PEC12-SG | A PRINT ENG NE CONTROLLER FOR A PAGEW DTH | NKJET PRI NT HEAD

FI ELD OF THE | NVENTI ON The invention relates to a print engine/controller
(PEC) suitable for use with a range of printer products. The invention
further relates to a print engine/controller inplenented in a print head
interface chip. BACKGROUND OF THE | NVENTI ON A range of printer types have
evol ved wherein an image is constructed fromink selectively applied to a
page in dot'¥¥ mat. In US patent numbet 6045710 titled "Self-aligned
construction and manufacturing process for nonolithic print heads' to the
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The Memjet print head is developed from print head 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 print head enables high-speed printing using
microelectromechanical ink drop technology.

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
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The disclosures of these co-pending applications are incorporated herein by cross-reference.

Performance of a print head such as the above is dictated by its engine/controller. High-speed
printing is a matter of development of both the print head and its engine/controller. A page wide print
head enabled by the above technology needs an engine/controller capable of feeding it high rates of drop
control signals. A typical page layout may contain a mixture of images, graphics and text. Because of the
page-width nature of the above microelectromechanical print head, each page can be printed at a constant
speed to avoid creating visible artifacts. This means that the printing speed need not be varied to match
the input data rate. Document rasterization and document printing can be decoupled. To ensure the print
head has a constant supply of data, a page should not be printed until it is fully rasterized. Ideally
rasterization should be able to run ahead of the printer when rasterizing simple pages, buying time to

rasterize more complex pages. The engine/controller determines the degree to which these functions



rasterize nore conpl ex pages. The engine/controller determ nes the degree
to which these functions PECl12-SG 3 m ght be realised. Mire speed at the
print head depends on devel opnent of both print head and its

engi ne/controller. The print engine/controller architecture needs to be
designed to push large volunmes of data to the print head at hi gh speed.
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decode any continuous tone image planes in the received compressed page data, a bi-level decoder to

decode any bi-level image planes and dither data in the received compressed page data, a half-
toner/compositor to composite any bi-level image plane over any continuous tone image plane, and a print

head driver to output the composite to a print head.

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,
FIG. 3 illustrates the print engine controller architecture.

FIG. 4 illustrates the external interfaces to the halftoner/compositor unit (HHCU) of FIG. 3.

FIG. 3 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.

FIG. 8 shows a diagram illustrating the process within the line loader/format unit (LLFU) of FIG. 5.



FIG 8 shows a diagramillustrating the process within the line

| oader/format unit (LLFU) of FIG 5. PECl12-SG 4 FIG 9 is a diagram show ng
internal circuitry to generate color data in the LLFU of FIG 8. FIGS. 10
and 11 illustrate conmponents of the LLFU seen in FIG 9. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A typically 12 inch print head
width is controlled by one or nore PECs, as described below, to allow
ful'l-bl eeBFP#$Rting of both A4 and Lettfer pages. Six channels of col ored
ink are the expect ed maxi rrum in the present prl nting environnent, these
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page | ayouts ed an ui abj. e e
Pages from rre‘g‘r:%’r¥‘§ gr%clr tﬁsat%‘tgg c% % ’tme%% ﬁ’ﬁg 88’?%1?%52&2‘]1 g?nt&l‘hgbrr to

transm s@IV@wftﬁelcitdnéltsprl nt engi ne controller 10. Pages are received as

conpr essed @@%gk&%@&d#g@@ie{‘aseﬁ:h&tcﬁﬁde@ﬁchgﬂﬁliﬁlﬁﬁontro' ler 10 into a nemory
buffer 15, fro are fed to a expander 16 whereln‘gage
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page data is printed at 20 to produce p e print engine/controller
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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 13 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 10 into a memory buffer 15, from which they are fed to a page expander 16
wherein page images are retrieved. Any requisite dithering 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 engine/controller 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 sizable bi-level CMYK+IR page image in memory.

The first stage of the pipeline expands a JPEG-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 in parallel. In parallel with this, the tag encoder



expands a G oup 4 Fax-conpressed bi-level dither matrix selection map (see
bel ow), and expands a G oup 4 Fax-conpressed bi-|level black |ayer (see
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Aut hent i cat iinQ:G-pEl{dgl% oy etol SEQ:QPa?éﬁ?A}%mations:

USSN Our Docket Our Title
Number
TBA AUTHO1 Validation Protocol and System
09/112,763 AUTHO2 Circuit for Protecting Chips Against IDD Fluctuation
Adttacks
09/112,737 AUTHO04 Method for Protecting On-Chip Memory (Flash and
RAM)
09/112,761 AUTHOS Method for Making a Chip Tamper-Resistant
09/113,223 AUTHO6 A system for authenticating physical objects
TBA AUTHO7 Validation Protocol and System
TBA AUTHOS8 Validation Protocol and System
09/505,003 AUTHO09 Consumable Authentication Protocol and System
09/517,608 AUTHI10 Consumable Authentication Protocol and System
09/505,147 AUTH11 Consumable Authentication Protocol and System
09/505,952 AUTHI12 Unauthorized Modification of Values Stored in Flash




09/ 517, 608AUTHL0Consumabl e Aut hentication Protocol and System

09/ 505, 147AUTH11Consunabl e Aut henti cati on Protocol and System

09/ 505, 952AUTH12Unaut hori zed Mdification of Values Stored in Flash

PEC12- SG 6 Menory TBAAUTHL3A System for the Manipul ati on of Secure Data
09/ 516, 874AUTH14An Aut hentication Chip with Protection from Power Supply
At t acks TBAAUTHL15Shi el di ng Mani pul ations of Secret Data QA chip
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r eadi ng theeN e(%teu(sé atl on vectors and witing pulse profiles) provide
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DRAM Si nce %ﬂa‘#mwm?qq@eqmﬁ:g\é processing is performed by dedicated hardware,

the CPU doa&acﬂ]ﬁganﬂlazﬁﬁhgtt&bpfem@&&fonﬂhﬁéﬁl’épagéﬁ a result, the CPU can be
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Preferably a PEC chip will incorporate a simple micro-controller CPU core 35 to perform the
following functions:
s 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)
» 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 print head 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 DRAM
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. 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 I/O.

Particular address ranges may map to particular units, and within each range, to particular registers
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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 (CMYK) layer,
and expands any of two Group 4 Fax-compressed bi-level data streams. The two streams are the black
layer (although the PEC is 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, in 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



then the page just | oaded becones the page being printed, and a new page is
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this class ch u%ggees Lt is expficitly not tuned for example, for halfioned bi-level images). The 1D Group
3 algorithm runlength-encodes each scanline and then Huffman-encodes the resulting runlengths.
Runlengths in the range 0 to 63 are coded with terminating codes, Runlengths in the range 64 to 2623 are
coded with make-up codes, each representing a multiple of 64, followed by a terminating code.
Runlengths 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 runs (except for make-up codes
above 1728, which are common). When possible, the 20 Group 3 algorithm encodes a scanline as a set
of short edge deltas (0, +1, £2, +3) 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
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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 Fax decoder. This is important because a
single bi-level line is typically 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 would have to decode the
same line multiple times - once for each cutput 600dpi dotline.

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



to the &4 Fax decoder is 2 planes of bi-level data, read fromthe external
DRAM The out put of the &4 Fax decoder is 2 planes of deconpressed
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A JPEG compression algorithm (see ISO/LEC 19018-1:1994, Information technology - Digital
compression and coding of continuous-tone still images: Requirements and guidelines, 1994) lossily
compresses a contone image at a specified quality level. 1t introduces imperceptible image degradation at
compression ratios below 5:1, and negligible image degradation at compression ratios below 10:1 (see
Wallace, G.X., “The JPEG Still Picture Compression Standard”, Communications of the ACM, Vol.34,

No.4, April 1991, pp.30-44). JPEG typically first transforms the image into a color space that separates
lvminance and chrominance into separate color channels. This allows the chrominance channels to be

subsampled without appreciable loss because of the human visual system’s relatively greater sensitivity

to luminance than chrominance. After this first step, each color channel is compressed separately. The



bandw dt h. The &4 Fax decoding functionality is inplenented by neans of a
4 Fax Decoder core. A wide variety of G4Fax Decoder cores are suitable:
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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

in 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 contone resolution is 1600ppi (matching the

printer’s full dot resolution). However there is only enough output line buffer memory 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



Each col or plane of the deconpressed contone data is output to a set of two
line buffers (see below). Each line buffer is 3840 bytes, and is therefore
capabl e of holding 12 inches of a single color plane's pixels at 320 ppi.
The line buffering allows one line buffer to be read by the HCU while the
other line buffer is being witten to by the JPEG decoder. This is

i nportant because a single contone line is typically less than 1600 ppi,
and nust T4 ore be expanded in botH2t he dot and line dinensions. If the
buffering were less than a full line, the JPEG decoder woul d have to decode

th i tline.
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nust be kfRaly, the contone layer is CMYK or CMY, and the bi-level spot] 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 the respective scale units such as the scale unit 43, all data, received in the buffer planes such
as 42, to printer resofution 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 valie an integer number of times in



(1 context for each color plane), and includes current address in the
external DRAM as well as appropriate JPEG decodi ng paraneters In FIG 4

t he hal ftoner/conpositor unit (HCU) 29 conbines the functions of halftoning
the contone (typically CWK) |ayer to a bi-level version of the sane, and
conpositing the spotl bi-level |ayer over the appropriate hal ftoned
contone layer(s). If there is no Kink in the printer, the HCU 29 is able
to map K t'TMy dots as appropriate. I8 al so sel ects between two dither
matrices on a pier by pi xel basis based on the corresponding val ue in
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ot 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.
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 print head). The edvance
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.



scal ed-up dither matrix select bit is used by the dither matrix access unit
48 to select a single 8-bit value fromthe two dither matrices. The 8-bit
value is output to the 4 conparators 44, and 49 to 51, which sinply
conpare it to the specific 8-bit contone value. The generation of an actual
dither matrix is dependent on the structure of the print head and the

general processes by which to generate one will be famliar to those
skilled iTFf9%€ art. |If the contone vallde is greater than or equal to the
8-bit dither matrix value al is output If not, then a 0 is output._These
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conpar at Cp’rocteﬁ’ﬂtdtsoﬁ'eakﬁls détwwdvaBeelsighal i uteStitaen chapik adtes @sit @MAN G @edlte linstrucout put .

In FIG ﬁﬁ@gsqgl f‘mﬁfg‘%@a"‘%} offye t he dot merger unit. It provides a neans

of mapping t ered data, the spotl color, and the tag data
to output i nk8 G 7rresicEEt Eif Clﬁfrl%tverpiééfér: TpiAngBe 32vaesyisrent dyfippodpcak b 6
1-bit i npid dot ARgk: pEOONERSTIR fal ng;htealbmtc@ua Rltgiddi(@) 63!’&3@'[; %@ﬂ'&ﬁayﬁﬂ&ﬂm@ﬂt put

dot for ta%&teﬁn%!;lggﬁnap}l g&}lﬁﬁd gu]g Rﬁts h atcjt{nge 6@ ta@igo Iplgé 5%1t c%un er. nﬁl lt(i) odd%lts agy or

all of the In e spot co
out put cdbisrl. gl-‘iamc)(frq%qewtrﬁg 63 #rp cheééprﬁgﬁtertcééi wﬁvghepﬁamptb’sl@@yablemlemé to be

merged i Mi2it wilidlexorBGRMALsBled Bty 1O Wblolvihg BNRIER RO lipd @ Uik &6k thd¥ard N t he
pri nt headz)hl and tag dot data to be placed in a visible plane. An out put

for fixatTVé tan readily be generated by sinply conbining all of the input
bits. The tefull#dbidromypdisterBont ai ns a 6-bit Col or Mask register 61 that is

used as a.aSK pAYALdIRIde L §0n§thb APMEn tt{stoﬁreglstga@ttn@é QH?Qet'c'j]EHdttheqlﬁte%n'bﬁs ANDed
with the correspondin r Mask regi ster the resultant 6 bits

and
are then ORET# "égt %85 FE0 PG RS Adam b&ﬂ? b)dt'i “iylle the 6 even 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 16 bits of register
C. The bits of register C form bits ¢ 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 cyeles (noOverlap = dot advance for cycle 0, and noOverlap = noQverlap AND dot advance for
cycles 1 to 31).
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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 requirements for the HCU.
In FIG. 8 is seen the line loader / format unit (LLFU). 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 print head. 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 DataValid bit, all generated by the HCU. The output 68 is a set of 90 bits representing a

maximum of 15 print head segments of 6 colors. Not all the output bits may be valid, depending on how

many colors are actually used in the print head.

The physical placement of firing nozzles on the print head 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, 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 print head. Since a single PEC generates

dots for up to 15 print head 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
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Only one b1t of the 32-bits read from each color buffer is sclected, for a total of 6 output bits. The
process is shown in FIG. 11. 15 bits of address allow the reading of a particular bit by means of 1{-bits
of address being used to select 32 bits, and 5-bits of address choose 1-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 WriteEnable 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 clock 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)



the page is generated automatically by the HCU so it will have a clean
edge. In FIG 10 is seen a block diagramfor Color N OESplit (see Cesplit 70
of FIG 9), and the block diagramfor 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 double
buffered nechanismfor transferring data to the print head interface (PHI)
32 in FIG 3. Buffers E and F therefore have identical structures. During
the proce®&nY of a line of dots, oneldf the two buffers is witten to
while the other is being read from The two buffers are Iogi cally swapped
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sel ect 32 TB?"tf’%dP“&FFaf%aE}P&lesd"H‘F‘eﬁ&@%%h%fmpﬂ?“%ﬂc?def romthose 32. Since all
col or sub- buf fesmsFistxeFAaschis | ogic, a single 15-bit address gives a total
of 6 bits out, QnerkBil - ?ﬁisﬁjl or. Each sub-buffer 73 to 78 has its own
Wit eEnabl e I|ne to alfTowa single 32-bit value to be witten to a
particul ar col dior Berfobegmentp= ﬁt(gizvgn cycle. The individual WiteEnables are
generated by AND m@otthRegméntoghe-Vy it eEnabl e input with the decoded form of
Col or Sel ect. The 32 b| t.s ared, since only one
buf fer will actual I VIerhe °‘%“E§gma ?g“%ﬂbltsl)%aﬁr ran§68t°n6§r ation for reading from
buffers E and F i&dEtrai ghtforward. Each cycle generates a bit address
that is used to feteknfinBbtsumeniesenting 1-bit per color for a particular
segnent. By addi 640 to the current bit address, we advance to the next
segnent's equivaleént dot. We add 640 (not 1280) PEClZ- SG 17 since the odd
and even dots are S¥Epélodied XirsRdneinppgfF8r. We do this NunBegnents tinmes to
retrieve the data'f\ﬁ:@cé@n%lﬁ@l&Mtﬁﬂér%ﬂloq%ﬁem?:f@ﬂ‘ﬁﬁ{ﬁ\‘}ﬂ cg hose bits to
the PH . When NuntSegnent of bits is 90 (15 x 6 bhits).
The process is t herPPEeadue 310k B EH®Eots. This entire even/ odd bit
gener ati on process Stgl 1S oemixed ABDONOT M¥sicEnddey enent i ng the start address
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regardl ess of the nurda@Re@hter = Fetch 6 bits from EFSense[ReadBuffer]:CurrAdr

Curr Adr = CurrAdr + 640
XfersRemaining = XfersRemaining - 1
EndIf
Until (TWriteEnable)
EndFor
‘Wait until BufferEF Write process has finished
EF8ense = NOT (EFSense)



colors actually used in the print head, 6 bits are produced in a given read
cycle (one bit fromeach color's buffer). In addition, we generate the
TWiteEnable control signal for witing to the 90-bit Transfer register 90
in FIG 9. Since the LLFU starts before the PH, we nust transfer the first
val ue before the Advance pulse fromthe PH . W nust al so generate the
next value in readiness for the first Advance pulse. The solution is to
transfer t9#>¥%rst value to the Transflér register after NunBSegnents cycles,
and then to stall NunBSegnents cycles later, waiting for the Advance pul se
to start the next NunBSegnents cycle group. Once the first Advance pul se
arrives, the LLFU is synchronized to the PH . The read process for a single
dotline is shthie iead nrdvess fisgtahdaniingcfaip Jomdoeordite the FEBrpevrite process iFMeBEng bt ToXf er
- FALSE Fg¥kt dofid-moSeosmptfder O to 1279 I f (DotlnSegnmentO0:bit0 = 0) CurrAdr
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line has been processed A single bit flag ABSense determines which of the two buffers are read from

and wrilten to.

The HCU provides 32-bits of color 1 data whenever the output valid control flag is set, which is
every 32 cycles after the first flag has been sent for the line. The 32 bits define a contigunous 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 2 WriteEnable control for the OE, register 81. We process the HCU data
every 2 CutputValid signals. The 16 even bits of HCU color 1 data are combined with the 16 even bits of
register OE, to make 32-bits of even color 1 data. Similarly, the 16 odd bits of HCU color 1 data are
combined with the 16 odd bits of register OE; to make 32-bits of odd color 1 data. Upon receipt of the
first QutputValid 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 QuiputValid signal of the group of two, we write
the 32-bits of odd data to the same location in buffer AB that 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 OF; (83 in FIG. 10) is used to store a single 32-bit value for color 1, buffers OF; to
OE; are used to store a single 32-bit value for colors 2 to 6 respeciively. Just as the data for color 1 is
split into 32-bits representing color 1 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 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



set, and color 2-6 data is witten during other tinmes fromregister C
Buffer OE, 81 in FIG 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. Buffer AB 82 is a double buffered nechanismfor delaying odd dot
data for color | by 2 dotlines. Buffers A and B therefore have identical
structureEC" IR i ng the processing of adine of dots, one of the two
buffers is read fromand then vvritten to. The two buffers are logically

swapped af e ent | re dot as bee ed A in bit flag
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color 1, tF@s iomeneﬁiecasm&lismnm’w ﬁatibljlﬁlﬁ procefEfs shpypoin the &dlewipg psefdotode second
Qut put Val i d sigpgloof the group of two, we wite the 32-bits of odd data
to the same Ioc€ [ bﬁ)ffer AB that we read from previously, and we
wite the 32-bi f‘EmS‘fmeé??e data to color 1 within buffer EF. The HCU
provi des 32 bi t Whigf(NG&Erdvapeiinglol or pl ane whenever the QutputValid control
flag is set. ThigRGE L uONEE XNB&sHebGR@NCePt during certain startup
times. The 32 bits define a conti gruous set of 32 dots for a single dot
line - 16 even dots (PIEWyteEsblerIKUE ) " and 16 odd dots (bits 1, 3, 5
etc.). Wile buffer Chlori8& s adr FI G 10) is used to store a si ngle 32-bit
val ue for col or qufggIri3 GF2 to OE6 are used to store a single 32-bit
val ue for colors 2 to respectively. Just as the data for color 1 is
split into 32-bits repr¥sefting color 1 odd dots and 32-bits representing
color | even dots everly 64 cycles (once every two QutputValid flags), the
renmai ning color planes gre algo split into even and odd dots. However,
i nstead of being witten dlrectly to buffer EF, the dot data is del ayed by
a number of lines, a#dlfis witten out to DRAM via buffer CD (84 in FI G
9). Wile the dotﬁsefor agiven line are witten to DRAM the dots for a
previous line are r witten to buffer EF (71,72). This
process nust be don(gc’?l H%E%éqjégﬂﬁg]?h the process witing color 1 to buffer
EF. Every tine arﬁr@ﬁtputValld flag is received fromthe HCU on line 85 in
FIG 10, the 32- bkt wbufihidy SG 19 color N data are witten to buffer OEN
(83). Every second lPut Val. i t he conbined 64-bit value is witten
to color buffer N (88 é icoupgred ﬁ\?&%@%&ﬂ%}%‘e&&} allel for all color planes 2-6.
Col or Buffer N (88)If contains 40 sets of 64-bits (320 bytes) to enable the
dots for two cogpleie segnents to be stored. This

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.

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 I 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 0dd and even dots. After a complete segment’s

worth of dots has accumnulated (20 sets of 64 cycles), then the process begins again. Once the data for all



allows a conplete segnent generation tinme (20 x 64 = 1280 cycles) for the
previ ous segnent's data (both odd and even dots) to be witten out to
DRAM Address generation for witing is straightforward. The

Col orNWiteEnable signal on Iine 87 is given every second QutputValid flag.
The address starts at 0, and increnents every second CQutputValid flag
until 39. Instead of advancing to 40, the address is reset to O, thus
provi di ngPE¥e*doubl e- buf f eri ng schene.20This works so | ong as the reading
does not occur during the QutputValid flag, and that the previous
segnment's_data .can.be wijtten the ti [ t akes enerate a
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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 RDRAM memory system for example, the very first
half-line buffer is aligned for each color to a 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 IKByte page, then the 640-bit access would span 2 pages.
Therefore the variable DRAMMuaxVal 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 640-bit access completely within a single page.
The address generation process can be considered as NumSegments worth of 10 sets oft 20 x 32-

bit reads followed by 20 x 32-bit writes, and it can be seen in the following pseudocode:

EFStartAdr=10

Do NumSegments times:

For CurrColor = 0 to MaxHalfColors
DRAMStartAddress = ColorCurrAdr[CurrColor]

‘While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
ColorNAdr=0
While (ColorNAdr 1= 20)



color's DRAM buffer is advanced so that it will be the appropriate nunber
of lines until the particular data for the color's line is read back from
DRAM 1In this respect then, the DRAM acts as a formof FIFQO Consequently
color N (either odd or even) is read fromDRAMinto buffer D while copying
color N (sane odd/even sense) to buffer C. The copying of data to buffer C
takes 20 or 21 cycles depending on whether the QutputValid flag occurs
during th&E929%¢ransfers. Once both tasls have finished (typically the DRAM
access wll be the slower task), the second part of the process begins. The
data in buffer Cis wj .1.he sanme | ocations as were just read)
and the data in buffer Etaﬁs Iéélg‘r%él “{ 5£‘ uffer EF (again, no color N data is
transferred to buffer EF Whisfe ColpBaifiar[SaloNdridurfdolrg bitd te@folaiNddd col or 1
data is being transferregdliormniencdetifatiasks have finished the sane process
occurs for the other se sdgf of color N (either odd or even), and then for
each of the remaining c6lOrs. The entire doubl e process happens 10 tines.
The addresses for eachnddfhile he current lines in DRAM are then updated for
the next line's praeegst NhidQaReIhR ankigt €r s of bandw dth, the DRAM
access for dot data buffers consunmes the great majority of all DRAM access
fromPEC. For each print line we read an entire dot line for colors 2-6,
and write an entir ewhitotriting 4 bitOfionCO B IR AW Gart Adaessttheo sis)num of 15
segnents this equatesqfiOnigX® X 15 x 1280 bits = 192,000 bits (24,000
bytes) per print line. For the fastest printing system (30,000 |ines per
second) this equatesEXura8WBdSec. For 1 page per second printing the
bandwi dt h requi red i swhildchBio@cr=28 nce the bandwidth is so high, the
addresses of the vario = i.nhes each col or in DRAM shoul d be
optim zed for the m&*rmlrjl;%(I\:[14§1/1|lc>1{=50[IEJ'E‘CF'l B“%féj({éd In an RDRAM nmenory system for
exanpl e, the very first TFrapsfer PiGolerNnslfte FF[CerColorgivedd f or each color to a
1KByt e boundary to maxi M ggcpagRdhi-ts) ARD RMbBLCaSMHalAS e vari ous
segnents are processed it i%"r‘l’%ﬁ S—S@dey tp ensure that if the start of the
next segnment was going to & rgn Y byte 960 within the 1KByte page,
then the 640-bit access wdel d span 2 pages. Therefore the variable
DRAMVaxVal is used to checkgfQr=fhig+Gase, and if it occurs, the address is
rounded up for the next hlgnldf-l ine buffer to be page-aligned. Consequently
the only waste is 64 byte er 13 segnents, but have the advantage of the
640-bit access conpl et el yCaNhdm Goleadghd page. The address generation
process can be consi derggiras NunSegnents worth of 10 sets of: 20 x 32- bit
reads followed by 20 x 32-bit wites, and it can be seen in the follow ng
pseudocode: EFSt art Adfd¥hfe Do NunSegnents times: For CurrColor = 0 to
MaxHal f Col ors DRANBiwhilAdditess wateGad fiskadr r Adr [ Curr Col or] Whil e readi ng 640
bits from DRAMSt art Address into D(>= 20 cycles) ColorNAdr = 0 Wile
(Col orNAdr !'= 20) PECLl2-SG 21 If (NOT HCU Qut put Val i d)

If (DRAMStartAddress == DRAMMaxVal)

ColorCurrAdr[currColor] = round up DRAMStartAddress to next 1KByte page

Else

ColorCurrAdr[currColor] = DRAMStartAddress + 640 bits
EndIf

If (Segment == maxSegments)

If (ColorCurrRow[CurrColor] == ColorMaxRow{CurrColor])
ColorCurrRow[currColor] = ColorStartRow|currColor]
ColorCurrAdr|currColor] = ColorStartAdr{currColor]

Llse
ColorStartRow[currColor] = ColorCurtRow[currColor] + 1

EndIf

EndIf



Transfer Col or NBuffer[ Col or NAdr I CurrCol or bitQ to ([ Col or NAdr] Col or NAdr
= ColorNAdr + 1 Endlf EndWiile EndWile - wait until read has finished
While witing 640 bits from C into DRAMSt art Address (>=20 cycl es)

Col orNAdr = 0 EFAdr = EFStartAdr VWhile (ColorNAdr = 20) If (NOTI HCU

Qut putValid) Transfer D Col orNAdr] to EF[ CurrCol orjEFAdr] If ((Col orNAdr =
19) AND (CurrColor -- NunfalfColors)) EFStartAdr = EFAdr + | Else EFAdr =
EFAdr + 1PECEefi f Col or NAdr = Col or NAd22+ 1 Endlf EndWhile EndWile - wait
until wite has finished If (DRAMStart Address = DRAMvaxVal)

Col or Curr Adr [ cur r]%grr] = round up DRAMSt art Address to next 1KByte page

El se ColorCurrAdr[currCol or] = DRAMStart Address + 640 bits Endlf If
(Segnment == maxB¥irents) |f (Col or CurrRowf CurrCol or] ==

Col or MaxRow Cur weiohdal dekt AdetkOdidtirefoRPaficur r Col or] = Col or St art Rowf curr Col or]

Col or Cur r Ad Co - Col or St ar.t Ad | El se.
Col or Start R:)\[/&ﬁ%%iﬁ‘?‘é}bﬁol%%’j“a@%ﬁo%F‘ﬁaﬂ‘? ?&R{r‘%g%{ig? Bﬂcf)‘]rb]“ﬂf colong s ehedrenbEC 2. SG

22 EndForeveieppdfDotreated 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 PHIL
Consequently the print head should be started and the first LineSync pulse must occur this period of time
after the LLFU 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 print head interface (PHI) is the means by which the processor loads the print head with the
dots to be printed, and controls the actual dot printing process. It takes input from the LLFU and outputs
data to the print head itself. The PHI will be capable of dealing with a variety of print head lengths and
formats. The internal structure of the PHI should allow for a maximum of 6 colors, 8 segments per
transfer, and a maximum of 2 segment groups. This should be sufficient for a 15 segment (8.5 inch)
printer capable of printing A4/Letter at full bleed.

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.



Wait until next Advance signal from PH Note that the MaxHal f Col ors
register is one less than the nunber of colors in terns of odd and even
colors treated separately, but not including color 1. For exanple, in terns
of a standard 6 color printing systemthere are 10 (colors 2-6 in odd and
even), and so MaxHal f Col ors should be set to 9. The LLFU requires
2NunSegnent s cles to prepare the first 180 bits of data for the PHI
COnsequen?$@2$¥e print head should be ZBtarted and the first LineSync pul se
must occur this period of time after the LLFU has started. This allows the
initial T £r value to be valid and the next 90-bit value to be ready
to be |loa |nto the Transfer register. The print head interface (PH) is
t he neans by whi ch the processor |oads the print head with the dots to be
printed, and &pfm&s@ins cdnBlleffol y@% \d@ﬁq nmjet n{egd R B Sritine k&%@kﬁéudu{gput from
the LLFU and oyt put s, dat itself. The PH wll

capabl e of de &1 FeRG R ‘Wﬁ?V@F@I B?Fﬁ éﬂgﬁd | engt hs and fornats. The

i nternal struct ura inpht iteréacilichahoufigired kd rensivé data reprevendhgusmpofsedpags] ors, 8

segments per transhiehous A0 ibho X m&%m%aaﬁglzm%m%%eém ASamshgnl d be
sufficient for a 15 segnent § 5 1nch) printer capable of printing

A4l Letter at TRIFFRUBE @%IGS%WBWHHG‘{“‘? t“f?éesﬁié‘ﬁfidffi"@é}ﬁei“&ﬂ‘it ipEE°S m has been to
descri be the prefebirlad empoditareiadoserafondelt&l to thy Gitini Giferfddet d3 Qldtodt iafg Hitng t he
invention to f features.
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enbodi ment s t hat walffonﬁdﬁ@ﬁ%@lt%@gmmwerfawfqrﬁlﬂwn@mn@e@@@n@masehe i nventi on.
PEC12- SG 23 CLAI Modposifor péninétled @NEM it ﬁ@ﬂicemrlscﬁdposfna{g baleﬂaﬁﬁgééﬂada h inkj et

print head, the pri.n n e gontr ne integrated
circuit V\:hl chis a C,pO ntfhea%ulg%r%c? Oq %ﬁureg to I‘eCGlVE: :P {a r%retsengl}g afléﬂgere% cP mPosn
confi gured tWag‘ée%ﬂtVéeneFa‘Péat%'émsésaémqm@e@éwpwr@s@e@i pages; a contl nuous tone

i mge data decoder connected to the input interface to decode any data

B s A T

to decodeselaahyltecfmea representi ng conpressed bi-|level imge data received
fromthe input interface; a half-toner connected to the input interface for
di t hering, conti nuous tone a_conpositor connected to the input

i nt erface” f or” BESYe Cf’lﬁﬁu?flas %@%‘I““ﬁ%‘@ésm the iRt er‘f?féﬁﬂthFrrfP‘é‘idFsa%e t hat
i s confi gumed ittofredsiscendetdto » ppnes ertstrbineiftchBigdomdigeedo Migsihige datd NBges
and to 9@9%%&@%@& Rabor ﬁlteﬁgc%%@lpg &mﬁg{ngdh@w@ 'ﬁle zhgp @atpﬁom@qmg?, i Print

engine controller as clained in claim1, in wiich e Input interface

i ncl udes LBF%Ftﬁﬁo“éﬁ?é"e’&lag%?qd%ﬂamitﬁ?‘t‘éﬂ‘i“’ﬁd‘éagega‘a‘}i"?#‘i nt engi ne controller as
claimed in claim2, in which the input interface further incl udes a nenory
interf acey t h%& prlims. erféﬂn@ @cﬁlﬁglﬁgas c?augedrﬁ?&ﬁrOXe ofttlgspre%gc{ o %i n&snlgthcgﬁl% co muo
configured to Wi I ma nd ‘the menory

bei ng coﬁ?‘?eg‘ﬂﬁﬂééat"t‘?fcwrlﬁi@‘?Fﬁénci"#&ge dat a fromthe nMenory to

5. A print engine controller as claimed in any one of the preceding claims, in which the bi-level

image data decoder is a fax decoder,

6. A print engine controller as claimed in any one of the preceding claims, in which the half-toner
and the compositor incorporate circuitry that is configured to perform a scaling operation on the
continuous fone and bi-level image data to scale the image data both vertically and horizontally in

accordance with characteristics of the inkjet print head.

7. A printer which includes a print engine controller as claimed in any one of claims 1 to 6.

8. A method of processing image data for printing by a pagewidth inkjet print head, the method
including the steps of:



t he conti nuous tone i nmage decoder and the bi-level inage data decoder. 4. A
print engine controller as clained in any one of the preceding clains, in
whi ch the continuous tone inage data decoder is a JPEG encoder. 5. A print
engine controller as clainmed in any one of the preceding clainms, in which
the bi-level inmage data decoder is a fax decoder. 6. A print engine
controller as clainmed in any one of the preceding clains, in which the half
toner antF4he conpositor incorporate Zdircuitry that is configured to
performa scaling operation on the continuous tone and bi-level inmage data
to scale the k&? edgg&qm%qﬁpcgergggagly and horizontally in accordance
with characteristrcs of thesin jei Bﬁ?nt head. 7. A printer which includes
a print engi nécedadrtotepresenting campaisird ehnfimousigne orpgesof clains 1 to 6. 8. A

nmet hod of pr o&essis Q8 fcpB@Ring adnibrds Rl biRkWeinhddg Py a pagew dth inkjet print
head, the net%gd. i.ncl udi nq the steps of PECL12-SG 24 receiving data
representing LOMHSE &S SEYSEGRE M¥E% 0di ng data representing conpressed
cont i nuous t owepesitag s bi-levdemagds;ng data representing conpressed bi-1leve

i mages;  di t hgginDee ifiRred HAlhAANS ith: Q0G0 4 FRBER inGARY Sdnkrhd Grick Bﬁa; 9,1&1- level

i mges; witing the dithered and conposited images to a printhead interface
to generate pYTie PgaEY daaigdhe regepidihitfust it lpd - nt data to the pagew dth inkj et
print head.




