1 A DUPLEX NETWORK COLOR PRI NTER FI ELD 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. $UMMARY OF THE | NVENTI ON According to
a first aspect of the invention, there is provided a print engine for a
printer, the print engine including a first printhead; and a second

print head, both print headd DUPLEXINETYVORK ICOLOR KRINDER | nkj et nozzl es
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transfer kgld er rotatably arranged adj acent the printheads for
transferring ink fromthe printheads to nedia passing the roller, the

pri ntheads being arranged in circunferentially spaced relationship

rel ati ve SEMMARY ORTHEINVENTION roller, with the printheads extending
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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

printheads. Thus, the printheads, at the time of manufacture, may be characterised and matched so that
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characteri sed and matched so that 2 no two correspondi ng nozzles of the

pai red printheads are both defective. A defect list, which may be in the
formof a characterisation vector, may be provided for providing an

i ndi cation of which nozzle of a matched pair of nozzles of the printheads
is to be used. The characterisation vector may be encoded and i ncor porated
in the print engine. The print engine may conprise a cartridge housing the
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mat chi ng 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 entirety. In this embodiment, the method



.printhead defects one segnent at a tine during construction of the .
printheads. In this case, it will be appreciated that the testing of the
nozzl es of the relevant segnents occurs w thout ink before integration

with an ink path. In another enbodi nent of the invention, the nethod nmay

i ncl ude characterising and matching printhead defects after each printhead
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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 field, 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



cartridge of the assenbly. Preferably, the characterisation vector is
recorded as a barcode on the <cartridge. Then, when the cartridge is
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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 a memory means;

rasterizing and compressing the received data to create a compressed page format, the
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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
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tenpor ary ;3 @hA8Es gyl ce, the second tenporary storage device and the third
t enporary stora e device may be a FIFO. It wll be appreciated that the
functi onal unlf"ga“é‘l“écoﬂlpfféﬁe'il elatife forthe Hirkevet plaky layemhi ch are on-chip and

arranged bet Wee;parﬂﬁgkbnfptb&b@a ﬂdfhf}élhtmgfﬁtﬁe Bbheichisr 1IsGCESSOr in the 6 pipeline.
According to a Hg tion therels rowded in a

of .t he. inv
printhead contTo ’&’%g&caf)n 3 dsecon‘gginﬂﬁr%ﬁmﬁg RIEHGRHEM pri nt head,
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t ge to
a page descri pfist at%?“'ﬁr‘% 8%?%‘?’“"1@ %fﬂ’f?dllﬁfé‘i"rdé‘ffa vith th, fogpasted ¢ o) or
layer, a mm@@ddﬁa@mhtrol I ing at Ieast one printhead connected to the
printer contr olrnfdg thetddR. Met hod i ncludi ng the steps of expandi ng conpressed
data relating fo the_bi-lev bl ack | ayer; expanding conpressed data
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second t efnplodearpanditpihadea ttigte sherbbpe blatkvieyey isingf clodien @i-lhe devpaased dat a
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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;



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

| ossl ess bi-|evel deconpression device. The nethod may al so include
expanding the data relating to the contone color |ayer using a high
quality | ossy deconpression device. The mani pul ati ng of the data may

i nclude dithering the contone color |ayer, conpositing the bi- |evel black
| ayer on the dithered contone color |ayer and tenporarily storing a

di t hered/ conposited layer so formed in a storage device prior to printing
the dots. The method may include operating the printhead controller as a
sel f - synchroni $igi@ 7Rhd¥8 ki Sifrge PRIEGAPHSCRIR L %e}- o DRAWNGS The
invention is now described by way of exanple wth reference to the
acconpanyi Nng  QeanisRElsvs b throdai ionkl : . ' . a printer,

i n accordance ng?ﬁﬂ t he invﬁ?&gﬁﬁnﬁ%ﬁgg?é@%ﬁ%ﬁnghﬁgﬁ |tgl\fiv of the

printer; Fi gur @igdre9RMofs Andé-Gfenslofdiop biel BEanRiid c%ﬁl%: of e gH:{tg; 4 shows a
schematic, sectional front view of the printer; Figure 5 shows a

schemati c, sectrigaRab sHlvedkn¥e-8WeRiondi B&toRvieWoBlhe ink 'c%?g%, 6 shows, on an
enl arged scale, a schematic, sectional front view of part of the printer; 7

Figure 7 shows rire@0kdivdedagtaittic nhr&lheibn & B&MEA Ahta SEEH @ Printd; the printer;
Figure 8 shows a three-dinensional view of a print englne arrangenent of

the printer; [Figghn €sidas SN Giadarh HiRSTide BRRUG AR ik, Vi ew of an ink _
cartridge of the printer; Figure 9b shows a three-dinensional bottom view

of the ink car Frgudgeshols OBIER dikBars HOME eRbddinfAY R B Brire Enefnf BRI @llcR; Of
docunent dq{a flowin the printer; Figure |l | shows a block diagramof the
printer controller architecture; Figure 12 shows a bl ock di agram of one
enbodi ment of the print engine .controller architecture; Figure 13 shows a
bl ock diagran1%$m§ﬁgtﬁgVS%%%6 (RERP o5AnYlee © %ﬂﬁ?m%ﬁ§Wﬁédeﬁ¥?%FW@ﬂhr

ar chi t ect @ickitectETAl LED DESCRI PTI ON OF THE DRAW NGS 1 S- PRI NT OVERVI EW The

invention will be described with reference to a hi gh-speed dupl ex network
col or pri% r ?9 for high-volune office use. It features 2000-sheet
notori zed L te operation, and 1600 dp

phot ogr aphi c-qual it outeut. We refer to the printer as the "S-print" and
we shall lrefeﬁy?@v¥PV§§ B¥h or as the printer below. Wth 20 times the

speed of the best network color laser printers, and 4 tines the speed of

the best netwbhinFBHRICHH berdesribed pithrefereneerts a highyspdedh tuptek network eelbyprinter get s

the $40 binkehded forthegiobioRe bfliceake. RIféahikds 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 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



market. Wth its high performance and phot ographic-quality output, it also
conpetes against offset printing for print runs smaller than 5000 copies.
S-print accommodates A4/ Letter sized nmedia and, with a tray adaptor,

A3/ Tabl oi d sized nedia. It achieves simnultaneous high quality and
performance using full-color page-wi dth 1600 dpi m croel ectronechani cal
inkjet (Menjet) printheads. S-print usgs an enbedded DSP- based raster inmage
processor (RIP) to rasterize Postscript and PCL page descriptions at high
speed. The standard RI P uses a single DSP, but up to three additional DSP
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wor kst at | offset ppiadngrents printed in this way always print at the full 120
ppmrate. The standard 14GB internal hard disk stores over 6000

i mage- i nt ensi v&-paages duplBataiiteadofor snhﬂtamhéﬂotme S@P iitihg. b)iru%ﬁﬁie pbiPhass peed,

S-print i . n rtnrun rinting.
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pri nt head tolef Bpdssed.cang isd ylaﬂnﬁlsétpkﬁtheaﬂ’@feﬂmﬂpair by cubtbd ri&rmt%ﬁéi}fb coRtrdierk Qﬂﬁﬁh
replicategt.0 élti“t ?gg n%éesmntge(;gle)&dprm ‘ﬁﬂ}iThl s allows factory- def ect ed

def ecti ve noz fi ses print head y| eld. A pair

of customprln e controllers e i ther ri.nt. elmagesto
t he dupl exed gfﬁlélg S NP gaﬂlg"f'e coné(ﬂlar R g ]\?F"S’H’ @e?%hg Bt gﬂ“ﬁ%
control | eﬁ%ndaﬁaﬂmﬁp%&elemqnwpmws S pr| nt is built using standard

of f-the-shelf electronic conponents. 2 PRINTER MECHANICS S-print is

desi gnat ed gen®RENTER MECHANICSf er ence nuneral 10 and conprises a housing 12
having a central section 14 (Figures 1 and 2). A hinged tray housing 16

projects from &ault isdesignand gantrallyd miterrefbrencs Mietrad 1D ahd cdnfprighs b Bousihg 17 Haking
cartri dge§ celagal stlb Ty (ng!lrlzs 10fid 9£SLhib D28 thay ﬂbu%&eﬁ%&?ogcg %‘En%l cfxlgﬁé %WFe Q& mount ed

on top of th central "section 14 to be rea ccessi face 20
of the ce?ﬁ’?"&l 484819%n 14 houses a display 22. The display 22, wh| ch will

be
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 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.



described in greater detail belowwth reference to Figure 7 of the
drawings, is a full color LCD user interface. Referring now to Figure 4 of
the drawi ngs, 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

| ocated in the central section 12. The print engines 26 will be descri bed
in greater detail belowwith reference to Figure 6 if the drawi ngs. 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
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vertical mvenent of at en lranged
upst r eam &f¥&e pri nt engl nes 26 for feeding print nedia, in the formof a
sheet of paper, between the print engines 26. A second notor assenbly 46 is

arranged  downd RIS 8 rise pd P Eccaife ke volgme efipapsr iviierigput hdousitvestacksof  paper
fromthe print engines 26 after printing. The platens 30 rise and descend
according to tHe¢ %W'Lﬂﬁ’ﬁ{erdf‘Ppb’é‘ﬁésra“ia‘Fﬂe‘i bréow thrguint cagiers dtitspta 146Bdem disk diive onpact
power supD)s8 andxodtrolliag gjedirhed.ow t he print engines 26 as is a 14GB hard
disk drive (HDD) 50 and controlling circuitry 52. S-print 10 prints the

| ong edge of t Reripaperintt the BEHEdRY of the lﬁﬁéﬂﬁﬁ&fne\feﬁl’cﬂﬂl}faaqﬁlﬁf fa@dtGnPa MinfMisdh sed
footprint gofsni | | ustrated nore clearly in Figure 5 of the drawi ngs, a sheet
of paper to be fed to the print engines 26 is guided by pick-up rollers 54
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rollers 56 g eadl ng aper,
the print 8‘&“‘&%1 dlf g‘tlféfd & Plﬁ'awbrroﬂqr% M@@g PRsEpamof the print elcgnnbm thewaner psth. t he
print engSpieswi2a rollerstsh grqpﬁ]éﬁlﬁngﬁdgehbf tha_b@erp&f%kprhiﬁlgr Rt hid; l% thé:’[ﬂm@ﬁ ﬁap@lrtb yen by a
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arranged pal rs, ‘are
assenbly ABare Arivp by aantqflaﬁglﬂl?lhﬂ‘édsmaﬂ% the skeSwhol rollves Sr aliEngs arrdBeedrin Nt 10

i's a four vemamrspied fatrs bre QA¥h BPa Rrtkey Abtor dsdeibiGad. t ri dge 58, a magenta ink
cartridge 60, a yellow ink cartridge 62 and a black ink cartridge 64. The

ink cartri dgeSAE&,as ﬁletrat@@mwi‘gdreﬁj"offt}ﬁ%&wmgk S¥phift 16%@@1&&:&{1{%@% i 8hy €NGi nes
0 are

521'? t aéhggl ?ﬂs( ld 1 5§1F egaul?%%?n?‘gm@’ ﬁé{ elt"g’ ﬁ'ﬂﬁl cg%éj%?@ arn{i ﬁgle%é‘?‘\‘tcf“gfdg%@c thon 14 of
t he housi i caztzdseéﬁ& éﬂ/é%@ndéﬁfeemplevla Ipeas166 fthegrivtheg®s 26. 74 of t he
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



print engines 26. This upper part 74 can be pivoted about pivot pin 76 to
enabl e 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 |ower print engine
26.2 as well as drying infrared lanp 78. These infrared |lanps 78 are

nmount ed on paper gui des 80 which guide 2 sheet of paper 82 between the
print engines 26. The strai ght paper p]ath all ows the paper 82 to be fed at
hi gh speed past printheads of the print engines 26. The two print engines
26. 1 and 1Al B nd AOREIES arfifl 18fhs36) UStabl e assenbly. As descri bed
above, the upper print engine 26.1 can be pivoted upwards to all ow access
to paper jans : - ulld i i ed drying
e 7. aq s o ahafildly S PA i Bl SRS L Rt PO ph el HEBLEE, [0

rel evant is’ﬁRﬁ'éﬁ?’g?f"H@@EmS ‘to 64 are snap fits on the top nolding 72. Each
ink cartridge 58 to 64 conprises noldings 86 defining a reservoir 90. The
reservoir 90 i §achinkgqarfjidge 58 tp64 qogpiisespoidines Spriafining atepesrinip-t Fe sesqryoed is,

reser voi r iB8e, theffuidfoes dommanicatidndiithg B resarvbiDgs defind e Rd1dind 84 0B RGloN@SHA6. The
reservoir 90.i 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 cartyd he. .S Ur. . nto _engagenept with
the pin 94 by %éaﬁgﬁglfggkgn rﬁqﬁiﬁf]gum gagl.op%ﬁethg?lﬁedé‘iferﬁ%lg&gmc% ﬁssé‘%er%'r %fﬁ’“é%e 100
at its opied frpughrhg rysage 92#&11,18 fngaged byrpchall ef thei inkdariridep &8 to 64 cThebRIF9688. When
t he colhl anrgddifio iezgaymged#ﬁ)ﬁ]fe pin®$ bs@@hs 08f§is;ﬂiﬁg 9RNThE b4 hds @ B3l @ 152 lﬂro\épi r 90
into the r e.reservo ser. tq provide an ear war ni ng
to repl acg&tﬁ)ﬁét\{‘igir‘{léov%gﬁdf ljl}dtélét <EWt the reservoir o When fhe fﬂ&aﬁqé%%&agas @

cart ri dgenkndlow figmphepeseruqinAjinto B@regenininddt s via the hoses 66 to the
printheads of the print engines 26. Referring nowto Figure 7 of the

drawi ngs the f FRsrresepyainép soyps & pravidsraneerly) Warhing totremiave ithe injr eettidge anddmtkasi | . As
descri bedcabaweh inhénttdddiQAaPaRSdge 20ip CRAM MsErPoidss AnfMcts [viaDnd REY REER22. A
power sw g'%rt}ield% theSori taernrh:iters!?gd bel ow the interface 22. A keypad 104 is al so
arranged on e t:frcf’n]fl '20. The keypad 104 allows the desired nunber

pane
of copies to b nt er ed. .Doc ts to be print locally,. i..e. at the
printer 10 ganﬁ%lf%%mog 'B’gqo E‘é\‘%zggtﬁe %ﬁw‘%t%'?eo%ﬁwaﬁ?g%f’ﬁosé‘ﬁmhﬁ’%ﬁ‘f’wﬁ? #d%hs of
t he keypatFtailg4s dgseribpg bpveptbe fignppaneli2 tatding hedlortigDanterfive 23eA poper oiieh 1@han
scrol | i ngarttahgeaugbw &¢ RieAgte pcunents if there are many such docunents. The
LCD interface 22 includes four changeable function buttons 106 for

navi gating thea Keypa®116426 Qlse drranged on the front panel 20. The keypad 104 allows the desired

number of copies to be entered. Documents to be printed locally, i.e. at the printer 10 can also be

o

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 110 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.



A print button 108 and.a stop button 110 are al so arranged on the front
panel 20 adjacent to the keypad 104. Referring to Figure 8 of the draw ngs
the print engines 26 are discussed in greater detail. As described above,
an upper print engine 26.1 and a | ower print engine 26.2 are provided.
S-print 10 uses duplex print engines 26.1 and 26.2 for sinultaneous

doubl e-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
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printhead assenblies 112 is controlled by a solenoid arrangenent 126. A
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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
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t herefore supersa
antialiased (1e 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.
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1. 5MB. At 1600 dpi, an A4/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 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 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
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printheads 112. These are copied to the print engine controllers 148 at
boot 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

The main processor 138 receives the document’s page description language (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 each 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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eBy expandi ng each page image twce in parallel, i.e. once

be elinm ndt

each for [the two print Eat2. Add effinctomtFoleiGiaNaandry PIFOSL Nead pai r, stpgger ed
to FIFO format and line size number of lines | FIFO size
contone CMYK 32-bit interleaved CMYK 8§x2=16 240KB
(320 ppix 11.7” x 32 = 15.0KB)
bi-level K 1-bit K 1x2=2 5KB
(1600 dpix 11.7° x 1 =2.3B)
bi-level CMYK 4-bit planar odd/even CMYK 24+1=25 229KB
(1600 dpix 11.7” x 4 =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 bi-level CMYK
must be buffered between the ditherer/compositor unit 176 and the printhead interface 178. This in turn
translates 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 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 IMB.



mat ch the physical separation of the printheads. This is nost 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-nmenory) print engine controller 148 descri bed bel ow,
where the provision of 5MB of on-chip FIFO nenory is inpractical. It is

al so possible to run each print engine _controller 148 at twice the rate so
that it can expand each page image twce in the time it takes to print the
page i mage once. Whenever each page inmage is expanded twice in parallel,
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156, a smg C%B(}%IQCPQ%WE%: ﬁg‘ DVA controller 168, and an interface 170
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standard ekyensedRambys idetiesddf4 ke offehin RPRAW A6, hemell poerap REIM 66, amMA 176,
and a custatllet [¥3ehd aGRerkéS170@ thd\Rinte¥hdilefdld 3bheads 112, The
ditherer/conmpositor unit 176 and the printhead interface 178 are descri bed
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i ncor por at.ed. herei n eference. .In_the share ry versjon, the FIFGCs
are | ocat eq°th %?haesmag%‘} éré’flpe‘ép Blpeodss it i mﬁ%f%er/ coné\’ﬂﬂ%’é‘f“ft 1?% P2 cuganh o

comuni catnteefpreil s to thaMewiel mdthiads t13e | ocal processor via the DVA controller
168. In the pipelined version, the FIFOs 158, 159, 160 are on-chip, and
the stages ar eTkeeditheresigorariopitonimiti 1ig)andithe prihthead mgerfacd -1 aro degcriber is geaigr dethib

decoders ukdpenkiff U blidht dppRaid 09@icyal (R it Meorgbikdd nRLREES R, 138 Via the
| ocal menmory. In the pipelined version, the decoders 172, 174 obtain page

data directly furtdRhabdBedidd PerfirOHE FHOE ark IR QY flthe RBicddl IRl RERAM ?A6! er bus
150. V\heng}s?gglengeg_lg?éy nt engi ne co trolglleirs 148 are used in unison, such as
i

in a dupl GUPUERUR s pfeieddy thedoopl Dppresir viathe PP conelierrléd I thére sync
si gnal onpibélingl v&i180n, LOFIFDs dFke 159y 160 tre emgliimand tlecnges ade ket sydoBnizisg! ect ed via an
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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 (8.5”)
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.

5.4 Printhead Characterization



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 |ong di mension of
the page (11.7"), the short dinension of the page (8.5") needs to pass the
printhead 112 in one second. At 1600 dpi, this equates to a 13.6KHz |ine
rate. This is well within the operating frequency of the Menjet printhead
112, which in the current design exceeds 30KHz. 5.4 Printhead
Characterization 18 Each redundant 12" 1’f)ri nt engi ne 26 contains two
conplete 12" printheads 112, i.e. 76,800 nozzle pairs, characterized and
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nozzle pair are never both defective.



el ectromechani cal system each printhead being substantially identical, the
print heads being positioned on a common printing path, so that each nozzle
of the first printhead is on a conmon printing path with a correspondi ng
nozzl e of the second printhead and the printheads being controlled with a
sui tabl e m cro-processor based control systemthat is capable of being
programmed with data relating to the operation of the printheads, the

met hod conprising the steps of generating data relating to those nozzl es of
the first printhead that are defective;,,generating data relating to those
nozzl es of th8P8BSGnd printhead that are defective; matching the first
printhead to the second printhead by ensuring that no correspondi ng, paired
nozzles of the two printheads are both defective, and programm ng the
control systeﬁ*um$h said data relating to the defective nozzles of the
first printhead and said data relating to the defective nozzles of the
secand printhgad so that the control system activates nozzles of the
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on segments dfiectiomeghmnivalsysic®, @R pEAGERTbe; ' i Ng .. construyction of
the print heaqﬁ)siﬁ%ned-r&ﬁ% M&d as. 3 :l? g@ngﬁd@%cf%i}n@@éﬁ%ﬁg i%eg,;a Bheadsbeing ng
the nozzles of the relevan -E’é‘ﬁ& £ pQzgle tipninthgaditsiona wi t h
an ink path. @MERPHRENEpAh withel cormydnding abailebfihd g@cdﬂalljfﬁtﬁe&?alﬁé @ps of
and Tat ohing e et e oLt vk d a8 WIElpfSeelio rsrbondtoal Gotm gt out
on segnents c?% ‘tﬁ%heeéf{)bfﬂﬁﬂ’ﬁmmﬁ‘gm dataaelating tatlvapdratiarsofithe printhasie dd ed i n
its entiret y?l}ﬂsl!mglpnsingdm seepsof:ai med in claim5 which includes testing
the nozzles with pdikraghg &dta re'laﬂfng% kb ets Qf e ﬁ}s?gmﬁl?gag that are defective' '
genera}ting data r elating to those nozzles of the second printhead that are defective;
. matc.:hmg the first printhead to the second printhead by ensuring that no
} corresponding, paired nozzles of the two printheads are both defective; and
programming the control system with said data relating to the defective nozzles of the
. first printhead and said data relating to the defective nozzles of the second printhead so that

the control system activates nozzles of the second printhead when corresponding nozzles of
'~ the first printhead are defective,

2 . The 1T1ethod as claimed in claim 1 in which the steps of generating said data relating
to-the defective nozzles of each printhead and matching the first printhead to the second

printhead are carried out on segments of the printheads one segment at a time during
~ construction of the printheads.

3. The method as claimed in claim 3 which includes testing the nozzles of the relevant
segments without ink before integration with an ink path.

4. The 1T1ethod as claimed in cl?.im 1 in which the steps of generating said data relating
- to the defective nozzles of each printhead and matching the first printhead to the second

printhead are carried out on segments of the printheads after each printhead has been
assembled in its entirety.

.5 . The method as claimed in claim 5 which includes testing the nozzles with ink after
Integration with an ink path.



