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 5 engine for a printer. BACKGROUND TO THE

| NVENTI ON Pagew dt h print heads have the advant age of being able to
print rapidly but are constituted by alvery |arge number of nozzles.
Shoul d any of these nozzl e i1 ¢&M8atWdEK CBRORTAIRFRRE € print 10
quality may result. SUMVARY OF THE | NVENTI ON According to a first
aspect of the invention, there is provided a print engine for a
printer, thEHUDIOK TEDINVENTIOS! udi ng 15 a first printhead; and a
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pri nt héads beEiglonarrEked so t hat def ective nozzles. | n one pri nt head
are substituted by correspondi ng, non-defective nozzles in the other
printhead. P o d is a pagewidth printhead. The
print heads E R al?@%ﬂgﬁby side in spaced, parallel
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i ndi cates ot ﬁ}ﬁafdéi‘yfra@ge nbbl6er bG6R)es. %&ﬁ&‘én%ﬂhes@&o&ﬂés 'Bce@e?ec':tldesan‘inQdeQﬁte print
under st ood as printhead having a printing zone that prints one |ine
at a tPne wa'&w@gésutt he line being parallel either to a | onger edge
or a shorter edge of the page. The line is printed as a whole as the
page noves pPasimia Peas: the printhead is stationary, i.e.
it does 25 Wﬁ?%%mv%age the page. The print engi ne may

i nclude a transf etccordipg tep fiptispeeiablhy ingnticingeelis ardyidedemtinteteie i p prittisads
for transf erépgt énpke hélemgt he printheads to nedi a passing the roller,

t he prgnt heads beltng mrracpgl%d in circunferentially spaced
relatiBnship relative 1o, and adjacent, the roller, with the

print heads ext eradiaegd matheﬂldi beth ptigtheadsrinstuding opferhlicasdiinkjebfozdldyeonsioicieér . 30

The transf erysmg Hl(ﬁfeleaﬁ)ﬁe@i@nugl %hl%? @le&tﬁemsgelﬁé}h&mg WM deRctlvBEozzles
print heads when no Wﬁl‘l nt i i.s occurring for 1nhibiting evaporation
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20 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

25 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.

30 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

35 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




In addition, a drying neans nay be arranged downstream of the roller.
The drying neans nmay be an infrared drying lanp. In a preferred
enbodi nent of the invention, the printheads may share a common ink
supply. As described above, it is p055|ble to obtain defective
nozzles in the manufacture of the 2 prlﬁtheads Thus t he print heads,
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mat chi ng t hemfcjoelsgiromechaichldesbniques;t he second pr | nt head by ensuring that
No corkespondi Ng, 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
30 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
35 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



pai red 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 there
are no paired nozzles of the two printheads 30 eventually sel ected
whi ch are both defective. The method may i nclude constructing each
rinthead fr ?@tﬂ%
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are both def ec
encodlng 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
25 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.

30 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

35 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



20 determ ning which nozzle of a pair is to be used and generating
data relating to the nozzle to be used; and encoding said data and
associ ating said encoded data with the printhead assenbly. The

pri nt heads nmay be pagew dth printheads. The nethod nay i ncl ude
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i denti fi cati Bifdeif degcripions ﬁ%‘ta%éﬂ?ﬂd?ta%fﬂdlaﬂ‘d?‘t% st or ed | n a
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printhead cartri dagrgsterigingand 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

25 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

30 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

35 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.



characterisation vector, in its encoded format, being applied to the
cartridge to be 15 readable by a printer when the cartridge is
installed in the printer. According to a sixth aspect of the
invention, there is provided a printer controller for a printer, the
controller including a processing nmeansfor receiving incom ng data
relating to a desgrjbi] ' - I d. Rt 1 ons
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printer control | rurthimhemsdiodiney ipghde as thadatagreexiRndad, [fRping thelexpanidesslath to
unidtls may tﬁeat1335oﬁerwhtuéiesbnirme&tg&héﬁrﬁmagt%]&&%{.% i nﬁt allable, plug-i '?h
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provided in a printer controllér, a mat]ho of printing a description
of a page, tth@pn'mhw_adlc@)mtmllspdi ng the steps of receiving said data
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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
25 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;
30 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.
35 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



expandi ng the conpressed page format data in the printhead controller
prior to printing of the page. 10 The nmethod may include, prior to
feeding the conpressed page format data to the printhead controller,
storing the conpressed page format data_in the nenory neans, the
menory nmeans being the hard di sk of th8 printer controller. Further,
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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

25 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

30 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.

35 The method may include operating the printhead controller as a self-

synchronising pipeline.



6 Fax decoder. The second decodi ng nmeans may be a high quality |ossy
deconpressi on device for deconpressing the contone color |ayer. The
deconpressi on device may be a standard JPEG decoder. 5 The data
mani pul ati ng neans may i nclude a ditherer/conpositor unit and a third
tenmporary storage device at an output té the unit, the unit being
operable to conposite the bi-level black |ayer on the contone col or

| ayer after dithering of the color layer. The unit nay be a custom
built unit. BRIRFADESORIPTION OB THEDRAWINGSe device, the second
tenporary storage device and the 10 third tenporary storage device
may be a FIFO It { t t it e
pi pelined with thg }Hgg?goﬁﬁﬁgﬁfc%e?%@%gb?ﬁ%%ﬁgﬁeg%? %adﬁglg?f%gﬂ\féérﬁﬁ%ach
functional uaddongadying dravangci@sgdch,i n the pipeline. According to a
ninth aspect of the invention, there is provided in a printhead
controll er for copltod] khdies LplaflvieRbotof printB28faci¥rdandy with HRafventiBf;
printhead controller being connected, |% use, 15 via a data

communi cations lipk to rinter, controller for receiving data, in a
conpr essed f or mat ?lgtuéq %gl?cﬁésa[%o Wée"ﬁggg‘etp(’imbeé’ printed, the data
including a page description conprising a bi-level black |ayer and a
cont one col or | ayBigure3 phavwsoisids viewraftlag printer; at | east one print head
connected to the printer controller, the method including the steps

of expandi ng conpFipases sitdista schbmhiid)gedtidnbieorividveyethe Phiakk; | ayer;
20 expandi ng conpressed data relating to the contone col or |ayer;

storing the ex pa”ﬁrgg;ed?%l’goéﬂv&'hnigchglﬁﬁtica@Qctﬁgglgéi%}ﬂ ﬁzﬁ@po%ﬁef %!rlilrﬁ&m age

devi ces respective e éxpan a fromithe Storage

devices to a data_mani pul ati ng nmeans; nipulating the data into a
f or mat'%sui t abl e fgﬁuff’r‘? ?hqvwg?n %a@?wgdagﬁ%@asg CIRHI, BRcHARM ARt Wiephot

dots to be p?érpéplﬂeirpﬂnégcor dance with the formatted 25 nmani pul ated
data; and printing e dots. The steps of expanding the two |ayers

may occur substantial ly .sinmultaneou .. The _nmethod may inpcl ude
expandi ng the dat glg%el iffm& Wﬂ?ﬁﬁ%ﬁ‘ﬂ%}téfm oht 8@?3?%3%“ Bgﬁ‘ﬁé’r@ten

| ossl ess bi- |evel deconpression device. The nethod may al so include
expandi ng t he dat Bigred &ishove a threerimesdonad nievnef cpligrengiay errangsimeyt af

hi gh qualitytgosﬁxﬂdeconpression device. The mani pul ating of the data
may i ncl ude &ipﬁgrlhg t he contone col or

15 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;
20 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.
25
DETAILED DESCRIPTION OF THE DRAWINGS



| ayer, conpositing the bi-level black [ayer on the dithered contone
color layer and tenporarily storing a dithered/conposited |ayer so
formed in a storage device prior to printing the dots. 35 The net hod
may i nclude operating the printhead controller as a self-
synchroni si ng pi peline. BRIEF DESCRI PTI 8N OF THE DRAW NGS The

i nvention i s{now l of exanple wth reference to the
acconpanyingldraw§ﬁ§§fi£ #%SﬁﬁEgVFigure 1 shows a plan view of a
printer, in accordance wi.ith the invention, Figure 2 shows a front

vi ew of the print dhe veglienewil b deseribedswitle referensedp atigh-ppaed duplex
Figure 4 shopsa LG ' f i i re

Fi gur e 5 shows aﬂggﬂg tllhgr, 1n§e§§%cli %ﬁgfghﬁ{"gﬁ‘l“s}%\%gé@ g'ﬁh%@?&n@é’r fSh?[ﬁ
Fi gure 6 showstortmed paperrntags,deo mg&ber,—maqmdsgmnﬁdngarlusmmiddp?al front
vi ew of art. of the printer; Figure 7 shows an enl arged front view
of a cént rpal phoipgraphicgualifyoutut Ve refertodhe BIIBtCE?ﬁ)“R%a%P“m and we shall

t hree- di nensigaal ivds&\WclPbr & tRé 'Pﬁﬁteieggba,g arrangenment of the printer;

Figure 9a shows a three-dinenstonal top view of an ink cartridge of
the printer; Figu 9 ho a three-dj nensi onal bottom.yview of 'the
ik bartri dge: B SUE2 Beh eSS bt BATFARAOHY el latst Hioon a6 4
document dat 8mbb @ spBed dthtBe Bést RE®ork AOnbEHIShE 1akdr SR, @Bﬁhpc k

di agram of the printer controller architecture; Figure 12 shows a

bl ock di agr apffestivelydargatsahi Hrihbillisin deslgop tdsent primieri marketc 8itlr 64 high
ar chi tlgct ure

embodi'fent o IR Hd PO G Tk 37 el devs o8¢l LED
DESCRI PTI ON g¥mtitdHoPpa eSsiBalker 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)
15 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.

20 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,
25 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



1 S-PRINT OVERVI EW The invention will be described with reference to
a hi gh-speed duplex network color printer intended for high-vol une
office use. It features 2000-sheet notorized paper trays, 120

page- per-m nute operation, and 1600 dpi phot ographic-quality output.
W refer to the printer as the "S- print'9 and we shall refer to it as

such or as t L Q¥h; 2

net wor k col olrw% {él%a@&p%hlﬁfers gws%i&g Sr Ine9§§1l<fﬁ§ﬂ P%?fg ?Jankfﬁ%‘ est
net wor k nonoslmrbrmm dffsseprigginignt ers, S-print effectl vely targets the
$40 billion desktop laser printer market. Wth its high 10

performance and pRgipg h@é%muﬁteﬁé@bhﬁﬂﬁeﬂidtfé‘ﬂ%multﬁne%wQOMQE&EHM nst
offset printing for print runs smaller than 5000 copies. S-print

accommmodat esDudihg ¢het pitot phasedf ivbatnjat poindhead m:hmﬁaqtura;g whhqdmg printhead

bor f or fance. IGErsnty e il pBRALEE Rk pARBSHDs rerlitaldt hinfe R
m croel ect r ogggAeRdGRlantNKIHES all VR Batby-deiectéd a&ﬁ&%%zﬂ&s forgent  uses

an enbedded DSP-based raster inmage processor (RIP) t rasterize
Post scri pt ahvpaegd, p@dg@ rlasivrises priothsadiyiekd. @hp@p@fe@stonhprustteagmar d RIP

uses a singl gt u thr.ee. ddltlonal dul.es.

pl ugged in tgo fo%lg¥sea§%ncgg}tﬁgr%r%lg Pag§ uﬂ?gesdf)ghs ‘%g‘?’%e@é‘él gi“é’t ores
the rasterizedl gpmge i nages on an internal high-capacity hard di sk.
Wil e sinple page descriptions are rasterized at the full 120 ppm

printipg rate, rmr qip [ Hﬂg re-
rasterpzed docurren (HB?AH ev&lgg&rlo 1e&%n?g‘?fﬁgﬁy¥a;ﬁﬁ&é g?sé §;l way's
printed at ptistib bhillt uk#{} sogndant offithenghetfaletrofitcotponemant can be
"printed" to the hard disk, 25 i.e. rendered and stored on the hard

di sk, for lager hﬁfq\J S,I %‘54&‘@ Users can wal k up to an
S-print, seleéect |ocally-store rrents on its color LCD, and print
them i nedi ately, w thout ever goi ng11 near a workstation. Docunents

a

printed in this wayrit gdesigpated gengralbhley thgref ellezee pyreteht andmpaprises
tandard 14
pagoe | Becaut OTE | Dftyitlh Poftad S RORI A TRONRS 1 SR RABEE"D D

is liksgly tohalissp Bcgojesyram eschcsﬁde sflthe tenntahsecﬁbls e4 (PgiRil)Ng.

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

20 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

25 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



5 S-print uses dupl exed printheads for sinmultaneous doubl e-si ded
printing. During the pilot phase of Menjet printhead manufacturing
when the printhead defect density is still potentially high, each
printhead is replicated to achieve 2:1 nozzle redundancy. This

all ows factory-detected defective nozzl¥5 to be bypassed, and so

maxi m ses pri el d. ' f AR [ |l ers
expand. - di £ et Sraophiife Lo Sibeg ARGRREE R SOLF LIS |
real tinme. lQaspguide tolrB2 wedicinispédeiveddngivaricaltnéxtonding shamnel Idefio} et
printheads, S-. print is built usjng standard off-the-shelf electronic

conponent s. BUiSEIEVEiC wioidhpplaien 505 Fae plgtrae0ds deen BY # rofyr
the ref erencgﬁ.ﬂ%ﬁ@gﬁﬁo@% d;ﬁ%é;,ﬁg\ﬁﬁaﬁe;tgg A@s&gﬁbﬁgckjeg46?sv Bghi&y central

section 14 (Figure tray ousing 16 projects
from each si dertically belowein spabckeeds.i Bhe dptodkeisgiB and3N0. aré inkercaurtecied s

18, which wll be descrihed . reater detail below, .are__nounted on
top of the céﬂ??‘ﬁ?sssczﬂni‘@nw@ﬁﬂfi V‘E?eveﬂ"é‘%i’gmog}’e‘&@&té&]i‘eoﬁﬂé@nﬁof ront face
20 of the central section 14 houses a display 22. The display 22,

which will be desdyfitstaotar agreatbled4 thetrrmingedepsoamiof ther paing engives 26ofor
Figure 7 of .2Q.the.drawings, i.s a full color L user, i nterface.
Rotor o1 mo” noteeainentist P § e ot inesCOY bers Fitwites nelash b 6,
S- print 10 iASsesbiiMhotol ASsehDUBIAG alq%n%&i AFNStress o thedrii BAziAe D for

chassis 24. Print engines 26 are centrally located in the central
secti d® 12. Wraevipg thetshesi @l paper BonwihelpriveermBneseddmafichptinting. gr eat er
detail belowwith reference to Figure 6 if the drawings. On either

side of the centr ghe pkdnisG0 ribé and debcpidaR6idiMDtoaté Welulelof phpediie tHeom
is one of the paper tray housings 16. Each paper tray housing 16 has
a bottom or pugandoypEstagkyr 28. A platen 30 is located in each
paper tray housing 5 10 16 for supporting a | oad of papers. An
operatively inner Aesuinmict paedr sppply @8 i8atrangad beloguthe eriniodrightes 38 awis «©h

is received in vertical.l endi ng channel 34 for_ guiding
verti cal rmvéﬁ@ﬁtha&;‘thtsha" %Qﬁh)ggaﬂ%a‘m%m%wum ?% driven by a
nmot or

15 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

20 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.

25 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



36. The notor 36 drives a sprocket 38. A second sprocket 40 is
nmounted vertically below the sprocket 38. The sprockets 38 and 40
are interconnected by an endless chain 42 which drives vertical
novenent of the platen 30. A first notor assenbly 44 is arranged
upstream of the print engines 26 for f Hedi ng print media, in the

formof a shealin®y i’%eﬁfed th cfvigﬁlﬁirfdgreoﬂﬁé E%ntﬁqgéc'fﬁﬁ 148¢ theﬁloﬁﬁﬁggg fo.

not or assenbly 46 1I's arran ownstream o e print engines
10 drawi ng t reveslramatpperf pqwaqnﬁar cHason74 bfthp print ereugis26s ThGs wfpeepart 74

printing. The pl at ens ri se and descend accordin t he vol une of
paper in the® arﬁﬁ tﬁﬂ& SHEHRE PY ggﬁ?sena&e@&?‘?ﬁ%&dbﬁ%}%‘% B appPyTAE s
arranged bel @ﬂglﬁéﬂ% Pr it1s t@E@h&é‘éth%@th@%pii& pRint dAdiHe D& s seledds tnee
(HDD) 50 and controlling circuitr 5°Sprint 10 prints the |ong

edge ob the papét se thagorticsike aart%;sanvotécbramesmmbﬂgaamwadowemmm
f oot print rate re cl igure 5 of the drawings, a
sheet of paé%ngl?e %%ésrvéﬂ afngry%lngﬁﬂfeﬁ‘%ﬁ PRdi°nes 26 is gui ded by

pi ck-up rollers 54 arranged upstream of the print engl nes 26 in the
paper path. Spi keThprednirared lamps Heremoynigd oapaperguides 88 gyehigh guidea

paper, aftersﬁrt&&r ggrgj étw@éﬂ%]p’b?iﬁ{é}%lf?e[]s'z%t ed paper to a paper tray

housing 16 | oca ownstream o t7"éngines 26 in the paper
path. The pick urrlzkrol l.ers 54 are driven a_notor assenbly

Similarly, the spiRestHsPapsrgafiglioveghe meéﬁ%‘? Be Eﬁdraéhgélcfpperd past
vertigglly s ad RYr D rﬁﬁ?__n%ﬁés by a further notor assenbly 46.

25 Al so, as ustrate ure of the drawings, S-print 10 is a

four color print having a cya |nk rtridge 5 a _magent a_. i
cartridge 60, a yif‘? W&en&%f 2@ Zaﬁ%rma%fﬁgé%erh@kub%mw

64. The ink Es%éﬁfblydg%sdéélbe@oabo ﬁé‘%}lpgﬁ tex%ﬁglde% lvéaﬂ Héﬂﬁ&ﬁ cﬁ 6 to

the print engines A nol di ng t 0 Whi

cartridges 5&3W26d$tb allov ztcesdh edpdis jdris arsl ﬂorthsgk)diey peiBCangent 262 aritkethe

remai nder of. ntr se #i on 14 of the housing 12 to reveal an
upper part o‘fn ‘ﬁ% 2”7& ‘é the print engines 26. This upper part
74 can be pivoted about pivot pin 76 to enable access to be gained

to anlGpper pri ntAsgehgmadcal illustrated in Kigurgé afdhedrawings, thheelayspemk
print engi neca%&Idéeé 53 6 e{rggnatpoﬁtts %l‘el 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.

20 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

25 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.



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 | anp 78. These
infrared | anps 78 are nounted on paper guides 80 which guide a sheet
of paper 82 between the print engines 26. The straight paper path
all ows the paper 82 to be fed at high sleed past 10 printheads of

the print engines : I ijgaqgﬁ” 3 ed
together in an adﬁé@é@?go‘k\ggg%%&%g escgs?%lég‘%gg %1%13? ﬁ%gﬁg‘%{ém
print engi neisdhodndagrdaer detait &d desqribed dbotey theel franpanst @9 Tontaing apetor
jams and to | owner int engine 26 .2 and t i nfrared drying

| anps 78. 15&? gl&f‘f“ﬁ%?ﬁ??c&wpye? P lr%iéaﬂ?l%geaﬁgmﬂls lla}?&%% :

drawi ngs, the relevant ink cartridges 58 to 64 are snap fits on the
top nol ding 72. Eackeypadk1@histatsocgeng& ¢rothé4rond pgorel 2@.s Thekelipadd 086
defining a reservoir,. .90. The reservoir 90 is, in use, in flud flow
communBoat | ORI fPe derambis SERdRiTH o8 <alsrsthdopeieats b PaPRELEa on
top of the pidcAlly @RIANES pAfter PO calsd BSRIMRII byHh idgntifitaGONTRb&)y ON
with the fixed reservoir 88 via a passage 92" A pin 94 projects

t hrough t he pwessefchokeypad 104. Engddwedipbseciutaskihat ths cambe ghigkérthan
cartridge 58_t0.64., The hall, 96 is urged into _engagenent with the pin
54 by means STORTEshoHgh S8red fogunii s e ety PR Briredige 100 b
its operatively lower end, i.e, that end within the reservoir 88.
When the col | ar 1dbe L&D mtqifaged2 drcludes ouschengepblr fenpion byions g fore

reservgi r gon-‘{iéﬁﬁ:{ﬁ?%&?&g%r 88. The reservoir 88 serves to

provi de an ear 0 replace the ink cartridge and nmakes

contact with an enbedded QA cartridge, chip, Each reservaoir _88
connects via the ﬁdggg%eﬁoli 808 and r9tom bk Oore plse appnged amvibe freat 26.

12 Referri ngpﬁ%‘f\’%b\%ﬁﬁ}:&ﬂWﬂk@%p hg4drawi ngs the front panel 20 of
s sho

S-print 10 I'n greate etall. As described above, the front
panel 20 contains_a.color _.LCD i rface 22. A.power switch . 102 is
arranged bel ow t hBSIeHiRg {"aFc‘gurff. Or}lél?% %&hﬁﬁrﬁiegé”é‘% arerdiscyesgd on
the front papghie?Betail &s 4Q¥RABH e, Al UpPWSpridt@nsias b 8 hnd WIBGEr Igﬂnt
copies to be entered. Docunents to be printed ocally, i.e. at the
printes 10 cengind 202 bee previded.eB-popt dhusedenplek ipciat ¢ngmnas Aotleandi3p.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

20 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

25 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



means of the keypad 104. It will be appreciated that this can be
qui cker than scrolling through stored docunents if there are many
such docunents. The LCD interface 22 includes four changeabl e
function buttons 106 for 10 navigating the interface 22. A print
button 108 and a stop button 110 are al¥b arranged on the front

panel 20 adj o) j
dr aw ngs theglg(rﬁ{l&ﬁt&g %gr ?ﬁ%ég%é%rléggtlhse ?ﬁé‘gfel&lz :g% tﬂagrﬂle:ﬁaﬁ)gﬁg%g%ﬁ{eﬁoggss
descri bed abnkefrorarhaippeterpoliortl 14 hgforeth2triperal®? wipkoinkrfrgm thettrahSfer
engi ne 26.2 ar rovided. S-print 10 uses duplex print engines 26.1
and 26.2 for mlEirﬁﬂl‘i?'t aneous 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 i s sMovement ofgbpedler 314 idte apd outtof engrgemeRiGwil) theTirmtliead

printheads 112 a vi ded t chi eye 2:1 nozzl e redundancy. This
al | ows 220 faETSS?\%ﬁ‘a‘g{@dséama‘g%g ia\Fé’Yq‘FB ?réaélgf’laerﬂ}el%ypassed and so
maxi m ses the printhead yield. The printheads 112 print on to a
transfer roller 1#4threpidimendional topiview of oneokitha inkycadiridgesthig shown in

co-axially agranggd tqr 116. lnk .depgsited sur.face .of t.he
o ter 114 | HERRESToMRE Anelies i gHEE RS EafhBoR i RET eaptifet  ng
process. | n 8dbaitdishowiin Migefe I the dRiead Thd tartads: 6 ks e, the
roller 116 is urged into engagenent with the printheads 112 for

i nhi bi ting e@ibngs3owhish engages the meldimg\84i inshelgedtrahseetierh14pef thehead
112 iat .engi i | eani g, 120.
The clani gt FRE 10§, 1€ R BN I SR orr PR e Siftes 139 b

flexible, eldstinkedrtridgeaian Faduradelofith Aravginglge 124 arranged upstream
of the wi per 122 so that the sponge 124 renoves ink fromthe

transfer roller 134 BeLRLPrbR JbARE ddamil Bk Bl AL, bE arsy er

roller 114. 5 Movenent o to and out of “engagenen
with the pri ofthedcawiags eadll upper hbRIing 8€ houseotheagrung ball 96Ivehich 8 held
arrangenment 126. A t.hree l%%gns' nal top vjew of, one of the .ink

cartridges 66PRIY® SEHH the, n@ﬁ‘_" i browide dmain seAd tovihersarridgs ¢
di mensjsonal  RojetsHIaK BMr&ihoblkS cladbohielid 961 132 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
20 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

25 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

Memyjet printhead 112 is the width of the page and operates with a constant paper



60 being shown in Figure 9b of the drawi ngs. The cartridge 60
conprises the noldings 86 which engages the nolding 84 in the
central section 14 of the 10 housing 12 of S-print 10. A QA chip 128
is showmn on a bottom surface 130 of the ink cartridge 60 in Figure
9b of the drawings. As shown in Figure ¥ of the draw ngs, but not

h i Ei . . .
houses the Spras i foupBlobblahae pRRATeoRER ARG, (IR AL WeilBe
mol di ng 84 t dotpemudtdeintingBSincskate ik Oonsbguendy nbispgeal Geradtiontbedweandar y

hydr ophobi c, el astoneric seal 132 is provided at an entry port on a
| ower sur f ac€olenplapss, thesams dithergaigds used ferecachicplon plapenfaot-gmeot

cartridge 60 %%ﬁ t -] Nt LA i nier ink
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Human contrast sensitivity peaks at a spatial frequency of about 3 cycles
20 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.

25 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,

30 and are therefore not antialiased (i.e. low-pass filtered) before being printed. Text
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interactions between the size and conplexity of the
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.

20 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

25 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




10 docunent, and the nenory capacity and RI P performance of S-print
10. This is achieved by storing each docunent's page description

| anguage (PDL) file on the internal hard disk 50. Because of the

hi gh resolution of the Menjet printhead 112, each page nust be
printed at a constant speed to avoid creating visible artifacts. This
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| oss of quality, %I ving 10 a conpressed page size of 3.8M.
15 nce 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
20 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
25 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



At 1600 dpi, an A4/ Letter page of bi-level data has a size of 30MB.
Coherent data such as text conpresses very well. Using | ossless

bi -1 evel conpression algorithnms such as Goup 4 Facsimle, ten-point
text conpresses wth a ratio of about 20:1, giving a conpressed page
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and the print_engine controllers 148. It consists of a
medi um per f oVHBRCETSEARRPL 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

20 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).

25 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.

30 5.1 Detailed Document Data Flow



pur pose m croprocessor. Its associated peripheral controllers include
a 10/100Base-T Ethernet controller (140), a SCSI disk controller
(142), and a color TFT LCD controller (144). Optional controllers

i nclude an I EEE 1394 (Firewire) 15 controller and a USB 2.0
controller for high-speed point-to-poi n8 conmmuni cation with a
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disk 50. It then runs the appropriate RIP software on the DSPs 146.

The DSPs 146rastesizingishertdactmege descri ption and conpress the
rasterized 5 page image. The main processor 138 stores each

conpressed page i TBgmadprob&ssbrarg ﬁk%b&&-toTMk%igg@%esweto

| oad- bal ance nultiple DSPs 146 is to |et each ) rasterize a
separ at e pageontrphlersig8of thxsdupdexed ipriay enginesidépEadh print shgive condrpller 148

arbitrary nu I [ rkzed .nages .can, | eneral , b tored on
the i nter nal "Rl stk Bk BRGS0k mORRRl 2o s et
utilization, expansiveand phstinglfipglakt PideZdxpansidivdrid fHItipepipelincdehebRisd
processor 138 passes, back-to-back page 1 nages to the controllers 148
of thdbdupl ekdyimyrpsticabiogiore s IQQMF%abglﬁV%ﬁl\%Mgﬁén BSAOMD| | er 148
stores the conpressed page image into its |l ocal nenory, and starts

t he page The first stage of the pipeline expands the JPEG-compressed contone

CMYK 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

20 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).

25

Table 1. Print engine controller page image and FIFO data flow
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dither combines with composite, so there is no external data flow between them
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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
5 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)
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10 112 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

15 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
20 must be doubled to about 1IMB.

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
25 156 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.
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decoder 174, isancarpetateh ldrdihby ecfereaoposi tor unit 176, and a custom
interface 178 to the Menmjet printheads 112. The ditherer/conpositor

unit 176 and the p itsHAEnhdd&Y Vashonl iR FAFOs 3R 1d886d mttﬁéidéd}caaé@@fffer
detail in co-pending US patent application 09/436, 744 which 1s

i ncor por at edchipRdPRAM 1 5t fand el cnser-staget dwmmmaczérd)nrchmtgolleé by itlenlocdlhe
FIFGs are | Of)ra(;[cgsdso% Qiatt}l?eeDngg Icgrﬁ}oqgr %g._ln the pipelined version, the FIFOs 158,

15 159, 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.

20 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.



chip RDRAM 156, and all inter-stage communication is controlled by
the |l ocal processor via the DVA controller 168. In the pipelined
version, the FIFGs 158, 15 159, 160 are on-chip, and the stages are
sel f-synchronizing. In the shared-mam)r% version, the decoders 172,
174 obtain page data fromthe main pro %ssor 138 via the |ocal

menory. In tBeg pi midﬁﬂ@ﬂl’fﬁﬁﬁ- on, the decoders 172, 174 obtain page
data directly fromthe main processor 138 over the printer

controll er bus 15Q. 20.\When. sever rint. engi control]ers 148 are
Gsed i uni son, o ek BT SHEiEe SHUTSH LA CUAPG L FR pogh s sEeond

synchroni zed syic8 SBprefta08Red 4 I Si¥ikead 19936 pAA: the 1 dHBBnsiCNbHHhe Psge
print engine controller 148, selected via an external naster/slave

pi n 182, genéllal dsthelskort dmeensipnof degragk (S AT)meedetogiasy the printhead 812 in22

5 5.3 Printhead Timn ri.nt engine .ga 0].l er 148. prints .an
A4l Let ter pagec f5y Og‘]llié&s@@ g 2188 thl%F%‘@égéf’ |8r1;é ﬁ??{%ilﬁesré%e' jﬁ?és Wﬁh ivﬁﬁ'r‘l‘é ad
112 to print thepeting f@gﬁa{b?ldflﬂlél(/lehﬁh& pPiafRad { 12 -whidh intthe c@a# Hesign
di mensi on of the paogke (8.5") needs to pass the printhead 112 in one
second. At 169@edpi0Kini s equates to a 13.6KHz line rate. This is
well within the operating frequency of the Menjet printhead 112,

whi ch in thesqurr epinthed ORarafterSadon30KHz. 5.4 Printhead
Characterizati on Each redundant 12" print engine 26 contains two

conplete 12" printhead 0 2, .0.e.. 76,800 nozzle pajrs, ., .
characteri zed andhﬁél %eﬁgﬂ}agg}%h%qntﬁgglgggp §8ntﬂjd’§%v8§°1%8kée fothyintheads
def ectipve. Printilkersls0®heelespaniseciidcheized Bl maicBEd sethabifipdRlGheseone
segnent at a time, or after the entire printhead has been built. In
the fornmer casdofogefpdiveare tested before integration with the ink
path, and so are tested without ink. In the 15 |atter case nozzles

are tested after Prihthgaddéfedis wleteithtdhatatlerizad bnd ma@hsdoy @Fineﬁ{t ad
with ink. Segment-vvi se characterization gives a higher yield, but at

a higher t e8enef aftss the eniiginthegddas begpr ik dpitheformar ¢ase ppelesrase e
| f : PR SPI
Gonsi 11 s ar 2o bporp - cth i iR BIAPAE B8 LR IRl me,

print hgad i slasttocase nozrldsheee 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
20 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
25 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



20 manuf acturi ng database, indexed by the printhead' s serial 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 u5|ng t he barcode and is witten to the
flash menory of the printer's enbedded Ptinter controller. If the
printhead ca C I t
o nead o256 895: WL P8 Tod e of LR B 0] Al s

printer cont t®/Wken onéi rvozizle f aeabmé pait i dxfdotice, thelpnﬁtgantghe costoller 148
printhead carfiridge's BF code. The defect |list associated with each

redundant pr AHeHedY2 Hx qﬂser@eal%cl’rmﬁheaﬁqcméctﬁmﬂo&ané FrEGhang ensuzes

{1 ash, memory kel @ol SO0 LEPONMAGREN: LERIRGEONT T 0l | o7 148 at
boot tinme. During printin rint engine controller 148 23
consul tos its defect list to determnm ne which nozzle of each nozzle
pair to direct data to. \Wen one nozzle of a nozzle pair is
defective, the print engine controller 148 directs data to the other
nozzl e. Printhead characterization and matching ensures that the two
nozzl es of a nozzle pair are never both defective. 5 24 CLAIMS: 1. A
printhead controller for controlling printing of a page by at | east
one printhead, the printhead controller being connected, in use, via
a data communications link to a printer controller for receiving
data, in a conpressed format, relating to the page to be printed, the
data including a page description conprising a bi-level black |ayer
and a contone color layer, the printhead controller including: a
first decoding neans for expandi ng conpressed data relating to the

bi -1 evel black |layer; a second decodi ng nmeans for expanding
conpressed data relating to the contone color |ayer, the first and
second decodi ng neans being arranged in parallel; a first tenporary
storage device for storing the expanded data fromthe first decoding
means; a second tenporary storage device for storing the expanded
data fromthe second decoding neans; a data mani pul ati ng neans for
mani pul ati ng the data output fromthe first and second




tenporary storage devices to be fed to the printhead, the data

mani pul ating neans including a ditherer/conpositor unit operable to
dither the color |ayer and conposite the bi-level black |ayer on the
color layer after dithering thereof; and a printhead interface at an
output fromthe data mani pul ati ng neans p¢r controlling at |east one
printhead connectable to the interface and for feeding the

mani pul ated data to the printhead. 2. The printhead controller as
claimed i N"CEAAMA in which the first decoding neans is a |ossless

bi -1 evel deconpression device for deconpressing the bi-Ilevel black

| ayer. 3. The printhead controller as clainmed in claim1l in which the
second dechdi ng® REaWsaq eontpllag fon copfealiing prinsingyof acaseby @t taginongavintkead, the
for deconpp@anédddcidi@lien Béifd @omReRl, UK vifta dABEcHhRiBARMS link to a printer
controller a ﬁ' a%rred in claimi1, further .incl u&l ng a &gl rd terrpor_arpy

st or age de?ﬂ“irQ &t 10845 aig, dn gyrompgesseq fprayap relatiigeto, the pagefo be printed, the
printhead dmoinchidingra gge dekiriptich compistign Bi-level Wick Naya @Ad @fcohitdme fcblos ayer,

t enporary e, devi ce,. t.he. second tenporary storage device and

the third Tthgﬁ?%{é&lg?‘%/cosnt\{ré)ﬁgfg‘?gdﬁg te is a dedicated, on-chip FIFO 25

6. The pri nt headfitssbdégodingeneaas fot expameding mwonlpadssedl dathirelatifigi fe theobislead black
a sel f-synghgonising pipeline. 7. In a printhead controller for

control ling pfinting of a page by a printhead, the printhead

control | er bei rigeedirfieceding meﬁn&féégxmn@na cormprgssse atmnielasing én she ¢amonreceolor

a printer lag&nhe @irdt@hd §bnd 8&RtMoREal@béng hifarfbe§ MPiAREed format,
relating to the page to betprlnted., gge g:latﬁlncléchggapag{ga .
descri ption cor‘f‘ptfr? ORIy Slofagy devise fristaringdhe sxepnded date drpen &g Bst decoding
| ayer, a mednkpd of controlling at | east one printhead connected to

the printhead controller includes +the steps.of: expandi o ressed
data rel ating tot ﬂ%d kﬁn-ll? B &Bliagﬁ lgeYlﬁ?/z?r; ﬁo’é%&??a?’??@“@%%%?@%ﬁsmd
rel ating tdecodieg wemsone col or |ayer; storing the expanded data in

Lot S 08 By RSB o, P o

the expanded data ] evrces a mani pu . _
nmeans; i n EmWEow@aEY storagaidpvices tnbe feddn she printhend) thei datp mavipykating imeans wcluding

format suid @egerfc@mpoBitdrithitiperabRoth ¥th&ighe k&lhﬁréyeﬂaﬂdﬁ&rﬁ_&ﬂ&@@ﬁe 5k 04 black
| ayer and It hered

cont one Colg%rrrrpq%s t ﬁl’oﬂg‘il%rg‘?erégtlﬁr %@/eg'!%‘ﬁgllieg?c‘gd‘la@yglr t theélygorrposi t ed

| ayer; | oadi ng agfrintiead interigcepit anblpadirovntiie @i mahipubging midahefbricntrolling at

accor dancq i b f)rri]r?thead connectable to the interface and for feeding the manipulated data to the
printhead.

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 .

S. The printhead controller as claimed in claim 4 in which each of the first temporary

storage device, the second temporary storage device and the third temporary storage device
is a dedicated, on-chip FIFO.



formatted, mani pul ated data; and printin
claimed in claim7 in which the steps of

%

t he dots. 8. The nethod as
xpandi ng the two | ayers

occur substantially sinmultaneously. 9. The nethod as clained in claim
7 which includes expanding the data relating to the bi- |evel black
| ayer usin@ a |Hsspraskealicohteslil aslelammprieshimr wiech 6mctidds asBhwelfrghdivonising
as clained%%gn&%ain17 whi ch includes expanding the data relating to
co

the conto

device. 11. The nethod as clainmed in cI ai m 7,

step of tevpor%lﬁébrﬁ&aa%mrbﬁ@r ert
storage devi.ce pri rintin

OtS

‘or layer using a high quality | ossy deconpression

further including the

Lt r
e&d "2 %#s rmthead the

in clai m 7PiPedd Fomralige elB%éP%ﬂﬁcF?& Phésepr‘fll%? H@E’dc%%mﬂméﬂl%lﬁ hélk toga printer
sel f - synchesuiolentr RedeBling\@ata, 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,

a method of controlling at least one printhead connected to the printhead controller includes

the steps of:

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;

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; and
printing the dots.

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

occur substantially simultaneously.

9. The method as claimed in claim 7 which includes expanding the data relating to the bi-

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

10.  The method as claimed in claim 7 which includes expanding the data relating to the

contone color layer using a high quality lossy decompression device.

11.  The method as claimed in claim 7, further including the step of temporarily storing

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

12.  The method as claimed in claim 7 which includes operating the printhead controller as

a self-synchronising pipeline.



