no corresponding, paired
nozzles of the two printheads are both defective.

It will be appreciated that, in practice, the selection process for the second printhead may involve
a number of selections to ensure that there are no paired nozzles of the two printheads eventually selected
which are both defective.

The method may include constructing each printhead from a plurality of segments arranged in
end-to-end relationship.

In one embodiment of the invention, the method may include characterising and matching
printhead defects one segment at a time during construction of the printheads. In this case, it will be
appreciated that the testing of the nozzles of the relevant segments occurs without ink before integration
with an ink path.

In another embodiment of the invention, the method may include characterising and matching

printhead defects after each printhead has been assembled in its entirety. In this embodiment, the method



end-to-end rel ationship. In one enbodi nent of the invention, the nethod nmay
include characterising and matching printhead defects one segment at a
time during construction of the printheads. In this case, it will be
appreci ated that the testing of the nozzles of the relevant segments occurs
wi t hout ink before integration wth an ink path. In another enbodi nent of
the invention, the nmethod nmay include characterising and matchi ng .

pri nt head defects after each print head®has been assenbled in its entirety.
In this enbodi ment, the nethod 3 may include testing the nozzles }NI'[E i nk
after int i i i . h,. Accordi.ng .t.o third aspect of the

i nventi on?lg}t;ﬂgé(g%S@gg@g%géﬂﬁéaggﬁewtﬁ%%ﬁngg%eﬁ%ﬁpf/&f or a pagewidth printer,
the assenbly iHePiiie irya dhigdamnecto? dr invmtienadhste ivarohidgsrd prirtteatiassamdlyulii ag a
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techni queg,. the . prin s bein el ected an che 0 at. no two

pai redqnogﬂqumesz% ¢ ﬁgé'ucﬁrgiuﬂ?%élgﬁs e%?@“ﬁ%’fcﬁl t&%‘f“&‘?%e?"“%&%ﬁb% FEHEAY ey be
const i t ut Bcltsy sefhas peiwalpditeg negtlesed thrprintiwads e foth dedeciive. end- t o- end _

rel ationship. K3J€@rigal Mayl & @&@iﬁé@%'anﬁl&t&liﬁfoftJ@&néﬂ@vﬂaﬁée&)rh hilR-fg 1 nt head
defects may.b .characterised and matched one segnent at a tine. The

nozzl es n%ef“?nﬁé?'i be tested without ink before integration with an ink
path. I n anot hewceegrinodioneatbodiment pitshd imveiottirprinthéad defectsnialp bachad@drdatand may be
char act er inggidd R edMRhCH 8 Hne. At b2z ORRY) Rlr 1R ResRE witkGt RSl EinRLAALMGRG 1D
this case t%{ﬁ nozzles may be tested with ink after integration Wth an

i nk path.‘“ﬁB rding to a fourth aspect of the invention, there is provided
a method of cHarmdeemibgdiment of thepmiemioh elaghrinbae taRcys nfag be dharipdidrisddanid mitéhed et hod
i ncl Ud! ngafgp&)_ﬁlgfe_i ofithP Stife éPiBth(RtEI.l ﬂl%?é%&?!he 9&91& lﬁk‘lbg'{eg thliﬂccallﬂgrdu:l{g tigh
plurality of inkjet nozzles constructed using croel ectronec I'cal

t echni que¥™ ®RPPhat no paired nozzles on the pair of printheads are bot h
def ective; detApcoriling g fdnthChpenioof Zheeinw@fition, thédé fs prévideda hethsib@EhaRerigaNer at i ng
data rel att R e*'ﬂ?f“gg’lﬁééfgt*?ﬂe&‘?%mﬁﬁﬁ% and encodi ng said data and

associ ating said encoded data w the printhead assenbly. The printheads
may be pagew dR¥fiE pRtin atheadsheacimsinhend inpfding p plghi of bkistinperleacaiafugled | i st
whi ch nayusie niidloelebiniethaiivad fechiqGdpsuetCtha b Pakbd R2zles\oR @ifeQhir ofrinthds HERWRY at ed
data and gtoking the vector in a manufacturing database. Further, the

met hod may 1 nclude indexing the characterisation vector with an
i denti fi cati orfetermining which nozzle of a pair is to be used and generating data relating to the nozzle to be

used; and

encoding said data and associating said encoded data with the printhead assembly.

The printheads may be pagewidth printheads.

The method may include forming a defect list, which may be in the form of a characterisation
vector, of the generated data and storing the vector in a manufacturing database.

Further, the method may include indexing the characterisation vector with an identification
device of the assembly. More particularly, the characterisation vector associated with a particular
printhead may be stored in the manufacturing database and indexed by a serial number of the printhead.

Further, the method may include encoding the vector in a readable format and applying it to a
cartridge of the assembly. Preferably, the characterisation vector is recorded as a barcode on the
cartridge.

Then, when the cartridge is installed in the printer, the method may include retrieving the vector
from the barcode and writing the vector to a memory means of a printer controller of the printer. The
memory means may be a flash memory of the printer controller.

If the cartridge is replaced in the ficld, a new characterisation vector may be downloaded
remotely from the manufacturing database to the printer controller via a network interface of the printer
controller using the barcode of the new cartridge.

According to a fifth aspect of the invention, there is provided a printhead assembly which



device of the assenbly. Mre particularly, the characterisation vector
associated with a particular printhead may be stored in the manufacturing
dat abase and i ndexed by a serial nunber of the printhead. Further, the

met hod may i nclude encoding the vector in a readable format and applying it
to a cartridge of the assenbly. Preferably, the characterisation vector is
recorded as a barcode on the <cartridge. Then, when the cartridge is
installed in the printer, the nethod nfly i ncl ude retrieving the vector
fromthe barcode and witing the vector to a nmenory neans of a printer
controllef qg the printer. The nenory nmeans may be a flash nenory of the
printer con?roller If the cartridge is replaced in the field, a new

char act er i sat i or#npgmptghed mayhends, @evminthsaddntluding ppluglity of inkjen rokaies neasferét ur i ng

dat abase ﬁéﬂlgtnhﬁodlli'cird]ﬁe&[aniﬁé? 'f&ﬁn@ifu&seﬁle Wrirthe s 'Bﬁﬁé/\ﬁ?{téﬁed Dk fl@f}d@e@éozﬁ@%f ﬂE i nter
controller le‘r}% J%e gﬁﬁge? the new cartridge. According to a fifth
aspect of PYEPTHGEREF SAD 9998 s provi ded a printhead assenbly which 4

i ncl udes a paimeadéd drtatrddtisgltoprdefiadt e adecjated auith the piimtichd Atk defect listhravifling dgh ur al ity

of i nkj et rR@gzb %cmgaécrfu&tsaofmpgnsyz;@matsatafgmgaweluséaechn' ques, the
printheads beli ,B%&%tﬁ o] that ng pal red nozzl es of pai r of

printheads are 36 e 1n fhg fouh elrrdgradiegisation wrtgh l“ﬁ’d’etaﬁ“%tﬂé‘f‘@é‘t li st
associ at edentifitakiort deeicquf it bdseutthsand tiagbedefed it a hansibenpingiitalisag data relating to
whi ch nozzl e othegﬁal]eaeapsm@l niPLERAS BRRELCR s Rl LisRlon RLADINGRAS | S

to be used. The defect I] st in orm o a Chardct eri sati on
vect or, n%l&?°d5%f°&§3§(98‘l‘%tp@t§led\ﬁ? the, catrideeiteerreadatiechytai P&Pf‘*‘d@\?ll the casifidgeripingalsd | y
and may betspoited i n a nanufacturi ng database. The printhead assenbly may
include a prin rtpi : n.vector. . i.n_its encoded
format, being %c@&ﬁ]ﬂ g SE(Eht e@tcoggh?r?r}v%ﬂgﬂ ?h%;eﬁs pr;s\g% 83 nter con oller for AP n{,lt Then t he
cartri dge the contrq{ ’t‘a‘l‘ldé’é in the printer. According to a SI xth aspect of the
i nvention, thergocksinginans ﬁeﬁceﬁlr@ﬁﬂcﬁﬁlﬁg dftDBkhtiRlid £dies$‘i9ﬁon%f Qﬁdgélfo% printddh e

controllef;. r in or receiving incomng data
daid dQs%Ja[gg}stgm ih c%ﬁrféa% leﬁ ? %\Ia

relating to a descri e printed, said descriptions
cont ai ni ng colacstematnamawuwfmha ataels@tstoﬁéta a nenory neans in which the data

are stored; a arrasﬁeh@iﬁg iﬂm&mﬁ&ﬁlnghﬁ&ﬁ{ @ﬁﬁét&gmm%m{:r%mé ﬁ?ﬁeﬁe[ 't%'cflﬁpr&%lgn K text
ata_an e black tex

conpr essi Si

data bei ngq?ghé"tclt’]l dcfj adsﬂéepbaarda elqgtag ﬁ?fgcagﬁepﬁrf‘%léﬁpmﬁﬁhm Pt head control | er
for receiving,a rfobodseneglr iy rarding devepsising asigiretesiag w@id dira farprntiigndr ¥i a a
pri nt headpridfetRfndePEthkA bt B privh&dRbdrbiidead control ler.

The printhead may be a pagewidth printhead.

The rasterizing and compressing means may include at least one raster image processor (RIP)
digital signal processor (DSP). The, or each, RIP DSP may communicate with the processing means via
the data communications means, the processing means feeding and synchronising the, or each, RIP DSP
and the printhead controller.

The, or each, RIP DSP may communicate with the hard disk via the processing means and the
data communications means for storing rasterized and compressed data in the hard disk prior to
transmission of the compressed data to the printhead controller.

The printer controller may include more than one RIP DSP. Additional units may be included in
the form of field-installable, plug-in modules.

The memory means may be a hard disk which communicates with the processing means via a
disk controller and a data communications means.

According to a seventh aspect of the invention, there is provided in a printer controller, a method
of printing a description of a page, the method including the steps of

receiving said data relating to a description of a page to be printed from a host processor;

storing the received data in 2 memory means;

rasterizing and compressing the received data to create a compressed page format, the



The printhead may be a pagewi dth printhead. The rasterizing and conpressing
means may i nclude at |east one raster image processor (RIP) digital signal
processor (DSP). The, or each, RIP DSP may comruni cate with the processing
means via the data comunications neans, the processing neans feeding and
synchroni sing the, or each, RIP DSP and the printhead controller. The, or
each, RIP DSP may comuni cate with the hard disk via the processing neans
and the data conmunications neans for2storing rasterized and conpressed
data in the hard disk prior to transm ssion of the conpressed data to the

printhead _control Ler. T ri.nter controlle i ncl ude nore than one RIP
DSP. Addi {T8ha °nl?r¥ﬁ%% °s°1°r‘%§a§a 0 a0k 2 e ine Eesttd Yepaceldy Hors wfRteric ol | i e,
pl ug-i n nodul efssdingiths coremesseyt Prge farmat datytolo @riztheadgodirdies kndwhi ch communi cat es

Wi th the procesgintig (B 86pralied pake fSHntkia HhE Plidafha GREbIE: HB! 8 HRETYReat i ons
means. According to a seventh aspect of the invention, there I1s provided in
a printer®™&ntroller, a nmethod of printing a description of a page, the
met hod i ncl udi Hg niclhed g psiuds prie ¢e feedinggths ennghreskad page ddrmbti dag té e @ricladr i pti on

of a pagecdRolRe siBHideMcGHmprb Ot pAec 15kt A AEHS SGhory m§&gwe%&mklggieéﬁ%s»&%/fﬁ9 dat a
Y at a

in a nmeno yeans; rasterizing and conpressing the'rece 0 create
a corrpresé%%dq%é’ﬁé‘e g¥eRERrolithe "5 conpressi on of the col or data and the bl ack
text data bei riyrthdr fi@otegtad sepaclatesds yhefdnto are expalied) fdaditig the dxpadddriga tdue least

conpr esse ] ipthead controller; and expanding the
gne Bﬁlgﬁeazi &ﬁlﬁ@ﬂed %g{leapr&lﬂeaa 81‘&51@}

conpressed page ftor mat ain t he PI’I nt head controller prior to printing
of the page. Th&sispeHSE hrasntieat rualer mseivet the eompesesed prge forreat dempieated page
format dainay ibadude kteringttieith BadocalG@mbiyalelit bf thSfrathkddGodudBer cONPr essed page
format data in ! r e. ry Jreans i ng.the har i sk of
the printer co‘%%%%fﬁ?& Tx—%lgﬁfﬁger%t Oft tﬁ%_mge&‘[gﬁnoﬁheﬁﬁs pfoﬁ% u""blgr,l_n tthﬁaéd Oﬁ%’l%ag’é are
expanded, coredkfemgntion af aBapnbycht lfast areprintbrag the| peinthead cosfrellepbaingteprmgntedciomter ol | ed
by the prvini feadmeontiations ligd o a?ﬂﬁ&e@ﬂodllemﬂcéliq\‘%% dﬁtﬁ,hum% &%st@&ﬂﬂﬁﬂaﬁh&lﬁﬁg

recei ves e e age formt data, .the nethod . iinclude storing
Lhe' data DARSRIREERREL, REGE AALAE Rl itk (BRHRSH bIBH WP @ BTt g Lo
an ei ght heoaisgseselor lafer thsgripthrpdeonirdier indidsge i s provi ded a printhead controller
for control | iJigst Bécbdibe ntGnsQbr eRpaRBiGoktiresddd dhif Afkindh Bie BV HIRRHyer! he

printhead cont rsocloll . %EI ng connect ed, i nuse, yia a data co ni cations
VK to a pri meEPICdsRios R K S sonier die o o COY G BT BY o
rel ati ng firstgnd saenghdegaddinganchys being antuesgd intphrellellat a i ncl udi ng a page description
conprising a Qifmd @¥Bdrard 'st@ﬁée de ARG s@ﬂﬁé thk expanded data from the first decoding means:
a second temporary storage device for storing the expanded data from the second decoding
means;
a data manipulating means for manipulating the data output from the first and second temporary
storage devices to be fed to the printhead; and
a printhead interface at an output from the data manipulating means for controlling at least one
printhead connectable to the interface and for feeding the manipulated data to the printhead.
The printhead may be a pagewidth printhead.
The first decoding means may be a lossless bi-level decompression device for decompressing the
bi-level black layer. The decompression device may be a standard Group 4 Fax decoder.
The second decoding means may be a high quality lossy decompression device for
decompressing the contone color layer. The decompression device may be a standard JPEG decoder.
The data manipulating means may include a ditherer/compositor unit and a third temporary
storage device at an output to the unit, the unit being operable to composite the bi-level black layer on
the contone color layer after dithering of the color layer. The unit may be a custom built unit.
Each of the first temporary storage device, the second temporary storage device and the third
temporary storage device may be a FIFO. It will be appreciated that the functional units are pipelined

with the FIFO's which are on-chip and arranged between each functional unit and its successor in the



contone col or layer, the printhead controller including a first decoding
means for expanding conpressed data relating to the bi-level black layer; a
second decodi ng neans for expandi ng conpressed data relating to the contone
color layer, the first and second decodi ng nmeans being arranged in
parallel; a first tenporary storage device for storing the expanded data
fromthe first decodi ng neans; a second tenporary storage device for
storing the expanded data fromthe secbnd decodi ng neans; a data
mani pul ati ng neans for mani pul ating the data output fromthe first and
second tenﬁﬁrary storage devices to be fed to the printhead; and a
printhead terface at an out put fromthe data mani pul ati ng neans for
control | i ng atAdcerdigg tocomeinth mspertt df dedneativnecibéra izl ovided trhe piintieat éamcaleafod f or
feeding t aﬁtrmlpmh@nﬁsgpag@ﬂ;ﬁa grﬂthzahqh@gdnmw%aﬁml@ h}éngocrohﬂa&&e ﬁl%m allaﬁ? 2 ol

pagew dt h printhead, first decading neans. may | ossl ess bi
deconpr es nigaligs F‘b? P SPRTPIE &9 ﬁ‘ijell“ﬁ%da%im % ‘é\‘i’@TeSSE)‘? Sepat:|reffigg to e
deconpr esprzomwr be entaletherdaya ibkduding 3 thaga destiibtick m:‘lsingﬁax-ledﬂ ehddiyer ahe caerond
decodi ng &Eﬁlﬂéer Wetlgg of’conﬂrcglbl u ﬂotné/ r¥n oGP € 1§dte9 conl gﬂ{ar %1% me&lé)d
deconpressi ng the contone cofor aye?. econpre sion devi'’ce may be
st andar d IPREESERA.  The data nanipulatlng means may i nclude a
di t her er / conpospdndifig dfiplessedtdtadeldtifig fothebBRRDblAK Yay&t Or age devi ce at an out put
to the unit to. conposite the bi-level black |ayer
on the contoﬁ%ﬁggﬁ%%mgggggmgggtﬁg eﬁ%$mﬂ§ 0tthe col or | ayer. The unit
may be a cust otFFipgife %XPQPﬁ?dtdata R a‘@fse‘loﬁbfelﬂ?orﬂs&t steragapoicerTspestivaliage devi ce, the
E econlc__l | }: % rrpt)r &Ee)d}nlgtlﬁlé@@eled&w ol t?rmratgh&vfﬁam]g éjdatatnﬁﬂl'@ﬂiitﬁé Yhemb;0r age _deV: ce gay
e a towi ad ted t the functional units are pipeline
with the FIFOan\Lat %B %a%rmmsm %Eﬁmpan g8d between each functional unit
and its succededingish lqaﬁefmﬁ Ppi‘tbf@ﬂl\’ﬂ‘é dots e chgr fintad) in @ccardprice tWith glsp éopatted  t he
i nvent i ONmariiRfe@ddt& afdr Ovi ded in a printhead controller for controlling
printing of aI%q%F]p%o printhead, the printhead controller being
connected, in‘use;” Via a data comunications link to a printer controller
for receiving 'laiaﬁtaﬁs of papaadinthpie dayerel mfsorcrmm sybstangibltsinndfare @usly hEhe npgtigémtyo  be
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expandi ng conpfg %ﬁ%ﬂmgﬁg 6% tﬁe%aﬁgﬂap thelh® dqt%ngﬂgzog{bﬁe SRt B{(&r, cB5tisitin tLé)Igll ng the
expanded data in first and second tenporary storage devices respectively;
level black Iayer on the dithered contone color layer and temporarlly storing a dithered/composited layer

so formed in a storage device prior to printing the dots.
The method may include operating the printhead controller as a self-synchronising pipeline.

BRIEF DESCRIPTION OF THE DRAWINGS

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

drawings in which,
Figure 1 shows a plan view of a printer, in accordance with the invention;
Figure 2 shows a front view of the printer;
Figure 3 shows a side view of the printer;
Figure 4 shows a schematic, sectional front view of the printer;
Figure 5 shows a schematic, sectional plan view of the printer;

Figure 6 shows, on an enlarged scale, a schematic, sectional front view of part of the printer;



feeding the expanded data fromthe storage devices to a data manipul ating
means; nmanipulating the data into a format suitable for printing; |o6ading
at | east one printhead with dots to be printed in accordance with the
formatted manipul ated data; and printing the dots. The steps of expanding
the two | ayers may occur substantially sinultaneously. The nethod may

i ncl ude expanding the data relating to the bi-level black |ayer using a

| ossl ess bi-level deconpression devicé. The nethod may al so include
expandi ng the data relating to the contone col or layer using a high

qual ity | ossy decoppression device. The ni Igtln of the data may

include dlther B { VLB FRlanses gt i qfa el s UPPTYS the bi- |evel black
| ayer on the dtt he%ﬁg cont one Cmfﬁré‘ala er and te orarll storing a

di t her ed/ conpoS?ey® 5§/”e e dgerEsP RN PRTA B ¢ eﬁf‘llt{"fr to printing
t he dots. The pet Jude erati the prin ead controller as a
sel f - synchr oni gelg‘ﬁ% Ebgf’?)élalﬂﬁ%e' PRSP BERAY NGS The

invention is n exanpl ference to the
acconpanyi ng ggﬁﬁﬁﬁ%@“aﬁ"ﬁﬁﬁ%ﬂmxffﬁﬁwg mwgﬁﬁwgf ‘f&n view of a printer,

i n accordance ventio front view of the
printer; Fi guriéwg“f'fe mﬁ]g(\’/vssa la?alag‘at{flr%’vﬁs%'%g?rhogg‘ﬁﬂ“?‘?{'fm%’a‘aﬂol‘fl”btllj?EP rshows a
schenatlc sect.d on the ure 5 shows a

schemati c. sec%Fon?meTan‘§¥e$?%ﬁ° S Rd °ﬂF@ﬁ$b$$ﬁﬁﬁ% 6 shows, on an

enl arged scal e,. a sectlonal f r.ont rinter; 7
Figure 7 shomsF%mFeﬁ$%Fﬁedm% U < aG d%w%en r%fgg%@??%ﬂﬁ%ﬁ ﬁ% tinter:
Figure 8 aows a three- dlnen3|onal view of a print engine arrangenent of
the printer; Figure 9a shows a three-dinensional top view of an ink
cartridge of tHeurpdd sheys;a bipgkgdipgangiof sivthws embodimerteofcthereringi cogind cdsoelteom vi ew
of the i nkchiradhird. i dge; Figure 10 shows a diagranmatic representation of
docunent data flowin the printer; Figure I |I shows a block diagram of the
printer controller architecture; Figure 12 shows a bl ock di agram of one
enbodi menBERAILFERD BSERIMTIONOHEHE BRAWINGBr architecture; and Figure 13 shows
a bl ock di agram of anot her enbodi nent of the print engine controller
architecture. S-PRINT OVERVIEW

The invention will be described with reference to a high-speed duplex network color printer
intended for high-volume office use. It features 2000-sheet motorized paper trays, 120 page-per-minute
operation, and 1600 dpi photographic-quality output. We refer to the printer as the "S-print" and we shall

refer to it as such or as the printer below.

With 20 times the speed of the best network color laser printers, and 4 times the speed of the
best network monochrome laser printers, S-print effectively targets the $40 billion desktop laser printer
market. With its high performance and photographic-quality output, it also competes against offset

printing for print runs smaller than 5000 copies.

S-print accommodates Ad/Letter sized media and, with a tray adaptor, A3/Tabloid sized media.
It achieves simultancous high quality and performance using full-color page-width 1600 dpi

" microelectromechanical inkjet (Memjet) printheads.

S-print uses an embedded DSP-based raster image processor (RIP) to rasterize Postscript and
PCL page descriptions at high speed. The standard RIP uses a single DSP, but up to three additional DSP

modules can be plugged in to increase performance.

The RIP compresses and stores the rasterized page images on an internal high-capacity hard
disk. While simple page descriptions are rasterized at the full 120 ppm printing rate, more complex page

descriptions may take longer. Pre-rasterized documents retrieved from the internal hard disk are always
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i ntended for high-volunme office use. It features 2000-sheet notorized paper
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this way al V\/ayégaptd{rf@{ the full 120 ppmrate. The standard 14GB i nternal
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expand, %ﬁth(Fm3br| nt page images to the dupl exed printheads in real

time. Apart fromcustomprint engine controllers and Menjet printheads,
S-print is bui Ink cq@iigq:g 18, which will be described in n greater detail below, are mounted on top of the

ceniral section 14 to be readily accessible.

A front face 20 of the central section 14 houses a dispiay 22. The display 22, which will be
described in greater detail below with reference to Figure 7 of the drawings, is a full color LCD user

interface.
Referring now to Figure 4 of the drawings, a schematic front view of S-print 10 is shown.

The housing 12 is constructed around a box chassis 24. Print engines 26 are centrally located in
the central section 12, The print engines 26 will be described in greater detail below with reference to

Figure 6 if the drawings.

On either side of the central section 14, and projecting outwardly therefrom is one of the paper
tray housings 16. Each paper tray housing 16 has a bottom or side hinged door 28. A platen 30 is
located in each paper tray housing 16 for supporting a load of papers. An operatively inner end of each
platen 30 has a guide roller 32 which is received in a vertically extending channel 34 for guiding vertical

movement of the platen 30. Each platen 30 is driven by a motor 36. The motor 36 drives a sprocket 38.



standard off-the-shelf electronic conponents. 2 PRINTER MECHANI CS S-pri nt
is designated generally by the reference numeral 10 and conprises a housi ng
12 having a central section 14 (Figures 1 and 2). A hinged tray housing 16
projects fromeach side-of the central section 14 (Figure 3). Ink
cartridges 18, which will be described in greater detail below, are nounted
on top of the central section 14 to be readily accessible. A front face 20
of the central section 14 houses a di splay 22. The display 22, which will
be described in greater detail beIOM/mAth reference to Figure 7 of the
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of paper ¥HHoarbdriveredy t motohessqbiyd4. Similarly, the spike wheel rollers 56, which are arranged in :
vertically spaced pairs, are driven by a further motor assembly 46.

Also, as illustrated in Figure 5 of the drawings, S-print 10 is a four color printer having a cyan
ink cartridge 58, a magenta ink cartridge 60, a yellow ink cartridge 62 and a black ink cartridge 64. The
ink cartridges 58, 60, 62 and 64 feed ink via hoses 66 to the print engines 26.

A molding 72 (Figure 6) to which the ink cartridges 58 to 64 are attached is hingedly secured to
the remainder of the central section 14 of the housing 12 to reveal an upper part of a chassis 74 of the
print engines 26. This upper part 74 can be pivoted about pivot pin 76 to enable access to be gained to an
upper print engine 26.1. It is to be noted that the upper print engine 26.1 is secured to the part 74 so that,
when the part 74 is pivoted, access can be gained to a lower print engine 26.2 as well as drying infrared

lamp 78.

These infrared lamps 78 are mounted on paper guides 80 which guide a sheet of paper 82
between the print engines 26,

The straight paper path allows the paper 82 to be fed at high speed past printheads of the print
engines 26.

The two print engines 26.1 and 26.2 are mounted together in an adjustable assembly. As

described above, the upper print engine 26.1 can be pivoted upwards to allow access to paper jams and to



engines 26 is guided by pick-up rollers 54 arranged upstream of the print
engines 26 in the paper path. " Spike wheel rollers 56 grip a |eading edge
of the paper, after printing, for guiding the printed paper to a paper
tray housing 16 | ocated downstream of the print engines 26 in the paper
path. The pick up rollers 54 are driven by a notor assenbly 44. Simlarly,
the spi ke wheel rollers 56, which are arranged in vertically spaced pairs,

are driven by a further notor assenbl y!%6. Also, as illustrated in Figure 5
of the draw ngs, S-print 10 is a four color printer having a cyan ink
cartridge,5 nt trrde60 yellow ink cartridge 62 and a
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with a fixed reservoir 88 defined in a nolding 84 on top of the print
engi nes 28™Mthegdgof rﬂ?s?é‘Pt\FBWes% is in communication vm th the fixed reservoir
88 via a passage 92. A(Pln 94 Ero jects through the passage 92 and is
engaged by a bRITTRFGOEHO Figwe 7 At %%T?Y‘Fﬁsd@éroB@a?eéz%ﬂf S-PriRklOgasewe B gregter yr ged
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provide an early warning to re l ace cartri
number of ‘copies to be éntered. Documents to be printed locally, i.e. af the prmter 10 can also be

selected by an identification number by means of the keypad 104. It will be appreciated that this can be

quicker than scrolling through stored documents if there are many such documents.

The LCD interface 22 includes four changeable function buttons 106 for navigating the
interface 22.

A print button 108 and a stop button | 10 are also arranged on the front panel 20 adjacent to the
keypad 104.

Referring to Figure 8 of the drawings the print engines 26 are discussed in greater detail. As
described above, an upper print engine 26.1 and a lower print engine 26.2 are provided. S-print 10 uses

duplex print engines 26.1 and 26.2 for simultaneous double-sided printing.

It is to be noted that each print engine 26.1 and 26.2 uses two printheads 112 (only one of which
is shown in respect of the print engine 26.1). The two printheads 112 are provided to achieve a 2:1
nozzle redundancy. This allows factory-detected defective nozzles to be bypassed and so maximises the

printhead yield.



contact with an enbedded QA cartridge chip. Each reservoir 88 connects via
the hoses 66 to the printheads of the print engines 26. Referring nowto
Figure 7 of the drawings the front panel 20 of S-print 10 is shown in
greater detail. As described above, the front panel 20 contains a col or
LCD interface 22. A power swtch 102 is arranged below the interface 22. A
keypad 104 is also arranged on the front panel 20. The keypad 104 allows
the desired nunber of copies to be entlered. Documents to be printed
locally, i.e. at the printer 10 can also be selected by an identification
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The printheads 112 print on to a transfer roller 114. The roller 114 is
rotatably dri vEmvebyntaf the rollexi1a ity ardronosfgagigamhtorith kprinthedd askejpbiks 1 2ds on a

surface of,.thed 6. bEd d]a%n A turn, deposited on the paper 82 during
the pri ntloﬁlg pr o}gJesss o glggeln%llon when the printheads 112 are inoperative,
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sponge 124 renpves In from transfe e W per 122
W pes i nkeerridRPY g Phpfdhecdrawings| er 114. Movement of the roller 114 into
and out of engagement with the printhead assenblies 112 is controlled by a
sol enoi d ar r aneviett in Fizgre 6 & the drawings;, brb pet iskorva in Kigpses 9p engbof the frawiags, eable i nk

cartri dgespp&lindlidingS$oomise the prany 21138 vaichtiBeld captive against the lower molding 84 to
provide a main seal to the cartridge 60. A secondary hydrophobic, elastomeric seal 132 is provided at an
entry port on a lower surface 130 of the cartridge 60.

As described above, the cartridge 60 connects to the print engines 26 via the printer ink

reservoir 88 by means of the pin 94.

Tortuous air channels 134 (Figure 9a) are provided at the top of the cartridge 60 under the color
label 136. The four ink cartridges 58 to 64 are keyed by plastic protrusions to prevent any incorrect
insertion or orientation of the cartridges 58 to 64. Also, it is to be noted that the black cartridge 64 holds
twice the volume of the other cartridges due to the greater use of black ink.

3 MEMJET-BASED PRINTING

A Memjet printhead 112 produces 1600 dpi bi-level CMYK (Cyan, Magenta, Yellow, blacK).
On low-diffusion paper, each ejected drop forms an almost perfectly circular 22.5 micron diameter dot.
Dots are easily produced in isolation, allowing dispersed-dot dithering to be exploited to its fullest. Since
the Memjet printhead 112 is the width of the page and operates with a constant paper velocity, the four
color planes are printed in good registration, allowing accurate dot-on-dot printing. Since there is

consequently no spatial interaction between color planes, the same dither matrix is used for each color



drawings with a three dinensional bottomview of the cartridge 60 being
shown in Figure 9b of the draw ngs. The cartridge 60 conprises the
nol di ngs 86 which engages the nolding 84 in the central section 14 of the
housing 12 of S-print 10. A QA chip 128 is shown on a bottom surface 130 of
the ink cartridge 60 in Figure 9b of the drawings. As shown in Figure 6 of
the draw ngs, but not shown in Figures 9a or 9b of the draw ngs, each

upper mol ding 86 houses the sprung bal 12 96 which is held captive agai nst
the lower nolding 84 to provide a rraln seal to the cartridge 60. A
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contain éﬂ ﬁﬁhﬂ'{f?faﬁ; ofi‘ fggagiﬁlﬁﬁca uce%as?nglbgngac{oﬁ?ftw%@ nd ag%lpkbsc Elgsgagr %cont one)

I mages an Lgqrap ICS are repro 8t dit her .
Unl i ke a ®H{ferpingdmuessurgblsbeyoadf pyclesjpc r‘i‘?ﬂfﬂ‘l At zepmy |VtePYelE dls@ﬂfdloé peinghedl- dot

(or freq u«amyzrwmﬂuhlasttedélatalr&u@mp to 20PL A& b @ e Ratiledrinted f28BeN0icos (1 .

i mge detgj) %% nost mts of the dot resolution, while
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depth, when s inte ted c dither trix is
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required feQnibiRROhE rafee 18@1ot306 pi HigHkIRAK 0 feorltMuRRBERIY 1ol BMEdrDr thfough thd 6X16X8
bits for 3 7 intensity levels). S-print 10 uses a dither volune of size

64x64x3x8 Bt s. The vol une pr ovides an extra degree of freedom during the
design of the ,dither W n ot to.cha es nultiple tines
S0l R e
through the in %cnsex an a?ﬁ 1CS afe iy gf,ed%ﬁecﬂy ]Jsllj’létbl Blsék%ots and are thelp l'ore not
antialiased (i.e. low—pass filtered) before being printed. Text is therefore supersampled beyond the
perceptual limits discussed above, to produce smoother edges when spatially integrated by the eye. Text
resolution up to about 1200 dpi continues to contribute to perceived text sharpness (assuming low-

diffusion paper, of course}.

S-print 10 uses a contone resolution of 320 ppi (i.e. 1600+5), and a black text and graphics
resolution of 1600 dpi.

4 DOCUMENT DATA FLOW

Document transmission and document rasterization are decoupled to shield the user from
interactions between the size and complexity of the document, and the memory capacity and RIP
performance of S-print 10. This is achieved by storing each document’s page description language (PDL)
file on the internal hard disk 50. .



as in a conventional dither matrix). Human contrast sensitivity peaks at a
spatial frequency of about 3 cycles per degree of visual field and then
falls off logarithm cally, decreasing by a factor of 100 beyond about 40
cycles per degree and becon ng i measurabl e beyond 60 cycl es per degree.
At a normal view ng distance of 12 inches (about 300m), this translates
roughly to 200-300 cycles per inch (cpl) on the printed page, or 400-600
sanpl es per inch according to Nyquist' B theorem In practice, contone
resol ution above about 300 ppi is of limted utility outside special

appl i cations s ch as J O fset nt| g of magazi nes, for
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printhead 112, each page nust ren onst a 0 avoid
creating i}‘i“’gFaﬁ]I‘%E’Péf’ftaldf’%’c'&’le’é‘ISPFﬁ‘ie%mﬁé%ﬂ%eWtbﬁ%{eﬂteWé“ﬁ?Wnt| ng cannot be varied
to match the input data rate. Docunent rasterization and docunment printing
are therefore BECHUMLEC (U EPREET B° epaducsst hyiftoskestis ditheping gyt tack gwsandiioe suppl y
of data. gapghigae regromew“e@nynum@dacwadts the l:dm]tfﬁseﬁ pldgla ynag@ﬁinﬁf toBRils aéEbdra&e I's

achi eved ¢ ri zed mage on
fhe. i nter AP Rar R BpSfiel G BERUR it Bl A e BRASLLEE SRR WET” o
of the printoatoneleyeriiieihe cantprersysy ingjtherdml e pages, buying tine to rasterize
nore conpl ex pages. The user indicates whether a docunment is to be stored
per manent | y ontigtieldsheves theiflor o5m S-siny deguagnt fropmetiyerklio pridisd pasng as there is

di sk space avail abl e, the pages of transient docunents are al so cached on
the disk 50 Uit PRbrapAddetter fagr of couons &MY Kedrtadpy 3size f 18MBe Heingihemcontehs i pl e
COpi es of coﬁ@ﬂ&ﬁioﬁ)ﬁlgdﬂﬁmm&hﬁs dPES, bﬁﬁt&@ images compress with a ratio up to 10:1 without

noticeable loss of quality, giving a compressed page size of 3.3MB.

At 1600 dpi, an Ad/Letter page of bi-level data has a size of 30MB. Coherent data such as text
compresses very well. Using lossless bi-level compression algorithms such as Group 4 Faesimile, ten-

point text compresses with a ratio of about 20:1, giving a compressed page size of 1.5MB.

Once dithered, a page of CMYK contone image data consists of 120MB of bi-level data. Using
lossless bi-level compression algorithms on this data is pointless precisely because the optimal dither is

stochastic — i.e. since it introduces hard-to-compress disorder.

The two-layer compressed page image format therefore exploits the relative strengths of lossy
JPEG contone image compression and lossless bi-level text compression. The format is compact enough

to be storage-efficient, and simple enough to allow straightforward realtime expansion during printing,

Since text and images normally do not overlap, the normal worst-case page image size is 3.8MB
(i.e. image-only), while the normal best-case page image size is 1.5MB (i.e. text-only). The absolute

worst-case page image size is 5.3MB (i.e. text over image). Assuming a third of an average page contains



printed. This so-called electronic collation also obviates the need for an
external collating nechanism since each copy of a docunent is printed in
its entirety before the next copy. Because contone col or inmges are
reproduced by stochastic dithering, but black text and Iine graphics are
reproduced directly using black dots, the conpressed page inmage format
contains a separate foreground b|-IeveI bl ack | ayer and background contone
color layer. The black layer is conpostted over the contone |ayer after
the contone layer is dithered. Figure 10 shows the flow of an S-print
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142 and 144, a il Z’GSP glg%: GLeEE U compppsesy PE%&“%&WWF%&@'“&WOH‘BW& ed

page exparigs Brmayrihe @SB drm 124 gonsifth eSletveenpened for gnaaldupose digh-parfttmance

COMMUNI Cabgps\ilagh AGBRAI P OHS adPfk1d- ARG 1B ﬁ%%d@ MB nermory 152. The
control ling processor 138 handl es communication with the network via an
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the page simultaneously (i.e. at 120 ppm).

The printer controiler’s flash memory 154 holds the sofiware for both the processor 138 and the
DSPs 146. This is copied to main memory 152 at boot time. The flash memory 154 also holds the defect
lists for the two replicated printheads 112. These are copied to the print engine controllers 148 at boot

time.,

5.1 Detailed Document Data Flow

The main processor 138 receives the document’s page description Iangnage (PDL) file and
stores it on the internal hard disk 50. It then runs the appropriate RIP software on the DSPs 146.

The DSPs 146 rasterize cach page description and compress the rasterized page image. The
main processor 138 stores each compressed page image on the hard disk 50. The simplest way to load-
balance multiple DSPs 146 is to let each DSP 146 rasterize a separate page. The DSPs 146 can always be

kept busy since an arbitrary number of rasterized pages can, in general, be stored on the internal hard
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The main processor 138 streans conpressed page images fromthe hard di sk 50
to the print engine controll'ers 148 at the required 120 ppmrate (i.e

4. 6MB/ s on average, or 10.6MB/s worst-case). Table 1. Print engine
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expandJPEG- 32- bi t 83. 8MB/ s38MB/ s cont on¥st r eanCMYK( | OVp/ s) (| OVp/ s)
expandGFax- 1-bit K11. 5MB/ s30MB/ s bi - | evel stream(250M/ s) (250M/ s)
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external dat a«eﬁasqwuﬁs&\epﬁrﬁn&%mnlﬁd%&spme = 1600 dpi (5 x 5 expansion)
Needs a wi ndow of 24 |ines, but only advances 1 line The print eng| ne dat a
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and the mninumsize 11(m'inn | i nes) of each FIFO is designed to accommopdate
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in Table 2
Table 2. Print engine controller local memory FIFOs
FIFO format and line size number of lines | FIFO size
contone CMYK 32-bit interleaved CMYK 8x2=16 240KB
(320 ppi x 11.7” x 32 = 15.0KB)
bi-level K 1-bitK 1x2=2 SKB
(1600 dpix 11.7°x 1 =23B)
bi-level CMYK 4-bit planar odd/even CMYK 24+1=25 229KB
(1600 dpix 11.7” x4 =9.1KB)
474KB

Because the two printheads 112 of each redundant printhead pair are separated by about 8mm
on the transfer roller (or about 500 printed lines at 1600 dpi), an additional 500 lines of hi-level CMYK
must be buffered between the ditherer/compositor unit 176 and the printhead interface 178. This in turn
transtates to about 4.5MB of additional FIFO memory, or about SMB of FIFO memory in total.

The need for this additional FIFO memory can be eliminated by expanding each page image
twice in parallel, i.e. once each for the two printheads 112 of each redundant printhead pair, staggered to
match the physical separation of the printheads. This is most casily done by replicating the print engine
controller 148 for each printhead 112. Replication is particularly relevant in the case of the pipelined (as
opposed to shared-memory) print engine controller 148 described below, where the provision of 5SMB of

on-chip FIFO memory is impractical.

It is also possible to run each print engine controller 148 at twice the rate so that it can expand

each page image twice in the time it takes to print the page image once.

Whenever each page image is expanded twice in parallel, FIFO memory must be doubled to
about 1MB.



contone CWK32-bit interleaved CWK 8 x 2 = 16240KB (320ppi x 11.7" x32 =
15.0KB) bi-level Kil-bit K 1 x 2= 25KB (1600 dpi x 11.7" x 1 = 2.3B)

bi -1 evel CWMYK4-bit planar odd/even CWK 24 + 1 = 25229KB (1600 dpi x 11.7"
X 4 = 9. 1 KB) 474KB Because the two printheads 112 of each redundant
printhead pair are separated by about 8mm on the transfer roller (or about
500 printed lines at 1600 dpi), an additional 500 |lines of bi-level CMYK
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menory, oL.,aboyt. of. FI EO ry in total. The need for this additional
FI FO nenn%ﬁ cagnﬁgﬁg?Fﬁ?%gﬁgaﬂggggiﬁhnding each page image twice in
parallel, i.e...once each fo 1 printheads 112 of each redundant
printhead pair, espflgtgeﬁ%?eécanﬁogertlgglf & efnﬁ‘éte‘f;aﬁ%fggeaﬁ““%%}’r ation of the
printheads. This is st .easily done replicating th i nt _engi ne
control | er 148#‘%ﬁm%aéh“%ﬁ?%?ﬂé?ﬁmﬁfﬁa%ﬁg% ?%%if%ﬂgkglﬁﬁgﬁﬁ%ﬁ?@W%V”YeIevant
in the ca¥esiof lpatedinddturandustas locd pffobie RDRAMS hirie cippenibe yoeregaté memaengi ne
control | qunM&h (i’éaﬁlfeﬁ b Bhde %!a:@ifyn aﬂ@f}ﬂﬁtﬁlg:[ﬁﬁ:‘ pEIRAY wetsR, i@lIstralicM%l ﬁ%ure ?Eﬂﬁ&b' p FIFO
menory |sm£n§%pcthcaﬁr h%;kg @Iso possible to run each print "engine
cont r ol | eP*VEHE R FO8 193e°r 8Pe so that it can expand each page i mge
twice inthe tine .it, takes to print the page. i e once. \Wenever each page
image is ex panh‘gcfh?%’%eénqynp"ﬂta‘?ng'f‘“f 'éqnfmlgﬁ H%C%@ﬁtﬁgegﬁﬁ‘ PRROYBWETWH 14202 about
1 MB. 17 Bgisppydi RambEnigfenfee Cainte gl dfchip ARRRAM d 66, urseall ogrpm iROM &66g i IDMA

contr ol | egonddlr 168, abd B iRBIY £ toAR: (RintS BEHoBer®ltSis@M chi p. There are two
architectural variants of the print engine controller 148. The

shar ed- menory py@prk Siine bdntrbiRlsf ﬁa%@g(pén@of dnd 'ﬂfiﬂm%gipelﬁ@&ﬁsi@s A_f Q¢@la.QAfbeshi p
RDRAM 156dto S portﬁ%ng aggr e at$ n;nn&g bandw dt h required by page
expansi on"SHE YAty r‘f‘f?e“g%?‘ 8%? L FBPEP SRpererpqmpestP AR 476 ppdeicgine 13,
uses dedintstice d78dmthe MepjefiriFzdd B8, 159, 160. The shared-nenory print engine
controller 148 consists of a general-purpose processor 162, a high-speed
Ranbus i nt er f aBle diGter/canppditer witfl7aind the RER ibfsBce d78m@deheripeddy paserREM 166, a

DVA in co-pending US patent application 09/436,744 which is incorporated herein by reference.

In the shared-memory version, the FIFOs are located in the dedicated off-chip RDRAM 156,
and all inter-stage communication is controlled by the loeal processor via the DMA controller 168. In the

pipelined version, the FIFOs 158, 159, 160 are on-chip, and the stages are self-synchronizing.

In the shared-memory version, the decoders 172, 174 obtain page data from the main processor
138 via the local memory. In the pipelined version, the decoders 172, 174 obtain page data directly from.

the main processor 138 over the printer controller bus 150.

When several print engine controllers 148 are used in unison, such as in a duplexed
configuration, they are synchronized via a shared line sync signal on line 180. Only one print engine
controller 148, selected via an external master/slave pin 182, generates the line sync signal onto the
shared line 180.

53 Printhead Timing

Each print engine controller 148 prints an A4/Letter page in one second. Since S-print 10 uses a
12” printhead 112 to print the long dimension of the page (11.7”), the short dimension of the page (8.57)
needs to pass the printhead 112 in one second. At 1600 dpi, this equates to a 13.6KHz line rate. This is
well within the operating frequency of the Memjet printhead 112, which in the current design exceeds
30KHz.

54 Printhead Characterization



controller 168, and an interface 170 to the printer controller bus 150.

Both print engine controllers' page expansion and printing pipeline
consists of a standard JPEG decoder 172, a standard Group 4 Fax decoder
174, a customditherer/conpositor unit 176, and a custom interface 178 to
the Menjet printheads 112. The ditherer/conpositor unit 176 and the
printhead interface 178 are described in greater detail in co-pending US
patent application 09/436, 744 which is!8 ncorporated herein by reference. In
the shared-menory version, the FIFOs are |ocated in the dedicated off-chip
RDRAM 156, an | | JLenhsskage. .co nication | ntrol y. the | ocal
processor via fg?'nCﬂ ﬁ% Lot P3 % agine,. °mlla’ﬁsh?comﬂf%elﬁ ﬁré‘ﬂ’e?/gqégdﬁ S FI Fos
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processor 138Fsjithead deeots ave atherr@Prm’fﬁ)mzedland mitehepprseteme dt atimes profier thetvatitdlecoder s
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print engfH8IEBHY OIger 148 prints an A4/ Letter page in one second. Since
S-print 10 use L ﬁ Rrin ead 112 to print the |ong dinmension of the
page (11.7"), eeg’f‘f ¥ S%TF‘W:E ‘51 hregindant prinfigadeis EtSre@)“’)the Heeheuing dyahese. t he
pri nt headindek@ hyriheqmisthend s eaidl nuiber tE0€cocod gs atbicsde @ itbdansdge. OV Ian 1h8 phidfidad | | ne
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pri nt heady, Aas,dReeRAPMalchge. | N the former case nozzles are tested before
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stored in the manufacturin
dlrects data to the other nozzle. Printhead characterization and matchlng ensures that the two nozzles of a

nozzle pair are never both defective.



i ndexed by the printhead' s serial nunber and recorded as a barcode on its
cartridge. When the printhead cartridge is finally inserted into a printer
during manufacture, the defect list is retrieved using the barcode, and is
witten to the flash nmenory of the printer's enbedded printer controller.

If the printhead cartridge is replaced in the field, then a new defect [ist
is downl oaded renotely fromthe manufacturing database to the printer
controller via its network interface, I&ing the new printhead cartridge's
barcode. The defect |ist associated with each redundant printhead pair is
copied fromthe printer controller's flash nmenory 154 to the correspondi ng
print engbh@3-86htroller 148 at boot tine. During printing, each print
engi ne controller 148 consults its defect list to determ ne which nozzle of
each nozzle pair to direct data to. Wien one nozzle of a nozzle pair is
def ecti veCLM%ri nt engine controller 148 directs data to the other
nozzle. Printhead characterization and nmatching ensures that the two
nozzles of a jpozzle,pairn are never both defect,iVv 19 SP03- SG Ms: 1 A
net hod of I char‘gclpé[k’f’%ioﬁgc@%fefﬁ%e%d’n&&% syPIiRly efgr Br Prtes | the mmethod hog

i ncl udi nginchMinghi ng a pair of pagew dth printheads, each printhead
including a plurality of - inkjet nozz|es constructed using

ni cr oel ect r omdB#Ehng aIpairad pagevidth printhends.raeh printheast ingkidingch plyratitzof es of
the pair - I : Lve. m nj ich.ngzzle of a
pair is t%iqoeg It&s%lggg%gs ggﬁee&rogl%]?ﬁgﬂcfg%&@ aetg' ﬁéﬁgéatl otga?ﬁ%%noflﬁhea%aé e used;
and encodéarpspaidingliaizaleanflthepairei ptinthgadsairdbethdeftetivedat a with the pri nt head
assenbly. 2. The nethod as cl aj m%d inclaiml jn which the data relating to
the nozzles td* “B’é%a’ht%‘r&qza]lf§ Gfpayr 15t pe yge piaking g2t3 Telatingip t he
met hod i ngkweLse & 10 @ dnge defect list in a manufacturing database. 3.
The nmethod as claimed in claim2 which includes indexing the defect |ist
“with an identontoding iseid detni eed gisackrsingssaadrirngodedl, dataewntbt thedpastheddai ned in
claim?2 m@}g lincludes encoding the defect list in a readable format and
appl yi ng PP a cartridge of the assenbly. 5. The nethod as clained in

claim4 ich 4 t. rtai LS d.nstal.le in a.nprjnter,
retrievi \rllﬁlg t hg}%g#{%{g?é?sl Xs@%%ﬁdﬂ%lra? ilnlél ‘?‘ﬁgh g’ngcfélgatreﬁngg g‘% gleémﬁ%lﬁ%{'o “reans of
a used consists of a list of defective nozzles and the method includes storing the defect

list in a manufacturing database.

3. The method as claimed in claim 2 which includes indexing the defect list with
an identification device of the assembly.

4, The method as claimed in claim 2 which includes encoding the defect list in a
readable format and applying it to a cartridge of the assembly.

5. The method as claimed in claim 4 which includes, when the cartridge is installed
in a printer, retrieving the defect list and writing the defect list to a memory means of a
printer controller of the printer.

6. A printhead assembly which includes:

a pair of matched pagewidth printheads, each printhead including a plurality of
inkjet nozzles constructed using microelectromechanical techniques, the printheads
being matched so that no paired nozzles of the pair of printheads are both defective;

and



printer controller of the printer. 6. A printhead assenbly which includes:
a pair of matched pagew dth printheads, each printhead including a
plurality of inkjet nozzles constructed using m croel ectromechani cal
techni ques, the printheads being matched so that no paired nozzles of the
pair of printheads are both defective; and 20 encoded data relating to a
defect list associated with the printheads, the defect list providing data
relating to which nozzle of each pair 4 matched nozzles of the pair of
printheads is to be used. 7. The assenbly as clainmed in claim®6 in which
the defect list js associate ith an identification device of the
assenbl y %C&)df“i dgfao?e ing foa Mﬁ? Eﬁtt TG e Yty Heeptighears.o the defens st as
cl ai med i profidihgnifia WlbGh 16 ehead ' : list,
inits enqued %Ygr mat , IIliollgei nghigggll%izga%g% he cgfl?l?fcgég(ggﬁzozlgggﬁr%gg%gﬁg by a
printer waeRheads ivigrherysede is installed in the printer.

7. The assembly as claimed in claim 6 in which the defect list is associated with an
identification device of the assembly and is stored in a manufacturing database.

8. The assembly as claimed in claim 6 which includes a printhead cartridge, the
defect list, in its encoded format, being applied to the cartridge to be readable by a -
printer when the cartridge is installed in the printer.



