1 A DUPLEX NETWORK COLOR PRI NTER FI ELD OF THE | NVENTI ON Thi s invention
relates to a printer. Mre particularly, the invention relates to a print
engine for a printer. BACKGROUND TO THE | NVENTI ON Pagew dt h pri nt heads have
t he advantage of being able to print rapidly but are constituted by a very
| arge nunber of nozzles. Should any of these nozzles be defective, an

i nadequate print quality may result. SUMVARY OF THE | NVENTI ON According to
a first aspect of the invention, therelis provided a print engine for a
printer, the print engine including a first printhead; and a second
printhead, both printheads includin luralit of i nkj et nozzl es
constructed using nlcroeﬁé%??@ﬁﬁ@ﬂgﬁpygpoPQB t he printheads being
mat ched so that defective nozzles in one prlnthead are substituted by

cor r espongig e o P fe§0¢Hbke nozzles in the other printhead. Preferably,
each printhead I's a pagew dth printhead. The printheads may be arranged
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unl ess t hgingont ext clearly indicates otherwi se, the term "pagew dth
printhead" is to be understood as a printhead having a printing zone that
prints one I|ne at atinme on a R@ge the line being parallel either to a

| onger edBRCKERQUNDILQ BUE INVENTION: he page. The line is printed as a whol e
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transferrWﬂ@ i nk fronlthe printheads to nedia passing the roller, the
pri nt heads being arranged in circunferentially spaced relatlonshlp

rel ative %ﬁnrﬂ gﬁ' QEQE | roller, with the printheads extending

par al | el %Q'_ ok N f the roller. The transfer roller may be
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occurrinqm&gﬁghpﬁﬂah%ing evaporation of ink fromthe printheads. The print

engi ne may |nc%y %ﬁﬁl %nlng station for cleaning a surface of the
transfer rol | &f™ PHUSHAF on, a drying means may be arranged downstream of
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ink su
ppl ;X‘mthead are substituted by comresponding, non-defective nozzles in the other printhead.

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

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

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

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

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

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

In a preferred embodiment of the invention, the printheads may share a 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 described above, it is possible to obtain defective nozzles in the

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

manuf acture, nay be characterised and matched so that 2 no two

correspondi ng nozzles of the paired printheads are both defective. A defect
list, which may be in the formof a characterisation vector, may be
provided for providing an indication of which nozzle of a matched pair of
nozzles of the printheads is to be used. The characterisation vector may
be encoded and incorporated in the print engine. The print engine may
conprise a cartridge housing the printheads and the other conponents. In a
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microelectromechanical techniques;

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

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

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

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

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

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

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



end-to-end rel ati onship. In one enbodi nent of the invention, the nethod 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 may include characterising and matching

pri nt head defects after each print head3has been assenbled in its entirety.
In this enbodi nent, the nethod 3 may incl ude testrng the nozzles with ink

after integrat ath.. Accordin third aspect of the

i nvention" 'i‘dg te“glgﬁ)}lﬁ(?\ﬁztﬁ%ﬁ}ﬁ]ale‘bﬁewtﬁ%ﬁ“ %‘ for a pagewi dth printer,
t he assenbly |1hf@bltdujg g a ghidgsprectod! thr inventiena thste 1eatohdq@lrai plteadassenblyuidt g a
pluralit Ypi%gwmth @l‘iﬁt@rt thg%aﬁb‘ﬁsm&ﬂﬁh%t rﬂﬁ%?ﬁn%&d@%am ﬁﬁﬁ@d%ﬁudﬁ%@?mmy%@l

techni ques, . the printheads bejng sel ected nd mat ched so no-"t wo

pai red noPSFROZP cPREuCtH N BHE e oRehptH! t&‘é‘?‘&‘t‘?’t‘ i Rreprintrepdt, bing; splpidamid may be
Constitut@ddb§mah@huW@bmmyn@&hﬁﬁ@ﬁﬂﬂﬂ&mﬁh&&ﬂ@?&ﬂgﬁ end-t o-end 9 o head
rel ationship. £066,a0ak Nayi B QRGBS BN oft Dhde8Nn LHR.RY 1 Nthea
defects may be chgracterﬁged %‘ natghgg : %egﬁ% ? 5% %1 n.gWﬁé

nozzl es nﬁ%‘?ﬁﬁﬁ be tested mrthout i nk before i ntegration mnth an ink
path. I n anot hefice egamiionedibodiheri biahd m&ra)hitmsrprmﬂl&he dﬁéotsriﬁabﬁadmd&ér@@dtaﬁd may be
tCPl?; ag;g;fn%t&ig @t%gzg alaggme g‘{éhet%ézszﬁggpg! tg(%nhbe testg wFl%out 1& e ore in g%ratg)h w?tgatf h an

i nk pat h. hﬁ@@brdrng to a fourth aspect of the |nvent|on there i's provided

a method of chab@ekedibsding: &thepﬁuemtoh,e&Qerﬁeaéiécté a0 be Rardidriddd@hd m&t&@d net hod
i ncl udi nga,,g?&g’m(p oethggmr of the%gesfhe eac %Ibgt‘*%eﬁa"&! p cl udr n

plurality o nozzl &s cons ruc usrng
t echni que@‘th%“l!r‘&‘h’a@hat no paired nozzl es on the pair of print heads are bot h

defective, detmeding R MHhCHpBOFHeanRhtiod, R I p'ro'irxdE(pa Q@th&ﬁmhzﬁﬁgnmr ating
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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 ist, which may be in the form of a characterisation
vector, of the generated data and storing the vector in a manufacturing database.

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

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

Then, when the cartridge is installed in the printer, the method may include retricving 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 nethod néy i ncl ude retrieving the vector
fromthe barcode and witing the vector to a nmenory neans of a printer
controller 05 the printer. The nmermory neans may be a flash menmory of the
printer controller. If the cartridge is replaced in the field, a new
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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)
digital signal processor (DSP). The, or each, RIP DSP may communicate with the processing means Via-
the data communications means, the processing means feeding and synchronising the, or each, RIP DSP
and the printhead controller.

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

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

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

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

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

storing the received data in a memory means;

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



The printhead may be a pagewi dth printhead. The rasterizing and conpressing
means may include at |east one raster inage processor (RIP) digital signal
processor (DSP). The, or each, RIP DSP may communicate 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 disk via the processing neans
and the data communications nmeans for3storing rasterized and conpressed
data in the hard disk prior to transm ssion of the conpressed data to the
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nmeans. According to a seventh aspect of the invention, there is provided in
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a second temporary storage device for storing the expanded data from the second decoding
means;

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

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

The printhead may be a pagewidth printhead.

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

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

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

Each of the first temporary storage device, the second temporary storage device and the third
temporary storage device may be a FIFO. It will be appreciated that the functional units are pipelined

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



contone color layer, the printhead controller including a first decodi ng
means for expanding conpressed data relating to the bi-level black layer; a
second decodi ng neans for expandi ng conpressed data relating to the contone
color layer, the first and second decodi ng nmeans being arranged in
parallel; a first tenporary storage device for storing the expanded data
fromthe first decodi ng neans; a second tenporary storage device for
storing the expanded data fromthe secénd decodi ng neans; a data
mani pul ati ng neans for mani pul ati ng the data out put fromthe first and
second teng rary storage devices to be fed to the printhead; and a
printheadp &rface at an out put fromthe data mani pul ati ng neans for
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may be a cust offriBehe ?"Pﬂﬁ?dcdatal‘ia@ﬁ a’éﬂ‘se‘t(’h‘btelfli’qf%lt steraggrpeyicayTyspestivbage devi ce, the
second t enpor aisding the kageiedi@iv i B bbrdgh evickits Sldatd rRRPARE Yhesb,0r age devi ce may
be a FIFO It w, the functional units are pipelined
with the FIFO s ﬁkh@ﬁﬂégmgﬁ%a%ﬁ%%smggefermm%d bet ween each functional unit
and its succededingis lqaeong pamb@ﬁm@ doﬁcfed?edmli\@d tin ageordpnge hwithShre Smated t he

i nvent i onmarifuBte@ dits agdr ovi ded in a printhead controller for <controlling
printing of a page by a printhead, the printhead controller being
connected, in use, V|a ‘a data comunications link to a printer controller
for receiV|ng'H@ﬁﬁm0f%@%ﬂ@@ﬁpW@§§eﬁmMmeamwﬂmwwawmmgmmmmUhEmnmﬂgemMD be

printed, ﬁ&lﬁie@ﬂﬁaﬁduﬁgﬁﬁé &Hﬂ ﬂaﬁtu% 1h & 8i-HRS Gl%ékﬁﬁ}lepﬁ‘sn'%qrmsrslbs% 'bpgve@déabmﬂrg}!ﬁl bl ack
of controllin | east one

| ayer and

br 1 nt head“Cishridt PRG4 5 et ik diedli B Fohe Sinsoiiee g Sreraehsy «he
st eps of ewigaley dgoupepredsied data relating to the bi-1level black |ayer;
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expanded d }q LN first and second tenporary storage devices respectively;
level black layer on the dithered contone color layer and temporarily storing a dithered/composited layer

50 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 mani pul ating
means; manipulating the data into a format suitable for printing; |oading
at least 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 |layers may occur substantially sinultaneously. The method may
i ncl ude expanding the data relating to_the bi-level black layer using a

| ossl ess bi-level deconpression devicé. The nmethod may al so include
expanding the data relating to the contone col or Iayerfushngda hi gh

uality | oss sion device. The mani pul ating of the data may
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invention is n Dy W, exa ef erer _
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enl arged scal e SiB . r.on eW. par 1 ,
Figure 7 showsF%l%e z%lhar gé&%?%ﬁ%%ﬁ@% %%d%ecté%ﬁ%ﬁ?éc? ?03?1(91 rfamglﬁeé Pinter;
Figure 8 WWows a three-di mensional view of a print engine arrangenent of
the printer; Eiguqe Oa shgms a threg-dlnen5éonal npp vi ew of an an _
cartridge of tRH&™HIP fheys;2 bieskgdipasany ol gmgine crabodimerteofcthererini cogied cdvtselitom vi ew
of the i nkchitemtdre.i dge; Figure 10 shows a diagrammatic representation of
docunent data flow in the printer; Figure | | shows a block diagramof the
printer C?Etrfllef archh}ecture; Fi gure 12 shﬁmf atblock dhagran}gflgnghoms
enmbodi meneibMIERDESERIFTION OREHEBRAWINGSr architecture; and Figu

a bl ock di agram of anot her enbodi nent of the print engine controller

archi tectlre. S-PRINT OVERVIEW

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

refer to it as such or as the printer below.

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

printing for print runs smaller than 5000 copies.

S-print accommodates 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 | S-PRINT OVERVI EW The invention will
be described with reference to a hi gh-speed dupl ex network col of 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 tiffles the speed of the best network
nmonochrome | aser printers, S-print effectively targets the $40 billion

desktop | i market. Wih its hi per.f or mance .
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i medi at e @?f RTRbR7ES B0 g Myevsdpmthsadi el 8% i on. Docunents printed in
this way al vvayégarr)tr' nt at the full 120 ppmrate. The standard 14GB i nternal
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capabi | i t sandandioffiihgrhelf pleannic &mponents. i s | i kely to di spl ace many uses of
short-run offset printing. S-print uses dupl exed printheads for

si mul t anebus deripTeRNVEBEdANIGsNt i ng. During the pilot phase of Menjet

pri nt head manufacturing when the printhead defect density is still

potential |y highnt Baledignatps gendrdIB B4 the Sefér@pd el dh®cphiceY Boudng 171a%F €

r edundanc LS, all ct -detected defective nozzles. to be bypassed,
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expand, Hftionét Fgi@3print page i mages to the dupl exed printheads in real

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

centrai section 14 to be readily accessible.

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

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

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

Figure 6 if the drawings.

On either side of the central section 14, and projecting outwardly therefrom is one of the paper
tray housings 16. Each paper tray housing 16 has a bottom or side hinged door 28. A platen 30 is
located in each paper tray housing 16 for supporting a load of papers. An operatively inner end of each
platen 30 has a guide roller 32 which is received in a vertically extending channel 34 for guiding vertical
movement of the platen 30. Each platen 30 is driven by a motor 36. The motor 36 drives a sprocket 38.



standard off-the-shelf electronic conponents. 2 PRINTER MECHANI CS S-pri nt

is designated generally by the reference numeral 10 and conprises a housing"
12 having a central section 14 (Figures 1 and 2). A hinged tray housing 16
projects fromeach side of the central section 14 (Figure 3). Ink
cartridges 18, which will be described in greater detail below, are nounted
on top of the central section 14 to be readily accessible. A front face 20
of the central section 14 houses a di sglay 22. The display 22, which will

be described in greater detail beIOM/mAth reference to Figure 7 of the
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is one of the ap tra aper tray housing 16

bot t om or %% eQ g f& Py &?m?gz% p‘g%F“&‘P%ﬂ“’ kFef gf ‘QP%@&’E“et Pript gghRs PAAEF tray
housi ng lﬁmﬁ@g supportlng a | oad of papers. An operatively inner end of
each platen 30 has a guide roller 32 which is received in a vertically

ext endi ng chanilies plaBas Fogise gd ideseand acperting ©de volnmyefipart in dk ifplrendduguesmcd0. Each
platen 30 is driven by a notor 36. The notor 36 drives a sprocket 38. 9 A

- second sprocket cagpaptonyaurpkd? samigeticloy tiselinengitve 264 isoEB ha8 diskdiige
sprocketsgﬁﬁnamQMQQm@mﬁgm&@&ﬁgponnected by an endl ess chain 42 which drives
vertical novenent of the platen 30. A first notor assenbly 44 is arranged
upstream of t hg—pﬂft 10 brir@ 84 18RSedgbottRMafef R e Blchifact TRA ftor atdh J-ugﬁmlsi:(?r m of a
sheet of p@g between the print engines 26. A second notor assenbly 46 is
arranged mnstreanlof the prlnt englnes 26 for dramﬁng t he sheet of paper

fromthe print ﬂ%ﬁﬂ? @ f grln &_ ns 30 rise and descend
according to the'Vo ﬁn%mgf %56%F% R4 Phite ﬁﬁﬂﬁ ﬁﬁ g?ﬁﬂ?°§?§ﬁ%§? e PNt opact
power supfieipesAs iy giidad braridkew rplisfsP atrimgedoipitream efiiljé prins er@Biesed® in the aapk/GA. har d
di sk dri Vﬁ)ﬂce(dﬂm}ollﬁg5@-£}$ aqsaaﬁlg &gk bise ﬁbér%lrpﬁ'l}{tuézfor g'ﬁldﬂfg'tﬁ}t dp:l‘tgd ]%ibér%§ the

| ong edge 0] chieve a _CoO ormrtactor nim sed
f oot pri nt? p%émXﬁ?@??ﬁé?@ﬁdﬁﬂpﬁm?PéQWF gFﬁ“ﬁ?bﬁweﬂ%Pﬁ¥”¥ﬁenﬁPﬁﬁP&@QﬂSa sheet
of paper ¥Hoarpdrivereby & motohessqmblyd4. Similarly, the spike wheel rollers 56, which are arranged in

vertically spaced pairs, are driven by a further motor assembly 46.

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

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

lamp 78.

These infrared lamps 78 are mounted on paper guides 80 which guide a sheet of paper 82

between the print engines 26.

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

engines 26.

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

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



engi nes 26 is guided by pick-up rollers 54 arranged upstream of the print
engines 26 in the paper path. Spike wheel rollers 56 grip a | eading edge
of the paper, after printing, for guiding the printed paper to a paper
tray housing 16 | ocated downstream of the print engines 26 in the paper
path. The pick up rollers 54 are driven by a notor assenbly 44. Simlarly,
the spi ke wheel rollers 56, which are arranged in vertically spaced pairs,
are driven by a further notor assenbl y!%6. Also, as illustrated in Figure 5
of the drawings, S-print 10 is a four color printer having a cyan ink

cartridgegy ca j dge .60 yellow ink cartridge 62 and a
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As descr{tbed ta X“’ u18§ ‘?I’I n i ne_26.1 can I vot upwards to
al | ow access to paper & 1 o oyt ’i’aﬁ* ofr éwebﬂrﬁ?“abwa.%geéeﬁzs §ﬁ’d t he
i nfrared mkyanﬂthﬁamﬂsr%@anE@ihemmom% ly illustrated in Figure 6 of the
drawi ngs, the relevant ink cartridges 58 to 64 are snap fits on the top
mol di ng 72. Ea€he reekvoic 83 sarvesl tpepr&@detan c@idy waomipy tosregacedie dikngaride actbihilkai ng a

reservoi I cofdet WilhCun! @bEIMOA ARrides chip Back! $erydi f cation
with a f|§<e . es VOI r 88'Qg€f| négg c}mrjr a mol di ngssgéldﬂ%egts vgapt\ﬁ,%?%gﬂwgrtlﬁ%\

engi nes 28" espé'fl\/eBW is in comunication with the fixed reservoir
88 via a pass ‘Hf. pr ‘%ects t hrough _the passage 92 and is

engaged by a b ‘T‘T“f“@é“’gft e i’ AP PYirgs iy dronigpatich 269f S-Priakl Gnshowm i gregter yr ged
i Nt 0 engadgtate At dedribérl abbne, thé fronBrhnd) PO e@ins a afior ACHtérAagE 284 pdhresvdich 1@4s has a

col l ar oryfhRDBGowliHOn@Yace 24 S Operatively lower end, i.e. that end wthin
the reservoir 88. When the collar 100 is urged off its seat, ink can flow

fromthe r eser}(‘kb}rpa@ Poal 196R &%gerd%ﬁ%evf%n{ 3 20Thﬂne QJ Y@I dz[l]oéﬁ(thg AT to
provi de an %arl warnrngto replace th ern cartri
er of ‘copies to be &ntered. Documents to be printed locally, ie. af the pnnter 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 26.1 and 26.2 uses two printheads 112 (only one of which
is shown in respect of the print engine 26.1). The two printheads 112 are provided to achieve a 2:1
nozzle redundancy. This allows factory-detected defective nozzles to be bypassed and so maximises the

printhead yield.



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

nunber by mean ciated that this can be
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and 26.2 for sEshiptigeeeing26 tholudes e cleanile etatjpn 12t iThegcleshing Sigioh M200hidataedpd hat
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or ovi ded 14018 Bte 134 siopves s A3 eidents A e B HPPOVA WPs TR g B ect od
def ecti vetransferables 140 be bypassed and so maxim ses the printhead yield. 11
The printheads 112 print on to a transfer roller 114. The roller 114 is
rotatably dri viiavamentzf gherollax] 12|ty asirauasfpeghgamhiowithliAbprinthald Llepuiks t 20s on a

surface ogongggdgyojgogﬁmdla].énéeﬁemug turn, deposited on the paper 82 during
the printing process. In addition, when t he printheads 112 are inoperative,

the roller 116aiifee !ﬂfngﬁgndl %Wl%mﬂg AEME lﬁﬂ’i Jml?ndg&eﬁo% EIBIND ?rﬁpi?urg' %g 01f R
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sponge 124 renpves ink from transfe ore the w per 122
W pes i nkHHegReY disure Ph pldhedravingg. er 114. Movement of the roller 114 into
and out of engagenment with the printhead assenblies 112 is controlled by a
sol enoi d ar r angeTiewh inFiggre 0 &1 thp drawings; i pesiskoma in Kighges\9p enfbef the frawings. eable i nk

car tri dgegpp&Qndldings$eohmases khe Fsprgny 1198 vichti\Beld captive against the lower molding 84 to
provide a main seal to the cartridge 60. A secondary hydrophobic, elastomeric seal 132 is provided at an
entry port on a lower surface 130 of the cartridge 60,

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

reservoir 88 by means of the pin 94.

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

3 MEMJET-BASED PRINTING

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

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



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

upper nol ding 86 houses the sprung bal 1> 96 which is held captive agai nst
the lower nolding 84 to provide a main seal to the cartridge 60. A
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design of the Black text and graphics are reproduced directly using bi-level black dots, and are therefore not

antialiased (i.e. low-pass filtered) before being printed. Text is therefore supersampled beyond the
perceptual limits discussed above, to produce smoother edges when spatially integrated by the eye. Text
resolution up to about 1200 dpi continues to contribute to perceived text sharpness (assuming low-

diffusion paper, of course).

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

4 DOCUMENT DATA FLOW

Document transmission and document rasterization are decoupled to shield the user from
interactions between the size and complexity of the document, and the memory capacity and RIP

performance of S-print 10. This is achieved by storing each document’s page description language (PDL)
file on the internal hard disk 50.
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intensity range (rather than just once as in a conventional dither

matri x). Human contrast sensitivity peaks at a spatial frequency of about 3
cycles per degree of visual field and then falls off logarithmcally,
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the noticeable loss of quality, giving a compressed page size of 3.8MB.

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 infroduces 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



disk 50 until printed. This is particularly efficient when nultiple copies
of conpl ex docunents are being printed. This so-called 'electronic
collation al so obviates the need for an external collating nmechani sm

since each copy of a docunent is printed in its entirety before the next
copy. Because contone col or inmages are reproduced by stochastic dithering,
but black text and |ine graphics are reproduced directly using black dots,
the conpressed page i nage format contalns a separate foreground bi-Ieve

bl ack | ayer and background contone col or |layer. The black |ayer is

conposited ove t he cont one | a er t tone |l aye i thered.
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the page simultaneously (i.e. at 120 ppm).

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

time.

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



‘the LCD controller 144. The controller 138 also controls the paper
transport, handles ink cartridge authentication and ink nonitoring, and
feeds and synchroni zes the RIP and the print engine controllers 148. It
consi sts of a nedi um perfornmance general - purpose m croprocessor. Its
associ ated peripheral controllers include a 10/ 100Base-T Et hernet
controller (140), a SCSI disk controller (142), and a color TFT LCD
control ler (144). Optional controllers!sinclude an | EEE 1394 (Firew re)
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the Menjet printhead 112. The main processor 138 streanms conpressed page
i mges fromthe hard disk 50 to the print 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 FlI FO data fl ow

i nput i nput out put out put i nput out put processfor mat w ndowf or mat wi ndowr at er at e
recei ve--JPEGQ - 3. 8MB/ s contonestreanm(| Owp/s) receive--&4Fax1l-1. 5MB/ s

bi -1 evel st rean{250Mp/ s) expandJPEG 32-¥i t 83. 8MB/ s38MB/ s

cont onest r eanCMYK( I OVp/ s) (1 OMp/'s) expandGAFax-1-bit Kl 1. 5MB/ s30MB/ s

bi -1 evel streg S 250 di Lher32 It1- ?‘? CMYK( 10M/ se)
corrp05| tel bi {He%f%l\)/% Qiéﬁ%/os%fé gﬁ%‘? sli S) print4-bit24, |
--120MB/ §- @Mﬂ(%ﬂ@%ﬁbs(ﬁxStmth}leSNB/ s 387I\/B/ s 16 a dither conbines with

conposi tes S ekdi@Mendbw of Y3 IR GE i) aafiAled fibeOW Detween them b 320 ppi = 1600
dpi (5 x 5 expansion) Needs a w ndow of 24 lines, but only advances | |ine
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tolf r
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into |ines, m ni num sj nes) of each FIFO is designed to

acconmodat e t hgach S5 SR tﬁe ‘i“i"h"é%3 FIEP- KapeFIFY iscpipapiagd ingp nep.19ad the put
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in Table 2.
Table 2. Print engine controller local memory FIFOs
FIFO format and line size number of lines | FIFO size
contone CMYK 32-bit interleaved CMYK §x2=16 240KB
(320 ppix 11.7” x 32 = 15.0KB)
bi-level K I-bit K 1x2=2 5KB
(1600 dpix 11.7°x 1 =2.3B)
bi-level CMYK 4-bit planar odd/even CMYK 24+1=25 229KB
(1600 dpix 11.7" x 4 = 9.1KB)
474KB

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

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

on-chip FIFO memory is impractical.

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

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

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



FIFO ormat and |ine sizenunber of |inesFlFO size contone CMYK32-bit

interl eaved CMWK 8 x 2 = 16240KB (320 ppi x 11.7" x 32 = 15.0KB) bi-Ievel
Kl-bit K1 x 2= 25KB (1600 dpi x 11.7" x 1 = 2.3B) bi-level CWK4-bit

pl anar odd/ even CMYK 24 + 1 = 25229KB (1600 dpix 11.7"x4 =9. 1KB) 474KB
Because the two printheads 112 of each redundant printhead pair are
separated by about 8nmm on the transfer roller (or about 500 printed |lines
at 1600 dpi), an additional 500 lines bf bi-level COMYK nust be buffered
bet ween t he ditherer/conp05|tor unlt 176 and the printhead interface 178.

Th| S in tygn 5MB of additional FIFO nenory, or about
of FI Eé) rreir;f)“rqt;/ﬁn ehetd téq?le“g)'ﬁé MeHEY for this additional FIFO menory can

be el i m nated andin twice i arallel, i.e. once
each for the t\% pﬁ?‘lleﬁ eecé’ S ?iglgf“%%&lé?fe‘gﬂéa Wtorb;hfgt head pair, staggered
to match the physjc aration rint head st easily
done by repli chl ng'gr the prtec e aréalnﬁeoftthfd’ﬁ‘&'%‘ﬁ'l“%?mfi' rﬂ% %%%‘W?Wﬂ?%ead
112. Repl veesan Bipstiatsd malfigure 12 ases ¢ lacd |offehin tRORAM b to amporothe tdpeeepe pehérned ( as
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al so pOSSIJb%fcate Kol lﬁﬁ Oﬁi%éBbslg ¥P- engine controller 148 at twice the rate so

that it can expan ach elma i inthe tine it takes to print the
page i mage oncgﬁj1 sg@{ede E?’i’%&g"@“‘i’ﬁbg‘@ °f"§‘s‘é>‘3€%§F&gﬂ PERPE EFTpATZat | el |
FI FO nmenphigh- WB@tRab?éuSdlofmﬁcedﬁ%@ theadftehip RIMBAM 136, 5. spalPpiogrem ROM s, COMA ol | er

Ar chi t ect shnRolilthes Rhd HlimGRed 176 (AR Prih@! doftfondd&s 156, | NPl emented as a single
custom chip. There are two architectural variants of the print engine

control | er 1481305 bt slaie e&tr@IFeFEDﬂSaEée ex‘ﬁﬁfsxﬁﬁ 28 priftinb H{ﬁ&ﬂl@&oﬁgstéd}akz éﬁp¥h uses

a |l ocal o the a at e nenor
requi red dg R%‘gﬁl\gs‘l} %Hsaﬁ'l}gg t n@c‘“t?‘ﬁg’%ﬁfe%éqnipﬂsétﬁ ‘B‘Eﬁq W,aq’%t‘f“hstrat ed
in Fi gurem@(?acell@estheMem]emm@ehdoﬁ-’lchl p FIFGs 158, 159, 160. The

shared-nmenory print engine controller 148 consists of a general - purpose
processor 162, Thg ditherer/compositor 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-memory version, the FIFOs are located in the dedicated off-chip RDRAM 156,
and all inter-stage communication is controiled 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 A4/Letter page in one second. Since S-print 10 uses a
12” printhead 112 to print the long dimension of the page (11.7"), the short dimension of the page (8.5")
needs to pass the printhead 112 in one second. At 1600 dpi, this equates to a 13.6KHz line rate. This is
well within the operating frequency of the Memjet printhead 112, which in the current design exceeds
30KHz.

5.4 Printhead Characterization



~ high-speed Ranbus interface 164 to the off-chip RDRAM 156, a small program
ROM 166, a DMA controller 168, and an interface 170 to the printer ’
controller bus 150. Both print engine controllers' page expansi on and
printing pipeline consists of a standard JPEG decoder 172, a standard

G oup 4 Fax decoder 174, a customditherer/conpositor unit 176, and a
custom interface 178 to the Menjet printheads 112. The ditherer/conpositor
unit 176 and the printhead interface 18 are described in greater detail

in co-pending US patent application 091436, 744 which is incorporated herein

by reference. t ed-.renor ersion, the FIFOs are |located in the
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directs data to the other nozzle. Printhead characterization and matching ensures that the two nozzles of a

nozzle pair are never both defective.



The defect list associated wth a redundant printhead is stored in the
" manuf acturing database, indexed by ‘the printhead' s serial nunber and
recorded as a barcode on its cartridge. Wien the printhead cartridge is
finally inserted into a printer during manufacture, the defect list is
retrieved using the barcode, and i5\¥”tten to the flash nenory of the
printer's Sitdeli@ed printer controller.”"If the printhead cartridge is
replaced in the field, then a new defect list is downl oaded renotely from
t he manuf acturi ng database to the printer controller via its network
i nterface, C8IM§:-t he new printhead cartridge's barcode. The defect |ist
associ at ed. Mprint eagihe fopdypniim) the print dngae ipeiudings copi ed fromthe printer
controller's fla§h me rg 154 to the corresponding print engine controller
148 at boot ti n2IrHBRPMEAdprinting, each print engine control ler 148
consults its def | g ' -0f q pair to
direct data to.ea S@\ﬁ%nr? %ﬁghéﬁg’z}gziﬂéﬁg@hgﬁiﬁ\gggﬁgnggﬁ@é@ggﬁ%ﬂ?P\ggz,-igf ﬁ-‘ée print
engi ne comnrintichés bel¥Bmatthedst thatddfective nohdesdhlvae printhzidare Babsiithenbly
characteri zati on_and ggLng ensures that the two nozzles of a nozzle

pair are YEPOPEE ngR yenozzfsein te ofltpr pripfwessand . A print engine for a

printer, the pr,i | i (el i . L 0t : .

Bri nt head, bot 1 (Bt anedispeqfiaiaio aifished Hueiiht BhitRHs el 35 3Plitne i, o

pri nt headscharing feratkibgnhgevagdraiondefiglc fromathe paztheslsi n one print head are
substituted by correspondi ng non-defective nozzles in the other printhead;
and a transfer roller displaceable into abutnent with the printheads when
no printing is.,,occurring for.inhjbiting evaporation of ink fromthe

ori nt head: 2, TRRBAR; gt as glaimediin claiy hisgwhigh epck prinihoad ishpagewisibh

pri nt head priatit@a¢hagewi dt h  printhead. 3. The print engine as clainmed in
claim2 in which the printheads are arranged side-by- side in spaced,
parallel relationship. 4. The print engine as clainmed in claim3 wherein

the transBer r&h¢ printengingtaachirhgd inalaimndyimdwhidh theqnintheads qre iamtged dhidet -

transf errisig ih Bfackd, PRrdlRErePhioRiigads to nedia passing the roller, the
print heads being arranged in circunferentially spaced relationship relative

to, and adjacent, the roller, with the printheads extending parallel to a
rot ati onal. axi $hepriftgine@s tRimedin cldif Pivhéeinahe trBdsfasoléal stably cl ai m 4

whi ch 1 nc laﬁgr?ésed%df Etlcg% en}griliﬁgatdls X tI'a%gfe%negaﬂ( ?x%m 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.

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. -

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.



a surface of the transfer roller. 6. The print engine as clained in claim4
whi ch includes a drying neans arranged downstreamof the roller. 7. The
print engine as clained in claiml1l in which the printheads share a common
ink supply. 8 The print engine as claimed in claiml in which the
printheads, at a time of manufacture, (gre characterised and matched so
that no two correspondi ng nozzles are #th defective. 20 9. The print
engine as ciaimed in clainm® which includes a defect |ist which provides an
i ndi cati on of which nozzle of a matched pair is to be used. 10. The print
engine as claimed in claim10 in which the defect list is encoded and
incorporated therein. 11. A printing station for a printer, the printing
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both surfaggs ofh@ndieain®hs A% ; ' k t n i he transfer
rollers. 12. The egpi nt ?%15 St‘gtl on ‘as cl 29%%0%%$§7f¥ﬁ\$§1§t1i3ﬁn‘5m{e§ﬁn he

pri nt headsMSPHOB! et~ engi nes receive ink froma common ink supply. 13.
The printing station as clainmed in claim 13 which includes the ink supply,
the ink supply,caonprisin | urali Qf .separate _ink cartridges, each of
a differen Pcol‘%lpflgﬁ%g f}fltggﬁﬁégppgﬁer,&%ggqmtg}gﬁtﬁmﬁgnclq@g The printing station
as claimed in o fushprdat enpine bs ¢laithaddaslam 4; ald r eservoir associated wth
each ink cartri ‘ . .an. i hk rtridge is unted on its _.
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communi cat PRAYSGH and aligaed wkasionshiip, witlathe tranéfoerollersiof thpefiretind sé@ondThe printing
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access to BEUGRARUE Gegveen the transtergallets.nat h defi ned between the print

engi nes.
12, The printing station as claimed in claim 12 in which the printheads of both print
engines receive ink from a commeon ink supply.

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

an mterior of the cartridge is in fluid flow communication with the reservoir via a valve
arrangement.

15.  The printing station as claimed in claim 12 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.



