1 A PRINT ENG NE FOR A PAGEW DTH PRI NTHEAD | NCORPORATI NG

M CRO- ELECTROVECHANI CAL NOZZLE ARRANGEMENTS FI ELD OF THE | NVENTI ON The
invention relates to a print engine. Mre particularly, this invention
relates to a print engine for a pagew dth printhead incorporating

m cr o- el ectronmechani cal nozzle arrangenents. BACKGROUND OF THE | NVENTI ON A
range of printer types have evol ved mhgrein an image is constructed from
ink selectively applied to a page in dot format. In US patent nunber
6045710 titled "Self- aligned construction and manufacturing process for

monol [ i ¢ PPRIVISAISINEFORS PAVERIBTH PRINTIHEABTIRCORPBIE TRyGe! out an

assessnent of the prior art to drop on ‘denmand printers ong Wih its
manuf act uri ng MHORGQFLKETROMEGH ANGEALIYOZZTHE ARRANGEMENIS el ating to
the present invention are disclosed in the follow ng co-pendi ng _
applications filed by the applicant or assignee of the present invention

on 24 Mayr@fiO0'OF THE INVENTION
PCT/ AUOO/ 00518, PCT/ AUOO/ 00519, PCT/ AUOQ 00520, PCT/ AU0O/ 00521,

PCT/ AUOQ' 0052 3Tegny entiony eas2 40 RETinADON O 0FeE, RETvultlOtte 5p@ntion relates

PCT/ AUOQ 00527, [ A 00528, PCT/ A 0529, PCT/ AU00/ 00530 .
 PCT/ AUOO/%O%%%,DE%?R%% GoB%’ /E{'Eﬁ% oESaIPg P&Lﬁ&ff%‘ﬁg“ﬁﬁ?m“hamcal
PCT/ AUOO/ @053 REFé8/ 00536, PCT/ AUO0/ 00537, PCTI AUDO/ 0053 8,

PCT/ AUCQ 00539, PCT/ AUCO 00540, PCT/ AUOQ' 00541, PCT/ AUCQO 00542,
PCT/ AUOCQO 00543, PCT/ AUCO 00544, PCT/ AUOQ 00545, PCT/ AUOCQO 00547,

CT/ AUCD) TOGER RRLTRORRY AREENEEN TR 0560, PeT ALK 00561

PCT/ AUOCQ' 0056 2A Paige ADPEh RS 5Gi8s RGR AUGEH Giietein BEThARIGEcOMIRGted from ink

A T A 00588, T A0 0058, T OG0T ey ot

PCT/ AUCT fif2add  BstiAtchY £1A5 AaniedthAOP O8R! FoPeldrdHRRE QPR AR FEGL fieSC 2
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 2000:
PCT/AU00/00518,  PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521,
PCT/AU00/00523,  PCT/AU00/00524, PCT/AU00/00525, PCT/AUO00/00526,
PCT/AU00/00527,  PCT/AU00/00528, PCT/AU00/00529, PCT/AU00/00530,
PCT/AUQ0/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AU00/00534,
PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AU00/00538,
PCT/AU00/00539,  PCT/AU00/00540,  PCT/AU00/00541,  PCT/AU00/00542,
PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547,
PCT/AU00/00546,  PCT/AUQ0/00554, PCT/AU00/00556, PCT/AU00/00557,
PCT/AU00/00558,  PCT/AU00/00559, PCT/AU00/00560, PCT/AU00/00561,
PCT/AU00/00562,  PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566,
PCT/AU00/00567,  PCT/AU00/00568, PCT/AU00/00569, PCT/AU00/00570,
PCT/AU00/00571,  PCT/AU00/00572, PCT/AU00/00573, PCT/AU00/00574,
PCT/AU00/00575, PCT/AU00/00576, PCT/AU00/00577, PCT/AU00/00578,
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PCT/ AUCO' 00579, PCT/ AUO0/ 00581, PCT/ AUOCO' 00580, PCT/ AUOCO' 00582,

PCT/ AUO0/ 00587, PCT/ AUO0O/ 00588, PCT/ AUOO/ 00589, PCT/ AUO0O/ 00583,

PCT/ AUOO/ 00593, PCT/ AUOCO 00590, PCT/ AUOO/ 00591, PCT/ AUOCO 00592,

PCT/ AUCO' 00594, PCT/ AUO0/ 00595, PCT/ AUOO/ 00596, PCT/ AUOO/ 00597,

PCT/ AU0O/ 00598, PCT/ AUOCO 00516, PCT/ AU00O/ 00517 and PCT/ AUOO/ 00511 The

di scl osures of these co-pending applic%éions are incorporated herein by
cross-reference. In addition, various t hods, systens and appar at us
relating to the present invention are disclosed in the follow ng

oo B TAIOBLIEE | SCTUA e e L AT R R
PCT/ AUCO BOTSW00H@58d) s c PESUABE0EN58d es @ CARBONINSE9.ap pPCme(EiHSO%B?e din
per ot HEEATDRUNEY s BOURAEUBLLT i B b Sldoial e 1

PCT/ AUCYY @@5/&00?6@'59&%@@%800/@6%5“@@@5%0%@96 PCTE AP GIGH7, whi ch

describe a mcro-el ectromechani cal dro demand r| nt head hereafter
referred PGTW@/WﬁSePCWA[ﬁ@Qﬁ@%6 l?ﬁ@/%@ﬁ/@@ﬁﬁrandtﬂﬁ‘éaauog/&ﬂé%I oped from

f 00 d
b1 ovel dot e o Bty SRRE 3 FeRbing BpRACHERTR s Reo PRATH! Resgrob,

easi |y pradsiceteréite] sol atl on aI | owi ng di spersed-dot dithering to be
exploited to its fullest. CoI or planes mght be printed in perfect
registration, o ¥lgteg. Pree “’&310 SnSy§smspiidnenpaEatusTredating tot the aessnatbl es

addi ?Eﬁ%‘c’%f:g;"h' j HRAT R B ?8&%@%&%@@5&‘%&%@%@; "
ggéf?gg/m ianeOa : iFICYI'/ mﬁs i ] Jng tqr)Ie above referenced
page wi deﬂc’gﬁ[ﬂd%g@%‘tnﬁﬁpﬁwﬁ 72 ﬁi’%bﬁﬂpﬁ used to drive the
printhead putsTieaRENSEePOE Qﬁes@aéoapenﬁﬁlgt hsriehtidHshgadnoRgahRad: hddini iy known
to apply dither to the data. O particdlar note is PCI/AUOO 00754, “whi ch

descr i bescrpgsingferenegi ne/ control |l er  PEC17- SG

Of particular note are co-pending PCT application numbers patent applications
PCT/AU00/00591, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00592 and
PCT/AU00/00590, which describe a micro-clectromechanical drop on demand
printhead hereafter referred to as a Memyjet 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 micro-
clectromechanical ink drop technology.

In addition, co-pending PCT applications PCT/AU00/00516, PCT/AU00/00517,
PCT/AU00/00511, and PCT/AU00/00754, PCT/AU00/00755 AND PCT/AU00/00757
describe a print engine/controller suited to driving the above referenced page wide
printhead.

The print engine/controller used to drive the printhead puts received print data
to the printhead nozzles. It is known to apply dither to the data.

Of particular note is PCT/AU00/00754, which describes print engine/controller
PEC17-8G



3 adaptations useful to interface nultiple print engine/controller chips to
a nulti-segnent printhead. It can be referred to for particular detail of
the print engine/controller to which the dither process, and
characterization vector, can be added. In a multi-segnment printhead such as
t he above there is a problemw th naintaining average dot gain and

bri ght ness over an overlapping pair of,printhead segnents and this is mde
worse by m salignnent of segnents. There is need of a dither process that
t akes account of these problens. SUMVARY OF THE | NVENTI ON According to the

I nvent i ONadahhiibes hs%ﬁﬁrtQYﬁtgn‘?&te%lﬂﬁFﬁtspr{%ﬁgﬁélﬁe/f: troffler sgw AR Xgﬂ"e??ad t hat

i ncl udes one or nore printhead ch at™ eac I nc an arra
m cro- eIemmmbwdchhnmndwImﬁzmﬁeodbr@agbubnwsmﬁaﬁthqmaden@nahmﬁﬂhhﬁn@Ie t he

print engi incl.udin at a | np ut means f i Vi ng page data
represent ﬁg?hﬁ}ée% efgg]ﬁggs %}q ﬂia’éaﬁter’ﬁ frb‘iﬁnf &radgﬁff storing said page
data and from WhiaChuRRkdnRA0§rindbhd ®RA ReiHeehideVerrd & apﬁfomenprvﬁ@l?ss' ng;
and a print engine controller that is configured to transfer the page data

to the n@ﬁ@fﬂ}mﬁﬁfﬁ"’éﬁgar@f tegity and begbtnpﬁg@vetmnaoverbppmbaaamuof erinthead prl nt

engine ¢ ! fa t hat ed to t
buffer; a%%gut&d }Isacedyg’?{a{JA %3, Stlaijémésngc? fbsg repgg%eegaqugl nput
means andd1tH%ﬁpdﬁbﬁtb&13al&@ab&b@ht@fc’:tﬁese(iﬁélﬁelﬁ@.n be wri tten to the nenory

buffer; page data processing circuitry connected to the data bus to receive
t he page data and configured to process the page data according to

printing PaiEVal W@F’f‘?ﬂﬂﬁ\l\%fvﬁbﬁad interface connected to the page data

processing circultr receiving the processed page data and configured
to format the Amoodmg dedhpadgesntiab atlfeor ippravidedga lpyint egipagemiadt h pri nt head.
PECL7-SG pagewidth printhead that includes one or more printhead chips that each
include an array of micro-electromechanical nozzle arrangements positioned
on a substrate, the print engine including:

page data input means for receiving page data representing pages to be
printed,

a memory buffer for storing said page data and from which said page
data can be retrieved for print processing; and

a print engine controller that is configured to transfer the page data to
the memory buffer and to retrieve page data from the buffer, the print engine
controller including:

a data bus that is connected to the memory buffer;

an input interface that is interposed between the page data

input means and the data bus so that page data can be written to the
memory buffer;

page data processing circuitry connected to the data bus to

receive the page data and configured to process the page data
according to printing parameters; and

a printhead interface connected to the page data processing circuitry
for receiving the processed page data and configured to format the
processed page data for printing by the pagewidth printhead.
PEC17-5G



4 The page data i nput neans nmay include a high-speed serial bus and the

i nput interface may be a hi gh-speed serial interface. The nenory buffer may
i ncl ude a random access nenory and a random access nenory interface may be
i nt erposed between the nenory and the data bus to facilitate reading the
page data to the nenory and witing the page data fromthe nenory. . The
page data processing circuitry may inchude decoding circuitry to decode

t he page data according to a particular fornmat of the page data. The page
data processing circuitry may include halftoning and conpositing circuitry

c _ ay t . : h
connected to tige H@gé%&ﬁniggﬁt'xﬁ@iﬁ'sma& ihQuleE RighSpIaranElhydfhdnd rom L he

decoding circuitry and be confrgured to-ge oned and
conposi t ettpiiatpsladatray beiarhégh-spedil nerisddefforemat ting circuitry may be
i nt er posed betﬁen t he lgr' nt head in(#grfacg and the processing circuitry,
to receive protosdddPYIIELeY AndUdfag BRIUBASCEiT BSTOR B¢ fat and | oad

lines of tah@oageesdMeindry iktBaceRhaybd'Radpdsel BLiARR thd MeRRBE & M the
i nvention resides in a nethod of preparing print data for a nulti-segnment

pri nt headtheslataaisrig fackitetetyeading thy regs datagh thié memoryrand wcibisg tlor a
mul ti-se tdla&rijr&-él?lf:ﬁqe&}{@” sed of a plurality printhead chips with end
e e's

portions erl app et "consisting of a lead-in dither matrix

associ at ed wi t Thaphgadhts proevsidgagirdaey ik indudeackolife dicult8f tomat ri x
associ at e i a lead out gverlap portion and a commpn dither matrix

t
associ at € C\é\n)ii? Ele_l’ég‘é@fﬁf‘ AHIOTHBE {Q dRAEFulEhOTHRG ofithprecclala; recei ving print
data; and accespgd %gé h@atg'(%rggéss' téﬁﬁi%tmggfiggltﬂﬂé yl}wﬂﬁoxﬂhé helq to received

data as it is conposited to maiftain a su ralTy constant dot gain in
t he resul tampositingeeudor aswededtd te deosding oacuifrgno eaetveskicoddd t wo

over | appi e nt,s the averlap js characterized in ter of a
i sal i glr[])n@a%? fm%hntgf dﬁ?%@f:‘:‘, GHERY B?‘tmﬁg g cp I%E?fépa%eé‘qaé“a]éﬂ #9dead- out dit her

mat ri ces @dtoatpoditddSiatagk Qht@. t he standard third dither matrix. The lead-in

| ead- out dither _ ) )
Line loading and formatting circuitry may be interposed between the

printhead interface and the processing circuitry, to receive processed page
data and may be configured to format and load lines of the page data to the
printhead interface.

In one form the invention resides in a method of preparing print data for a
multi-segment printhead including:

establishing a set of dither matrices for a multi-segment printhead comprised of
a plurality printhead chips with end portions overlapped the set consisting of a lead-in
dither matrix associated with a lead in overlap portion, a lead-out dither matrix
associated with a lead out overlap portion and a common dither matrix associated with
a central portion of the printhead chip;

recelving print data; and

accessing the dither matrix set and applying dither to received data as
it is composited to maintain a substantially constant dot gain in the resultant
Image across overlap portions.

For each set of two overlapping segments the overlap is characterized in terms
of a misalignment. That misalignment is used to generate lead-in lead-out dither

matrices and an offset into the standard third dither matrix. The lead-in lead-out dither
PEC17-SG



PEC17-SG 5 matrices are used in conjunction over the overlap area. One can
be a fadeout and the other is then a fade-in dither matri x. They are
generated so that the conbination of the two dither matrices gives a
constant dot gain over the overlap area. The offset is required to |ocate
where in the third dither matrix to go to once the fade-in is finished.
The third dither matrix m ght be thouggt of as the standard dither matri x,
and the other two matrices as providing a cross-fade. O the other two,

one dither matrix fades out, and the other fades in. Because of

m sal | gNMR@trice brel e ¥ ARG iO%’Elethh Q)v@ﬁl%[};.llr\-’:a.c PRk A Be %ltfg%éogr a s‘f fhe I NLO

the standard dither matri X once you have ssed the over ead it may
be necessetheyistthengofatie-imdithier retrint Thal aregemdratedigo ghanthd@nnibiiatibe bf tet ri x,

dependi ng,on...m sal ignment. Thus, .there ar referably at | east three
di t her mat'fd gke?’n'ﬁtré%ﬁﬁﬁ’gﬁ8CB‘FFganttﬁﬁ’tgqlgovgglﬁ‘%%’ﬁ’ﬂ%raﬁ?@s all segments for the

non-over | appi NGhdbfSet i@RuacPd locte WhdrB e tHEBhIrt GeBer RGHiO¥ESd %ponc@e fades
out fromthe comon dither matrix, and the other fades Iinto ~the conmon

di t her matheifrde-m isdinighedenthe wirdrdither oratrbamigy sbthaighédbffasahe atandard

char act er j; i . r n.each printhead se n The
char act erélhgge% :rlga%j}{igagl?gfrie 3tl(i:.lgrnt%‘gi %Oqgtné:? of P ge: bngn%ﬁrffsé%ggt g).f S RSHEY BMmvK
| ayer s arenccditiiepsiatrddfadad owg, svddhd t@er fad@iinl X sel ected by a dither matrix

sel ect map. The dithered contone | ayer has appropriate Netpage tag data
added toget herBg§apsr Phaisligarentyitds ngl appropréate émsigmdy cprfinae straight ednposi t e

is sent tgid e s'%'fd‘é\fd' GRS P bh&l g&?ﬁave-r %se@a&lg%&éﬁ"‘ . tn tea@%-clg%}l %(ej to

create snooth transitions across overlapping segnents and |

conpensat eeckssarydtago nozzdiéranh colvenpof thehstantoy diteérematibe deperdlify bnt head
characteri za\ti on vector. The resolution of the dither matrix sel ect map
shoul d i tch the contone resolution. Each printhead segnent can be

queried via it%dspmeﬁdoﬁegr&a@bl@lat@éﬁt fhebe! B Maftice€ NAT K418 Fflth@nsvect or
of respective segnents. The characterization vectors from nultiple
pri nt headcEmngis a@ass dlescemansis fetdthe sosomeappite bitspaxld paidef didter hiagiceor t he

For' def ety 0Ns SRk ot B3 BC 5o i Ger B dng FE WD BReb ot ot  ve

nozzl es ithel @mméh&lither matrix. Misalignment information can be obtained from a
characterization vector stored on each printhead segment. The characterization vector
can also store dead nozzle data. Contone CMYXK layers are composited using a dither
matrix selected by a dither matrix select map. The dithered contone layer has
appropriate Netpage tag data added together with the black layer over the contone
layer. The composite is sent to the multi-segment printhead. The datastream is
adjusted to create smooth transitions across overlapping segments and it can
compensate for dead nozzles in the printhead by reference to a printhead
characterization vector. The resolution of the dither matrix select map should ideally
match the contone resolution.

Each printhead segment can be queried via its low speed serial bus to return a
characterization vector of respective segments. The characterization vectors from
multiple printhead chips can be combined to construct a nozzle defect list for the entire
multi-segment printhead and allows the print engine to compensate for defective
nozzles during the print. As long as the number of defective nozzles is low, the

compensation can produce results indistinguishable from those of a printhead with no

PEC17-3G



conpensati on can produce results indistinguishable fromthose of a
printhead with no PECLl7-SG 6 defective nozzles. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a diagramillustrating data flow and the functions
performed by a print engine controller suited to driving a nulti-segnent
print head. 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
hal ft oner/conpositor unit (HCU) of FIG 3. FIG 5 is a diagram show ng
internal gl I the HCU of FIG 4. FIG 6 shows a bl ock di agram
iIIustratiEér%&wﬁtéﬁ%zr%sgess within the dot nerger unit of FIG 5 FIG 7
shows a diagramillustrating the process within the dot reorgani zation unit

of FIG ' il trating the process within the |ine
| oader/ f Mﬁkmﬁgcwcg‘%%g%%‘kﬁésag [ g a di ggr am showi ng i nternal
ci rcuitrypi® gﬁe,raedﬁ%xgmqﬁhgfaﬁq%&iamlﬂw h&1 b RhcBbns férlﬁgngd b hGRint dfkignd 11

illustrate conponents of the LLFU seen in FIG 9." F 127 shows the nmanner
of over| apnébligeyitentsdivinga multi-segegrprint madnt head. FIG 13 illustrates

the co itign,of line froma multi-segnent dither matrix. DETAl LED

DEScR P o b b e B e IS o RN A o

wi dt h is gekitdcalrd.ed by one or nore PECs, as described below, to allow

full-bleed printing of both A4 and Letter pages. Six channels of colored

ink are tRHé&:ekipetrdes Waprintengine %qﬁaop@r@é@n@dm-nti ng environment, these

E?E 09 g . YOfiub AN He GOLAE ML thefhalhHerRbBESsiEhird M) BT P! ack
FI1G. 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.

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 shows the manner of overlap of segments in 2 multi-segment printhead.

FIG. 13 illustrates the composition of a line from a multi-segment dither matrix.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A typically 12 inch printhead width is controlled by one or more PECs, as
described below, to allow full-bleed printing of both A4 and Letter 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.

PEC17-5G



PEC17-SG 7 IR (infrared), for tag-enabled applications. F (fixative), to
enable printing at high speed. A PEC m ght be built in a single chip to
interface with a printhead. It will contain four basic |evels of
functionality: receiving conpressed pages via a serial interface such as
| EEE 1394 a print engine for producing a page froma conpressed form The
print engine functionality includes e%panding t he page image, dithering
the contone | ayer, conpositing the black |ayer over the contone |ayer,
optionally adding infrared tags, and sending the resultant imge to the

printhead, a H(Egg?ggpﬁﬁqg_ggl &¥$§§P&kﬂkling the printhead and stepper

notors. two sta OW S se ports for comunication with the two
QA chi ps.* NotE (fixeditve}, heermbhuginting at highppedds and not a single port to

ensure strong ity,during .the.authentication procedure. Because of the
page- wi dt h nat‘g‘re[gé]%f‘méh%g?véﬁﬁtein prit ehglﬂﬂ,toéﬁ@ﬁgb%g'étﬁrﬁlg’fm%@afpiﬁ Hilkd at a
const ant @m@@ﬁlf&@bggi@qéi,egr(g@gﬂc@gnmt?j ble artifacts. This neans that the
printing speed can't be varied to natch the input data rate. Docunent

rasterization meevingsomprsssedpagas ving sarial inteefned sich aslBRIPIXI to ensure the

print head, has nst ant . of data. A page is.Rpot inted until it is
fully rasteri Z%BSI%T%} nectgr%l%g%uélc i ‘R Iﬁ%}n as‘{%g&’lr??éedapo e OB on of
each r astfntgadlipadaclidagexpdimiy . pakbi fnagde cdithelihggthal $entdhd awgert he
RIP(s) to run ahead of the printer when rasterizing sinple pages, buying
time to rewaRositng theblack e ever Bisgwatongdevnptiepsibordingoingared feggeandar e

r epr oduc i J J t black text and |line graphics are
reproducggmg¥¥g%f%€ﬂﬁé¢%%g%ggg?gt em%ghpressed page i mage format contains
a separ ate f oreprguwedirblerfevantblimgkhd pyrehemnadlsaepkgrmaotot. cont one  col or

| ayer. The black | ayer.is conposited over the contone |ayer after the
contone aye?t“iosStﬂ%/‘ﬁfﬂa'D@’dsRegE tgﬁ'bfﬂé’ﬁﬂ? ?ﬁ‘ér ‘if’BH'f‘%‘H%at‘IO&y’é‘fh ﬁ‘&stwﬁ Btirsnal .

bl ack conmereRitltheré niushBé twd BN aRl nd@sRAUEpdRBSerdsii® didhf 3E&LitPEuACK 1 nk)
is optionally added to the page for printout. The R P software/ hardware

rast eri zetbe egtbpntiraen geseduirpt i on and conpress the
Because of the page-width nature of the Memjet printhead, each page must be

printed at a constant speed to avoid creating visible artifacts. This means that the
printing speed can’t be varied to match the input data rate. Document rasterization and
document printing are therefore decoupled to ensure the printhead has a constant supply
of data. A page is not printed until it is fully rasterized. This can be achieved by
storing a compressed version of each rasterized page image in memory. This
decoupling also allows the RIP(s) to run ahead of the printer when rasterizing simple
pages, buying time to rasterize more complex pages.

Because contone color images are reproduced by stochastic dithering, but black
text and line graphics are reproduced directly using dots, the compressed page image
format contains a separate foreground bi-level black layer and background contone
color layer. The black layer is composited over the contone layer after the contone
layer is dithered (although the contone layer has an optional black component). A final
layer of Netpage tags (in infrared or black ink) is optionally added to the page for
printout.

The RIP software/hardware rasterizes each page description and compress the

rasterized page image. Each compressed page image is transferred to memory.

PEC17-SG



rasteri zed page i nrage. Each conpressed page image is transferred to nmenory.
PECL17-SG 8 Dither matrix selection regions in the page description are
rasterized to a contone- resolution bi-level bitmap which is | osslessly
conpressed to negligible size and which fornms part of the conpressed page
imge. The infrared (IR) |layer of the printed page optionally contains
encoded Net page tags at a programmabl e,density. In Figure 1 a docunent is
received at 11 and | oaded to nenory bu%fer 12 wherein page | ayouts may be
effected and any required objects m ght be added. Pages fromnenory 12 are

rasterizegjfl, &gtrﬁn%l&@igﬁrl‘ééx%ﬁg ué‘tthel? \%H%‘éné ot El%nlsagf F5LP hOohllfe- P Nt

engi ne controlle . Pages”are rece onpresse page i nages wthin
the pri nIteSCdngombl heucitbltmapewhﬂzﬁ i$ hisslesslymenmprgsded fté aegligible fsizermmdhwideh t hey

are fed t ander 6 wherein age i are refrieve

equi o1 ¢ couTS AT oG Da St brEnzs. ATEEHEBALON BYS oLk PATCARED)! ack

bi -l evel @ianllytaiindenoasPRs 1gb§éitagmra ﬁrtagmﬁﬁdbll@&'&si jgyer at 18 together
W th anylnfraredtags at 19. The conposited ggdatals printed at 20 to
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engine/controller 10 fits within the overd printer systemarchitecture.
The var|dﬁﬁﬂ%bﬁﬁ@ﬁ@mﬂthﬁIﬁgﬂﬁlpr|nter systen1nlght include a Print

Enginel Cont o o hn SRR Aurdl SPEESriP LR 5o

per f or m rigyer (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 encodes bi-level IR tag data
from the compressed page image. The second stage dithers the contone CMYK layer
using a dither matrix selected by the dither matrix select map, composites the bi-level
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 IR 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 engine/controller 10 fits within the overall
printer system architecture. The various components of the printer system might
include
. a Print Engine/Coniroller (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 provides a means of retrieving
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t he page expansi on, black |ayer conpositing and sending the dot data to the
printhead 23. It may al so comrunicate with QA chi ps 25,26 and provides a
means of retrieving PECL7-5G 9 printhead characteristics to ensure optinum
printing. The PEC is the subject of this specification. a nenory buffer.
The nenory buffer 24 is for storing the conpressed page image and for
scratch use during the printing of a g!ii)ven page. The construction and

wor ki ng. of nenory buffers is known to those skilled in the art and a range
of standard chips and techniques for their use mght be utilized in use of
t he PEC of i ' : ' T hi . S..mat ched
to repl ac}férzli%tpgadi %}E%(%Ea%rgﬂfsdtgoge% %}%@%‘nﬁ?ﬁe hlglg ns rg%:%hfeoéndgﬁeég 05/03’# i ng of
QA units $mcKratwn.t o those skilled in the art and a range of known QA
processes mght be utilized, jn use of e PEC of the _.invention. For

exanpl e, a QA LRIPG% bﬂgé"cr' eqngmpry uten dft iy fonstoree dieasamprpased peage

Appl i cat i Pikpe HSINOW DR GKE UM T SRidUOe Lk ot ocol
and System 09/ 112, 763AUTHO2Ci rcuiﬂ}t-eI rll)r;ﬁl r ot e%ltvizﬁg :_géé/%g%ﬁg@?ﬁ%{

Fl uct uat i warking efckemony huffery B ANOWHOY Kistsh okiilled in Prectreadi angn@neoCitampiaheor y

Fl ash . 112 761AUTHOSMet hod for  Maki ' - Resi st ant
0o/ 113, 20T TBR s R SR B eg MR irat oG PR P dRgRvenon' ' "
TBAAUTHO7Val i déhiasmr Brot/es.ol T sastsdtapnd %ﬁ%ﬁ@ﬁﬁle%)ﬁ@édb%‘inﬁrﬁﬁﬁﬁgé and

Syst em 09/ 505, 003AUTHO9Consunabl e Aut hentication Protocol and System
09/ 517, 60SAUHP1 Yo hBE Reisiraction Hshwpiking oh Qi wiitsds knewia tehose gkilled 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 States Patent

Applications:
USSN Our Docket Our Title
Number

TBA AUTHO1 Validation Protocol and System

09/112,763 AUTHO2 Circuit for Protecting Chips Against IDD
Fluctuation Attacks

09/112,737 AUTHO4 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 AUTHO8 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 AUTHI11 Consumable Authentication Protocol and
System
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09/ 505, 147AUTHLI Consumabl e Aut henti cation Protocol and System PECI| 7-SG 10
09/ 505, 952AUTH12Unaut hori zed Modi fication of Values Stored in Flash Menory
TBAAUTHL3A System for the Mani pul ation of Secure Data 09/516, 874AUTH14An
Aut hentication Chip with Protection from Power Supply Attacks
TBAAUTH15Shi el di ng Mani pul ations of Secret Data QA chip communication nmay
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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 cartridge’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 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)

Synchronize the various portions of the PEC chip during a print
. Provide a means of interfacing with exteral 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
DRAM.

In FIG. 3 is seen the print engine architecture.
PEC17-8G
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DRAM In FIG 3 is seen the print engine architecture. The print engine's
page PEC1l7-SG 11 expansion and printing pipeline consists of a high speed
serial interface 27 (such as a standard | EEE 1394 interface), a standard
JPEG decoder 28, a standard G oup 4 Fax decoder, a custom

hal ft oner/conpositor unit 29, a customtag encoder 30, a |line

| oader/formatter unit 31, and a custom,interface 32 to the printhead 33.
The decoders 28,88 and encoder 30 are buffered to the hal ftoner/conpositor
29. The tag encoder 30 establishes an infrared tag or tags to a page

accordi ngc)@ an?tdﬁ’@ hﬁtu%ﬁ%@ﬂﬁé"&orﬁﬁtsvm Exgﬂ%@%}dﬁ&f‘a} IR%H%Q wflcht Ca PAGE

and t he ac cont tag I's not ect o sen
i nventi onstatﬂaal ﬁEEltl3@41gltméaammrd<stamdar<hJHEGhieeodnan]Seaethmdm& Gfatup PBge i s

| oaded in i nterface 89 and data bus 90fr m t he hi gh
speed ser‘lﬁegf)d‘?rnt eF"i‘Sé% h@m"?‘@??ﬁﬂ@r pﬂ“é‘v?%u% |§PSOgh &g SPeRIST i38- RelEe f rom
DRAM 34 alr@ddd@ﬂﬁﬁﬂite} RARYANARDE cudbh NhtefRH TR PR rinBRad FCaHNRARGE has
finished printing, then the page just | oaded becomes the page bel ng

printed, #héd andhewogegh) irs hufarddo yheahalfiendnicgmpegites @9s dihiedhg ciiqotler Jace 27.
At the flé' tbll%ﬁeasglgl lkprgregltgell%és g%g%gg%%a?ggdéﬂgf gogg es sed co g}tégvgletst(GWK)

| ayer, & expan reans.

The two Slﬁsfeeﬁﬁght&feanidwofhhaﬁkgel avahe b&bilheught bP@ta@Eanﬁthé%ﬁbj@ét'o\ftH@' or
agnostic and this bi-level layer can be directed to any of the output

i nks), anfe¥ h#VERi9or sel ecting between dither matrices for contone

di thering (seenpeeb A ?ﬁrmﬁﬁs&cg%uﬁga@ﬁe éanﬁ%a ebﬁ%aﬁ;ﬁws 10%&'3 EI rst, is

encoded any tags rendering 1n IIBI nal |y
t he t hi r dDBAM 84 dia Dﬁmﬁﬂtafmr@mﬁ datwyters, 90afmin¢1m11p1gh spezd spAasliihfeffacd ags and

the bi- _spotl Ia th dth d | Th
tnta ot r e inie R e IS P aree of St 3?#6%?%( A s Erough S |
over | appi giéht SAGHE M 1ine tdheeRhé ?& ﬁ&ﬁqﬂghedldﬂﬁﬁ oY tHeh thég@%d #ﬁg{ﬁ’q?&gu-mvm

conpensate for dead nozzles in the printhea o 6 ch
data ar e hecomor & pagsrheaing pristedgand Nocw pagatis rhizﬁdeélvna tfe hiple-sgeedhsninkl s

e T N e
the posi tCMYKagsefiayd epduds Bh Lo two'Gloubi4 BaR-dotpresied BileddaiatAdtegmcOr for
testing pureptc\)n'/soegt%eam-gha?e Eﬂaes‘llajllaut:kai’.]atyerbEa-ltlhgl\llgei'lI thg\l/’h}(EC 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 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 of the 6 channels may be
present on the printhead. For example, the printhead may be CMY only, with K pushed
into the CMY channels and IR ignored. Alteratively, the position tags may be printed
in K if IR ink is not available (or for testing purposes). The resultant bi-level CMYK-
IR dot-data is buffered and formatted for printing on the printhead 33 via a set of line
buffers (see below). The majority of 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
PEC17-SG



IR dot-data is buffered and formatted for printing on the printhead 33 via
a set of line buffers (see below. The nmajority of these |line buffers

m ght be ideally stored on the off-chip DRAM 34. The final stage prints
the 6 channels of bi-level dot data via the PECL 7-SG 12 print head
interface 32. In FIG 4 the halftoner/conpositor unit (HCU 29 conbines the
functions of halfloning the contone Q ypically CMYK) layer to a bi-I|evel
version of the sane, and conpositing the spotl bi-level |ayer over the
appropriate balftoned contone layer(s). If thereis no Kink in the

printer, Lhentdinkdnatsiable to map Kto OW dots as appropriate. It also
sel ects between two dither matrices on a pixel by pixel basis, based on

t he corr espondimiiGeakube halftoner/climgrsitomentit (KCE@[28atonthanes thé dundipis of 0 t he
HCU 29 is n .expanded contone | (fromthe JPEG decoder, unit) through
buf f er 371,“11_ ?Pm%gfbeaﬁ)dlgﬂ?%@ l%é\?lé{l 8@&) layef fgra g‘ﬁé&%g‘f?r%‘ﬂﬁ PthGS&S{neaﬁn‘Ex panded
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a

contone |ayer through buffer 39, an g data a ot resolution
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h | T he HCU 29 Line | qader/f
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to 6 col osn fleabgssponifipicaluedn tHehﬁtIﬁ@ﬂlfaﬁﬁE—‘sele%}/ﬁlfaﬁj ThEMPst & theMGU angs t he
bi-levcl spotl layer is K In FIG 5 is seen the HCU in greater detail.

Once st arte @ Paed ion9se dagedEromntie| THEG dlepeder sundfy Brghfbyiige3 Gomdi ti on,
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of the HCU'I's to sca e res I've scale S suc € scale
unit 43, Hkirthapdatttgpicalgcthiesenieiresolittimnbsfthe compbreniagershmngh buffa; 39, anpradt er

resolutio both.horizontally and vertically. T cale unit provides a
nmeans of ‘Saé%ﬁfrfgﬂ éjgﬁtrf")sr‘? ution 'Ql}gg‘v]é‘ff%"daﬁg —hé Hﬁﬁt@ruseﬁ éJé’o'F%f‘TB‘brih"Bért h
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spotl layer is K.

In FIG. 35 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 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.

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 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
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generate nmultiple instances of the sanme dot data (useful for page margins
and creating dot data for overlapping segnents in the printhead). The
advance line bit allows the state machine to control when a particul ar

| ine of dots has been finished, thereby allow ng truncation of data
according to printer margins. It also saves the scale unit PEC17-SG 13
fromrequiring special end-of-line |ogi,c. The input to the scale unit is a
fall line buffer. The line is used s élefactor times to effect vertical
up-scaling via line replication, and ‘within each line, each value is used

scal e facggh &Qﬁiﬁﬁégﬁcﬁ{l bRELENAE | e il tStSEﬂllé Wle ﬁ{rﬁtﬂs B' Flind GifrLCation.

Once the input been use sca e] a tor t1mes vance ine bit
has been 'Skt liseklused aat/ofactdritmsds, totelfifecti veptidal bpdfstdingsed ot rd@ﬂzt:atﬁfn i

address is.,to d (doubl e bufferi The.logic for the s ale upit is the
sane for YHE nﬁ#ﬁnﬁnﬁc AL etlsd"ﬁg‘i “% ’ t%e%E?a?ffgecﬁHP’flz ;}lpg%ﬁ]é‘i‘%t es
addr essesyja pifte eepfiostbroOARGNE APLORE: 1&@%&% ué‘emcmé 9} fifn€$ f{ﬂ% cgv%ﬁeé ution,
they are scaled independently. The bi-I|evel spot ayer a fer 45 and

t he di t helingbit hax bse @@tscaigﬁctoattlmdshfthe inppé baffeo sqietédst of)thseaddneak ed. The

and aoes SRR RLpRIhEl, Bhe IHERLR AT alhmedtt I Lot 880101 "

used by thecaetmemawal@m@mﬂﬁgerwmws:ﬂﬁrés@essel ect a si ngl e 8- blt val ue
fromthe two dlther matrices. The 8-bit value is output to the 4
conparat ors 445Mgs gachopt;the GoﬁtonWlﬁYéW cagj hept (liftesers dpsolution; gheyinse seaded i c

8-bit co rﬁh@ﬁfe{lﬁé{ﬂé’e rT&%;{BS l%pfﬂoﬁ]la?@r zﬂfbuﬁfg% ﬁ(?f %rﬁfgxlhfz ﬁghér%im%%le&)i@/er at

dependent o re o e print en era cesses by
whi ch t o iygfeerarsooredsiblbie sbaed.aifhd blall&wﬁldlag dimmt taktdr |4€Gh eslth‘tihbl&dad’ttthe I f the
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If not, tp&FFeLregolpdon, s nﬁfée?g E? 3 eéir P dEResdpatgk selsctiit 56 wit h
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is inside the printable area of the page) final stage in the HCU s
t he conpadither mytriceagkhe $-bit vebietis Qﬁtptlh@ the éwpplpﬁraltca:yé#,smtdh@r@ 515 waidh ngl e

dot Gh, as unit i ut s The s | e out put
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(including infrared for testing purposes), black to be nerged into cyan,

magent a ahd<l & eawrate f’ﬂ%‘ﬁllbll’ea@ﬁll ig7Ko fthosp skilledhin the agth &f @Plcﬂnﬂ@éaﬁalue isand t ag
ggt dat a érQathethQA #8bi RitRerthath® lv?ilu@'aalnﬁ ou‘tApuft. m{o t Vet & IOO£ 01[13 A0 Thed" al'so

bits are 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 plane 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.
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readily generated. The dot reorg unit (DRU) 59 is responsible for taking
the generated dot streamfor a given color plane and organizing it into
32-bit quantities so that the output is in segnent order, and in dot order
Wi thin segnments. Mnimal reordering is required due to the fact that dots
for overl apping segnents are not generated in segnment order. PECLl7-SG 14
Two control bits are provided to the %ale units by the margin unit 57:
advance dot and advance |ine. The advdnce dot bit allows the state machine
to generate nmultiple instances of the sane dot data (useful for page

mar gi ns and cr i : I IJ i n.the printhead).
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i nputs and produces a single bit output that represents the output dot for
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pri nt head%, and tag dot data to be placed in a visible plane. An out put
for fixatf™¥&can readil y be generated by sinply conbining all of the input
bi ts. Thendats, N&i0QEn Wirt dE@NRRSIR e &Iuﬂ?ﬁ'.'ﬂ rE ddat is
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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
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 16-bit 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
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generated dot streamfor a given color plane and organizing it into 32-bit
quantities so that the output is in segnent order, and in dot order within
segnents. Mninmal reordering is required due to the fact that dots for
over |l appi ng segnents are not generated in segnment order. The DRU contai ns
a 32-bit shift register, a regular 32-bit register, and a regular 16-bit
register. A 5-bit counter keeps track %f the nunber of bits processed so
far. The dot advance signal fromthe dPther matrix access unit (DMVAU) is
PEC17-SG 15 used to instruct the DRU as to which bits should be output. In

FLG T oM haRe PRUMBKATIPUR SoflHeouhfy contains the 52 most

recent dots pro nerger unit . The full 32-bit val ue
is copied to heBliGtlergBler@9 @visrdockad eyal escloy Inamtsnothed 2 Mhbitakrabl e

signal produced. b he state machine 64 vig a sinple 5-bit counter.
The 16 od‘goqﬁiﬂr%d“(%‘ii Ebé’ ti‘%t Berger B’P%.@Mﬁbmﬂ}ee {ls$ &Pt BalEsisapepieh® ed t o
regi ster i i i I : i i r 66
hon Sel oo PP e e FaTT o ey og e e St b Ly DR e

st at e nmacHptenachineds4 vipla sBaploi *kit townenr cdiestteoddbitsAbBR 13t 5, Vadtud fivade up
fromthe 16. ev its of. i Ster it 2 . 6_etc. and the 16 even
bits of re }ssefrcgr} (% arﬁ\'ﬁgplfé?%Wgﬁ?%[@séi)wgﬁwtgéemet @Ptgm?%fer#‘ﬁ?et s‘gé’zf t1s,

whi | e t hemiBiptaken6Oited sklcombet@ichtiRs foﬁof;v%gf} Bhtﬁaﬁtslﬁs&llupona Wits¥eorRithe val ue
made up fromthe 16 odd bits of register (bits 1, 3, 5, 7 etc.) and the

16 bits oftalE&clgr C. The bits of register Cformbits 0 to 15, while the
odd bits ,fro i 1 1,S 16-13. The state nachine for the DRU
LR £ s b ML D,

can be seen i tsin state 0. It changes state every 32
cycles. Duri ngAtiRebiBealoy nlads up fivinnglee] e/ dits P rddiistercR|(bieeo,s2, Uh e ctdy\D of
all the dot gdxgnce itsﬂz or tsos]ﬁ]§32 cycles (noOverl ag = dot advance for
cycle 0,38Hhe SvEr s, oLregisteankh Thgpl Oayisn bl frowr, sgpisters oy bite g ta 160 31)
Table 1. whitd fhe TBEDEASItS ©6m PEROME RIDEX 1638 At eNoOver | apQut put Comrent

Val i dst at e ]
* 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 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 (noOverlap = dot advance for cycle
0, and noOverlap = noOverlap AND dot advance for cycles 1 to 31).

Table 1. State machine for DRU

State | NoOverlap |Output output Comment next
Valid state
0 X B 0 Startup state 1
1 1 B 1 Regular non-overlap 1
1 0 B 1 A contains first 2
overlap
2 X Even 1 A contains second 3
A, even overlap
B B contains first
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OXBOSt artup statel 11BI Regul ar

non-overl apl 10B1A contains first2 overlap

2XEvenlA contains second3 A, evenoverlap BB contains first PECL7-SG 16
overlap 3XC, oddlC contains first Boverlap B contains second overlap The
margin unit (MJ) 57, in FIG 5, is responsible for turning advance dot and

advance line signals fromthe dither

gener al

is also responsible for generating t

a counter of dot and line across the page. Both are set to 0 at the

begi nni ng of tfhe page.~—~The dof Toumter 1S ddVd”b%g
recei ves a dot| advance signal | from|t he DVAU. Whgn
advance signali fgom|the BVAU, |Ch&id|i nelcount & cogaingGrement ed gnd t he

count er

conpared to the margins of the®ade, and fapprop¥Fére out put dagt advance,
| i ne advance and w tthin marg|n signals arelgk&ﬁgnpg§%gdo1 t hege margi ns.

T,

matrix access unit (DVAU) 48 into
control signals based on the §age mar gins of the current page.
HE end of page condition. The MJ keeps

by —+—each—tjine the MJ
%%b MJ | receilves a |ine
dot

is reget to|0. Each cycle, |the current |ine and dpt vallues are

The DMAU contains the only spbstantial menory requirenents for the
FIG 8 is seen the lline |oadef / fqgrmat unit (Lb¥dap It receivas dot
I nformati on fremtheHCEJ—toabs—the—dots—floragiven print—tine into
appropriate buffer storage (sone on chip, and sone in external DRAM 34)

and formats them hote, hitenien ??,r in'FReI 4, ?sdretsﬁfns@o'fkefoP rﬁ}rﬁf;ngr inde 4

bl ock diagram of thé LLFU in"terns of "its externa

FIG 9.

Tivbranerdiine Gghaiofromhehd difidr inmtrax s@bssofnitGTAZADI) #8 into redseralngnérol

HCU.

| evel

ace i's shown in

It

In

[ ' . [ of 90 bits
Dat aval i dsigﬁatls bgsleld i %E}geéj n?a¥g1§1? eofl_'! ¢ cu-ll:rrg:relt %géep UIEc is6 8alslosna'%posneSEbIf: 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 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 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 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, 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
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representing a maxi num of 15 printhead segnents of 6 colors. Not all the
output bits may be valid, depending on how many colors are actually used
in the printhead. The physical placenent of firing nozzles on the printhead
referenced above, nozzles in tw offset rows, neans 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. h addition, there is a nunber of
lines between the dots of one color add the dots of another. Since the 6
col or planes for the sane dot position are calculated at one tine by

el o o ahE HA s L NELEo\R1gS APEA oy APLAK B (U08: HBlQ b e8GR O 1 he

col or pl anes unt positione ropri
nozzl e. T 1$paw1cﬁfedaadértbuﬁ;ﬁﬁopriatmmldﬁmllés on the width of the print head.

Since a single PE ner.a dots for up to 15 printhead segnents, a
single odd or @i’/%ﬁ‘zﬁg‘?feé?h biitreltne denradtpp iee TaIBadhe prgiee ofSincefyr a

total of 9 @ n(eéaz&qio@yfo%b o Eﬁrgnﬁma@gégmenwgsmgﬁé &dBor ERH'Y

ed, for
color 6 od ots ot al s al nost tes 0175 seenagoc di agram
f or Col orling iSESpElote (Sexts GG dCtts Tor a)fotﬂlo¢3960(9)n,ts €300 biyes)h| Kuzlexatinpigy am f or

h of t t buf f. Fl can be found in FIGs. 10
:gg 12 ﬁpgﬁbﬁﬁgqlg%rg ‘i?g?fdﬁ%‘h’rﬁ$'é’§d?r§8wa‘r?f%ﬁﬁmﬁ transfgrrl Ing data to
the printhead lrmeff@ﬁ%eéfﬁb)ocﬁaldgﬁ’arﬁlf&c@or ﬁ%]ﬁ%lﬁ (&empﬁ jhereiqre have

identical structures. Durin ﬁ%ﬁt € processi nt% line of dots, one of the
two buf f ePsandtheflock dipgrem fahrach afiibe by briiers Eb@idrli; 7r1e7a°dnfEI’6rm9 Fnebet wo

buffers pe e hes syn signal from
t he PHI. a%gﬂu?rg#@e aﬁld %ug%][e)ﬁgb %@“e"@é bl?ff]fer%@ aéluﬁn% gcgrgfani buf f er
per col ordat@so ﬂia:omntheadﬁhﬁrfa&é (PHII)ESZch PIG.13s uEutmtﬁ fiesind Ruhiefoeeél hd&ve The

size of each, sEb buffer is 2400 bytes, enough to hold 15 segnents at 1280
dots per ! BLrUCHEs- nENEPY tlpesprge%séglgéﬁ agliqypfydoty rong of ithgstwashuifgreie ar e

600 addrv@ﬁﬁ&?tc; %ﬂsmtﬁablsmem ea& A Th@av&% RidSrolo g&ﬂg% ;)?ed“' the

even dots are placed before th ots In eac col or
there i s unop recaipted tbq)hn@smfccsugnabfmmﬂln@}llo Bogiwbufferh &nantlF sregioamposed it is

| ocated at f | b- buf f Th t of
nctual |y Qo POreaL RIS RUTEURT p1of S AP B Iel L &6F F00% haubRNGRr of
segnent s mshiend 3. aﬂi&fﬁﬁe&ﬁt&amsﬁﬁw?é%% 2400 byReslenct@l B Rb1aNKIsBLR&R o her e

are 1200 bytes of even dots followed by 1200 bytes of odd dots, wth no
unused s @ dots per segment. The memory is accessed 32-bits at a time, so there are 600

addresses for each sub-buffer (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 sub-buffer.
The amount of memory actually used from each sub-buffer is directly related to the
number of segments 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 space.
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 32-bit 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 the 32-bits read from each color buffer
is selected, 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 10-bits of address being used

to select 32 bits, and 5-bits of address choose 1-bit from those 32. Since all color sub-
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The nunber of sub-buffers gainfully used is directly related to the nunber
of colors wused in the printhead. The maxi num nunber 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 32-bit access can be made to all 6
sub-buffers - either a read from all 6 or a wite to one of the 6. Only
one bit of the 32-bits read from each %olor buffer is selected, for a
total of 6 output bits. The process i 9% hown in FIG 11. 15 bits of

address allow the reading of a particular bit by nmeans of 10-bits of

addr ess | . l.eg I 5= bj Q ! S 1-bit
fromt hoglg}"'1 %’gs H%aﬁﬁ(t:}gg g(@"e’cagﬁggléé 3%%1{ E@é%?%%sl%{ogﬂf#efggé at 8 ‘{]ﬁ]?z)% ogic, a
si ngl e 15ediott Battirsebduffer g3 t@a78 dhalts ofnBVHicEaallaline,ooeallbint a piagle 3edbior . Each
sub-buffer .73 . to 78 has its owmn WiteEnahle line, to allow a single 32-bit
val ue to BFEUWS DFelriE! &° ﬁaP?rF‘EﬁlP‘éFO@BI%é‘?}ebd‘F feBVER Ot vdhedpeividualrhe
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i nput with the decode form’of ColorSelect. Th 2-bits o taln on |ine
79 are shigradf lerSeleon| EheddebitsuffilRatalnwinl linegdtanakiayed; simok otlyend &uffer n.
Addr ess ration.for. reading frombuffers E and F is strai ghtforward.
Each cygﬁgﬁagcg%aéloacoe(% e%ﬁ?“’address that is used to fetch 6 bits

representing | Addreis g@kratioh @br fealiing frdd@bhifeld R and AFBRtish@waddi RecH40 to
the current_ bit address, we advance to the next segnent's equival ent dot.

We add 649ctngsnerpiag@)bikgddecss thabisgisad imiptabehitsaspresentiag 1shippar okod fora t he

buf fer. j lél?ltn% I i.e e data r esenting the
even dot ,rgﬁlé&{gregﬁs er g%@é@ﬁpgg%& Tgﬁ%e%%ﬂt.a\é%é% oh élaﬁ%ﬁot[)@e:nex 5, the
nunber ofsegimest’s sqEOal¢dtSdot. 6Whi ddel) 640T (et 12BCesificd thet diklnaridepaat d&dds agy t he
odd dots. Thig entjr en/ Qdd pit generation process is repeated 640
times, intP# t}nndfwc ﬁPé’?éf'art e éﬁdlﬂégsN@&E‘?g”iei"Ffe.nmPﬁu‘é’ atrievfotthg glatfes ar e

t ransf er r@grebtibeheblen dbhid, Nad AAkr HRALBIES HRYPHD ewleh W%% ks 640 X 2 X
VWh Nunt ., the 0

NunSegnent s cycl es. en Nuntbegnments = 15 nunber cyctfes 1s 19, 200
cycl es. NGt ¢éhetthatber efbitdis @91 Dk @ bits).nlThdprocess icthen repeatad tforatht yddides. i n t he
print headm.G bits are, produced in a given read cycle (one biit from each

b

color's buf'f ghtjre eyep/ 1t BHWTARE PYRAFET ArePpis O HMeEERgISmEnERntiestarsi gnal
for witiugrdsecaidhie- Thix alTEth{'\?’ffh%s HEhEFedB hOPHI G R ordrYohuitdye LLFU

starts before the PH , we nus
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 before 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:
DoneFirst = FALSE

WantToXfer = FALSE
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transfer the first value before the Advance pulse fromthe PH . W nust

al so generate the next value in readiness for the first Advance pul se. The
solution is to transfer the first value to the Transfer register after
NunSegnments cycles, and then to stall NunBSegnents cycles later, waiting
for the Advance pulse to start the next NunSegnments cycle group. Once the
first Advance pulse arrives, the LLFU is synchronized to the PH . The read
process for a single dotline is shown n the fol |l ow ng pseudocode:

DoneFirst = FALSE Want ToXfer = FALSE PEC17-SG 19 For DotinSegnentO = 0 to

1279 |If ('98}50{'@9?@5%@@:@&%3%?%(0) Curr Adr = Dotl nSegnent O (hi gh bits)

(puts in range fersRemai ni ng = NunSegnents Do Want ToXf er
= (XfersRenmui ni ligDstin®egméhtC:leitthabley = (Want ToxXfer AND NOT DoneFirst) OR
PHLADVANCE DoneFirst = DopeFirst OR TWiteEnable Stall = Want ToXfer AND
(NOT TW it eEnabl e$Purrddr i ldetingpementQainiat: kits)(puts ip songe BEaLBOL) Shift

Regi ster = Fetcppgfbits fromE FSense[Read Buffer]: Cu rrAd r CurrAdr =
CurrAdr + 640 XfersRemaining = XfersRemaining - 1 Endif Until

(TWit eEnabl e) Efatfidemaiming =UNtinSeBuofdnds EF Wite process has finished

Do
WantToXfer = (XfersRemaining == 0)
TWriteEnable = (WantToXfer AND NOT DoneFirst) OR
PHI:ADVANCE
DoneFirst = DoneFirst OR TWriteEnable
Stall = WantToXfer AND (NOT TWriteEnable)
SWriteEnable = NOT(Stall)
If (SWriteEnable)
Shift Register = Fetch 6 bits from EFSense[ReadBuifer]:CurrAdr
CurrAdr = CurrAdr + 640
XfersRemaining = XfersRemaining - 1
Endlf
Until (TWriteEnable)
EndFor
Wait 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.
The data being written to E or F is color 1 data generated by the HCU, and color
2-6 data from buffer D (supplied from DRAM). Color 1 data is written to EF whenever
the HCU’s OutputValid flag is set, and color 2-6 data is written during other times from
register 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.
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EFSense = NOT (EFSense) Wiile read process is transfer-ring data fromE or
Ftothe PHI, a wite process is preparing the next dot-line in the other
buffer. The data being witten to E or Fis color | data generated by the
HCU, and color 2-6 data frombuffer D (supplied fromDRAM. Color | data
is witten to EF whenever the HCU s QutputValid flag is set, and color 2-6
data is witten during other tines fr%? register 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. Wile the dots are contiguous on the page,

the odd and ev ri | [ f i . - Q Buffer AB
82 is a doubl eﬁgﬁgr]?%rﬁegi ﬁsegﬁfgﬁ%@%@%?&d%ﬁe%@%n ‘gé&’}? eZa(}?IE%g%%d gfl%acf% or 1 by
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processing of a l|ine of ts, one, of the t buffers is read fromand then
written tOCCSRg qf\nﬁoh%?g 2618, apceof %@it&fam@%%ﬁﬁﬁ frgpy @pd them veitanrte- dot

| i ne has v P HPG: . [ ' : t ' igh of the
t wo buffe?lg@are reﬁ%gﬁ%)rgr]ﬁgl%%%%g%&g?ge{gﬂ%}ﬁégﬁ%ﬁ%r%\%i élgbggcé%sl t's(Aof col or

1 data whange it fldged BSerpe tietombine whithroflthe fwoaluffes setreadiomharidswettary 32

cycl es aftter the first flag has been sent for the line. The 32 bits define
a contigu8Us set of 32 dots for a single dot line - 16 even dots (bits O,

2, 4 etc.), ankk MYV ABitS 6f dolos1 datLiveneved iR QbRWaliMAdnfloEont 1ol

flag is used as a WiteEnable control for the OEl register 81. W process
t he HCU dddsissdteiich is oyarpa vaslpatidr ghaafisst flambasbeersent fygithelind. HebZol or 1

dat .0 it its_ of ister CE .t ke 32-bits of
dota S0 SRTERES el Db A%el 8 350 L o TP TR 4R AR, 2% 0L ©
conmbi ned ate.),hartdhes d6d dda @bits 9, 6 Sreg).sthhe dput alidrlsatrd2ladis sse@fasadd col or

1 data. n receipt of the first QutputValid signal of the group of two,
we read E&%ﬁ%"iﬂaﬁ pentiol éf"’l"sfﬂéer OFh gregigtst Bt a Wo peesesy the HEZY %FP‘GYY 21 within

buf f er E(Emtpummdrs@%ﬁ:s@frhefmté%n $RE PP LPLE Yadaladaraicgﬂi%kneafm&mgﬁggooup of

two, we wite the 2-bits of odd data to the sane location in er AB

that we revad bits odregistoi Olis Ity maknd2-bike ofirevere colhe 1 3Rt Similatlyethenl 6datda t o
color 1 V%i%shoiflh&'j fc]:)f%rr l%ﬁta are combined with the 16 odd bits of register OE; to make 32-
bits of odd 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 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 QutputValid 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 OE,; (83 in FIG. 10) is used to store a single 32-bit value for color
1, buffers OE; to OEs are used 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 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
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The HCU provides 32 bits of data per col or plane whenever the QutputVvalid
control flag is set. This occurs every 32 cycles except during certain
startup tines. 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.). Wiile buffer OE1 (83 in FIG 10) is used to store a single 32-bit
value for color 1, buffers OE2 to OEG§.are used to store a single 32-bit
value for colors 2 to 6 respectively.lJust as the data for color 1 is
split into 32-bits representing color 1 odd dots and 32-bits representing
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85 in FI 1Q, .the 32-bits. of col.ar data are witten to fer OEN (83).
Bery. secOma At TASART G0TPRd St wtbih atisn. §) bt (e e (o
col or buffgbed iﬁg)@)a-nemr all cb@pgf‘aﬂss 28, REN& Ikﬁd_ferfwgsglcbmﬁﬁk QD sPk3P6s- 2- 6.

Col or Buffer N (86) contains 40 sets of 64- bits (320 bytes) to enable the

dots for hitsd32@hpicette coaethretdots Br lbeo sewplett seBmientsad boworeda Bosrpllarse

segnent genergtion ti 20.x 64 = 1280 cygcles), fo he pr.evi ous segnent's
data (both®® .etgﬁagrgvgr%eégflgsn e Olﬁglgt_t Oc?_é’%lef)(ﬁ’f)é?,ﬁlﬂr‘%ﬁ\%rség@eﬁ eration
for witdafg (Both A AaNdERTANRY) do bENSrif& @ﬁtWDRQEm.aQwrészsg%abraaan lthne 87 is
given every second QutputValid flag. The address starts at 0, and

i ncr ement wENg isy stpglyfrrwarst -TheuEalarN Writ¢Engbignsignal 39, linen87 éndiveh eydpanci ng
to 40, t i, S: t vj di doubl e- bu ring
schene. %%F%%vj\gr%ﬁ%ﬂé%lc{ @% <:;1[J'i5l 4 taﬁ%reg;%%ﬁsn g{ @foéeng i gﬁe;n%gtcsceﬁ’ o ﬁercf’ﬂ%kf e

Qut put Val pudvilidglag amgil t30at Iistead pfeadvatdng eg N theSadliaéss i€ absdpo W, ithdisen  t o
DRAMin the tinme it takes to generate a si ngsl e segnent's data. The process
i s shown Previdingethe gloublirtidtepas sebeprie hingyorks go 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
While (NOT AdvancelLine)
if (HCU_OutputValid) AND (firstEncountered))
ColorNWriteEnable = TRUE
ColorNAdr = adr
If (adr == 39)
adr=0
Else
adr=adr + 1
EndlIf
Else

ColorNWriteEnable = FALSE
PEC17-SG



firstEncountered = 0 While (NOT AdvancelLine) If (HCU QutputValid) AND
(firstEncountered)) ColorNWiteEnable = TRUE Col orNAdr = adr If (adr ==
39) adr = 0 Else adr=adr+1 End If Else Col orNWiteEnabl e = FALSE PECl
7-SG 22 Endif If (HCU QutputValid) firstEncountered =
NOT(firstEncountered) Endlf EndWile Address generation for reading is
trickier, since it is tied to the timnpng for DRAM access (both readi ng and
writing), buffer EF access, and there}egre color 1 generation. It is nore
fully explai ned bel ow. Address generation for buffers C, D, E, F, and
colorN are all %ﬁ@ to the timng of DRAM access, and nust not interfere
with color 1 pr sing with regards to buffers E and F. The basic

principle is thatHCue GlapaVadid) a si ngl e segment of color N (either odd or
even dots) is transferred fromthe DRAMto buffer EF via buffer CD. Once

the data has bedisiEasguniesad orART(listEcosnteradl repl aced based on the

val ues in Col ferN. This is done for each of the colors in odd and

even dots. Aftef a conplete segnent's worth of dots has accumnul ated (20

sets of @nditiles), then the process begi ns again. Once the data for al |

segnents in a has,. been ransferr.ed fr(? aﬂ[; t he
€ tlmmg

ri ntI in
current - addr osRdrE Bmstation! OF TaERER By See it 15 Ge
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 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 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 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 read) and the data in
buffer D is copied to buffer EF (again, no color N data is transferred to buffer EF while
the OutputValid flag is set since color 1 data is being transferred). When both tasks
have finished the same process occurs for the other 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
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advanced so that it will be the appropriate nunber of lines until the
particular data for the color's line is read back fromDRAM In this
respect then, the DRAM acts as a formof FIFO 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 cycl es dependi ng on whet her ége QutputValid 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 buffe N I M (the sane | ocations as were just read) and
the data I:ie%?lll%%ﬁﬁ%dr&%ﬁbst%é%g i'ed to buffer EF (again, no color N data is

transferred toTlhudddesss EEnaditidneprotdie cadbancinidbied ak MaghSesment wettheg 100l or 1
data is being transferred). Wen both tasks have finished the sane process

occurs f ot He2@rRerbikisadsiolpwed by K 32chit Wetesond ibgan kasspy inthad t hen for

each of t i |l ors. The entire doubl e process happens 10 ti nes.
The addre@ggéﬁﬁsgte‘cg%ﬁﬁ%f the current lines in DRAM are then updated for

the PECLl7-SG 23 next line's processing to begin. The address generation
process cap_be considered as NunBSegnents worth of 10 sets of. 20 x 32-bit
reads fol EW'ZQ X 32-bit wites, and it can be seen in the follow ng

pseudocods; s fimdg Do Nuntegnents tines: For CurrColor = 0 to
MaxHal f Co t(%rs l-ﬁ‘{s)%lltoéta'?'rtA%%Iress = Col orCurr Adr[ CurrCol or] Wile reading 640

bi ts from DRAVEEar CuaGobks s 0 h MeRfHatCalorsycl es) Col orNAdr = 0 Wi le
(Cocﬂ)(r)rNgﬁ\g; e!r Fé?@%%ﬁu@gﬁé &%%ﬁ#@%@&%ﬁdr] Col or NAdr =
Col orNAdr + 1 Endif
While reading 640 bits from DRAMStartAddress into D{(>= 20 cycles)
ColorNAdr =0
While (ColorNAdr 1= 20)
If (NOT HCU_OQutputValid)
Transfer ColorNBufferfColorNAdr|CurrColor_bit0] to
C[ColorNAdr]
ColorNAdr = ColorNAdr + 1
Endif
EndWhile
EndWhile - wait until read has finished

While writing 640 bits from C into DRAMStartAddress (>=20 cycles)
ColorNAdr=0
EFAdr = EFStartAdr
While (ColorNAdr != 20)
If (NOT HCU_QutputValid)
Transfer D[ColorNAdr] to EF[CurrColor|EFAdr]
If ({(ColorNAdr == 19) AND (CurrColor == NumHalfColors))
EFStartAdr = EFAdr + 1

Else
PEC17-$G



EndWhile EndWile - wait until read has finished Wiile witing 640 bits
fromC into DRAMSt art Address (>=20 cycles) ColorNAdr = 0 EFAdr =

EFStart Adr While (ColorNAdr !'= 20) If (NOT HCU QutputValid) Transfer

Df Col orNAdr] to EF[CurrCol orl EFAdr] If ((Col orNAdr == 19) AND (CurrCol or ==
NunmHal f Col ors)) EFStartAdr = EFAdr + 1 El se PEC17-SG 24 EFAdr = EFAdr + 1
Endl f Col orNAdr = ColorNAdr + 1 Endlf EndWile EndWile - wait until
wite has finished If (DRAI\/BtartAddre;*?é == DRAMVaxVal )

Col or Curr Adr[currCol or] = round up DRAMSt art Address to next 1 KByte page

El se Col or Curr Adr [ curr Col =_ t art Address + 640 bits Endlf If
(Segnent == maxSegnents) '?FA?%%rg oW CurrCol or] ==

Col or MaxRow Curr Col or] )Endl® | or Curr Row currColor] = Co

| orStart Row currColor] _ColorCurrAdr[currColor] = Co |orStartAdr[currCol or]
El se Col or St art Row| curP@eriAfr = GlomNAdsy A Row| curr Col or] + |

Endif

EndWhile
EndWhile - wait until write has finished
If (DRAMStartAddress == DRAMMaxVal)

ColorCurrAdr{currColor] = round up DRAMStartAddress to next

1KByte page

Else

ColorCurrAdr[currColor] = DRAMStartAddress + 640 bits
EndlIf

If (Segment == maxSegments)

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

Else
ColorStartRow|[currColor] = ColorCurrRow[currColor] + 1

EndIf

EndIf
EndFor
EndDo
Wait until next Advance signal from PHI

Note that the MaxHal{Colors 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
PEC17-SG



Endlf End If EndFor EndDo WAit until next Advance signal from PH Note
that the MaxHal fColors register is one |less than the nunber of colors in
terms of odd and even colors treated separately, but not including color 1.
For example, 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 requi res 2Nunfegnents cycles to Q%epare the first 180 bits of data
PEC17-SG 25 for the PH . Consequently“the printhead should be started and
the first LineSync pulse nust occur this period of tinme after the LLFU has

o0-bi t valhdR Bh Eehsidient Dt Ho b AR it b A Lo Briep i i 0™
pri nt headmustt @chadds petbd of 2ind afteretisLYU Wik Gtartdde  PhigcLRSQrthe Gaigial t he
printhead. wi {h the dots t-é’ be printed, and controls the actual dot
printing piagyesyalug fo pgrald m‘ﬁme ngxf Gthbithealys tobarradnin petapdedino the t he

print headyjt,se} fevisfte PH Wi Il be capable of dealing with a variety of
pri nt head Ie%gt{?glsand formats. The internal structure of the PH should
al | ow f orTlke prntheadrmtzifaée D Asthe8neang bpmitcipte froensirdoadsahepanthead num  of

2 segnent ups.. This shoyld be sufficient, for a 15 segnment (8.5 inch
orinter  EABAN Wiofo by PﬁP‘ieﬁgaWﬁ?q_“ZfPISe SaepL A msheda .prt_;sege&% Abfakegmput )
pri nt headfrsmGha T AT LA 3thOB d4OLIOthe GAAHRED _ri@agl g%?elgpd@ﬂf B@lcg»ﬁ'm%f

interface., The characterization vector may include c nozzl e i nformation
as wel | adealing mathj &/ wariesy) o printieady lamgths addtfermass c Ahe intemhlestdicoegwé e can be

queried Vi@ j:t S eed serial.bus to,return a characteri zati.on vector
of the se%ﬁﬁ%%ﬁoyldﬁi}ég%ﬁograané Aot %ﬁ(ﬁOVeétgmmllsr %%%WBF%’ S8 aPIXIPHERds can
be conbi ngd sepreansirswpst Thischahld ehdfitieht o af IF sedohért an.tsiih@lgplsﬂirnémead and
allows the print engine to conpensate for defective nozzles uring the
print. Ascapahlgobprinting Mrkster abfulbleetkt i ve nozzles is | ow, the conpensation

can produce regWhhpided Pritida@ AIAR Bz AR BE BadBdREIEAL k0 no

defective
interface. The characterization vector may include dead nozzle information as well as

relative segment alignment data. Each printhead segment can be queried via its low
speed serial bus to return a characterization vector of the segment. The characterization
vectors from multiple printheads can be combined to construct a nozzle defect list for
the entire printhead and allows the print engine to compensate for defective nozzles
during the print. As long as the number of defective nozzles is low, the compensation
can produce results indistinguishable from those of a printhead with no defective
nozzles.

Each segment has 384 bits for characterization vector, comprised of:
. 64 bits of flags and printhead segment information, including serial number and
number of colors represented in the segment
. 16 bits of alignment data relative to previous segment (0 = first segment)
. a variable lengthed defective nozzle list using up the remaining bits

The defective nozzle list is variable lengthed, with each set of defective nozzles having

the following structure:

. 5 bits count (0 = end-of-list)

. 3 bits of color

. count x 11 bits, one entry per defective nozzle
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nozzl es. Each segnment has 384 bits for characterization vector, conprised
of: 64 bits of flags and printhead segnent information, including serial
nunber and nunber of colors represented in the segnent 16 bits of
alignment data relative to previous segnent (0 = first segnent) a

vari abl e | engthed defective nozzle list using up the remaining bits The
defective nozzle list is variable |engthed, wth each set of defective
nozzl es having the follow ng structu 8 5 bits count (0 = end-of-1ist)

3 bits of color count x 11 bits, one entry per defective nozzle PECL7-SG

26 I n general te rint he ment s_connections.as, detined,in Table
15 "Nore t nat noisErf s BERRGEE AR Mo BRPRRSS e AR TS N2 Col or s
are preseanbte thatabme ol the Bhhditibaaste 3qgivril wihen nadiipleksloRepe presér

Namenul ti - col ored Function segnment D[ n] YesChannel n of inage data
SC kNoSerTahle 43+ Brinthead segmentgorneghions cNoNozzIl e Phase Synchroni zati on

PLLNoPhase Locked Toop TIog] Ig{liiggPir artel_transter emabie Reset NoCont r ol
Reset SONo12C seffial clodk T&r contfol SDNol12C serial data for control
CCEN[ n] NoCont r ol [ ChiNpmEndmdtifdajored| dNoAnal oFugttemd
segment
D[n] Yes Channel n of image data
SClk No Serial data transfer clock
NPSync No Nozzle Phase Synchronization
PLL No Phase Locked Loop clock
Ten No Parallel transfer enable
Reset No Control Reset
SCl1 No 12C serial clock for control
SD No [°C serial data for control
CCEn[n] No Control Chip Enable [n]
Gnd No Analog ground
Sense No Analog sense output
V- Yes [Negative actuator supply
V+ Yes Positive actuator supply
Vs Yes Negative logic supply
Vad Yes Positive logic supply

The 21mm long printhead segment may have 64 bond pads, on 300um centers.
24 of these bond pads are V- power supply to the actuators, and 20 are V+ power
supply to the actuators. The remaining 20 connections are CMOS logic power, signal,
and data connections. Table 13 details these connections.

Table 13. 6 color segment connections

# Name Function
1-6 V- Negative actuator supply
7 Vs Negative logic supply
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SenseNoAnal og sense out put V-YesNegative actuator supply V+YesPositive
actuator supply VSSYesNegative | ogic supply VddYesositive |ogic supply The
21mn long printhead segnent nay have 64 bond pads, on 300[imcenters. 24
of these bond pads are V- power supply to the actuators, and 20 are V+
power supply to the actuators. The remaining 20 connections arc CMOS | ogi c
power, signal, and data connections. Table 13 details these connections.
Tabl e 13. 6 col or segnent connect i ons 2KNaneFuncti on 1- 6V- Negat i ve actuat or
supply 7VSSNegat|ve Ioglc supply PECl? SG 27 8D 1 [n]ChanneI | of image

dat fixativ ||| 6 g fet—2—of dat
(7] (it rarea]in 8 cnanAOiapr G CHOST FB TGN 6, anst br ol ock

livddositive Iogi C su ply 12- &Mﬁﬁﬂ;bﬁhﬁﬁ@acgct uat or supply 17-22V-egative
act uat or supplfy..23NPSyncNozz| ¢ Phase Synchranization 24D3 [ n] Channel 3 of

i mge data [n]l(bPackLi tD%rl]chcﬁhaehelr?iqﬁlh?@g@i@ataﬁt}é([nﬁa@@mﬁel 4 of imge data

[n] (yellowin 6 chanphel rint hc§ 2126%‘ (ﬁase Locked Loop cl ock
27TEnParal | el |transfer enabl e ve actuator supply

10 SClk  |Serial data transfer clock
11 Vad Positive logic supply
12-16 V+ Positive actuator supply
17-22 V- [Negative actuator supply
23 NPSync [Nozzle Phase Synchronization
24 D3[n] [Channel 3 of image data [n] (black in 6 channel
printhead)
25 D4[n] [Channel 4 of image data [n] (yellow in 6 channel
printhead)
26 PLL  [Phase Locked Loop clock
27 TEn  |Parallel transfer enable
28-32 V+ Positive actuator supply
33-38 V- [Negative actuator supply
39 Reset  |Control Reset
40 D5[n] |Channel 5 of image data [n] (magenta in &
channel printhead)
41 D6[n] [Channel 6 of image data [n] (cyan in 6 channel
printhead)
42 SCl1 [°C serial clock for control
43 SD [°C serial data for control
44-48 V+ {Positive actuator supply
49-54 V- [Negative actuator supply
55 Vaa Positive logic supply
56 Gnd  |Analog ground

57 CCEn[n] [Control Chip Enable [n]
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33-38V-egative actuator supply 39Reset Control Reset 40D5 [n] Channel 5 of

I mge data [n] (magenta in 6 channel printhead) 41D6[ n] Channel 6 of i nage
data [n] (cyan in 6 channel rinthead) 42SCl 12C serial clock for contro
43SD12C serial data for control 44-48V+ositive actuator supply

49- 54V- Negat i ve actuator supply 55Vddositive | ogic supply 56GhndAnal og
ground 57CCEn[ n] Control Chip Enable [ng PECL17- SG 28 58VSSNegative | ogic
supply 59SenseAnal og sense out put 60- 64V+Posi ti ve act uat or supply A

mul ti-segnent printhead is ideally conposed of a nunber of identical

print head segpents—Thesearertyprcalty 2inmsegrents—that—are) manuf act ur ed
toget her, or placéd tpbget'ier &%#éhvﬁgﬁﬁ¥%@Ph?e, to produce a ptinthead of

the desired Ilengioh. [Thgea@OMtSo®UsdSutp@t W th overTap, as flesired, to
allow for snoqth trapsitions|het | segnent s
prints 1600 dpi &t64 eyel Vdot s [Positioe actudtof fuppént part of the page to produce
the final i nmge—AHhough—eacth—segrent—produces—1280—dots—of—the final

i mage, each dot is represented by a conbination of colored inks. For

exanpl e, 15 segnBnftSsdpfitnb SrintiERd N8 didsdIle vhpsicdeot & RuQHLC 8 ddddical NCH
printhead. Each segment can be consideréd to have a lead-in area, a centra
area, arptidhdadasegmentsar ddieseThaee |typidalbyuf Luin srgmenig ribait arsomaguiaoigsl t o t he

| ead-in of t . FI.G 12 | the th f ent b
Showi ng 85T PF SlssrdhSpeetiS b adEehnt IS e iMoo A B, o2 106
of segmentndh(1TRY se@nhés pARISctRt Wille ovads; 18 dskad, 109al0fw Sfef RRIBLIEST1

(107). The central area of a segnment is that area o
transitions between segments. Each 21mm inch segments prints 1600 dpi bi-level dots

over a different part of the page to produce the final image. Although each segment
produces 1280 dots of the final image, each dot is represented by a combination of
colored inks. For example, 15 segments can be combined side-by-side to produce a 12-
inch printhead. Each segment can be considered to have a lead-in area, a central area,
and a lead-out area. The lead-out of one segment corresponds to the lead-in of the next.

In FIG. 12 is seen the three areas of a segment by showing two overlapping
segments 106, 107. Note that the lead-out area 108 of segment S (110) corresponds to
the lead-in area 109 of segment S+1 (107). The central area of a segment is that area
that has no overlap at all (110 of 106 and 111 of 107). Although the figure shows the
segments vertically staggered, the segments are staggered at a slight angle so that they
are aligned in the vertical dimension.

It is assumed below that a printhead has been constructed from a number of
segments as described above. It is assumed that for data loading purposes, the
segments have been grouped into G segment groups, with L segments in the largest
segment group. It is assumed there are C colors in the printhead. It is assumed that the
firing mechanism for the printhead is that all segments fire simultaneously, and only
one segment at a time places feedback information on a common tri-staie bus.
Assuming all these things, Table 15 lists the external connections that are available

from a printhead:
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t hat has no overlap at al
segnents vertically staggered,
are aligned in the verti cal

shows t he

slight angle so that they

(110 of 106 and 111 of 107).

di nensi on. |

Al t hough the figure
the segnents are staggered at a

t is

assunmed bel ow that a printhead has been constructed froma nunber of

segnents as descri bed above.
segnents have been grouped into G segnment groups,
segment group.

t he
t he | ar gest
print head.
that all

It

pl aces f e’gg%g‘égt flﬂ’]f;

is assuned
j.re.si

It

|t
that the
nmul neousl

ﬁﬂtcf’%'ﬁeci)iﬁn%l common tri-state bus.

is assd

and only one segnent at at

Assum ng al

Y,

t hi ngs, Table

printhead: PEQLZ-SG 29 Table 15

15 Napies tF

e expgisna
Pr i

connect i onspefdipine avail able
nt head connecti ons Name#Pi nsDe

DnCLI nputs to

C shiDnt reg

o

q

J

i st eEs. of

logwte i € sbift igistets GlepBputs Hdo bl

(Shi ft Regi st er
segnents in sqg
aline for all
imng signals
registers to t

O Al [ NEAY =
G0 N O
gneﬁgnbroup
segnents.
in printheg
he i nternal

ts—the—etr

N. Syncl
PLL1Phase |
ld TenlPar al
ozz| eEnabl

Rt ST e b e TRel Y

105d688: LRt ChIREKAH A DIBRE I Abithe]
lel transfer of data fromthe 4

lesagiments(ionegpent growie) . Reset 1

reset SCl 112C
CCEnGpul se on
segnent n in

>C1 LI U{]
B NEND

] £ +
R TUT, CUTTUT

d with dat 4" 8H5S O NPSIEF Rt tpin

4 .
1N

b b2 fing

for all segments.

PLL i Phase Locked Loop clock for generation of
timing signals in printhead
Ten 1 arallel transfer of data from the shift registers
to the internal
NozzleEnable bits (one per nozzle).
Reset 1 Control reset
SCI 1 [°C serial clock for control
SD 1 I°C serial data for control
CCEn G A pulse on CCEn N ANDed with data on
[D1[n] selects the sense lines for segment n in
segment group N.
Sense 1 lAnalog sense output
Gnd 1 Analog sense ground
V- Many, Negative actuator supply
depending on
the number of
colors
V+ Positive actuator supply
Vs Negative logic supply
Vad Positive logic supply
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segnent group N. SenselAnal og sense out put GhdlAnal og sense ground

V- Many, egati ve actuator supply dependi ng on the nunber of colors V+Positive
actuat or supply V.Negative |ogic supply VddPositive |ogic supply PECL 7-SG
30 Wth reference to Figure 5 the HCU provides the nmeans of dithering with
two different dither matrices, selected by the dither matrix sel ect

bi tmap. The dither matrix access unit (DNAU) 48 provides the appropriate
di t her val ue each cycle. In addition, 30t he DMVAU copes with dithering over
mul ti pl e overl appi ng Menj et printhead segnents. The purpose of the DVAU i s

cut put dot " postiRgserib s FRRFRORZRCY PRORESa Pt fietgE TR as

physi cal | gifferenodittidhingatrices Steliter i thB Aitherahitiix seleObifidaps ﬁf&)dlmuhﬂtr@uf f I Ce
However, the Menj et prlnthead I s_conposed of nultiple overlapping

segent s. 2°7HE WEIMLY) dParpefestbe sraropsptcibrbrlne eachrryrle dn afdisienone
Mem et SE@MADOCO O rdl’{h(%‘é‘f%e rHIu 1é Bl Ry g&g%&ﬁf’% Hﬁtﬁe&d‘s%g&%%m ' al
for visua

artifacts. RS aC|ng S nts, they
wi || not Hecpsepasc dfythb ®MAEF fsemﬁlbw ﬂdqiroaﬂe gtceshprépriasg 81béwr dithiet helliae fed ri X
will not be able.to cope,wth thes nsitions nor the sub-dot alignnment
bet ween ﬁﬁEmPE“m?ﬁEmgUﬁﬂﬁpﬁﬁo?H}t PFﬁﬁi with PECis to use the

char act eri zat i i, &/&ft#rOMdf %ﬁﬂiﬁeamsg}h%ﬁﬁélm ﬁsﬁ&lnhﬁngsﬁgﬁ%ﬁlgﬁna pSet  of

printhead specific dither "matrices segment can onsi dered to have
a | ead- i neg @teaddawoedtsufficearldawevendhe Memnjdt prittheadei . coiiiposddeaitinoitipleof one

segnent corr.esponds to PH%Iead I n of thﬁ neg% The central area of a
segment | %' FRBHMS et TR seamsn verlap alipws fma smeptiitigpsition fromsone

i1 1 ustr atgemidi SepRbRetotdRatr ShstéadSSIOMRRIp RS MW Y théMBotential for visual
artifacts. In addition, due to issues in placing segments, they will not necessarily be
perfectly dot aligned. A regular dither matrix will not be able to cope with these
transitions nor the sub-dot alignment between segments. The solution for printing with
PEC is to use the characterization vector from the Memjet printhead, and construct a set
of printhead specific dither matrices. Each segment can be considered to have a lead-in
area, a central area, and a lead-out area. The lead-out of one segment corresponds to
the lead-in of the next. The central area of a segment is that area that has no overlap at
all.

In Figure 12 is illustrated the three areas of a segment by showing two
overlapping segments 106,107. Note that the lead-out area 108 of segment S
corresponds to the lead-in area 109 of segment S+1. For any number of printhead
segments then, we can consider the central area to have the same dither matrix, but the
lead-out of segment S and the lead-in of segment S+1 to be paired according to the
alignment between the two segments. Given that multiple PECs can address the same
page, a given PEC may address a certain set of segments, while another PEC may
address the next set of segments. Consequently the lead-in area of the first segment for
a PEC may in fact correspond to the lead-out of the last segment from another PEC.

The overall goal for the dither matrix is to provide intensity level and dot-gain
characteristics to match the normal dither cell for each intensity level for each point

across the overlap region. A set of dither matrices is defined for the segments
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over | appi ng segnents 106, 107. Note that the | ead-out area 108 of segnent S
corresponds to the lead-in area 109 of segnent 5+1. For any nunber of

pri nthead segnents then, we can consider the central area to have the sane
dither matrix, but the |ead-out of segnment S and the |ead-in of segnent
S+1 to be paired according to the alignnent between the two segnents.

G ven that nmultiple PECs can address %he sane page, a given PEC may
address a certain set of segnents, whitle anot her PEC may address the next
set of segnents. Consequently the lead-in area of the first segnent for a

pec. "The ULEH SEBIFSREM e Pl PRREY ) T8 st R PSRBT e Tover

and dot - gaicolleeivelyastaahilsitdegmehtalitiet gatrixhe normal dither cell for each
intensity level for each point across the overlap region., A set of dither
matrices 1s deflefeatplpres dighes appiinisss repplen ditloonmrin fad car belthsysamsifer pri nt

! i . ;
cor | oot v il it G SR on iy Qobiosed B bR Aofof e Uhll gt o

mat ri X i sofea pb@uldat ldethgy nombé ithe pesiorc afpdordt iR wadlignfeht békweers @ggrent s
(al t hough the dither trix value used for the first dot of the central
area of BEGEVSRAIABIIsdeRessily not be the position expected due to alignment

between the —SequRih ABH-blruiBbPHREBORR chch oftrl:B3UzbA of a'sEBHeM thaind Wl Ner

matri x for each overlap region of a segnent pal I'ea [ ead out
for the doid-ircarddHCadrantaiye thesaitiro PESegamiges sttsofadegmentte Goialee dequihéd. Tivd dt h of

the lead-in / - Qut trix is.the total nb f. dots in both t
i the oV abiBe baton Tortraut ool e Sl pubeco i toa houh se6BIISAn ki 45
(corres pQﬂQHQﬂ%‘ RorA ThiOMBhb R Rs ¥4 E’thd gg b%@eﬁﬂe@éi and A8 (é&?ég?&?iri]ﬁeg {oead- out

dither matri x for one segnent and th ead- out segnerit
cor r esporierigp wadthlolfd6 te2gndhe leaden dbwigre dither noasnk dereineseagmenttand gach

ot her, tgki t he sub-dat alignment intg account and the position.wthin
Ohes conitidiut BEmSHORe Bl Sindidie bbb SERTa FOfriseaiRrehubdiol o onds.
A | ead- i nyith tRArothdy tdidkng @E stif@of Aligimche iB AbcouANghBihk §RGHOH twithih Ry Matrix
for the |last segnent. These will correspond to simlar matrices in other

PEC- managétiraleren Gther sufhewhen theaverlapsgaencommsacesyadioniies t he hori zont al
offset in,the &?&hfiﬁlditﬁérelﬁat%ktf&eﬁle 'ﬁ%trséé(mgznqr ar;[dhaelead-out dither matrix for the

last segment. These will correspond to similar matrices in other PEC-managed sets of
segments.

Each segment also specifies the horizontal offset in the central area dither matrix for the
first dot of the segment. This allows compensation for the up to 2 dots of misalignment
caused by overlapping segments. It also gives the dither matrix generation software
more flexibility to provide an arbitrary joining point at the end of the lead-out
component of the lead-in / lead-out dither matrix.

The multi-segment dither matrix is organized into lines. The total number of
lines equals the height of the dither matrix. Each line is loaded into local DMAU
memory from external DRAM in a double-buffered style. While one dot line is being
generated, referencing the current line of the multi-segment dither matrix, the next line
of the multi-segment dither matrix is being loaded. The dither matrix line buffers are
swapped upon receipt of the advance line signal from the HCU state machine.

In Figure 13 is seen the composition of a line from a multi-segment dither matrix.

The size of a single line of the multi-segment dither matrix depends on the
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first dot of the segnent. This allows conpensation for the up to 2 dots of
m sal i gnment caused by overl appi ng segnents. It also gives the dither
matri x generation software nore flexibility to provide an arbitrary
joining point at the end of the |ead-out conponent of the lead-in /

| ead-out dither matrix. The nulti-segnent dither matrix is organized into
lines. The total nunber of 1|ines equ§és the height of the dither matri x.
Each line is | oaded into | ocal DVAU nory fromexternal DRAMin a

doubl e-buffered style. Wile one dot Iine is being generated, referencing

the curre |Line of .the | ti--segnment di.ther trix, the next line .of the
mul 1 - sechvene? are e THerTHRe o SERFRES SRt ot it PG R ARG but 1 or's
are swappgdn bReay S£L6M012 Rfts A1 PEbsARER, Weheveh Bidloffenomt he2HGYsst at e
machi ne. In Flggure 13 is seen the conposition of a line froma

mul ti - segd@rit320i)ehetesmahare gach Tty g3 S-bitof 1824 brighe |1ine of the nulti-segnent

dither matrix de on the PECL7-SG 32 qverl size the n r of
segnents. G ven eg% rsg‘?rag? STEEaR aﬁ%térﬁi %?@Pﬁhéf’f%@g?r ’gﬁmd‘gg ﬁap si ze
of 32 dotkB#ethel ins &@nEBias of YL KIBIYS. Tht M Dhusdodd S of tBe&setined hotr (32 +
32)) entries, where each entry is 8-bits = 1024 bytes, The DRAM st orage

b
requi r emeARAM reacts qutpph Bge. ( H’é?/rg@ﬁim@m grigthaneedraf 0000 dines peksgaoadpidis | i ne

for a tot @S, DVMAU nust | oad one of these lines from DRAM
each out pﬁua@?%@@u@¥é§yﬁuﬁ%@.p” nt speed of 30,000 |lines per second, this

equat es to roufiid PNMAUVBL ded. sifipertOMMI b thaset maltpgegiiest tdithero tnadtiiese

mul ti-segnent dither npatrices, . selected by the dither_ matrix select bit.
Wen the St e ittt Ariy sgpdihlk WBtcodle Miier a1 PRasaiteti e o 71 x
i's used. REMNYleSIcesROSIHS HHtfieeRca. %@Amabﬁiggrrg%&%&en@x& eRrép PRAM

access therefore requires a total bandw dth o MB/ sec at maxi mum

printi ng KBetes . anthBRBIMAaceersr thErsfare coquizdsng tdtal ibaedwidftf of $0aMB/ER4atbyt es

per buffer, .and 15 of fset . regi 0 _use as the initial en into the
cont ral - apsiiin mRpts -, T TATAR, bt e b Fl0% B8 of
addr ess gendudti, aid 1S oiBeClepRtgs iousehs tholnitMensy PEe UROEQHMAI arca dither

Dol BufferSel ect = 0 Matri xLineStart Address = 0 (refers to 64KByte-aligned

addr ess dhatgiggppe giptry for cach segment).
The process of address generation is described in the following pseudocode:

DblBufferSelect = 0
MatrixLineStartAddress = O (refers to 64KByte-aligned address of start of
Matrix1)
Load Matrix 1 address pointed to by MatrixLineStartAddress
If (Matrix2Valid)
Load Matrix 2, address pointed to by MatrixLineStartAddress +
64KBytes
EndlIf
Do until end-of-page
currAdr = 64
lineAdvance =0
dotAdvance =0
dot =1
segment = 1
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Matrixl Load Matrix 1 address pointed to by MatrixLineStart Address |If
(Matrix2Valid) Load Matrix 2, address pointed to by MatrixLineStart Address
64KBytes Endlf Do until end-of-page cu rrAd r = 64 |ineAdvance = 0

dot Advance = 0 dot =1 segnent = 1 PECL7-SG 33 Wile (NOT |ineAdvance)
Cal cul ateEntry EndWil e Dbl BufferSel ect = NOT Dbl Buffer Sel ect

Mat ri xLi neStart Address = (Matri xLineStart Address + 1) AND 63 Load Matrix 1
address pointed to by Matri xLi neSt art Address Load Matrix 2, address

poi nted to by MatrixLineStart Address + 64KBytes EndDo where Cal cul ate

Entry is a si .process _descri bed by the foll owi ng pseudocode.
Note that if t Qﬁﬁ/@qﬁﬁlﬂ%ﬁ(ﬁ@nf’@ ister is clear, the first dither matrix is

al ways used, regardhieaRtstEntapy val ue fromthe dither matrix select bitnap.
Qut put matrix value read from Dbl BufferSelect, D therMatrixSel ect AND
Matrix2val i d, EWAH® Qut put dot Advance = NOT ( ((dot < 32) AND (segment

rcaanon ) BERgsT3oR 87 Basigh) MO (Georert Nor
MatrixLineStartAddress = (MatrixLineStartAddress + 1) AND 63
Load Matrix 1 address pointed to by MatrixLineStartAddress
Load Matrix 2, address pointed to by MatrixLineStartAddress +
64KBytes

EndDo

where Calculate Entry is a single cycle process described by the following pseudocode.
Note that if the Matrix2Valid register is clear, the first dither matrix is always used,

regardless of any value from the dither matrix select bitmap.

Output matrix value read from: _
DblBufferSelect, DitherMatrixSelect AND Matrix2Valid, CurrAdr

Qutput dotAdvance = NOT ( ((dot < 32) AND (segment NOT == 0} AND (dotp
==(0)) OR ((dot > 1248) AND (segment NOT = numSegments)) AND (dot, ==
0))
Output lineAdvance = ((segment == numSegments) AND (dot == 1280))
If ((dot < 32) OR (dot > 1248))

CurrAdr = CurrAdr + 1
Else If (dot == 1248)

CurrAdr = NextOverlapAdr
Else if (dot == 32)

NextOverlapAdr = CurrAdr

CurrAdr = CentralAreaFirstDotDitherOffset[segment]
Else

CurrAdr = (CurrAdr + 1) AND 63
EndlIf
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Qut put | ineAdvance = ((segnment == nunfSegnents) AND (dot == 1280)) |If ((dot
< 32) OR (dot > 1248)) CurrAdr = CurrAdr + | Else If (dot == 1248) CurrAdr
= Next OverlapAdr Else If (dot == 32) NextOverlapAdr = CurrAdr CurrAdr =
Central AreaFirst Dot Di t her O fset[ segnment] Else CurrAdr = (CurrAdr + 1) AND
63 Endlf PEC17-5G 34 If (dot == 1280) dot = 1 segnent = segnent + | Else
dot=dot+1 Endlf Note that the dot and segnent counters are used for
counting dots and only correspond t 0 4ct ual segnent/ dot conbi nati ons
during the non-overlap areas, the first segnent's lead-in and the | ast
segnent'ﬁ h$QQ&9 %%@iea. During the overlap period, alternative dots
correspon& 0 seg S and segnent S+1. The dot Advance is therefore only
gi ven on everyd@econd dot during this period. Each printhead segnment can be
queried via its | ow speed serial bus to return a characterization vector
of the segnentSeIrRRNChEPSFERE +Aati on vectors fromnultiple printheads can
be conbi to construct a nozzle defect list for the entire printhead and
allows thé print engine to conpensate for defective nozzles during the
print. As |ongdetss dbhe inunber of defective nozzles is |ow, the conpensation
can produce results indistinguishable fromthose of a printhead with no
defectivggwwﬁzles. Each segnent has 384 bits for characterization vector,
conpri sed of:

Note that the dot and segment counters are used for counting dots and only
correspond to actual segment/dot combinations during the non-overlap areas, the first
segment’s lead-in and the last segment’s lead-out area. During the overlap period,
alternative dots correspond to segment S and segment S+1. The dotAdvance is
therefore only given on every second dot during this period.

Each printhead segment can be queried via its low speed serial bus to return a
characterization vector of the segment. The characterization vectors from multiple
printheads can be combined to construct a nozzle defect list for the entire printhead and
allows the print engine to compensate for defective nozzles during the print. As long as
the number of defective nozzles is low, the compensation can produce results
indistinguishable from those of a printhead with no defective nozzles.

Each segment has 384 bits for characterization vector, comprised of:

. 64 bits of flags and printhead segment information, including serial number and
number of colors represented in the segment
. 16 bits of alignment data relative to previous segment (0 = first segment)

. a variable lengthed defective nozzle list using up the remaining bits

The defective nozzle list is variable lengthed, with each set of defective nozzles

having the following structure:

. 5 bits count (0 = end-of-list)
. 3 bits of color
. count x 11 bits, one entry per defective nozzle
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64 bits of flags and printhead segnent information, including serial nunber
and nunber of colors represented in the segnent 16 bits of alignnment data
relative to previous segnent (0 = first segnent) a vari abl e | engt hed
defective nozzle list using up the remaining bits The defective nozzle |ist
is variable I engthed, wth each set of defective nozzles having the
followng structure: 5 bits count (0.,= end-of-1list) 3 bits of color
count x 11 bits, one entry per def ect Ve nozzl e PEC17-SG 35 The
fade-in/fade-out dither matrices are not sinply lead-in and | ead-out. They

are defined t ¥ ] . | j.ed accordi to _any,_m sal i gned
overl ap, thergﬂﬁiEgkéﬁﬁégaﬁpq%%¥@§§¥ﬁ8%v§§‘Fhémgeéfﬁﬁ%*?éﬂa&ﬁgiﬁ$- t wo
segnent s Tieey ameodefhreddopetabi gradthalwiehi gpliedtachetinged 580 MEMIiENES
important. Were two segnments are not_ perfectly dot aligned, a dot on the
first s eg‘?‘?@ﬁlﬁpdgg§ iha contang doherin eren the qrerlapdedion. Awy ireSceasalsBas egnent .
Two dots d segnent nmay overlap a dot on the first segnent. If
t he dot &ﬁﬂphgs%§§§$&is printed with a dot on the second there will be a
gi ant dotMisaligederftrbetwdchescgroedis matiportant Wheee twaoseghfentshaec tattpesliectiyhe fi r st

i rinte nd neither of the overl in ots o he .second i s, printed
!tfleprlesul Otiazigﬁe‘ﬂé': Oqo‘?ﬁ%e éﬁé?g}/ﬁqﬁ‘éﬁg%lrg‘% Eg%‘ep eF'};lyl’f’ﬁ agoﬂal:‘lzhétlripe

down the RBEIR seaifbnt. NTweLERIGnWhe lsecoﬁ&‘&@%ﬂe hie 09drldpPE astod tehrspage. Both
results are undesirable. A solution to the above msalignnment problemis to

have a discE@entcdf thetdpgton thelfies is pantedswuith grivton thesesoad douatwil detshat on
average t in4an the overl i.on is,caonstant such that there is
585 D, A0S BTRR of LR, o2 BELT N BUE B,

n
no dark ea or a stripe gorng e are two

segment s, ankvwittert ditthe e@tllgppiigeddteedabe s6308d ¢aprilred thidRudhts Hhal@do
fade-out, and _the_other as a fade-in. They nust be used in conjunction

wi th eactPthemetfshrasgurdl maksadtesnsrigsrdoya e nege.vind theseeanddwt that a
11Tl BOQEDE 0BRSSt Slippygeld pei The over o
caused by 1/4 Aleblution to the above misalignment problem is to have a dither cell that
takes the misalignment into account so that on average the dot gain in the overlap
region is constant such that there is no dark area or a stripe going down the entire
page. Because there are two segments, two dither cells are needed. One can be
thought of as a fade-out, and the other as a fade-in. They must be used in
conjunction with each other to produce a constant dot gain. It will be evident that a
different misalignment gives a different dither cell pair. The overlap caused by half
a dot misalignment will be different from the overlap caused by 1/4 dot
misalignment. A different dither cell pair is required for each misalignment. Better
dither cell pairs can be generated if it is known where in the common dither cell we
are up to at the start of the overlap.
Because of misalignment there is also a need to know whether to use the
expected position (if there 1s perfect dot alignment) within the common dither cell
when the end of the overlap region is reached, or whether there is a need to be in a
different column of the dither cell. There is therefore an offset value that allows the

specification of which part of the common dither cell is attached to the end of a

specific segment overlap pair.
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m salignment. A different dither cell pair is required for each

m salignnment. Better dither cell pairs can be generated if it is known
where in the conmon dither cell we are up to at the start of the overl ap.
Because of mi salignment there is also a need to know whether to use the
expected position (if there is perfect dot alignnment) within the conmon
dither cell when the end of the overggp region is reached, or whether
there is a need to be in a different "Colum of the dither cell. There is
therefore an offset value that allows the specification of which part of

n n _ o
over lap pai 1. D B AU RN ot B8 e 3T a1 or

two pur pogmstatéThdither efll pasr foo thgensataptregianditheerenemtibn phitte dither téle overl ap
region. The %en%%aioi on of the dither cell pair nust, be dﬁne to connect a
known pos?as BHS B doRE [ eRes adieR@rpasiion ip Ficroappardithes selliipa ghosehe di t her

cel | . Thecdtitas @F tkOhinm 1! ITHEHES: SHRSELEH Koihd r@ﬁg{:cﬁ'e& BRumhas &nof

perfectly dot-aligned segnents, and a neighboring colum in the case of
m sal i gnettse @f perfegly Totealipnedisegmensnt anidsa miighbérng colsed inothdewss of ne what

the offs -ntq the n di.ther cell will be. The limt cas f this is
that for Blselithed ey BiteehmeR wrbbstors Saed Y peklbibe B B8 it ner
matrices «ffiRt pab thd Comamhdithey Ll aHIl HeakinlimitSabd 6NIRN s MAdfRPQEEE i on
within the common dither cell into account. There are many ways known in

the art biFEWERCoverlap gegien theee isnpdidegint pair of dithersmatdserepnst pashiosfeadi t her
cells ca one: f C ring. 41 sal i nt ..pair..,li,can be
done oncgD ‘%@Pﬂaﬁglﬁﬁﬁ?}%@}gﬁgﬁt E%(? ﬁggltgﬁgﬁgl,tmﬁ ﬁDlv?/ou B <%1§1|e{/ic§11 nfp generate
an exhaustccowntdiThesr areahdnypaays kriositn fothe attl byrwhithitg gerahis th@etdithdOO0t h of a

dot msalignhgent.. To SO uld require generation of 100 x 64 dither
cell pai r‘?hg'a enerattsg gjd%ﬁle{)]c? cfan b ancg dpr epch prigthead ngsalgnment .

Assum ng . Of&IzhaR @nedéncdbs afHintiRallE b FQJFZ@%H?% Feht iy 4 KBis

required per dither cell pair, for a total o I\/I3(§/tes, whi ch coul d be
readi |y sgeoerete amexthhestiveidither cetfrpaidist $on alsmisaligitments GDtRINIth pba dot
equi val ent liDuri

caun Vol el PR SR Ol A AL o S ARG GEEL 0t
requi ringoa £ &4 effsedbalubd- fBYGE] $105400 sdB. FQUNRRAL aBIvBINLHB2 Jieakoi Nt here
is that the generation of the

a helgqt of dither cell of 64, 4 KB is required per dither cell pair, for a total of 12.5

MBytes, which could be readily stored on the printer driver's installation CD-ROM

(or equivalent). During installation of the printer driver, the correct dither cells are

selected based upon the misalignment in the connected printhead, requiring a total of

64 KBytes for a 15 segment printhead. The point here is that the generation of the

dither cells need only be done once. The actual 6400 dither cells (assuming

alignment is only to a 100th of a dot accuracy) could readily be generated by

simulated annealing dither cell generation techniques. The "goodness function"

would be a simple dot-gain calculation. The aim of the simulated anneal would be to

minimize the dot gain difference compared to the standard dither cell.

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,
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dither cells need only be done once. The actual 6400 dither cells (assum ng
alignnment is only to a 100th of a dot accuracy) could readily be generated
by sinulated annealing dither cell generation techniques. The "goodness
function” would be a sinple dot-gain calculation. The aimof the sinulated
anneal would be to mnimze the dot gain difference conpared to the
standard dither cell. Throughout the geci fication the aimhas been to
describe the preferred enbodinents of ‘the invention without limting the
invention to any one enbodi ment or specific collection of features.
Persons skilAl inthe art may realize variations fromthe specific

enbodi rrentterIL% w Il nonetheless fall within the scope of the 1invention.
PEC17-5G B7 CLAIvEit ehgind fpr a pagenidinprifitheadathpagehidds bnpoi Ridne pnihaad

i ncludes qgne or .nore printhead chips.that each include an array of
m cro- el e‘%t‘?soﬁ]%aé h%?ﬁﬁc’gfﬂuﬁ%ﬂ array Pgn‘ﬁm‘ﬁ{%m‘%@aﬂc%é‘ﬂﬂéﬁ AFagEBeiat e, the

print enghiidneg bHdisiBktReg et chPRMIncHR@AYS fOr receiving page data
representing pages to be printed; ~“a nenory buffer for storing said page

data and from pigcehtasapw meage faaceidagpagsalatatepiesarsulgfpagespo batpriptedcessi ng;
and a print engine controller that is confiqur to.transfer the page data
to the rrermryeg Sﬁ‘o et Bgﬁ%}f #05 Sﬁpé@gisggé)aggag{ag@{i?@?athmg%aﬁee ALY print
engi ne coiy fetidved foriphiat pbicB@ingaastpt a bus that is connected to the nenory
buffer; an input interface that is interposed between the page data input

means and t he? @&k CBEIge sonrpltar thalgls eri ntobgrangfért therpage date tordnory
the paga gt B cOnr T oo ey Popr e atIREERA, Yk bR SRR Al o

the page and configure ess t a ac
printing ipeludimgf ers; and a printhead interface connected to the page data

processing circuitry,for receiving the processed page data and configured
to format the proce%‘i"’é%i{;'b?’d‘g‘%tlﬁﬁ?’g‘elcﬁg to B‘Firﬂﬁm?@b&ﬁeﬁhe pagewi dth pri nt head.

2. Aprint engine ag jgpdtiifRaédthel ifidRrbosddbeWientnd MyeRAME AR LRIt Means
and the data bus so that page data can be written to the memory buffer;
page data processing circuitry connected to the data bus to receive the
page data and configured to process the page data according to printing parameters; and
a printhead interface connected to the page data processing circuitry for
receiving the processed page data and configured to format the processed page data for

printing by the pagewidth printhead.

2. A print engine as claimed in claim 1, in which the page data input means

includes a high-speed serial bus and the input interface is a high-speed serial interface.

3. A print engine as claimed in claim 1, in which the memory buffer includes a
random access memory and a random access memory interface is interposed between
the memory and the data bus to facilitate reading the page data to the memory and

writing the page data from the memory.

4. A print engine as claimed in claim 1, in which the page data processing circuitry
includes decoding circuitry to decode the page data according to a particular format of
the page data.
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i ncl udes a hi gh-speed serial bus and the input interface is a high-speed
serial interface. 3. A print engine as clained in claiml1, in which the
menory buffer includes a random access nenory and a random access menory
interface is interposed between the nenory and the data bus to facilitate
readi ng the page data to the nenory and witing the page data fromthe
menory. 4. A print engine as clained i,g claim1, in which the page data
processing circuitry includes decodi 8 circuitry to decode the page data
according to a particular format of the page data. PEC17-SG 38 5. A print
engine as clainmed in claim4, in which the page data processing circuitry
i ncl udes hal ftoning and conpositing circuitry connected to the decoding
circuitrysto Aetiat seitemsadachedai elafn letvﬁﬁclﬁ&ﬁqﬂigﬂ date 'pfc@m';smg/clmadry

configured tqQ generate halftoned and conposite fa. 6. A rlnt

engi ne as‘nﬁli“a?%fgﬁi)wn%la& rﬁoFPOF‘ﬁnﬁmréﬂltryl ‘Ff%mF%}'é‘g &%gﬁog@ﬁnﬁf%t%

circuitrylgve BE&kppasd fﬂﬁﬁ\{}%edbc&ﬁlﬁg Efrbﬁir@%ﬂé cbﬂﬁ@[rfa@&?g phd ﬁﬂBﬁ&PeSS' ng
to

circuitry, to recelve processed page data and configure ormat and
| oad | i nemdabmpositgagmgedeta. to the printhead interface. 7. A new print
engi ne, substantially as described herein, with reference to the
acconpanyi ng draw ngs.

6. A print engine as claimed in claim 1, in which line loading and formatting

circuitry is interposed between the printhead interface and the processing circuitry, to
receive processed page data and configured to format and load lines of the page data to

the printhead interface.

7. A new print engine, substantially as described herein, with reference to the

accompanying drawings.
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