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 wherein an inage 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

monolithic printheads' to the inventor Kia Silverbrook there is set out an

. assessnent of the prior art to drop on demand printers along with its
manuf act ur i oy PRNICENCINE FOR & RASKBAD TE.PRINFEEARINGRRPRAIING at i ng t o

the present invefydRs BIFCTROMEGIENICALINGZERE! GEMER®Y N9 _

applications filed by the applicant or assignee o the present invention

on 24 May 2000: PCT/ AUOO/ 00518, PCT/ AUOO/ 00519, PCT/ AUCO 00520,

PCT/ AUCO 0 . ,  PCT/ AUOO 00524, PCT/ AU00/ 00525,

PCT/ AUCO 0 %D 0@@#%188 , PCT/ AUOO 00528, PCT/ AUOQ 00529,

PCT/ AUCQO' 00530, ThP@T¢énidOrkees ®1s pREEHAUONIG0 padicul RGT AHLUEReR R 3 lates

PCT/ AUCO 00534, . . PCT/ Al 00535.,...PCT/ 00536, PCT/ Al 00537

PCT/ ALOO! OBE A A 07 JBaB S et AR B e ACAY il

PCT/ AUOCO' 00&ztR; arraRgEmeitdO0' 00543, PCT/ AUOQ 00544, PCT/ AUOQ 00545,

PCT/ AUOCQ 00547, PCT/ AUOCO 00546, PCT/ AUOO 00554, PCT/ AUOO/ 00556,

PCT/ AUCO' 00557, PCT/ AUOCQO 00558, PCT/ AUCO 00559, PCT/ AUOCO 00560,

PCT/ AUCO' 0B IKGRBUNIACBO ARTNYENAZONUOOD' 00563, PCT/ AUOO' 00564,

PCT/ AUCO 00566, , PCT/ AUOQ 00567, PCT/ A 00568, PCT/ AUOO 00569,

PCT/ AUOYY 00570, 4 fﬁ@?ﬁﬁ@éﬁ%&%i{”ﬁ?ﬁ%ﬁ%@%@?@ﬂﬁﬂ%ﬁ@% 9m ink

PCT/ AUCQY 088dively REFHIoAUORRRER ot RIERAAIODSIREHS muReF6ALDA0 GB5T Belf:

PCT/ AU0O0100578 PEC17- SG 3 ) .
aligned construction and manufacturing process for monolithic printheads’ to the

inventor Kia Silverbrook there is set out an assessment of the prior art to drop on
demand printers along with its manufacturing process.

Various methods, systems and apparatus relating to the present invention are

disclosed in the following co-pending applications filed by the applicant or assignee of
the present invention on 24 May 2000:
PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521,
PCT/AU00/00523, PCT/AU00/00524, PCT/AU00/00525, PCT/AU00/00526,
PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529, PCT/AU00/00530,
PCT/AU00/00531, PCT/AUQ0/00532, 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/AU00/00554, PCT/AU00/00556, PCT/AU00/00557,
PCT/AU00/00558,  PCT/AU00/00559, PCT/AUQ0/00560, PCT/AU00/00561,
PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566,
PCT/AU00/00567, PCT/AUQ00/00568, PCT/AU00/00569, PCT/AU00/00570,
PCT/AU00/00571, PCT/AU00/00572, PCT/AUQ00/00573, PCT/AU00/00574,
PCT/AUQ0/00575, PCT/AU00/00576, PCT/AUQ00/00577, PCT/AU00/005738,
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PCT/ AU0O/ 00579, PCT/ AUOO/ 00581, PCT/ AU0O0/ 00580, PCT/ AU00100582,

PCT/ AU00/ 00587, PCT/ AU0O/ 00588, PCT/ AUOO 00589, PCT/ AU0O0/ 00583,

PCT/ AU00/ 00593, PCT/ AU0O0100590, PCT/ AU00/ 00591, PCT/ AU0O0/ 00592,

PCT/ AUCQO' 00594, PCT/ AUCO 00595, PCT/ AU00/ 00596, PCT/ AUOCO 00597,

PCT/ AUCO' 00598, PCT/ AUOO/ 00516, PCT/ AU00/ 00517 and PCT/ AUOO/ 00511 The
di scl osures of these co-pending applications are incorporated herein by
cross-reference. In addition, various nethods, systens and apparat us
relating to the present invention arexdisclosed in the follow ng
co-pendi ng PCT applications filed sinmultaneously by the applicant or

. assignee of the present invention: PCT/AU00/ 00754, PCT/ AU00/ 00755 and
PCT/ AUOCO 0 7AURYROSTPs c| BSTHASK08058 he s CTABRNOGNRY apPFT/A&I0088882% e

i ncor por at ; c ce. al ar o ! Bendi ng
PCT appl i cgﬁﬂlzlﬁﬁ%/g%ée%?’s p%?g%ﬁ(??g ?Sgat iPﬁA@I@dg(;s%\%OO/ 16 5%%06}0@58}3?

PCT/ AUCO 0@SZ8AUSEZG958810 0/ ROEASI00/60FI00U0 FCTNSU00/00691, PARCIATA0®O5T), whi ch

descri be ap® r ong&RAR op pri fter
referred tg%‘&go%g(%%’et prl/%‘t%ogg)'g.sgirhe})‘al\g’r’f?g prigﬁ’t he%%f]/?@bg@% Oped from
print head $EFHBUOF0AINELPCH/AUSRHODICePOT/AUHINONGET agl PATIAUSKANIle, 1600 dpi

bi -1 evel dots oleliigiuid i nk [ 0SS th(f fuII.v¥idth of a page. Dots are
easily produced imn | SAPRT S, TSP 198y Irlldn%lfgpélé:?'soéla-aﬁo?w%f??méﬂ ﬁﬁbeu{ hy be

expl oi t ed tmss-teferénck] est. Col or pl anes mght be printed in perfect

regi stration, al]ow.n i deal daot-on-dot printing. The, prinihead enabl es
i ohe speed_pri el BRGengseg mthod oo B Ahpeais Faiing s BRI ogy. I n
addi tion, atepgoadiang diselosa@pin ahd | RUSWBETCALHMQOTGT HpTitaAiohd/ Med17,

PCT/ AU0O/ 00.511*}, anﬁ P%T/A 0/ 00754, PCT/ AUO0/ 00755 AND PCT/ AU0O0/ 00757
describe aSEMIARCOBHY; P/ BRit ABPUBRE sBF ¢ BWERE dPf vty PIREFIRHEVENL® er enced

page W de PRI AWGHRGRH 54, BT/ RUOGYOOE3GE eCTWG0RY787. Used to drive the
printhead puts recejved print data to the printhead nozzles. It is known

to apply dither Tiodistlesugrst of these spapending) applicaiens pis ipeorpospiehbeorsmshy  whi ch
descri bes pgkder@sigbne/ controller PECL7-SG

-t

Of particular note are co-pending PCT application numbers patent applications
PCT/AU00/00591, PCT/AUQ00/00578, PCT/AU00/00579, PCT/AUQ0/00592 and
PCT/AU00/00590, which describe a micro-electromechanical drop on demand
printhead hereafter referred to as a Memjet printhead.

The Memjet printhead is developed from printhead segments that are capable of
producing, for example, 1600 dpi bi-level dots of liquid ink across the full width of a
page. Dots are easily produced in isolation, allowing dispersed-dot dithering to be
exploited to its fullest. Color planes might be printed in perfect registration, allowing
ideal dot-on-dot printing. The printhead enables high-speed printing using micro-
electromechanical 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-SG



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
invention, there is provided a print engine for a pagew dth printhead that
- includes one or nore printhead chjps that each |include an array of

mi cr o- el ect3fdiRtionsHIedd to H‘E)@Z%F‘“em&}i‘tpgeri@'@ﬁé?ﬂ‘%e/ﬁ?%‘?lﬁf ghiggito oRuly-ssgBetr at e, t he
print engi Rginitesd. Ui AH beRa@fed & foripaRIshaPBARS of Me frf ShiihdSnRBES Hat a
representi rlgmiﬁges_ to be printed; a nmenory buffer for Storing said page
data and fr ¢ @ithes piogesppgd chaegteyrization Ysefor,sen beadded.-f or print processi ng;
and a print enging AR LOhkA plidiad o W G W6 HRd FARSBHIERNG Rage data
to the nenory buffer and to ?etrleve page data fromthe bu Fer, the print
engi ne comaiiineg dvarkedpheein and drightpess aviamen jogerlapping qraizdoft printiead nenor y

buffer; anj i_nt.erf. 1S, Lk n pa a i nput
means and gr%(%st %dabtgfss 12%%?%% E%a%eh%%ﬁéﬁgegﬁgﬁge%‘élﬁt? t eIt%l Q%olgtr%gd gﬁ%m)r y
buf f er; pagéehadatreemrtha ¢akes agowit ofkterproldemnect ed to the data bus to receive
t he page data and configured to process the page data according to
printing paraneters; and a printhead interface connected to the page data
processi ng STIMMARY OF THE INNENTON) t he processed page data and confi gured

to formt the procecsed page data ol \PLLOLLIY B, e pageyi dth printhead.

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 inchuding:

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-SG



4 The page data input nmeans may 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 include decoding circuitry to decode

t he page data according to a particular format of the page data. The page
data processing circuitry may include halftoning and conpositing circuitry
connected to the decoding circuitry to receive decoded data fromthe

. decoding circuitry and may be configured to generate hal ftoned and

conposi ted i mageHa&eSE dats Rt MeaRs Y BAFde vhigheraed serial busuind the nay be

i nt er posed ih@;tmeﬁactenﬁybeaihgglt@@éasi:ﬁgl%éﬁ&s. and the processing circuitry,
to receive processed page ata and may be configured to format and | oad

lines of the padé&edasroryduffse mayrinplufe adrahdnne afesse memorp@ed faor m t he

invention r L n{B%E i i mul ti - segnent
printhead inc °S’gi§°ﬁ§£ nZest a Fl?ﬁgﬁ?%lrél %ggg{térg%mglf)% ﬁ%?n%rraaﬁe{ngbs&fior a
mul ti - segnethe dasa bit tdaailiteto mgrdingdtie pdge datagh dreahérbory pnd mtitiegithechi ps wit h end
portions O\b\%‘gﬂﬁgﬁgmtﬂ%emé% consisting of a lead-in dither matrix '

th a lea [

associ at ed Inoverlap portion, a |ead-out dither matrix
associ at ed w t h Tae [pageddatuprocaseing ajpcyitoy iraginchnid decatngarcutliyttoer matri x

associ ated .t a central rtion of th rinthead chip; receiving print
data; and gg(czogsésﬂ?erpgag? aéa?ﬁ%ﬁ@%@rﬁ??ﬁ%@@e‘%ﬁ%&%‘ﬁﬁ?ﬁcf‘i‘ba'dither to received
data as it is dhepmgetdath tpeodmingt aircuity Stbs timdideahdifoigfnsdnant dot gain in
the resultant i.nage ross overl ortions. For each set qof two

over | appi ng°%8 grep 089‘&9?6; Oi%% %ﬁ%‘i‘%?‘mt‘é”e@ rF‘f?“feé%ﬁ%d"’dof a

m sal i gnerdata fidathe ile&dlnigdMEBiEy ahé md§ 06 chifig@Raes abRrdieRdfiéded! ead- out dit her
matri ces and,an OfIteSdei%aaiggéo the standard third dither matrix. The |l ead-in

| ead- out di*Pf)EQPos ata.

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;

receiving 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




PECI7SG 1 5 matrices are used in conjunction over the overlap area._(ne

can be a fadeout and the other is then a fade-in dither matrix. 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 thought of as the standard dither matrix,
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 salignnment, it is not approprlate to sinply continue straight on into
~the standard dither matri x_once you have passed the overlap. Instead it may
be necessdRiriess avused imeepjnetioneier ths|aypilapoiTea: Haneseaa g drfadeapt andithemat r i x,

dependi ng Qfiher/d @&l 4 Ei@gﬁp&theg_ b tl“ﬂ@'f zﬁfe Bfer L LhREA lﬂ‘le)/coﬁﬁi) hfSde thdr €€

dither matrices. A standard one that conmon acr oss segnents for the
non- over | aﬁpfpﬁgh@ﬁm@iﬂceaaﬂ’eaamm@tmlnh@rtmpﬂmea per overlap. One fades

out 1 rom the comRRRlOREIE b kea Dt BECRUIR 4IRS BRI G blacOTTON

dither matrix. ormation can be
char act eri zbe fadn-nv&cﬁmsheét dthe dhichdi¢teec Imapnii migdhe e tomghteottas tﬂ'dmandard

char act er | g4l ogsuechiine S0 b S0, BLOLE IR0 022L 8 ol oL ARG UK

| ayers are conpos usi ng FIX P matrix
sel ect map. on&*kiﬂheﬂnﬂatrerﬁdlesmt)tammmebmybefaddssaﬁ appropriate Netpage tag data

dded t th thth K t he cont one conposite
S eent Uo the it SEpiaREtenl i ol e DA S U sttt Lo

creat e snoahth the emsdatd diﬂﬁr AatrSchco yeu hmmaﬁs@d SROORALS BiRead it rﬁ@rbe

conpensat e for dead nozzl(ggF in thlpﬁ{) m?jﬂ@y reference to a printhead
char act er | Z2StFEH (R8P 4P 2 GHEree) o?t dithen Beiia depspdeg | Wet  nap
shoul d |dea;hgahgnﬂ3,§tch t he cont one resol ution. Each printhead segnent can be
queried via its_| ow speed serial bhus to return a characterization vector

of respective s&BeHicr arqpieieibly sideast thsesdither Haueesr & ftandand argithat i e

printhead HinRon&aeRsPA LOARINRA tﬁeqloﬁ%é%yﬁ@ bits, A0  p@ir BEdifiet mhirisls for the
entire nulti-segnent printhead and allows The print engine to conpensate
for def ect iPgeoverlap. One fades out from the common dither matrix, and the other fades into

the common dither 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 CMYK layers are composited using a dither
maftrix 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
muitiple 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
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nozzles during the print. As long as the nunber of defective nozzles is

| ow, the conpensation can produce results indistinguishable fromthose of
a printhead with no PECI 7-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 illustgates the external interfaces to the
hal ft oner/conpositor unit (HCU) of FIG 3. FIG 5 is a diagram show ng
internal circuitry to the HCU of FIG 4. FIG 6 shows a bl ock di agram

i |l ustrati rfigfectiee pzdess within the dot merger unit of FIG 5. FIG 7
shows a diagramillustrating the process within the dot reorgani zation unit
of FIG 5. FIG 8 shows a diagramillustrating the process within the line
| oader/ f or BRIEFPESCRIFFHON OF FHIEDRAWINGS 9 is a di agram show ng i nternal

circuitry t9~0 ] i Fl G and | 1
illustrate ngrrggsﬁge%% a%]ﬁ hl?%rggﬁ%ﬁ! @oe&é%%l "F%L'E’H&? Jnép E@?@\e@% ai’ﬁgg/\%l%}?lﬁe manner .
of overl ap cofitrcllegsmted & drivig amahltiirsegegitpritt gad.nt head. FIG 13 illustrates
-t he conposit .0 f aldine fraoma nulti-segnent dither trix. TAI LED
DESCR! P oG 2rie B B Aot reie St S v R e 18R head
wi dt h i s canhitedtired by one or nore PECs, as described below, to allow
full-bl eed ipting of both A4 and Letter,.pages. Six channels of colored
ink are thﬁéxﬁé‘%&ﬂ%‘&ﬁ?ﬂﬁ%ﬁnﬁﬁeﬂfw ?reasr?-.hh‘g"tg’i"i nting environment, these
bei ng:  CMFIGS of illue@atésathe GRiepial itbrfickN @ the halftoner/compositor unit (HCU) of

FIG. 3.

FIG. 5 is a diagram showing intemal 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 a 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-SG



K, for black text and other black printing. PECL7-SG 7 IR (infrared),
for tag-enabled applications. F (fixative), to enable printing at high
speed. A PEC might 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

produci ng a page froma conpressed form The print engine functionality

i ncl udes expandi ng the page i nage, dithering the contone |ayer,

conpositing the black |ayer over the cpntone |ayer, optionally adding
infrared tags, and sending the resultant imge to the printhead. a print
controller for controlling the printhead and stepper notors. two standard
| ow speed Seri alR (pfrarsd); B tagmabled eplirdien®i th the two QA chips. Note that
t here nust ,be twﬁ%r;,g)stoaéﬁgblg%nﬁ oSk RghSpde@rt to ensure strong security
during the aut henticafion proceddre. Because of the page-w dth nature of
the Menj et prinAhBEQ mighicde lpalgenﬁmglmlHPMumr&qeaﬂthaa poriBeadnt It splked to
avoi d crea i js means that the printing speed can't
be vari ed :clé%;f‘!&%b?%@e?ﬁ&h{ gétfbgalﬁ te. Docunent rasterization and

docunent printi mgelamgcommeesbép@edsiawphddntmfacemhraeIIEEEi?el.’pﬂ‘H nt head has a
constant supply_ _of, data qQt L& n f

rasteri zedlJ Thi %pggtnenﬁlgeggﬁrgg‘%cflgoa Pagg fwf%%] (';aIgjesse(5 %Orm g"gé %rlééln oncof each
rast eri zed figmfendlitgagacludes neqpanding 'Ifhe Spageiemggl dﬂmgsmeabdmm& tayer, R P(s) to
run ahead of the. er, .when raster S., .bu me to
rasterize HOTRC Sbtﬂ'%ﬁ%‘ee adcdguet ov 3@%??? Ong g‘%f:ro e O@al%g%aggre%tagg Iagé)l’ oduced
by stochas'&d:xﬁhnyth@ﬁﬁulfagtmhgétobhﬁpﬂmthéaext and |ine graphics are reproduced
directly using dots, conpres ed age | e, format contains a separate
f or egr ound bi - | 2pE CB?t'éfgll?rféfl%rFm %‘g‘?ﬁ}?eggg%d LIREGRE S 01 Or I ayer The
black layes is @mmaﬂhﬁqdwqp&rd dehidl péam-"&rtemhﬂman@f\bﬂr thie B0 | ayer
is dithered galthou t he contone | ay s an optional blac conponent) A

er
final | aydotethatiasrp aryet Redys POfth awdrﬂqt aﬁ@a eqertip seaerq hiene secudlyduEpg) |y added
to the pageefa@thenttalist Soéedure.
Because of the page-width nature of the Memjet printhead, each page must be

L-r

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.

PEC17-5G



The RI P software/hardware rasterizes each page description and conpress the
rasteri zed page i mage. Each conpressed page inage is transferred to nenory.
PEC17-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
image. The infrared (IR) |layer of the printed page optionally contains
encoded Netpage tags at a progranmable density. In Figure 1 a docunent is
received at 11 and | oaded to nenory buffer 12 wherein page | ayouts may be
effected and any required objects m ght be added. Pages fromnmenory 12 are
rasterized at 13 and conpressed at 14 prior to transmssion to the print
engi ne contDiEr matrikgselqotion segigns ip dbe paasqdeserintion e Ksistzedatge icoRfgRes wit hin
the print ki f e A ~ f.eki; : i.ch they
r&BRYBE bLRVL HAklaf wjl_%& V\IA%] msgeélﬁp'&@?ag ?éséﬁutt) neglighle sizE ﬁﬁf"ﬁ

are fed to a page expander erein mages are retrieved. Any
requi site dermseartof gretcopwresprdl Hagelimags. iy mftanedoldR) lagsrenf thet prinfed pagy bl ack

bi -1 evel | i . i r .| ayer at 18 toget her
wi th any i%?@%%g%9?%3§9§§&%83&#ﬁ§9%%%%gg%?@ pggégggF% is printed at 20 to
produce page 21In Figeref | msdocstenjeis atceived 3bilpedndnleadsd panoenay HRES: ¢dnpr essed
cont one CMY/ [ e hel o nds_a Fax-conpressed bi-|evel
i ther - mat PsrelCHREE |8 maG b8 Pl S AATRD Bt Wechs BN SRR RS

Fax- conpr e$satménelyd2eaike faktadiedlad ¥ and adgpresoa] @i priat {o transpRsiah tocthe | N

par al | el mﬁtq this, t@q tzg gncoder encodes bi-level IR tag dat b fromthe
conpr essed PEY e sgatrollep 0. Ragss reteag¥od a5 WBIPLsT o 285 Hash w&%ﬁ% fayer

uai ng aI di pilﬂetrenlgmbrkcbrlmcmei 6@ infsla mexﬁoh f;eblc{}"drhe,rfrdl;mtm:hwh tF@J ﬂletfemra,pagemd)gsi tﬁs
the bi-leve ayer over the resultfi i-lev K er and, adds the
R 1 ayer t GRIREET R UICTSN Pageitangs 4 By ETed. SABY BRUIgER LM WP Lpe SRLR dot

posi tion waesSyentdnbaiRr iab 12 Meghladk BMvePlayés middt bY colposited bfRrghannel s.
The | ast stage prints the bi-level CMK+I R data t rough_t?e print head via

] h
a pri nt heafeuonedpyesabl § loaghgarithany intrared tags 3t 195 The spmpesited pagedatars

engi ne/ conpfigbd £2010 lfohﬁ&ﬂy%é@j.n the overall printer systemarchitecture.
The various co onen?s of the printer systemmght include a Print

Engi ne/ Cont r ol | Eie fistetage af feoipeling expandgra BRGyeomnpresseds spnionsi GMYK or

layer (see below), expands a Group 4 Fax-compressed bi-level dither matrix selection

map (see below), and expands a Group 4 Fax-compressed bi-level black layer (see
below), all in parallel. In parallel with this, the tag encoder 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/Controller (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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receiving the conpressed page inmages for storage in a nenory bhuffer 24,

performng the page expansion, black |ayer conpositing and sendi ng the dot
data to the printhead 23. It may al so conmunicate with QA chips 25,26 and
provi des a neans of retrieving PECL7-SG 9 printhead characteristics to
ensure optimum printing. The PEC is the subject of this specification. a
menory buffer. The nmenory buffer 24 is for storing the conpressed page

i mge and for scratch use during the printing of a given page. The
construction and working of nmenory buffers is known to those skilled in
the art and a range of standard chips and techniques for their use m ght

- be utilized in use of the PEC of the invention. a master QA chip. The
mast er chi pripthepds chagactanisticstte cpape apteawn erinire. c Fhe PEGJe thenbistti gfghiz6. The
constructiQpe syprking of QA units is known to those skilled in the art
and a range of known QA processes mght be utilized in use of the PEC of
the invention. aPermoex &ufire, The r¥naeriibuffes 241 éss for istveidg ithe comppessedi pege Uni t ed

Vet dat 1 on Prss AR SELEDE Al PRSI Rk, o PGB 1B, LT

Chi ps Agai reatrkih@BX mEnonythudifersas kuftwinato klsose SKill &Pin ABe7 arAhibHOrn ddadfycatlddrdr
Protecting - Chj p .Menor Fl ash . 09/ 112, 7 AUTHOS5 Met hod for
ik g o g o BB o s R0 il e A i A PR O e ion.

aut henti cati ng plmgsiee 814 daby. € The madtBA YIS imdtetled dakdptudedBlenitb eatridgad Syst em
TBA AUTHO8 Val j.dafjon, Protocal and Syste 9/ 505,.003 AUTHO9 sumabl e
Aot hent 1 0aQbHHBY 5 ot SO chey SO WPERIET QR GBI HIOTD SbHE BT an

Aut hent i catheodit idol A68 ofdddwn 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 AUTHO02 Circuit for Protecting Chips Against IDD
Fluctuation Attacks

09/112,737 AUTHO04 Method for Protecting On-Chip Memory (Flash
and RAM)

09/112,761 AUTHOS Method for Making a Chip Tamper-Resistant

09/113,223 AUTHO06 A system for authenticating physical objects

TBA AUTHO07 Validation Protocol and System

TBA AUTHO8 Validation Protocol and System

09/505,003 AUTHO09 Consumable Authentication Protocol and
System

09/517,608 AUTHI0 Consumable Authentication Protocol and
System

09/505,147 AUTHI1 Consumable Authentication Protocol and
System
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System 09/505,147 AUTH | | Consumabl e Aut henti cation_Protocol and System
PEC17-SG 10 09/505, 952 AUTH12 1 Unaut horized Mdification of Values Stored
in Flash Menory TBA AUTHL3 A System for the Manipul ati on of Secure Data

09/ 516, 874 AUTH14 An Aut hentication Chip with Protection from Power Supply
Attacks TBA AUTHL5 Shi el di ng Mani pul ati ons of Secret Data QA chip

communi cation may be best included within the overall functionality of the
PEC chip since it has a role in the expansion of the image as well as

runni ng the physical printhead. By | qgating QA chip comunication there it
can be ensured that there is enough ink to print the page. Preferably the
QA enbedded in the printhead assenbly is inplenented using an

aut hent i caf 0u505c2p. FMEH2t s g lﬂmﬂEHZ@dcdlﬁmtwnpf ValnésSteredimi ns
aut henti cafi on keys, and does not Cﬁ% er-data. However, it st
match the | nk cartridge' s QA chip. eﬁ\g&" ipin the ink cartrldq
contains |TBArmation mm]{lBed for Acrﬁysnérafmlﬂnng\&hmpulbtaﬁﬁofﬁm¢bhte [
quality, i .
chip will / i PR b1 alioggn Tpiy p
foll ow ng functions: Perfor m QA cmop,eagﬁﬂwp,umgl on pr ot ocol S Vi
interface B6 between print pages | Run— t epper Ao a—a-parfal | el
“interface 9iB4uring a| UMt he st%ﬁfﬁ@?gm‘?‘ﬂ‘ﬁ’ :
Synchroni ze The various portions of the PECchip during a print Provide a

means of interfacing with external data requests (programmng registers
etc.) Provide QAngansorgmhuniption fragyi becbosi inplugad withie dlee ewmiefinctiondlitypeed dat a

request s G rRSt P 5o R TR BiHRGE B S A Priituiflg 09 PUl se

job)

physical printhead. By locating QA chip communication there it can be ensured that
there is enough ink to print the page. Preferably the QA embedded in the printhead
assembly is implemented using an authentication chip. Since it is a master QA chip, it
only contains authentication keys, and does not contain user-data. However, it must
match the ink 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 external data requests (programming
registers etc.)

. Provide a means of interfacing with printhead segment low-speed data requests
(such as reading the characterization vectors and writing pulse profiles)

. Provide a means of writing the portrait and landscape tag structures to external
DRAM.

In FIG. 3 is seen the print engine architecture. The print engine’s page
PEC17-SG



Provide a means of witing the portrait and | andscape tag structures to
external DRAM In FIG 3 is seen the print engine architecture. The print
engi ne's page PECLl7-SG 11 expansion and printing pipeline consists of a
hi gh 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 f t oner/ conpositor unit 29, a customtag encoder 30, a |line

| oader/formatter unit 31, and a custominterface 32 to the printhead 33.
The decoders 28,88 and encoder 30 argibuffered to the hal ftoner/conpositor
29. The tag encoder 30 establishes an infrared tag or tags to a page
according to protocols dependent on what uses m ght be nade of the page
and the ac teuladnSlom andpinting mp€dlag cors;lstsoqf a lrigh spebd ewstal anterfage 27 fyuek ehe

| onaed i ni Ry 1 SPERBER, ERabdal FRIUARAR 2 SRR R RIER" L S

speed seri dkcodat, er fwstom hﬁﬂ&onkﬂdompbmer pniV29% us bystdmo daie dnqodere 30,sa digad from

DRAM 34 an assed .t hra t he rlnt e t ge has
fini shed p?‘?aﬁ?f?f?%@‘a“teh%y?ﬂ@%&&@ Dhieft 250 Riflsiga %ﬁﬁ%g%% &g
printed, ang S&amemclaa@‘e}mase bﬁ%&do\th@hdlf@eﬂc@ﬁposm@@ %blt@ encodet 86 f ace 27.
At the first e th eI i ne expands an PEG contone ( CWYK)
| ayer, and eﬁ%@ﬁﬁ%sandﬂ 06 B’E &Y pﬁgeF%fﬁo%S‘ﬁﬁ? 8&03%‘58 sbqe Hon e, st r eans.
The two st ﬁlﬁb%ﬂ‘ﬁiﬁ]ﬂ%tﬁé&l@ oBkiRGlagt adethe b@hdl kontelt of BéaghkGof the autljestbt die col Or
agnostic and is bi-level |layer can be directed to any of the output

i nks), andPESFRIEAVENH®: sel ecting between dither matrices for contone

dithering (see PRl g\t enBine!WAGkS &C Qriduisik Mﬁerea RvayPanRd E@ge Wilgdded o first, is
encoded an tags for later rendering in either R or black ink. Fi naIIy

the third 36.%@%1\4 mieriaembrnd datpws 90£rﬁal the high speed serind @1t¢rfash t ags” and
the bi-l| e\ﬁ'wtﬁle%é @by QAL f)atgt% i§ Sl fhdnD ORIV 39V plidchetroshnl dyer . The
data streamis id e%/ adjusted 1o create snooth transitions across
over | appi ngnstegmqtpsp ine.t Macpthermeaehas fighed ipgating, yhepthe ﬁag&d}lﬁéwéedt 0
conpensat ey, t t t C hi -1 evel
data are pr%%ucegl%d?%%%ﬂ@?dsnﬁg g&‘dklob‘g Iﬁﬁﬂ% Iﬁ%%%da‘ga the lﬂ?ﬂ channel S may
be presentntaface RE. p'ktl the Hasstcstagedhe pipalins! @:panda@nprJPﬁﬁmmrm deato@dY onl vy,
Dert om s ReEv) MR, AP oMo AP BRI SGRNY 4 R BRBIEM bl BRI
position tags

The two streams are the black layer (although the PEC is actually color agnostic and

this bi-level layer can be directed to any of the output inks), and a matte for selecting
between dither matrices for contone dithering (see below). At the second stage, in
parallel with the first, is encoded any tags for later rendering in either IR or black ink.
Finally the third stage dithers the contone layer, and composites position tags and the
bi-level spotl layer 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. Alternatively, 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



in Kif IRink is not available (or for testing purposes). The resultant
bi-level CWK- IR dot-data is buffered and fornmatted for printing on the
printhead 33 via a set of line buffers (see below). The majority of these
line buffers mght be ideally stored on the off-chip DRAM 34. The fi nal
stage prints the 6 channels of bi-level dot data via the PEC17-SG 12
printhead interface 32. In FIG 4 the halftoner/conpositor unit (HCU 29
conbi nes the functions of halftoning the contone (typically CWK) |ayer to
a bi-level version of the sane, and g@npositing the spoil bi-level |ayer
over the appropriate halftoned contone layer(s). If thereis no Kink in
the printer, the HCU 29 is able to nmap Kto CW dots as appropriate. It

al so sel ectpsintheadipterfacedd. di t her matrices on a pixel by pixel basis, based
on the correspogd; i ' : [ al.8e iJaput to
the HOU 29 is %Piggpggﬁﬁ%lﬁ%hﬁ%/ g‘ﬁ“ ﬁfé&y}ﬁm%@r@&’rﬁ%ﬁ%’ Nj= = r{lgsg%‘é‘ég’ﬁm o t)

t hr ough bufhfilonidg theagontosx fapidally EMYI\eyer 4patbi-ldvelyarsieofothg karbrifahdr 38, an

The cont on@PEATRE Shbifit) b idBPuR s ladorkf S AFAIRSP A | OV, o

t hr ough bufliees istfio Kllivk #CiHe38intesethe UBCURS Wwoaldie tdherap Kretb rCM¥Sdots @ad from

t he external DRAM 34.. Th tput from.the HCU 29 to the.lipe. | oader/formt

it LLrUpPRpbgae- s lactiheRiken iy S oied Gllres e biReldane Pisy b s 1 nup

L 0 I6 co: or off Itt&imfrespiiycnhg:edlﬁa/m thdnﬁtmﬂmh@imeelleayﬂph iThe GEMitoakie mvm,z%xgd thle
i-leve spot ayer is K. In.Fl 5 i een the H i reater detail.
Once st art &Y, SXpage é@‘%?%&@'éﬁgﬁ"%gﬁhﬁwﬁ} awaﬁtwﬂanﬁ%ﬁ&‘?&%ﬂgﬁéz &bndi ti on,

or until i%xﬂaﬁd@(m-ﬂe%ltdpﬁtlslaﬂ&pﬁaﬁbu‘gh Sbuiffes 3808 e@pandé® ditldrMatrixlhect i r St task

of the HCU is to scale, in the respective scale units ;uch as the scale

unit 43, abitmagadtypicdlydhs e iesalEonss fcssonisng yer Lrpugh Bafter39, g tg i nt er

resol uti ongah ol Full Aol 22044 Yhredlh METd igoalhy HdheoseRk QipUBI tvoPdithél des a
means of scaling contone or bi-level data to printer resolution both

hori zont al PptrieRdl ready frqme el sxtensd ARAM s Bretmipyefosythe B Thtoi the lige dat a
val ue an i W8a8bmi MRe(LIFU)l: TIPS d &t Q%{ht%‘r%ﬁﬁbﬂ%ﬁlevﬁriﬁﬁgéﬁ% iP¥p Whi ch to

scale data wll be famliar to those skilled in the art. Two control bits
are provi déud6 wcelor planesc al¥pieatlys tha Fowgne kagrermig rVKKueri ¢MJ7 and the bi-level

spotl layer is K.
In FIG. 5 is seen the HCU in greater detail. Once started, the HCU proceeds

until it detects an end-of-page condition, or until it is explicitly stopped via its control
register. The first task of the HCU is to scale, in 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 o 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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advance dot and advance |line. The advance dot bit allows the state machine
to generate nmultiple instances of the sane dot data (useful for page
margi ns and creating dot data for overlapping segnents in the printhead).
The advance line bit allows the state nachine 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 PECL7-SG 13
fromrequiring special end-of-line logic. The input to the scale unit is a

full line buffer. The line is used sdale factor tinmes to effect vertical
up-scaling via line replication, and wthin each line, each vaI ue i s used
scale factor tines to effect horlzontal up-scalin via plxel Ilcatlon
Once the i Ao roapiFEs presiahedrofling dogie alhe lvlaéf%ﬁheﬁqa?@@xt(lﬁh@ line bit

has been s eIthe?fﬁ@ llseusE@S;ctaW faEtbpﬁxﬁEs toldfct VQRiéEl &ﬂ-’sfcﬁ gfﬁ@ k&&ltepf?éahm?fana he
address is oggl ed (doubl e buffering). l'ogic Tor the scale unit is the

same for t h’ét@l pich limpceagh vplpe iscpsd s ¢ﬁ{§@r ttW?S é@ gifect hptizontah pvsgvélngr ates

addr esses. é’g gér gho%f &iu fb%%ﬁ};ﬁﬂfr‘ebﬁa%@é s%&‘E'cajPe? ordhﬁa@ ?(ai Mego! ution,

they are s epen |-Iev a er a er 45 and
the dither lmatbiti haS§>e¢nesﬁt stcdqﬂrct@ttlmahfthempnﬁbréfes @eln@éullsoft the bédrs&sas ed. The

bi -1 | t | ut

and does noredBBotle Bty dhetERE AL eB0R B Bhe GPBEIHAR 111 "
used by thebltwasehancenmmuanoalsgenmatmaﬁﬂretsrssel ect a si ngl e 8 b|t val ue

f the t di,.t h

compar ator & 44, S0 Y SAEOHRR D B HEaPE I 54 A SR 11 c

g bi tdcont (M&bp@tﬁlhm@ Tﬁhbl—@eﬂepﬁﬂ layer afbuffer fg(afnd&ie dittlértruatix pabdcl laxerias o
ependent struc inthea ener [ 0Cesses
Whpoh o qDREFapa Edlh Pe fatca T biltial FcaBRe vi ) SRR SRE T Y e

contone valcbedt sesolgﬁ@adrﬁrdoédlﬁm nédd@o Be Kdaled dThé SdaledRip IditKer\nidtdieselect bit S out put .
If not, then a at 52 to 56 with

These s are then, a
an |nPage mseflgas W@xrﬁcﬁ‘ﬁ?ﬂlmﬁg(tmf%érsmg&rg{%‘ét"af’ﬁ OBt FEUl ar dot
i's inside uhﬁerpﬁdtﬁﬁe@bﬂ*t@ SAbiEFale@ is bh@up@qsé 4 cdfipardtbiRaly, Sldagaoisn Ghien HCU is

t he conpositing stage. For each of the 6 output Iayers there is a single
dot mer geSimRkY compae i fgsthe ApecifingS-bik £eptong vaug iThpgeacratipReofansual out put

bi t from eggherdkrix 1@%&&%&«3&'&5&1«: s&u&x&%ﬁ@k ?ﬁhﬂh@e{?l A 1R Ben& ddesR by he i nput
bits. This allows the spot col or aced in an¥ out put col or pl ane

(i ncl udi ng vhirhrie pagratoenetval be ﬁ'rgmberrtpély@g }kﬂl@l indhe arto It the Cﬁ@@@é@lﬂem o cyan,

magent a ang el laWidel s ol @iy AGkixi valhe'aSt ROEHENIFhdY, hBEa Bl MthR O Hese
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 info 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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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 streamfor a given color plane and organi zi ng
it into 32-bit quantities so that the output is in segnent order, and in
dot order within segnments. Mnimal reordering is required due to the fact
that dots for overl appi ng segnents are not generated in segnent order.
PEC17-SG 14 Two control bits are provided to the scale units by the margin
unit 57: advance dot and advance |ine.j4The advance dot bit allows the state
machine to generate multiple instances of the sanme dot data (useful for
page margi ns and creating dot data for overlapping segnents in the

print head). The Tacantee bits aes tapvide tb dhgsscallaamits bt e nrpegin umié ST:oideanser ol when
a parti cul o LL NG ohelohs MR BAGR.S bl Gl Gflywd BETERY AlhBY D Genddsincal i on
of data accdrd ng to printer margins. It also saves the sca unit from
requiri ng smpédplalinsencesaff the sameldogdata (ikbfal foo ppger méngins and treatonptdat dataa si npl e

8-bit "greater-than" conparator. It .is ed to det.ermne whet her, the 8-bit
cont one va%I eoYe§la%‘?l%%ts%ﬁrIT;?etanaW {i“ﬁé’%thﬁ?q)' m%@‘%"aﬁ%ﬁ %"fexgllt \?’g?\ﬁse&eéatguch, t he
conpar at or mbghine t@kasrol wheiBa hitichlaplifesofadots s deeic Baisledsthegbe allowing  out put .
In FIG 6 is seen e detail of the dot.merger unit. It provides a neans
of mappi ng mxp}:iaétogiqp%%{acca{ e fPebid: Garetie gﬁiﬁf’] S3¢G @F,S"Qﬁdm’tt fag data
to output irgesidgkpbdi@ eA€bEBhe logicl Nt head. Each dot nerger unit takes 6 1-bit
i nputs and produces a single bit output that represents the output dot for
that col or pl andhe PHEPHHPHERL SPHRtains agemple 801t offiFAP b comprrality It ds i | of

the input Biddto d¥RiindWheths: thhSbi RMtoeOlafile it Sref6r tRAPGE U-VitHiBe AL PUt
color plane (including infrared for testi ngitpur oses), black to be nerged

into cyan, Valigd§tucha e SoBPRIGNT Lpif takpetwofskit gpulsgng pradicss gisingle k-hig

print head) ,ouﬁ),gg tag dot data to be placed in a visible plane. An output
for fixative can readily be generated by sinply conbining all of the input
bits. The doFIGrep desecnpiore éaait af the det merpgriungo Ioprvedes 3 mgIsoémapPagt hat i s

wth the catii8aPitEied B, ho B coli B (EER oM 1) Uk in the et Dt

are t hen OReutheadogidchalpt mergeoumit takes § il hitlinpus gngt prpduces a single bit output
that represents the output dot for that color plane. The output bit at 60 is a combination
of any or all of the input bits. This allows the spot color to be placed in any output
color plane (including infrared for testing purposes), black to be merged into cyan,
magenta and yellow (in the case of no black ink in the printhead), and tag dot data to be
placed in a visible plane. An output for fixative can readily be generated by simply
combining all of the input bits. The dot merger unit contains a 6-bit ColorMask register
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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In FIG 7 is seen the dot reorg unit (DRU) which_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
within segnents. Mnimal reordering is required due to the fact that dots
for overl apping segnents are not generated in segnent 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 nunmber of bits
processed so far. The dot advance signgl fromthe dither matrix access unit
(DVAU) is PECL17-SG 15 wused to instruct the DRU as to which bits should be
output. In FIG 7 register(A) 62 is clocked every cycle. It contains the 32
nmost recentusedjtwtlsstlplpﬁh@@wﬁyowh@h@m‘o‘hwldd?@pumﬁit (DMJ). The full 32-bit
val ue is copied r c

Wit eEnabl e si grlllté pr o%glg gAg%& 7616}10%6%?% cgé/mattg ?t%és gﬁ%\?ﬁg&g@?ﬂt l e 5-bit
count er. Thbtslﬁrodutdd thyt the (dot mrgc,r Wit BMU). effbe fult 33+bit vadyg st @rp(eB)t063 are

copied to re he SaTe l.e - b

mul ti pl exor® t(ﬁj:eé éafyec%csycg E’\’/’\éneeﬁn e\% %%%m?enség?%l]o?&eg Aséyg%s[g%&upon 2
bits from tshaee rrﬁﬂﬁ:ﬁe%malalsn@le Sibtitecotmmtbd. T2 16ididd bits (hitsried) $t7estc. BirorA 32- bi t
val ue nmade up fr he 16 even bit Legl ster etc.)
and the 16 r@éé‘?ﬂ%ﬁ af81“°918<§ s‘ie%‘Fte’éa) %gnﬁgh ‘@?{egnﬁ‘tbieo?ﬁl? g?g% 8’? A form
bits 0 to Xbultipleturlee thdigelbéts Bat@BerDiht Sollokvdiy 3 @@h8E BiseBupaardmiBiffom he-3 1. A
32-bit value nmade up fromthe 16 odd bits of register B (bits 1, 3, 5, 7
etc.) and SIS t 5 of register C. The bits of register Cformbits 0 to

15, while the ogg ol 83 bitd h@AYS @rs}; er Bformbits 16- 13 The st ate machi ne
for the DRU can be seen in Tab It starts in state It changes state

every 32 cycl esA Bubif #jus madesup fom thesioeven by %fli"rg'ﬁ%f‘l (Q’;SS $i% 4cHFrrdct s the

AND of al | M%ledmev@%a@@@regfsﬁeﬁaf Phe 11678 bRtd ﬁ%%%&el( RFME bita 171 5ot
advance for E/cl e 0, and néOveriap = noOverlap AND dot advance for cycles

| to 31). edhe)16 exembigs ﬁ‘\%?ﬁ&ﬁéﬂfﬁoﬁm@m Bullbut next State NoOverl ap
Qut put Comrent 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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Valid state 0 X B O Startup state 1 1 1 B 1 Regular non-overlap. 1

A contains first 2 overlap 2 X Even | A contains second 3 A even overlap

B B contains first PECL 7-SG 16 overlap 3 X C, odd 1 C contains first 1

10B1

B overlap B contains second overlap The margin unit (MJ) 57, in FIG 5,
I's responsi ble for turning advance dot and advance line signals fromthe
dither matrix access unit (DMAU) 48 into general control signals based on
the page margins of the current page. It is also responsible for

generating the end of page condition.
the page. Both are set to O at the beginning of the page.
is advapced by | each tinme the MJ receives a dot advance signal
fromthe DVAU. Mhen the MJ receivep a |
the line counter— IIIL,I ent-adandr-th

cycle, the currenff Iine and do#l g? T

acr oss
counter

Tige MJ keeps a counter of dot and |ine
The dot

e adwawda>signal fromthe DVAU,

t oa él. AP calct to O.
coﬁbg IS ¢ he mar gi ns of the

Each

page, and appropriatg output dotBad i ne addance a1d W fhin margin
signals are given baged on thegse T e U conaa ns the only
substantial nenpry rdquirenent ptasEecosd; L seeh the 1ine

| oader / format|unit |(LLFU). I unkﬂanatlow fromthe HCU,

| oads the dots for al

Ui feri storage

(sone on chip, and sonme in external DRAM 34) and formats theminto the

or der T equi red_g wafin it ADPSH in A G leBi6RlivkIrgQtmldataR, ob e LLFU in

terns of

Its externa

LLFU i s a sigvanse lige Sgnalg from the dither matrix access unit (DMAU) 48 into general control

signals based on the page margins of the current page. It is also responsible for
generating the end of page condition. The MU keeps a counter of dot and line across
the page. Both are set to 0 at the beginning of the page. The dot counter is advanced
by 1 each time the MU receives a dof 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 dor 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
PEC17-8G
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words and a DataValid bit, all generated by the HCU The output 68 is._a set

of 90 bits representing a maxi mum of 15 printhead segnents of 6 col ors.

Not all the output bits mybe valid, depending on how nany 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 sane 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
nunber of |ines between the dots of omg color and the dots of another.
Since the 6 color planes for the sane dot position are cal cul ated at one
time by PEC1L7-SG 17 the HCU, there is a need to delay the dot data for
each of t heheHICO) thetedna seadtt délay the dstadata forench pEthp oglpt planse tntiinkesameh e

appropri ate, col or...nozzl e. .Th | Z f buffer |ine depends on the width
of the pri nqoﬁgé’c??ltl%rlw élggearthesa}%ﬁg ggtﬁgéoglgoﬁzglreat es dots for up to 15 printhead
segnment s, a si nghe sixd df @acheeffer hiné fdepend$ onehd widthef dkeqmriatiedd. s8inse af 640

requi red. 1 GRS BeneEid g e” wh Pl PO IFBL eap el VE0E of R T s oen o
g: oct g! ag rlﬁl@isf% Oerefopd ﬁs se;& S3E3p ldits, fo5 8 CotAIRE P60 bisQ1200 Byted). Fodkxantlg t he
Found | n GE0uEES ERGred r i FHS AP IS SRR ef od mechani sm for
transferring dagrd 0o ish8erPd b1o&@EaEtah THECHBCR (HIPl (s820ésplif1(Gof BIG.Buf fers E
and F therefore have identical structur Dur i t he processing of a line

of dots, orfe a9 th\logkdagsamter cach of thgtye S\iﬁerf gra\ﬂfq%} ALThE Hbhelcapdepei ng

read from Ihe ihWecOUld &laSl 12 BufcP BFGRL LYubRBERES métBAsth eGataifeRingt NE
| i ne-sync signal fromthe PH . Both buffers E and F _are_conposed of 6

sub- buf f er slatattoghe ptintheadrinigefpcec@HBY 32 #sFihodn Buifers| Band F therglorechaver 1

sub- buffer ; . I lpga&h, 5dels: f i APy , enough
to hold 15 lgéehg%%grg&%zé Il)ggx(?fg 3{8?20"8;5? segnent .fm'f%’egﬁr?ednfts)drli IS lg%%:i%sed
32-bits at vaittenrte whilo thehether inbeing0@d feoanir Eba by buffereare fogieally syrpnsd

(requiring i t. _ . e e the
bad dot 5. 110 b Y nPAALERE Lt hond B FRUE BoAMTIERNE and BE°mBEAY P |
printing t @fenbibuffanl $&-sdfmpat ®jor s showngo FIE@d 141 the keloehdulpbuféach

oL ST, T A Ry 0 S S S S

addr essed P80 dets PeCseghent. aTHbmsmgryein tacgasseritI2end at hainee, 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-
PEC17-8G



are 1200 bytes of even dots followed by 1200 bytes of odd dots, with no

unused space. The nunber of sub-buffers gainfully used is directly rel ated
to the nunber of colors wused in the printhead. The nmaxi 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 fromeach color buffer is
selected, for a total of 6 output bitgg The process is shown in FIG 11. 15
bits of address allow the reading of a particular bit by neans of 10-bits
of address being used to select 32 bits, and 5-bits of address choose
1-bit fr ombuffesesh8e thislagie aafdglecti-bit addigss gRECE 0@ N@Bbithutf eneditspear e t hi s
logic, a sipgle e ' : bj t t t per

col or. Eacli® %th%%TPb%u€%QE1%;§qﬁ%§§P?2RgA@tV@lte hgb Oaﬁi%ggps%ggllow a
singl e 32- value tudeuerittan beavparticulan cblor duffer fu eudiem cyeleor Thefiddividuah a gi ven

Wt cnab) VREHRES e pfated e A e st S ot W e S 1Y O
Datal n on IfrficofMlaSelecahdhe d2-bits ofPatalnloy line @9 busfshared, sitct bnlpohdmlffey cl ock

the data in. Addré i‘?‘?ﬁ nerat.ion for reading from buffers E and F is
strai ght f okl AEalEEE Mgenerates a bit address that is used to fetch

6 bits represenihdi@sslgeabatiRefor ¢QkiRIg ffodd bafferd & dnd Pis AtraigRETWA, Eih addi ng
640 to the current bit addresffg, we advgcﬁe to the next ~ segnent's
iaet inussp fo &f

equi val ent S¥de gengtes dditaddre Ot FRprsERting lPiRFE folpes 2 ar e
separ at ed aibigr htAr BV RIdHY 440 16 NSBRANEIN hdirbss RS advanébth&N&i t he data

representing the even dot's, and transfer those bits to the PH . Wen
NunBegnent §egment’s, eqyiyaderts b e Vo pddyp405 (ot 1289) (sie gthegodsh and) everrylotsatcess i s

then repeatgd har if e ddfedotWe dolMthis RMhSLRAYMRQAD bidie@enRr @lthon

process is repeated 640 tinmes, incrementing the start address each tine.
Thus al | despresantinggheeventdotsn stdsiranster those hits Prthe PHLt Mehep NeanSegraanis 7 ed by

ot A g N CEOURL Ty S ISR 2, L

es 1S re ar ess e nunber of
colors ac ﬂhﬁlehgtreusmzbddrbltt memammms répelted 64(Burﬁespmoﬂmemmg the stargi ven read

TW1 T eEnabPOrES PRI A B YRR G B P e e RS © 11
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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bit Transfer register 90 in FIG 9. Since the LLFU starts before the PH ,
we must transfer the first value before the Advance pul se fromthe PHI . ve
nmust 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

regi ster after NunBSegnents cycles, and then to stall NunSegnents cycles

| ater, waiting for the Advance pulse to start the next NunSegnents cycle
group. Once the first Advance pul se arrives, the LLFU is synchronized to
the PHI. The read process for a singlggdotline is shown in the follow ng
pseudocode: DoneFirst = FALSE Want ToXfer = FALSE PEC17-SG 19 For

Doti nSegnmentO = 0 to 1279 If (Dotl nSegnent0:bit0 == 0) CurrAdr =
DotInSegneﬁkmEmmhgbgmmmE» Cpeid879n range O to 639) Endl f XfersRenai ning =

NunSegnent s o emal ning == 0) TWiteEnable =
(Vant Toxf er AND ﬁg@%ﬁ%ﬁl‘?@%}%@R : ADVANCE DoneFirst = DoneFirst OR
TWiteEnable Stal CunAmﬁDmD(Begmm hlgﬁ'lbit‘s‘)/‘mmsaiﬁn'abge)) to 898) t eEnabl e =

NOT(Stall) |If (SéliffeEnabl e) Shift Register = Fetch 6 bits from
EFSense[ ReadBuf f r"]j. CurrAdr CurrAdr = CurrAdr+ 640 XfersRenaining =

Xf er sRemai ni ng - XfersRadhinind® NuniSedhiednabl e)  EndFor
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[ReadBuffer]:CurrAdr
CurrAdr = CurrAdr + 640
XfersRemaining = XfersRemaining - 1
Endif
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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Wait until BufferEF Wite process has finished EFSense = NOT (EFSense)

Wiile read process is transferring data fromE or Fto the PHI, a wite
process is preparing the next dot-line in the other buffer. The data being
witten to E or Fis color 1 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 tinmes from register C Buffer CE1 81 in FIG 9 is a 32-bit register
used to hold a single HCU generated gt of contiguous 32 dots for color 1.
While the dots are contiguous on the page, the odd and even dots are
printed at different tinmes. PECL7-SG 20 Buffer AB 82 is a double buffered
mechani sm for d8uffyi AB &did addeubliabuffefedr medlwism fohgelayingppdd detsdatBforfers A
and B theref ve L den | s r. C of allne
of dot s, oReoht DRetpEE Bhfds S F kR, sRE AR WucBlep P BISL 8 O

buffers ar @rdcm@nrrgadﬂ iy lirnafpdues) oaé bethettive beft’ensneraddtfrolm Al thers woittem tqr ocessed.

A single t fI BSe term ch buff s arg read

from and wi ?fs apﬁﬂ8gl B8RS 0@5\,\8'? ui‘?sd‘%i} % prc?g S ed\(’j/t/h‘gnever t he
out put val lsdlgmtﬂagABSeh@gdétam&eﬁ whithiof Ithel t8vocuéfiens aaezreaqf&bmnafvmtrent he first
fl ag has been sent for the line. The 32 bits define a contiguous set of 32
dots for a%lngle dot line - 16 even dots (bits 0, 2, 4 etc.), and 16 odd

dots (bits 1, 3Th®HRIE plovidEs 828t BEEolWAN iddtaCioltne @ tid @gplltsvali& QontAs a
Wit eEnabl e control for the CE, re iste

roce H ta every
2 out put Valagds st gruphds eVERE32&cley rlS]i‘ec ?#agll?&Jb BISB‘F?T%%IE %{8 onbi ned

with the 16t Q¥R Didufigius s8&Br3bAots e a §1le€ﬁ5ﬂn§:2- 15 dven abts EME, @0k or |
data. Simlarly, the 1 dd bits of HCU col or data are combined with the

16 odd bi t $tcof anddp 9@@&0@@1@ b frekecd? Ths.weubvaltsld@n%l Hee 1s wsed 8 2 Upon

recei pt of | palgiof wih g9 Yhe elcu Q. pead
buf fer AB t\ggté]rzgdr?gﬁ?g?n%é% MS d)glt gég?o 080I or ,ﬁm73§ in FIG 11 e\/‘\lll\é%hl n buffer

EF. Upon r ébysValisk sigials. The bhavanhifsof VAT eoler haip atsf copbénedvatipthod 6t wo, we
wite the ogarBidor Bhs@ide Rl Aales2dlR tR0E: b6t bR Sl @k 168af hat we

read from previou
bits of HCU color 1 data are combined with the 16 odd bits of register OE; to make 32-
bits of odd color 1 data. Upon receipt of the first 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 pér color plane whenever the OQutputValid control
flag is set. This occurs every 32 cycles except during certain startup times. The 32 bits
define a contiguous set of 32 dots for a single dot line - 16 even dots (bits 0, 2, 4 etc.),
and 16 odd dots (bits 1, 3, 5 etc.).

While buffer OF; (83 in FIG. 10) is used to store a single 32-bit value for color
1, buffers OE; to OE¢ 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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we wite the 32-bits of even data to color 1 within buffer EF. The HCU
provides 32 bits of data per col or 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.). Wiile buffer O, (83 in FIG 10) is used to store a single 32-bit
value for color 1, buffers OE2 to OE6 are used to store a single 32-bit
value for colors 2 to 6 respectivelypjJust as the data for color I is
split into 32-bits representing color 1 odd dots and 32-bits representing
color 1 even dots every 64 cycles (once every two OQutputValid flags), the
remai ni ng ¢ dots for agizen lnearaivstiersio PRAMnthe dets dor aspreviagding etegeadiowmever |

i nst ead of i itten di A . i | ayed by
a nunber o |lﬁ%§ww§%t§§itosgﬁﬁ?t eql’gg)f bf%i %%Fﬁug%uﬁg %rﬂg %ﬂzﬁwﬁlﬁ FIG 9).
Wi | e PECIhegBseXlwritidpeeotbatl o buffer&Fgi ven |ine are witten to DRAM the dots
for a previous Line_ _are read DRAM an i t,t o _buf fer. (71,72).
This process WEYC%(EHU&&%&%R‘F&W@&%E W?YF% f\éw%tt%?xgggsosnb\ﬂel ﬁlﬁgﬁgm or 1to
ggffer F:Eg lE,\]/-gfeyﬂ-i)il&égﬁgpl&ltmkﬂaiéalbﬂedwﬁﬁﬁgtd $>uff&C®iE_Me(t83)‘.rCH’nefyhe?obﬁﬂJ OE& |(I82)e
in ,the 32-bits of colar ata .are witten.t I :
Every secom‘tp“dﬁl'gtﬂ%lﬂledcqﬁfbé’be,d At Eg%?%gﬂﬁ%lhg%fqlorv@q{?é%{ %ﬁﬁlf en to
col or buf f @hppiind ﬁgy)aranaffblsqn éw&gmss 8. WRlo2 Bugter K 36) 3bAtaiaoh®@setdfaaes 2- 6.
Col or Buffer N 8% contains 4 ets of 64- bits (320 b tei‘lﬁét enabl e the
dots for tWHs %hﬁ vdo seglrche dote Brivee sqpplety segpppnts tg Pétﬂg"d' .@ﬁﬁ‘f"%te
segment geQ%ngrgﬁgeghéﬁegé&&ﬁ?ntﬁghegzd%@ﬂz@d) les] PF tHe %vﬁfu@%@iéﬁt@egnent' s

data (both o even dots e witten out to Addr'ess generation
for witi detai(botktoddiaghierer dets)do bEheriiGs ot NWORANN abwddsess jggpgsptionnfor i ne 87 i s

Pncr omont s vaiEE s Bt ebloloRRaRE R orE A 42 2kt e anci ng
to 40, thesexdod Ontpui\Gliddbgt The @dreshstarts Prrwndlinegentents eyorybieesnduPdter i ng
R R L T e e S A KO
DRAM i n t herdvidifg ihe doalkledufferimgescheras. €ltds siorkglse lewmaethe ' readitegt does e pr ocess
I's shown iocr:]cu} EriIIgO cla B\Mpﬂg’ a%a Eflﬁg,ofgﬁq%t 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 AdvanceLine)
if (HCU_OutputValid) AND (firstEncountered))
ColorNWriteEnable = TRUE
ColorNAdr = adr
If (adr == 39)
adr=0
Else
adr=adr +1
Endlf
Else

ColorNWriteEnable = FALSE
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adr= 0 firstEncountered = 0 Wile (NOT AdvancelLine) If (HCU QutputValid)
AND (firstEncountered)) ColorNWiteEnable = TRUE Col orNAdr = adr |f (adr
== 39) adr = 0 Else adr = adr + |1 Endlf Else ColorNWiteEnable = FALSE
PEC17-SG 22 Endif If (HCU QutputValid) firstEncountered =
NOT(firstEncountered) Endlf EndWile Address generation for reading is
trickier, since it is tied to the timng for DRAMaccess (both reading and
writing), buffer EF access, and therefore color 1 generation. It is nore
fully expl ained bel ow. Address generappon for buffers C, D, E F, and
colorN are all tied to the timng of DRAM access, and nust not interfere
with color 1 processing with regards to buffers E and F. The basic
principle is thaEndlhe data for a single segnent of color N (either odd or

even dots) is tr rred f.r the DRAMto buffer EF via buffer CD. Once
the data has be@ﬂﬁéﬁaéu&¥@#§@EAwlthose dots are replaced based on the
val ues in Col or Buirs@nbburitbresl + BIQI¢firetEneourtesdd)of the colors in odd and
even dots. After conpl ete segnent's worth of dots has accunul ated (20

a
sets of 64 cycle@??”then the process begins again. Once the data for al
segnent s i gngwdigen printline has been

Address generation for reading is trickier, since it is tied to the timing for
DRAM access (both reading and writing), buffer EF access, and therefore color 1
generation. It is more fully explained below.

Address generation for buffers C, D, E, F, and colorN are all tied to the timing
of DRAM access, and must not interfere with color 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
PEC17-SG



transferred fromand to DRAM the current address for that color's DRAM
buffer is advanced so that it will be the appropriate nunber of |ines
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
(sanme odd/even sense) to buffer C. The copying of data to buffer C takes
20 or 21 cycl es dependi ng on whether the QutputValid flag occurs during
the 20 transfers. Once both tasks havesfinished (typically the DRAM access
will be the slower task), the second part of the process begins. The data
in buffer Cis witten to DRAM (the sane | ocations as were just read) and
t he data i mextbinbTerocBssing tebggimd t o buffer EF (again, no color N data is

transferred to ffer EF whi.le th tp i g f) ' ' color 1
data i s being t?ﬁ%@‘ﬁﬁsf‘ BTG RISC ng %eé%{}%\s{@r%ae{/sév %ﬁ%@%ﬁ?ﬁ{e&ggm process
occurs for séhef: 0b ken-tsassk felfowealboro N 3Q it wities, anldlit oan besseanip theand t hen for
each of the renmmining colors. The entire doubl e process happens 10 tines.
The addr esd@lowingpseadasodt the current lines in DRAM are then updated for
the PECLl7-SG 23 next line's processing to begin. The address generation
process can be considered as NunSegnents worth of 10 sets of. 20 x 32-bit
reads fol | BRSEMI70x 32-bit wites, and it can be seen in the follow ng
pseudocode; = NunSegnments tinmes: For CurrColor = 0 to
MaxHal f Col CI%OE&&B%E tgtrsgtgﬁe ress = Col orCurrAdr[CurrColor] Wile reading 640
bi ts from DRAVSt et GdaCelos =i0HodMaxHatiCalpreycl es) Col orNAdr = 0 Wi le

Col or NAdr !'= 20) t I
E:ol or NBuf f er [ Col Lr%%ﬁ@ﬁ%_w%%%%&[ %oq?’f)%dr] Col or NAdr =

Col or NAdr + 1
While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
ColorNAdr =0
While {ColorNAdr != 20)
if (NOT HCU_OutputValid)
Transfer ColorNBuffer[ColorNAdr{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_OutputValid)
Transfer D[ColorNAdr] to EF[CurrColor|EFAdr]
If ((ColorNAdr == 19) AND (CurrColor == NumHalfColors))
EFStartAdr = EFAdr + 1

Else
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Endif EndWiile EndWiile - wait until read has finished Wiile witing 640

bits from C into DRAMSt art Address (>=20 cycles) ColorNAdr = 0 EFAdr =
EFStart Adr While (Col orNAdr !'= 20) If (NOT HCU QutputValid) Transfer
D[ Col orNAdr] to EF[CurrCol orl EFAdr] 1f ((ColorNAdr == 19) AND (CurrCol or ==
NunHal f Col ors)) EFStart Adr = EFAdr + 1 Else PEC1l7-SG 24 EFAdr = EFAdr +
1 Endif ColorNAdr = ColorNAdr + 1 Endif EndWile EndWile - wait until
wite has finished If (DRAMVStartAddress == DRAMVaxVal )
Col orCurrAdr[currColor] = round up DRA)Btart Address to next 1 KByte page
El se ColorCurrAdr[currColor] = DRAVStartAddress + 640 bits Endlf If
(Segnment == maxSegnents) If (Col or CurrRow CurrCol or] ==
Col or MaxRow CurrCol or]) @E&HAsvGUEFARW turr Col orl = Col or St art Row curr Col or]
Col or Cur r Adr [ curr Col or] Eznd%)l orStartAdr[currCol or] Else
ColorNAdr = ColorNAdr + 1
Endif
EndWhile
EndWhile - wait until write has finished
If (DRAMStartAddress == DRAMMaxVal)
ColorCurrAdr[currColor] = round up DRAMStartAddress to next
1KByte page
Else
ColorCurrAdrcurrColor] = DRAMStartAddress + 640 bits

Endlf

If (Segment == maxSegments)

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

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

EndIf

EndlIf
EndFor
EndDo
Wait until next Advance signal from PHI

Note that the MaxHalfColors register is one less than the number of colors in
terms of odd and even colors treated separately, but not including color 1. For
example, in terms of a standard 6 color printing system there are 10 (colors 2-6 in odd
and even), and so MaxHalfColors should be set to 9.

The LLFU requires 2NumSegments cycles to prepare the first 180 bits of data
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ColorStart Row currColor] = ColorCurrRow currColor] + 1 Endlf End If ..
EndFor EndDo WAit until next Advance signal from PH Note that the
MaxHal f Col ors register is one |less than the nunber of colors in terns of
odd and even colors treated separately, but not including color 1. For
exanple, in ternms 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 2Nuntegnents cycles to prepare the first 180 bits of data
PECI 7SG 25 for the PH . Consequently sshe printhead should be started and
the first LineSync pulse nust occur this period of tinme after the LLFU has
started. This allows the initial Transfer value to be valid and the next
90- bi t val Jer tho PHé Ganseiipentlty tbepﬁ@tla@bécﬁhbﬂd e staded andghe fiest Line$pnstpulse The

printhead i (P e TRIO SHads the
print head nv[']\lA}S of:{i’:ﬁ?h; 8{'1'13% bPB}nQ ri nte gﬁé:géra\{t%&cll gﬂ hfgﬁglg%ea ot
printing pripeess.valt t¢ bkedid aqduhe némémmmmsl_tﬁ&ieawdywbpMaéechlatoatheo t he
print head |]t sel.f. The PH w Il be capable of dealing with a variety of
print head | 5%9‘(%?%%% formats. The internal structure of the PH should

al | ow for ahepxintiead iaferfacec@HIY theBmsamgrhspm}ﬁchuhe piocessafleads tlangtintheadixi num  of
2 segnment qr.Qu Th| shau e su ci ent 15 se 8.5 inch)

o ntor ARG dur B e ARTHY G poat e 268, Aof priftinproc R Sk dop
printhead' Sroaheed iRy hxkPéutpuls UAE t® theGaintHead fiegl DiRCRHY ivill béeapakie iodl!

i nterface. Ttl_e characterizati on VﬁCt rrg i ncl u_ﬁ)e dead, nozzl e formation
as wel | as dealimggyifh, 2 vatnehprinthsag Wﬁ’(”& foymags, o ed?ﬁe’fﬂ‘ﬁhﬁ’é’ﬁ%ﬁgﬁgﬁt can be
queried vi Q’HlfsﬁodldJMYIovﬁfwﬁ%aé‘(ﬁﬁmﬁbf béslots08 Ee%méh@ por BANafeAGh@h i@l vect or

of the segrrent The characterizatjon vectors from multj pl. ebgrl nt heads can

be conbi ne®f 2cseaRpaenps- alhipshonld brosufficient fex aflg sezmend (BAtRe BHRteAt head and

al l ows the c&;abfgofgggﬁr{geA4/getgépgmﬂg%@ for defective nozzles during the
print. As long as the nunber of defective nozzles is |ow, the conpensation
A combined printhead’s characterization vector can be read back via the seria

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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can produce results indistinguishable fromthose of a printhead with no
defective nozzles. Each segnent has 384 bits for characterization vector
conprised of 64 bits of flags and printhead segnment information, including
serial number and nunber of colors represented in the segnent 16 bits of
alignment 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 list is variable | engthed, with each set of defective
nozzles having the follow ng structung: 5 bits count (0 = end-of-Ilist)

3 bits of color count x 11 bits, one entry per defective nozzle PECL7-SG
26 In general ternms a printhead segnent has connections as defined in

Tabl e 12. Note frha¢nesbhemefa ringhead seppent basscoanastionspdsi dsfinesdiniiable Hul ti pl e

colors are ent ble 12. Prlnt 0 epeat for
Name mul ti - O(S"? %Ptesamﬁﬁ%@te (CGpeClors SES TP B?pe]ﬁv%rg%%lg?\en% S&rb rrrlgge data SO k
‘No Serial dabk 12 Prinflead séegnednt chidSytionsNo Nozzl| e Phase Synchronl zation PLL

No Phase Locked Laep—eloeck—Fen—-No—PRaraet—t+ranster—enable Reset No
Control Reset SC |[No C serlgPpﬁﬂﬁﬁk for control SD No e Cjserial data for
control CCEn[n] No Ggmbr AmulélicoloEeaabl e [ n] Fadiohlo Anal og|ground Sense No
Anal og sense out pyt
segment
Din] 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
SCl ' No 12C serial clock for control
SD No 1°C serial data for control
CCEnn] 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
Vdd 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

PEC17-SG



V- Yes egative actuator supply V+ Yes Positive actuator supply. . V~_Yes
Negative logic supply V 11 Yes ositive |logic supply The 21 nun | ong

pri nt head segnment nay have 64 bond pads,
power supply to the actuators,
The remai ning 20 connections are CMOS | ogi ¢ power,
Tabl e 13 details these connections.

pads are V-
t he actuators.

and data connecti ons.

segnent connections # Nanme Function
egative logic supply PECI 7SG 27 8 Dbfn] Channel
(fixative in 6 c

hannel

printhe

on 300m centers. 24

Tab

of

ad) 9 D2[n] Channel 2 of

and 20 are V+ power

of these bond
supply to

si gnal

le 13. 6 color

1-6 V- egative actuator supply 7 V-~
i mage data [ n]
| mage data [ n]

(infrared in 6 channel printhead) 10 SCk Serial data transfer clock |
Vdd Positive | ogic8suppl Y1[dl2- [Chantel PofSirape/dntapd (frtative suppl y | 17- 22 V-
Negative actuatpr supp]y 23 NPSync .Nozzl e,Phase Synchroni zatipn 24 D3[ n]
Channel 3 of infge dath [n] (bfaoReLP ém%ﬂannel ri nthead) 25| D4[n] Channel
4 of image data [nb (yET D2ph]i nicRarmepnofmage da ¢ tiflfraré®ind L Phpse Locked
Loop clock 27 [TEn Parpll el trjansfer enabl e 28-32 V+ Positive actuator
supply 33-38 W Negat|ve act ustagprelPHpiHF
10 SClk  [Serial data transfer clock
11 Vag  [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 6
channel printhead)
41 D6[n] [Channel 6 of image data [n] (cyan in 6 channel
printhead)
42 SCl  [°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 Va  |[Positive logic supply
56 Gnd = |Analog ground
57 CCEn[n] [Control Chip Enable [n]
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39 Reset Control Reset 40 D5[n] Channel 5 of inage data [n] (negenta.in 6
channel printhead) 41 D6[n] Channel 6 of image data [n] (cyan in 6 channel
printhead) 42 SCI 9C serial clock for control 43 SD e C serial data for
control 44-48 V+ Positive actuator supply 49-54 V- Negative actuator
supply 55 Vdd Positive logic supply 56 Gid Anal og ground 57 CCEN[ n]
Control Chip Enable [n] PECI7SG 28 58 V, Negative |ogic supply 59 Sense
Anal og sense output 60-64 V+ Positive actuator supply A multi-segnment
printhead is ideally conposed of a nupbper of identical printhead segnents.
These are typically 21mm segnents that are manufactured together, or

pl aced together after manufacture, to produce a printhead of the desired
Iengm. The s_eg_merﬁ8shrﬂay We seNegutivhlogicenprlp, as desired, to fall ow for
sSNoo t r ansi tf-ens—betweer—seghents—Each2tmmtnch—segnents| prints 1600
dpi bi-level dats Sovelr C%FfféPagﬂ%“ﬁ%ﬁ UDBY t he page togproducg the final

| mage. Al t hough egcdy slegnent p@sﬁwé@e@atazﬁl?ple}ots of the final| inmage, each
dot is represented by la conbination of colored inks—For—exanple, 15
segnents can be conbi ned side-by-side to produce a 12- inch printhead. Each
segnent can be SOfgidenftu! fuliAka 8 WERR" LomAkeR of% GEAbEALS Mchlal and a

| ead-out area. Th ead-out” of one segneént corresponds to the | ead-in of

t he Inext_. printhea@, segments. sdbeset #re typiedly Almms segmentssbaimaret MBYURAREERE ng t wo
overl appi n 0 t = r : segnent
8" (110) " coftechER TE P By foer Wbk od WopaR pltthedd o iRt 7
central ar&mgthf ITheegzemts ey thvaset avidnovarlapt ahdssited, tovealldvagorasmedth (110 of

106 and 111 of ;10T iwell SIQGN BRE J1:GH Eien SURNG S Hfits 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-state bus.

Assuming all these things, Table 15 lists the external connections that are available

from a printhead:
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segnents vertically staggered, the segnents are staggered at_a_slight angle

so that they are aligned in the vertical dinension. It is assuned bel ow
that a printhead has been constructed froma nunber of segnents as

descri bed above. It is assuned that for data | oadi ng purposes, the
segnents have been grouped into G segnent groups, with L segnents in the

| argest segnent group. It is assuned there are C colors in the printhead.
It is assunmed that the firing mechanismfor the printhead is that all
segnents fire simultaneously, and onl yg one segnent at a tinme places
feedback information on a common tri-state bus. Assumng all these things,
Table 15 lists the external connections that are available froma

pri nt head: TRRIENS: Bnth®ad daimeticlS. Pri nt head connecti ons Nane #Pins
Descri pti on Dn gttnptts—to—€shiftregtsters—qf _segunentso0—tot=1 SCk G
pul se on SCI k[l\]] (§‘?mfet Regi st ock N) Ioadski%eﬁ%“ ! ent val ues| from Dn

lines into the [ L seament$ 1 n (Iegnelfinp@t @UsHE rddRternef segmettse ool [NPSy nc
starts the pri %Mﬂ%@#&%@@ked Loop
clock for generfati o¥lef {inin§ si gpelsson PN HEAERegRerClosk M) | k|

transfer of datfa fromthe|[shift regijgiRis culentvafiet Rb@MAINCO %% @ENabl e bits
(one per nozzleg). Reset L Control neset SO 1 C serial clock for fcontrol

SD 1 C serial data for coptrol CCEn Icqgmients inyeeeptier¥PANDed wi th data on 1
[n] selects the sy LTTES o7 SEUMEHsEod NPSyik SHER the Pt ¥ a fine

for all segments.

PLL 1 Phase Locked Loop clock for generation of

timing signals in printhead

Ten 1 Parallel transfer of data from the shift registers|
to the internal

NozzleEnable bits (one per nozzle).

Reset 1 Control reset
SC1 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 Analog 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
Vg Positive logic supply
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Sense 1 Anal og sense output Gid 1 Analog sense ground V-_Many, Negative

actuator supply depending on the nunber of colors V+ Positive actuator
supply VO Negative logic supply Vdd Positive |ogic supply PECL7-SG 30
Wth reference to Figure 5 the HCU provi des the neans of dithering with two
different dither matrices, selected by the dither matrix select bitmap. The
dither matrix access unit (DVAU) 48 provides the appropriate dither val ue
each cycle. In addition, the DVAU copes with dithering over multiple

over |l appi ng Menjet printhead segnentsj3g The purpose of the DMAU is sinply
to provide the appropriate 8-bit dither value for the appropriate output
dot position in the printhead. If the entire Menjet printhead was

physi cal | y nonoMWithhietsrenge & Fighte Sofhe FKFU peovides the (reagngaf dithgridg wishitelo suf f i ce.
However, t he-Menj

segnents. ?1:{; seg ﬁﬁeeﬁ?l{sak%gsﬁﬂa@ﬁ @&%agéé%gﬁh%%an@l\é?ﬁ %%ngértggn one

Menj et segmaeoess umt @MAHMS prwicbadxembpmps&taﬂnhezdrglse eichtcyblas In h@iqimt, enti al

for visual ddi tion u i Ssu rrents t hey
w1 ot n A R e g BieEnk P yiie b BB Remfl B AR BRNET > |

wi || not bda&halpbgoicoofcthe ®MAUHs th%eto ﬁrb‘ﬁd&thblapplﬁpﬂihlé 8tb|itah&1e:d3vaﬂxm foal i gnnent

bet ween se%gﬁtents .The so#)})i oq.f r|n dig with PECis to use the

char act er i YXt3PBIPYUE PYPUL ﬂ?sﬂ?é” a’ﬁ? nt head, and construct a set of

printhead speci ffitge éitikdBlemfaprihbesl wﬁqﬁps@mgmbhmaﬂabmgm@naérdﬂt@ﬂ to have
a lead-in area, a central area, and a_|l ead-out area. The |ead-out of one

segnent col("rge@‘bb Glsweyd spifise.| Baweyss e Monsetpsiptheadrseropmpsed of mytltéple of a

segnent i s ihak plﬁ%@@gl‘&elﬂ%t TRSeRety SeHaP al‘?(;ws i@} b smbéth Fafl#iS fcdin lode
illustrated the three areas of a segnent by showi ng two overlapping

segnent s 1d&mie7segmentdo tapether insteadoaida sharp &ﬂ&ﬂathi'l)@sdhe pelgpfiah fforsvisual

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
ail.

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 Iead-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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corresponds to the lead-in area 109 of segnment S+1. For any nunber of
printhead segnents then, we can consider the central area to have the sane
dither matrix, but the |ead-out of segment S and the |ead-in of segment
S+1 to be paired according to the alignnent between the two segnents.

G ven that nmultiple PECs can address the sane page, a given PEC may
address a certain set of segnents, while another PEC may address the next
set of segnents. Consequently the lead-in area of the first segnent for a
PEC may in fact correspond to the | eagiout of the |[ast segment from another
PEC. The overall goal for the dither matrix is to provide intensity |evel
and dot-gain characteristics to match the normal dither cell for each
intensity hédredsed oy thésquint puginecontrclten REG ) dhosetrdfaltheragatiices ark refetredf di t her
matrices is defined for the se ts PEC17-SG 31 addressed by this print
engi ne/con?c?%q%fe%tfveylﬁéé)".‘utlt’r‘ﬁ%gmseg{r&g'?r, ftHer matrices are referred to

col | ecti velsy asThe ¢aulrhliareaeiih@thattk isweregui@idithar matdikeand ent besthe semeefordi t her

(2l € hough FhSTReERdAIRUEH foe GFUBHTE SaIF g7od e Er dogk B pergHLEbnt r 2l
area of aoPh\@endR link Ay 'RY bBGhe PosifdiCexpasiid baNteaRAMEAGEMRtRe al | gnnent
between the segnent and its predecessor). A lead-in / |ead-out dither

matrix for SREREAT BddisPadersyion of a segnment pair. A lead-in and |ead out
for the engire Rﬁg&dtﬁﬁoq&a%@ﬁhe%%a—&&gﬁpe&cﬁ dverld 3gioh 88 H séRtbnt JhE A Wi dth of

the lead-in / lead-out matrix is the total nunber of dots in both segnents
in the ovbatlapardlgadeut fFhthe entiraiPEC-managsbest pEskgimentyds dea wawired3Zhend 48
(correspongi. s ) i T. - ] ad- out

i ther ot AR pb e 3 EECAR i Bl ol dordaboiREnbl i b

cor r es pondovglape¢gidrh Thissegivenis ezpested ésbgbabteledanB2camd 48 fairiesponding thareac h

ot her, taking the,sub-dot, ali nt . intq account. .and th 0sjlli W t hin
the cent rngléngédtgf’? Fﬁgg) Zrﬁ‘t’#}gge uelmetaéfémto‘f}ere %‘%tn%g%ﬁogﬁg‘?%nﬁcﬁg%ggge and ends.
A | ead-in thatldoer segmbiiti fisr the rcoirésporiditighei ghbgnmpinentoare designedds carjurgtiiother mat ri x

for the last segnent,. These W corre nd to . sim,lar matrices.in other
PEC- manageEYItgé’t'“g1 %ﬁer’ takiy sou\eu@gﬁ]‘hgng%?r@ﬁ’t acgpur %‘Bﬁ’fipf’f‘g‘gn WH@“EB‘? i zont al
of fset in t&@aCasd ditler ARESA wihich BRfoveidpregion emmhéies dndreads. dot of the segnent.

This all ows conpensation for the up to 2 dots.o 1 sal.i gnnent
. r‘rR lead-n dither matrix for the l%xst: segment, and a Eeag]out clithgr matpxx 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
PEC17-SG



caused by overl apping segnents. It _also gives the dither matrix generation

software nore flexibility to provide an arbitrary joining point at the end
of the | ead-out conponent of the lead-in t |ead-out dither matrix. The

mul ti-segnent dither matrix is organized into |ines. The total nunber of

|l i nes equals the height of the dither matrix. Each line is | oaded into

| ocal DMAU nenory fromexternal DRAMin a double-buffered style. Wile one
dot line is being generated, referencing the current |ine of the

mul ti-segment dither matrix, the next shine of the nulti-segnment dither
matrix i s being | oaded. The dither matrix |line buffers are swapped upon
recei pt of the advance line signal fromthe HCU state nachine. In Figure 13
is seen t he)verdnpm'wi dnid obre wfmbeer bf segmient&rrﬂa'tvemal thn"éelgwsiimenihaﬂ'ie widthtofi Xx. The

PEC17- SC 33 QBT YR RS ARRE B R giAl S o' d VR4 (Bt ral ar ea

di t her mat r3x+8p Yl dntriek, w&éeeaamemggmsslmmpﬁeﬁz dot s and 15 segnents, we
have a total of 64 + 32 + 32 + (14 x 32) ) .entrj where each entry

is 8-bits = 1024hpRRAM S’f%semmeﬂwaﬁ% 6f‘ela1&? (o8 dgher manK) Aol (hei ght
of dither naind ?e)r 1Rk fok at&amsmn@iyt@ MG OMAB @k ﬁJad Bhe H4nBYh&STonl Ne DVAU

nmust | oad one these lines from DRAM each out({) | ine. At nmaximm print
speed of 3R qacheutpplelines e8bmaximu grinfespeek fs34.800 lingg ey sgondvthisec.  The
DVAU i n f agh, S4Rh by BhRsked Nese mul ti-segnent dither rrat rices, selected
by the dlthgu rluﬁtgﬁ delect %It When the Matrix2Valid 1-bit register is
set, then the %@&MA& ithéact rrupparte twe off ése DRAfisseamnh githerenatricesrent s ar e
therefore Sq S l.Dandw dt h
of 60 By searied B MR RRE R REFRES whiaR A Malp Pa L8R Bl R ek I T e
buffers at tlik@2He barombdithee matyixf i esed. thlAIyBstqrhges@nmrwn@tm theteforgd@8 as t he
initial en n en I . t t each
segnent). Eﬁ%’tﬁr%@e}s}g%o cgc?é?éheg&g%n%b&l&goan t({@ i é‘gr gg%pnméﬁsegfa ol I owi ng
pseudoc odemaxiﬂnierﬁﬁtargS@h@thm ]DM)O@I thevefare e@ttaing Adide buffers=at(l 024 dftes s t o

64kByte-al i grnl? qfe?'dagnri f rgéls%grts 16 Lse aM;t'he 1n)%1a) entry into the central area dither

matrix (one entry for each 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
EndIf
Do until end-of-page
currAdr = 64
fineAdvance = 0
dotAdvance =0
dot=1
segment = 1
PEC17-SG




Load Matrix 1 address pointed to by MitrixLineStartAddress. If

(Matrix2Valid) Load Matrix 2, address pointed to by MatrixLineStart Address
+ 64KBytes Endlf Do until end-of-page currAdr = 64 1ineAdvance = 0

dot Advance =0 dot=1 segnent =1 PECl7-SG 33 While (NOT |ineAdvance)

Cal cul ateEntry EndWil e Dbl BufferSel ect = NOT Db[ Buffer Sel ect

Mat ri xLi neStart Address = (Matri xLineStart Address + 1) AND 63 Load Matrix 1
address pointed to by MatrixLi neStart Address Load Matrix 2, address
pointed to by MatrixLineStartAddress 43 64KBytes EndDo where Cal cul ate
Entry is a single cycle process described by the foll owm ng pseudocode.

Note that if the Matrix2Valid register is clear, the first dither matrix is
al ways used, r@filedNeIdineAduanceyal ue fromthe dither nmatrix sel ect bitnmap.
Qut put matrix val “%{FE}@%{J @r,&l Dbl Buf fer Sel ect, DitherMatri xSel ect AND
Mat ri x2Val id, CurrA Eﬁ‘ dot Advance = NOT (((dot < 32) AND (segnent
NOT == 0) AND (HpdWhile= 0)) OR ((dot > 1248) AND (segnent NOT =

nunsegrent ) AR A81Gied I Bl d8BARY ance = ((segrent == nuntegrents)

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.

QOutput matrix value read from: _
DbiBufferSelect, DitherMatrixSelect AND Matrix2Valid, CurrAdr

Output dotAdvance = NOT ( ({dot < 32) AND (segment NOT == 0) AND (doto
==0)) OR ((dot > 1248) AND (segment NOT = numSegments)) AND (doty ==
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
Endif
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| f ((dot < 32) OR (dot > 1248)) CurrAdr = CurrAdr +

Else If (dot ==

1248) "Curr Adr = Next OveriapAdr Else If (dot == 32) Next Overl apAdr
rrAdr = Centra[ AreaFirstDotDitherOffset[segnent] Else CurrAdr =
(CurrAdr + 1) AND 63 Endlf PEC17-SG 34 |If (dot == 1280) dot =1
1 Else dot = dot + 1 Endlf Note that the dot and segment
counters are used for counting dots and only correspond to actual
segnent/ dot conbi nati ons during the non-overlap areas, the first

| ead-in and the | ast segnent's |ead-ouly area. During the overlap period,

CurrAdr Cu

segment +

alternative dots correspond to segnent S and segnent

segment =

segnent's

5+1. The dot Advance i s

therefore only given on every second dot during this period. Each printhead

segrment caif (det edB8@d via its | ow speed serial bus to return a

zatioagéggtor of the segnent. The characterization vectors from
d

characteri
mul tiple

print can be conbined to construct a nozzle defect

list for

the entire prinségadntansegméitews the print engine to conpensate for
%ﬁzzles during the print. As long as the nunber of defective
¥, the conpensation can produce results indistinguishable

def ecti ve
nozzles is

fromthose of adpr+agbhead with no defective nozzles. Each segnent

bits for c
pri nt head

haracterization vector, conprised of: 64 bits of flags
nt information, including serial nunber and

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
indistingunishable 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

PEC17-SG
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nunber of colors represented in the segnment 16 bits of alignment 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
followi ng structure: 5 bits count (0 = end-of-Ilist) 3 bits of color
count x 11 bits, one entry per defective nozzle PECL7-SG 35 The
fade-in/fade-out dither matrices are not sinply lead-in and | ead-out. They
are defined together such that when apglied according to any m saligned
overlap, there is a constant dot gain over the overlap region. Any two
segnents may not be dot aligned. Msalignnment between segnents is

i mportant. \Wher dhe vigdesinfiaderaug dither m@iﬁwﬁeme@t|sgmp1ﬂd@adainiaggé@|a,d-@t-dot on the
first seg i f i : : segnent .
Two dots gﬁ% t%%g?eggg%%g %%éé%niﬁa{né@?%%ﬁga{%ﬁ%@a%? Idé%]%%%{‘ fﬂri%‘fﬁ grn%egment. | f
t he dot on overdapf thestis b sonstanhdae gainiavir the dudrlap megidre Agg twnmekgnivetsenayi | | be a
gi ant dot fnghg’ree otfalrioré]dthe conbi nation of the two. If the dot on the first
is printed "an neérglier of the overl appi ng dots on the second is printed

t he resul t Misalignimahtfbetloden segnaanes.is gertantt Whereats® segrhdntsvak rotpecfentlly stri pe

down the page,,.and t seco wi || ke ite stri d t he page. Both
results ar gigbhlb%’ﬁﬁg’raa ‘?te‘?n t&egg?tlﬁe%wtgiges[ ﬂ% aip%\?grf?ﬁtﬂgavﬁﬁ’gﬁ%\ﬂ?n B\pobl emis to
have a di th hecglmaebgménhatrwothcaksesn th:é%edfﬁnaabgrgéﬂmﬂiﬁy_ dveilep aasmmﬂleagstt hath on
aver age the dot inin the gverlap. region is constant. suc at there is
no dark ar é%g“ﬂﬁnt'g?gier‘#%@nd]&‘? ﬁfjt &cﬁﬁ’i‘t‘idh‘@gléﬁ[alof%nt agen é’é??%ﬁ"g]é%?ﬁere are two
segnents, igi@t dbtifBkedCRdrh $heAdombRRESE I the@o CHthdXbt oh NRUGRE isGhrinkd a

fade-out, and the oéher as a fade-in, They_ must be used in nj unction

. [ C
with each dbhasithenohihs@yedaraingdasionribe aerend i prntads theresplt fie wf) ¢nt that a

di fferent mhgal THOARNbasEiWBniked éahe_rs@i?sa HBhNBE p&Rl bndBelsecohGvinver | ap
caused by half a dot msalignment will be different fromthe overlap
caused by myake gyhite piripe lovhike nege. Roliresulls gaundgsiiade. cel | pair is required

for each m sali gnRfiion tBd fove 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 is 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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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

m sal i gnment there is also a need to know whether to use the expected
position (if there is perfect dot alignnment) within the comon dither cell
when the end of the overlap region is reached, or whether there is a need

to beina different colum of the dither cell. There is therefore an
of fset value that allows the specification of which part of the conmon
dither cell is attached to the end of 3 specific segnent overlap pair.

PECI 7SG 36 The segnent misalignment is therefore used for two purposes.
The first is to generate a dither cell pair for the overlap region. The
generation of t Mbe signieet miselignmepiis thenefore used oo p@’p@@ﬁﬂ“é!etﬁr%tm@om

position inef ﬁe%%cegé;ap%r €loberdd gd;@%; lllﬂo%ﬁé‘ PJﬁlHH'&fﬁfe &Ht her cell.

The chosen “col um he expect case o perfectly
dot - al i gne@aisagndmckme &r@naecnekxyimqsn@nmmt}mmmmnﬁhber@e&@ apfhosemi sal i gned

segnents. co Umn 03"1 dif rg;‘r(l:%q I %‘helz Pl?rsgr]; &k emH%@H btheng %&{;‘& qml%'% tHe he of fset

into the Comon ST TR PSY i "hat for
each segnesde af\etfeety dagihgmedt fegments,Sard 4l néifliroeing cph:mn mfthdlcadeecrf matrices
one pair for, over | t aki.ng m sa noent pOsSitio thin the
comon dit %Fa?%ef SEERSs- glg'forﬂﬁ?hg%ﬂ‘?ﬁ‘r’é %&8 F&H%fg&&ﬁ‘%l&wqi wtht *he art by
whi ch to gemBdtdie thd'€emmdhidiBér celabillhe. Gitirelimait k4w obfthislid dhey foc eddhs can be

done once for each r| nthead m s nnent It can be done, once for
al | print h&SRIRent PyF B%‘éﬁ’rﬁ orejly a%@@%ﬁg@r@fﬁ&eﬂnw&es a’l%ée%FH exhausti ve

di ther cel lovﬁﬁ?_r tdkirfpt nﬁ@hgﬁh&nt Ming 3hdsPRAEREN UBe teBmifdat dm}@f call dato

m sal i gnnment 0 do so woul d require, generation of 100 x 64 difher cell
pai rs, andacopbtf- xIhsre I may Ways keawn infthe agf bysylash torecaarels tese dithetssuni ng an

overl ap of cd&. dRb&adAthf dithe &N Rin B ddtictdres f&%éh HintRdd fisdfiBrihsntr €qui r ed

per dither cell pair, for a total of 12.5 MBytes, which could be readily

stored on Ppe P ¢an ke denejaper for allnprindhdads. i Bor mmt vord bgdiivigli tent ) . Duri ng
installati goyplic b ﬁgu% Qfthed b1y Blir 1idt 26 ﬁﬂﬁ{sﬁ%u&h& Fko e&k 5t s  sel ected

based upon“the msalignment 1 n the connected printhead, requiring a total
of 64 KBywusalianens IB doegrveytd qumlmgee@natloﬂr@few@ai ¢4 difher ecli pairsirad t he

generati ongf , KhGer UGS 621 108 BEEFORBY ARGnHRN S QG of PGioRal 6400

dither cells fassum ng
a height 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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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 sinple dot-gain calculation. The aimof the sinmulated
anneal would be to mnimze the dot gain difference conpared to the
standard dither cell. Throughout the specification the aimhas been to
describe the preferred enbodinents of 4;he pnvention without limting the
invention to any one enbodi nent or specific collection of features.

Persons skilled i@#_lrp_@‘:art may realize variations fromthe specific
enbodi nents that ‘w nonethel ess fall wthin the scope of the invention.

PEC17-SG 37 0 CUAI MBA mrint fengine rfor engrigeeidfto prithqad ofbati telndgsrduatdiemeret hat
| ncl udes one or g eadp&ﬁﬁt ﬁlﬁf”‘é‘acﬁ Thégad 02 a§ﬂ8pmic?&£19 nfibhafchiPoz0
an ozzl'e t he

m cro-el ectronec i cal arrangenen positioned on a substrate,
print engine i nclardigagepegpsitidatdon apbstrane teprihimgine deludingg page dat a
representing pages to bed?)tgr.l ng%:le; A ey for storin S%glbg page

buffer
data and from whi ch s%PFEIHEJwPLeans o fecgyinedhagy g?}%(ﬁqﬁ)s?m&gipﬁ pr ocessi ng;

and a print engipsatentroller that is configured to transfer the page data

to the nenory buffer and t etrieve page data fraomthe butfer, .the print
engine controller i r‘?d’f“??&qrﬁg‘,‘{f%f ﬁré“‘tt%{mﬁlf?gﬂ’ﬁ%& af"s“é%i‘?ﬁ’e@?@ﬁ”f 2R enor y

buffer; an i nputcnibk edidicve@rdr paht préccbsigebpsed bet ween the page data i nput
means and the data bus so that page data can be witten to the nmepory
buffer; page data pr 6&3§§%‘?WGGP¥‘§&€{Wt’é@?ﬁf@’feédofrénsf%@ed&g%d%? ® receive

the page data frpmdeuBMBhd D UdiSle bibeot@ foleulabirhUe 3hst oAQAE | gur ed

to process the page data according to printing paraneters; "a printhead
i nterface connecvreiplievinglpdingage data processing circuitry for receiving

the processed page data aa'@ta%gftﬂaggrcgrq]e&gd {o%gﬁl'émory 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 from the memory buffer through the data bus and
configured to process the page data according to printing parame.ters;

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; and

line loading and formatting circuitry 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.

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.



the processed page data for printing by the pagew dth printhead; and |ine

| oading and formatting circuitry interposed between the printhead
interface and the processing circuitry, to receive processed page data and
configured to format and |oad |lines of the page data to the printhead
interface. 2. Aprint engine as clainmed in claim1, in which the page data
i nput nmeans includes a high-speed serial bus and the input interface is a
hi gh-speed serial interface. 3. A primdenfine as claimed in claim1, in
whi ch the nmenory buffer includes a random access menory and a random

access nmenory interface i.s interpqgsed, .between, the nor d .data bus
to facilitate reafi ng &t sagRe %iﬁlmteg “i‘ﬁlé‘mﬁ'elﬁn"i‘ C}Qﬁﬁpﬁg&l (ﬁ%rpé&t@%é age
data from the nengxcyitry3ci@ied debodig Eitcuigion@ecade eeapage dlatanaccdrdingntd ,a i n

whi ch the page data_ processin circuitry includes decoding circuitry to
decode the page dttisulgefoandiohtiepaeedatanarticul ar format of the page data. 5.
A print engine as clainmed in claim4, in which the page data processing

circuitry includes hal ftoning and Qoggpsipin circuitry connected.to the
decoding circui tfry t@é miatensire dedimediingdain {rin WHREIYRES FPRPFFESi try and

configured to gen&hid} fichalsHaARGM s AR cdrPReRE LEith Bafect@té the decoding
circuitry to receive decoded data from the decoding circuitry and configured to

generate halftoned and composited image data.





