1 A DUPLEX NETWORK COLOR PRI NTER FIELD OF THE | NVENTI ON Thi s invention
~relates to a printer.” More 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, therelis provided a print engine for a
printer, the print engine including a first printhead; and a second

print head, both printheads lLurali i nkj et nozzl es
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mat ched so that defective nozzles in one printhead are substituted by

corresporﬁbﬂgomm Ne nozzles in the other printhead. Preferably,
each printhead_ IS a pagew dth printhead. The printheads ma% be arranged
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unl ess t heineontext clearly indicates otherwi se, the term "pagew dth
printhead" is to be understood as a printhead having a printing zone that
prints one line at a tine on a leage the line being parallel either to a
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transferrrpiﬁtg i nk fromthe print heads to nmedi a passing the roller, the
printheads being arranged in circunferentially spaced relationship
relatlve roller, with the printheads extending
paral | el %o ailﬁgto %’?“.Wof t he roIIer The transfer roller may be

di spl aceabl e iAstadizgyotarfissh spedt pfithe genfien, fhetedaprgvidad @rprinonging for & prgntdrgthe

occurri nq,r,il%gdlmhmnrgl ng evaporation of ink fromthe printheads. The print
engi ne may i ncl_ude e ning station for cleaning a surface of the . \
transfer rol| &SP on, a drying means may be arranged downstream of
the roller. These@nq/pm@emeaom pmm}eadstiechaihxgiarﬂlwdit}edf idkjsti nogplds genptructed using

microelectromechanical techniques, the printheads being matched so that defective nozzles in one

printhead are substituted by corresponding, non-defective nozzles in the other printhead.

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

In this specification, unless the context clearly indicates otherwise, the term "pagewidth
printhead” is to be understood as a printhead having a printing zone that prints one line at a time on a
bage, 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 rofler, 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 io obtain defective nozzles in the manufacture of the

printheads. Thus, the printheads, at the time of manufacture, may be characterised and matched so that



In a preferred enbodi mrent of the invention, the printheads may share a
common i nk 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, nay be characterised and matched so that 2 no two
correspondi ng nozzles of the paired printheads are both defective. A defect
list, which nmay be in the formof a characterisation vector, my be

provi ded for providing an indication2of 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
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providing a first printhead including a plurality of inkjet nozzles constructed using

microelectromechanical techniques;

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

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

1t 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



whi ch are both defective. The method may include constructing each
printhead froma plurality of segnents arranged in end-to-end

rel ati onship. In one enbodi nent of the invention, the nmethod may incl 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 relevant segnents occurs w thout ink
before integration wth an ink path. 3ln anot her enbodi nent of the

i nvention, the method may i nclude characterising and nmatching printhead
defects after each printhead has been assenbled in its entirety. In this
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defective;

determining which nozzle of a pair is to be used and generating data relating to the nozzle to be
used; and

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

The printheads may be pagewidth printheads.

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

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

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

Then, when the cartridge is installed in the printer, the method may include retrieving the vector
from the barcode and writing the vector to a memory means of a printer controller of the printer. The
memory means may be a flash memory of the printer controller.

If the cartridge is replaced in the field, a new characterisation vector may be downloaded
remotely from the manufacturing database to the printer controller via a network interface of the printer
controller using the barcode of the new cartridge.

According to a fifth aspect of the invention, there is provided a printhead assembly which



The nethod may include formng a defect list, which may be in the formof a
characterisation vector, of the generated data‘and storing the vector in a
manuf act uri ng dat abase. Further, the nethod nmay include indexing the
characterisation vector with an identification device of the assenbly.

More particularly, the characterisation vector associated with a particul ar
printhead may be stored in the manufacturing database and i ndexed by a
serial nunber of the printhead. Furthér, the nethod may include 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 &4kdssi dge. Then, when the cartridge is installed in the printer,
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printhead under control of the printhead controlier.

The pfinthead may be a pagewidth printhead.

The rasteriiing 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 comrunicate 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 2 memory means;

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



a rasterizing and conpressing neans for rasterizing and conpressing the
data, the conpression "of the color data and the bl ack text "data bei ng

ef fected separately fromeach other; and a printhead controller for

recei ving, deconpressing and processing said data for printing via a

print head under control of the printhead controller. The printhead may be a
pagewi dt h printhead. The rasterizing and conpressi ng neans may i nclude at

| east one raster inmage processor (RIPy digital signal processor (DSP).

The, or each, RIP DSP may communicate with the processing neans via the
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first and second decoding means being arranged in parallel;

a first temporary storage device for storing the expanded data from the first decoding means;

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

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

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

Fach 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



may include storing the data in a |ocal nenory neans of the printhead
controller. According to an eighth ‘aspect of the invention, there is
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col or |ayer. e unit may be a custombuilt unit. Each of the first
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tenporary st oTiageptewipaslingtty thelagrsmial Ghcud subswhtially Beulapqnayg i Tht acthddmaty t he
functlonal n t f
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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 I 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;



page to be printed, the data including a page description conprising a

bi -1 evel black |ayer and a contone color layer; a nethod of controlling at
| east one printhead connected to the printer controller, the method

i ncluding the steps of expandi ng conpressed data relating to the bi-Ievel

bl ack | ayer; expanding conpressed data relating to the contone col or

| ayer; storing the expanded data in first and second tenporary storage

devi ces respectively; feeding the expanded data fromthe storage devices
to a data mani pul ati ng nmeans; rmanipulating the data into a fornat suitable
for printing; loading at | east one printhead with dots to be printed in
accor dance wi tHeueehdsrpeniaesd Topyisr gta setabseeior L Mm@ Br i nting the dots. The
steps of expanding the two | ayers may occur substantially sinultaneously.
The net hod rraf‘_g‘lfe%éf‘%éﬂ“é‘}?rﬁéWFdF’?f&I Yierf @ a1y eneine Jrangeneptdt PR rinin. | evel bl ack

| ayer using a | ossless bi-Ilevel deconpression device. The nethod may al so
i ncl ude expandi§¥y % phewgathee-fimensiondl ervisviohan RoRttadse oBARSRE ayer using a hi gh
qual ity | ossy deconpression device. The mani pulating of the data nmay

i ncl ude dit herfigeg % fowg g htesrimnepsianglbottom vigw of ths ik &g g t he bi- | evel bl ack
| ayer on the dithered contone col or |ayer and tent'gor arily storing a

di t her ed/ conpd&gUicdq shogy & fiagramynatip feprantption gf dopymentlate vy indb¢ BHFFTr t o printing
the dots. The nethod nmay, include erating the printhead controller as a
sel f - synchr onits§¥fd | piopat bl diaggmpe %E@Eﬁ?gf‘*ﬂe EEYEE DRAW NGS The
invention is now described by way_of exapnple with reference to .the
acconpanyi ng T&FEe MpEs # Hogia ,°ﬁP’QﬁfP’Q°JIT£¢§‘ﬁ PHntSPEIne cORuRleT AFRISCE nt er |
in accordahce 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
schemati c, sediguent stowoatblock aliugei ¢fheotheri antbediment fof gher @inb exglive wontepller
schemat i ¢, n566kl Onal plan view of the printer; Figure 6 shows, on an

enl arged scal e, a schematic, sectional front view of part of the printer; 7
Figure 7 shows an enlarged front view of a central section of the printer;
Fi gur e 8 DHETOISERDERCRIPTIDNORIHBBRAWINGSG of a print engi ne arrangenent of
the printer; Figure 9a shows a three-dinensional top view of an ink

cartridgq of t(deRINTIOUERVIEW

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 fo 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 simultancous 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



Figure 9b shows a three-di nensional bottomview of the ink cartridge;
Figure 10 shows a diagranmatic representation of docunent data flow in the
printer; Figure 1 1 shows a block diagramof the printer controller
architecture; Figure 12 shows a bl ock di agram of one enbodi nment of the
print engine controller architecture; and Figure 13 shows a bl ock di agram
of anot her enbodi nent of the print engine controller architecture.

DETAI LED DESCRI PTI ON OF THE DRAW NGS 81 S-PRINT OVERVI EW The invention will
be descri bed vvith reference to a high-speed duplex network color printer

i ntended for gh-vol une office use, It features 2000-sheet not or| zed paper
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Any dOCU@ﬁw&dgﬁﬂheQﬁelfdm&ﬂrdﬂcQ% dnéhid he hard disk, i.e. rendered and stored
on the hard disk, for later h| gh- speed retrleval Users can wal k up to an

S-print, ,sel e%ﬂ%@hﬁ;&i}%‘iﬂ%@d docunents on its color LCD, and print them
i mredi atel y, W thout ever going near a workstation. Docunents printed in

this way al WaYKS il 1§ &tsigﬁ&ed gn@l%ll)tl':ythe éi%x@uo@ﬁl{?ihénﬁtl@ md%&ﬁpr%&seﬁrhg@sgﬂg léﬁ%gl nt er nal
hard di sk stores over 5 I nt ensi ve pa
a central section 14 (Fi 1gures 1 and 2) A hmged tray housing 1 prOJects from each side of the central

section 14 (Figure 3).

Ink cartridges 18, which will be described in greater detail below, are mounted on top of the

central section 14 to be readily accessible.

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

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

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

Figure 6 if the drawings.

On either side of the central section 14, and projecting outwardly therefrom is one of the paper
tray housings 16. Each paper tray housing 16 has a bottom or side hinged door 28. A platen 30 is
located in each paper tray housing 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.



Because of its wal k-up capability and high speed, S-print is likely to

di spl ace many uses of short-run offset printing. S-print uses duplexed’
pri nt heads for sinultaneous doubl e-sided printing. During the pilot phase
of Menjet printhead manufacturing when the printhead defect density is
still potentially high, each printhead is replicated to achieve 2:1 nozzle
redundancy. This allows factory-detected defective nozzles to be bypassed,
and so maxinises printhead yield. A pdir of customprint engine controllers
expand, dither and print page inmges to the dupl exed printheads in real
time. Apart fromcustomprint engine controllers and Menj et printheads,
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di spl ay 22minghe 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. Refmag platerg 308 ahddefce@lik@rding@d thé ohuntdloBpdpér@Sthe iapus sld@nmutistackf.r ont
view of S-print 10 is shown. The housing 12 is constructed around a box
chassi s 24. PrA dsinpRoghiweempphpssds fra6ea balaw thy prindeainexdsiafis a 1468 lmentikativesect i on

12. The i e .26. Wl |.,be described in greater detail belowwth
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28. A pl &m0 is |ocated in each paper tray housing 16 for supporting a

| oad of papers. An operatively inner end of each platen 30 has a guide
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Also, as illustrated in Figure 5 of the drawings, S-print 10 is a four color printer having a cyan

ink cartridge 58, a magenta ink cartridge 60, a yellow ink cartridge 62 and a black ink cartridge 64. The
ink cartridges 58, 60, 62 and 64 feed ink via hoses 66 to the print engines 26.

A molding 72 (Figure 6) to which the ink cartridges 58 to 64 are attached 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 32
between the print engines 26.

The siraight 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



downstream 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 the volunme of paper in the input and output stacks. A conpact power
supply 48 is arranged below the print engines 26 as is a 14GB hard di sk
drive (HDD) 50 and controlling circuitry 52. S-print 10 prints the |ong
edge of the paper to achieve a conpact formfactor and a m ni m sed
footprint. As illustrated nore clearl¥in Figure 5 of the drawi ngs, a sheet
of paper to be fed to the print engines 26 is guided by pick-up rollers 54
arranged upstream of the print engines 26 in the paper path. Spike wheel
rollers 1‘?6I‘ﬂ‘ie{%l“he“@é‘éﬁ%f@d@%‘gafﬁ%%%ﬁér, after printing, for guiding
the printed paper to a _paper tray housing 16 |ocated downstream of the
print engines AzﬁhFthf%‘lgé‘B@P infgufe 6 of s dpiwings. di5 TPt dksartrigees AF @ 4 Aven by a
not or asswaptilsyn thdtop MoMink a2.l y, the spi ke wheel rollers 56, which are
arranged in vertically spaced pairs, are driven by a further notor
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arranged below the inferface 22,

A keypad 104 is also arranged on the front panel 20. The keypad 104 allows the desired
number of copies to be entered. Documents to be printed locally, i.e. at the printer 10 can also be
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 simultaneons 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.



Each ink cartridge 58 to 64 conprises noldings 86 defining a reservoir 90.
The reservoir 90 is, ‘in use, in fluid flow communication with a fixed
reservoir 88 defined in a nolding 84 on top of the print engines 26. The
reservoir 90 is in communication with the fixed reservoir 88 via a passage
92. A pin 94 projects through the passage 92 and is engaged by a ball 96
of the ink cartridge 58 to 64. The ball 96 is wurged into engagenent with
the pin 94 by nmeans of a spring 98. TH& pin 94 has a collar or flange 100
at its operatively |ower end, i.e. that end mﬁthin the reservoir 88. Wen
the collar 100 is urged off its sea nflowfro he. reservoir 90
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The printheads 112 print on to a transfer roller 114. The roller 114 is
rotatably driveshdsyp imFigee Gfited drawizes rharmgeshowmindiigutd 8 orhkf thedoypgsedchon a
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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 fo 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



82 during the printing process. In addition, when the printheads 112 are

i noperative, the roller 116 is wurged into engagenent with the printheads

112 for inhibiting evaporation of ink in reservoirs 118 in each printhead

assenbly 112. Each print engine 26 includes a cleaning station 120. The

cl eaning station 120 includes a wiper 122 of a resiliently flexible,

el astoneric material and a sponge 124 arranged upstream of the w per 122

so that the sponge 124 renoves ink frBmthe transfer roller 114 before the

wi per 122 wipes ink fromthe transfer roller 114. Mywvenment of the roller

114 into and_out of en g ement wi.th the tpr| nt head, assenblies 112 is
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di spersed-dot djtherin oited to its fullest. Since the Menjet

print heaﬁmﬁl_‘tszpef’é‘d‘taﬁ‘“é’“\ﬂ%&lwq&\“Stﬂf‘f’greﬁ‘age and oper ates with a constant paper
vel ocity, the four, color planes are printed god registration, allow ng
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col or 12y esolutions in the range 150 to 300 ppi. Higher resolutions contribute slightly to color error through the

dither.

Black text and graphics are reproduced directly using bi-level black dots, and are therefore not
antialiased (ie. 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
resofution 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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inter-color bleed. A page |layout may contain a m xture of imges, graphics
and text. Continuous-tone (contone) inages and graphics are reproduced
usi ng a stochastic dispersed-dot dither. Unlike a clustered-dot (or

anpl i tude- nodul ated) dither, a dispersed-dot (or frequency-nodul ated)

di ther reproduces high spatial frequencies (i.e. image detail) alnost to
the limts of the dot resolution, whil® sinultaneously reproducing |ower
spatial frequencies to their full color depth, when spatially integrated by
the eye. A stochastic dither matrix is carefully designed to be free of
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a bl ack text &igdredd shows thsflow of s$-pitint devumént 60 Aerwiqrk to pAnt@IPEEIVENT DATA FLOW
Docunent transm ssion and docunment rasterization are decoupled to shield

t he user fromAtBidtpet acA4d/lotier pagtofiemtvnd Y Kidate hagp dize g iFPMBXsing lasfy coitene

docurent coﬂﬂQsJ)ﬂqﬁgmrs‘échcépﬂ’ﬁGt YonRRd inBeks consxezsoamg%oqu 510111 Wthok0. Thi s
is achieved by storing each document's_ page description | anguage (PDL)
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 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 reaitime expansion during printing.

Since text and images normalty 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



file on the internal hard disk 50. 13 Because of the high resolution of
the Mem et printhead 112, each page nust be printed at a constant speed to
avoid creating visible artifacts. This nmeans that the printing cannot be
varied to match the input data rate. Docunent rasterization and docunent
printing are therefore decoupled to ensure the printhead 112 has a
constant supply of data. A page is never printed until it is fully
rasterized. This is achieved by storithg a conpressed version of each
rasteri zed page i mage on the internal hard disk 50. This decoupling also
allows the RIP to run ahead of the printer 10 when raster|2|n%
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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.

5.1 Detailed Document Data Flow

The main processor 138 receives the document’s page description language (PDL) file and

stores it on the internal hard disk 50. It then runs the appropriate RIP software on the DSPs 146.

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

kept busy since an arbitrary number of rasterized pages can, in general, be stored on the internal hard



(i.e. image-only), while the normal best-case page inmage size is 1.5MB

(i.e. text-only). The absolute worst-case page inage size is 5.3MB (i'.e
text over image). Assuming a third of an average page contains 14 i nmages,
t he average page image size is 2.3MB. The standard 14GB internal hard disk

therefore holds over 6000 such pages. 5 PRI NTER CONTROLLER ARCHI TECTURE
The S-print 10 printer controller consists of a controlling processor 138
(Figure 11), various peripheral cont Adl lers 140, 142 and 144, a raster

i mage processor (RIP) DSP farm 146, and dupl exed page expansion processors
148. These conponents are di screte_and communi cate via @ shared bus 150
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mai n processor 138 stores each conpressed page image on the hard di sk 50.
The sinplest way to | oad- balance nmultiple DSPs 146 is to | et each DSP 146
rasteri ze a separate page. The DSPs 146 can al ways be kept busy since an
arbitrary nunber of rasterized pages can, in general, be stored on the
internal hard 15 disk 50. This strategy can lead to poor DSP utilization,
however, when rasterizing short docunents. The main processor 138 passes
back-t o-back page images to the contrd$l ers 148 of the duplexed print

engi nes 26. Each print engine controller 148 stores the conpressed page
image into its local nenory, and starts the page expansion and printing
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format wimthbla2rate rate receive - JPEG 1 - 3.8MB/s contone stream

A P A L T T N eV R oY Y
expand GFEEX - |- bi {f fompt mddipgsize 30VB/ s bi - I| @pebersf hnesrh IPOOKD/ )
(250MVp/ $Tontddk CREK 32 3Bbi inferlcaoddBVY EOVVK ( TOVD/ SRR = [gONMPOYi%eks- bI U K|1 4-bi t
1 30MB/$ 120MB/ s Cwﬁogpzlngnlgzz(l%%wls) print 4-bit [24,1' - - 120MB/s
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(1600 dpix 11.7°x 1 =2.3B)
bi-level CMYK 4-bit planar odd/even CMYK 24+ 1=25 229KB
(1600 dpi x 11.7” x 4 = 9.1KB)
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
controiler 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.

It is also possibie 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 paraliel, FIFO memory must be doubled to
about 1IMB.



CWMYK (250Mp/s) - 193MB/s 193MB/s 387MB/s 16 a dither conmbines with
conposite, so there is no external data flow between them b 320 ppi 1600
dpi (5 x 5 expansion) Needs a wi ndow of 24 l|lines, but only advances 1 line
The print engine data flowis summarized in Table 1. The aggregate traffic
to/fromnmenory is 387MB/s, all but 5.3MB/s of which relates to the FIFGCs.
Each stage comrmunicates with the next via a FIFO Each FIFO is organized
into lines, and the mninumsize (inlfines) of each FIFO is designed to
accomodat e the output window (in lines) of the producer and the input
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The 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 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.

5.3 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 curent design exceeds
30KHz.

5.4 Printhead Characterization



It is also possible to run each print engine controller 148 at tw ce the
rate so that it can expand each page inage twice inthe tine it takes to
print the page i nage once. \Wenever each page inage is expanded twice in
parallel, FIFO nmenory nust be doubled to about 1MB. 17 5.2 Print Engine
Controller Architecture The print engine controller 148 is inplenmented as a
single customchip. There are two architectural variants of the print
engi ne controller 148. The shared-nmemd#y version, illustrated in Figure
12, uses a local off-chip RDRAM 156 to support the aggregate nenory
bandwi dt h required b e expansion and printing. The pipelined version,
il lustrated i rFagh {'jﬂﬂ“é“‘g " RTSREIZing 26 iconiains Ve OIS 182 Roekeads 812, is5g68¥50. The
shar ed- nﬁlhﬁle)pain;rthﬂfact&ﬁgidﬁemﬁtdﬁﬂfdlhdtﬁd’pair&ﬁlomasmﬁbtﬁddﬁcu\& gener al - pur pose
processor 162, a high-speed Ranbus interface 164 to the off-chi p RDRAM
156, a small [Priogead defébteleier clarabiized aamtarchddl oge sedibddt at aridhe, aanaﬂeﬂiheemaece 170
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and a cusdsedwith k. Géén&ﬁ@mﬂe?uﬁarﬁ&bn}dﬁen Wﬁh &Tghepylblﬂ,tblﬂﬁﬁdﬁghkﬂ.tzstmg e, Segment-

dit herer/ ¢Q osi.tor. unit nt h i nt escrl bed
in great er n&?r aCtTnzatm ? ther%oﬁed 0516 p{% paet app"lwcszeatl on %33% v@m chis

i ncor por aewsitiesrey sEll highy ref erence. In the shar ed- nenory version, the FI FCs
are located in the dedicated off-chip RDRAM 156, and all inter-stage
communi cat i on Tihe defeshlist agspcéagpd [yjth @ redup ﬂntb?ﬂéese%%@rﬁlmea“atlﬁ@“ﬁmd%WFar ol l er
168. In tikwexed By m@bﬂnﬁlﬁﬁh g@ﬁ:ﬁ @ber &lheec&héa%aw&de arﬁ&,cararﬁge Whel @dprahkqa, and
t he stages re S IB' n| zi.n 1 smra d rsion. t.he
decoders © @ bltn gaep(’;f'é ﬁ% el h “pr- 1ess EFIevelEme M ¢ he

| ocal rrerlrmctyl.e allfhls whien|ip 'peﬂaslnleeimne'r*fshe@nmerfﬂvelb@émfle@mlﬁpﬁer 174 obtai n page
data directly from the main processor 138 over the printer controller bus
150. When sevdftad priptheadicartridgs inesploesd i the fiekd, then a Bovideboctisideldawmloadeil sanitelysuch as

in a duplggxede nﬁmé b8 to HAGHin@F BonBVRE ik QR e @LrkVih@riRe, sJaaF esitﬂegne sync
ecte Via an

ot ornal MRPLRTE e?fﬂ%ﬁ"?&pr 'QELe?Q?'eZet ne T n Liﬁclé‘?gnif onto the
rints an ad L% £RF daGRPHeD IR SERID A AEERE gF T bt i Py
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di mensi o 'ﬂriﬂﬁg,teﬁ‘ﬁ pﬁnﬁgfgh(e%oﬁeﬁer 148 consults its defect list to determine which 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 characterization and matching ensures that the two nozzles of a

nozzle pair are never both defective.



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
Menj et printhead 112, which in the current design exceeds 30KHz. 5.4
Printhead Characterization 18 Each redundant 12" print engine 26 contains
two conplete 12" printheads 112, i.e. 76,800 nozzle pairs, characterized
and matched so that no paired nozzles are both defective. Printhead defects
are either characterized and nmat ched one segnent at a tine, or after the
entire printhead has been built. In th® former case nozzles are tested
before i ntwgr@Ami:.w th the ink path, and so are tested without ink. In

the latter case nozzles are tested after integratio ith the. i pat h, and

so are tdsted Adethod pkeompcgsaing -?%ds%%m’roa@?%ﬁ azlglnfr}ﬁ\?ll\é @ﬁs%@y glaﬂli!faﬁher

yield, but, gt RintHegdld 4 RIEAdIHIBRAY posRRARR Bbwnstca@ of BRIAApARihEaL i on i s

thereforezbnlgﬁﬁreferable to printhg%h-mﬁse chafacterizat?ﬁ% when def ect

densi ti es easheprintlicad hinigha plradityefnogzles thaftargeash i Hiedermy@itainigror edundant

print head | b ' . b L  dentt : dshe

printheadﬁgigééggﬁgﬁﬁgﬁ%gﬁhn &é@%%’ggﬂgggg&%ggggﬁ%m%ﬁﬂ?F gg%%r[dge. When

t he pri nt ibeiag positidiict iod geoisndni pratihypatin se that dachmbezle oHthe fitse printhead iy

manuf acture, the defect list s retrieyed usjng.the arcode is

witten t&ntaﬁammoamnw%@ atcﬂ’éesﬁ?l?qﬂ??e?ozgie&%ﬂbecfﬁ‘é% [?Plnﬁ]te%q an?o%;ﬁ roller.

I'f the pripphinead veRp bonteRd withaRlttesickdLpidaesshi Rlsell cdnfielsyatemehut thef ect 11 st

i s downl oaded renmotely fromthe manufacturing database to the printer

cont r ol | ecangblg of being progermumechyish faie eelatigs it theonerafieme! the Pathddt Mear t ri dge' s

bar code. mﬁxtoﬁ%ﬁﬁﬁsi{l%ﬁx%s%??ﬁi ated with each redundant printhead pair is
e printer contr

copi ed from roller's flash nmenmory 154 to the corresponding
print engi ne cgantratihg data tek@ingtto ot ndzilewof the firsh gringheadthatragg, dedestive: pri nt

engine controller 148 consults its defect.list to deter.mmn i nozzl e of
each nozzle piFrafipe daip 5%#“’&3? OF%QOZW%#%Eéecﬂg‘?Q%%%aﬂrﬂéat ﬁrg\gﬁgregﬁ‘ﬁé;i ris
defective, t hem@c&ﬁiﬂ%ﬂﬁrfﬁbt’lﬁ‘inﬁﬁﬂ& toahé torddSintkbat 6 teBsudiap ahat o t he ot her
nozzle. Printhead characterization and natchi ngl egtsure_s that the two

nozzl es ofOTEESPOREBE) Ralfsdinpzaleso! faohwe pHBhRadsarehqth dateclye a8l we cLaAlM 1. A
nmet hod of co g%gﬁ |, f-Qr L VE: LTy A de ASSSREBE Y t hat
has a first "35;'. t kerglg’glgaolgﬁgg%%ér%gg??&ﬁgﬁggéagtgg%t?it%ér}leegégomstream of the
first prithtfeddrinthesicndpeiddateddtitgviteglefecivenedziaspf 8t seeprd pastheadat ar e

each int s%echgtt%engo?llrolasyrs?e?nra%fivates nozzles of the second printhead when corresponding

nozzles of the first printhead are defective.

2. The method as claimed in claim 1 in which the steps of generating said data
relating to the defective nozzles of each printhead and matching the first printhead to the
second printhead are carried out on segments of the printheads one segment at a time

during construction of the printheads.

3. The method as claimed in claim 1 which includes testing the nozzles of the

relevant segments without ink before integration with an ink path.

4. The method as claimed in claim 1 in which the steps of generating said data
relating to the defective nozzles of each printhead and matching the first printhead to the
second printhead are carricd out on segments of the printheads after each printhead has

been assembled in its entirety.



el ectromechani cal system each printhead being substantially identical, the
printheads being positioned on a common printing path, so that each nozzle
of the first printhead is on a conmon printing path with a correspondi ng

" nozzle of the second printhead and the printheads being controlled with a
sui tabl e m cro-processor based control systemthat is capable of being
programmed with data relating to the operation of the printheads, the

met hod conprising the steps of: generating data relating to those nozzl es
of the first printhead that are defecti?f¢: generating data relating to

t hose nozzl es of the second printhead that are defective; matching the
first printhead to the second printhead by ensuring that no coryesponding,

pai red noz#l es Bite method secclaimed trabeivisl wlrieh ineludesdesting thanezzlesWtipbgr ammi ng
the contro e Y tarelating to the defective nozzles of the
first prin%ﬁ%é§&§%§mééﬁﬁéggggg?élating to the defective nozzles of the
second printhead so that the control system activates nozzles of the
second printhead when corresponding nozzles of the first printhead are
defective. 2. The method as clained in claim1l in which the steps of
generating said data relating to the defective nozzles of each printhead
and matching the first printhead to the second printhead are carried out
on segnments of the printheads one segnent at a tine during construction of
the printheads. 3. The method as clainmed in claim1 which includes testing
t he nozzles of the relevant segments w thout ink before integration with
an ink path. 4. The nethod as clained in claim1 in which the steps of
generating said data relating to the defective nozzles of each printhead
and matching the first printhead to the second printhead are carried out
on segnents of the printheads after each printhead has been assenbled in
its entirety. 20 5. The nethod as clainmed in claim1l which includes
testing the nozzles with ink after integration with an ink path.



