1 A DUPLEX NETWORK COLOR PRI NTER FIELD OF THE | NVENTI ON Thi s invention
relates to a printer. Mre 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. SUWARY OF THE | NVENTI ON According to
a first aspect of the inventi r dkﬁhpi int engine for a
printer, the print engine |ﬁ€? d@%%ﬁgr ngﬁ%?ln eagﬁ and a second
printhead, both printheads including a pIurallty of inkjet nozzles

constructed us#B qumqjvegﬁﬁ@mchani cal techni ques, the printheads being
mat ched so that defegct] ve noz zles i e i nt head are slubstlt ted by
i Nieparar

correspondi ng, non- d&f BT ?ﬁ%i"zal pé‘gter 8‘9%%’ heﬂ?"e’ﬁ‘f’?fgéﬂs OB er abl y,
each print head eh@neforpagweai dt h pri nt head. The printheads nmay be arranged
si de-by-side in spaced, parallel relationship. In this specification,

unl ess the conte cates otherw se, the term "pagew dth
printhead" is m&%&fﬁ%@rg{?u d QEE%TIBFI. nt head having a printing zone that

prints one |ine at Bagbwidte printradahqyatesdvinege dfibeiag deitnginparidy Huedre @hstifoed t o0 a
| onger edge or bt a§el?§pl£ eex{umgggpno&flestﬁgul@ﬁg%f thégg'ﬁ)zilés@@de'fegtlve J3h tng&eﬁtgte%r?nta whol e
as the page noves pas he printhead and the printhead is stationary, i.e.
it does not ré?*@ﬁm6W“Wraverse the page. The print engine may include a
transfer roller rotatably arranged adjacent the printheads for
transferring i @ﬁwﬁ%ﬁ?éﬁ?ﬁﬁiﬁﬁﬁﬁéﬁs to nmedia passing the roller, the
printheads being arran In circunferentially spaced relatlonshlp
relative to, and ad{*%i ‘ﬁ% to afifskaspegfof e ‘“"W“{nhthirﬁ’ép’ﬁY‘i‘ﬁ‘lPﬁ‘é‘é%m oy &g ng
parallel to a ﬂeb@tmgmamdQMgs of the roller. The transfer roller may be

di spl aceabl e into abyfaBp.Mfh the printheads when no printing is
occurring for inhibiting evaporation of ink fromthe printheads. The print
engi ne may i ncl ude "a*e‘if’f“g%‘ﬁ?h?f@ beth grintesads insjudiag wplyplineet inkiet fiofrles eongctedh o

transfer using microelectromechanical techniques, the printheads being matched so that defective nozzles

in one printhead 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 either 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
roller.
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 common ink
supply.

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



roller. In addition, a drying neans nmay be arranged downstream of the
roller. The drying nmeans may be an infrared drying lanp. In a preferred
enbodi ment of the invention, the printheads may share a conmon ink supply.
As descri bed above, it is possible to obtain defective nozzles in the

manuf acture of the 2 printheads. Thus, the printheads, at the tinme of
nanuracture, may be characteri sed and maeched so that no two correspondi ng
nozzl es of the paired printheads are both defectivye. A defect |ist, which
may be in the Pigsiisofhus thepEptaisedt fhe 4ps a&?‘ﬁr‘f‘ay\r{?&?‘a%%terﬁ?d&{}l ‘aaé%e"; or

provi di ng an isodaGatwodsresfondznodrlendzielpgred pringhentatre brdfkdefsetive. of nozzl es of the

pl’i nt heads | S to bg deéeléﬁs(g,whlnﬁamwt ﬁ(df§%ﬁa&&is¥§§t’e@t’6r, Wbelaﬁ)_vi@éa(f&ded and
incorporated in the print engine. The print _engine may

A, . . .conprilse a
cartridge hougroning pendisationohwhichaomlsqf 1 rschestrris P rRwitp BfisREheats 5 % of er r ed
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for a pri nter,engt"ﬁén r I'ng statiron’includ a first print engine as
descri bed abowabodimset. the dyesaciriprtipiy erier may by rpeevably Wap batsodgarplipq g B isGe,
arranged in opposethe idkitigiéends@lsédola Pitsibig ation f8d d phinterlie princupsfagan icbliber s of
the print engines agrtsjtt 'Ehiltrgrlggri]nt%gsa(jensgedg ch other to effect printing on both

surfaces of a sheet™d pr hedl a pé)é'esil ng between the transfer rollers.

Preferably, the pristdnéeritengife, plest 4y dgseribprtabengrrenged ip ervesed aligneieelttionshiPa conmon
i nk iSUpp| y. Wﬂh’ﬁe trdnk¥S: r(méx:s Bfthd]ﬁl;lﬁ%lélﬁds Qiﬂttiﬁ@éégihdﬂé‘ahm&r folgﬂ'eci p’ﬂﬁti@lﬁf})ﬁﬂ&?, the ink
su conpri Si ural i of separate ink cartridges, each of a
di 1I‘O1I‘Oe)r/ent rrEol B‘frg‘%f% agéeﬁt\??%fgg%%i%apé%'f%l%%ﬁ A tlraﬁ%e.r m?ﬁrté' pr ignti ng station may
incl ude an ink reskefreily, tha gringerds plhdth\rfint ne@greeive ok Eop ¢ fUgR K &PPlY-hat | when
an itn_kdcar_t riggg, tilti%riﬁfglglalﬁtﬁﬁim%élﬁds 358 AGPIR LR GnKsQHBIwBIriing aplurkiing &r i or of the
cartridge is in 1d fLow conmini cation w. the reservoir via a valve
arrange?rent. Wga&s‘élé%aﬁﬂjgﬁsr faﬁlf‘%én‘gfrﬁrgcorlrcﬁy}o 'f)rgwéﬁt}%r[)cpg@gg%g' arranged rel ative
to the first pri ntTheptyitingstaion maydnehid¢ dnrink fﬁ@&@?ﬁsofiﬁeddéthg#ﬁ’édawiégeéo print
medi a path defbdwodn Qﬁﬁ%ﬁﬁg&f@%mﬂﬁeﬁ Bi itsQEEi AR FeserNGIC A istbrdgofli@ catridgaand aspect
of the inventian, there.is pr.}gghiege%d a _met t’lod of ... Jenufacturing a printhead
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assenbly for SUhAeRPEEHCRP oy

fréthod T el udi ng t he steps of
provi ding a first Thesaqendedrd ergive mexdierdigpleseablyarranizsdrolatiy tojthpitirbpringeyging fars
construct ed U&a@ﬂg access to be gained to a print media path defined between the print engines.
According to a second aspect of the invention, there is provided a method of
manufacturing a printhead assembly for a pagewidth printer, the method including the steps of
providing a first printhead including a plurality of inkjet nozzles constructed using
microelectromechanical techniques;
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 entiréty. In this



m croel ectromechani cal techniques; 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
nunber of selections to ensure that therg are no paired nozzles of the two
print heads eventyalléﬁﬁflected which are both defective. hod may

i ncl ude const Frokodimgg ¢ ﬁw$®ﬂHWﬁ€%G“$$%ﬁW%4%Vﬁ?%k?F@mﬁﬁmg%ﬁﬂﬁﬁgg ar r anged
in end- }odendﬁﬁmlationshlp I n one enbodi mrent of the invention, the nethod
may include characterising,and

time during const r%cc?rdm to %hxrg %fBecmEh%E}}"{Q‘ng{hk’% Fr%ﬂ&ied%ﬂ;ugt%&e&sé@ﬂﬁy REY rTEgt at a
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print head def rin been ‘asse inits entirety.
In this 3 enbodi rmmprnnmémmeuemutxtncesybyuam@rau@ef SPERCRT AENECAE epbe s with i nk
after integrafinaith an ink path.. According to a third aspect of the

invention, there is provided a printhead_assenb th t
the assenbly incl uENFRALA I HY Qneﬁn@gfrﬂ?q%gé m@&%ﬁ 65‘? Pﬁrﬁg%gqfﬁ% “udi ﬁgrgl 2 =
plurality of hq%lb@(:haﬂﬁ&éﬁ & aﬁ&’ﬂﬁ%dh@&bﬁé’ségﬁieﬂgat Witk TR oz gleesba teaal

t echni ques, rinthea bei ng sel ected and matched so that no two

pai r ed nozzIebeuwmdhempWanhébd@nﬁgéﬁ®0WﬁﬂﬁﬁﬂébPNbe Each printhead may be

constituted by a p[' W %«Lr ePnyod%Ient o?ggﬁl%g naéxg ﬁﬂﬂ&g déf&ts%?lﬁetcgarﬁﬁ%ed and
rel ati onship. Once again, 1In I rent he |nvent|on q%prlnthead

defects may lbéd’eﬁaé‘ie%*ﬂé?qo%@fdheé%e ?fﬁ‘fhéﬁ‘fea‘ﬂﬂﬁ"ésestﬁeg‘w may betesieq il
nozzl es may tﬁﬁﬂmqgﬁwﬁemhﬂdmmumhout ink before integration with an ink

path. I n another e t i [Welol d defects may be
characterised and (mmf%%o eg%fmé éﬁ?%ﬁﬁgns&a§h£%$?%ﬁggrlnthead Iny
this case, theamiisipeaprihid bsée“tbb’sf?rédf”’\ﬁ' tthe mefied inglpdingr | ntegration with an

i nk path. matching a pair of printheads, each printhead including a plurality of inkjet nozzles

constructed using microelectromechanical techniques, such that no paired nozzles on the pair of
printheads are both defective; -

determining 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 refrieving 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 field, a new characterisation vector may be downloaded

remotely from the manufacturing database to the printer controller via a network interface of the



According to a fourth aspect of the invention, there is provided a nethod
of characterising a printhead assenbly for a printer, the nmethod including
mat ching a pair of printheads, each printhead including a plurality of
i nkj et nozzles constructed using mcroel ectronechani cal techni ques, such
that no paired nozzles on the pair of printheads are both defective;
determ ni ng which nozzle of a pair is tg be used and generating data
relating to the nozzle to be used; and encoding said data and associ ating
sai d encoded pfistenconrdailpr upipgshqhricofle REBRPHSYBIEI y.  The printheads may be
pagewi dt h pri nt heagdsordiddtea itk ofiiyinveitih iibe: if Poviiedigpriathehd bsatblivhih,  whi ch
may be in the, foc{mof a characterisation vector, of the generated data and
storing the vB#¥6t in a manufacturing database. Further, the nethod may
i ncl ude i ndexi ng tapeir cfivacked printiesdstcpabmrivesed iBrludigiee Rty pidRiyFt 1F4iSat i on devi ce
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a particular printhead _na st o . n the manufacturing database and
i ndexed by a %aé?dinﬁ?ZleS?fdt}ﬁ?@?ofB‘i"X'ieﬁ‘garﬁ&’?déf%ec%v *®Further, the mat?hod may
i ncl ude encodi ng tehededdat ehtingip adefectdictatsbaate withie priafierdaPprsfichift it to a

cartridge of fhe;assenligto Fi@heszR1Edeh fal6f rteRBIACLRI df SR PdiAprit@RidOr | S
recorded as a barcode on the cartridge. Then, when the cartridge is

installed in iff?é’ebﬁe‘i"nt er, the nmethod may include retrieving the vector
from the barcode arg dufdct listgwhick nwgdiedn theofoam wE aoharagterisatiomyeciorpmant er

controller of the _printer. The_nenory nea ma a flash ty_ of the
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characteri Satlh%f%{&&ﬁﬁda@?o\ésé?e downl oaded renotely fromthe manufacturing
dat abase to the printer controller via a network interface of the 4
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ifth aspect of the invention,.there i rOvi - AL |y which
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printheads are botiCoHE&tTFPersre

printer, the controller including

a processing means for receiving incoming data relating to a description of a page to be
printed, said descriptions containing color data and black text data;

a memory means in which the data are stored;

a rasterizing and compressing means for rasterizing and compressing the data, the
compression of the color data and the black text data being effected separately from each other;
and

a printhead controller for receiving, decompressing and processing said data for printing
via a printhead under control of the printhead controller.

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.



encoded data relating to a defect |ist associated with the printheads, the
defect list providing data relating to which nozzle of each pair of

mat ched nozzles of the pair of printheads is to be used. The defect |ist,
which may be in the formof a characterisation vector, may be associ ated
with an identification device of the assenbly and nay be stored in a

manuf agturi nﬁ dat abase. The printhead as$enbly may include a printhead
cartridge, the characterisation vector, in its.encaoded formt. bein
applied to the car APt g 1repsath apeeh of s iy epyo hers o5 Pt ?de‘%%”rrf{eﬁ?'éﬁog%r?at rigdge i's
install ed in tdhopbf phitig 2 dAGPOMAE niged, the methaditdhdashedtrsof t he i nventi on,

j[ here I S provided QecBthé‘Jaﬁ laatgxgﬁttir{gwioggcrigtfaﬁ oﬁ pagQrtd: H@tpﬁr{ted foh@ h&@ﬁ_&o@@érj er
i ncluding a processing heans for receiving incomng data relating to a
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deconpressi ng and pfya@s He Bgnpiadedipagtotnat @ta ithé piinthesd conwdllr @iopxp prititesdd under
control of th hepgiient head controller. The printhead may be a pagew dth

pri nt head. The P&t eri zi ng and conpressing nmeans may include at |east one
raster image procedbonrethod RpHpcludpgriersg feading fig FompresebrgoPme¥gdo herhe or each,
RI P DS_P mtay CW& &ﬂﬁr&lﬁr‘!‘ét&riﬂg ﬁl@&)mpﬁhaﬁﬁ@&i)rﬂ?tdagm& veimary inkeéhs, digtn@mory
comuni cati ons_neans,  t ocessi n ns feeding and synchronising the,
or each, RIP ngﬂ%f;ﬂt’ehhér%bigg%t eé’ﬁnerg%"rgelre(rjl | er. Thg, or ea%:/h, R P DSPgrray
comuni cate with tRethtrathemetiod kayingudesethpaaescapandpd feedipgthe prdedfEa Gat a

g_onLruni cati 0n$t1%@H§prfn%qd$&ﬂ61ieagyhth@&mméajdz&ﬂm&nd conpressed data in the hard
i's prior to transm ssion of the coppressed data to the printhead

control ler. The pri i‘(‘sé‘?adc\_ﬁ’ﬂ‘?“r%‘fe P@Pfhﬁ‘ﬁ{/@qr‘%@ﬁﬁﬁr@c%?se&? ﬁ‘gﬂPIS%Sd R85 Dsp.

Addi tional unigh$nAB¥tabBe nledddUBB8LintRdé BBrih® (Y data fhiadbehl infegioay ebhsaof pl ug-in
nodul es. The nenory neans nmay be a hard di sk which conmuni cates with the

processi ng ne dhesprinthead controller.

According to an eighth aspect of the invention, there is provided a printhead controller
for corﬁrolling printing of a page by at least one printhead, the printhead controller being
connected, in use, via a data communications link to a printer controller for receiving data, in a
compressed format, relating to the page to be printed, the data including a page description
comprising a bi-level black layer and a contone color layer, the printhead controller including

a first decoding means for expanding compressed data relating to the bi-level black layer;

a second-decoding means for expanding compressed data relating to the contone color
layer, the first and second decoding means being arranged in parallel;

a first temporary storage device for storing the 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 thé 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



via a disk controller and a data comruni cations neans. 5 According to a
sevent h aspect of the invention, there is provided in a printer controller,
a method of printing a description of a page, the nethod including the
steps of receiving said data relating to a description of a page to be
printed froma host processor; storing the received data in a nenory
means; rasterizing and conpressing the received data to create a conpressed
page format, the conpression of the color data and the black text data
bei ng ef f ect ed"& 841Gt el y from each other; feeding the conpressed page
format data to a prihatebeddecodinptnreals nay be adiztl qualip et idepgmprbriocnpriessed page
format data in et:JSr&rerﬁrlg%Qme &%PE&&' ’l‘hgﬁec%ﬂréggiont(ﬁvi&rrﬁamyé Nen@fdptdre page. The
met hod may |nc?u , prior to feeding the conpressed page format data to the
printhead contei9er, storing the conpressed page format data in the menory
means, the nmenory medrsndpilingg ks haridiudi sdthadr/cénpesiforunitdra thidnt r ol | er .
Further, the ”E@;%;Q)?a%s e!ier%éz!.‘Jg'?dufp oﬁpﬁlggﬁetuﬂit &g oﬁ@fﬁ@mgposfte&_ﬁ;ﬂi-ﬁ%lt he

to t ast ea ed b h

expanded data one printhead controll t he printhead
control | er. | ndacklgr onihrsontenssolpriaypiafie dipetnsof ot s e e Y EEY PHEEYRpr essed
page format datiaaitt he nmethod may include storing the data in a | ocal
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controller for rcecglmvt'en% 1cli%t a, in a conpressed format, relating to the
page to be pri‘hted, "tHé data including a page description conprising a
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tenporary storage d%vllle(r:’%‘efm%ﬁmdsi%&rd%ng%et he pxpanded data fromthe second

printer confro steps o

expanding compressed data relating to the bi-level black layer;

expanding compressed data relating to the contone color layer;

storing the expanded data in first and second temporary storage devices respectively;

feeding the expanded data from the storage devices to a data manipulating means;

manipulating the data into a format suitable for printing;

loading at least one printhead with dots to be printed in accordance with the formatted
manipulated data; and )

printing the dots.

The steps of expanding the two layers may occur substantially simultaneously. The
method may include expanding the data relating to the bi-level black layer using a lossless bi-
level decompression device. The method may also include expanding the data relating to the

contone color layer using a high quality lossy decompression device.

The manipulating of the data may include dithering the contone color
layer, compositing the bi-level black layer on the dithered contone color layer and
- temporarily 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.



decodi ng neans; a data mani pul ati ng neans for mani pul ati ng the data out put
fromthe first and second tenporary storage devices to be fed to the
printhead; and a printhead interface at an output fromthe data
mani pul ati ng nmeans for controlling at |east one printhead connectable to
the interface and for feeding the mani pul ated data to the printhead. The
printhead may be a pagewi dth printhead. The first decodi ng means nmay be a
| ossl ess bi-1level deconpression device for deconpressing the bi-Ievel

bl ack | ayer. The deconpression device nay be a standard Goup 4 6 Fax .

decoder. The ?ﬁﬁ%ﬂg@ﬁﬁ”gﬂ)ﬁ%ﬁ?f@bl@&ﬁN@§h quality | ossy

deconpr essi onTdgevrce 10 gconpressrng tne contone col or | ayer. The
deconpr essi on devi may be a stapdard . JPEG decoder. .The.data ni pul ati ng
means may i ncl ude i‘ﬁﬁir’c"ﬁ’é‘i“é’rlﬁ%Wﬁ%é‘?ribﬁg%ﬁﬁ’fa? ° ﬁﬁa‘%&f’mli[‘cfefefeélﬁ%g)r Fy storage
device at an Qﬂ% i HRRyikgY ihwiliie unit being operable to conposite the
bi -l evel black layer on the contone color |ayer after dithering of the
color layer. The upit be a.custom. built .uni -@f j LSt
tenporary storage @Wegﬁ,h%vﬁea RER sy ‘%fea‘r%{élk‘eé@%%%"(%%‘%gQﬁ@‘\}?écieﬁ@%’%’%t he
third tenporary storage device may be a FIFO It wll be appreciated that
the functional = uni Figuggashoyyspelionidiewint the PHBCE| FO s which are on-chip and
arranged between each functional unit and its successor in the pipeline.
Accordi ng to a ni nFiguseshsiotwsaf sidchaewf gretproter; t here is provided in a
printhead controller for controlling printing of a page by a printhead,

the printhead contflileef sHOMsAhRANARS sRMond FroubFew ofitlee @@t a
comuni cations linkto a printer controller for receiving data, in a

conpressed format, .. relating to, the. p i ~itpe data including
a page descriptioangﬁﬁf?gﬁ 5§§h%nﬁréggﬁo%$£§§w8$g§£§85ﬁ@ﬂg cont one col or

| ayer, a nethod of_controqlling at Ieaﬁi %Fe pr.i nt head congﬁcted to.the
printer control | erFigieed FhoMSoR Fhelerarhiraioha SeBREC oECBL AR YEYE 8hpr essed
dat a relatingﬁﬁpbgégegmﬁyevel bl ack | ayer; expanding conpressed data
relating to the contgne dol or layer;

Figure 7 shows an enlarged front view of a central section of the printer;

Figure 8 shows a three-dimensional view of a print engine arrangement of

the printer;

Figure 9a shows a three-dimensional top view of an ink cartridge of the

printer;
Figure 9b shows a three-dimensional bottom view of the ink cartridge;

Figure 10 shows a diagrammatic representation of document data flow in

the printer;
Figure 11 shows a block diagram of the printer controller architecture;

Figure 12 shows a block diagram of one embodiment of the print engine

controller architecture; and

Figure 13 shows a block diagram of another embodiment of the print

engine controller architecture.

DETAILED DESCRIPTION OF THE DRAWINGS



storing the expanded data in first and second tenporary storage devices
respectively; feeding the expanded data fromthe storage devices to a data
mani pul ati ng neans; manipulating the data into a format suitable for
printing; loading at |east one printhead with dots to be printed in
accordance with the formatted manipulated data, and printing the dots. The
steps of expanding the two |ayers may ocdur substantially sinultaneously.
The nmethod may include expanding the data relating to the bi-Ilevel black

| ayer using a ¥ossIETERIFLOVERS conpr essi on device. The nethod may al so
i ncl ude expanding the data relating to the contone color |ayer using a

hi gh qual ity | ossy Tedovmties il be described witheefamncptoladtigngpesfl duplex dat a may

| ayer on the diePRERGEIE gHEGh A GRED o gL oG SThgper bR T
di t her ed/ conpagpiofided SHper traQ fﬁﬁ’%@-ﬂeﬂnﬁn&&@%&%rﬁ@f{d £690 dpii or to printing

the dots. The nethod may |_nc1 ude operating the printhead controller as a
sel f- synchr orbstaggepbigeialiteoutput. BRI refer ripter enbeFS-prHEt PRAWNES! The
invention is ng escri bed by.way. of anple with reference to the
acconpanyi ng JF{.?Vﬁf"n%? flﬁﬁ\ﬂﬁ?%w,epéf’%ﬁpgl%’f"shom a plan view of a printer, in
accordance with the invention; Figure 2 shows a front view qulfthe printer;
Figure 3 shows a siWéh@p@Weéfhetslﬁée‘g?ﬁth?é?s,t neiwork eolar lases Renigrss abfrat i c,
sectional fro [ ' , Mo (1T 51%9%@ s¢hgpmtic, sectional
pl an vi ew of Bﬁ%éégg%ﬁé?wﬁé%ér@te%&oéhg&gg onman enl ar gé’d gcal e, a
schematic, secfieotadly farget the BéMbiblion dgeaktopddset prntprmarket Wil igaligh 7 shows an

enl arged front view of a central .section of th rinter; .Fi 8 shows a
t hr ee- di nensi cPﬁgJP“%néﬁ/a’?ﬁ PhOtpgTARRC- ARl é’“g’PF étr?g%ipn‘@mp egefs ag%‘ﬁ%%@nt er;
printing for print runs smaller than 5000 copies.
S-print accommodates A4/Letter sized media and, with a tray adaptor,
A3/Tabloid sized media. It achieves simultaneous 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 printed at
the full 120 ppm printing rate. Any document can be “printed” to the hard disk,

i.e. rendered and stored on the hard disk, for later high-speed retrieval.

Users can walk up to an S-print, select locally-stored documents on its
color LCD, and print them immediately, without ever going near a workstation.
Documents printed in this way always print at the full 120 ppm rate. The standard

14GB internal hard disk stores over 6000 image-intensive pages. Because of its



Figure 9a shows a three-di nensional top view of an ink cartridge of the
printer; Figure 9b shows a three-di nensional bottomview of the ink
cartridge; Figure 10 shows a diagranmatic representati on of docunent data -
flowin the printer; Figure 11 shows a bl ock diagram of the printer
controller architecture; Figure 12 shows a bl ock di agram of one enbodi nent
of the print engine controller architecfure; and Figure 13 shows a bl ock

DETAI LED DESCRIAHRRFERIIE B pHANReE Srnt i HERPIT s0ERe ey T8 f nvent  on
wll be descrlsgglg_nyﬂ(gfge[ﬁ;ﬂ;@nce to a high-speed dupl ex netvvork col or
printer intended for high-vol'ume office use. It features 2000-sheet

not ori zed paper t r? rgﬁ gifz)egtd%%&é ‘f%rf‘%géat%gtf?r si lrtae}}egepdou%ﬁ?%&e%%%nﬁﬂé nt

phot ogr aphi c- qual i He prln er as and
we shall ref @uring thd pikss phakeldf Mendst ﬁrﬁﬁh@ﬁInﬁﬁrﬁfacbﬁirig\lwhe‘xlﬂthdﬂpraﬁhdadrres t he
speed of the best network color | aser printers, times_the speed of

t he best net wdelkchsngbhis sHe ppfﬁ%%u}’d?lg}hteé?}wn@hﬁdi lﬂfeplléﬁltF‘éE?thb@IV? tlar get s
the $40 billi ﬁ@ z‘i’@x%ﬁfx&{%n!:ﬁsl%s zﬁfo‘v@tf?cft rggde‘f&tted &%éc@ivbhézﬂsg@})? performance

and phot ogr aphir c-qual out put, 0 conpetes agal nst offset printing
for print rundygassdd eid idmmlﬁma@pnmhemyieﬂ- Arpahtofa;ustommhhaex@neﬁm Letter

sized nedia and, with a ada tar, AS/TabI0|d ed ne ., Lt achieves
si mul t aneous AP Y%ﬁéVPFV{QﬁH“ﬁE PBRIRASE dmagfsite i fxﬁ%P%?hﬁﬁﬁélmﬁdth 1600

dpi m croel ecidppmehani cal inkjet (Menjet) printheads. S-print uses an
enbedded DSP- based raster image processor (RIP) to rasterize Postscript

and PCL page descrlg&gﬁﬁs gﬁupl @ggggﬁngJ@ﬁkégg@@@%ﬁﬁg%gghgﬁgssa single

DSP, but up to thre 5 8mal ules can Into
print is built using standard off-the-shelf electronic components.

2 PRINTER MECHANICS

S-print is designated generally by the reference numeral 10 and comprises
a housing 12 having a_central section 14 (Figures 1 and 2). A hinged tray

housing 16 projects from each side of the central section 14 (Figure 3).

Ink cartridges 18, which will be described in greater detail below, are

mounted on top of the central section 14 to be readily accessible.

A front face 20 of the central section 14 houses a display 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



i ncrease performance. The RI P conpresses and stores the rasterized page
i mages on an internal high-capacity hard disk. Wile sinple page
descriptions are rasterized at the full 120 ppmprinting rate, nore
conpl ex page descriptions may take longer. Pre- rasterized docunents
retrieved fromthe internal hard disk are always printed at the full 120
ppmprinting rate. Any docunment can be "P?inted" to the hard disk, i.e

rendered and s ed on the hard_.di sk, for |ater .high- ed.retrieval. Uéers
can wal k up to{(’gf‘i’r sunportng 2 oad afpanchc 411 ?P—%%B’F@d”ﬂ%&ﬁﬁrg’ﬁ??héﬁatﬂ@ col or
LCD, and pri nthdshemideToREH Bt Whikh isVebdidtin @WRFicADY BPeREAF ciltannelregbat i on.

Docunents printed 1n this way always print at the full 120 ppmrate. The
standard 14CGRuiding verticalimeveneing kf the platen 3y diack oben Iokig driver BhamPBr pages.

Because of it wal k- u apahbi | it d hi i is likely to
di spl ace mny%uége’%he ° O%ﬁ%&’il{?ersuansl) o %@3{%’ ;54? %%tg f@\g‘% 8&%?9 lél)S{Ijn{;Jlllisnéésdsdupl exed

pri nt heads f orvestidally baleous sptoukdt 88 s THe shrpelens 38und 40DRue imegcdrmectpd bpt phase
of Menjet printhead manufacturing when the printhead defegt density is
still potenti 2 spdiepyghainedle whishidrivpeyaticad Wﬁmrs%té@ae Eléteﬁsﬁi eve 2:1 nozzle
redundancy. This allows factory-detected defective nozzles to be bypassed,
and so maxi ni ses prA fitstemdtorydssdnthly Ad pedrrangéd epstreamof thieriring aggings 26 for

controll ers expapnd, dither an i nt e i es. to the dupl exed i nt heads
PR S T T N R A S R
printheads, S-ARcoAd do%rlayéérﬁbggas ROrfah @@ whs@b4m L ereshipk Enghea brfoni C
conponents. 2 PRI NTER MECHANI S-print is de5|%nated.generally by the

ref erence numsirawing thessheetod pppereosn thg pristiengiees 22 afigy PAYINE- central secti on
14 (Figures 1 and 2). A hinged tray housing 16 projects from each side of
t he central secti omh&4$laidris@0riseahd désebndavcordimggeshd Solumdiof hapst inl thbe
described in greate detail . below, are nounted on top of the central
section 14 to Yt pRbetPY siackissible. A front face 20 of the central section

14 houses a display 22. The display ) ) )
A compact power supply 48 is arranged below the print engines 26 asis a

14GB hard disk drive (HDD) 50 and controlling circuitry 52.

S-print 10 prints the long edge of the paper to achieve a compact form

factor and a minimised footprint.

As illustrated more clearly in Figure 5 of the drawings, a sheet of paper to
be fed to the print 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 leading
edge of the paper, after printing, for guiding the printed paper to a paper tray
housing 16 located downstream of the print engines 26 in the paper path. The
pick up rollers 54 are driven by a motor assembly 44. 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



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 viewof 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
wll be described in greater detail bel®w with reference to Figure 6 if

t he drawi ngs. .On. either side of the central section 14, an r.oj ecting
outwar dly Ot s BIREEH SUBHAO ghe e por b PerehisserhbLon e bR Bher ot  ay
housi ng 16 hasgefeal Qpﬁﬁ;ﬁmiﬁf o Sshls '7@§F|thg?ﬁht @finef 28! ThRMpp daft M0cated in
each paper tray housing 10 16 for supporfing a | oad of papers. An

oper ativel y i maebe givdtedfabeutqiivqsipat énto3mablhascess @liedeinedItd e uger phitch i s

received in a verti | Ly. exi endi annel 34 for j di ng vert,ical
roverent of ¢ REERE 26 an e bSatied faf R VB8en ety A, el hES. 1he
notor 36 dri veartF4spRekeendBe pht $£EYPIHIEN AOKEEanHR datmedBoIRIREEr pYigf tical |y
bel ow t he sprocket 38. The sprockets 38 and 40 are interconnected by an

endl ess chai ncagingRp-dias well v gryjeg ifiegad lawpdient of the platen 30. A first
not or assenbly 44 is arranged upstream of the print engines 26 for feeding
print nmedia, in thé&hé¢swrinfratd anglseiStaromopatpé bn phet werlns 8hevhjphiguideangi nes 26.

A second notor, ass rrbIIy 4153 IS ailran ed dowafs)tream of the print engines 26
for drawi ng SRETSHERET §% betwpen the PHRE §9881S5 2Pnt engi nes 26 after printing.
The platens 30 rise and descend according to the volume of paper in the

[ npu: and out put sﬁh@%&lghﬁﬁmm@GB h&talmmd' tegappp$3yt(0ﬁ§.§>@;%hlghg@@dptbﬁl ﬂN t he
print engines_26.as: is$.,a 14CB. har is rive and controlling
circuitry 52.pé?%fga|‘dﬁt0?%pﬁl fﬁ?%ne_ts €'l ong edge of the paper to achieve a
conpact form factgor and a mnimsed footgrl nt. As illustrated nore clearly

in Figure 5 of thelbt @AY cnginshfet vt 2paprrmewntediossther ingnefiustblent
engi nes 26 | n*PheRS SR el Otk per WA LIARIRE L M bE FRBLea T 1g” P
upwards to allow access to paper jams and to the lower print engine 26.2 and the

infrared drying lamps 78.

As schematically illustrated in F igure 6 of the drawings, the rele{/ant ink

cartridges 58 to 64 are snap fits on the top molding 72.

Each ink cartridge 58 to 64 comprises moldings 86 defining a reservoir
90. The _reservoir 90 is, in use, in fluid flow communication with a fixed

reservoir 88 defined in a molding 84 on top of the print engines 26.

The reservoir 90 is in communication with the fixed reservoir 88 via a
passage 92. A pin 94 projects through the passage 92 and is engaged by a ball 96
of the ink cartridge 58 to 64. The ball 96 is urged into engagement with the pin
94 by means of a spring 98. The pin 94 has a collar or flange 100 at its
operatively lower end, i.e. that end within the reservoir 88. When the collar 100 is

urged off its seat, ink can flow from the reservoir 90 into the reservoir 88.

The reservoir 88 serves to provide an early warning to replace the ink
cartridge and makes contact with an embedded QA cartridge chip. Each reservoir

88 connects via the hoses 66 to the printheads of the print engines 26.



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 assenbly 46. Also, as illustrated in Figure
5 of the drawings, S-print 10 is a four &»lor printer having a cyan ink

cartridge 58, a nmmgenta, i nk cartridge 60, a yellow ink tridge 62 and a
bl ack ink cartri dg_gkﬁﬂr.ﬂnﬁﬁé“ﬁtﬁlfl%ﬁ??rofgﬁéga‘ﬁ gs%)@:?lroggpa(mﬁ?(gg{é-pggﬁlqznk vi a
hoses 66 to the sREdnin SO %%lggm fesEmbedi dBBve] el bl Pa] 60 chtaitih €Blof he i nk

cartridges 58 to 64 are attac u Is hi ngedl'y secured to the renmai nder of
the central sde€DomedfdcedR. Alpeweoswitelyl 2istavanged\beliw tha intenbaoe 28art of a
chassis 74 of the print engines 26. This upper part 74 can be pivoted

about pivot pin 76 A QeRfAaahbe itlsLifanked 6€ tHed e PareP 2@ NTHPRSHaP 10Nt  engi ne
26.1. It is to be noted that the upper print engine 26.1 is secured to the
part 74 so thallowailsdesised manler PﬁCWEeSg)‘P\h?teé&fedag%@égleéTéﬁo bergateted to a

| ower print hne. S ' i, Df . infrared
| anps 78 are ﬁr@%%@ebﬁzg%%ﬁigé%@%ﬁ F%e%lgc%é %?C(lt:% %ﬁ%nﬁgella{%g%%g?u%&?ggper 82
bet ween t he prmeuns efithe keppadd 04 Tiewislt beaippteciapainbat thiathn bd dquivkerthwd paper 82
to be fed at high speed past rlnthegéjﬂs1 of the}prlgt engi nes 26. The two
print engines So®n ugl storedrdocgenis dherg s MRy fuSh JACUITSt abl e

assenbly. As described above, the upper print engine 26.1 can be pivoted
upwar ds to al | ow adhed€£ D mtqyfoe 22 jizohusiea fielirichangsable Swstiopbuttnnsdfgifore 26. 2

and the infrared drying.| 78. As schematically illustrated in Figure 6
" of the drawi nélé,Vlg?Wﬁt?%g’é?fg%Fi?nk cartridges 58 to 64 are snap fits on the

top nmolding 72. Each ink cartridge 58 to 64 conprises nol dings, 86 defining
a reservoir 90. THePrdEiom198 a1 g gop pyitenskl0 arsalse girepeed glvtReciRini cat i on

with a fixed pﬁx‘i’e‘i%‘éﬁjai&er@%fﬂ‘éfk%%q fion. @ nol ding 84 on top of the print

engi nes 26.

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.

The printheads 112 print on to a transfer roller 114. The roller 114 is
rotatably driven by a co-axially arranged motor 116. Ink deposited on a surface of
the roller 114 is, in turn, deposited on the paper 82 during the printing process. In
addition, when the printheads 112 are inoperative, the roller 116 is urged into
engagement with the printheads 112 for inhibiting evaporation of ink in

reservoirs 118 in each printhead assembly 112.

Each print engine 26 includes a cleaning station 120. The cleaning station

120 includes a wiper 122 of a resiliently flexible, elastomeric material and a



The reservoir 90 is in comunication with the fixed reservoir 88 via a
passage 92. A pin 94 projects through the passage 92 and is engaged by a
ball 96 of the ink cartridge 58 to 64. The ball 96 is urged into
engagenent with the pin 94 by nmeans of a spring 98. The pin 94 has a
collar or flange 100 at its operatively lower end, i.e. that end within the
reservoir 88. When the collar 100 is wurged off its seat, ink can flow from

the reservoir 90 into the reservoir 88. The reservoir 88 serves to provide
an early war nishepged 2¢ apruged uphlsearmef the siperilddso HiatithgurengeddArdravesi t h an

enbedded QA cart ki B, VAL . : j ses 66 to
the print headén%ﬁoglﬁge ﬁp?risﬁetr r@%?%@gf% tﬂ&%’lﬁgﬁ %?%?ﬁ%qﬁggﬁginﬁhéﬁghs?% 7 of the
drawi ngs t he telptiipanel 20 of S-print 10 is shown in greater detail. As

descri bed above, the front panel 20 contains a color LCD interface 22. A

power switch 102 iMﬁfeﬁéﬂ@@‘i%ﬁh% 14Gtd dHaduk @p&%%gem&t kaRRGpRAedds al so

arranged on the front pan keypad 104 alTows the desired nunber
of copies to bssembtier HR. is Dovuiled by atsolebaeidpriangeaxkent [2zal |y, i.e. at the
printer 10 can al so be selected by an identification nunber by neans of

the keypad 104. |t avhide difeRiHaBObIREof diRtoftthd Sk Caridk®s G0iLdkevntinan
scrolling through stored docunents if there are many such docunents. The

LCD i nt er f aceFiznre Prcofithiedrapings vaHumteestslimensional botiorp yievoeisthy eastridge
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al so arranged on panel Keypa Referring
to Figure 8 omoldiggsBcawhitlysndages the nlldiag 84 irethe26ntea] seationddssddt i great er

detail. As described ove, .an upper..print engine 26,1 and a | r print
engi ne 26.2 aR¥SpEolA egdeﬁ-@r i“’hﬁﬁ@%é&lsdgﬁg@@ﬁ%ﬁ?mé f“i‘?e’é8\§’§ 1 and
26.2 for sinpliAaneptRod80 M Prodicdftbihd Malits. |t is to be noted that each
print engine 26.1 and 56.2 uses two printheads 112 (only one of which is

shown in respect of _the print engi-ne ; i 2 are
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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



yield. The printheads 112 print on to a transfer roller 114. The roller 114
is rotatably driven by a co-axially arranged notor 116. Ink deposited on a
surface of the roller 114 is, in turn, deposited on the paper 82 during
the printing process. In addition, when the printheads 112 are

i noperative, the roller 116 is urged into engagenent with the printheads
112 for inhibiting evaporation of ink in4reservoirs 118 in each printhead
assenbly 112. Each print engine 26 in¢ludes a cleanin tation 120. The
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the sprung bak&%lgegifﬁé?g%hirha%e%wg al@Rt loBe BORL BB the ldBErekQWESn, WRiIEI Ng 84 to

provide a main the cartrifdge 60. A secondary hydrophobic,
el ast omeri ¢ ssalultadusly reproduaimgilonter spatielfraquemiest to dreinfulllcoloe demllur f ace 130

of the cartridge 60.. .ges r'Fe above,. the.cartridage 60 cC ects to the
print engi neswg%n %agaff‘fﬂl egﬁ%’% ‘éﬂ‘eieﬁﬁ’ fgtgg}}a\%? ?lt%ﬁé nba!;rlwé:%e?%l the pin 94.
Tortuous air ghaneeksbelde ¢fftgettionshdg lodrfedueads fattratwhdngilédprat thehe
cartridge 60 under the_ color l[abel 136. The four ipk cartridges 58 to 64
are keyed image. As such its size typically exceeds the minimum size required to Support a

particular number of intensity levels (e.g. 16x16x8 bits for 257 intensity levels).

S-print 10 uses a dither volume of size 64x64x3x8 bits. The volume provides an

extra degree of freedom during the design of the dither by allowing a dot to '

change states multiple times through the intensity range (rather than just once 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 logarithmically, decreasing by a factor
of 100 beyond about 40 cycles per degree and becoming immeasurable beyond
60 cycles per degree. At a normal viewing distance of 12 inches (about 300mm),
this translates roughly to 200-300 cycles per inch (cpi) on the printed page, or
400-600 samples per inch according to Nyquist’s theorem.

In practice, contone resolution above about 300 ppi is of limited utility
outside special applications such as medical imaging. Offset printing of
magazines, for example, uses contone resolutions in the range 150 to 300 ppi.

Higher resolutions contribute slightly to color error through the dither.

Black text and graphics are reproduced directly using bi-level black dots,

and are therefore not antialiased (i.e. low-pass filtered) before being printed. Text



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 MEMIET- BASED PRI NTI NG A Menj et printhead 112 produces 1600
dpi bi-level CMYK (Cyan, Magenta, Yellow, blacK). On | owdiffusion paper,
each ejected drop fornms an al nost perfédétly circular 22.5 mcron dianeter

dot. Dots are. easily produced.in isolation, all.ow.ng dispersed-dot
dithering to %5?%51“6 ‘fpéﬁa‘F‘Bqutb@y‘P'tﬁstﬁégfr.ce%Wil‘émfs\fl‘:géscg?%ﬂfg Vepl%i nt head 112
I's the width gi,dhhescfier BgsARRNAHSFaIN ihtlagtﬁteﬁg)?%@we. PaRe&sokftion gl oci ty,

the four color planes are printed in good regisfrati'on, allow ng accurate
dot - on- dot pr tonabionyl 208idpt eonttimpesctoiconigibrtscqpenceived teat shaamiesd (asstmangact i on

between colo l.apes, the sane dither matrix is used for each color plane.
Dot - on- dot p{(’l‘ﬁfi?ﬁ’ IOfPAPSH %fzcémrsﬁilddyi ng' of nidtones caused by inter-color

bl eed. A page | ayout may contain a m xture of images, graphics_and text.
Cont i nuous-t one ( cOWBhE) usehaGarioBHESHEPNPICE Ve lreeﬂ)‘?(g)dége@éd%’i%b a
stochastic d%'esper seg-g%t sdcﬁ&t%%rd 1 B(I)i kie a clustered-dot (or

anpl i t ude- rr[)duf(aafnéio%r p&’ji% Hero ) éi pef‘iged- dot (or frequency-nodul at ed)

di ther reproduces high spatial frequencies (i.e. image detail) alnost to
the limts of4the BOCUMENTDAIA Fi)We  si nul t aneousl y reproduci ng | ower
spatial frequencies to their full color depth, when spatially integrated
by the eye. A stodbéainent BadshfssidPdnd docinBet@istdrivalion aldesec@ipid tbo be free of
obj ecti onabl e | owfrequency patterns when tiled across.the image. As such
its size typi®ldheanerdems mteractiangbrinacsitiesizeagdicrrploxsy shifort a
particular n f ' HOXh iqt S dntensity
l evels). S %%C%Oa%d;ggﬂgﬁm h@é@{i)%ﬁe@og SI zgﬁ%%fggzlégﬁxgbb?}tﬁgls The

vol une provi debiesed byestorizg chel decunént fsipaegel descdptidnngnguage (RI3N. Xfile of thehe di t her
by all ow ng a_dot flo clﬁgﬁge states nmultiple tinmes through the intensity
range (rat her™HghDaddfkalce as in a conventional dither matrix). Human

contrast sensitivity peaks at a spatial frequency of about 3 cycles per
degree of visual fBespuse ahthednghrepelption of the Msguet Arithcad 115, cagleptg€asi ng by a

factor must be printed at a constant speed to avoid creating visible artifacts. This means
that the printing cannot be varied to match the input data rate. Document
rasterization and document printing are therefore decoupled to ensure the
printhead 112 has a constant supply of data. A page is never printed until it is
fully rasterized. This is achieved by storing a compressed version of each

rasterized page image on the internal hard disk 50.

This decoupling also allows the RIP to run ahead of the printer 10 when

rasterizing simple pages, buying time to rasterize more complex pages.

The user indicates whether a document is to be stored permanently on the
hard disk 50, printed, or both. So long as there is disk space available, the pages
of transient documents are also cached on the disk 50 until printed. This is
particularly efficient when multiple copies of complex documents are being
printed. This so-called electronic collation also obviates the need for an external
collating mechanism, since each copy of a document is printed in its entirety

before the next copy.

Because contone color images are reproduced by stochastic dithering, but



of 100 beyond about 40 cycles per degree and becom ng i measurabl e beyond
60 cycles per degree. At a normal view ng distance of 12 inches (about
300nm, this translates roughly to 200-300 cycl es -per inch (cpi) on the
printed page, or 400-600 sanples per inch according to Nyquist's theorem
In practice, contone resolution above about 300 ppi is of limted utility
out si de speci al applications such as nedital inmaging. O fset printing of

magazi nes, for_ exanple, uses contone resol utions in e, range 150 to 300
ppi .  Higher ety e BrerBrGRE] élrftcgywrl&m@k A e ough the
di ther. Black {axireaag R%&Hﬁg&%ﬁﬁ?d&ﬁﬁ@gk%?dﬁtﬁ&ig%drbﬂ pisdvagbiaix | evel

bl ack dots, and are therefore not antialia . l'owpass filtered)
bef ore bei ng playentasd badigrountizontoge chior lyer. dhe bjack txyapis edmpesiied dverthe

perceptual limts discussed, above, to .produce snoot her edges when
spatially int ecéolniqngda)&r,a ?fgh%ﬁﬁtorﬁge]ﬂerrlgggl?eﬁ? ‘on up to about 1200 dpi
continues to contribute to perceived text sharpness (assum ng )

| owdi f f usi on paperFigwr 10shewethe flowpef gt S-ponidasymaniciesnmn spfavorletodirintédon  of
320 ppi (i.e. ﬁ%a@ 0=5), and a black text and graphics resolution of 1600
dpi . 4 DOCUME ATA FLOW Docunent transm ssion and document rasterization

o decounl o Lo S BTN U oo Lalacl T Pepmen b e
S-print 10. ThigyB UsiRE Ms§V&Rtdg c%ﬁfﬁfés@ign%g%ﬁt}g%@ﬁ% TEERgRtodescri ption

| anguage (PDL) file on"the internal hard disk 50. Because of the high
resol ution of lmagesienjpaess prithrat tatiadp 1d 20: 1 evtioupejiscahie biss bbquatityngthgat a

constant speed t volid creati i.si ble artifacts. This neans that the
printing cann%tcogqé)?%sg?f%a(?etsger?g?'é%h?'he i nput data rate. Docunent

rasterization and docunent. printing are therefore decoupled to ensure the

printhead 112 has étééﬂgé@n@ éﬂﬂpﬂ“ﬁr _B%ged%tb&.levﬂl {rfersiasigeedfPMiti nted unti |
it is fully ratRh &Rfsuchhb fexk §oxﬂ'§ b&!%@xg@elfmfdtgggsg?esﬁﬁ—l [g§ssed version
rnal ha I sk 50.

of each rasterized page I mage on e I nt
compression algorithms such as Group 4 Facsimile, 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 6f 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
images, the average page image size is 2.3MB. The standard 14GB internal hard
disk therefore holds over 6000 such pages.

5 PRINTER CONTROLLER ARCHITECTURE



Thi s decoupling also allows the RIP to run ahead of the printer 10 when
rasteri zing sinple pages, buying tinme to rasterize nore conpl ex pages. The
user indicates whether a docunent is to be stored pernanently on the hard-
di sk 50, printed, or both. So long as there is disk space avail able, the
pages of transient docunents are al so cached on the disk 50 until printed.
This is particularly efficient when nmul ifpl e copi es of conpl ex docunents

are being printed. This so-called electronic collati (fn al so obviates the
need for an ext er nalhe ¥®rinklQ prptereontplleRongsts oba e ngRrowssd 1ddcument i s
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i mge format cqQntains a separate forgground.bi -l.evel %p@Ck]tS Ia%er and
backgr ound con¥iie CRBPHEIRAIsCreiEng CoRpunifets viz & SIS 08 G 8er t he

contone | ayer @biQreaMi®nepidtPne | ayer is dithered. Figure 10 shows the flow
of an S-print docunment fromnetwork to printed page. At 320 ppi, an

A4l Letter page of nt on K dat a a iz f . s sy
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a ratio up to vifdad EwetlR0udntiotibi CARBb@rdlO%S intbrngLiadrd tisk 5Qivid thg SC8I conpr essed
page size of 3.8MB. At 16 pi, an Ad/lLetter Eage of bi-leyel data has a

00 d t
size of 30MB. corsplsdf? apdeentedlittie &6 &k viadhmpt-Decoatolialf4uk . Usi ng
| ossl ess bi - ec\ﬁﬁlrollé}q@@5ﬁ§%b&?ﬂ@h&?ﬁkéﬂ%ﬁﬁ&ﬁIﬁaﬁrﬁe&@i&‘é@ﬂfﬂdé@acs' mle,
ten-point text conpresses wth a ratio of abBout 20:1, giving a conpressed
page size of huBivBticafioneand irtkheomthring, pedecdsfandivyichomntes tiee RiPeayd thkat a

consists of 120MB of bi-|evel a. [ | ossl ess. bi -1 evel conpression
al gorit hms on PR €643 %P"itrgﬁ?rﬁdf‘gﬁi ‘é%‘?l%r%%i @%‘ﬁﬁ}mﬁ?ﬂ%fémg@cfﬁgn% timal dither
I s stochasti C purdos@€misibpreessér. Ith Bésoigted Peripidiral-doftrSIIPIeRGe di sor der. The
two- | ayer conpressed page i mage format therefore exploits the

10/100Base-T Ethernet controller (140), a SCSI disk controller (142), and a color

TFT LCD controller (144). Optional controllers include an IEEE 1394 (Firewire)

controller and a USB 2.0 controller for high-speed point-to-point communication

with a workstation or server.

The RIP DSP farm 146 rasterizes and compresses page descriptions to S-
" print’s compressed page format. The DSP farm 146 consists of between one and
four general-purpose high-performance DSPs. Each additional DSP comes as a
field-installable plug-in module.

Each print engine controller 148 expands, dithers and prints page images
to its associated replicated printhead 112 in real time (i.e. at 60 ppm). The
duplexed print engines 26 print both sides of the page simultaneously (i.e. at 120

ppm).
The printer controller’s flash memory 154 holds the software 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



relative strengths of | ossy JPEG contone inage conpression and | ossl ess

bi -l evel text conpression. The format is conpact enough to be
storage-efficient, and sinple enough to allow straightforward realtine
expansion during printing. Since text and imges nornally do not overlap,
t he normal worst-case page image size is 3.8MB (i.e. image-only), while
the normal best-case page inmage size isi8l.5MB (i.e. text-only). The

absol ute worst-case page inmage size is 5 3MB (i.e. text over image).
Assuming a third ofThamaiypiosessonkigacesyrsdhhdocumentepagerdeectipfigRage page

i mage size is . 0 : ' ' fore hol ds
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peri pher al co%I ro “kgro’s??lﬁgﬁ%tggpgérﬂgg(f%)ggﬁég?g?%ﬁ?ﬁg{rnh}éét)‘tv%%n’t roller (140), a
SCSI di sk contastetikig shddddcuneamek. a col or TFT LCD controller (144). Opti onal
controllers include an I EEE 1394 (Firewire) controller and a USB 2.0

controller for hi gPhsSRERGroQis: 189 pRALNBackAFIPIA patleliRAgestbihe @ wor kstation
or server. The RIP DSP farm 146 raSteri zes and conpresses page descriptions

to S print' scantPersd48af Peglipfesedprint enpimeDdP Hagh printenginsrrongelderdf8 bet ween
one and f Our ;&8 re%lo_ plflers é)dsp%gg 'ix%ta]g'eoﬁg i 1%@4]%%11%%’?@&%& tﬁléj]gelgte' onal DSP

cones as a

expansion and printing pipeline. Page expansion and printing is pipelined because

it is impractical to store a 120MB bi-level CMYK image in memory.

The first stage of the pipeline expands the JPEG-compressed contone
CMYXK layer. The second stage, in parallel with the first, expands the Group 4
Fax-compressed bi-level black layer. The third stage dithers the contone CMYK
layer, and composites the bi-level black layer over the resulting bi-level CMYK
layer. The fourth stage prints the bi-level CMYK data via the printhead interface
which controls the Memjet printhead 112.

The main processor 138 streams compressed page images from the hard
disk 50 to the print engine controllers 148 at the required 120 ppm rate (i.e.
4.6MB/s on average, or 10.6MB/s worst-case).

Table 1. Print engine controller page image and FIFO data flow
input input output output input output
process format window format window rate rate
receive - - JPEG 1 - 3.8MB/s
contone stream (10Mp/s)
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320 ppi = 1600 dpi (5 x 5 expansion)

Needs a window of 24 lines, but only advances 1 line

The print engine data flow is summarized in Table 1. The aggregate
traffic to/from memory is 387MB/s, all but 5.3MB/s of which relates to the

FIFOs.

Each stage communicates with the next via a FIFO. Each FIFO is

organized into lines, and the minimum size (in lines) of each FIFO is designed to

accommodate the output window (in lines) of the producer and the input window

(in lines) of the consumer. The inter-stage memory FIFOs are described in Table

2.
Table 2. Print engine controller local memory FIFOs
FIFO format and line size number of FIFO size
lines
contone CMYK 32-bit interleaved CMYK 8x2=16 240KB
(320 ppi x 11.7” x 32 = 15.0KB)
bi-level K 1-bit K 1x2=2 5KB
(1600 dpi x 11.7" x 1 = 2.3B)
bi-level CMYK 4-bit planar odd/even CMYK 24+1=25 229KB
(1600 dpi x 11.7" x 4 = 9.1KB)




| ayer. The fourth stage prints the bi-level CMYK data via the printhead
interface which controls the Mem et printhead 112. The main processor 138
streans conpressed page inages fromthe hard disk 50 to the print engine
controllers 148 at the required 120 ppmrate (i.e. 4.6MB/s on average, or
10. 6MB/s worst-case). Table 1. Print engine controller page image and FI FO
data flow i nput input output output input®output process format w ndow
format window rate rate receive - - JPEG 1 - 3.8MB/s contope—st n
(10Mp/s) 19 receive - - AFax 1 - 1.5MB/s bi-level stream 250!\/?)7?5
expand JPEG - 32-bit 8 3.8MB/s 38MB/s contone stream CMYK (10Mo/ s)
(IOVpls) expand AFax - 1-bit K1 1.5MB/s 30MB/s bi-level stream
(250Mp/s) (250Mp/s) dither 32-bit | a - 38MB/s CWK (10Mp/s) conposite
1-bit K1 4-bit | JBn8iss ti2onBrmtheaiarkl A ofsanpredyndapspigshesd patriase 4-bit 24,

1" - - 120MB/s - S0Mp/s). - 193NMB/s 19 S \VB/ a dit

conbi nes with SE%??%@F&' é&ouggg't“hé? gleijt’éan%%r g&lﬁg&)&’%@&é? ép P?%f/lvhgfést%t\/elgﬁdt hem 320
ppi 1600 dpi (dpi)XarPaditRAAES @ ines oNBERSel T MIYKURVS Mk baffeted besveehidic only
advances 1 line The print engine data flowis sunmarized in Table 1. The

aggregate tr &ftherer/exsppastien whiioyand shemrimiiyad intgrfpcenh 8. Bhisfisiugn of whi ch
relates to t h%ranslates to about 4.5MB of additional FIFO memory, or about SMB of FIFO

memory in total.

The néed 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 easily 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 SMB 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.

5.2 Print Engine Controller Architecture
The print engine controller 148 is implemented as a single custom chip.

There are two architectural variants of the print engine controller 148. The
shared-memory version, illustrated in Figure 12, uses a local off-chip RDRAM
156 to support the aggregate memory bandwidth required by page expansion and
printing. The pipelined version, illustrated in Figure 13, uses dedicated on-chip

FIFOs 158, 159, 160.



FI FOs. Each stage communicates with the next via a FIFO Each FIFOis
organi zed into lines, and the mninumsize (in lines) of each FIFOis
designed to accommodate the output window (in |ines) of the producer and-
the input window (in lines) of the consuner. The inter-stage nenory FIFGCs
are described in Table 2. Table 2. Print engine controller |ocal nmenory
FIFGs FIFO format and |ine size nunber o FIFO size lines contone CWK

2 = 16 240KB 11, 7". x 32 = 15. OKB)

32-bit interl eaved 8. X 32 I, o X 2 =

b Level K Lot K e phaed ety E’fi%‘(fé‘g‘d‘ﬁi"g&t“(ilﬁg“g Qonsists of AeNCIgl- | ayel OMYK
4-bit planar Qrledosy BidcédWdiK 24a high-spectPR ARG Entet f2&D4dBitheo L ehip” X 4 = 9.1
KB) 20 474KB Because the two printheads 112 of each redundant printhead

pair are sepafddRAdMl5tapeunall gragrasm ROM 166.mdMek constoller 1q8andbut 500
printed |lines @Erf&c%qgg tgﬁ‘:ﬁ,)l’{f %?c&ﬂgdllte'r 8@@{50.500 i nes of bi-level CWK nust

~ be buffered between t he erer/conposSitor unit 176 and the printhead
interface 178. This in turn translates to about 4.5M3 of additional FIFO

menory, or about SEBHHTINtERENC RRENkTS] RagegrRrISIoRAd REWENE BIPSRG s addi ti onal

FI FO nenory c Srg%{m?lt i i i i n

parallel, i. e.e&g%‘gse@edac cgfreﬁ) t edetc\%&g? ?’ngtp%eagsyGﬁéL{%Q‘olf:&Z%g%aérﬂéZﬁ’nddant

pri nt head pai cyustehagheedcbnmsitat wiit 176ecahy sistah irgefese 478 tnthe dMemjhie

printheads. Thi.s, is t easily done by replicating the print engine

control | er 14@“’?%?“83@2- printhead 112. Replication is particularly relevant

in the case of the pipelined (as opposed to shared-nmenory) print engine

control l er 148 dedke ditheserfsempasitopyartd 76 ped &ewm&%ﬁlmrf@w7gﬁreon- chip FIFO

menory is described in greater detail 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 local
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.



inpractical. It is also possible to run each print engine controller 148 at
twce the rate so that it can expand each page inmage twice in the tinme it
takes to print the page inmage once. \Wenever each page imge is expanded
twice in parallel, FIFO nenory nust be doubled to about 1 MB. 5.2 Print
Engine Controller Architecture The print engine controller 148 is

i mpl emented as a single customchip. Th&e are two architectural variants

of the print in 148. The shared-nenory version, illustrated
in Figure 12,%132esq)§?1ﬁ§%%4ﬂrgﬁ“gchi p RDRAM 156 to support the aggregate

menory bandwi dth required by page expansion and rinting. The pipelined
version, illustratdd@chpripgpgie controligs 448 aéaﬁS@afé‘éf%remedn Op¢ fREENG.58, 159,

160. 21 The s I I N ﬁ.ﬂﬁﬁ' I : j

general - pur p(r)sglg&% cessogurspsrl%g? a |%ﬁ-l(sig@é@%ﬁ%ﬁééﬁh@ée}{rg%?eﬁhfg%ggo t he
of f-chip RDRAM.I36theahatdintenpiva@f dra REMELEH neadsDvifassahe pradthead 11883 and an
interface 170 to the pyri r.controller b ... Both pr.int i.he

control |l ers' ﬁ&@éecé?ﬂﬁa%s]i%m dph lﬁFQW?Sﬁgagﬁﬁﬁﬂ@e r&@n@i‘@fsswgp ‘%ﬁglgt andar d
JPEG decoder Jtﬂe?ope?atﬁléM%&y@f%&%émfe@?ri%_@&ﬂﬂ@ Whfbh iR theCddreRBesign

di therer/conpositor uRit 176, and a custominterface 178 to the Menj et

print heads 112xceepe3@tlher er/ conpositor unit 176 and the printhead
interface 178 are described in greater detail in co-pending US patent

application 08/436pitihdd CharakcerizRGes Por ated herein by reference. In the
shared-nmenory version, the FIFOCs are |l ocated in the dedicated off- chip

RDRAM 156, and al |l .i t%a-scfa%?fze,,commni.c?éé on.i.s_ control,l ecb,p rirtl,[He dIsocal

processor via the ot PP EIEG c’entadflspje"f(}%oerncpl?/tgr5| h Ot FIFos

158, 159, 16013ne. 16)8Gd2zlcdalts idhgrastaAgalandiatsitddfsosn eb paiédzhdrgles | n t he

shar ed- menory v rsié:)n, the decoders 172, 174 obtain page data
are both defective.

Printhead defects are either characterized and matched one segment at a
time, or after the entire printhead has been built. In the former case nozzles are
tested before integration with the ink path, and so are tested without ink. In the
latter cése nozzles are tested after integration with the ink path, and so are tested
with ink. Segment-wise characterization gives a higher yield, but at a higher
testing cost. Segment-wise characterization is therefore only preferable to

printhead-wise characterization when defect densities are still high.

The defect list associated with a redundant printhead is stored in the
manufacturing database, indexed by the printhead’s serial number 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

written to the flash memory of the printer’s embedded printer controller.

If the printhead cartridge is replaced in the field, then a new defect list is
downloaded remotely from the manufacturing database to the printer controller

via its network interface, using the new printhead cartridge’s barcode.

The defect list associated with each redundant printhead pair is copied
from the printer controller’s flash memory 154 to the corresponding print engine

controller 148 at boot time. During printing, each print engine controller 148



fromthe main processor 138 via the local nenory. In the pipelined version,
the decoders 172, 174 obtain page data directly fromthe main processor
138 over the printer controller bus 150. Wen several print engine
controllers 148 are used in unison, such as in a duplexed configuration,
they are synchroni zed via a shared line sync signal on 1line 180. Only one
print engine controller 148, selected vi# an external naster/slave pin

182, generates the l.jne.sync signal. onto,the shared |ine 180.,22 .3

Pri nt head Ti m SRISERC GRERPLn g B RERBIoEnE SR RO Rf, page
in one second.to. WHek 8nSnd¥zietf alfdzHE @air & defectié,ithé pe@Engdihe coirddlet M8 t he | ong
di mensi on of the page (11.7"), the short dinmension of the page (8.5")
needs to pass diffstsslefario Hesuther Tpzelp. Priyiecad hwpetcriztion gpdmgishingiersesequat es
to a 13. 6KHz |4 e LSel WL hi ting frequency of the
Menj et printhéga%ﬁﬁg%)%ﬁ%@%sf%g?%égé%ﬁ%%ﬁ%ﬂﬁgéﬁgﬁﬁggigeeds 30KHz. 5.4

Pri nthead Characterization Each redundant 12" print engine 26 contains two
conplete 12" printheads 112, i.e. 76,800 nozzle pairs, characterized and
mat ched so that no paired nozzles are both defective. Printhead defects
are either characterized and matched one segnent at a tinme, or after the
entire printhead has been built. In the former case nozzles are tested
before integration with the ink path, and so are tested without ink. In the
| atter case nozzles are tested after integration with the ink path, and so
are tested wth ink. Segnent-w se characterization gives a higher yield,
but at a higher testing cost. Segnent-w se characterization is therefore
only preferable to printhead-w se characterization when defect densities
are still high. The defect |ist associated with a redundant printhead is
stored in the manufacturing database, indexed by the printhead s seri al
nunber and recorded as a barcode on its cartridge. Wen 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 wviaits network interface, using the new printhead cartridge's
barcode. The defect |ist associated with each redundant printhead pair is
copied fromthe printer controller's flash nenory 154 to the correspondi ng
print engine controller 148 at boot 4jwee. During printing, each print
engine controller 148 23 consults its defect list to determ ne which
nozzl e of each nozzle pair to direct data to. \When one nozzle of a nozzle
pair is defgcAivie, the print engine controller 148 directs data to the
ot her nozzle. Printhead characterization and matching ensures that the two
nozzles of a nozzle pair are never both defective. 24 CLAIMS 1. A
printhead qontr alprigthedddontesiies fobtdntroifingprirting op @ke ay m@a obypr&ithehda dst one
printhead, th rran gd controller be|n ‘ﬁ gnnec a data

I“e

communi cat PAGeAd; SRIQUST Beipg FoRnesed: Bopr UF PP R an},umcbt,lons thsg) \i grm 7

eceivin
conpr essed chfollet for fedidihg da, tiDa tdrmpripagicfotnmt, betatmgr tothegagd thé)e pdeitd thencl udi ng

ayor. t ho P PR HEMCH BB FETPUR M HE A o PPEY P aaai g OB or
expandi ng W%@ﬁﬁdead&bxﬁroﬂleimﬂmdm@ to the b| -l evel bl ack I ayer; a second

decodi ng means f lél §e§ nd) gzgxaeco ‘I;a%alsngg: dérte%edgaltaaxtelaﬂ {o(}%élt]%v%pﬁg CO' or

layer, the first arran in para a
first tenpdyary storage devr ce for storing the expanded dat a fromthe first

decodi ng means, seco%? a& o&lm %@r%ri%lf ¥ sp%ﬁ&?ﬁ%‘@o@nﬁ&é@dc&t f Ratind Wﬂh@goﬁt&% expanded

data fromthe secon eco nmean mani p ati ng neans
mani pul at i nglot lager,di frstond [snsrbn&deoqﬂntgheeam bednig azpeed derapalldl t enpor ary st or age

devices to be fgﬂrs tg f){xll%?'@{ot é?&gﬁq’fogsnﬁ %xﬂ%d@'ét!a%hﬂge fB@Sodidgnc! udi ng

a dltherer/conp05| eto the color |ayer and conp05| te
t he bi - 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, the data manipulating means
including a ditherer/compositor unit operable to dither the color layer and composite the bi-
level black layer on the color layer after dithering thereof; 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, wherein the printhead controller operates as a self-synchronising pipeline.

2, The printhead controller as claimed in claim 1 in which the first decoding means is a

lossless bi-level decompression device for decompressing the bi-level black layer.

3. The printhead controller as claimed in claim 1 in which the second decoding means

is a high-quality lossy decompression device for decompressing the contone color layer.

4. The printhead controller as claimed in claim 1, further including a third temporary

storage device at an output to the unit to store the manipulated data.



| evel black layer on the color |ayer after dithering thereof, and a
printhead interface at an output fromthe data mani pul ati ng neans for
controlling at |east one printhead connectable to the interface and for
feeding the mani pul ated data to the printhead, wherein the printhead
controller operates as a self-synchronising pipeline. 2. The printhead
controller as clained in claiml1l in which the first decoding neans is a

| ossl ess bi-|evel deconpression devicg bor deconpressing the bi-level black
| ayer. 3. The printhead controller as clained in claim1l in which the
second decoding neans is a high-quality |ossy deconpression device for
deconpr essisng t e GRMHeNENEOIR s LiaRE in dlaimlH & Wiitinédok afithe Gint tealpbrary as

claimed in claiml, further includin third te ar st orage .devi ce at
an out put ts@mﬁﬁgévﬂﬁ‘?i the F‘??o%‘{tﬁ‘?“‘gorf‘rﬁétor‘%ﬁ?lﬁmea"t“ e&ﬁ?‘g{emﬁéaryém?ﬁ “Bf nt head
control | er i@sdedicabdyealchip FtHai m 4 in which each of the first tenporary.
storage device, the second tenporary storage device and the third tenporary
storage device is a dedicated, on-chip FIFO 6. In a printhead controller
for controlgl i ngmps ipAhthéwd @htréllepderecdmrolding printingeefda phgeeby pririnthhaladhe
control |l er _heing connected, in e. via .a data conmuni 1ons_|]. to a
printer CBH’EtL??gIcg?tr(QISrr ?’&%‘in{}?ﬁ%’ Fa¥% ViF & &;a%accé’ pr ess éoglg?%l? n?oa% Ph{&é‘l ating to
t he page t oohwe@ll@rfbntetling duea, irdatanpressddufidinmg relatpmde thtas gy fofbeiponted drepr i si ng a
bi -1 evel bl.ack er_ and cont one | or ..l t | 1ing at
| east one gtla At ugan acBargﬁe(%ngB l(fnoccfnﬁjg&f)lg ianlflﬁgégglg%lﬁlta?%l%ag% &liltr?g?g(gserg t he
steps of : &ypandieind o6 cpreisedt Batt ane ptizthdad gonnsctehto the priethead cotteplir | ayer ;
expandi ng g%ﬁﬁéﬁﬁs§ésg§ta relating to the contone color layer; storing the
expanded data rn ti1rst and second tenporary storage devices, respectively;
f eedi ng t he expapasithgdampresseddata telating orthgfu-lvellackdayery a dat a mani pul ati ng

means L Lhe dabadbANEaL: Ak ARARSY HABHBM aidigeLhe data into afor mt

suitable for p g, fncludi . ering the contone col or |ayer and

conposi ti ng t hestdying] B¢ekxisndedk datayiar firsh rangheecend HERROFATY. ofierase deBidr | ayer,

t her eby toregﬁerggg;e@)r,ed a dithered/ conposited | ayer; |oading at |east one
1th

printhead w dots to be printed in accordance with the formatted,
mani pul at ed dat f§eding the expanded data from the storage devices to a data manipulating means;

in the data manipulating means, manipulating the data into a format suitable for
printing, including dithering the contone color layer and compositing the bi-level black layer
on the dithered contone color layer, thereby to generated a dithered/composited layer;

loading at least one printhead with dots to be printed in accordance with the
formatted, manipulated data;

printing the dots; and

operating the printhead controller as a self-synchronising pipeline.

7. The method as claimed in claim 6 in which the steps of expanding the two layers

occur substantially simultaneously.

8. The method as claimed in claim 6 which includes expanding the data relating to the

bi-level black layer using a lossless bi-level decompression device.

9. The method as claimed in claim 6 which includes expanding the data relating to the

contone color layer using a high quality lossy decompression device.



printing the dots; and operating the printhead controller as a

sel f-synchronising pipeline. 7. The nmethod as clained in claim®6 in which
the steps of expanding the two layers occur substantially sinultaneously.
8. The method as clained in claim®6 which includes expanding the data
relating to the bi-level black |layer using a | ossless bi-|evel
deconpression device. 9. The nethod as clained in claim6 which includes
expanding the data relating to the C%QQone col or layer using a high
quality | ossy deconpression device. 2 10. The method as clained in claim
6, further including the step of tenporarily storing the

di t her ed/ cQupOSiThEMeth@Y A cldibedinSlh Y RirdeMha@lin thOkted 6f terpddirilngofidpe dot s.

the dithered/composited layer in a storage device prior to printing the dots.



