1 A DUPLEX NETWORK COLOR PRI NTER FIELD OF THE | NVENTI ON Thi s invention
relates to a printer. Mre particularly, the invention relates to a print
engine for a printer. BACKGROUND TO THE | NVENTI ON Pagew dt h pri nt heads
have the advantage of being able to print rapidly but are constituted by a
very | arge nunber of nozzles. Should any of these nozzles be defective, an
i nadequate print quality may result. SUMVARY OF THE | NVENTI ON According to
a first aspect of the invention, there is provided a print engine for a
printer, the print engine including a;first printhead; and a second
printhead, both printheads including a plurality of inkjet nozzles
constructed using mcroelectronmechanical techni ques, the printheads being
mat ched so that defective ADUMEXSNETWORICCOPOR RRINTEH ar e substituted by
correspondi ng, non-defective nozzles in the other printhead. Preferably,
each print .S..8.pagew dth printhead. The printheads may be arranged
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print head" phigert 0 be understood as a printhead having a printing zone that
prints one line at a tinme on a page, the |line being parallel either to a
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transferrin nk fromthe printheads to nedia passing the roller, the
printheadsn%ging arranged in circunferentially spaced relationship
relative to, and adjacent, the roller, with the printheads extending
paral | el tgusiMARYed¥ DemRiNvaENTEONT the roller. The transfer roller may be
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printhead are substituted by commesponding, non-defective nozzles in the other printhead.

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

In this specification, unless the context clearly indicates otherwise, the term "pagewidth
_printhgad" 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



As descri bed above, it is possible to obtain defective nozzles in the

manuf acture of the printheads. Thus, the printheads, at the tine of

manuf acture, nmay be characterised and matched so that 2 no two
correspondi ng nozzles of the paired printheads are both defective. A defect
list, which may be in the formof a characterisation vector, may be
provided for providing an indication of which nozzle of a matched pair of
nozzles of the printheads is to be used. The <characterisation vector nay
be encoded and incorporated in the print engine. The print engine may
conprise a cartridge housing the printheads and the other conponents. In a
preferred enbodi nent, the characterisation vector may be retrievable via a
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selecting a second printhead of the same construction as the first printhead; and

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

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

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

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

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

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



end-to-end relationship. In one enbodi nent of the invention, the nmethod may
i ncl ude characterising and matching printhead defects one segnent at a
time during construction of the printheads. In this case, it will be
appreciated that the testing of the nozzles of the rel evant segnents occurs
wi t hout ink before integration wth an ink path. In another enbodi nent of
the invention, the nethod nmay include characterising and matchi ng

pri nt head defects after each printhead has been assenbled in its entirety.
In this enmbodinent, the method s may iLnclude testing the nozzles with ink
after integration with an ink path. According to a third aspect of the
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met hod may d¢fWéYeude i ndexi ng the characterisation vector with an
identification determining which nozzle of a pair is to be used and generating data relating to the nozzle to be

used; and

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

The printheads may be pagewidth printheads.

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

Further, the method may include indexing the characterisation vector with an jdentification
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
carfridge.

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



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

met hod may i nclude encoding the vector in a readable format and applying it
to a cartridge of the assenbly. Preferably, the characterisation vector is
recorded as a barcode on the cartridge. Then, when the cartridge is
installed in the printer, the method may include retrieving the vector
fromthe barcode and witing the vectoy to a nmenory neans of a printer
controller of the printer. The nenory neans may be a flash nenory of the
printer controller. If the cartridge is replaced in the field, a new
characteri setudsn vector may be downl oaded renotely fromthe manufacturing
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The printhead may be a pagewidth printhead.

The rasterizing and compressing means may include at least one raster image processor (RIP)
dxgltal signal processor (DSP). The, or each, RIP DSP may communicate with the processing means V]a'
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 controlier.

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



The printhead may be a pagewi dth printhead. The rasterizing and conpressing
means may i nclude at | east one raster inage processor (RIP) digital signal
processor (DSP). The, or each, RIP DSP may comruni cate with the processing
means via the data comunications neans, the processing neans feeding and
synchroni sing the, or each, RIP DSP and the printhead controller. The, or
each, RIP DSP may communi cate with the hard di sk via the processing neans
and the data conmunications neans for storing rasterized and conpressed
data in the hard disk prior to transmgssion of the conpressed data to the
printhead controller. The printer controller may include nore than one R P
DSP. Additional units may be included in the formof field-install able,
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conprising a bi a dr§ %éﬁ!)orzp;l ﬁﬁzﬁe Jle@i}feef()r 3%91% tfb expanded data from the first decoding means;

a second temporary storage device for storing the expanded data from the second decoding

means;

a data manipulating means for manipulating the data output from the first and second temporafy
storage devices to be fed to the printhead; and

a printhead inferface at an output from the data manipulating means for controlling at least one
printhead connectable to the interface and for feeding the manipulated data to the printhead.

The printhead may be a pagewidth printhead.

The first decoding means may be a lossless bi-level decompression device for decompressing the
bi-level black layer. The decompression device may be a standard Group 4 Fax decoder.

The second decoding means may be a high quality lossy decompression device for
decompressing the contone color layer. The decompression device may be a standard JPEG decoder.

The data manipulating means may include a ditherer/compositor unit and a third temporary
storage device at an output to the unit, the unit being operable to composite the bi-level black layer on
the contone color layer after dithering of the color layer. The unit may be a custom built unit.

Each of the first temporary storage device, the second temporary storage device and the third
temporary storage device may be a FIFO. It will be appreciated that the functional units are pipelined
with the FIFO's which are on-chip and arranged between each functional unit and its successor in the



contone col or layer, the printhead controller including a first decodi ng
means for expandi ng conpressed data relating to the bi-level black layer; a
second decodi ng nmeans for expandi ng conpressed data relating to the contone
color layer, the first and second decodi ng nmeans being arranged in
parallel; a first tenporary storage device for storing the expanded data
fromthe first decodi ng neans; a second tenporary storage device for
storing the expanded data fromthe second decoding neans; a data
mani pul ati ng nmeans for mani pulating thg data output fromthe first and
second tenporary storage devices to be fed to the printhead; and a
printhead interface at an output fromthe data mani pul ati ng neans for
control | i ngipelinel east one printhead connectable to the interface and for
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connected, in usietngthedot;a data comunications link to a printer controller

for receiving Ok geps bnx@n&gmamge@mﬁﬁcém;ubstamah@;m&emlyt ﬂﬁmeﬂ&ﬂx% to be

printed, the ion co -Ievel bl ack
o Cand A bl Mhd: B35 EER AR A BB Rt Seovpisse ”one

pri nt head éﬁﬁﬁé@@@@mﬁdmrﬁ@“Hhﬂﬁﬁﬁmﬁﬁﬁﬁﬂﬂbﬁhﬁmﬂ”@ﬁ@mwﬁvﬁdeﬂWW@M@uhng t he
steps of exypanwssgecaniPi@siews. data relating to the hi-level black |ayer;
AN 9 coP! ARSEHAAGE L] b M SRULANE RLOL by 18bE1 1 1O L e

expanded data in rst an second tenporary storage &s ectlvely,
level black layer on the dithered contone color layer and temiporarily stormg a dithered/composited layer

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

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

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

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



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

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

| ossl ess hi-1level deconpression device. The nmethod may al so incl ude
expanding the data relating to the contone color |ayer using a high

qual ity | 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 di ffizer @choeonedmgd Goilt vew dfa yatral settbn bBIpantay i |y storing a

di t hered/ conposited | ayer so fornmed in a storage device prior to printing
the dots. The n&iskedishawe threrctinpgsions) yisy af 4 rigt eodine amangerpertieftb powert rol | er as a
sel f-synchroni si ng pi peline. BRI EF DESCRI PTI ON OF THE DRAW NGS The
invention is noﬁ}gﬂégaé‘?‘i“ﬁé&feb‘ﬁ}‘“\ﬁﬁwabw‘é%?fﬁ?’ékW""que?féhfséﬁ“éﬁﬁce to the
acconpanyi ng draw in which, Figure 1 shows a plan view of a printer,
in accordance mﬁ§ﬂe§$giwsﬁ95ﬁ??ﬁ Pm“%WGEW@”ﬁﬂﬁﬁﬁﬁng¥¥ront vi ew of the
printer, Figure Q side view of .the printer: Figure 4 shows a
schemati c, sectf%ﬁg s&%ﬁ%?a|ﬂ§ﬁ%ﬁm?ﬁ%mgfﬁ%feéaﬁq$%ﬁﬁgkgm§ﬁows a

schematic, sect b@ﬁ}@hsm“égmxékg%%o&ﬁagmg%ua&%amﬁw&we 6 shows, on an

enl arged scale, a schematic, sectional front V|em10?’part of the printer, 7
Figure 7 shows agurelstiwg &blod GRBEm ¥l @VEntbbdifent &'e bt enpBE dohtier AeniteliGe; PI 1 NT €T ;
Figure 8 shows a three-dinensional view of a print engine arrangenent of
the printer; Figure 9a shows a three-dinensional top view of an ink
cartridge of th i . | . = g sional bottom vi ew
of the ink cart??g%é?bﬁﬁaﬁsgkgg&gﬂgagEgggﬁggggﬁﬁgﬁi@é eﬁf&%@ﬁ?ﬁ?&%n of
docunent dAFHFFBw i n t he printer; Figure | | shows a block diagram of the
printer controller architecture; Figure 12 shows a bl ock di agram of one

enbodi ment petralike ISCRIPTRNOREUE DRAWINEE!r architecture; and Figure 13
shows a bl ock di agram of anot her enbodi nent of the print engine controller

architectufe. sPRINT OVERVIEW

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

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

printing for print runs smaller than 5000 copies.

S-print accommodates 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



DETAI LED DESCRI PTI ON OF THE DRAWNGS 1 S-PRINT OVERVI EW The invention w |l
be described with reference to a hi gh-speed dupl ex network color printer

i ntended for high-volunme office use. It features 2000-sheet notorized paper
trays, 120 page-per-m nute 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. Wth 20 tines the speed of the best
network col or laser printers, and 4 tinmes the speed of the best network
monochrone | aser printers, S-print effgctively targets the $40 billion
desktop |l aser printer market. Wth its high performance and

phot ographi c-quality output, it also conpetes against offset printing for
print runs mined 4t ée MtNANprB0ORIng ol 4. doGmpt kantbe GeigedMmobialiaeisiRvde raditrer  si zed
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internal high:gamacity hard disk. Wile sinple page descriptions are
rasterized at the full 120 ppmprinting rate, nore conpl ex page
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to an S- pr itnbe bygwded @td Joosiklsys-rsitthaé gield O pakeif bstomprihtt eBgi@adomiolldeCGlpan@ind  pr i nt

t hem i mredig@fefiny prinvfald tRhbes 6 W€ i |thqﬂ@ﬁ§ﬁn§“m@rkstatlon Docunents printed
in this way always print at ﬁe full 120 ppmrate. The standard 14GB

internal hard diapd ﬁan&@tSmQMﬁrenQ&o@n&dﬂagﬁudl MéngA ShidBea3A GBSt is BACAgE of its
wal k- up Ca&%ﬁhh -%mﬁ@ﬁd&&&@c&&%%gm S-print is |likely to displace many uses

of short-run set printin rint uses dupl exed printheads for

si mul t aneoys do Q#ﬁ, bﬂﬁ%} tlng During the pilot phase of Mnjet
print head manufkl uring he printhead defect density is stil
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expand, diseclrari4dizgepr i nt page inmages to the dupl exed printheads in real

time. Apart from custom print engine controllers and Menjet printheads,
S-print is buil Jnk &agqxq!ggs 18, which will be described in greater detail below, are mounted on top of the

central section 14 to be readlly 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 verticaily extending channel 34 for guiding vertical
movement of the platen 30, Each platen 30 is driven by a motor 36. The motor 36 drives a sprocket 38.



standard off-the-shelf electronic conponents. 2 PRINTER MECHANI CS S-pri nt
is designated generally by the reference nuneral 10 and conprises a housi ng
12 having a central section 14 (Figures | and 2). A hinged tray housing 16
projects fromeach side of the central section 14 (Figure 3). Ink
cartridges 18, which will be described in greater detail below, are nounted
on top of the central section 14 to be readily accessible. A front face 20
of the central section 14 houses a display 22. The display 22, which wll
be described in greater detail below with reference to Figure 7 of the
drawings, is a full color LCD user interface. Referring nowto Figure 4 of
the draw ngs, a schematic front view of S-print 10 is shown. The housing 12
i S const r ucA edondspomke 48 ihovunehagtlly Ribw tRr sprckeesRyi Tie Spradiera B ardeiatareal | y
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in greater detail belowwth reference to Figure 6 if the drawings. On
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housi ng 16 9P¥I™aY 5H 8¢ Prin gnaines & fer Gpvipm e shset ohparepfmaths vt sinpiriéraliend of
each platernt®3® has a guide roller 32 which is received in a vertically
extendi ng channel 34 for guiding vertical novenent of the platen 30. Each
pl aten 30 is dr ThegttelnB0 giserpnd dyscer@@ccordingto the vame36paphr inviwdnpw agipnipe kteks. 38. 9 A
second sprocket 40 is nounted vertically bel ow the sprocket 38. The
sprockets 38 and cepag paver JuprheASdspge belg™ By Priphengintt P& % ds adA@R pardidiskdiiiiech dri ves
vertical nuNRDRSAbndoéntrbllve cipdutyen 30. A first notor assenbly 44 is arranged
upstream of the print engines 26 for feeding print nedia, in the formof a
sheet of paper, St Wegsintsthsdonp pdgnof tigrpapenio 9chR@: 2 dmpreifomdacpinda ragsiedbl y 46 i s
arranged aowastream of the print engines 26 for drawi ng the sheet of paper
fromthe print engines 26 after printing. The platens 30 rise and descend
accordi ng to theas Mekratetemddd clqadypid Fight 5 bfule drivphgs, adhe: @ gippid besbao ki print A conmpact
pOVer SUPPley:fASe; ﬁ&g@ﬁﬂ@qp REL-OW abelhBeaRipdrBim (?%Q?%ﬁ%.—??n@s A% &lé%aa%g«é@ hard

disk drive_ (H 0 |, controlli circultry S-print 1 Ints the
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Also, as illustrated in Figure 5 of the drawings, S-print 10 is a four color printer having a ¢yan
ink cartridge 58, a magenta ink cartridge 60, a yellow ink cartridge 62 and a black ink cartridge 64. The
ink cartridges 58, 60, 62 and 64 feed ink via hoses 66 to the print engines 26. '

A molding 72 (Figure 6) to which the ink cartridges 58 to 64 are attached is hingedly secured to
the remainder of the central section 14 of the housing 12 to reveal an upper part of a chassis 74 of the
print engines 26. This upper part 74 can be pivoted about pivot pin 76 to enable access to be gained to an
upper print engine 26.1. It is to be noted that the upper print engine 26.1 is secured to the part 74 so that,
when the part 74 is pivoted, access can be gained to a lower print engine 26,2 as well as drying infrared
lamp 78.

These infrared lamps 78 are mounted on paper guides 80 which gunide 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



Spi ke wheel rollers 56 grip a | eading edge of the paper, after printing,
for guiding the printed paper to a paper tray housing 16 | ocated
downstream of the print engines 26 in the paper path. The pick up rollers
54 are driven by a notor assenbly 44. Simlarly, the spike wheel rollers
56, which are arranged in vertically spaced pairs, are driven by a further
not or assenbly 46. Also, as illustrated in Figure 5 of the draw ngs,
S-print 10 is a four color printer having a cyan ink cartridge 58, a
magenta ink cartridge 60, a yellow inkgcartridge 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 nolding 72 (Figure 6) to which the ink

cartri dges tis8ovterpribkngrea6.2 brid ste Indraked dsyilgilange®™ y secured to the remai nder of
the central section 14 of the housing 12 to reveal an upper part of a
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drawi ngs, the relevant i nk cartri are snap fits on the top
mol di ng 72 “QE"& W PR R e P d%m%%re%a"%% corrprl ses nol dings 86 defining a
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88 via a passegieofdi prierints 64 projects through the passage 92 and is
engaged by a ball 96 of the ink cartridge 58 to 64. The ball 96 is wurged
i nto engagenent Refntiy npvhie Fipurs 794thbgrawimga ths frorft pael 2P of FginOB.is sKven ipgreeted4 has a
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the reserv col 100 is urged off its seat, ink can flow
fromthe r%éag%eggﬁlorwvgedﬁerl;af%zt he reservoir 88. The reservoir 88 serves to

provide an ear !l y uarniopg 4Q aa&gﬁamhetm e 2&a&aerﬂe9pg§lmqomed%mgont act
with an enbedded cartrid reservoir connects via the
hoses 66 t Bun{ e of copies to be entere Documents to be printed locally, i.e. at the printer 10 can also be

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

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

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

A print button 108 and a stop button 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.] 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.



printheads of the print engines 26. Referring nowto Figure 7 of the

drawi ngs the front panel 20 of S-print 10 is shown in greater detail. As
descri bed above, the front panel 20 contains a color LCD interface 22. A
power switch 102 is arranged below the interface 22. A keypad 104 is al so
arranged on the front panel 20. The keypad 104 allows the desired nunber
of copies to be entered. Docunents to be printed locally, i.e. at the
printer 10 can also be selected by an identification nunber by neans of
the keypad 104. It will be appreciated;that this can be quicker than
scrolling through stored docunents if there are many such docunents. The
LCD interface 22 includes four changeable function buttons 106 for
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provide a main seal to the cartridge 60. A secondary hydrophobic, elastomeric seal 132 is provided at an

entry port on a lower surface 130 of the cartridge 60.

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

reservoir 88 by means of the pin 94.

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



drawi ngs. The cartridge 60 conprises the nol dings 86 which engages the
nolding 84 in the central section 14 of the housing 12 of S-print 10. A QA
chip 128 is shown on a bottom surface 130 of the ink <cartridge 60 in
Figure 9b of the drawings. As shown in Figure 6 of the draw ngs, but not
shown in Figures 9a or 9b of the draw ngs, each upper nolding 86 houses
the sprung ball 96 which is held captive against the |ower nolding 84 to
provide a main seal to the cartridge 60. A secondary hydrophobi c,

el astoneric seal 132 is provided at an;; entry port on a | ower 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 neans of the pin 94.
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antialiased (i.e. low-pass filtered) before being printed. Text is therefore supersampled beyond the

perceptual limits discussed above, to produce smoother edges when spatially integrated by the eye. Text
resolution up to zbout 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.



Human contrast sensitivity peaks at a spatial frequency of about 3 cycles
per degree of visual field and then falls off logarithmcally, decreasing
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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



since each copy of a docunent is printed in its entirety before the next
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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.

=N | 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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engi ne controllers 148 at the required 120 ppmrate (i.e. 4.6MB/s on
average, or 10.6MB/s worst-case). Table 1. Print engine controller page

i mage and FI FO data fl ow i nput input output output input output process
format w ndow format wi ndow rate rate receive - - JPEG| - 3.8MB/s

contone stream (1OVp/s) receive AFax 1 - 1.5MB/s bi-level stream
(250Mp/s) expand JPEG 32-bit 8 3.8MB/s 38MB/s contone stream CWK
(1Owp/s) (1Owp/s) expand AFax - 1-bit K1 1.5MB/s 30MB/s bi-level stream
(250Mpl's) (2SOwp/s) dither 32-bit | - - 38MB/s CWK (I Owvp/sb) conposite
1-bitK 1 4-bit | 30MB/s 120MB/s CMYK (250Wp/s) (250Mp/s) print 4-bit 24,1
- - 120MB/s - CMYK (250Mp/s) 193MB/s 193MB/s 387MB/s 16 ' dither conbines
Wi t h conpo$i t dithescombiive wigh doposies, 0 Xk isma bxtatiat data flbvovetisattween t hem b 320 ppi

=> 1600 dpk (§2%p§:@3§9gﬂ}gxq@pa1§%gps a wi ndow of 24 lines, but only advances
1 line The print engine | ow is surrmarlzed in Table 1. The aggregate
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or gani zegcl nfoa e 9“%%%8&%%"%5‘3¥ éﬂ’gxlt enaggr?gﬁt%gjﬂ% tf’E%%E‘ﬁ ‘ﬁ‘fiol |Ss

desi gned té”é(@éso%%%éﬁ@/spﬁéu%ﬁﬁﬂaﬁmtﬂxwﬁ@éw (i n lines) of the producer and
the i nput w ndow (| n lines) of the consuner. The inter-stage nenory FlIFGs

are described Figh agppoamynicaps gitthenextsjajaiF Qs Fagh REO issraapizs friarlingsornd fhe e npr v
FI FOs Fl FOmingwumesize §im tneb)iofieclsFIP@ isniesigo@lrto akonimopatesthd-dulp@ veindoe (in tisiobthe CMYK
32-bit i nt gllRa RdnGNKviRio% (if lires) bBth@ A AdBer. 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 lines | FIFO size
contone CMYK 32-bit interleaved CMYK §x2=16 240KB
(320 ppix 11.7” x 32 = 15.0KB)
bi-level K I-bit K : 1x2=2 5KB
(1600 dpix 11.77x 1= 2.3B)
bi-feve] CMYK 4-bit planar odd/even CMYK 24+1=25 229KB
(1600 dpi x 11.7° x4 = 9.1KB)
474KB

Because the two printheads 112 of each redundant printhead pair are separated by about 8mm
on the transfer roller (or about 500 printed lines at 1600 dpi), an additional 500 lines of 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 5SMB of

on-chip FIFO memory is impractical,

1t is also possible to run each print engine controller 148 at twice the rate so that it can expand

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

Whenever each page image is expanded twice in parallel, FIFO memory must be doubled to
about 1MB.
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and all inter-stage commumcatlon is controlled by the local processor via the DMA controller 168. In the
pipelined version, the FIFOs 158, 159, 160 are on-chip, and the stages are self-synchronizing,

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

the main processor 138 over the printer controller bus 150,

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

53  Printhead Timing

Each print engine controller 148 prints an Ad/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



The ditherer/conpositor unit 176 and the printhead interface 178 are
described in greater detail in co-pending US patent application 09/436, 744
which is incorporated herein by reference. In the shared-nenory version,
the FIFGs are located in the dedicated off-chip RDRAM 156, and al

i nter-stage communi cation is controlled by the |ocal processor via the DVA
controller 168. In the pipelined version, the FIFGCs 158, 159, 160 are
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version, the decoders 172, 174 obtain gage data fromthe main processor
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nozzle pair are never both defective.




fromthe manufacturing database to the printer controller via its network
interface, using the new printhead cartridge's barcode. The defect I|i st
associated with each redundant printhead pair is copied fromthe printer
controller's flash nenory 154 to the correspondi ng print engine controller
148 at boot tinme. During printing, each print engine controller 148
consults its defect list to determ ne whigh nozzle of each nozzle pair to
direct data to. When one nozzle of a nozZle pair is defective, the print
engine controller 148 directs data to the other nozzle. Printhead

charact eri sgtd¢olmgnd matching ensures that the two nozzles of a nozzle
pair are never both def A print engine for a printer,

the print &ngi nlépﬁ"ﬁ&fig&‘a?"ﬁgprm‘% te prrlgtten%}?eilﬂ%"ﬁi?éd a second printhead, both
print heads i ncl udirsngringheggl ural ity of inkjet nozzles, the printheads being 5
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correspondi ng non- ective nozzles in rint nd a transfer
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occurring {hebtherlpﬁhhebd tad1g evaporation of ink fromthe printheads. 10 2. The
print engine as gangflerqjgl blﬂ)la%c!:aﬁfe mtd ab|.\ Ble Sﬁ%a&%&{&%ﬁqmgﬁ o@cuﬂﬁ’lgﬁ)w dth
printhead. 3. The ascalrre clarm?2 1 n"wh

pri nt headsmalbém%qvﬁmrﬁg'@tpfﬁk e pentaeads. n spaced, paral l el rel at| onshl p. 15
4. The print engine as clained in claim3 wherei n the transfer roller is
rotatably arra dacen T he rint heads .f ar nsf fromthe
print hé8ds“t o 2@‘8?3“6% e EHG %demflgl i lqheaCh rmth ag%bt{glhﬂ)%naér;ltrganged in
circunferentially spaced rel ati onshl p rel ative to and adj acent, the
roller, wigh thge ﬁﬂt @ﬁglﬂﬁwanﬁéﬁtl@aﬁihﬂgn whied tﬁd ﬂrﬁiheid@ar@-arfaﬂéearslﬂ@wde@@p&e@f t he
roller. 20 5. The rint engine as claimed in claim4 which includes a

cl eani ng sPaéat“FldﬂatF’Eﬁh‘pcl eaning a surface of the transfer roller. 6. The
print engine as clained in claim4 which includes a drying neans arranged

downst ry ﬁaml of tAG dﬁ glhglas clémed’n cldi B% vﬁ@ﬂeﬂ&hc%ﬂfeﬂ%ll@’% r@t%@%l%ﬁnée@ad}zlc@hmbl in
which the print gs are common i nk

i nt ine a
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20 5. The print engine as claimed in claim 4 which includes a cleaning station for cleaning a surface of the
transfer roller.
6. The print engine as claimed in claim 4 which includes a drying means arranged downstream of the
roller.

25
7. The print engine as claimed in claim 1 in which the printheads share a common ink supply.
8. The print engine as claimed in claim 1 in which the printheads, at a time of manufacture, are

characterised and matched so that no two corresponding nozzles are both defective.

30
9. The print engine as claimed in claim 8 which includes a defect list which provides an indication of
which nozzle of a matched pair is to be used.
10. The print engine as claimed in claim 9 in which the defect list is encoded and incorporated therein.
35

11. A printing station for a printer, the printing station including



whi ch nozzle of a matched pair is to be used. 10. The print engi ne as
claimed in claim9 in which the defect list is encoded and i ncorporated
therein. 35 11. A printing station for a printer, the printing station
including O 20 a first print engine as clained in claim4; and a second
print engine identical to the first enging, as clainmed in claim4, arranged
in opposed and aligned relationship, wi§h the transfer rollers of the
first and second engi nes abutting agai nst each other to effect printing on
both surfaces of a sheet of print nedia passing 5 between the transfer

rollers. 12. Thegipliftlehdd@ aStiBhbDA cigitn £l med in claim 11 in which the

printheads of both print engines receive.ink . froma.conmon ..nk l,y. 10
13. The printi nbsegqlgpr%ﬁpgglg %Erf“é‘iﬁ H’etge ti'e}ﬁ M ar%df'?egﬁic%ﬁn ZIP’I” B IO ﬁsg(pﬁglﬁ k
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each of a Qh%irteg Etﬁgﬂlg ggQ{nQ kach biferRd Gk Entn® bn Gl QFracky df BEHeAf pribfmedhip@ssg | Nt i NY
station as cfainmed 1n claim113 which includes an ink reservoir associ ated
with eadh bsiweenthgprinsferfglerso t hat, when an ink cartridge is mounted on its
associ ated reservoir, an interior of the cartridge is in 15 fluid flow
comuni ¢ at hon Wi"ﬁeh riﬁtll‘r]lg st%t%ﬁ & Ya?+gd iy &l%{r}nq 1 ﬁx%l’}\f'cﬂ ttﬁ:rpﬁm&r@%h pri’l15engi-111-a@¢c9i(/é it 1 ng
station as €l ai med I hoClal m ] in ich the second print engine is

di spl aceabfrgm aeqmprgdek suppdt ati ve to the first print engine for enabling
access to be gained to a print nmedia path defined between the print
engine%b 2?3

The printing station as claimed in claim 12 which includes the ink supply, the ink supply comprising

a plurality of separate ink cartridges, each of a different color, to provide for color printing.

14. The printing station as claimed in claim 13 which includes an ink reservoir associated with each ink
cartridge so that, when an ink cartridge is mounted on its associated reservoir, an interior of the cartridge is in

15  fluid flow communication with the reservoir via a valve arrangement.

15. The printing station as claimed in claim 11 in which the second print engine is displaceably arranged
relative to the first print engine for enabling access to be gained to a print media path defined between the
print engines.
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