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*166166* PRINT ENGINE/CONTROLLER TO WORK IN MULTIPLES AND A PRINTHEAD
DRTVEN EX MULTIPLE PRINT ENGINE/CONTROLLERS FIELD OF THE INVENTION The
invention relates to a print eagindecontroller adapted to work together
with a number of print . engine/controllers in driving a printhead and to a
printhead driven by multiple print engindcontrolfers. . BACKGROUND OF THE
INVENTION ' In the prior art a single print engine/controller controls a
single printhead. However this solution does 0 not scale well for wider
format printheads, for high resolution Input images, or for faster
printing. For wide format printheads the controller chip has to be made to
run faster in order to print the same number of printlines) each of which
is now longer. Or if the printhead is to run faster the print controller
has to be run at a faster clock speed. Or if the input image has a higher
resolution then the controller chip has to have more buffers internally ar
run faster or both in order to process the effectively larger input image
since it is a higher resolution. 15 A range of printer types have evolved
wherein an image is constructed from ink selectively applied to a page in
dot format. In US patent number 6045710 titled 'Self aligned construction
and manufacturing process for monolithic printheads to the inventor Kia
Silverbrook there is set out an assessment of the prior art to drop on
demand printers along with its manufacturing process. Various methods,
systems and apparatus relating to the present, invention are disclosed in
the following co-pending applications filed by the applicant or assignee of
the present invention on 24 May 20d0: PCT/AU00/00518, PCTIAU00/00519,
PCT/AU00/00520, PCTIAU00/0052I, PCT/AU00/00523, PCT/AU00/00524)
PCT/AU00100525, PCT/AU00/00526, PCT/AU00/00527) PCT/AU00/00528)
PCT/AU00/00529) PG'TIAU00/00530) PCT/AU00/00531, PCT/AU00/00532,
PCT/AU00/00533) PCT/AU00/00534) PCT/AU00/00535) PCT/AU00/00536,
PCT/AU00/00537, PGTIAU00/00538, z5 PCT/AU00/00539) PCT/AU00/00540)
PCT/AU00/00541) PCT/AU00/00542, PCT/AU00/00543) PCT/AU00/00544,
PCTIAU00/00545, PCT/AU00/00547) PCT/AU00/00546, PCT/AU00/00554)
PCT/AU00/00556) PCTIAU00/00557) PCTlAU00/00558) PCT/AU00/00559)
PCT/AU00/00560) PCT/AU00/00561) PCT/AU00/00562, PCT/AU00/00563)
PCT/AU00/00564) PCT/AU00100566, PCT/AU00/00567, PCT/AU00/00568,
PCT/AU00/00569, PCT/AU00/00570) PCT/AU00/00571) SO PCT/AU00/00572,
PCTIAU00100573) PCT/AU00/00574, PCT/AU00/00575, PCTIAU00/00576)
PCT/AU00/00577) PCT/AU00/00578) PCT/AU00/00579, PCTIAU00/00581,
PCT/AU00/00580, PCT/AU00/00582, PCT/AU00/00587) PCT/AU00/00588,
PCT/AU00/00589) PGT/AU00100583) PCT/AU00/00593, PCT/AU00/00590,
PCT/AU00/00591, PCT/AU00100592, PCTlAU00/00594, PCT/AU00/00595,
PCT/AU00100596, PCTIAU00/00597, . PCT/AU00/00598, PCT/AU00/00516) 35
PCT/AUOO/OU517 and PCTIAU00/00511 The disclosures of these co-pending
applications are incorporated herein by cross-reference. In addition)
various methods, systems and apparatus relating to the present invention
are disclosed In the following co-pending PCT applications filed
simultaneously by the applicant or assignee of the present invention:
PCT/AU00/00755, PCT/AU00/00756 arid PCT/AU00/00757. 40 udiNm~~~i~~
RECTIFIED SHEET (RULE 91 )   2 8 DEC 21~U~ WO 02I02338 2 PCT/AU00/0075a The
disclosures of these co-pending applications are incorporated herein by
cross-reference. Each application is temporarily' Identified by its docket
number. This will be replaced by the con; esponding PCf application numbers
when available. Of particular note are co-pending PCT application numbers
patent applications PCT/AU00/00591, PCTIAU00100578) PCT/AU00/00579,
PCTlAU00100592 and PCT/AU00/00590, which describe a microelectomechanical
drop on demand printhead hereafter referred to as a Memjet printhead. The
Memjet printhead is developed from printhead segments that are capable of
producing, for example) 1600 dpi bi-level dots of liquid ink across the
full width of a. page. Dots are easily produced in isolation, allowing
dispersed-dot dithering to be exploited.to its fullest. Color planes might
be printed in perfect registration) allowing Ideal dot-on-dot printing. The
printhead enables high-speed printing using microelectromechanical ink drop
technology. In addition) co-pending PCT applications PCT/AUOOI00516,
PCT/AU00/00517, PCTIAU00100511) and PCT/AU00/00755, PCT/AU00100756 and
PCT/AU00/00757 describe a print enginelcontroller suited to driving the
above referenced page wide printhead. ~ 5 A single print engine/controller
(PEC) chip is capable of driving a printhcad of the above referenced type)
printing a dithered version of a 320ppi contone image over a 12 inch
printhead. It is desirable to be able to' print higher resolution images
for higher quality output. It is desirable to be able to run the printhead
faster. SUMMARY OF THE INVENTION The invention resides in a print
engine/controller configured to be coupled with others to drive an ink drop
printhead comprising: an interface at which to receive compressed page
data; . 



image decoders to decode compressed image planes in the received compressed
page data; a half toner/compositer td composite respective strips of the
decoded image planes; and a printhead interface to output the composite
strip to a printhead the printhead interface including: a multi-segment
printhead interface outputting printhead formatted data; and ' a
synchronization signal generator outputting a synchronization signal to
couple print engine/controllers to synchronize their respective strips at
the printhead. A Memjet printhead is a multi-segment printhead, where each
segment of the printhead has physical connections. For example Memjet
printheads can be constructed from multiple chips) each of which contains a
single pr'uithead segment, or can be constructed from multiple chips each
of which contains more than .one segment. The wiring is the same in both
cases) and the logical connectivity is the same in both cases - multiple
segments combining to form a widerprinthead: 35 The present invention
advantageously uses multiple copies of the same print engine controller
chip to  drive a multi-segment printhead, each responsibly for a strip of
the page) all synchronized from a master chip. A variety of configurations
can be built depending on the required application. For example, given a
12-segment printhead, a single print engine/controller (PEC) can be used to
run the entire printhead at a contone resolution of 320 ppi and at a
maximum line speed of 30,000 lines per second. If double speed is to be
achieved, 2 PECs can control 6 segments each, still running at 32D ppi
contone resolution. But the effective speed has been doubled. similarly
contone resolution is to be pushed to 640~ppi) 2 PECs can run the printhead
of 30,080 lines per RECTIFIED SHEET (RULE 91)   2 8 DEC 2004 wo 02/o233s 3
PCTIAU00/00754 second. Synchronization can also be readily used for
simultaneous duplex printing. One PEC prints I2 inches (IS segments) oa one
side of a page, while a second PEC simultaneously prints the second side of
the page. As long as there is a single Master PEC chip giving the
synchronization signals) combinations of PECs can be 5 achieved. Driving a
single printhead from multiple chips is advantageous to produce wider
pages) faster prints) higher input resolution, or combinations of all
three. To use multiple PECs, the same page can be given to multiple PECs.
Different PECs then deal with strips of the page data, producing the total
page in a faster time and/or higher resolution. A simple way of 10
sending.data to tire printhoad from multiple PECs is simply to have each
PEC responsible for a given number of printhead segments. The programming
of .individual PECs for strips within the overall page is organized in a
margin unit within a half-toner/compositer within each PEC. A tag encoder
within each print engine/controller is able to deal with a strip of a page
and is capable of producing a partial tag when tagged pages are desirable.
~ 5 When several PECs are used in unison, such as in a duplexed
configuration or in a printhead configuration that consists of more than 15
Memjet segments, they are synchronized via a shared line sync signal. Only
one Printhead Controller Chip) selected via an external master/slave pin)
generates the line sync signal onto the shared line. . The internals of PEC
allow for printing a single strip of a page in conjunction with . other
PECs. This includes generation of partial Netpage tags sad page
descriptions. ~ however it is up to the external page provider to allocate
the various strips to each PEC correctly. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram illustrating data flow and the functions performed by
the print engine controller. FIG. 2 shows the print engine controller in
the context of the overall printer system architecture. 25 FIG. 3
illustrates the print engine controller architecture. FIG. 4 illustrates
the external interfaces to the halftoner/compositor unit (HCU) of FIG. 3. .
FIG. 5 is a diagram showing internal circuitry to the HCU of FIG. 4. ' FIG.
6 shows a block diagram illustrating the process within the dot merger unit
of FIG. 5. FIG. 7 shows a diagram illustrating the process within the dot
reorganization unit of FIG. 5. 30 ' FIG. 8 shows a diagram illustrating the
process within the line loader/format unit (LLFU) of FIG. 5. FIG. 9 is a
diagram showing internal circuitry to generate color data in the LLFU of
FIG. 8. FIGS. 10 and 11 illustrate components of the LLFU seen in FIG. 9. .
FIG. 12 is a diagram showing internal circuitry to a printhead interface.
FIG. 13 is a diagram of a dot counter used in the printhead interface. 35
DETAILED DECRIPTION OF THE PREFERRED EMBODIMENTS A typically 12 inch
printhead width is controlled by one or more print engine/controllers
(PECs)) as described below, to allow full-bleed printing of both A4 and
Litter pages. Six channels of colored ink are the expected maximum in the
present printing environment, these being:  CMY, for regular color
printing.  K, for black text and other black printing.   (infrared) for
tag-enabled applications.   



h 9 DEC Z~;~: WO 02/02338 4  F (fixative) to enable printing at high speed
PCT/AU00/0075~ Because the printer is to be capable of fast printing, a
fixative will be required to enable the ink to dry before the next page has
completed printing at higher speeds. Otherwise the pages might bleed on
each other. In lower speed printing environments the fixative will not be
required. A PEC might be built in a single chip to interface with a
printhead. It will contain four basic levels of functionality:  receiving
compressed pages via a serial interface such as IEEE 1394  a print engine
for producing a page from a compressed form The print engine functionality
includes 1 ~ expanding the page image, dithering the contone layer)
compositing the black layer over the contone layer, optionally adding
infrared tags, sari sending the resultant image to the.printhead.  a print
controller for controlling the printhead and stepper motors.  two standard
low-speed serial ports for communication with the two QA chips. Note that
there must be two ports and not a single port to ensure strong security
during the authentication procedure. lin Figure 1 is seen the flow of data
to send a document from computer system to printed page. A document is
received at 11 and loaded to memory buffer 12 wherein page layouts may be
effected and. any required objects might be added Pages from memory 12 are
rasterized at I3 and compressed at 14 prior to transmission to the print
engine controller 10. Pages are received as compressed page images within
the print engine controller IO into a memory buffer 15, from which they are
fed to a page expander 16 wherein page images are retrieved. Any requisite
dither might be applied to any contone layer at 17. Any black bi-level
layer might be composited over the contone layer at 18 together with any
infrared tags at 19. The composited page data is printed at 20 to produce
page 21. The print enginelcontroller takes the compressed page image and
starts the page expansion and printing in pipeline fashion. Page. expansion
and printing is preferably pipelined because it is impractical to store a
25 sizable bi-level CMYK+IR page image in memory. The first stage of the
pipeline expands a 1PEG-compressed contone CMYK layer (see below)) expands
a Group 4 Fax-compressed bi-level dither matrix selection map (see below),
and expands a Group 4 Fax compressed bi-level black layer (see below), all
is parallel. In parallel with this) the tag encoder encodes bilevel IR tag
data from the compressed page image. The second stage dithers the contone
CMYK layer using a 30 dither matrix selected by the dither matrix select
map, composites the bi-bevel black layer over the resulting bi level K
layer and adds the IR layer to the page. ~ A fixative layer is also
generated at each dot position wherever there is a need in any of C, M) Y,
K, or 1R channels. The last stage prints the bi-level CMYK+IR data through
the printhead via a printhead interface (see below). In FIG. 2 is seen how
the print enginelcontroller 10 fits within the overall printer system
architecture. 35 The various components of the printer system might include
a Print EngineJController (PEC). A PEC chip 10, or chips, is responsible
for receiving the compressed page images for storage in a memory buffer 24,
performing the page expansion, black layer compositing and sending the dot
data to the printhead 23. It may also communicate with QA chips 25,26 and
2 8 DEC 200 wo 021o23ss 5 PCTIAU00/00754 provides. a means of retrieving
printhead characteristics to ensure optimum printing. The. PEC is the
subject of this specification. a memory buffer The memory buffer 24 is for
storing the compressed page image and for scratch use during the printing
of a gives page. The construction and working of memory buffers is known to
those skilled in the art and a range. of standard chips and techniques for
their use might be utilized in use of the PEC of the invention.  a master
QA chip. The. master chip 25 is .matched to replaceable ink cartridge QA
chips 26. The construction and working.of QA units is known to those
skilled in the art and a range of known QA processes might be utilized in
use of the PEC of the invention. For example, a QA chip is described in
co-pending United Slates Patent Applications: USSN. Our docket numberOur
TitleTBA -AUTHOl . ,Validation Protocol and System09!I12,763AUTH02Circuit
for Protecting Chips Against 1DD Fluctuation Attacks09/112,737AUTH04Method
for Protecting On-Chip Memory (Flash and RAM)09I112,761AUTH05Method for
Malting a Chip Tamper-Resistant09I113,223AUTH06A system for authenticating
physical objectsTBAAUTH07Validation Protocol and SystemTBA .
.AUTH08Validation Protocol and System09I505,003AUTH09Consumable
Authentication Protocol and System09/517,608 ,AUTH10Consumable
Authentication Protocol .and System ~09I505,147AUTHl lConsumable
Authentication Protocol and System. 09/505,9S2 .AUTH12Unauthorized
Modification of Values Stored is Flash MemoryTBA .AUTH13A System for the
Manipulation of Secure Data09I516,874AUTH14An Authentication Chip with
Protection from Power Supply AttacksTBAAUTH15Shielding Manipulations of
Secret~Data 



- QA chip communication may be best included within the overall
functionality of the PEC chip since it has a role in the expansion of the
image as well as running the physical printhead. By locating QA' chip
communication there it can be ensured that there is enough ink to print the
page. Preferably the QA embedded in the printhead assembly is implemented
using an authentication chip. Since it is a master QA chip, it only
contains authentication keys, and does not contain user-data. However, it
must match the ink cardridge's QA chip. The QA chip in the ink cartridge
contains. information required for maintaining the best possible print
quality) and is implemented using an authentication chip. Preferably a 64
MBit (8 MByte) memory buffer is used to store the compressed page image.
While 2~ one page is. being written to the buffer another is being read
(double buffering). In addition, the PEC uses the - memory to buffer the
calculated dot information during the printing of a page. During the
printing of page N, the buffer is used for:   12 8 DEC 2001 wo oa/o2a3s 6
Reading compressed page N  Reading and writing the bi-Ievel dot information
for page N  Writing compressed page N+1 PCT/AU00100754 5 Preferably a PEC
chip will incorporate a simple micro-controller CPU core 35 to perform the
following functions: perform QA chip authentication protocols via serial
interface 36 between print pages run the stepper motor via a parallel
interface 91 during a print (the stepper motor requires a 5 kHz process) 10
synchronize the various portions of the PEC chip during a print provide a
means of interfacing with external data requests (programming registers
etc.)  provide a means of interfacing with printhead segment low-speed data
requests (such as reading the characterization vectors and writing pulse
profiles)  provide a means of writing the portrait and landscape tag
structures to external DRAbI 15 . Since all of the image processing is
performed by dedicated hardware, the CPU does not have to process pixels.
As a result, the CPU can be extremely simple. A wide variety of CPU known
cores are suitable: it can be any processor core with sufficient processing
power to perform the required calculations and control functions fast
enough. An example of a suitable core is a Philips 8051 micro-controller
running at about 1 MHz. 20 Associated with the CPU core 35 may be a program
ROM and a small program scratch RAM. The CPU ' communicates with the other
units within the PEC chip via memory-mapped 1/O. Particular address ranges
may inap to particular units, and within each range, to particular
registers within that particular unit. This includes the serial 36 and
parallel 91 interfaces. A small program flash ROM may be incorporated into
the PEC chip. Its size depends on the CPU chosen, but should not be more
than SKB. Likewise, a small scratch RAM area can be 25 ~ incorporated into
the PEC chip. Since the program code does not have to manipulate images,
there is no need for a large scratch area. The RAM size depends on the CPU
chosen (e.g, stack mechanisms, subroutine calling conventions, register
sizes etc.), but should not be more than about 2 KB. . A PEC chip using the
above referenced segment based page wide printhead can reproduce black at a
full dot resolution (typically I600 dpi), but reproduces contone color at a
somewhat lower resolution using 3Q halftoning. The page description is
therefore divided into a black bi-level layer and a contone Iayer. The
black bi-level layer is defined to composite over the contone layer. The
black bi-level layer consists of a bitmap containing a 1-bit opacity for
each pixel. This black layer matte has a resolution that is an integer
factor of the printer's dot resolution. The highest supported resolution is
I600 dpi, i.e. the printer's full dot resolution. The contone layer
consists of a bitmap containing a 32-bit CMYK color for each pixel, where K
is optional. This 35 contone image has a resolution that is an integer
factor of the printer's dot resolution. The highest supported resolution is
320 ppi over 12 inches for a single PEC,' i.e. one-fifth the printer's dot
resolution. For higher contone resolutions multiple PECs are required) with
each PEC producing an strip of the output page. The contone resolution is
also typically an integer factor of the black bi-level resolution, to
simplify calculations in the RIPS. This is not a requirement, however. The
black bi-level layer and the contone layer are both in   .Z 8 DEC 2004 WO
02I02338 7 



compressed form for efficient storage in the printer's internal memory.
PCT/AU00/00734 In FIG. 3 is seen the print engine architecture. The print
engine's page expansion and printing pipeline consists of a high speed
serial interface 27 (such as a standard IEEE 1394 interface), a standard
JPEG decoder 28, a standard Group 4 Fax decoder, a custom
halftoner/compositor unit 29, a custom tag encoder 30, a line
loader/formatter unit 31, and a custom interface 32 to the printhead 33.
The decoders 28,88 and encoder 30 are buffered to the halftoner/compositor
29. The tag encoder 30 establishes an infrared tag or tags to a page
according to protocols dependent on what uses might be made of the page and
the actual content of a tag is not the subject of the present invention.
The print engine works in a double buffered way. One page is loaded into
DRAM 34 via DRAM 1 ~ interface 89 and data bus 90 from the high speed
serial interface 27 while the previously loaded page is read from DRAM 34
and passed through the print engine pipeline. Once the page has finished
printing, then the page just loaded becomes the page being printed, and a
new page is loaded via the high-speed serial interface 27. At the first
stage the pipeline expands any JPEG-compressed contone (CMYI~ layer, and
expands any of two Group 4 Fax-compressed bi-Ievel data streams. The two
streams are the black layer (although the PEC is 15 actually color agnostic
and this bi-level layer can be directed to any of the output inks), and a
matte for selecting between dither matrices for contone dithering (see
below). At the second stage,. is parallel with the first, is encoded any
tags for later rendering in either IR or black ink. Finally the third stage
dithers the. contone layer, and composites position tags and the bi-level
spotl layer over the resulting bi-level dithered layer. The data stream is
ideally adjusted to create smooth transitions across overlapping segments
in the printhead and ideally it is adjusted to compensate for dead nozzles
in the printhead. Up to 6 channels of bi-level data are produced from this
stage. Note that not all 6 channels may be present on the printhead. For
example, the priathead may be CMY only, with K pushed into the CMY channels
and 1R ignored. Alternatively, the position tags may be printed in K if 1R
ink is not available (or for testing purposes). The resultant bi-level
CMYK-IR dot-data is buffered and, formatted for painting on the printhead
33 via a set of line buffers (see below). The majority of 25 these line
buffers might be ideally stored on the off chip DRAM 34. The final stage
prints the 6 channels of bi level dot data via the printhead interface 32.
Compression is used in .a printing system that employs the PEC. This is to
reduce bandwidth requirements between a host and PEC) as well as to reduce
memory requirements for page storage. At 267 ppi, a Letter page of contone
CMYK data has a size of 25M8. Using lossy contone compression algorithms
such as 30 JPEG (see below), contone images compress with a ratio up to
10:1 without noticeable loss of quality, giving a compressed page size of
2.5M8. At 800 dpi) a Letter page of bi-level data has a size of 7MB.
Coherent data such as text compresses very well. Using lossless bi-level
compression algorithms such as Group 4 Facsimile (see below), ten-point
text compresses with a ratio of about 10:I, giving a compressed page size
of 0.8M8. Once dithered, a page of CMYK coatone image data consists of
114M8 of bi-level data. The two-layer 35 compressed page image format
described below 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
real-time expansion during printing. Since text and images normally don't
overlap) the normal worst-case page image size is 2.SMB (i.e, image only),
while the normal best-case page image size is 0.8M8 (i.e. text only). The
absolute worst-case page image size is 3.3M8 (i.e. text over image).
Assuming a quarter of an average page contains images, the average page
image size is 1.2M8.   2 S DEC 2004 WO 02/02338 PCT/AU00/00754 8 A Group 3
Facsimile compression algorithm (see ANSLEIA 538-1988, Facsimile Coding
Schemes mid Coding Control Functions for Group 4 Facsimile Equipment,
August 1988) can be used to losslessly compresses bi-level data for
transmission over slow and noisy telephone lines. The bi-level data
represents scanned black text and graphics on a white background, and the
algorithm is tuned for this class of images (it is explicitly not tuned,
for example, for halftoned bi-level images). The 1 D Group 3 algorithm
runmlength-encodes each scanline and then Huffmaa-encodes the resulting
runlengths. Runlengths in the range 0 to 63 are coded with terminating
codes. Rualengths in the range 64 to 2623 are coded with make-up codes,
each representing a multiple of 64, followed by a terminating code.
RunIengths exceeding 2623 are coded with multiple make-up codes followed by
a terminating code. The Huffman tables are fixed, but are separately tuned
for black and white nms (except for make-up codes above l728, which are
common). When possible, the 2D Group 3 algorithm encodes a scanline as a
set of short edge deltas (0, ~1, 2, t3) with reference to the previous
scanline. The delta symbols are entropy-encoded (so that the zero delta
symbol is only one bit long etc.) Edges within a 2D-encoded line that can't
be delta-encoded are runlength-encoded, and are identified by a prefix. 1D-
and 2Dencoded lines arc marked differently. 1D-encoded lines are geaeraied
at regular intervals, whether actually required or not) to ensure that the
decoder can recover from line noise with minimal image degradation. 2D
Group 3 achieves compression ratios of up to 6:1 (see Urban) S.J.) "Review
of standards for electronic imaging for facsimile 'systems", Journal of
Electronic Imaging, Vol.1(1) January 1992, pp.5-21). A Group 4 Facsimile
algorithm (see AN51IEIA 538-1988, Facsimile Coding Schemes and Coding
'Control Functions for Group 4 Facsimile Equipment) August 1988) losslessly
compresses bi-level data for transmission over error free communications
lines (i.e: the lines are truly error-&ee, or error-correction is done at'a
lower protocol level). The Group 4 algorithm is based on the 2D Group 3
algorithm) with the essential modification that since transmission is
assumed to be error-free, 1D-encoded lines are no longer generated at .
regular intervals as an aid to error-recovery. Group 4 achieves compression
ratios ranging from 20:1 to 60:1 for the CCITT set of test images. The
design goals and performance of the Group 4 compression algorithm qualify
25 - it as a compression algorithm for the bi-level layers. However) its
Huffman tables are tuned to a lower scanning resolution (100-400 dpi), and
it encodes runlengths exceeding 2623 awkwardly. . At 800 dpi, our maximum
runlength is cuaently 6400. Although a Group 4 decoder core would be
available for use in PEC, it might not handle runlengths exceeding those
normally encountered in 400 dpi facsimile applications) and so would
require modification. The (typically 1600 dpi) black layer is losslessly
compressed using G4Fax at a typical compression ratio exceeding 10:1. A
(typically 320dpi) dither matrix select layer, which matches the contone
color layer, is losslessly compressed using G4Fax at a typical compression
ratio exceeding 50:I. The Group 4 Fax (G4 Fax) decoder is responsible for
decompressing bi-level data. Bi-level data is limited to a single spot
color (typically black for text and line graphics), and a dither matrix
select bit-map for use in subsequent dithering of the contone data
(decompressed by the JPEG decoder). The input to the G4 Fax 35 decoder is 2
planes of bi-level data, read from the external DRAM. The output of the G4
Fax decoder is 2 planes of decompressed bi-level data. The decompressed
bi-Ieve1 data is sent to the Halftoner/Compositor Unit (HCU) for the next
stage in the printing pipeline. Two bi-level buffers provides the means for
transferring the bi-level data between the G4 Fax decoder and the HCU. Each
decompressed bi-level layer is output to two Iine buffers. Each buffer is
capable of holding a full 12 inch line of dots at the expected maximum
resolution. Having two line buffers allows one line to be read by the HCU
while the other line is being written to by the G4 Eax decoder This is
important because a single bi-level line is typical-'.y less than 1600 dpi)
and-must therefore be expanded in both the dot and line dimensions. If the
buffering were less than a full line, the G4 Fax decoder   2 9 DEC 2004 WO
02/02338 PCT/AU00/00754 8 would have to decode the same line multiple times
- once for each output 600dpi decline. Spot color 1 is designed to allow
high resolution dot data for a single color plane of the output image.
While the contone layers provide adequate resolution for images, spot color
1 is targeted at applications such as text and line graphics (typically
black). When used as text and line graphics, the typical compression ratio
exceeds 10:1. Spot color 1 allows variable resolution up to 1600dpi for
maximum print quality. Each of the two line buffers is therefore total 2400
bytes (12 inches x 1600 dpi = 19,200 bits). 



The resolution of the dither matrix select map should ideally match the
coatone resolution. Consequently each of the two line buffers is therefore
480 bytes (3840 bits), capable of storing 12 inches at 320 1 ~ dpi.' When
the map matches the contone resolution, the typical compression ratio
exceeds 50:1. 1n order to provide support for.  , 800 dpi spot color 1
layer (typically black)  320 dpi dither matrix select layer the
decompression bandwidth requirements are 9.05 MB/sec for 1 page per second
performance (regardless of 15 whether the page width is 12 inches or 8.5
inches), and 20 MB/sec and 14.2 MB/sec for I2 inch and 8.5 inch page widths
respectively during maximum printer speed performance (30;000 lines per
second). Given that the decompressed data is output to a line buffer) the
G4 Fax decoder can readily decompress a line from each of the outputs one
at a time. The G4 Fax decoder is fed directly tom the main memory via the
DRAM interface. The amount of compression determines the bandwidth
requirements to the external DRAM. Since G4 Fax is lossless, the complexity
of the image impacts on the amount of data and hence the bandwidth.
typically an 800 dpi black textlgraphics layer exceeds 10; I compression,
so the bandwidth required to print 1 page per second is 0.78 MB/sec.
Similarly, a typical 320 dpi dither select matrix compresses at.more than
50:1, resulting in a 0.025 MB/sec bandwidth. The fastest printing speed
configuration of 320 dpi for dither select matrix and 800 dpi for 25 spot
color 1 requires bandwidth of 1.72 MB/sec and 0.056 MBlsec respectively. A
total bandwidth of 2 MB/sec should therefore be more than enough for the
DRAM bandwidth. The G4 Fax decoding functionality is implemented by means
of a G4 Fax Decoder core. A wide variety of G4Fax Decoder cores are
suitable: it can be any corc with sufficient processing power to perform
the required calculations and control functions fast enough It must be
capable of handling nmlengths exceeding 30 those normally encountered in
400 dpi facsimile applications, and so may require modification. A JPEG
compression algorithm (see ISO/IEC 19018-1:1994, Information technology -
DigitaL compression and coding of continuous-tone still images:
Requirernent and guidelines, 1994) lossily compresses a contone image at a
specified quality level. It introduces imperceptible image degradation at
compression ratios below S:I, and negligible image degradation
at.compression ratios below 10:1 (see Wallace) G.K., "The JPEG 35 Still
Picture Compression Standard", Communications of the ACM, Vo1.34, No.4,
April 1991) pp.30-44). JPEG typically first transforms the image into a
color spars that separates luminance and chrominance into separate color
channels. This allows the chrominance channels to be sub-sampled without
appreciable loss because of   2 B DEC 2004 WO 02/02338 PCT/AU00/00754 '10
the human visual system's relatively greater sensitivity to luminance than
chrominance. After this first step) each color channel is compressed
separately. The image is divided into 8x8 pixel blocks. Each block is then
transformed into the frequency domain via a discrete cosine transform
(DCT). This transformation has the effect of concentrating image energy in
relatively lower-frequency coefficients) which allows higher-frequency
coefficients to be more crudely quantized. This quantization is the
principal source of compression in JPEG. Further compression is achieved by
ordering coefficients by frequency to maximize the likelihood of adjacent
zero coefficients, and then runlength-encoding runs of zeroes. Finally) the
runlengths and non-zero frequency coefficients are entropy coded.
Decompression is the inverse process of compression. 10 The CMYK (or CMY)
contone layer is compressed to a planar color JPEO bytestream. If
luminance/chrominance separation is deemed .necessary) either for the
purposes of table sharing or for chrominance sub-sampling, then CMYK is
converted to YCtCb and Cr and Cb are duly sub-sampled. The JPEG bytestream
is complete and self contained. It contains all data required for
decompression, including quantization and Huffman tables. 15 The JPEG
decoder is responsible for performing the on-the-fly decompression of the
contone data layer. The input to the JPEG decoder is up to 4 planes of
coatone data. This will typically be 3 planes, representing a CMY contone
image, or 4 planes representing a CMYK contone image. Each color plane can
be . in a different resolution, although typically all color planes will be
the same resolution. The contone layers are read from the external DRAM.
The output of the JPEG decoder is the decompressed contone~ data, separated
into planes. The decompressed contone image is sent to the
halftoner/compositor unit (HCU) 29 for the next stage in the printing
pipeline. The 4-plane contone buffer provides the means for transferring
the contone data between the JPEG decoder and the HCU 29. Each color plane
of the decompressed contone data is output to a set of two line buffers
(see below). Each line buffer is 3840 bytes, and is therefore capable of
holding 12 inches of a single color plane's pixels at 25 320 ppi. The line
buffering allows one line buffer to be read by the HCU while the other line
buffer is being written to by the JPEG decoder. This is important because a
single contone line is typically less than 1600 ppi, and must therefore be
expanded in both the dot and line dimensions. If the buffering were less
than a full line, the JPEG decoder would have to decode the same line
multiple times - once for each output 600dpi dotline. Although a variety of
resolutions is supported) there is a tradeoff between the resolution and
available bandwidth. As resolution and number of colors increase) bandwidth
requirements also increase. In addition, the number of segments being
targeted by the PEC chip also affects the bandwidth and possible
resolutions. Note that since the contone image is processed is a planar
format) each color plane can be stored at a different resolution (for
example CMY may be a higher resolution than the K plane). The highest
supported contoae resolution is 1600ppi (matching the printer's full dot
resolution). However there is only enough output line 35 buffer aremory to
hold enough contone pixels for a 320ppi line of length 12 inches. If the
full 12 inches of output was required at higher contone resolution,
multiple PEC chips would be required) although it should be noted that the
final output on the printer will still only be bi-level. With support for 4
colors at 320ppi) the decompression output bandwidth requirements are 40
MB/sec for 1 page per second performance (regardless of whether the page
width is 12 inches or 8.5 inches)) and S8 MB/sec and 64. MB/sec for 12 inch
and 8.5 inch page widths respectively during maximum printer speed
performance (30,OOOqittes ptr scnoati). The JPEG decoder is fed directly
from the main memory via the DRAM interface. The amount of   2 a oEC 200 WO
02/02338 PCTIAU00/00754 11 



compression determines the bandwidth requirements to the external DRAM. As
the level of compression increases, the bandwidth decreases) but the
quality of the 5na1 output image can also decrease. The DRAM bandwidth for
a single color plane can be readily calculated by applying the compression
factor to the output bandwidth. For example, a single color plane at 320
ppi with a compression factor of 10:1 requires lMB/sec access to DRAM to
produce a single page per second. The JPEG functionality is implemented by
means of a JPEG core. A wide variety of JPEG cores are suitable: it can be
any JPEG core with sufficient processing power to perform the required
calculations and control functions fast enough. For example, the BTG
X-Match core has decompression speeds up to 140 MBytes/sec, which allows
decompression of 4 color planes at contone resolutions up to 400ppi for the
maximum printerspeed (30,000 lines at 1600dpi per second)) and 800ppi for 1
pagelsec printer speed. Note that the core needs to only support
decompression) reducing the requirements that are imposed by more
generalized JPEG compressionldecompression cores. The size of the core is
expected to be ao more than 100,000 gates. Given that the decompressed data
is output to a line buffer, the JPEG decoder can readily decompress an
entire line for each of the color planes one at a time, thus saving on
context switching during a line and simplifying the 15 control of the JPEG
decoder. 4 contexts must be kept (1 context for each color plane), and
includes current address in the external DRAM as well as appropriate JPEG
decoding parameters. In FIG. 4 the halftoner/compositor unit (HCU) 29
combines the functions of halftoning the contone (typically CMYK) layer to
a bi-level version of the same) and compositing the spotl bi-level layer
over the appropriate halftoned contone layer(s). If there is no K ink in
the printer, the HCU 29 is able to map K to CMY dots as appropriate. It
also selects between two dither matrices on a pixel by pixel basis, based
on the corresponding value in the dither matrix select map. The input to
the HCU 29 is an expanded contone layer (from the JPEG. decoder unit)
through buffer 37, an expanded bi-level spotl layer through buffer 38, an
expanded dither-matrix-select bitmap at typically the same resolution as
the contone layer through buffer 39, and tag data at full dot resolution
through buffer 40. The HCU 29 uses up to two dither matrices, read from the
25 external DRAM 34. The output from the HCU 29 to the line loader/format
unit (LLFLI) at 41 is a set of printer resolution bi-level image lines in
up to 6 color planes. Typically; the contone Iayer is CMYK or CMY, and the
bi-level spotl layer is K. In FIG. 5 is seen the HCU in greater detail.
Once started) the HCU proceeds until it detects an end-of page condition,
or until it is explicitly stopped via its control register. The first task
of the HCU is to scale, in 30 the respective scale units such as the scale
unit 43) all data) received is the buffer planes such as 42, to printer
resolution both horizontally and vertically. The scale unit provides a
means of scaling contone or bi-level data to printer resolution both
horizontally and vertically. Scaling is achieved by replicating a data
value an integer number of times in both dimensions. Processes by which to
scale data will be familiar to those skilled in the art. 35 ~ Two control
bits are provided to the scale unit 43 by the. margin unit 57: advance dot
and advance line. The advance dot bit allows the state machine to generate
multiple instances of the same dot data (useful for page margins and.
creating dot data far overlapping segment its the printhead) '-Fhe advance
line bit allows the state machine to control when a particular line of dots
has been finished, thereby allowing truncation of data   2 8 DEC 200 WO
02/02338 12 PCT/AU00/00754 according to printer margins. It also saves the
scale unit from requiring special end-of line logic. The input to the scale
unit is a full line buffer. The line is used scale factor times to effect
vertical up-scaling via line replication) and within each line, each value
is used scale factor times to effect horizontal up-scaling via pixel
replication. Once the input line has been used scale factor times (the
advance line blt has been set scale factor 5 times), the input buffer
select bit of the address is toggled (double buffering). The logic for the
scale unit is the same for the 8-bit and 1-bit case) since the scale unit
only generates addresses. Since each of the contone layers can be a
different resolution, they are scaled independently. The bilevel spotl
layer at buffer 45 and the dither matrix select layer at buffer 46 also
need to be scaled. The bi-level tag data at buffer 47 is established at the
correct resolution and does not need to be scaled. The scaled-up dither 1 ~
matrix select bit is used by the dither matrix access unit 48 to select a
single 8-bit value from the two dither mataces. The 8-bit value is output
to the 4 comparators 44, and 49 to 51, which simply compare it to the
specific 8-bit contone value. The generation of an actual dither matrix is
dependent on the 'structure of the printhead and the general processes by
which to generate one will be familiar to those skilled in the art. If the
contone value is greater than the 8-bit dither matrix value a 1 is output.
If not. then a 0 is output. These bits are 15 then all ANDed at 52 to 56
with an inPage bit from the margin unit 57 (whether or not the particular
dot is inside the printable area of the page). The final stage in the HCU
is the compositing stage. For each of the 6 output layers there is a single
dot merger unit, such as unit 58, each with 6 inputs. The single output bit
from . each dot merger unit is a.combination of any or all of the input
bits. This allows the spot color to be placed in~ any output color, plane
(including infrared for testing purposes)) black to be merged into cyan,
magenta and yellow (if no.black ink is present in the printhead), and tag
dot data to be placed in a visible plane. A fixative color~planc can also
be readily generated. The dot reorg unit (DRU) 59 is responsible for taking
the generated , dot stream for a given color plane and organizing it into
32-bit quantities so that the output is in segment order,. and in dot order
within segments. Minimal reordering is required due to the fact that dots
for overlapping . segments are not generated in segment order. 25. Two
control bits are provided to the scale units by the margin unit 57: advance
dot and advance line. The advance dot bit allows the state machine to
generate multiple instances of the same dot data (useful for page margins
and creating dot data for overlapping segments in the printhead). The
advance line bit allows the state machine to control when a particular line
of dots has been finished, thereby allowing truncation of data according to
printer margins. It also saves the scale unit from requiring special end-of
line logic. The comparator unit contains a simple 8-bit "greater-than"
comparator. It is used to determine whether the 8-bit contone value is
greater than the 8-bit dither matrix value. As such, the comparator unit
takes two 8-bit inputs and produces a single 1 bit output. 1n FIG. 6 is
seen more detail of the dot merger unit. It provides a means of mapping the
bi-level dithered data) the spotl color, and the tag data to output inks in
the actual printhead. Each dot merger unit takes 35 61-bit inputs and
produces a single bit output that represents the output dot for that color
plane. The output bit at 60 is a combination of any or all of the input
bits. This allows the spot color to be placed in any output color plane
(including infrared for testing purposes), black to be merged into cyan,
magenta and yellow (in the case of no black ink in the.printhead), and tag
dot data to be placed in a visible plane, .An output for fixative can
readily be generated by simply combining all of the input bits. The dot
merger unit contains a 6-bit ColorMask register   ~ 8 DEC 2~p~ WO 02/02338
13 PCT/AU00/00754 



61 that is used as a mask against the 6 input bits. Each of the input bits
is ANDed with the corresponding ColorMask register bit, and the resultant 6
bits are then ORed together to form the final output bit In FIG. 7 is seen
the dot reorg unit (DRU) which is responsible for taking the generated dot
stream for a given color plane and organizing it into 32-bit quantities so
that the output is in segment order) and in dot order within segments.
Minimal reordering is required due to the fact that dots for overlapping
segments are not generated in segment order. The DRU contains a 32-bit
shift register) a regular 32-bit register, and a regular 16bit register. A
5-bit counter keeps track of the number of bits processed so far. The dot
advance signal from the dither matrix access unit (DMAU) is used to
instruct the DRU as to which bits should be output In FIG. 7 register(A) 62
is clocked every cycle. It contains the 32 most recent dots produced by the
1 ~ dot merger unit (DMU). The full 32-bit value is copied to register(B)
63 every 32 cycles by means of a VJriteEnable signal produced by the DRU
state machine 64 via a simple S-bit counter. The 16 odd bits (bits 1, 3, 5)
7 etc.) from register(B) 63 are copied to register(C) 65 with the same
WriteEnable pulse. A 32-bit multiplexor 66 then selects between the
following 3 outputs based upon 2 bits from the stale machine:  ' the full
32 bits from register B 15  A 32-bit value made up from the I 6 even bits
of register A (bits 0) 2, 4) 6 etc.) and the 16 even bits of register B.
The 16 even bits from register A form bits 0 to 15, while the 16 eves bits
from register B form bits 16-31.  A 32-bit value made up from the 16 odd
bits of register B (bits 1, 3, 5) 7 etc.) and the I6 bits of register C.
The bits of register C form bits 0 to 15, while the odd bits from register
B form bits 16-13. The state machine for the DRU can be seen in Table 1. It
starts in state 0. It changes state. every 32 cycles. During the 32 cycles
a single noOverlap bit collects the AND of all the ~ dot advance bits for
those 32 cycles (notwerlap = dot advance for cycle 0, and notwerlap =
notwerlap AND dot advance for cycles 1 to 3I). Table 1. State machine for
DRU tooOverlapOutputoutputommentext stateslid0XB0Startup state111B1Regular
non-overlap1I0B1A contains first2overlap2XEven A) evIA contains
second3BoverlapB contains firstoverlap3XC, odd B1C contains first1overlapB
contains second   ~ 8 DEC 2~~ WO 02I02338 PCT/AU00/00754 14 ' overlap The
margin unit (MU) 57, in FIG. 5) is responsible for fuming advance dot and
advance line signals from the dither matrix access unit (DMAU) 48 into
general control signals based on the page margins of the current page. It
is also responsible for generating the end of page condition. The MU keeps
a counter of dot and line across the page. Both are set to 0 at the
beginning of the page. The dot counter is. advanced by 1 each time the MU
receives a dot advance signal from the DMAU. When the MU receives a line
advance signal from the DMAU, the line counter is incremented and the dot
counter is reset to 0. Each cycle) the current line and dot values are
compared to the margins of the page, and appropriate output dot.advance,
line advance and within margin signals are given based on these margins.
The DMAU contains the only substantial memory 10 requirements for the HCU.
In FIG. 8 is seen the line Ioader / format unit (LLFCI). It receives dot
information from the HCU, loads the dots for a given print line into
appropriate buffer storage (some on chip) and some in external DRAM 34) and
formats them into the order required for the printhead. A high level block
diagram of the LLFU in terms of its external interface is shown in FIG. 9.
The input 67 to the LLFU is a set of 6 32-bit words and a 15 DataValid bit)
all generated by the HCU. The output 68 is a set of 90 bits representing a
maximum of 15 printhead segments of 6 colors. Not all the output bits may
be valid, depending on how many colors are actually used in the printhead.
The physical placement of firing nozzles on the printhead referenced above,
nozzles in two offset rows, means that odd and even dots of the same color
are for two different lines. The even dots are for line L, 20 and the odd
dots are for line L-2. In addition, there is a number of lines between the
dots of one color and the dots of another. Since the 6 color planes for the
same dot position are calculated at one time by the HCU, there is a need to
delay the dot data for each of the color planes until the same dot is
positioned under the appropriate color nozzle The size of each buffer line
depends on the width of the printhead. Since a single PEC generates dots 25
for up to 15 printhead segments, a single odd or even buffer line is
therefore 15 sets of 640 dots, for a total of 9600 bits (1200 bytes). For
example, the buffers required for color 6 odd dots totals almost 45
ICBytes. The entire set of requisite buffers might be provided on the PEC
chip when manufacturing techniques are capable. Otherwise) the buffers for
colors 2 onward may be stored in external DRAM. This enables the PEC to be
valid even though the distance between color planes may change in the
future. It is trivial to keep the 30 even dots for color I on PEC, since
everything is printed relative to that particular dot line (no additional
line buffers are needed). In addition, the 2 half lines required for
buffering color 1 odd dots saves substantial DRAM bandwidth. The various
line buffers (on chip and in DRAM) need to be pre-loaded with all Os before
the page is printed so that it has clean edges. The end of the page is
generated automatically by the HCU so it will have a clean edge. In FIG 10
is seen x block diagram for Color N OESplit ;sec Oesplit 70' of FIG 9), and
the block diagram for each of the two buffers E and F, 71,72 in FIG. 9 can
be found in FIGS. 10 and 11. Buffer EF is a   2 8 DEC 2001 wo o2/o2a3s 



15 PCT/AU00/00754 double buffered mechanism for transferring data to the
printhead interface (PHI) 32 in FIG. 3. Buffers E and F therefore have
identical structures. During the processing of a line of dots, one of the
two buffers is written to . while the other is being read from. The two
buffers are logically swapped upon receipt of the line-sync signal . from
the PHI. Both buffers E and F are composed of 6 sub-buffers, 1 sub-buffer
per color, as shown in FIG. 5 11) the color 1 sub-buffer numbered 73. The
size of each sub-buffer is 2400 bytes, enough to hold I5 segments at I280
dots per segment. The memory is accessed 32-bits at a time) so there are
600 addresses for each subbuffer (requiring 10 bits of address). All the
even dots are placed before the odd dots in each color's sub-buffer. If
there is any unused space (for printing to fewer than 15 segments) it is
located at the end of each color's subbuffer. The amount of memory actually
used from each sub-buffer is directly related to the number of segments 1 ~
~ actually addressed by the PEC, For a 15 segment printhead there are 1200
bytes of even dots followed by 1200 bytes of odd dots) with no unused
apace. The number of sub-buffers gainfully used is directly related to the
' number of colors used in the~printhead. ' The maximum number of colors
supported is 6. The addressing decoding circuitry for each of buffers E and
F is such that in a given cycle, a single 32bit access can be made to all 6
sub-buffers - either a read from all 6 or a write to one of the 6. Only one
bit of 15 ~ the 32-bits read from each color buffer is selected, for a
total of 6 output bits. The process is shown in F1G. l I. ' 15 bits of
address allow the reading of a particular bit by means of 10-bits of
address being used to select 32 bits, and 5-bits of address choose I-bit
from those 32. Since all color sub-buffers share this logic,.a single
15-bit address gives a total of 6 bits out) one bit per color. Each
sub-buffer 73 to 78 has its own WriteEnabIe line, to allow a single 32-bit
value to be written to a particular color buffer in a given cycle. The
individual WriteEnables are generated by ANDing the single WriteEnable
input with the decoded form of ColorSelect. The 32-bits of Dataln on line
79 are shared) since only one buffer will actually.cloclc the data in.
Address generation for reading from buffers E and F is straightforward.
Each cycle generates a bit address that is used to fetch 6 bits
representing 1-bit per color for a particular segment. By adding 640 to the
current bit address, we advance to the next segment's equivalent dot. We
add 640 (not 1280) since the odd and 25 even dots are separated in the
buffer. We do this NumSegment times to relieve the data representing the
even dots, and transfer those bits to the PHI. When NumSegments =15, the
number of bits is 90 (15 x 6 bits). The process is then repeated for the
odd dots. This entire even/odd bit generation process is repeated 640
times, incrementing the start address each time. Thus all dot values are
transfen;ed to the PHI in the order required by the printhead in 640 x 2 x
NumSegments cycles. When NumSegments = 15, the number of cycles is 19,200
cycles. Note that regardless of the number of colors actually used in the
printhead, 6 bits are produced in a given read cycle (one bit from each
color's buffer). In addition, we generate the TWriteEnable control signal
for writing to the 90-bit Transfer register 90 in FIG. 9. Since the LLFU
starts before the PHI, we must transfer the first value a re the Advance
pulse from the PHI. We must also generate the next value in readiness for
the first Advance pulse. The solution is to transfer the first value to the
Transfer register after NumSegments cycles) and then to stall NumSegments
cycles later,. waiting for the Advance pulse to start the next NumSegments
cycle group. Once the first Advance pulse arrives, the LLFU is synchronized
to the PHI. The read process for a single dotline is shown in the following
pseudocode: DoneFlrst = FALSE   2 8 DEC zoos WO 02I02338 16 PCT/AU00/00754
WantToXfer = FALSE For DotInSegment0 = 0 to 1279 If (DotInSegment0:bit0 =
0) CurrAdr = DotInSegment0 (high bits) (puts tn range 0 to 639) 5 Endif
XfersRemaining = NumSegments Do W antToXfer = (XfersRemalning = 0}
TWrtteEnable = (WantToXfer AND NOT DoneFirst) OR PHI:ADVANCE 10 DoneFirst =
DoneFirst OR TW rtteEnable Stall = WantToXfer AND (NOT TW rfteEnabie) SW
riteEnable = NOT(Stall) ~ . If (SWriteEnable) Shift Register = Fetch 6 bits
from EFSense(ReadBuffer]:CurrAdr 15 CurrAdr = CurrAdr + 640 XfersRematning
= XfersRematntng -1 Endlf Until (TWriteEnable) EndFor ' 20 Watt until
BufferEF Write process has finished ' EFSense ~ NOT (EFSense} While read
process is transferring data from E or F to the PHI) a write process is
preparing the next dot-line in the other buffer. 25 The data being written
to E or F is color 1 data generated by the HCL1, and color 2-6 data from
buffer D (supplied from DRAM Color 1 data is written to F.F whenever the
HCU's OutputValid flag is set) and color 26 data is written during other
times from register C. 



Buffer 0E1 8I in FIC3. 9 is a 32-bit register used to hold a single
HCU-generated set of contiguous 32 dots for color 1. While the dots are
contiguous on the page, the odd and even dots are printed at different
times. 30 Buffer AB 82 is a double buffered mechanism for delaying odd dot
data for color 1 by 2 dotlines Buffers A and B therefore have identical
structures. During the processing of a line of dots, one of the two buffers
is read fiom and then written to. The two buffers are logically swapped
after the entire dot line has been processed A single bit flag ABSense
determines which of the two buffers are read from and written to. The HCU
provides 32-bits of color 1 data whenever the output valid control flag is
set, which is every 32 cycles 35 after the first flag has been sent for the
line. The 32 bits define a contiguous set of 32 dots for a single dot line
16 even dots (bits 0, 2, 4 etc.), and 16 odd dots (bits 1) 3, 5 etc.). The
output valid control flag is used as a WriteEnable control for the
OLD:egister $1. We process the HCU data every 2 OutputValid-signal The 16~
even bits of HCU color 1 data are combined with the 16 even bits of
register OED to make 32-bits of even color   2 8 DEC Z00 WO 02/02338 17
PCT/AU00/00754 1 data. Similarly, the 16 odd bits of HCU color 1 data are
combined with the 16 odd bits of register OEt to make 32-bits of add color
1 data. Upon receipt of the first OutputValid signal of the group of two)
we read. buffer AB to transfer the odd data to color 1, 73 in FIG.. 11
within buffer EF. Upon receipt of the second OutputValid signal of the
group of two, we .write the 32-bits of odd data to the same location in
buffer AB that 5 ~ we read from previously, and we write the 32-bits of
even data to color 1 within buffer EF. The HCU provides 32 bits of data per
color plane whenever the OutputValid.control flag is 'set. This occurs
every 32 cycles except during certain startup times. The 32 bits define a
contiguous set of 32 dots for a single dot line -16 even dots (bits 0) 2, 4
etc.), and 16 odd dots (bits 1, 3, 5 etc.). While.buffer OEt (83 in FIG.
10) is used to store a single 32-bit value for color l) buffers OEz to OE6
axe used '/ 0 to store a single 32-bit value for colors 2 to 6
respectively. Just as the. data for color 1 is split into 32-bits
representing color I odd dots and 32-bits representing color 1 even dots
every 64 cycles (once every two OutputValid flags)) the remaining color
planes are also split into even and odd dots. However, instead of being
written directly to buffer EF, the dot data is delayed by a number of
lines) and is written out to DRAM via buffer CD (84 in FIG. 9). While the
dots for a given line are written to DRAM) the 15 dots for a previous line
are read from DRAM and written to buffer EF (71,72). This process must be
done interleaved with the process writing. color 1 to buffer EF. Every time
an OutputValid flag is received from the HCU on line 85 in FIG. 10, the
32-bits of color N data are written to buffer OEN (83). Every second
OutputValid flag, the combined 64-bit value is written to color buffer N
(8~. This happens in parallel for all color planes 2-6. Color Buffer N (8~
contains 40 sets of 64-bits (320 20 , bytes) to enable the dots for two
complete segments to be stored. This allows a.complete segment generation
time. (20 x 64. =1280 cycles) for the previous segment's.data (both odd and
even dots) to be written out to DRAM. Address generation for writing is
straightforward. The ColorNWriteEnable signal online 87 is given every
second' OutputValid flag. The address starts at 0, and increments every
second OutputValid flag until Instead of advancing to 40) the address is
reset to 0, thus providing. the double-buffering scheme. This works so 25
long as the reading does not occur during the OutputValid flag) and that
the previous segment's data can be written to DRAM in the time it takes to
generate a single segment's data. The process is shown in the following
pseudocode: 'adr=0 firstEncountered = 0 30 While (NOT AdvanceL(ne) If
(HCU_OutputValid) AND (firstEncountered) ColorNWriteEnable =TRUE
ColorNAiir= adr 1f (adr = 39) 35 adr = o Else adr = adr + 1 Endlf Else   2
a SEC zoo4 WO 02/02338 



18 ColorNWrheEnable = FALSE Endlf If (HCU_OutputValid) ftrstEncountered =
NOT(firstEncountered) 5 Endif EndWhile PCT/AU00/00754 Address generation
for reading is trickier) since it is tied to the timing for DRAM access
(both reading and writing), buffer EF access, and therefore color 1
generation. It is more fully explained below. 1 ~ ~ Address generation for
buffers C, D, E) F, and colorN are all tied to the timing of DRAM access)
and must not interfere with color 1 processing with regards to buffers E
and F. The basic principle is that the data for a single segment of color N
(either odd or even dots) is transferred from the DRAM to buffer EF via
buffer CD. Once the data has been read from DRAM those dots are replaced
based on the values in ColorBufferN. This is done for each of the colors in
odd and even dots. After a complete segment's worth of dots has 15
accumulated (20 sets of 64 cycles)) then the process begins again. Once the
data for all segments in a given printline has been transferred from and to
DRAM, the current address for that color's DRAM buffer is advanced so that
it will be the appropriate number of lines until the particular data for
the color's line is read back from DRAM. In this respect then, the DRAM
acts as a form of FIFO. Consequently color N (either odd or even) is read
from DRAM into buffer D while copying color N (same odd/even sense) to
buffer C. The copying of data 20 to buffer C takes 20 or 21 cycles
depending on whether the OutputValid flag occurs during the 20 transfers.
Once both tasks have finished (typically the DRAM access will be the slower
task), the second part of the process begins. The data in buffer C is
written to DRAM (the same locations as were just road) and the data in
buffer D is copied to buffer EF (again, no color N data is transferred to
buffer EF while the OutputV slid flag is set since color 1 data is being
transferred). When both tasks have finished the same process occurs for the
other 25 sense of color N (either odd or even)) and then for each of the
remaining colors. The entire double process happens 10 times. The addresses
for each of the current lines in DRAM are then updated for the next line's
processing to begin. In terms of bandwidth) the DRAM access for dot data
buffers consumes the great majority of all DRAM access from PEC. For each
print line we read an entire dot line for colors 2-6, and write an entire
dot line for colors 2-6. For the maximum of 15 segments this equates to 2 x
5 x 15 x 1280 bits = 192,000 bits (24,000 bytes) per print line. For the
fastest printing system (30,000 lines per second) this equates to 687
MB/sec. For 1 page per second printing the bandwidth required is 312
MB/sec. Since the bandwidth is so high) the addresses of the various half
lines for each color in DRAM should be optimized for the memory type being
used. In an RDRAMI memory system for example, the very first half line
buffer is aligned for each color to a 35 1KByte boundary to maximize
page-hits on DRAM access. As the various segments are processed it is
necessary to ensure that if the start of the next segment was going to.be
aligned at byte 960 within the lKByte page) then the 640-bit access would
span 2 pages. Therefore the variable DRAMMaxVal is used to check for this
case, and if it occurs, the address is rounded up for the next half line
buffer to be page-aligned. Consequently the only waste is 64. bytes per 13
segments but have the advantage of the= 'G40-tsic aces completely within a
single page.   2 8 DEC 2004 WO 02/02338 19 PCT/AU00/00754 The address
generation process can be considered as NumSegmentus worth of 10 sets of:
20 x 32-bit reads followed by 20 x 32-bit writes, and it can be seen in the
following pseudocode: EFStartAdr = 0 Do NumSegments times: 5 For CurrColor
= 0 to MaxHaIfColors DRAMStartAddress = ColorCurrAdr[CurrColor] . While
reading 640 bits from DRAMStartAddress Into D(>= 20 cycles) ColorNAdr= 0
While (ColorNAdr I= 20) 10 If (NOT HCU_OutputValid) Transfer
ColorNBufter[ColorNAdr~CurrColo~ bit0] to C[ColorNAdr] ColorNAdr=
ColorNAdr+ 1 Endlf EndWhile 15 EndWhile - wait until read has finished
While writing 640 bfts from C into DRAMStartAddress (>=20 cycles) ColorNAdr
= 0 EFAdr = EFStartAdr While (ColorNAdr != 20) 20 If (NOT HCU_OutputValid)
Transfer D(ColorNAdr] to EF(CurrColor~EFAdr] 



. If ((ColorNAdr -19) AND (CurrColor= NumHaIfColors)) EFStartAdr = EFAdr +
1 Else 25 EFAdr = EFAdr+ 1 Endlf ColorNAdr = ColorNAdr + 1 Endlf EndWhile
30 EndWhile -wall until write has finished If (DRAMStartAddress =
DRAMMaxVan ~ColorCurrAdr[curfColor] = round up DRAMStartAddress to next 1
KByte page Else ColorCurrAdr(currColor] = DRAMStartAddress + 640 bits 35
Endlf If (Segment = maxSegments} If (ColorCurrRow(CurrColor] =
ColorMaxRow[CurrColor]) ColorCurrRow[currColor] = ColorStartRow[currColor]
ColorCurrAdr[currColorJ = ColorStartAdr(currCofor] 40 Else
ColorStartRow~currColorl= ColorCurrRow currColor~+ 1 Endlf   2 8 DEC 200 wo
o2~oi33s 20 Endlf EndFor EndDo Walt until next Advance signal from PHI 5
PCT/AU00/0075~ Note that the MaxHalfColors register is one less than the
number of colors in terms of odd and even colors treated separately, but
not including color 1. For example, in terms of a standard 6 color printing
system there are 10 (colors 2-6 in odd and even)) and so MaxHalfColors
should be set to 9. The LLFU requires 2NumSegments cycles to prepare the
first 180 bits of data for the printhead 1 ~ interface (PHI) 32.
Consequently the printhead should be started and the first LineSync pulse
must occur this period of time after the LLEU has started. This allows the
initial Transfer value to be valid and the next 90-bit value to be ready to
be loaded into the Transfer register. The printhead interface (PHI) 32 is
the means by which the processor loads the printhead with the dots to be
printed, and controls the actual dot printing process. It takes input from
the LLFU. and outputs data to the 15 printhead itself. The PHI is capable
of dealing with a variety of printhead lengths and formats. In terms of
broad operating customizations, the PHI is parameterized according to Table
33: Table 33. Basic printing parameters NameDescri tiongMaxColorsNo of
Colors in riathead1-6 .SegmentsPerXfer s lNo of segments written to per
transfer. Is equal to the number o e eats in the ar est se eat ouI-8Se
entGrou sNo of se eat ou s in rintheadI-220  The internal structure of the
PHI allows for a maximum of 6 colons, .8 segments per transfer, and a
maximum of 2 segment groups. This is sufficient for a 15 segment (8.5 inch)
printer capable of printing A4/Letter at full bleed. Multiple PECs can be
connected together to produce wider prints as necessary. The printhead
interface (PHI) contains: 25  a LineSyncGen unit (ISGU), which provides
synchronization signals for multiple PEC chips (allows side-by-side
printing and front/back printing) as well as stepper motors.  a Memjet
interface (MJI), which transfers data to the Memjet printhead. 



In FIG. 12 is seen the internal structure of the printhead interface (PHI)
32. 1n the PHI there are two 30 LSGUs 89,90. The first LSGU 90 produces
LineSyncO (LSO), which is used to control the Memjet Interface (MJI) in all
synchronised chips. The second LSGU 89 produces LineSyncl (LS1) which is
used to pulse the paper drive stepper motor. A Master/Slave pin on the chip
at 91 allows multiple chips to be connected together for side-by-side
printing, frontlback printing etc. via a Master/Slave relationship. When
the Master/Slave pin is attached to Vpn) 35 the chip is considered to be
the Master, and LineSync pulses generated by the LineSyncGen unit 90 is
enabled onto the two tri-state LineSync common line LineSync0, shared by
all the chips via two tri-state enables 92.   2 8 DEC 2004 WO 02/02338 21
PCT/AU00/0075=~ When the Master/Slave pin is attached to. GND, the chip is
considered to be the Slave, and LineSync pulses generated by the two
LineSyncGen units 89,90 are not enabled onto the common LineSync Lines. In
this way) the Master chip's LineSyac pulses are used by all PHIs on all the
connected chips. The LineSyacGen units (L,SGU) 89,90 are responsible for
generating the synchronization pulses required.for printing a page. Each
LSGU produces an external LineSyne signal to enable line synchronization. A
generator inside the LGSU generates a LineSync pulse when told to 'go') and
then every so many cycles until told to stop. The LineSync pulse defines
the start of the next line. The exact number of cycles between . LineSypc
pulses is determined by the CyclesBetweenPulses register, one per
generator. It must be ~at least Long enough to allow one line to print and
another line to load, but can be longer as desired (for example) to 1 ~
accommodate special requirements of paper transport circuitry). If the
CyclesBetweenPulses register is set to a number less than a line print
time) the page will not print properly since each LineSync pulse will
arrive before the particular line has finished printing. The following
interface registers are contained in the LSGU: '~ 5 Table 3~. LineSyncGen
Unit registers Re ster.NameDescri tionC ctesBetweenPu1sesThe number of
cycles to wait between eneratin one Lines c ulse and the nextGoControls
whether the LSGU is currently generating LineSync pulses or notA write of 1
to this register generates a LineSync pulse, transfers
CyclesBetweenPulseto. CyclesRemaitiing, and starts the countdown. When
CyclesRemaining hits 0, anothe' eSync pulse is generated,
CyclesBetweenPulses is transferred to CyclesRemainind the countdown is
started again.write of 0 to this register stops the countdown and no more
LineSync pulses areaerated.CyclesRemaining ~status register containing the
number of cycles remaining until the next LineSynulse is enerated. The
LineSyne pulse is not used directly.from the LGSU. The LineSyncO pulse is
enabled onto a tri state LineSync0 Line 97 only if the Master/Slave pin at
91 is set to Master. Consequently the LineSync pulse is only used in the
form as generated by the Master PEC (pulses generated by Slave PECs are
ignored). The Memjet interface (MJI) 93 transfers data to the Memjet
printhead at 94, and tells the Memjet interface when to start printing the
next line of data. It.is also used to enable feedback from a specified
segment The. Memjet printhead 95 itself is responsible for controlling the
firing sequence of its nozzles, with firing profiles programmed via the IZC
serial interface 36 in FIG: 3. The MJI contains a state machine that
follows the printhead loading order described in Section 18.1, and it may
include functionality for a preheat cycle and a 2~ cleaning cycle. Dot
counts for each color are also kept by the MJI (see below). The M1I loads
data into the printhead from a choice of 2. data sources:  All 1s This
means that all nozzles will fire during a subsequent Ptint cycle, and is
the standard mechanism for loading the printhead for a.preheat or cleaning
cycle.  From the 90-bit input held in the Transfer register of the LLFU. ~
This is the standard means of printing an image. In a first transfer, the
first 48 bits are sent to the printhead) and in a second transfer, the last
42 bits are sent to the printhead with the tap 6 bits 0. Once all 90 bits
have been sent, a 1-bit `Advance' control pulse is seat to the LLFU. The
MJI knows how many lines it has to print for the page. When the MJI is told
to `go', it waits for a LineSync pulse before it starts the first line (via
an NPSync pulse to the printhead). Once it has finished loading/printing a
line) it waits until the next LineSync pulse before starting the next line.
The MJI stops once   2 8 DEC 2004 WO 02/02338 22 PCT/AU00/00754 the
specified number of lines has been loadedlprinted, and ignores any further
LineSync pulses. The MJI is therefore directly connected to the LLFU 31
(see FTGs 3 and 4) at 96) LineSyncO at 97 (shared between a11 synchronized
chips), and the external Memjet printhead 95. The MJI accepts 90 bits
ofdata from the LLFV. Of these 90 bits) only the bits corresponding to the
number of segments and number of colors will be valid. The MJI's state
machine does not care which bits are valid and which bits are not valid -
it merely passes the bits out to the priathead. The data lines and control
signals coming out of the MJI are wired to the pinouts of the chip as
descnbed below. The M.TI has a number of connections to the printhead)
including a maximum of 6 colors) clocked in to a maximum of 8 segments per
transfer to a maximum of 2 segment groups. Table 35 lists the connections,
with 0 the sense of input and output with respect to the MJI. The names
correspond to the pin connections on the printhead. Table 35. Memjet
Interface Connections ' 



amePinsOescri lion1 0-7BOOut ut to Dl shift re 'stet of se eats 0-72
0-78OOu ut to D1 shift re ' ter of se eats 0-73 0-78OOu ut to D3 shift re
'stet of se nts 0-74 0-78OOu ut to D4 shift re 'stet of se eats 0-75 0-
~8Oa ut to D5 shift re 'stet of se eats 0-76 0-8Oa ut to D6 shift re 'stet
of se eats 0-7Clk[1-2]2O  tpulse on SCIk[N] (ShiftRegisterClock) loads the
current valu from D1[0-7], D2[0-7J) D3[0-7], D4[0-7], D5[0-7] and D6[0-7]
int he se nt ou N on the rinthead.eniOarallel transfer of data from the
shift registers to the printhead' ternal NozzleEnable bits.CEn[1-2]2Opulse
on CCEn[N] ANDed with data on Dl[n] enables the sees ' es for se eat a in
se nt ou N of the rinthead.HSense1Irinthead Sense tem esature, volts e,
resistivi etc) .eset1Oeset the rinthead  The MJI maintains a count of the
number of dots of each color fired from the printhead. The dot 15 count for
each color is a 32-bit value, individually cleared under processor control.
At 32-bits length) each dot count can hold a maximum coverage dot count of
17 8-inch x 12-inch pages, although in typical usage, the dot count will be
read and cleared after each page or half page. The dot counts are used by
the processor to update a QA chip in order to predict when the ink
cartridge runs out of ink. The processor knows the volume of ink in the
cartridge for each of the colors from the QA chip.' Counting the number of
drops eliminates the need for ink sensors) and prevents the ink channels
from running dry. An updated drop count is written to the QA chip after
each page. A new page will not be printed unless there is enough ink left,
and allows the user to change the ink without getting a dud half printed
page which must be reprinted. In FIG. 13 is seen the layout of a dot
counter for Color N. All 6 dot counters are preferably identical in 25
structure. The dot counter takes the color N data at 98, from the HCU) into
a 15 line to 4 line encoder 99. The four line output of the encoder 99 is
to an adder 100 and Color N Dot Count 101 outputting a 32 bit count at 102.
The counter 101 might be cleared by a bit on line 103. Loading of the
counter 101 is clocked by a bit oa 104. 3.Q The processor communicates with
the MJL via a register set. The registers allow the processor to
-paFametertze a print as well as receive feedback about print progress. The
following register are contained in the MJL   2 8 DEC ?004 wo 02/o233s 23
Table 36. Memjet interface registers PCT/AU00/00754 a stet Name
.Description.Print ParametersSegmentsPerXfera number of segments to write
to each transfer. This also equals the number of cyclesto wait between each
transfer (before generating the next Advance pulse). Each traasfehas
MaxColors x SegmentsPerXfer valid bits.SegmentGroupsa number of segment
groups in the printhead. This equals the number of times thaSegmentsPerXfer
cycles must elapse.before a single dot has been written to-eacSegment of
the printhead. The MJI does this 1280 times to completely transfer all
the_ata for the line to the printhead.Numlinesa number of LoadlPrint cycles
to perform.Monitoring the Print (read onlyfrom point of view of
processor)Statusa Memjet Interface's Status Re 'stetLinesRemaininga number
of lines remaining to be printed. Only valid while Go=1.tarting value is
Numl,ines and counts down to 0.TransfersRemaininga number of sets . of .
SegmentGroups transfers remaining before the Printhead isconsidered loaded
for the.current line. Starts at 1280 and counts down to 0. Only valibile
Go=1.egegGroupsRemaininga number of segment groups remaining in the current
set of transfers of 1 dot'to eacse meat. Starts at SegmentGroups s and
counts down to 0. Only valid while Go=1.enSenseSegmenta 8-bit value to
place .on the Dl lines during a subsequent feedback CCEn pulse.Only 1 of
the 8 bits should be set, corresponding to one of the (maximum) 8
segments.ee SenseSelect for how to determine which of the se eat groups s
to sense.etAllNozzlpsif non-zero, the 48-bitwalue written to the printhead
during the LoadDots process is a11. ;Is, so that all nozzles will be fired
during the subsequent PrintDots process This is use.. . during the preheat
and cleaning cycles.Lf 0) the 48-bit value written to the printhead comes
from the LLFU. This is the canduring the actual printing of re
images.Actions 'ResetA write to this register resets the MJI, stops any
loading or printing processes and loads, a 'stets with 0. The MJI also
laces a ulse on the RESET line connected to the rinthead.SenseSelectwrite
to this register with any value clears the FeedbackValid bit of the Status
register, anthe remaining action depends on the values in the LoadingDots
and PrintingDots status bits.f either of the status bits are set, the
Feedback bit is cleared and nothing more is done.If both status bits are
clear, a pulse is given simultaneously on both CCEn lines with allits 0.
This stops any existing feedback. Depending on the two low-order bits
written'SenseSelect register, a pulse is given on CCEnl or CCEn2 , with the
Dl bits set according tthe SenseSegment register. Once the sense line
has.been tested; the value is placed in thHSense re 'stets, and the
Feedback bit of the Status re 'stet is setoA write of 1 to this bit starts
the LoadDots / PrintDots cycles, which commences with a waifor the first
LineSync pulse. A total of NumLines lines. are printed) each line
beinLoaded/printed after the receipt of a LineSync pulse. The Loading of
each line consists oSegmentGroups 48-bit transfers. As each line is
printed) LinesRemaining decrements, anTransfersRemaining is.reloaded with
SegmentGroups again, and an NPSync pulse is given toa printhead. The status
register contains print status information. Upon completion oNumLines the
loading/printing process stops, the Go bit is cleared) and any further
LineSynpulses are ignored. During the final print cycle, nothing is loaded
into the printhead.A write of 0 to this bit stops s the tint process, but
does not clear an other re 'stern.ClearCountswrite to this register clears
the Color1DotCount, Color2DotCount, Color3DotCounColor4DotCount,
ColorSDotCount, and Color6DotCount registers if bits 0, 1) 2) 3, 4, 5, ora
respectively are set. Copsequently a write of 0 has no effect.
.FeedbackHSeasecad only feedback of the printhead's sense from the last
CCEa pulse sent to segmenSenseSe eat. Is only valid if the FeedbackValid
bit of the Status re 'stet is set..Color1DotCountcad only 32-bit count of
color1 dots sent to the printhead.Color2DotCountRead only 32-bit count of
color2 dots sent to the printhead.Color3DotCountcad only 32-bit count of
color3 dots sent to the printhead -Color4DotCountcad only 32-bit count of
coIor4 dots sent to the printheadColorSDotCountcad only 32-bit count of
color5 dots sent to the printheadColor6DotCountcad only 32-bit count of
color6 dots sent to the printhead    2 8 DEC 200 WO 02I02338 24 



The M1I's Status register is a 16-bit register with bit interpretations as
follows: Table 37. M1I Status register PCT/AU00/00754
nineitsDescriptionLoadingDots1set) the MTI is currently loading dots) with
the number of dots remaining to btransferred in TransfersRemaining.clear,
the MJI is not currently loading dotsPrintingDots1set) the M3I is currently
printing dots.clear) the MJI is not currently printing
dots.FeedbackValidI's bit is set while the feedback values Tsense) Vsense,
Rsense) and Wsense arc valid.REserved13. The following pseudocode
illustrates the logic required to load a printhead for a single line. Note
that loading 5 commences only after the LineSync pulse arrives. This is to
ensure the data for the line has been prepared by the LLFU and is valid for
the first transfer to the printhead. Wait for LineSync For
TransfersRemaining =1280 to 0 10 ' For I = 0 to SegmentGroups If
(SetAlINozzles) . Set alt Dn lines to be 1 . ~ Else tfp=0) .. 15 Place
first 48 bits of LLFU's 90 bit Transfer regtster on 48 Dn lines Else Place
last 42 bits of LLFU's 90 bft Transfer regtster on 48 Dn lines Endlf Pulse
SCIk 20 . Watt SegmentsPerXfer cycles Send ADVANCE signal EndFor EndFor 25
Cleaning and preheat cycles are simply accomplished by setting appropriate
registers in the MTI and programming the printhead's firing pulse profiles.
SetAllNozzles =1  Set the Bring pulse profile to either a low duration (in
the case of the preheat mode) or to an appropriate drop ejection duration
for cleaning mode.  Set NumLines to be the number of times the nozzles
should be find  Set the Go bit and then wait for the Go bit to be cleared
when the print cycles have completed. The LSGU must also be programmed to
send LineSync pulses at the correct frequency. 35 ~ Throughout the
specification the aim has been to describe the preferred embodiments of the
invention without limiting the invention to any one embodiment or specific
collection of features. persons skilled in the' art may realize variations
from the specific embodiments that will nonetheless fall within the scope
of the invention.   2 a nEC 2uo~ WO 02/02338 PCT/AU00/00754 25 CLAIMS 1. A
print engine/controller configured to be coupled with others to drive an
ink drop printhead comprising: an interface at which to receive compressed
page data; 5 image decoders to decode compressed image planes in the
received compressed page data; a half toner/compositer to composite
respective strips of the decoded image planes; and a printhead interface to
output the composite strip to a printhead the printhead interface
including: ' a multi-segment printhead interface outputting printhead
formatted data; and a synchronization signal generator outputting a
synchronization signal to couple print engine/controllers to synchronize
their respective strips at the printhead. 



2. ~ A print engine/controIler as claimed in claim 1 wherein the printhead
interface accepts its own synchronization signal as a master controller to
all print engine/controllers or that of another printhead controller 15 as
a slave. 3. A print engine/controller as claimed in claim 2 wherein
printhead interface includes an input at which a-signal determines if the.
print engine controller is a master controller or a slave. 2~ 4. A print
engine/controller as claimed in any one of claims 1 to 3 wherein the
halftoner/compositor scales input image planes under control of a margin
unit set to establish print data for a strip of the image. 5. ~ A print
engine/coatroller as claimed in claim I with the addition of a tag encoder
to calculate respective strips of a tag image plant. ' 25 6. A print
engine/controller configured to be coupled with others to drive, an ink
drop printhead comprising: a contone image decoder to decode any compressed
continuous tone image planes in the received compressed page data; a
bi-level decoder to decode' any compressed bi-level image plane and/or
dither data in the received compressed page data; a haIftoner/compositor to
composite respective strips of the decoded image planes including a dot
merger unit controlled by a color mask to effect integration of the image
planes with what inks are provided in the printhead; and 35 a printhead
interface to output the composite strip to a printhead ' the printhead
interface including: a multi-segment printhead interface outputting
printhead formatted data; and a synchronization signal generator outputting
a synchronization signal to couple print engine/controllers to synchronize
their respective strips at the printhead. ,. . 40 7. , A print
engine/controIler as claimed in claim 6 wherein the halftonerlcompositor
includes a margin unit to applg margin. data to the respertive imago
planes. during the composite ,process.to. generate print data in strips.
2 8 DEC 200 Zs $. An inkdrop printer with a printhead driven by multiple
print engine/controllers each print engine/controllers comprising en
interfocc al which to receive compressed page data; i rage decodes to
decode,compressed image p in the received compressed page  a half
toner/compositer to composite a strip of the page data; and n printhead
interface to output the composite strip to a segment of the printhead; one
printhead interface generating synchronisation signal to synehmnize the
print engine/controllers to drive the printhead .at any ono or more of
higher Speed, higher input 10 resolution) higher number of cooler planes)
higher outlet resolution or wider format. 9. A print engine/controller as
claimed in claim 8 sherein a printhead interface accepts its own
synchronization signal as a master controller to x11 print
engine/controllers or that.of another printhead controller as a slave. 15
t0, A print engine/controller as claimed in claim 9 wherein the printhhead
interface include. an input  winch n signal determines if the print engine
controller is a master controller or a slave. 20 11. An Inkdrop printer
with a printhead driven by multiple print engine/controller, the 



print engine/controllers including; an interface at which to receive
compressed page date; a contone decoder to decode any compressed continous
tone image planes in the received compressed page data; 25 a bi-level
decoder to.decode arty hi-level image planes and/or dither data in the
received compressed page data a halft-toner/compositer to composite ally
bi-level image piano over arty continuous tone image plane wherein the page
data in the imago planes is scaled under control of a margin unit to
established data for a strip of the image; a printhead driver o0 output the
posited strips to a printhead; . a printhead receiving strip form print
data in parallel from the multiple. print engine/controllers; and a
synchronization signal generator outputting a synchronization signal to
couple print engine/controllers to synchronise their respective strips at
the printhead_ 35 AMENDED SHEET iif'EA/AU .A3F.A5.AY.AE.A;
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