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Field of the Invention The present invention relates to a printer. More
particularly, the inyention relates to a high speed print emm,mwmm of
the | nven m““m\m@ﬁ ter systemis intended for use with HM of
ori gi nal A\“\ be incorporated therein, either as a racksppuntable
nodul e or as agwdnt egral part of such a system Summary of the Inyention
According to a first aspect of the invgntion, there is provided a printer
system whi ch includes: a housing; a front panel arranged at the end of the
housi ng, the front panel having an opening defined therein; a carrier

sl i deably arranged ppaingt iV PRINTHRADNAGATNSTt @ [PRANSYERI ROLDERhe opening
between a retracted position and an ejected position, the carrier carrying:

Field of the Invention

The present invention relates to a printer. More particularly, the invention relates

to a high speed printer.

Background of the Invention

The printer system is intended for use with various types of original equipment to
be incorporated therein, either as a rack-mountable module or as an integral part of such

a system.

Summary of the Invention

According to a first aspect of the invention, there is provided a printer system
which includes:

a housing;

a front panel arranged at the end of the housing, the front panel having an
opening defined therein;

a carrier slideably arranged relative to the housing to be movable in the opening
between a retracted position and an ejected position, the carrier carrying:

a receptacle for a supply of print media;

a receptacle for a supply of ink; and

a print engine including a page width printhead.

In this specification, unless the context clearly indicates otherwise, the term "page
width printhead" is to be understood as a printhead having a printing zone that prints one
line at a time on a page, the line being parallel either to a longer edge or a shorter edge of
the page. The line is printed as a whole as the page moves past the printhead and the
printhead is stationary, i.e. it does not raster.

When the carrier is in its retracted position, a print media slot may be defined
between the front panel and the carrier through which print media are ejected after

printing of images on the print media.



a receptacle for a supply of print nedia;, a receptacle for a supply of ink;
and a print engine including a page width printhead In this specification,
unl ess the context clearly indicates otherwi se, the term"page w dth
printhead" is to be understood as a printhead having a printing zone that
prints one line at a tine on a page, the line being parallel either to a

| onger edge or a shorter edge of the pagé The line is printed as a whole
as the page noves Pastritheaypincinddwehdssiznchi¢ihe syppontddroaacuids nebsstin drary, i.e.,
it does not raster. When the carrier is inits retracted position, a print
medi a sl ot may Be&8defi ned between the front panel and the carrier through
whi ch print nedi a Heeeceptecié fod thefstygply @fiprint media mby theRbesplaten tdidedon the  nedi a.
2 The Garner .include a chassis ich is orted on.a guide neans in
Che housi g, T dashis. feSetRas or Besiy b RRnte Hret e SatRart e

pl Et en cgrri e@hﬁﬂaﬁhﬁcﬁ}ﬂﬁh‘g&ﬁﬁpmb@db%&@eﬁlmﬁen_re&ﬁﬂ@é ﬁﬁh@ié)h(ﬁ{qyﬁﬁtﬁxdsuppljly of
ink may be a receivin ornpation i n ich an ink cartridge is renovably
recei ved The (oSKIBg g e’f‘?ﬂtﬁf?lﬁﬁﬁa%&?\émﬂ%ﬁhﬁb‘g‘W%R‘?P@‘tﬁgfﬂﬁ@@ﬁ%ﬁf f or

rel easably | ogdffiet@nd the ptintengidgt ri dge in position relative to the Garner and
the print engine. A second print engine may be arranged in the housing, in
opposed rel at i onsHt fFeoRs Rripbenginepayche grraged i the Buging,in oprosedtelatienshipian "t he
Garner is in ﬂk%ﬁﬁ@n?iﬁ@ﬁﬁﬂlg&?&i thé Bdtrierfvitlen @lefcBiriel 13 %h Y retdctedPofifiod) Brh
surfaces of the Fi“ nt media. An _indicating neans may be contained in the

front panel f@hfechingprinting ap both swfases oftherprinbmeditrabl es, being the supply of

print media and theg, sHRRIng ntfand MKy be' BAtdine@in'tRPHGH paRIBRR indicAine wikd! cating
means may be in the formof a visual annunciator, such as one or nore |ight
em tting di odpdntersepymabley, beipg the surpbef rigbmedia rd thaxwipply obinki redPiteher e i s
provi ded a pridpfenRREidRCThOhdiBatiAb b may ta6n B f6Hn FRAYisHA ahMfmlidly,A8ech & Page
wi dth printhead, the printhead iIncluding an ink-ejecting neans and a

seal i ng nea_ns%etﬂ’fl‘m&hﬁ@m’c%q‘?ﬂ?s-ej ecting neans; a transfer means on to
whi ch ink ejected by Reorifi} i \R86hdiaSpcbCstReiRntioh Mbre iy RORIQII R L 0 @ sheet
of print nedia, the transfer means being arranged adjacent to the

print head; an@galeépmmmpnmge ingp 88:spl aci ng the printhead so that

i ts sealing Means dpadidtprintoR, BABRAd iféihdin@arditkbROMeHeahdUbdlaf ansf er
means when the printhead i's inoperative to inhibit evaporation of ink from
t he i nk- ej ect pealingpeass surroypding B inkcai¢riing mpamans furt her being operable to
draw the print heaq y,0i& SRASE Vi@l | $eSd s Qedelled Idwansf er neans
when printing is t(% e[?fect gg. T‘%elhl?ﬂ%%ecﬁgzztﬁﬂgtﬁlﬁeanse of the printhead
may be a ni cr bansteened torpeshietof print media he trinsfer myans boing pmiriged adiscent i thet

nozzl es. The érlg,m‘gaggmgeans may be an el astoneric seal surrounding the

i nk-ej ecting ans. The sealing nmeans may conprise a plurality of nested

ri bs surroundi ng & dsplaceraenhmaansdor difplaciog thearintheadcsotthas its serlirg memds 6l es. The
transfer nmean i Ewhih adj acent
to the print h_grggmsﬁ{)d#ﬁg#@[nk £ej!;'lgf(%tts'ge _t%cr t %Fgéﬁltaﬁggg’xpgﬁg%gggi ted on a
surface of thinoperativefteinhibiieyaporatipmotink frem dherinkteiseting dheaesm thegfsplapgmanhy ent i on,
at least a su f ' is terial
Wi ch s resl orangufor ol dieBBRSlah A0 et o ekl Mg oRSS LY I © e
surface of t hthetrapsiermeany whangrintiggis tacbeeffeeted. ani um nitri de. The di spl acenent
nmeans nmay i nclude an I j SRE js :
el ectromagneti cal |y .ogielggjglfe e |.%:dg§r§rtadlgge aagaagr?glsﬁhmﬁl%%?ﬁf?agfgw t he
print head awagevidednyinga pluratifysdf dnkjetnozries. Thegenling meansimaydee an plagip@ericsgelr ent
and to hold t i _di D |2l i I: transfer
nmeans requi re%ﬂ%ﬁ%ﬁgﬁgﬁé&%’?&%@géﬁﬁ S@#hgﬂ‘%?}sg?&ghaméeé%r%gal?tggf ude an
urgi ng nmeans festedibgbunpuadisgiesemigpnduciondeviredefiningitho inkishnozeles.wi t h t he
surface of the transt ey, fRARS medliGndy i aq}%ﬁ#?% rgﬁé{ r&%t%ﬁgﬁmogﬁe@aﬁ%c@ﬁth
ed Tor effe 0

roller or, where two print engines are proviad ting d I'e- si ded




printing, a transfer roller of an opposed, aligned print engine. The print
engine may al so include a cleaning station for cleaning the surface of the
transfer nmeans, the cleaning station being arranged internmediate the urging
means and the printhead. The cl eaning station may include a cleaning

el ement of an absorbent, resiliently flexible material, such as a sponge,
and a wiper of aresiliently flexible matderial, the w per being arranged

i ntermedi ate tthehecphemadd@ﬂ@lthik&]tbted{byiﬂklpﬂnthedqu tepasited dhe smigoeof they be in

t he form of astrl f rubber. pec he

i nvention, th8PEN 01%?3’\‘/?8'8@6"5“ g?‘ﬁ’a?“qgffhﬁf‘l"ﬁ‘b“"é’fgé"é‘ﬁhafs acﬁlpfﬁlfi ng on both
surfaces of atraiyée frol ot 1srm|fhmbarrrmihtmmhtaﬁalpvmmm rugns&yﬁbgnnngmcbﬂmgwrg a first

W th tho f i sepif g P et benlant oife PR tERaROm et e~

printhead and a transfae dfs@lhéeﬂfenﬂﬂeah@m‘ﬂ‘ilhﬁmdb axkeledtofia@mtifallp Ghéritde pr i nt head
is deposited to be ap(glled turn, on an assaqci ated surface of the print

medi a, the tr4ad¢eeThs ?q‘féF’a%JF“?ﬂ% oprable devifgimay begrselaraid whichithgragdhen ur gi ng

neans for thepifadlaRby ol tradffed oS r&firePd fidt, QA& ORerk Bd t4heldEE t he
transfer rollers into contact with their associated surfaces of. the print
medi a. The se@Bpibeadin %nace@ﬁelaﬁ*@shfayﬂlmem\hemsrey mepRiedresd $rondeloBELt to the
first print eggdpge, the second print engine including a biasing neans, in
the formof a spring, for biasing its transfer raoller into abutnent with
the transfer roller oflhepentengiae may ingludesnyraiag mppsdor yrginga pheetnf PHPYr eci at ed
that the tranﬂe%ﬂt@%ﬂct%mﬁﬁﬁﬁfé&ébf‘hﬁ%fé?ﬁaeﬁ@sr‘!‘ﬁeﬁnéﬁ ﬂieﬂis'?l’fa?cft@érl er for
its opposed print engine. One of the transfer rollers o% bot h fransfer

rol l ers may abe¢apigchrollerqsi Wepraaversing engings ge pepvided fos gHedting doublersidednedi a past
the transfer bgllltiﬂ%@trm@fer}og@rsgfagoﬁwgg@%gj pliftengih@nsfer roller of each
print engine nay a wear resistant rraterlal which is resistant to

pi tting, scratchi ng orThS eontiepgine mavalpinelpden clpaningistation fos pleaningthe surfiee Each
print engine gh¥e iRk dRakk ﬁl@%mﬂﬁé’stdhoﬁ'i)hﬂg Beadediniinidife thE ﬁ&ﬂg%eah?' l'er

being of a simlar |ength fot printhead. The printhead of "each print
engi ne rmay i nemm@prawhqaﬁkcheémgamm ingludezs cleaning ﬂ’gmﬂ!ﬁé)ﬁéﬂ ahgetbentindi ng
the ink-ej ect [ ngiciBAfXivle Ml kubl Ralphitk e%a%%wgér o¥'£' Eﬁtmﬂeﬁﬁﬁk may be a
m cr oel ect rorrechanl cal device having uralit j et nozzl es. The
seal i ng means mateyialpthe avipes being mg¢d:1n@emd1%mﬂ1¢ clgtningriemintandithe prjnthead.i ng
means. Wen t"lﬂeQ{ﬂePntn ﬁéjin‘{’ﬁefﬁﬁx?gfﬁr'i f ine is inoperative, it may bear
agai nst its assoclated transfer such that the sealing nmeans seals

t he ink-ejecting nearsecordingihi third aspeetiof thetinventiasy, therelds provided adigitabk - ej ect i ng
means, each p f draw ng t he
print head froPnh{ﬁi]ng%?ggﬂn?f@ﬂﬁ%%nggm%ﬁ%\ég%ﬁﬁgﬁg% lgﬁ?%ﬁa’t% [}Mn ed. The

di spl acenment systemsinpluging:incl ude an el ect romagnetical ly operabl e device. The
el ectromagneti cal 'ayﬁrgiﬁ:‘?ih?@ fedfYi ce may be a sol enoid which, to draw the
printhead away fromthe tr Znster roller to enable printing to be effected,
requires a first, aseegmdprisiangioninanapposed ahmedrqlﬁmnplnpmthﬁ&dirstmnatpaced
relationship S‘gu?et laééﬁ fifk dnbife in%ﬁﬁﬁ?‘a‘% théal Yhd £RariSfeS A W to nk-mg,e

current. Each ptint e gl ne r@ﬁ/ eanlng station, arrang
upstream of t hé(qmedtﬂlmthe pﬂl eaéiseiamsrtgi totbe appliefl.dn turmfonian asseeiatedsfusface ol | er .

The cl eani ng gm}% nt,
resiliently flsfe?}lg {?ﬁl rraterl a sucﬂlegéie%g ggtneggﬁ an Wer o?‘rl&%
resiliently fmegasgbrtheransfer eollenofithaniked prahongine @mmgmg thtreansfeeellersdnte| enent .
The wi per ”ayccli}ﬁac?fmtﬁHQH%EM:E@EMEéstﬂﬁ%hﬂﬁed@y provi de for process col or

out put .

The second print engine may be pivotally mounted with respect to the first print

engine, the second print engine including a biasing means, in the form of a spring, for



' The print engines may be operable substantially sinultaneously to effect
substantially simultaneous printing on both surfaces of the print nedia
passi hg between the print engines. According to a fourth aspect of the
invention, there is provided a controller for controlling printing on both
surfaces of a sheet of print nedia, the controller including: a first print
controller for controlling printing by a4page width printhead of a first

print engine; blas1§%3ﬁé)!?ﬁsﬁf folltr ift@AbltAehteFith RE traRieh fdl’llexl dfﬁ‘lﬂ: fRStiphihi dAginBy a page
wi dth printhead of a second grr nt engi ne substantially simul taneou%ly W th

the printing BYustHailhbs 2pprreiated grat the dansferaelles of ¢ach pringepgine sgrves gsgypine
conmuni cat i onﬁ)nleiﬂgkltg(rﬁpggegq,ﬁﬁ%ghgg the first print controller and the
second print controller for synchronizing the print controllers; and a
second communi cati ons anﬁfithP #ﬂ@f“éé‘ﬁl‘t@@tﬂbﬁ@ teppsieraallers HBAcHEs ANEBIRG | nt

descr i pt 1 ons. BF e g Bl O e b sheet. of print
rredr[ a by thte p“ttr;}l Hﬁf@ﬂ#@&‘ ; gﬂfrzcefofﬂlstramfﬂmﬂeeQﬁtm?Pmlﬁfngl@pmm@®ﬂany a
master prin r ve
print control Feeilrg opertgri)allg’hundifers‘?séorr’rrgﬁgl gfémg Chﬁlggs%cgr %?Pn@hgggﬂ b@er on
recei pt of si gtaalemtrlelet he first communications |ink. The first

conmuni cations |ink ena nsm ssi on
of data fromthe sl achcwﬁm?e@gﬁ%i élﬁ& ?a{g%]bvﬂl'%h e%%&%{hﬁ%aﬁ%fr ol ler.
Thus, after ttrelextirmnaqfraglrmfarl;ngthgeﬂlepmnth@de frequently, the master print
controller may obtain 0 rrnt
controller via the fi Flg?gclﬁgm%ﬁ?%a %‘rffg%‘gé%lﬂ%@d%ns@é%ﬁ %"?e con rol | er
u?]es this to sqaliwmeanheurro&rmngrthngﬂq-eﬁctmg)hnm The 1akr|ejr¢tingmmtsrqfdge Fﬁrt her,
t he master change
error events gﬁﬁ&h %ggtia& :%rLtr ? a%n%%n?érh%"%lrdg{é%{gm ﬁ?rlé’ l £ht€§ty "@h&%ﬁ %(sst
conmmuni cati ons |ink. ‘lﬂhesezlmgmcanpmaylbe awelostahdriersealayrduading thh eksyestingl
conmmuni cat i onEl %rl%nk connected to it to present a unified viewto the host
systemto nas e presence of the slave print controller. The master print
controller may print d’élmmrthdmuhﬂpangsadrprmt eregine 1smrof>eaﬂsre,of ma)hhcapagamst medi a

e ooy B P 00 Rl ARG S LAyl P
avail abl e for mhlbpa:g@othemnbf jnk ifrom the nlb{etecm@dnéam ehdhqarmt engmemcludtngcaont roller.

control|ing auBRRAOR BN kMR aPe i e T R B I PP SR nead

i nterfaces of ishobdeffectedt control |l ers may be synchr oni zed to a shared line
synchroni zati on signa rated b one nt co Accordi ng
Ty e Tt aspoct of (e SPRBGRER e Bry Belpat Bl sp e

control ling pdévmteiTll@dbmrbmh@eﬁmwapaﬂ:l@dev&esﬁw% a@éleqmid whicliesldraw thehe net hod

i ncluding the_st are a
orinted o a PrIGEa gy ORI afeRd e Goplepafiineto e i, BR9R RS 1 g
t he dat a r el ahighay ctupertt, hﬁdto hadd thp adethdad dnospadeel rélaticmhtprel:ntve totht troisfeer to a

second print contsré)lur d e lswgrocnd rint engine; receiving data relating
to a second pg’g?trqbeab? M PRRE i r st print controller;
Each print engine may include a cleaning station, arranged upstream of the

<3

printhead, for cleaning the surface of the transfer roller. The cleaning station may include
a cleaning element of an absorbent, resiliently flexible material such as a sponge, and a
wiper of a resiliently flexible material arranged downstream of the cleaning element. The
wiper may be of rubber.

Each print engine may provide for process color output.



and controlling printing by the print engines under command of the first
print controller to achieve synchronization of printing of the pages by the
first print controller and the second print controller on rear and front
surfaces of the print nedia, respectively. The nethod nmay incl ude

synchroni zing printhead interfaces of both print controllers by neans of a
shared |ine synchroni zati on signal generated by the first print controller
which is a m’slzt er pr: Mhe ﬁﬁﬁttehghtsﬁﬁay Yeloperasle Buﬁsﬁﬁt_idr@tsgmgtmysw fﬁ(ﬂffd&e
transmtting data relafi to the pages to _be printe r.oma hpst systemto
the master pr Fistap ﬁm?'g?eowprnﬁlaggn ¢ih sonfaset Stbsrprinhmedit Paswse PEHRER ¢ ho
master print geptihQdnkRes. determ ning whether or not said data are to be
routed to the second print controller which is a slave print controller.
The method may al Q.chflgddle (i Shothia@ aRAvtndidi theldls bloSidblM Lhfibilerkdt & memory
of the master print controller before forwarding it"to the slave print
control | er. ThentieHingprintingon hedl wfeces of asheetrod ptintangdies the congrollertinddeding: ol | er t o
print the rear surf ' | ; 3 pri nt
ont ol 'er i viays ‘Hay PARLechBIR R dbniledrbfinPRRLbGe WA oA RaBES il
destined for phmtesginge print controller. As descri bed above, the nethod
may i nclude, periqdi Fit] r Lertp.ne e sl ave
print controller 1% %e‘fpo%lei lpﬁgtst%ofe@ﬁ%ﬁotrr]%&@%H@g%ﬁﬁ%@g_ W,&cp(? g? %?“ﬁgpr[‘%h%ga E§I!|naxt h
aspect of t hesédcondprint emgine substantinly pmoNand@clyawigr the priming ibp ¢hefpointheadmfitlret er ,

the print engj A .Lng: a page width printhead; a transfer roller
arranged adj ag‘%ﬁk”j"?%@%‘%ﬁi nthead for transferring ink deposited on its
surface by the priafirsteauhnupications litkinerohnatisgithe firsd priggreomttollereahid ¢heon whi ch an
image is to b rjn ol | er havi a _passage. defined therein; and a
drive neans fgerc Q?J&rﬁ?g%qtén%rf?rvﬁyﬁ‘é e, tﬁgﬁg?té:?mfogﬁ’ Se?n%and feedi ng the print
medi a past the tr arsedond commumicationhlinkdntexconnvetingsat Ixastroge of thapripg donitmollérs e
passage of the.transfer roller. Jhe printhead be a .

i or oet oot ronSihARPE sfiorh e e IIE B et e of St B ogpres toheprigisda

hol | ow ri ght on saidi$vefaces\olf thedheet ofiyirinhmeltid byithe ptilenpimesage t hrough it. At

| east a surface ofpt l%tt r.atr};%}‘lt(raornrrf)l Igr aﬁlay be of .a vear r‘em' te%ggonnateri al
which is resi stantThf:o pP{"t]I ng, ScrHER 5’%’?‘“&?3(‘%%’. ol]leﬁe eri aﬁl may be
titani um ni tr pade.comtivdledbdinga skeva peintvaytrallee bpetkblcunded commanhd ef themasteripgint

preferably, A controlton rg:%}p? of signals via the first communications link.

The first communications link may be a bi-directional link enabling the
transmission of data from the slave print controller to the master print controller. Thus,
after the printing of a page, or more frequently, the master print controller may obtain ink
consumption information from the slave print controller via the first communications
link. The master print controller uses this to update the remaining ink volume in an ink
cartridge. Further, the master print controller and slave print controller may also
exchange error events and host-initiated printer reset commands via the first
communications link.

The master print controller may have the second communications link connected to
it to present a unified view to the host system to mask the presence of the slave print
controller. The master print controller may print described pages on a rear surface of the
print media with the slave print controller printing on a front surface of the print media so

that the master print controller always has a page buffer available for a page description



A reduction gearbox may be nounted on an output shaft of the notor. To
reduce space, at least a part of a gear train of the gearbox may be a worm
gear train. Brief Description of the Drawings The invention is now

descri bed by way of exanple with reference to the acconpanying draw ngs in
which: Figure 1 shows a front view of a CePrint printer, in accordance with
a first enbodinent if the invention; Figgre 2 shows a front view of the

printer, in aqggﬁlg@fbggﬁ\gqaw gnt%mpgr enbodi ment of the invention; Figure 3
r

shows a side view of the pr nt e Figure 1; Figure 4 shows a plan view of
the printer of Fi ﬂﬁﬁ

Fi gure 2; Fig %égsgﬁcmgdlgﬁogg?%ﬁb s?dr%tggm\éétgr nﬂ[ %Ols.l{r@cfp %)drnlwﬁﬁﬂ'ﬁg rate
of the pri nt epruamg ioparatizineof\thet stavel puirs [centivlied. Ennth@dumenffwes gfibothtpeint Fi gure 7
shows a fl owc | 40 al £l ow fr |jcation to
orinted page. CRroltrs mg bl 8kt § QUG Ginch B Barion ik MEABF S
printer; Fi guofth8primbawsllarsdet ai | ed vi ew of the area circled in Figure 8;

Fi gure 9 shows a side vi ew, fromone side, of the printer of Figure 8;

Figure 10 shows a Axcéiin E't@él\/ﬁﬁﬁEspgdtbhﬁieﬂivﬁﬁfon%di’@hspﬁfvndeb@nﬁﬂioﬂbﬁr of Figure
8; Figure 11 shows, a scC

emat, i ide vje part i nter, show ng the
rel ationshi p PRHQEEE pntEgapibo %\ér?chF??ﬁ Rrint megia; e mﬁ&%ﬁﬁ\“@‘l’i‘g t he
printer; Figuggsb®A shows a scherratl c side view of part of the devices of
Fi gure 11 showi ng the, printhead in _a parked, non-printing conditi on
relative to the tlr%:ﬁ’é’?"&daﬁﬁélﬁ%ﬁﬁtg ﬁﬁ@?@eﬁ%qu@ﬁw@sﬁ%wm Pof@i de vi ew
of the part oOfirst pitht eineges of Figure 11 showing the printhead in a printing
condition relative to the transfer mechani sm Figure 13 shows_ a schematic

side view of the dPRspifipgthadatrelatng t?)merﬁtr%@asfsfrogha\etfarsaﬁgmépntf?élewam sns of

t he doubl e- si gigghdrinhéddroRdr ofh SdebRd print Erighités € 14 shows a t hr ee- di nensi onal ,
expl oded view of a paper_drive chain of the printer; gure 15 shows a

t hr ee- di nensi onal ’?PF’é‘Wg@PtatrﬂémlﬁrtP ﬁts‘fcﬁbdBaﬁgf%tfﬁlﬁ!“tefih’éﬂ‘ﬁf'ir%?@?wO‘ﬁT@%e 16
shows an enl agged, three-di nensional view of part of the printing system of
Figure 15; Figure 17 shows,  a sinple_ encading sanple; Figure 18 shows a

bl ock di agram of SPRtiellng R?@H?&WR@P“’&F%MS@B@%PWW firgt pEbws a
flowchart of &ﬁ%u&%@@dﬁfeveEylﬁmme&ﬁo%mﬂuﬂgbﬁmz b@g@sb ﬂﬂlﬁ’rﬁpgﬁ coRRdier @ bl ock
di agram of an EDRL expander” unjt ure 21 shows k di agram of an
EDRL st ream dadhresecond;ngigt eontrolles lgp yagr @dtfm&wrfepeagf ﬁmp@m rgedia, FESRASHY Y

decoder; Figure 23 shows a bl ock diagram of a runlength encoder; Figure 24
shows a bl ock di adhametiod mayhElydd emehienizing pruthend intertvosef bethgirist k di agr am of

a hal ftoner/ CSHEHBE&& 9§ mQans ©of a shared line synchronization signal generated by the first print

controller which is a master print controller. Further, the method may include

transmitting data relating to the pages to be printed from a host system to the master print
controller by means of a host communications link, the master print controller
determining whether or not said data are to be routed to the second print controller which

is a slave print controller.

The method may also include receiving said data in its entirety in a memory of the

master print controller before forwarding it to the slave print controller.

The method may include selecting the master print controller to print the rear
surface of the print media to ensure that the master print controller always has a page

buffer available for a page description destined for the slave print controller.



9 Figure 26 shows a diagramof the relationship between page w dt hs and
mar gi ns; Figure 27 shows a block diagramof a nmufti -threshold dither unit;
Figure 28 shows a bl ock diagramof logic of the triple-threshold dither;
Figure 29 shows a bl ock diagramof a speaker interface; Figure 30 shows a
bl ock diagram of a dual printer controller configuration; Figure 31 shows a
schematic representation of a Menj et pafge width printhead; Figure 32 shows
a schemati c repr eAeddseriliediabofe, the pmmodfnaymlude, perioditallpgranamittings nunbered in
firing order; ’ a,sch tlc re resen t|on of .t he same pod

w th the nos AreBiRESiH BediC Bit e bR E R Rl me | <
representati on of a cm@r}mﬁgdo@@masﬁecn@fthmdnaﬁereacphwweﬂal;mntﬁ gure 35
shows a schenat. Co reﬁreseﬂle atj on of .a podgroup conprising five chronapods;
Figure 36 shdRgnafosREREE the Arinhsneleipclidingn of a phasegroup conpri sing two
podgr oups; Figur eagafges\lmm@nath&ahermtl c repr esent ation of the relationship
bet ween segnents, fir ups phasegr oups, roups_and .chr omap Fi gure
38 shows a phase %ﬂr%[’dﬁ '6\‘%&%90"1"@"%&“’3% 54 of yrahsferriigink deposite ‘ij?)‘f cal

printing cycli@sufficgyy ﬁle%&nﬁlbm a%m@éce 6i<a Qie&gifﬁﬁ?xﬁﬁedi’a A winé@amagdls & f ace;
Fi gure 40 shows a bl ock di agram of interface; Figure 41 shows a

f1 ow di agr amb§Priptsd tb"e"ﬁg?rdlai‘"éﬁ awsﬁﬁrﬁiﬁﬁqleé ﬂ%ﬁ‘ﬁin’BEﬂabl e pul se widths; Figure
42 shows a bl ock an@s&rrﬁé%ﬁor M&taﬂl?&ﬁ"&mé ﬂlgtrﬁrlsfeﬂcgléf SndBedhlpQNSprint fedig €Pt ual
overvi ew of double buffering during printing of lines N and 1; Figure 44
shows a bl oc I@aéﬁﬂé?gﬂa&?ﬁ%ﬁo”?rhgl §flvwea&ﬁ beipg arganedria thepasragd 9fdhetanstemi t . Fi gure
45 shows a cqpggptual structure of a buffer; Figure 46 shows a bl ock

di agram of the | ogical structure of buffer Figure 47 shows a di agram of

the structure and si zéfftsfpnaﬁ\@%mﬂalgrearmﬁs@g@ctmmcmcalm&wamr@lewi -gure 48 shows
a bl ock diagram of a WyadawsreS¥dTaBe R hbildvw H&t%ﬁ&ﬂﬁ@ym&hwﬁmﬁﬁtﬁés dri vg\l

conmponents indicated. Detailed Description of the Draw ngs
The printer, thepaseesthedgbi with the invention, is a high- perfornance col or

printer whi ch conbi nesafBat Qﬁﬁﬁ%ﬁh%&f&%ﬂ&% ro?QWM&étQ@m‘é!eh&l
magazi ne-quality text reproduction. It utilizes an 8" page-

th
i cr oel ect r orfdu¢hep resisiant ta pjténg, WtWGCWC Whﬁm@u@égaym@@nm #triger i nch
(dpi) bi -Tevel QWK (Qan,bBaEN Ay aldeQthors] A5kck b, pllufiesgeipat  on (he

print head technol ogy shall be re e red to as " , ~and thé printer
shall be refenetetd to as "CePrint"

A reduction gearbox may be mounted on an output shaft of the motor. To

reduce space, at least a part of a gear train of the gearbox may be a worm gear train.

Brief Description of the Drawings

The invention is now described by way of example with reference to the
accompanying drawings in which:-

Figure 1 shows a front view of a CePrint printer, in accordance with a first
embodiment if the invention;

Figure 2 shows a front view of the printer, in accordance with a second
embodiment of the invention;

Figure 3 shows a side view of the printer of Figure 1;

Figure 4 shows a plan view of the printer of Figure 1;

Figure 5 shows a side view of the printer of Figure 2;



CePrint is conceived as an original equi pnment manufacture (CEM part
designed for inclusion primarily in consuner electronics (CE) devices.

I nt ended markets include televisions, VCRs, PhotoCD players, DVD players,
H -fi systenms, Web/Internet term nals, conputer nonitors, and vehicle
consoles. As will be described in greater detail below, it features a

| ow-profile front panel and provides use8 access to paper and ink via an egj
ecting tray. It ofR§ i €shows adabiOiliARMih@h s@fained pAitingRatt BLiGE phierest i C

envi ronnmental conditi ons. ?ePr' nt estts i n single- and doubl e-sided

ver si ons. Theaé‘?eﬁ l%"-"‘é‘i‘é‘?é’é’%‘@’r‘tep%“ﬁ GPHNEI30 full -col or A4 or Letter pages
per mnute. The dqygke7 ShodRd NoWchArPilufifating the BhcEpthd] 46 ISt fRa0MHPliPASn M nut e
(i.e. 30 sheets per mnute). Although CePrint supports both paper sizes, it
i s confi gur edtodrinted pageyf manufacture for a specific paper size. 1.1

Oper ational Over V'ﬁ%ﬁ:@ﬁfdv@ta SCIRI0E UeQRnd Iphin Kieweotih Aty aphi cs directly
usi ng bi-level black, and contjnuous-tone (contone) inmages and graphics

usi ng dithered bi -HigeA ehavs a detiledyigwof tha prep irgdeskiadliguee®r i nt supports a

bl ack resol ution gf [ : t .1 : . pi xel s per
inch (ppi). CePri Jig éSJQgrﬁnngﬁgdgq?ﬁv,gﬂ%@ggﬁ,g@%g&gﬁ&ﬁl Y s wi th T he
CE devi ce (host) pgiigeet®showsiasidg viewt Gomhel ofher side, of thegripter giiiguwres/ <)
connection. CePri n i : : page to the
| evel of contone E’%(Jé?isf %%Hgglsgﬂg&ag%ﬁé?‘Héﬁﬁgﬁﬁg@?tﬁﬁ%gégggg&] orr%r esses each
render ed pagerelationshipPetean a BNE dngine sudhimagmitransfcomechduisineé the printet he pri nt er .
CePrint deconpres i . L VAP R ed of its
11 mcro-el ect roneslgégﬁ% ohﬁtﬁ?%%egﬁﬁlg%%%*gﬁaﬁtﬁgﬁg&% V%EesPri cont ai ns
suf fi ci ent bushosingthemringhend in & paskedonaprisistingicopditien relagivi)o theiransiei ng it to
print one pagﬁ?mﬁglﬁ. recei ving the next, but does not contain sufficient
buffer nmenory for even a single unconpressed page ( 119MB). The

doubl e- si ded ver silognrei2Bxpws aischeotiasidesviewiof the part ¢ftbeidevichs effippetlat e in
paral lel. The i Ipﬁ@g ach of which
replicates th%ﬁﬁg}gt@; oungd .ﬁ‘;]"e‘%i“zﬂép‘yn“é‘@?g‘f‘ﬁfégtgﬁ g?‘%ﬁérgr?ec@' &Pnt . The
doubl e- si ded ver siRigurdtkshaws aischesptinsdardéw of the treangeoent e the printheads énd host

processor (3l\/§£‘§ -l ON T gi ves a summary product
specification 0 }efﬁécy ng e-tg?g(gl&hggﬁ%ﬁ}g%fOet:}?%’g%%’ver sions of the CePrint

unit. 12 Tabl e IFiguBe ¥ shotvs gtieed-dineationah sxpigled viswadd papar diivecheiniof thesi ded
ver si ondot pi Bl%m 600 dpi paperstandard A4 / Letterpaper tray capacityl50

sheetsprint s aed30 pages per m nute60 pages per mnute, 30 sheets per
m nut ewar m up ti ndhiguré 15 showp aithaee-dimeesdorl wew oflie priltiggysern ofthe ptigé; seconds

edge bl eed) pr i nt headiaL A e ERRRE BrE iR Ripn iy A Se Al ot e (1

pri nt headspri spstemetfifamiselt ¢l eani ng transfer rol | er, titaniumnitride (TiN)

coat eddual transf ePri%x[ré)HﬁxgoirEL%%g(lehen)éoW xsa\rc,i\x})gféomﬂ X 272mm x 416nmm60mm x 272mm
pr 0X g .51%0

x 416mmei ght 3kg (a ppr oX I’ suppl ySv, 4ASV, 8Ai nk
cartridge col or cdpgue 18960 pblpek dagrab¥printersoagallen krchitacturé;dge bl ack

capaci ty900 pages 9 I i trl i ze. (. d) 2l nm x 188mMm
< S 15" 3 NENDEF DR RPN R A R e S 0ELS 1600 ap

bi -1 evel CWMYK. On Higire 20 shows adlochdipgram of ac EDBL egpanderdmggp f or ns an al nost
perfectly circul arg AR I 001 - r i1y produced in

i sol ation, allow ané%?sperogJéggg%?dg 1 eorflgﬁgﬁpgsgee&@%f%elrt ed to its fullest.
Si nce the Menjet igun¢t 2shdws 8 bjpek diagranitdf a aumibngthaleeides wi th a constant paper
vel ocity, the fourg n r rinted.in.perfect registration,

all owi ng i deal dotgléﬁ%j%{s%hgﬁﬁoﬁgqﬁggwcoga eerngmieglc%d%ﬁsequent ly no spati al

i nteracti on bet wediigwoloshops ableek diapmmadadPElE tidvederyrat ri x i s used for each

col or plane. A page_| t may,cpntain ixture of images, graphics and
text. Continuous gﬁgur@%? shows B b1oek glagram of a Tarkonte compositor thit;




tone (contone) images and graphics are reproduced using a stochastic

di spersed-dot dither. Unlike a clustered-dot (or anplitude-nodul ated)
dither, a dispersed-dot (or frequency-nodul ated) dither reproduces high
spatial frequencies (i.e. inmage detail) alnost to the limts of the dot
resol ution, while sinultaneously reproducing |ower spatial frequencies to
their full color depth, when spatially imategrated by the eye. A stochastic
dither matrix is qag&ézdslhnglsaiagﬁﬂpbfm rblau&fsms b&fve&bpagetvmﬁsaﬁh thargins;

| ow-frequency patterns when ti]ed across the, i such its size

typically exceeds rt‘%\’ée?ﬁSﬁ’PWﬁﬁf’E’Fliélagréﬁhﬂff‘éH‘“t@“ES?}B’H&‘tpefdmﬁunber of
intensity |levels (Fige 2sls@xzsw;§1s§cpufa§rafnfbrf1o’g§7ofmttﬁﬂ§hﬁr¥shbﬁ\aﬁhé) CePri nt
uses a dither volune of size 64x64x bit's. The vol une provides an extra
degree of freedomidgne #showea glosk diagrem of p spegker firdorfage; al | owi ng a dot to
change states mul thigke3 {1B5S a bibke by ol B bnirBRB Eontloflaic;, L han | ust

once as in a conventional dither rix n contrast sensitivity peaks
at a spati al freq Wignes/3 lothowh a sehe@atig/represenistion efedyleraictifagy M’debipmfthe@dad and
then falls off & ¥% f hevend about
40 cycl es per deg%ﬁ%dr %%géérﬁhﬁgﬁﬁ agsetq}f&gﬁ fadﬁie?/gir:@&eé‘% cycles per degree.
At a normal viunhersd inlfidngordes; of 12 i nches (about 300m), this translates
roughly to 200-30 i . j es200- 600
sanpl es per inch g:c ef%fs?]xsag ésﬁ)@/@%ﬁxﬁ@ﬁ’ﬂgéep %ﬂo&%@%@@ﬁ%gﬂrﬁg& Ton beyond
about 400 pi xmimbeprdrin loadbrdéppi ) is therefore of linmted utility, and in

ot aphi o8 ar o1 opr et obSa cRRICRERI PV TplolRell kpfiusngighod ! and

t her ef or e not ofxath @larased (i.e. |ow pass filtered) before being printed.
Text is therefore 1 ts. di-scussed
above, to produce rgfrlpg%i&mk%gc}llg&xvxﬁé;%pgse%gfaﬁg y m?ofjé ({H'epgﬁglgﬁ?ﬁe eye. Text
resol uti on upchremaodyt 1200 dpi conti nues to contribute to perceived text

h
Sher Prcss ESSUM el ot bl SRR crlf 4 W AT L VR
g p pag

full edge bl epdigroBps;r espondi ng page |m51ge Si zes are set out in Table 2 for
Varl ous Spatl al r Ol U%is g\%s g‘rs]c Sﬁng!lc I'CB\ZS :jjd ono rel EOIESEJE 9“'16'61?

di scussi on. Note that: SI'ze 0 ﬁetter
page, alt hougﬁregﬂmepsl,ﬁhas@tomag:edgrsupmadd&chroﬁamds buf f er requirenents ar e

t herefore based o |Ie | i ne ,buffer ased.on letter.
Table 5. Page | nagusits WilonSe Pt st ARG APl B SRBE© nfet

(bi ts/ pixel )A;éﬁntinggﬁ:ld)pf fer sizelLetter page buffer

Si ze160032948MVB91 30 237 2 003259..3 7.1 2673226 4NMB25. 4MB160041
19MB114MB800429. 6 ‘?%ﬁ%f’%%@é%ﬁ@%ﬂ/ﬁ%@a RS MB210mm x 297 mm or
8.3" x 11.7" 8.5" Bigutd40 shéwRa Glonks tingiamtof a Memj@ diiterfifcej Nt errupting a

Menj et - based pri nter d ri,n nt| yces

di scontinuity, so P|e %’88’%?88@@&“?% ?%egerﬁf?‘f'ﬁﬁﬁnﬁg ?’\I/aéietﬂwe entire

page before ceidtsnci ng printing, to elim nate t he possi bi l | ty of buffer
underrun. Furtherr’ﬁ fhot Qe Orcgglsm' SSOIf &c tEhec page fromthe host to the
printer takes S|gn|4 i ?’lF‘rB PR P time it takes to print
the page, then it ngxram/shmmgemsmuﬂ opermw@édctubte ufifgenddifring ipsinting df he
printer so th Al ﬁl{]ed?ﬁﬁg can be printed while the next is being received.

If the transm S&i on of a page is less than its 2-second printing tineg,
t hen doubl e- bufferlflguyemétmmablmekﬂiagrlamfwtheagmdrerbfmhmlpaiye’fdmhtamnf CePri nt
to be achi eved. Flfgure ﬁshowsustrate {nlil |fped printing rate achi evabl e
wi th doubl e- buf f er’i 1§ 8 EooBptEal stucurd o a Bufte

Figure 46 shows a block diagram of the logical structure of a buffer;

)

Figure 47 shows a diagram of the structure and size of a two-layer page buffer;



the printer, assum ng 2-second page rendering and 2-second page

transm ssion. Assumng it is economc for the printer to have a maxi num of
only 8MB of 15 nmenory (i.e. a single 64Moit DRAM, then less than 4MB is
avai l abl e for each page buffer in the printer, inposing alimt of |ess
than 4MB on the size of the page inmage. To allow for program and worKki ng
menory in the printer, we limt this to 3B per page i nage. Assum ng the
printer has ogldy a typical |ow speed connection to the host processor, then
the speed of this connection is 1-2MB/s (i.e. 2MB/s for parallel port,
1.SMB/'s for USB, dfigure ffsshows ablaclodiegrantofa Windows /N RAEEmwinteg yste@vetd page

transm ssion & ting time), this inposes a limt of
2-4MB on the {n%te ddﬁy&bps&n{smﬁdﬁ%éem i.e. alimt simlar to that inposed

by the size OQEWL_M@CU ce, because the host processor and
the printer can be g pI ed, a high-speed connection between them
may be feasible. a ever tr e speed of the host connection required by the
si ngl e- si ded ver si "pruhteﬂaPaqcmﬂan@tvethdbuhbmtlem ahajlugleperfanmanoeqdbrﬂmta

connecti on of Render.i n Page
rendering (or ast IP%“zleast hgﬁ?a%ﬁc'qgéngﬂ%g? "BEW V\%tloﬁgf ﬁénq%@ g@' tg’gor and
printer in vardpoodactivaylsutilzesnan §rpapé-eddih nnqamctromedhambal pmpﬂmh@dl“thiahon

| anguage ( PDL uch Post s.cr.i a i nal

cani a3 o oabraiin @D oRREREM Bbp ki LR GuRole e YA Ryt y ¢ o
rendering t exthis descriptibn the priithesd téchnsologyeshall bé ieferred TorrsSMesijiat, land the ptintete s
support for g}ahtb g.or do Bac{abl e fonts. In each case the use of an
enbedded rend © FATrdde s K& MM yder i ng bur den on the host processor and
reduces the anountCePkintiatanctived@intorigthal dqoiﬁhkﬂendhﬁﬁbtuw(mw degigricthe

inter. Ho t hi t |
Phan they m oht tisbiseh el o fnsfindh el ronio ChF aflent ented EpERIRHE, 1 o
gr aphi cs syst efsvixionk hECRmBltqto(IIhptwqbt DWIDphyagpIchgt;temm Wbblgfeﬁfél; const ruct,

of the host " plGrisEEdPRPUEBRRR end @eRropies: by Re degutiin e PEicil T

pages, i.e. Cbﬂbwnefeatﬁﬁlek)vaﬂdﬁwfmhpzﬁﬁl Mptd@ﬁle@hs)éﬁiccés@‘f@i)apemﬂ uiild‘&sk t ext
and graphics to .the dot |eve rint contains él ly a si

rendering engPhESHHE IRY- &thpﬁrém§1x)[q,] rizgpilrientatigninder o%ﬁﬁleﬂ‘é‘?"f‘l‘? esul ts
with any foregiditivgls.bi -1 evel black text and graphics. This strategy keeps

the printer sinple, and indepe ent f_an de crl |o | an uage or
graphi cs system I(Pepf’t}t‘fx?tséﬂﬁ'ln t%ndtq??éblﬁ'séFfPYfg 95y ee%l BN n the
Pﬁst p{ octe_sslanmt 3@fullléolok m:tdt B?t@gpﬁgey \Aﬁemﬁaiberhtdam ﬂ@ed&feréti({ﬂ;gmf&tﬁoat teﬁy i's
e potentia e anmount o i ch nus e mtte e
host processof‘mt"i??‘tr%%geﬁl’?rﬁ‘t‘@t‘te (‘\Fég(ﬁ %Ftéi’?fr’@“t‘f@e‘“& [‘Z@E’i“dﬁ“@?“? é‘b‘ﬁnce t he
page inmage si p@etﬁzetshels%ﬁignequtmﬁelof@mﬁukdcm@rﬁs&ttﬁb@gﬁrﬁu nting rate of

30 pages/mnute. An 8.3" x 11.7" A4 page has a bi-level CMYK page inmage
si ze of 119NB§/tles gl’e"i%‘m?l@ﬁ?meé"nd a contone CMWYK pagesi ze of 59.3MB at 400

pplh Ve :Jsel JPEG C@f)éPﬁhﬁ%ﬁ‘o@t&ei BladkaeR’288 grapltlelcgeatmmgw@el b%dklwidgh JPEG is
i nherently | oss or c ion ratios, o

usual 'y negli §f %°“s‘f?5‘°g“cqﬁ magfmagigaa‘étmsylgéahis%@? ha@#%ﬁf | ess
than 10:1, anﬁra&t‘ibabfhﬁlﬁiséb GéPridﬂhq‘@bﬂéa&@ﬂir@%ﬁm’bﬁ)obsodd%i/@hdiﬁm@w we choose a
cont one resol ution of é_ﬁ égqlt'x ields a contone CWK pagesi ze of
25.SVB, a cor FSUBEALA B‘dﬁg?"é dWPitatio of 8.5:1 to fit within the 3

][VB{ ?age i ”} t, y anﬁb@nﬁaméxﬁm?édqnblcd RViRE, aﬁ@&dnﬁmﬁnicatfbsa Gith the @B devide (mw: on. A
ull page o ack tex or sterize nt er, resol ution
(1600"dn ) yi BROSSA VB HETED IPWatred bt MBS comesie: SPurBrliGondten; at
1600 dpi pl acﬁﬁc@sdwﬁéﬂdebéubﬁlﬁfge%thb Melmﬁént&fe@ﬁ@ﬁ%ﬂ{ blhdkIdofs. BHERHokt gai n in
quality, ose to rasterize text at 800 dpi.. This yields a hi-Ilevel

i mage of 7. 4warocqsaqﬁﬁ?mtrﬁﬁ@esa‘:awg%deegeaed&m@m %MB dorsplstwsr secenddeliyegiton 5. 1
to fit w thingehantdVBERAO8echinPlelses M pRGR HIRVRgd IiHe By Hid 4 Ihespbedf s MENSi onal

bi -1 evel conpression schene simlar to the conpression scﬁene used in G oup
4 Facsimle. As long as the image and text regions of a page are

non- over |l appi ng, any conbination of the two fits within the 3aMBlimt. If
text lies on top of a background inmage, then the worst case is a conpressed
page i mage si ze approachi ng 6MB (dependi ng on the actual text conpression
ratio). This fits within the printer's page buffer nenory, but prevents
doubl e-buffering of pages in the printer, thereby reducing the printer's
page rate by two-thirds, i.e. to 10 pages/m nute. 4.4 Page Expansi on and
Printing As described above, the host processor renders contone inmages and
graphics to the pixel level, and black text and graphics to the dot |evel.
These are conpressed by dlfferent means and transnltted together to the
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i7 fromthe host, and one for the page being printed. The printer expands
the conpressed page as it is being printed. This expansion consists of
deconpressing the 267 ppi contone CMYK i nage data, halftoning the resulting
contone pixels to 1600 dpi bi-level CWMYK dots, deconpressing the 800 dp

bi -1 evel black text data, and conpositing the resulting bi-level black text
dots over the corresponding bi-level CWK i rage dots. The conceptual data
fl ow from t hemgpptle@biethinical iblje (MehijétPstindReE JeBrintlcbnisihg fuffddenit Buffdirgure 7. 5
PRI NTER HARDWARE CePrint is concelved as .CEM part designed for  inclusion
primarily in WEHYRWECREPIESHT RAgey (6i B)d%l& tOIPHPb‘H‘&@EECg?Q? de€IVinge| ude
tel evisions, MeRext, juh@ded bl cBhtaM 8uFicickMufiRl A¥RSS fortdved d siSIStRBMmpressed

Veb/ | nt er net term nals, conput er nmonitors, and vehicle consoles. It
features a Ioﬁ%ﬁﬁHﬁPﬂ% front panel and provides user access to paper and
ink via an ejecti nﬂlerdB@dIe-sﬂiéd VRRRINVEERPHR Bt i%%‘hﬁlleadgr\dh?dﬂto%ﬂaﬁrin under
donestic environnental conditions. Because of the sinplicity of the page

Wt b Ner ot PP Hess pruBrack e Teshy separete dea paths sach oRshich rapheates tRochani sm
whi ch yi el ds Rfic y&a%iheahgégﬁkdb&wmf@{]rﬂpmé&me skh%d%rei%ﬁassa ded version
and 60mm for the doub ver si on e nature M pr oduct

di ct at es t hat carxespomdingly faster sqmpnt@ntmthsbgsteroawaorr(@YIBébt m ni mum di nensi ons
for inclusiongint Syﬁyi int is styled to be accommpdated into
all of the targetqnﬂﬂé pr odu ?% gﬁgﬁhas m ni mum overal | di mensi ons of
40mm hi gh x 272mmTebld gtvaasummrd@eqﬁucmnwmaugnQfdmeem@dranddﬁubﬂme pr oduct
is the front pl astics. These can be re-styled by a
manuf act ur er L@%Rh%u%?ﬁﬁ&é@&ﬁg%gﬁg CePrint with a certain piece of

equi pnment. Front views of the two versions of CePrint or the printer are
illustrated in Figures 1 and 2, respectively, of the drawi ngs and are

desi gnated generally by the reference nuneral 10. It is to be noted that,
mechani cal |y, both versions are the same, apart fromthe greater height of
t he doubl e-sided version to accommpdate a second print engine instead of a
pinch roller. This will be described in greater detail below Side and plan
views of the singlesided version of CePrint are illustrated in Figures 3
and 4 respectively. The side 18 view of of the doubl e-sided version of
CePrint is illustrated in Figure S. CePrint 10 is a notorized A4/ Letter
paper tray with a renovable ink cartridge and a Menjet printhead nechani sm
It includes a front panel 12 housing a paper eject button 14, a power LED
16, an out-of ink LED 18 and an out-of paper LED 20. A paper tray 22 is
slidably arranged relative to the front panel 12. \Wen the paper tray 22 is
inits "home" position, a paper output slot 24 is defined between the front
panel 12 and the paper tray 22. The front panel 12 fronts a housing 26
containing the working parts of the printer 10. As illustrated in 5 of the
drawi ngs, the housing 26, in the case of the doubl e-sided version is
stepped, at 28, towards the front panel 12 (Figures 1 and 2) to accommodate
the second print engine. The housing 26 covers a netal chassis 30 (Figure
8), fascias, the (nolded) paper tray 22, an ink cartridge 32 (Figure 10),
three notors, a flex PCB 34 (Figure 8A), arigid PCB 36 (Figure 8) and
various injection noldings and snmaller parts to achieve a cost effective
hi gh vol une product. The printer 10 is sinple to operate, only requiring
user interaction when paper or ink need replenishing as indicated by the
front-panel LEDs 20 or 18, respectively. The paper handling mechani sns are
simlar to current printer applications and are therefore considered
reliable. In the rare event of a paper jam the action of ejecting the
paper tray allows the user to deal with the problem The tray 22 has a
sensor which retracts the tray if the tray 22 is pushed. If the tray 22
jans on the way in, this is also sensed and the tray 22 is re-ejected. This
allows the user to be lazy in operating the tray 22 by just pushing it to
cl ose and protects the unit from damage should the tray 22 get knocked
while in the out position. It also caters for children sticking forgers in
the tray 22 while closing. Ink is replaced by inserting a new cartridge 32
into the paper tray 22 (Figure 8) and securing it by a camlock | ever
mechanism 5.1 Overview The overall views of CePrint 10 are shown in
Figures 8 to 10. As shown in Figure 9 the chassis 30 includes base
met al work 38 on which front roller wheels 40 of the paper tray 22 are
slidable. A bracket 42 accommpdates notors 44, 46 and 48 and gears 50 and
52 for ejecting the paper tray 22 and driving a paper pick-up roller 54.
Attached to the bracket 42 and the base netalwork 38 are two guide rails 56
that 19 aIIOM/the nDIded paper tray 22 and its rear roller wheels 58 to
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CePrint 10. It includes control and status handling as well as the actual
page description. 6.1 Control and Status The printer control protocol
defines the format and neani ng of nessages exchanged by the host processor
and the printer 10. The control protocol is defined independently of the
transport protocol between the host processor and the printer 10, since the
transport protocol depends on the exact mature of the connection. Each

message consigts ofjpMACr-BhSERRSEREGGgNEode. fol l owed by nessage-specific
data which may be of fixed or vari abwe size. All integers contained in

messages are encoddemietiprigtheadiredices, 1680 dpidi-evel (MY K. Gn lns-difasionparpiand
messages sent ey efebed Eﬁﬁ Yorkis Q&ﬁﬁx%&rspggfgct%gz&cvﬂ Distim HmetlARy Dots 4B | NL €Y

command nessagescomand nmessagenmessage e descriptionreset printerlResets
the printer teasdnpiodneed it iselation; allowingadispgrsedrdotidisheripgitmbe exgloiterbto itsr i nt er
status2Gets t : ' 5 w
doourmnt. st ar HhacsEthe EhiR fingdletRe SRl o R WAFR Bl Bn BB
band5Descr i beselecityathel favk caléreplanes are ptintediinqetfeqs acpistration, pliogdpHdeld dothon-
description o he.cu age. end .docunment 7E i ur.r ent
docunent . Theaortéggttlggprgl{ng‘?{g?r%g%ér%r)#éaeﬂgmggﬁm ﬁéauuslggmtc%onrbggvsejet%n £ (ﬂgr Pg |esfi;?he‘3 r to

cl ear an err osanmeclitiet mainy isawsal fooeaalbcolér ghanent i ng. The start document command
is used to indicat‘gt €rt of anewdocgiment. the printer's

he st Thi.s reset

page count, whi ch 4+ 8E4RR" I RuelABRATE PEHES TR PR ERMIFON d and
even pages. Tioge odtone)images aindgraphivsdre reproducpd ysingseedochastic didparsedelot he end of
0 205Tent - gt Rues 556 B BB SR POREA SRR BARE o50°0° e
or nore page hendscywhodulntedi} dither teprddness aiphupatiapfigmentoins ienimagé Hetaif)age header
Is transmtt egmtogt t}) the li?r[iés %&&2 d(i)tnrestopu?iorsl,tv?hrife sgr%ﬂt%neously reproducing lower spatial

frequencies to their full color depth, when spatially integrated by the eye. A stochastic

dither matrix is carefully designed to be free of objectionable low-frequency patterns

when tiled across the image. As such its size typically exceeds the minimum size

required to support a number of intensity levels (i.e. 16x16x8 bits for 257 intensity

levels). CePrint uses a dither volume of size 64x64x3x8 bits. The volume provides an

extra degree of freedom during the design of the dither by allowing a dot to change states

multiple times through the intensity range, rather than just once as in a conventional

dither matrix.

Human contrast sensitivity peaks at a spatial frequency of about 3 cycles per

degree of visual field and then falls off logarithmically, decreasing by a factor of 100

beyond about 40 cycles per degree and becoming immeasurable beyond 60 cycles per

degree. At a normal viewing distance of 12 inches (about 300mm), this translates roughly

to 200-300 cycles per inch (cpi) on the printed page, or 400-600 samples per inch

according to Nyquist’s theorem. Contone resolution beyond about 400 pixels per inch

(ppi) is therefore of limited utility, and in fact contributes slightly to color error through

the dither.

Black text and graphics are reproduced directly using bi-level black dots, and are

therefore not antialiased (i.e. low-pass filtered) before being printed. Text is therefore

supersampled beyond the perceptual limits discussed above, to produce smoother edges

when spatially integrated by the eye. Text resolution up to about 1200 dpi continues to

contribute to perceived text sharpness (assuming low-diffusion paper, of course).



command. Each page band is transmtted to the printer in a page band
command. The | ast page band is foll owed by an end page command. The page
description is described in detail in Table 4.2. Table 4 defines response
nmessages sent by the printer to the host processor. Table 4. Printer
response nessagesresponse nmessagenessage codedescri ptionprinter
status8Contains the current printer statuys(as defined in Table 7). page
error9Cont ai ng t hep AGR DEIGVERY RRE|IPECGUGPde(as defined in Table 8). A
printer status nmessage is nornmally sent in response to a get printer status
command. Howeddr K RageImagaSizesof the connection between the host processor
and the printer ney.pahi SWitd MMleRL dsQui el Cdrfhosidi nessages
to the host pr oces_seor. nso‘?f%nltat eeg ﬁagys&g&%@g%@s eg'qu owq)to?nlgé F’eporti ng
of printer exivsgesigesare 5t ouién Table2 for varons spatialaesdlutibesrast yolordepthe used érr

W thout requi ?(glom%ed?ﬁﬁésioﬂ.r R&S%E’ﬁm K QPAnlAA{SQa%? Blce s Gile s ofta LEHUCN
basis. A page error ssage s sent I'n respon 0 each 'start page, page
band and end pmgeltbougheindl.ctt®ange isSvidaf Page bufifdreequiremmits avé theteford Baséd ¢n pri nt er
status cont ai .0t h rinter statu SS . 24 Table 5. Printer
status format 5?’31"8%#%“8@5‘@%% u}rgﬂ?'nisaad?gafﬁ orbﬁ‘%ﬁf'er Is ready to receive a
page. pri nti npTdlle2PdgeImage Sizgar i nti ng. error2The printer is in an erfor

st at e. paper pH-ay—H-ssihrg3the—paper—tray—+-s—HSSHhgrpaper—traygenptyfiThe
paper tray i SSWWSPWR‘B"&HW@B@% gsi ng5THe i nkrucg_rgri detteF's m ss{ng. i nk
cartridge enpty@biu/inel cert(lbitgi?ﬁems IHaGY buffér sgar {1 | dge Buffersizehe | nk
cartridge islin-an error qtate (reseduved) 8- 16Reserved for future usge. Table
6 defines pape err§POcodeq whi 3R nay |[be r&8MBed i a padd3MB or mebsage.
Tabl e 6. PagfF €TTOg5COUESHI T OT 350UEVHl uedggﬁ\ghpt'ru_r Mo ETTRHEENO €rT ol . bad
signaturelThe signature g not f'ecogni zed bad versijon2Thé version j§ not
support ed. bafl par o4t er 3A [par a8t er ifs i n6®3MBct. ¢. 2 Pagéd.lMscript{on

CePrint 10 rpprod btagk—at—Ltt-+—got o 16068 dpiR——but
, 32 h ! N 54MB :

reproduces cpntone color dt a sonewhdqt | oWer Tesol yti on dsing halftoning.

The page despriptilé@0is therefote divided1l9MB a bllack | ayéMBand a tontone

| ayer. The blaek Ig"ﬂée'" -s—tdefred—+to ce'*p%‘g%gﬁ% evef—the %ﬁ?} "nnl. e—ayer .

1600 1 29.6MB 28.5MB
800 1 7.4MB 7.1MB
*  210mm x 297 mm, or 8.3” x 11.7”
b 85”x11”

42  Constraints

The act of interrupting a Memjet-based printer during the printing of a page
produces a visible discontinuity, so it is advantageous for the printer to receive the entire
page before commencing printing, to eliminate the possibility of buffer underrun.
Furthermore, if the transmission of the page from the host to the printer takes significant
time in relation to the time it takes to print the page, then it is advantageous to provide
two page buffers in the printer so that one page can be printed while the next is being
received. If the transmission time of a page is less than its 2-second printing time, then
double-buffering allows the full 30 pages/minute page rate of CePrint to be achieved.

Figure 6 illustrates the sustained printing rate achievable with double-buffering in
the printer, assuming 2-second page rendering and 2-second page transmission.

Assuming it is economic for the printer to have a maximum of only 8MB of



The bl ack | ayer consists of a bitmap containing a 1-bit opacity for each
pi xel . This black |ayer matte has a resolution which is an integer factor
of the printer's dot resolution. The highest supported resolution is 1600
dpi, i.e. the printer's full dot resolution. The contone | ayer consists of
a bitmap containing a 32-bit CWK col or for each pixel. This contone inmge
has a resolution which is an integer facfi9or of the printer's dot

resol ut i on. ThenBhaRe sl EIRARS el1eR Thah IVEAL Pl for Sachdfi ST Xt h t he

printer's dot resdlution. - The contone resolution is also typically an
i nt eger fact obuffdr in the ptinter; knposiog b Limited less han 4P| dnfthe sizernffhetppgmimagsn Tehe

printer drive | iganpg . i PRI A r and the
cont one Iayeralélorvae%tg{o I'n tg%@g@tﬁg@ﬁ&gﬁ%ﬂp g%%%%i“&“e@?“ﬁ%ﬁ?ﬁé%?on over

t he | ow speedimaganection to the printer. 6.2.1 Page Structure CePrint
prints with full egdge bl eed US| 8. 5" ‘printhead. |1 i no margins
and so has a pri ntg rggﬁggeepngl?eég% |ycahty§l8?'lﬁ% B%eﬁggorf%a{oﬁéon@?;%%of its paper
(A4 or Lett er procekbar, ther the spgpdigfthisicamnetctiondo h-aMBAs (he. RNDB/s fdrparaliel pobl e page

Gescri ption. SR fof ismr iRy fos Tmesp et Asfhie SRR vl £ cic 1y o0
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conplete an e cont al ned. .lnege | 0 a ransm e 0 e printer
ceparately 1 BPPHATREGSe U] PR Bl Ry g eRBet M | oh 1 f er .
The page descri ptiRprades bsdagsetlie lvstagessocadale ptiite bartiesddstlyesuplddca si ze and
resol ution of

e e, followed one .or. npre page bands whi ch descri be
the actual pal#$ '(?P)%?g?&“.“t*l"gﬁcg”e?nB%Wytbﬁéea?@knat of the page header. 26
Table 7. Pagﬁ headwhatbwi tmtsf;éeeIodfhemmbdmsarohpéqgﬁedsbgmabiugle%ﬁcd)%drsign off
i nt eger Page er fo S gnature.versionl6-bit,.integer Page header format
versi on nunbeg.g}gw't}g?éﬁ%gieéﬁldzegf%'-s'ﬂf‘feqf’ﬁ‘isé’d:(?f"ﬁc?%“‘Eﬁftwﬁa L$pESfter . t ar get
resol ution (dp3) 16pdpeRendéragindaComptessivn of target page. This is al ways
1600 for CePrint.target page wi dthl6-bit integerWdth of target page, in
dots.target page h%ggm“ﬂ%! i(?r’ﬁ?%%ﬁé?@ﬁs?]b‘fq’ef“ﬁeﬁ&ehﬁﬁgéqce 4Bt s. t ar get
| ef t mar gi n16pMitér ih KRS WAl BbmOpridtérs Sport Qfdll}fﬁ@é_@és&(,ijptioﬁ ld@hdpe (RDIgEt t op

rer i 1O bl L L copL el o O LaOE Lo TG0, Sl thack Real o
provide special support only for rendering text, to achieve high text resolution. This
usually includes support for built-in or downloadable fonts. In each case the use of an

. embedded renderer reduces the rendering burden on the host processor and reduces the
amount of data transmitted from the host processor to the printer. However, this comes at
a price. These printers are more complex than they might be, and are often unable to
provide full support for the graphics system of the host, through which application
programs construct, render and print pages. They fail to exploit the possibly high
performance of the host processor.
CePrint relies on the host processor to render pages, i.e. contone images and

graphics to the pixel level, and black text and graphics to the dot level. CePrint contains



resolution (nmust be 2 or greater).black page wi dthl6-bit integerWdth of

bl ack page, in black pixels.black page hei ght 16-bit integerHei ght of bl ack
page, in black pixels.contone scale factorl1l6-bit integerScale factor from
contone resolution to target resolution (nust be 6 or greater).Contone page
wi dt h16-bit integerWdth of contone page, in contone pixels.Contone page
hei ght 16-bit integerHei ght of contone pagge, in contone pixels. The page
header cont ai a3 sEhfIORhHE R elnd Ghich emlewgélsbn?dnleqmmcoa{bma; fib rdstltd denti fy
the page header "format. |f Fhe signature and/or version are m ssing or
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define the piREICSIABEHF4ERER Gho PP to G APUSHIRERERINER%I08 Y act or to
the target repagbesminoe. Table 8 shows the format of the page band header
Tabl e 8. Page band, header formatfiel dfor ript.ionsignatyrel6-bit

i nt eger Page band Hae‘bgég"ﬁb% 2‘@? pPagedust E‘f%@bg’ﬁﬁgﬁi 1ppge %Z%Pgi;féb ®ahand
header for mat 16001dpi, @kt 4\¢onRME CM YR phgéiee 6 H3MB hi 400ippt eger Si ze of page band
header . bl ack band height%G-bit i nt eger Hei ght of bl ack band, ig bl ack

pi xel s. bl ack band W&ab¥ EFEFeempisssion i cempresjthecogions daip Alhange JFEGLs | n

byt es. cont oneinh&Bsiy6dsg Torl@mniprdssibmiaB8LsH10] 107 lesOthe T62B isqissully abdligiblé) TEONt one
pi xel s. cont one_pand gﬁta si ze32-bjt inte9er i ze of gontone band data, in
bytes. The bl %RIEVe alish-apaiu rupRIpssionastionnd lspibam ): hiapd frobtainangpisgiel hand, and

the size of igdntdhe tbiQEeEALibAINIchdaded corltbie MsulhtRRAloP267 ppt. Thisasddshand dat a
follows the fixed-sjze parts of the page band header., The c?gé?ne | ayer

paranet ers defanfpge LY ppgssize 0525 MB.asqierending eompsession o of $-&+189 fif ¢ s

conpressed pa@fhif #eBMB/baze'RMit, aft £contoh€ tORMRNRALSSND6 Hodach diflch@S the
vari abl esi ze bl ack band data. Table 9 shows the format of the variabl e-si ze

conpr essed band dat BUARIRERf tlagktoxhkand/Reerprhics) palstzed @ahpranter resgltien §60bage pand
data formatfiglip¥iaasmbidess irhdpe oPPR6MBKSiRGNEstélhriafbdtlat-1600 14 ﬁiwcem?)r essed

bi -1 evel black band data. contone band dataJPEG byt estreanConpressed contone
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required padding i's included in thé size of the 1ixed-size part of the page
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bi-level compression scheme similar to the compression scheme used in Group 4

Facsimile.

As long as the image and text regions of a page are non-overlapping, any
combination of the two fits within the 3MB limit. If text lies on top of a background
image, then the worst case is a compressed page image size approaching 6MB
(depending on the actual text compression ratio). This fits within the printer’s page
buffer memory, but prevents double-buffering of pages in the printer, thereby reducing
the printer’s page rate by two-thirds, i.e. to 10 pages/minute.

44  Page Expansion and Printing

As described above, the host processor renders contone images and graphics to
the pixel level, and black text and graphics to the dot level. These are compressed by
different means and transmitted together to the printer.

The printer contains two 3MB page buffers - one for the page being received



28 The entire page description has a target size of |less than 3MB, and a
maxi mum si ze of 6MB, in accordance with page buffer nenory in the printer.
The foll owi ng sections describe the format of the conpressed bl ack | ayer
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conpr essi on r&tHE PEPET 3R ’t'%vbaafejegﬁ’égt@ggﬂﬁpﬂat ‘?Oé‘taé %’ﬁ“f’ﬂﬁ’?‘fbssl essly

conpr esses bldohﬂbt&lend@dlﬂlehﬁlcdnﬁﬁlbﬁm ssi on over error free conmmuni cat i ons
lines (i.e. the lines are truly.error-free, erroy-co tlonls done at
a | ower protocol b&?ﬁé‘f‘ﬁ“"ﬁ"ﬁ%‘“ N of eBP&joW‘f"th&f’ﬁ"i‘Jgtpd‘é‘g’éﬁ‘i ‘["ﬁé BHY oup 3

al gori tCI hm \éﬁaﬁlhlttd%n?aa%hl méchaiﬂdnféuhgnltyim@b%ralspxﬁ'@w hﬁmsmmnmdl S
assuned to be error-free, .1 D-enco i.n e no, | onger generated at
regul ar int erd&ft '§‘d%iﬁveési“d”c“86§ Prﬁhée?}g’i“r'i}‘ged(‘;‘?ﬁl?ﬂ 4 achi eves conpressi on
(r]I atios ranlgl ng 1; r m}?&ur&oml @El?ﬂprﬁ&ibtdl&@teméﬁ-rshs&lﬁ b@fsmtpeﬁlh snylmdes Th?e f
esign goals a erf or mance, of the resmna thm qual i fy
it as a conpr&@"é’fgﬂu‘a?‘ﬁga ?@F‘"P]Héw‘b} E)q]&?‘eﬂm cﬁc Q\E‘Q/er its

Huf f man t abl egcomm&ated tntb HIMEEkhE Rrgdt Jneayetrpr&ﬁa@ahmasrxﬁﬁﬁlwﬁm&n( 100- 400
dpi), and it encodes runl engt hs exceedl na 2623 awkwardly. At 800%411) our
e

maxi mum r un| eigemions oltdmm highy 232w widg x b@gwc&elaTaasnlxcmaeeﬁm ni ght
be avail abl € dr@fucts theitfdnt A8iPdrd HoRl rdyPishicy] ’rﬁ‘erseeiﬁlb@ré sigklibp 7), it night
not handl e runl engt hs exceedi ng those ‘normally encountér ed in 400 dpi
facsi m | e apphdngfactuess if theyriisls to IGePrinttithracergiapiereeficapiamenti nce nost of

the benefit of G et dew MR tivb WBisiohEofERPHR 0P ke PHAEre Musitaltl iPFig@tgPr | t hm
based on delta-encoding alone is likely to nmeet our requirenments. This

approach is 84 2rEwedivEly, ofdhedrawings adaredesienated spmerally b the refeenceapmerala n g

Runl engt h ( ECfL is0 BPARSStha méRadi@lly, Hofh veRRRs dféh{e%mﬁadpmr@ﬂﬂtg&a&m tL)
conpression format is based | oosely on the G oup conpression format and

its precur sorhsight efherdouble-sided yarsien (R P%Wt%?%@‘?@mh%k”@ instead ef apinch
ent r opy- codedoliefH%Ewiflbe déchBldsn Eﬂé&&vde{sn 'béloﬁ%& an@'Bfhn 598 of b Eﬁ%lefac h line

is coded with reference to its_predecessor. predecessor of the first
line is defi riided versian of GePrigkarqiipstated fpligusey }@dlkemethdédﬂleéldst art off
white. If a line actually starts of black (the less likely situation), then
it nust define a black edge at offset zero. Each |ine nust define an edge
at its left-hand end, i.e. at offset page w dth. An edge can be coded with
reference to an edge in the previous line if there is an edge wthin the
maxi nrum delta range with the sane sense (white-to-black or black-to white).
This uses one of the edge delta codes. The shorter and likelier deltas have
the shorter codes. The maxi num delta range (f2) is chosen to match the

di stribution of



deltas for typical glyph edges. This distribution is nostly independent of
point size. A typical exanple is given in Table 10. Table 10. Edge delta
distribution for 10 point Tinmes at 800

dpi ~del t a~pr obabi | i t y065%123%27% 35% An edge can al so be coded using the

| ength of the run fromthe previous edge in the same line. This uses one of
the create edge codes for short (7-bit) gnd long (13-bit) 30 runl engt hs.
For sinmplicity; |41 ] 4 / . t ropy-coded. In
order to keepxneec‘fgﬂe}% 5@?’{1 g‘?’?‘f %%fsﬁny&?%h@ rq%’ﬂlﬁszn%%ﬁ\}m{l?%mggges in the
previous |ine, eadfePrintiddsia edtpeizeédA4/hettep paper wayswilth anemosabldink bartiidgeven
passed in the rrent. line. This use he ki | | code. The. end-of page
ode si gnal s ¢ FeeistBingplel Raselichn H350ude™ & i papS IR B e aerd SsfMy 255
runl engt hs ar ¥4, apewerfiEIal6, yn otadénk LED 48 pialantouBOOpaped LEIA20. & paper tpgdR2s.

Longer runl engt oul d he supported w t t,significant j.npact .on .,

conpr essi on pgfﬁ‘iﬂbﬁ'fﬁ@ﬁgegﬁ}?w}ﬁ%%?@?tRapgggpwg?'?&ﬁﬁapfﬁw jt}d 0S¥ &Ssi on,

t he runl engt hpositioa)H shpéreugiut sletpatis defined bedwebn - flint pareb 12t itheqlaper triy

general - pur poi choice mght be 8-bit and 16-bit, thus supporting up to 40"
wi de 1600 dpi %ages. The full set of codes is defined in Table 11. Note
that there is no erefhtpahéld2FRER a hblingBIRARMinsIRSwbitExg Pagof eHrintet O

detect the end of the Iine. The |engths of the codes are ordered by the
rel ative probibiisiiysaaedin yofthedspnangs, diebopsingfoeln thegpeofthe dopbjgysided

codewor dscodegisatis s@ppeti] 4t 28.aswariPiht %&%Lna D (Higli BV Eard Q) (RRBRREbdAEE
edge0+1010- nove correspondi ng edge +10 1011-nove cqrrestondl n? edge

- 10+200010- nothe Seard s gheine, dhehpysing 3¢ covgts@ metalshassis 40 Figyse R fasgasetig e

- 2Ki Il edge00gsbiddd) papetkdy@paiik Bﬁ‘trﬂ@é]ﬂ:ﬁ%}@l(gﬁﬁfee fReRQ héXPoBB4 171 , create
edge from shorf run engtg#] RL)create far edgeOl 00113-%|t RLcrg:]ge edge from
| ong runl engt $1§¥8 §OmyE P&gg%ﬁ (Frevys) B gerbiraionsigiestonnoldingsand smalger partse ™ 12
shows a sinpl & agKiewd dost eBsativie hixh VORIR prdiatt. t he common situation of an
all-white line follow ng another all-white line is encoded using a single
bit (DO, and an aibePERELI i sigwlerts opsaie ARl IaetinRe usgrintepctienwhen Paper & encoded
using two bi t sk 6b& refRaishidQk ehdidagl bzfﬂﬁ thRt-pael Eﬂ)sdﬁ.ﬁﬁrl&%?)e&t%ly?ﬁ@r ession
format, not the conpression_ algorithmper se. A varjety of_ equival ent

encodi ngs canP3per ispdiingarsghanismsapesimilardo pyrEegtprinies applieations arshase therefasen
others. For exasRéed refatdélfthe vik %ﬁ&aﬁi&?@ﬁ}nﬂ%&&ﬁ&&éf@}e&iﬁg ﬁgﬁaﬁégﬂc?ﬁf ession

format. The goal of the conpression al mis to discover a t% , I f not
the best, encylpmsgheruser ta deal with thepsejlem. The tray 22 has a sensor which retracts the tray

if the tray 22 is pushed. If the tray 22 jams on the way in, this is also sensed and the tray

22 is re-ejected. This allows the user to be lazy in operating the tray 22 by just pushing it
to close and protects the unit from damage should the tray 22 get knocked while in the
out position. It also caters for children sticking fingers in the tray 22 while closing. Ink is
replaced by inserting a new cartridge 32 into the paper tray 22 (Figure 8) and securing it
by a cam lock lever mechanism.
5.1  Overview

The overall views of CePrint 10 are shown in Figures 8 to 10. As shown in Figure
9 the chassis 30 includes base metalwork 38 on which front roller wheels 40 of the paper
tray 22 are slidable. A bracket 42 accommodates motors 44, 46 and 48 and gears 50 and
52 for ejecting the paper tray 22 and driving a paper pick-up roller 54.

Attached to the bracket 42 and the base metalwork 38 are two guide rails 56 that



31 The followng is a sinple algorithmfor producing the EDRL encoding of a
line wwth reference to its predecessor. 32 #define SHORT_RUN _PRECI SI ON 7
/1 precision of short run #define LONG RUN PRECI SI ON13 // precision of |ong
run EDRL_ ConpressLine ( Byte prevLine[], // previous (reference) //
bi-1evel line Byte currLine(], // current (coding) bi-level line int
l'ineLen, // line length BITSTREAM s // ot put (conpressed) bitstreamint

prevEdge = 0 MB&éﬁ%Blﬁ%ﬁpﬁ&inﬂ%&ﬁ?ﬁ%ﬁﬂ% @eag% !édsﬂ& foR% Ji”A’sVCO' i

int currColor = n'int curr dge:true bool
bUpdat eCur r Ecdpscribed alwee,/the teayrR2entso sitsiorefrortt fallets 40rand thlsmrewxde@ astrorignlow/ /
current edge e / t l{ﬁ‘d(g ) edge
/1 current co c{léh Jnd St@ac()/rP O?Q}efd(‘)dn%\c}vﬁét’ia%& egtge(r?{?gn %ufe% Ii)l(&:htjsr rent
line // currefncbmﬂmmalmP@Béfrmmlsa rhotnrs4A146}1nd14&tdacrantacumoldmgﬁ@mdd ine //

| inoLen) &/ pORHTYAZer s Raf Farer o8 s FERRCHREGIS: I Srpirabiids <
(bUpdat ePr ev Edgﬂ;)acu the {9r 2vikdbpendently ofthedjgct putew R4 Af the et RUsnpphelskhendn el se
prevRun =0 the out position by sensing a hole in a gear wheel 64 (Figure 9). Similarly, the tray 22 is
ejected if there is any stoppage during retraction.

The contact molding 60 has a foam pad 66 that the flex PCB 34 is fixed onto and
provides data and power contacts to the printhead and bus bars during printing.

A transfer roller 68 (Figure 11) has two end caps 69 (Figure 8A) that run in low
friction bearing assemblies 70. One of the end caps 69 has an internal gear that acts on a
small gear 72 (Figure 14) which transfers power through a reduction gear 74 to a worm
drive. This is reduced further via another gear to a motor worm drive 76 mounted on an
output shaft of a stepper motor 124 arranged within the transfer roller 68. This solution
for a motor drive assembly that is housed inside the transfer roller 68 saves space for
future designs and mounts onto a small chassis 78 (Figure 8A) that is attached to ink
connector moldings 80, 82.

An ink connector 84 has four pins 86 with an ejector plate 88 and springs 90 that
interfaces with the ink cartridge 32 (Figure 10). The ink cartridge 32 is accessed via a
cam lock lever and spring 92 (Figure 8). The ink is conducted through molded channels
into a flexible four-channel hose connector 94 that interfaces with a printhead cartridge
end cap 96. The other end of the printhead cartridge has a different flexible sealing
connector 98 (Figure 8) on the end cap to allow ink to be drawn through the cartridge
during assembly and effectively charge the unit and ink connector with ink in a sealed
environment. The printhead and ink connector assemblies are mounted directly into the
paper tray 22.

The paper tray 22 has several standard paper handling components, namely a metal
base channel 100 (Figure 8) with low friction pads 102, sprung by two compression
springs 104 and two metal paper guides 106 with arms 108 secured by rivets. The paper is
aligned to one side of the tray 22 by a spring steel clip 110. The tray 22 is normally
configured to take A4 paper, but Letter size paper is accommodated by relocating one of



prevEdge += prevRun prevCol or = !prevCol or bUpdat ePrevEdge = fal se
prevEdge, |ineLen, prevColor) // possibly update current edge in current
line if (bUpdateCurrEdge) if (currEdge < lineLen) currRun =

Get Run(currLine, else currRun = 0 currEdge += currRun currCol or =
I'currCol or bUpdateCurrEdge = fal se currEdge, lineLen, currColor) // output
delta whenever possible, i.e. when // edgg senses match, and delta is snal

enough if (pr T : .= I r?"é}éﬁ e if
(abs(delta) <§1¥;@%2P%ué QI'aAS\ %%%@ve%g,mé%%f%ﬁﬂéﬁjpglg??g%nctgge E %e =
curr Edge bUpdiseestore Fieippperiray2sapigsdamodate nirwdé0 sheetsue continue // kil
unmat ched edge i n pr.eyl ' ' <= Eggg S,
KI LL_EDGE) bUpdat e‘ﬁlggt df}gd'gd éb‘"{h?aie‘ofrf ?J}ézg%%?lg&ﬁﬁr}fﬁi %Srg e géﬁgkggggéent l'ine
i f (currEdge dowmpamdisdghed using@duhy (eck nEiRfiAg B 2EDGE Yetinh spung Irl RUWhen [p)
e e o oo e
Put Code( s, A BB %ga(c ut s _%N._ ! )” codedEdge
= E:ur Ir Edge bLhttaigt ig@@tal ! 1 eclore li6i1ft|h¢bd?demetahbmk38 t‘l}igut? QD{I t h{n | st EI | 'I"ld to )
actual edge contingity between |ines, an y .n fact nmatc e ong
edges between t\/\on{-her?\ég{%r %BPWW”EH% ¥ gwﬁﬁtqdo_ﬁ‘ﬁﬁ?peﬁggkﬂ%mlﬂ% to say
about this, sisnigieen by akaealldigive gear 1 B thhtymesAdsowvitht anbtherdirive ig€an 50 afidd nodmalwr ong”
motor 44. The roller 54 is located to the base metalwork 38 (Figure 9) by two heat staked

retainer moldings 120 (Figure 8). A small molding on the end of the pick-up roller 54
acts with a sensor on the flex PCB 34 to accurately position the pick-up roller 54 in a
parked position so that paper and tray 22 can be withdrawn without touching it when
ejecting. This accurate positioning also allows the roller 54 to feed the sheet to the
transfer roller 68 (Figure 10) with a fixed number of revolutions. As the transfer roller 68
is running at a similar speed there should be no problem with take-up of the paper. An
optical sensor 122 mounted into the housing 26 finds the start of each sheet and engages
a transfer motor 124 (Figure 14), so there is no problem if for example a sheet has moved
forward of the roller during any strange operations.

The main PCB 36 is mounted onto the base metalwork 38 via standard PCB
standoffs 126 and is fitted with a data connector 128 and a DC connector 130.

The front panel 12 is mounted onto the base metalwork 38 using snap details and
a top metal cover 132 completes the overall product with RFI/EMI integrity via four
fixings 134.
5.2 Printhead Assembly and Image Transfer Mechanism

The print engine is shown in greater detail in Figure 11 and is designated
generally by the reference numeral 140. The Memjet printhead assembly is, in turn,
designated by the reference numeral 142. This represents one of the four possible ways to
deploy the Memjet printhead 143 in conjunction with the ink cartridge 32 in a product
such as CePrint 10:
. permanent printhead, replaceable ink cartridge (as shown in Figure 11)

. separate replaceable printhead cartridge and ink cartridge



match to have a detrinmental effect on the conpression ratio. For

conpl eteness the correspondi ng deconpression algorithmis given below It
forms the core of the EDRL Expander unit in the printer controller chip
(Section 7). 34 EDRL DeconpressLine ( _ BITSTREAM s, Byte prevLine[],

Byte currLine[], int lineLen // line length // input (conpressed) bitstream
Il previous (reference) bi-level line //3current (coding) bi-level line int
prevEdge = 0 J/ C%ﬁlﬁﬂfec@ﬂﬂﬁe@ﬁrﬁn‘fﬁe&dhﬂhlﬂcc %ous line int currEdge = 0 /I
current edge offset In current” l'ine int prev O // current color in
previous line // (dspesablaicomhingdyprinthead @uliok cartridgd / current col or in current

I whi | E

e DELTA M Nuso: T MegigeaRiR 3B o e R g n %’*@B@%@’CS@E%EE
EDGE_DELTA_PLioBeri68 wiicharo&oGin ¢ dﬁlihffdlodklsm.{éﬂlredtionm eatsfer the greagerootmacshéet af | nt
delta = code -

CE | Bt ouPE T8 TP b A g B B B SRR, ¢ ot o
I cur Elo C?)I or prebbcdgeatedpikshtrétien (45 invthe casg c;t})h?w@hgﬁgéedl uefsﬁingﬂs 111Pstmeﬁdﬂl or é

D vEdge += CERANS R B erR ot D Parhirsged feryih B Py L0 Plsssed BpUReat o
' prevCol or cathe tricifeAidHersSBARnEdIMHe: acti@tsf tieRIppdsite ralféripbler 68./Afek eat e edge

explicitly int run, . . .
P y trans{'émng the image to the paper 144 the transfer roller 68 continues past a cleaning

sponge 146 and finally a rubber wiper 148, The sponge 146 and the wiper 148 form a
cleaning station for cleaning the surface of the transfer roller 68.

While operational, the printhead assembly 142 is held off the transfer roller 68 by
a solenoid 150 as shown in Figure 12B. When not operational, the printhead assembly
142 is parked against the transfer roller 68 as shown in Figure 12A. The printhead’s
integral elastomeric seal 152 seals the printhead assembly 142 and prevents the Memjet
printhead 143 from drying out.

In the double-sided version of CePrint 10, there are dual print engines 140, each
with its associated printhead assembly 142 and transfer roller 68, mounted in opposition
as illustrated in Figure 13. The lower print engine 140 is fixed while the upper print
engine 140 pivots and is sprung to press against the paper 144. As previously described,
the upper transfer roller 68 takes the place of the pinch roller 145 in the single-sided
version.

The relationship between the ink cartridge 32, printhead assembly 142 and the
transfer roller 68 is shown in greater detail in Figures 15 and 16 of the drawings. The ink
cartridge has four reservoirs 154, 156, 158 and 160 for cyan, magenta, yellow and black
ink respectively.

Each reservoir 154-160 is in flow communication with a corresponding reservoir
164-170 in the printhead assembly 142. These reservoirs, in turn, supply ink to a Memjet
printhead chip 143 (Figure 16) via an ink filter 174. It is to be noted in Figure 16 that the
elastomeric capping seal 152 is arranged on both sides of the printhead chip 143 to assist
in sealing when the printhead assembly 142 is parked against the transfer roller 68.

Power is supplied to the solenoid via busbars 176.



if (code = CREATE_NEAR EDGE) run = GetBits(s, SHORT_RUN PRECI SION) el se run
= CetBits(s, LONG RUN PRECI SION) FillBitRun(currLine, currEdge, currColor,
run) currColor = !currCol or currEdge += run 6.2.3.3 EDItL Conpression
Performance 35 Table 12 shows the conpression performance of G oup 4 and
EDRL on the CCITT test docunents used to select the Goup 4 algorithm Each
docunent represents a single page scannegh at 400 dpi. G oup 4's superior
performance i g du i ."Qﬁ%ic nl engt hs, tuned to 400 dpi
features. Table 1 ﬁl&'ﬂ%?f?ﬁ%ﬂ&ﬁ corrbp?‘essi on performance on standard
CClI TTT docunent s dkhise@tionsiecGbasTheiprinterentrah proteepGrsedipetwecp@ipstasdi on

rati oEDRL co i . . .

Fati 0129, 121, SFAGY b3t inchydes ganjro) opyt siptushandling ps well as thp aptual page descriplion. o5 4
Magazi ne texté6ds tQetmdhhdStapyseset in a typeface with serifs (such as
Times) at a point size of 10.. At this.size_an A4/L, etter_.page holds up to
147000 char acter s, TeRGugreohtoLmpetal oinga e iEhaline ebbg ot RiFesbout 7. 000

g haracters. Teachangsd B}eﬂhdﬁmtpl}blﬁélﬁ(ﬁfan@.fhe@rigl@fMTﬁé ZoatrsNfrbdtbevl listd’eﬁﬁtedSh At 800
pi, text cannpqt api ngf u rendered a oint siz ower an 2
using a st and‘é‘ﬁﬁPeP‘?Fﬁg;’aﬁg%? 45B9 'f@cglﬁﬂeﬂ?f”l‘é‘f’gggﬂ?ée*%‘g’i“gmeimmbio’vari ous
poi nt sizes. sincGheligddbortiptotods? Yepeads dhi thé &latiitatuROdMEe BhARENOI Nt si zesanpl e

text (in Times)2The qui ck brown j unps ov . 3The ,qui ck

mn f ox er tgﬁl | a %/ do

brown fox junps o h’c“ﬁ@%"a@?‘““ﬂ%@&l t essase cpdey °1W5‘i Y WEPECSOEHIG he | azy
dog. 5The qui ClatdwRidhmaP¥e HIRE oPVRTableBRe.l azy dog. 6The qui ck brown fox junps
over the lazy dog. 7The quick brown fox junps over the |lazy dggSThe qui ck
brown fox junps oVl nfegers copsinegdp messagesgin kodse subiseadian bite¥ddver the | azy
dog. 10The qui ck browr 3fdefindsébRmany Resshdds sénd By thd B6st prorBisé td the phiftes10:F oup 4
and EDItL conpression performance on pages of text of varying point sizes,
rendered at 800 dpi. Note that EDRL achi eves the required conpression ratio

of 2.5 for apTFRIE B Frilted&nithaddmbsshgepcsel al a poi Nt size of 3. Ihe
distributionfaf characters on the test pages is based on Fnglish-|angluage
statistics. 37 command message
message code description
reset printer 1 Resets the printer to an idle state
(i.e. ready and not printing).
get printer status 2 Gets the current printer status.
start document 3 Starts a new document.
start page 4 Starts the description of a new output page.
page band 5 Describes a band of the current output page.
end page 6 Ends the description of the current output page.
end document 7 Ends the cutrent document.

The reset printer command can be used to reset the printer to clear an error
condition, and to abort printing.

The start document command is used to indicate the start of a new document.
This resets the printer’s page count, which is used in the double-sided version to identify
odd and even pages. The end document command is simply used to indicate the end of

the document.



Tabl e 14. G oup 4 and EDRL conpression performance on text at 800 dpi point
si zecharacters/ A4 pageG oup 4 conpression rati oEDRL conpression

rati 02340, 0002. 31. 73170, 0003. 22.

S486, 0004. 73. 8559, 000S. S4. 9641, 0006. S6. 1728, 0007. 77. 4821, 0009. 19. 0917, 00010
.210. 41014, 00010. 911. 31112, 00011. S12. 4128, 90013. S14. 8138, 20013. S1
S.0147,00014. 616. 61SS, 80016. 118. S203, 400289. 823.9 For a point size of 9 or
gr eiat er, hEDRId, sl imbﬁésyﬁ%tmmﬁ GUtpiR pﬁieﬁiﬁﬁsis@s of&ipﬁ@éheab&meiefaﬁmsgh&' s

runl ength codes are tune 0 400 i . ese conpression re ts. bear out
he obeer vat s S AR Sisolift of e afe Sl B PR ar wat g PRI D oteRod Bes 1o
conpressi on tdvaial pige editentli Thy pageHeades istthasmiaédtoitke Ridek inthe Sttt ph@t ed
vertically, such ag in the case of very snmal| characters. 6.2.4T§ontone
Layer Conpr esofuang. Ench page S BRIk PHﬁP’FH@rH’IﬁE@g"cg‘WﬂF@%‘g‘F‘% f gorithm

| ossi |y conprispese Rnd RFSIGWRA bYBA endagd csiiBadl TROpage!ddstriptioh @VdRboribéd

i ntroduces inperceptible imge degradation at conpression ratios below S:

|, and negli g‘inlSiP*é‘Ii"h”éaé’E‘H%gradati on at conpression ratios below 10:1. JPEG

typically first trgpeYdeifestiBodst RS abdiistht By ﬁﬁlpﬁﬁtéﬂaaﬂeetlxo‘éﬁir&féss%ﬁ parates

38 | um nance and chrom nance into separate col or channels.” This allows the
chrom nance channels to be subsanpl ed w t hout appreciable | oss because of

t he human vi le iﬁﬁ,mquésﬁgéaﬁswgégéeg greater Sensitivity to tumnanceg t han

chrom nance. er this first p.__each | or _channel is conpressed
separ at el y. [Thespansemessage di vi depimessage ®d8 |pleseiptiohocks. Each bl ock i s| t hen
t ransf or ned to—thr-freguency—fpmatr—vi=a discrete—costnetrapsforn
(DCT). This t¢he{]nesr?£é§lﬁati on has fhe effect (0 n{(?(l)nﬁ(t:heenctmrrgrfii?’H:tefétn%gsg energy in

relatively |pwer-frequency coefficients, Whifitedah Tabds7)hi gher -frequencly
coef fi ci ent sftobe—rmore—crudetyguanttzeerHhis—guanttzat-on—s—the
principal so B conpressionjin JPEG Ftﬁof’ﬁ’g’is\ﬂ? Fggeﬁtg%geiego%chi ejed by
ordering coefficients by frequepcy to naxi{rbdsastdefinddiik@hblo®pd of adj acent
zer o coef fi ckepts—and—then—+runl-ength—enrecedi-rg—+unrs—eft—zerees—H-ratty, the
runl engt hs and nonzero frequency coefficients are entropy coded.
Deconpression is tmpiﬁté)\aezﬁﬁs&nmagemmilly@?mﬁes;&inwm a@ez?prﬂuagsWK Cont one
JPEG Conpressi on Fqrgat The CMYK contone | ayer is c ressed tq .an

nterl eaved COPERdRu G el tereannes o s fi ToX ProsanPh oo Heor
space-ef fi ci eptintél @ answ &Ripsitet 1 sbltPunRélicitb®statuduiéssapey to'tRShdst fibeebdde. decoder
to two sets ofﬁjﬂf.frnan tabl es rather than four (i er .col or

i.e. one p
channel ). If PRHIFiEHcES MISLESAHPYSREY repostingd printereyceRiRRHOMfhoMuni nance
channel s can gbaksr,an@theRby & thé adet, SathoRshulrg tl?e_hfo@lgﬂr&ﬁﬁb%ﬁtocﬂ%ﬂ RSrfatet he
other set. If lu nan;e/_chr om nance separation is deenmed necessary, either
for the purpd G {AIE sharing or for chroni nance subsanpling, then CW

is converted to Y fdye @dr fbssadeds St inlrespbisk Yo sablSramPh@slpadt bafd drdeaged as a
| um nance channel an s not subsanpl ed. The JPEG bytestreamis conpl ete

and sel f cont2EREYMP- contains all data required for deconpression,
includi ng quanti zatables defisks e b of B | &Bit printEI3tatiblebnteiabil iiChd grivter

status message.




7.1 Printer Controller Architecture A printer controller 178 (Figure 18)
consists of the CePrint central processor (CCP) chip 180, a 64MBit | ZDIt AM
182, and a naster QA chip 184. The CCP 180 contai ns a general - purpose
processor 181 and a set of purposespecific functional units controlled by
the processor via a processor bus 186. Only three functional units are
non-standard - an EDRI expander 188 aﬂalftoner/corrposﬂor 190 39 and
a printhead i v . i =86 Sof t war e
running on t 5 safgs_L"E'BB di nat es the various functional uhits to
receive, expgpnd andfigai nt pades. Wit s is{ describedeschpfidie next segtion. The
vari ous funcp+epal—units—of—theCCR 180 Nt

aredescri bed ihR—subsegue]
sections. 7. 2r°¥déYge Expansi on |and PPi nt i niglhoQgBteR3 B torRceaysd B85 nt i ng
proceeds as [gdip¥s. A page description |ﬁ1epr¥§ﬁ@“\§§gnﬁl{ég§/gltne hosT|via a
ry 182 of

host interf 194 and is stored in nmin negory main_frenory 182
i s dedi cat ed| etorpage st or age. Thi s2can hioTh¢ prinfer jsamasermastatenot exg¢eedi ng
3MB, or one - VB—Hf—ttheghost ii ng 3MB,
then the pri n@gem% "ﬁéﬁ"és in strea?n’ ng & Papsr Tay 15 Ssmr% nts one page while
recei ving t hepapenttay embtyt he host gener at esrmq:gmneyﬁeﬁﬁltyng 3MB, then the
printer operptes—-A—s+agle—page—rode } recetres—each—page{ and
prints it bef‘BFBarWéig"eW?‘ﬁé t%?nex?. | f t%‘%‘?ﬁ“@@dé?‘éﬁ?’é‘g pages exceedi ng

6MB t hen th?ﬁnﬂ&@tddgé@ﬁﬁt?_d by The print ethelifk AHAGEIiSEmpthe Printef driver

prevents thi

- ] _A_pag.e_wns_s;.s_.af_,tm_paws__t_he_bl -l evel
bl ack | ayer,|Bheprttidge et one || ayer 7 Thes|elhsivk @BFpgeds nean erar #iet i net
formats - thelibrtPVer Dl ack [Fayep kN EORkeLALIRE futdrlisec Ot oNe tayer in
JPEG f or nat.le_('Lh.aLLLs_Lﬁ_agr;oi_page_ex;ianS| on consists of deconpfessing

the two layers in parallel. The bi-level |ayer is deconpressed by t he EDRh

St hge of page cxpie 8 ARRPIE o hirtd SRERUT e Mo o PR-GEEE

bi -1 evel CIVNKI‘ahiﬂéi RageerronchoS| ting the bi-level bI ack layer over t he

bi -1 evel Cwuk— he—h Jlvalllu ayret bUII[JUDIL s—cafrred—ot by t he
hal ft oner/ corrpos?rtr%”oéﬁl t 190. Y¥'hal 01 the co {Pé'a“m | evel CMYK i nage
is printed v xibdnh)e print hecld i ntoer f acjeNolerdr. 192, Whl ch controls the Menjet
printhead 1 Beeause—+heMerjet—prHai-head—143priAts—at—high ”“ed, t he

paper 144 rruqtfadﬁ’@@“ﬁﬁast t he prrlnt he T"féﬂ%“é?‘reds@ﬁ%“%‘ﬁfedvel ocity] If the

paper 144 i s|sl9PRRE becaude daba canl;rggagg,&leyn&guﬁpagedjrl nthead 143 f ast
enough, thenlvisible printi irrequllarities will occur Lt is thérefore

i mpor t ant  t of bad @A@meter pi - | e}vél BWYK dbéammetpmlqspnrm head interfage 192 at
t he requi redTate—AfUulty-expanmted—1600—dpi—bi=tevet—CWMrKpage tas an

i mage size of 119MB. 40 Because it is inpractical to store an expanded
page in print® ndaeePesceiptivn page i s expanded in real tinme during printing.
Thus the vari ous S0 pritd o) Q8. Ml A§lek Ned. The
page expansi on an?eg%ﬂntl r?g%a%ﬁ?ggvﬁlhg& esg'lrul gg}bb Ei ab ng'f Se The

aggr egat e t r afontope ecdprfat & pornayihat lnwmwcspluiioauang halteniriga dbe papg deserigt®PNB/ s | s
wel | within ttn&eﬁ?ettﬂhaéd lhto%lmu tcoxtnt@mgﬁlr Ot Bfack MG i@ derlReaRUS. Tabl e
15. Page expansion and printin | ow nput out put I nplt out put rocessi n
ut wi ndowout LRORIPARS\Verthe contore Pl\/e--JPEGl 1.5 MB/scontonestream3.5 M

/ sreceive-- EDRLL- ;0 NB! Sihdr bR VR ot hBA S SHeeannr 8S3AR qbit81.5
MB/ s13 MBI scontonestreanff/éh?c 59%\3 }lb g?%h}%ﬂdfe%o ?g}s)s%%RLieﬁé}% K11.5

MB/ s15 MB/ sbi Thishlatkdayes watie hasiaresehutian whick iscan fintegee Rotoppf the-primertaios - OMYK3. 5 M

;:pffm?ibfte %ﬁwi‘h’-l’ﬁagi b@a@st%@%ﬁ%@%@@éﬁ%ﬁﬁg é%%éi‘% %00 dapi -~

1600 dpi (2 xre@héwpanm on) hal ftone conbines with conposite, so there is no
external data f1 oy DeluEE Rk SIRAL ok ot ifla U ciyR GxpanSAaD) Necds

a w ndow of 24 lines vances I ne stage comruni cat es
Wi t h t he nextpixelalhis ®h®>neundéel¥@arnSOManmhnﬂrqmmsga faetor lof the pentess datgani zed

into lines, ar@gh}tﬁg ”merﬂiéméps&ﬂp%ﬁeéJc&lultioﬂ?ssﬁm%ki, ‘r’é‘%ﬁle-'s:&ﬁl%é 1§rinter’s dot

resolution.




designed to accommopdate the output w ndow (in lines) of the producer and
the input window (in lines) of the consuner) Inter-stage main nenory
buffers are described in Table 16. The aggregate buffer space usage of
6.3MB | eaves 1. 7MB free for program code and scratch nenory (out of the 8MVB
avail abl e). 41 Tabl e 16. Page expansion and printing main nenory

buf f er sor gani zat i onnunber buf f er buf f erandyd i ne si zeof |inessizeconpressed

tereaved e e PRGN RRo0ls AiRatg el HEhRAoHUG itk piiter' |
buffer1-bit Ko simpificakletionsigd@ phipter srigrS hisds totaTeqpispient] however OMYK

buf fer4-bit planar + = i v 4 =

6. 6KB) 6. 3MB The oggrggﬁfﬂ?lég%}aa@ Figév‘f’lm?‘heé?yﬁé%%@@:ﬁﬁé%‘flﬁ%gmﬁfp u}s%trrggﬁleegtxi n

Fi gure 19. Comansmissipager thedowppeed sommection tethe priwer. out by t he JPEG decoder
196. Bi-Ievel g e ression is carried out by the EDRL, expander 188.
Hal f t oni ng an%i)'go?ﬁgesgﬁqﬁb'rl s carried out by the hal ftoner/conpositor

uni t190. These f ur@ePrintrpaintswwithifall adge bited asingdyad8. 5 printhead. & impudes go menginsons.

7.2.1 DVA Apprgach Each nctional..unit contaj one_.qr nore onschip input
i or out por SRR TR LY tanssana St di s e B pablt (e LA
mul ti-channel DVA The frgedpdgeisize dtonsthatheDbiithe prihtable bsge arda(lestahekxpHcit

singl e-address rather fhan doubl e;address transfers, and so provides a
separ at e requ@@%‘f%alﬁﬁm%awlﬁsﬂ@?’?tgd%ﬁ?(y?gee‘géwm%nnel . Each functi onal
unit stalls gs2a2efPagt PesofiptiwBorndat i nput FI FO i s exhausted or an out put
control | er 200 gerBPREE e matLacHiof MamBfials M rorePR Fsg i FEp on
request from page déstifiption @ implets dndGelfoaRditdd. Theré 13 o dita fFamitteBhe tHeunct i onal
unit latches the word onto aor off . the data hus 186 en l.ts request is
neknow edged BRI KORIdPeLIesaRuon KERENR BRSSPI TSIG: | e er r upt s
t he processor 181 Thbpapetdagriptichiohsists bfa gaipeRtadéreyhithdescrived wsingarddhe

resolution of the page, followed by one or more page bands which describe the actual

page content.

Table 7 shows the format of the page header.
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black page width

16-bit integer

“Width of black page, in black pixels.

black page height

16-bit integer

Height of black page, in black pixels.

contone scale factor

16-bit integer

Scale factor from contone resolution to target

resolution (must be 6 or greater).

Contone page width

16-bit integer

Width of contone page, in contone pixels.

Contone page height

16-bit integer

Height of contone page, in contone pixels.

The page header contains a signature and version which allow the printer to

identify the page header format. If the signature and/or version are missing or

incompatible with the printer, then the printer can reject the page.

The page header defines the resolution and size of the target page. The black and

contone layers are clipped to the target page if necessary. This happens whenever the

black or contone scale factors are not factors of the target page width or height.

The target left and top margins define the positioning of the target page within the

printable page area.

The black layer parameters define the pixel size of the black layer, and its integer

scale factor to the target resolution.



43 represent the corresponding part of the imge. The deconpression
algorithmis defined in Section 6.2.3.2. The EEU 188 consists of a

bit stream decoder 206, a state nachi ne 208, edge cal culation |ogic 210, two
runl engt h decoders 212, and a runlength (re)encoder 214. The bitstream
decoder 206 decodes an entropy-coded codeword fromthe bitstream and passes
it to the state machine 208. The state mgchine 208 returns the size of the

codeword to the bi .Gh 2l t 6 to
advance to the nex §%%%%%¥%¥¥#$¥?%g@%gggkggmﬁ&%8ﬁ§FgB§Qg§ﬁg%§%?%ghe state
machi ne 208 usteger state fetostp thedagelaeolition.206 t o extract the correspondi ng
runl ength fromth i h at chine 208 controls the edge

cal cul ation IogiC%E@bkgﬁéﬁﬁﬁ%@éﬁgfﬁ&ﬁg%§ Fﬁ%b%ﬁ%ﬁding as defined in Table
19. The edge calculation logic 210 is quite sinple.
in the previ € A9 i
ref erence ed

g€ 1 3
runl engt h as|soci at ggigm t h a [cr egpmngdge Jcode TS outagg,-ri}qlohectly to th
runl ength decoder 212 1 23 is added. t the current edge. A delta code is

transl ated i|[#&2@re unl engt h |B§-bitdetessg  HPaaebandiheadetforest signateres he r ef fer ence
edge and SUbrERERL MO The CUNRERL SEaE- 1t ! ' TubhBeroutput to
t he runIenthkcgkbder 212.1,1§§§J§§g§ddecﬁ¥% .1g€%§€$en'%§§gga <:er'ne t

runl engt h i g seuetnigsized f r om|tlhditintedeengt [Bizerd pelerbagd Meaderd added to th
reference e Ak-H—edgeTepate=sinpty t the-curtent dge
to be ski ppgg&ack?%é\dnhcf%lg ne ';Tg‘rf) l}}ﬁ'i?te egt h Fgel@iﬁlgﬁggndf’fn&” ‘i"rPe"ersum engt h
encoder 214 |tk baatbdhtd sivet hg 3p-ditditegeee Bz of blrchbdnd detafihdytesige cal cul ati on
| ogi ¢ 210 gererates—ag—+uat-egthtepresedttpagap—edge—t—+Ss—passed—to t he
runl engt h delcBHERe Bapd haight y, | 1EbjtRISger 1 ol HiFiht GEeoBIPEF baptloin FORRRERREL-{ he run
it generat es| @nhébdnd datg6iae | BO-bith@egek alte SiRTichRond®and &itd) aEbykdse 1 unl engt h

decoder 212 lis—slower than pJ;\rlgp calgulation Ingir 210, there - jis not
much point in decoupling it. The expanded |ine accunulates in a |line buffer

220 | arge enough trge Radidagip pﬁa:ﬁéte@qgt%%ﬂw hdigh® of BS Blabli-88 )and fHeRiR bENd OUSI Yy

expanded line is also buffered in a | er 222. It acts as a reference for
t he decodi ng “gmpregsed bandrdate The vagiablesize plagk hagd datp follews the fixedpigoppst ofis

runl engt hs ony Bshd htkdes, 1S | ess expensive than buffering the decoded
runl engths of thé _previous line, since the worst case is one 13-Dbit

runl ength for eacAbpronine layenmrametersdading ghe)heighyaf|the qoptene band, and thesizgt h
encoder 214 epgQd&sprbR& ﬁa%@ dath. T9E VEBleCSzeRoRtbAd Band UAR RO tHeWaristiat €
machi ne 208. The runlength encoder 214 uses the page width to detect end-of
line. The (cuizedlackbanddlatahyffer 220 and the previous line buffer 222 are
concatenat ed and TEIR0SHAIEtolhdl 8 o Tiddtlel fretbiFplebdel bhddafuMignat h encoder
21 4. The second runl ength decoder 212.2 decodes the output runlength to a
li ne buffer Zollowsthepagehanddigaden hol d an 8.5" 1600 dpi |ine ( 1700 bytes).
The runl ength passed to this output runlength decoder 212.2 is nultiplied
by the scale factor fromthe register 204, so this decoder 212 2 praduces
1600 dpi | i rikableth®ag¢ bandidatnformat scal e factor times through the output

pi xel FIFQO [Ths eves e T redvegrticaSsTaly g -ty SsTpre
replication.l The 188 could be ésiqned W t h edqghgﬁggﬁﬁinq integrited
into its indddeckbaiddatn A $ERPBRLéytestoaatrhi ngCangiressel Hidevelblank band data.

t enpl at e- matfchi-ngscanhe—ve -ecttyve—tThts—mwouod—reo -1 ne
bu fer bet wle G PRETEIE o5 SILRT BHCSHSHT endt FOPMERSHEPIORG MK BHESPR schi | ng
unit, but would elimnate the high-resolution runlength decoder. 7.2.2.1
EDRL Stream Decod The .EDRL. str.eam decqder 2 Fiqure 21 ). decodes

ent r opy- coded EDRE.L%W@%'F%MF?&‘ ‘laﬂ‘g‘l’*}%@t %Y@gﬁ?'géﬁn{o e%?élggatﬁafem- byt e

i( nput buf T er aled s SRS bbUAENTHA sibbofthé refpifed phdcily€ neludAB tilipof hef {

nost signifigcant) edge is alwa i gned to a codewor ndary in the
bitstream A fﬁ‘e@a‘%@a@?@e@aﬁmﬁ Beadersthvagiure pagh heyariablp s blacktsnditie dos a
codeword according to Table 18, and supplies the state machine 208 with the
correspondi ng code. 45 Tabl e 18. EDRL stream codeword decodi ng tabl ei nput
codeword bit attern" out ut codeoutput code bit atternl xxx xxxxeol0000
00000 I ox xxxxo0+10 | 000 000001 I x xxxxD-10 0100 00000010 xxxxkill edgeO
0010 0000001 I xxxxcreate near edge0O 0001 00000001 OxxxD+20 000010000001 1
xxxD-20 0000 O 1000000 1 xxxcreate far edgeO 0000 00100000 O1 xxend-of page
(EOP)0 0000 0001x = don't care The state machine 208 in turn outputs the

| ength of the code. This is added, nodul 0-8, by an accumul ator 232 to the
current codeword bit offset to yield the next codeword bit offset. The bit
offset in turn controls the barrel shifter 228. If the codeword bit offset
wraps, then the carry bit controls the latching of the next byte fromthe

-~ " . ~ " . a - ~—~ o~ a1

The current edge offset
e e—atataiAed, in a

~




The EDItL expander state machine 208 controls the edge cal cul ati on and

nanl ength expansion logic in response to codes supplied by the EDItL stream
decoder 206. It supplies the EDRL stream decoder 206 with the I ength of the
current codeword and supplies the edge calculation logic 210 with the delta
val ue associated with the current delta code. The state machi ne 206 al so
responds to start and stop control signalgs froma control register 234
(Figure 20), and the end-of line (EQL) signal fromthe edge cal cul ation

| ogi c 210. The state machine 208 al so controls the nufti-cycle fetch of the
runl engt h associ atldentire pagg description hagigtarged slee of less tharr IMBeandn mEbRamex ander

st at e nmachi nej: i WAHESH - 1.QNSSi
nal codest at eﬁé%&?gwg%%%g%%%?h@-@- st aﬁ%ﬁ%ﬁ@?g@lﬁst op- - st oppedO- r eset
RL decoder santhefblk@daiectid@®destiba the formiRlof ¢heconipressed blatk Ryerdadibder s; r eset

ref. edgeand_%%pgﬁ-sgeﬁﬁ%rg%gg%ﬂ encoder--~ ref. RL;ref. edge + ref. RL

--~ref. ed a € - ref. edge +delta --> RL;edge + RL ~ edge; RL
~ RL decoder ;63 eBi-devel Black Lagfer Cotpressibn edge + ref. RL -~ref. ed

a- 0+1lidl ei dl e2+1" - 1i gl ei 3:150£2i dl ei.dl e4+2"-0-2idleidleS-2"-killidleid
| e6- RL encode@%‘éé&g"? gf‘!“‘" gﬁfsé‘f".le é&'@gmﬂs-s'?'éf . RL -~ref. ed

a- cr eat ei dl ecr eat @h&Grdup 3-Faesmile congréssiorhlgerithineldssRssty @aipedsshs bileee idataRL
hi 8- -f ar 6edg

e: EOPi dl est o ed8----cr.eate RLcr.eat L. .106-1atchhi 67create RL
hi 6--create B %@lsgogagé?PWﬁﬂﬂ?‘W%@P@F nﬁﬁegi’“}?v-eﬁqaéaa?gfﬁptéo- create RL
~ ) RL; ed Ig eedg ﬁsc?jnnli’dl.lélacleﬁgah&?grap}ﬁéﬂn aesnlﬁfeldﬁékgr%uﬁa, ahd thedlgdrifRanik amgc]lcl for Dec og er
The runl engt ecoder. 212 expands, a run th int equance af zero bits
or one bits otF"Stc%és ‘%’P?@é gbiax ’§‘qyé’ﬁb?‘ﬂ°‘f?ngfﬁnﬁgﬁg?ﬁ‘f’%gg‘i‘&é%wwgﬁ'r st run
in a line is HeWnEup B alperitht ruledgitbbmRbdéd)eachFseailing bl thén Ksfindileshcddes be of
(color 2’y *hrmempemubrgly Bbaewda by rres o bi sodeliib Briimtierne
runl engt h decwdes RidlehgiBépthe kange 64 pf262hare codedavith redtk-ap codes,2adhal | y. The
cvery ol ook TBETRIeBEHOUHRE of b FUaveq bho ermiparig gt RenlGrapEeegings, “and so
ru nls ot hﬁr OIt heea3 hﬂ&godddrvﬁth rhiltifle mak@gecole efollyRed/ 4 th!m_ﬂﬁﬁtingiézd%% Bl%eiFg ned. ;2;3
runl engt e r mai ptains, in a hyte space regi ster i.gure :
he unber of e e i T e EParyRL Y ot e R, MHeTHE s PP i o i 5
initialized tRal@-wplcoddlb&HRAT7DS)iwhithQte ddafmRs). WhenPaskiklé) thd 2 Groupyt of every
byte. The decoder, 212 3tarts out putti ntgl;?ﬁa un of bits as sqg{} s the next

run |ine 248 38primpencadesgseaplingas et of s 25 delths (@ A7, FIgrtyreterepesio The
decoder 212 ahé previbiedanlint.aithe el X9mbIE GreleHBdS Gt ticl GO thdt Bie zérd@clOesS t O

zero. A nunber of bits of the current color_ are shifted |ntq an output byte
regi ster 240 FHbpl iz pRl¥Rne bilang it} Eddes ayhigra 2Dsencadediline W hgebedeliat ol of

r fegib_st er | Z?Z.qn'&k&ﬂ mmﬁ'éngﬂf-edabaea, adtarbabényified bpaprefig. 1D- Ghd EoleRodédmenunber
(0] Its eft I1n the.r,

ength, and _hy the nunber of spare bits left in the
output byte. h@atkedd Fregfy’ BBfegcqsiﬁ@ Bms apesgeatTRied HPRAET RGBSR | ength and
the byte spacRtualifRfuitdddr hotfo@AGdhAARSddeide? Bdrreddvel fsin hRAie Al et el y
decoded, al though the traili.n iés of the run may, still be ip_ the output
byte regi st er™2HeRl ipResAPe a&a@&ﬁ&.m\m ﬁchewesmpée%law@% 389 817er 0 t he
out put byte is fulthe GfshpidFaompROsesith IdsiessBloRiptessek bERGS] dda 1@- bi t barrel
shifter 244, the output byte qr‘fecgi ster 240 and the color register 242

[

t oget her i npl ERFRISSIGROVST g7erZes cPmuplgatians Jingsii-¢. thedings g5 tralierprsties, ff ¢ j pl e
bit positi OnSerRY-Sér¥ectddis done/t b RowieP frofRblqéveSThd Groif 4 bi3brithis/based'vh @¥t er nal
reset line 246 is used tQ restﬁt the runlength decoder 212 at the start of a

line. An ext efthdroupdeteorithim, with gheessential modifigation that ginesransmissigR sgsivigd of a

new runl engt Re bé brrdrFrRCANERBMEtheDre Ao WnbérRBArte @R rédulR Hi@VNS4s sl 8nNgt h
| ine 250. The next run |ine 248 should not be set on the sane clock as the

reset |ine 2A5Or-ESeYes Sroipd achighesicappiession Rigos ranging from 20:1 to 60:1 for the
CCITT set of test images.

The design goals and performance of the Group 4 compression algorithm qualify

it as a compression algorithm for the bi-level black layer. However, its Huffman tables



48 current color, the reset of the color sets it to one, not zero. An
external flush line 2S2 is used to flush the last byte of the run, if

i nconplete. It can be used on a line-by-line basis to yield byte-aligned
lines, or on an inmage basis to yield a byte-aligned i nage. An external
ready line 254 indicates whether the runlength decoder 212 is ready to
decode a runlength. It can be used to sty the external logic. 7.2.2.4
Runl engt h Encpder %Eg oolel t. ro or one
bits in the i nput‘Ed:sutsl(r;g{a\#‘l:qjE Bé‘re@& r 3?1092%1€Oa f%glf%n@%%gﬂlr‘rlehg%g be white
(color 0). an;cecdma 2623 axdvarddyl At 80hdpiofur maginpppusiength sehwently $4900.

pr edecessor e ki I |

runl ength encoé‘g Qhalé}oééh de%{a EJSC%QE@E@CI%%% %%r Ll‘sgfehtir:{%%&m%r C?I% ?lgrtctgg‘g[ of the
i ne. The rur(Bextigt f), it ecglteot haﬂélpswﬂengthk exﬂeedﬂrgthommemllycemdountenediﬂ()@al ly.

The runl ength eacodgr % 10ea S1 8 qﬁgnun1o @@ hts fromthe input stream
every cl ock. Ffagaimie appfigau B%?% n ISHFedpe ?ﬁlgure 23) viewed through
a 16-bit barrel sBink¢ most2dbthebansieof Glotip 4 oorads fngtht Helmadmtydigglgsimpker al way's
aligned to t nt tion.in ream An encoder. 260 connected
to the barrelﬁ%’ﬁﬁqgarsedz‘g'éil EBwdne “%‘Sg’ikfg'(‘?)ﬁ‘??t°57‘)eq‘f‘{fmegtﬁg}fhr‘? according to
Tabl e 20. Theapﬁohuntlsdemhmgwetﬁrmer 260 uses the current color to
recogni ze run e ro rlate oIor e 8- runl engt h generated by
the 8-bit rﬁ9 791% E&YF?%E?B Zi“g)mg?fal"ifé“‘?“rﬁgm&nl engt h
register 262 Whemhé e Felti andrrw&@wg(lﬁlmmy)e@d@éss%%mcmﬁuea fsdlyien hed of

the current ruyn erat ) an nd-of run signal which is latched by a
r eady registé%'ﬁﬁé‘%mﬁﬁmﬁﬂ HSRECYEATy regi ster 264 indicates that the

encoder 214 has cgDRLAiséthRERMES S¥yinbels,appro elybtmowgbdtd BRsddrtll ated in

USed o St al 1reedge il et el Foeiine e eGSR BH o 5. bi

runl engt h engreitéesaR Orhe Prqddéessor o21BE first BiRds hbﬂn@@toﬁﬂdme%fﬂft@ Basdik iy un
signal, effecfively stall] the entire runl gngt encaoder 214, 49 Tabl e

|
20, 8- bit . r urieERgGth SER OB IO L4p agssfslly s af OISk Has lgssatkely siersioppthen
00008000000 QPRLst 4EHQAMD142R tdgetul OO EIPsIPHARAREADde fink ¥ d4H8 @DiEs 142310001 X
XXXxX2100 1 xx xxxx11Q1 xxx xxxx0111111 11118011111 11107111111 110x6111111
| Oxx5111111 RE£19 PRSI Pagedddthy 1 | Ox xxxx211l Oxx xxxx1110xxx xxxx01 The

out put of the 8- bmheagwaﬁtnebdsueem@@&éreé’&%h@edgbmﬂusgrebmustmﬂlftﬁ&aﬁsrunng page
w dt h. The actual -brt runlen%th is subtracted fromthe renalnlng page

width, and i€ %Iﬂ’é]?:l ths maxppuy dejtagange with the sams sense (uhittterblask erddpckdesq ¢ o
control the Retlite Thishkdstons oé’ége@@%ﬁd &alss ﬁ*ﬁteshlau&eanahrc&@ma@me t@n external

reset line 268 is used to reset the runleng encoder 214 at the start of a

line. It reséb%rtqrﬁ%deemmﬂ@m%mmeK*&ﬂ@wégseatwgtshwedtsw tipfi on 1ine
270 into a p&ﬁﬁas%ﬁ&ﬁcﬁl%ﬂ‘pﬁ%ﬁ’% es. 20t did¥inRich RITAGy R Senlidtl of poift s | S used
to request another runlength Tromthe runlength encoder 214. It inverts the
current coIoﬁﬂ”ﬁ%&mmﬁﬁ%ﬁg“@ﬁﬁfﬁﬁﬁﬂgngth regi ster 262 and ready register

264. An external flush Iine 276 is used to flush the last byte SO of the
run, if inco 0 process

byt e- al i gned Tabigely. Eége%taﬂtrlh#gpfnawBomlemeé%@@lbyt e- &l i gned i mage.
An external [ready TTNagggs Tndicares that UG pHaRengrn encpder 214 s
ready to endade a runlength, and thht the cdrren unlengthlis avail abl e on
a runlengthiline 280. | © can be usef to stall 63 external logic. 7.2.2.5

2 7%
=3 5%

An edge can also be coded using the length of the run from the previous edge in

the same line. This uses one of the create edge codes for short (7-bit) and long (13-bit)



The EEU 188 has an output rate of 124M 1-bit bl ack pixels/s. The core logic
generates one runlength every clock. The runlength decoders 212 and the
runl ength encoder 214 generate/consunme up to 8 pixels (bits) per clock. One
runl engt h decoder 212.1 and the runlength encoder 214 operate at quarter
resolution (800 dpi). The other runlength decoder 212.2 operates at ful
resolution (1600 dpi). A worst-case bi-Ilmvel inmage consisting of a ful

page of 3 poimhlchdid FEHRMMAICKS, ah@uam@rcmwmmhéﬁgmyhfe%{ &idpysoded. 1800 dpi
(the rendering resolution pi the horj zont al output resol ution)

At
this gives anOidgrde kesa ed Bﬁsg‘f‘ﬁh@fly %6@9“12@1 withydgetindhrreviam 5og eabos of

8- pi xel out puinybpgteage ﬁRﬁébrEM@usrlh\@%‘ﬁﬂl@d %eﬁ%&’ddéd A ﬂﬁé’!ﬁrr@ﬂt%@sl‘hisﬂﬁéﬁﬁéj of
one. Qutput lines are replicated vertically to achieve a vertical

resol ution ofkil ¢dgy CG%Q Thvwﬂvfamgq ﬁ@eﬁlgﬂ%’éﬁhﬁgm%fphq rage txghe deceder. t han
generated it has it he
over head is hal ved to étgig}ﬁn dell31(‘:HllJ ¥n Iut geri]ﬁéra?} g(%el'? O%géj Bb‘ﬁ ln t he
out put stage &#/Lethee pERY Lmserlryﬂméxssmdd\b@supp@rmdménut S!gmftchlé llEEilgt a88. The

pi xel rat e of TS SRRt P RS ok Pl 3Ry 600 b e B DL P

runl engt h decmdlengthﬁﬁouldh? atdeasti8-biv and k4sbitwespsctivelys 4 goneralimgwsd GOk . Thi s
gi ves a m ni u JP he JPEG decoder
196 (Figure E%Eh %ﬁrf)ar%fedslggogt g‘“%%““‘%p‘ff@s%&ewg@ﬁ’? -rél-e i mge. The

i nput to the JPEGThefwkket ofkodesiisdedinddPinGabletl $ { Nate that thire isnetqpadnf-fivenode.he JPEG
decoder 196 i &9ns one. ng, the
JPEG decoder %glego% ‘gsses RER "f’dtgwgetecgﬁlg %?fr}]ﬁ%lflne\é\ggenlegéﬁ i fp&[e gés These
are sonet i nesare;mdmdbpdlelrdatiwlpkobabxdués df theesdes! accamenpage wi dth x 8 strip
buffer closely coupled with the codes. This would require a 67KB buffer. W
i nst ead use 51 8 parallel pixel FIFOs 282 with shared bus access and 8
correspondin Mhmmeémewaﬁlsshom |n Fi gure 24. 7. 2. 3 1 Ti m ng The| JPEG

The v aon

decoder | 96 peas—an—putputrrateot—3-5M32—bit—EMK—p -s/-s—Fhe—Feqgt r ed
cl ock speed pf th&%ecode| EREAYNES onSYiE d4=5|gn of t‘#éc'ﬂgl?&der 7.2.4

Hal ft oner/ Copposi t gy The hal ftjoner][ conposit ¢r m@httn{dd&anel&ﬂdﬁfwre D5)
conbines thelfunctions of thalftonihg the cobtone CMYK |ayer taq hi-1evpl

CWK, and copnposi tAtlg t he|bl s Ia/er over the mmwvmnomlmteéwll aye’. The

i nput to t he[HEYU—190—+s—=at fAoet—26+ ﬁ'ﬁ| -CiK \.;UIILU e
expanded 1600 dpi Dlack Ichyer c}The out put fifom R’ Iﬁaﬂesf@??arfvgswge set o 1600

dpi bilevel ICWK igyage T1 mesgogpoce| started, thenﬁgucmp@{dg@%@smnu it
detects an epd of page condition, br until it is explicitly stopped vlia its

control regijster 284. The HCQ!)OI‘DO pener-at es|a pauevesprrespensingredge Fpeci fi ed

w dt h and | epgtirsthewcth repgth—ustbe Wand
page | ength [ eqi ls“tnegage of 1 he%ggbntr | registers 28 lpcrorrglpmt]o &¥ting {he
HCU 190. The pamemadmgecwrrmpbnds UdittRie Mﬁa&ﬂ@eﬁMShmrtmhhﬂghl(Rﬂ)hF page
| engt h corrcapunua +o—theH-epgth—ef—hedprget page: The—HS—-1+90 Mric'at es
target page dafS6&r e N,pe@?’i‘ ed| | BriitBlg r‘ir?j’ﬁ? ﬁﬁﬁ@?@gﬁ@‘\ﬂﬁ?ﬂmgﬁ[o t he

page w dth. [Td- df@sget(l]«:qm; ofoobow | nft and right nekgd-6Spdgtisfarkee W itten to

| ef t rrarg|n din rngnc ers-of the control rngngtnrc 2 i or
to starting the HCU 190. The distance fromthe I eft margin to the right

mar gi n correspondgj u@bt'ﬁ'ﬁho*ﬁvélﬁ 1eRASnNY thfiple. Nte tHalihd SdnBoNGtARM o8] ack and
contone data according to specified black and contone page w dt hs These

page wi dths rigsll mtqmpfqllgmg@nmhg@kl Whitgdingisenepdss Bsipghibgie bib 64 af dt h

regi sters of 190 . The

HCU 190 cli pséanﬂ(ﬂ tzlil%gkoé% nt g% &gétag%%cgﬁlhgfs egcgbdgaﬁéi gtgg vaﬁtgﬂld_'%| s all ows

the bl ack and conﬂ*@tﬁethgia@fowgdlmdexnbeaﬂw@emptemmfar@mnop&geomndssmnvm t hout

requiring any, n h

rel ationshi psal%‘?lt éers E%ng,l %&& ﬁct()d{:r)l gcﬁ?q’eﬁd‘) C%eﬁ?gﬂntgé’?mne 1&9 At hs

and t he mar gisomeanoze cdrﬂpasltthatc&hbrs iﬁoﬂ-‘exgmple afre runFsﬁgt]I Iamcoldrrigj cdﬂﬁmsdaﬂ'es

contone data t r. ol u bot h horl ont an c y based

on ' spect 1 Rl Bimfio P st g i g RNl PRI cont one
the best encoding for a given image.




scale factor register of the control registers 284 prior to starting the
HCU 190. Table 21. Hal ftoner/conpositor control and configuration

regi stersregi sterw dt hdescri ptionstaxtlStart the HCU. stolSto the HCU. page
wi dt h14Page wi dth of printed page, in dots. This is the nunber of dots

whi ch have to be enerated for each line.left mar inl4Position of left mar
'n, in dots.ri t mar inl4Position of ri 3 mar in, in dots.page | engthl5Page
| engt h of print ed Thapowing iksirple Algorthivsfor predusingithy EDRL khqeding whd e have to
be enerated f ge wi dthl4Page wi dth of black |ayer, in
dots. Used tc}8 é§%§$m$ﬁgmgh%&%FBg bl ack |ine.contone page w dt hl4Page w dth
of contone layer, in dots. Used to detect the end of a contone |ine.contone
scal e factor4Scal e factor used to scale contone data to bi-Ileve

resol ution. The consuner of the data produced by the HCU 190 is the
printhead interface 192. The printhead interface 192 requires bi-level CWK
image data in planar format, i.e. with the col or planes separated. Further,
it also requires that even and odd pi xels are separated. The output stage
of the HCU 190 therefore uses 8 parallel pixel FIFGOs 286, one each for even
cyan, odd cyan, even magenta, odd nagenta, even yellow, odd yellow even

bl ack, and odd bl ack. An input contone CWK FIFO 288 is a full 9KB |ine
buffer. The Iine is used contone scale factor tinmes to effect vertical
up-scaling via line replication. FIFO wite address wapping is disabl ed
until the start of the last use of the line. An alternative is to read the
line frommin nenory contone scale factor tines, increasing nenory traffic
by 44MB/s, but avoiding the need for the on-chip 9KB line buffer. 7.2.4.1
Mul ti-Threshold Dither A multi-threshold dither unit 290 is shown in Figure
27 of the drawi ngs. A general 2S6-|ayer dither volune provi des great
flexibility in dither cell design, by decoupling 53 different intensity

| evel s. General dither volunmes can be large - a 64x64x256 dither vol une,

for exanple, has a size of 128KB. They are also inefficient to access since
each col or conponent requires the retrieval of a different bit fromthe
volunme. In practice, there is no need to fully decouple each | ayer of the
di ther volume. Each dot columm of the volume can be inplenented as a fixed
set of thresholds rather than 256 separate bits. Using three 8-bit
threshol ds, for exanple, only consunes 24 bits. Now, n threshol ds define n+
1 intensity intervals, within which the corresponding dither cell |ocation
is



alternately not set or set. The contone pixel value being dithered uniquely
selects one of the nt+ 1 intervals, and this determ nes the value of the
correspondi ng out put dot. W dither the contone data using a
triple-threshold 64x64x3x8-bit (121 CB) dither volune. The three threshol ds
forma convenient 24-bit val ue which can be retrieved fromthe dither cell
ROMin one cycle. If dither cell registration is desired between col or

pl anes, then d@ﬁnéﬁi@i{’f‘r}ilmq?ﬁﬂ&@] Fay gpshgﬁn;neﬁl eved once and used
to dither eacj&eﬁlgg SIONFY th EC&Q ﬁl Lration is not desired,
t hen the dit% op?é spﬁ:lt |nto ur su s and stored in four
separately addressa fromwhich four dlfferent triple-threshold

schene shown be ane dither cell at

val ues can be rﬁgﬁ* Fe‘(rﬁﬂ [If]n parallel in g Fév Y &“ll&gng the addressing
_ our color plan 2 % ‘fﬁ
vertical and/or thrcb%]ggggl of fsets of 3 ‘?‘g %Zlgab?%%&é Lge;ndE:(r:]h

tripl e-threshol POt converts a tr)
intensity val ue interval and th ne_ or é ro bit. The

triple-thr est}?l 8* & are shown in %tp'ét %)énprelsﬁ%i) ggpondi ng logic is
shown in Fig ble 22. Triple-thyesho | esi nterval out putVvV <_
T, 0Tl <v<_T21T2<¥ Yi%%—&l 54 7.2. 4. /GEBTFB ‘“ﬁf@ gff ? Yonposite unit 294 of
the HCU 190 co bl ack | ayer do pf?v‘@” eh&.l ftoned CMYK | ayer dot.

| f the bl ack |21})§F“f§§§% Oy is one, therf / eyreeny CIWis setto zero.

G ven a 4-bit hal ft col o C~M-Y~K~ ?ﬁ‘ﬂ“& i | ack er opacity Kb,

the conposite I%&Pt&s N g'f’ed in TaphPesteLentrans “t) osite

| ogi ccol or chan P57 Bncc~ n-, KbMVb ﬁo %&W”’?\Prek P~ v Kb 7.2.4.3

I (
G ock Enabl e Generu%[ior = // current color in current line

int prevRun // current run in previous line
int currRun // current run in current line
bool bUpdatePrevEdge = true /I force first edge update
bool bUpdateCurrEdge = true // force first edge update

while (codedEdge < lineLen)

{/ possibly update current edge in previous line
if (bUpdatePrevEdge)
if (prevEdge < lineLen)
prevRun = GetRun(prevLine,
prevEdge, lineLen, prevColor)
else
prevRun= 0
prevEdge += prevRun
prevColor = IprevColor
bUpdatePrevEdge = false

// possibly update current edge in current line
if (bUpdateCurrEdge)
if (currEdge < lineLen)
currRun = GetRun(currLine,
currEdge, lineLen, currColor)
else
currRun= 0
currEdge += currRun
currColor = !currColor
bUpdateCurrEdge = false

// output delta whenever possible, i.e. when
// edge senses match, and delta is small enough
if (prevColor == currColor)




A cl ock enabl e generator 296 of the HCU 190 generates enable signals for
cl ocking the contone CWK pi xel input, the black dot input, and the CMYK
dot output. As described earlier, the contone pixel input buffer is used as
both a Iine buffer and a FIFO Each line is read once and then used contone
scale factor tinmes. FIFOwite address wapping is disabled until the start
of the final replicated use of the |ine,33at which tine the clock enable
generator 296 gener afeR$=gurfik OpRvEdgee advance enabl e signal which enables
wrappi ng. The cl ock ipaBdchapenriat PEIAY al so generates an even signal
which is used to sel ecpytb(CEBGEODELRAoSLIAHT out put dot FIFCs, and a
margin signal which i scidsfifliet @ cGRBgeat € white dots when the current dot
position is in the |effyQheplghipe®i@ N Oof the page. The clock enable
generator 296 uses a SS?MQECEHE Q“ﬁw The internal logic of the counters is
fti the

defined in Table 24. T gic o cl ock enable signals is defined in
Tabl e 25. 55 Tabl e 24. ock enabl e generator counter |ogic counter abbr.
w. datal oad condi |, ot Dl4page wi dthRPa v ECQLb(D>0) n
cl kl'i neL1 Spage | s 'ﬁgﬁﬁi@ﬁg flé?@ﬂgrrar gi nLML4l eft margi nRP v ECL(LM>0)
n clkright margin utéd IE&RE GRRP v ECL(1t M>0) n cl keven/odd dot E10RP v

EOLcl kbl ack dot BD14 Qe OL(LM=0) n (BD>0) n cl kcontone
dot CD14cont one wi dth v n (CD>0) n

// create unmatched edge in current line
if (currEdge <= prevEdge)
PutCode(s, CREATE_EDGE)
if (currRun < 128)
PutCode(s, CREATE_NEAR_EDGE)
PutBits(currRun, SHORT_RUN_PRECISION)
else
PutCode(s, CREATE_FAR_EDGE)
PutBits(currRun, LONG_RUN_PRECISION)
codedEdge = currEdge
bUpdateCurrEdge = true

Note that the algorithm is blind to actual edge continuity between lines, and may
in fact match the “wrong” edges between two lines. Happily the compression format has
nothing to say about this, since it decodes correctly, and it is difficult for a “wrong”
match to have a detrimental effect on the compression ratio.

For completeness the corresponding decompression algorithm is given below. It forms

the core of the EDRL Expander unit in the printer controller chip (Section 7).



cl kcont one sub- pi xel CSP4contone scale factorRP v EOL v CSP=0(LM=0) n

cl kcont one sub-1ineCSL4contone scale factorRP v (CSL~)EQL n cl kRP (reset
page) condition: external signal EOL (end-of line) condition: (D=0) n
(BD=0) n (CD=0) Table 25. C ock enabl e generator output signal |ogicoutput
si gnal condi ti onout put dot cl ock enabl e(D>0) n ~EOPbl ack dot cl ock

enabl e(LMI) n (BD>0) n -, EOPcont one pi xel4 cl ock enabl e(LM=0) n (CD>0) n

(CSP=0) n -,ligﬁg]p Inlggb advance enapbt e(CSC=-0) n

~ECPevenE=0 gl L I\/l=0) EOP (end-of page) condition: L=0 7.2.4.4
Timng The H out put rat SMYK pixels/s. Since it
gener ates one ph eg *he !l ock, it mjg E%g(% 41%5 'O{tSt ‘% lidegast 124MHz. 56
7.3 Printhead 1§ Print 10 U/ZE Sreallc qg met printhead 143,
as descri bed |nm Ige ;I'[% gthl nt'heéad (ons@t segnents arranged

in 2 segment )gr oups. irs segrrent group cont al ns 9 segnents, and the
second group ‘cont ai egnent s. re a 13..600 nozzles of each color in
t he printhead 15'% {'E% @a t ot al off;%‘ﬁw&g gﬁggsze ®s. The pri nt head
interface 192 is. a andard Menj et / terface as described in
Section 10, conf} h the foll ""“”' %P Yt B Reters: MaxCol ors
= 4 Segnment sPe’xP'&Y °r9_ egxnentGr ‘§I— DKM FiSY ’c“ﬁe pri nt head
|nterface 192 has a nmb of exter fAl) T¥l ctions, not all are used for an
8.5" printhead, ™ 50 are conndlfwERnt I BIRGAIINS| s on the CCP 180.
Speci fically, \ f ntGroups inplies that there are only 2
SRd ock pi ns anﬁﬁfﬁgﬁg"&%ed’ggﬁ%‘gs pins. Al1136 Col orData pins, however, are
reqU|red 7.3.1 Ti iLnt 10 prlnts an 8.3" x 11.7" page in 2 seconds
The print head 143"% G‘? %‘i Sore print 18,720 lines (11.7" x 1600 dpi) in 2
seconds, which yié F];TI out 107s. Wthin the printhead
interface 192, a sirf E &A.te *a single Load Cycle nmust both
conpl ete wi thin thi £3% EL; '0 ‘t he paper 144 nust advance by about

| 6pmin the same tirfése GEDEL%
P case EDGE_ DELTA PLUSI:

case EDGE_DELTA_PLUS2:
/I create edge from delta
int delta=code - EDGE_DELTA _0
int run = prevEdge + delta - currEdge
FillBitRun(currLine, currEdge, currColor, run)
currEdge +=run
currColor = tcurrColor
prevEdge += GetRun(prevLine,
prevEdge, lineLen, prevColor)
prevColor = tprevColor

a

case KILL_EDGE:
// discard unused reference edge
prevEdge += GetRun(prevLine,
prevEdge, lineLen, prevColor)
prevColor = !prevColor

case CREATE_NEAR_EDGE:
case CREATE_FAR_EDGE:
{// create edge explicitly
int run
if (code = CREATE_NEAR_EDGE)
run = GetBits(s, SHORT RUN_PRECISION)
else
run = GetBits(s, LONG_RUN_PRECISION)
FillBitRun(currLine, currEdge, currColor, run)
currColor = !currColor
currEdge +=run




I n high-speed print node the Menjet printhead 143 can print an entire |ine
in 100,s. Since all segnents fire at the sane tinme 544 nozzles are fired
simul taneously with each firing pulse. This | eaves 7ps for other tasks

bet ween each Iine. The 1600 SRC ock pul ses (800 each of SRO ockl and

SRCl ock2) to the printhead 143 (SRC ockl has 36 bits of valid data, and
SRO ock2 has 32 bits of valid data) nust3sal so take place within the 107ps

line tine. Res2.33EDRIYCoRPrdssioh PerformakiReps, the length of an SRC ock pul se
cannot exceed 100 1600 = 62.Sns. The printhead 143 nust ther fore be
clocked at |6Mz. %ﬁ'@qgﬁmsa@émpfﬂsw @@weﬂg@ogpmﬁs"n%ﬁ rate of
124M 4-bi t C\YqTR t&é?lck&duﬁwntb'ﬁk’éﬁ‘tﬂelec%@@i&&ﬂél drithn® Hadh dfelun¥@ ré;f?éserﬂtQQpS out
of every 107ps, it nust be cl ocked at at Ieas% 140MHz. This can be

i ncreased to Sigkvpage s@nRagdiab A0 dpk Groyn 45 syperionperformanceds duedp its BRNGSY1 nt head
speed. 7.4 Proaesflen@hd tiNe400 dpideckurt.0Cessor The processor 181 runs the
control program whi ch synchroni zes the other functional units during page
reception, expan5|on and prlntlng It also runs the device drivers for the
vari ous extefr L Wl the] user
i nterface. fﬂile%i‘@%ﬁ?%@v—?@ﬁ rru gsgﬂpé’h{gflfﬁfﬂc?egﬁgﬁde e(;k;l cient DVA
managenent , bmcumtemeaM@eimoes not need to be particularly

h. h- f C ot H 200—s 1t T
T P o CRCETTT fasinfeat Nt [ GRr ] ohfiiaiion 1FL [RE ompresty il

vectored intlerrupts te® the processor 1812%n transfear conpl elién. Tablp 26.
DMA channel psagefuneti-oral—unriH-Aput—chanpnel-seutpt t%h“'"'“'zf’ 3sst
i nterface-1lijnter-CCP fnterfacelllEDRL exp@rpder 11JPEG L.
decoder 18hal jft oner/ cogposi t or 28speaker 1 nfpy T acel- prfi ni head 14.1
interface4-1
control prog[r am whi ch%i s 1 oaded| i nto mai & menory 182 duri ngséyst em bopt .

58 7.4.4 RanpUS TNterkace 15.8 12.4
6 31.0 25.5
7 7.4 5.3
8 26.7 234

Magazine text is typically typeset in a typeface with serifs (such as Times) at a
point size of 10. At this size an A4/Letter page holds up to 14,000 characters, though a
typical magazine page holds only about 7,000 characters. Text is seldom typeset at a
point size smaller than 5. At 800 dpi, text cannot be meaningfully rendered at a point size
lower than 2 using a standard typeface. Table 13 illustrates the legibility of various point

sizes.
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Table 14 shows Group 4 and EDRL compression performance on pages of text of

varying point sizes, rendered at 800 dpi. Note that EDRL achieves the required

compression ratio of 2.5 for an entire page of text typeset at a point size of 3. The

distribution of characters on the test pages is based on English-language statistics.
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For a point size of 9 or greater, EDRL slightly outperforms Group 4, simply
because Group 4’s runlength codes are tuned to 400 dpi.

These compression results bear out the observation that entropy-encoded

runlengths contribute much less to compression than 2D encoding, unless the data is

poorly correlated vertically, such as in the case of very small characters.

6.2.4 Contone Layer Compression
6.2.4.1 JPEG Compression

The JPEG compression algorithm lossily compresses a contone image at a

specified quality level. It introduces imperceptible image degradation at compression

ratios below 5:1, and negligible image degradation at compression ratios below 10:1.

JPEG typically first transforms the image into a color space which separates
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| oader/format unit (LLFU) of the printhead interface (Section 10.4), the
master CCP 180M starts the line synchronization generator unit (LSGJ) of
the printhead interface 192 (Section 10.2). The master CCP 180M obtains the
status of the slave CCP 180S LLFU via a poll sent over the inter-CCP serial
link 314. After the printing of a page, or nore frequently, the naster 180M
obtains ink consunption information fromthe slave 180S over the inter-CCP
link 314. It uses this to update the remaining ink volunme in the ink
cartridge 32, as described in Section 7.5.4.1.
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A fully-expanded 1600 dpi bi-level CMYK page has an image size of 119MB.
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Each functional unit contains one or more on-chip input and/or output FIFOs.
Each FIFO is allocated a separate channel in a multi-channel DMA controller 200, The
DMA controller 200 handles single-address rather than double-address transfers, and so

provides a separate request/acknowledge interface for each channel.

Each functional unit stalls gracefully whenever an input FIFO is exhausted or an

output FIFO is filled.

The processor 181 programs each DMA transfer. The DMA controller 200

generates the address for each word of the transfer on request from the functional unit

connected to the channel. The functional unit latches the word onto or off the data bus

186 when its request is acknowledged by the DMA controller 200. The DMA controller

200 interrupts the processor 181 when the transfer is complete, thus allowing the



nunber of colors in the segnent). These inputs are naned Col or NData, where
Nis 1to C (for exanple, a 4 color segnent would have 4 inputs | abel ed

Col or| Data, Col or2Data, Col or3Data and Col or4Data). A single pulse on the
SRCl ock line transfers C bits into the appropriate shift registers.
Alternate pul ses transfer bits to the |g “\r%EI‘ and upper nozzl es respectively.
A total of 800 pul ses are.re U|red f e, conplete transfer, of data. Once
a11800C bits havePRESHr %5 HSRTRETRRGNO e‘é@ﬂﬁ?’é’n&ﬂ Sg@eawgkzn pirslister 1ine
causes the pamgbdnel transfer of data fromthe shift regl sters to the

appropriate Nozzl eEnable bits. The parallel transfer via a puI se on
PTransfer nust takbesperatige awe@ﬁortlﬁé “1ﬂ% PrgramypptBerigaster on agharnel P wi se t he

Nozzl eEnabl e RitfeTofrépoddhfl thhil e FD¥ib Waﬁgolé"{ k! noRRnipRCRF & RG4, noh-full S
inportant to note that the odd and even dot outputs, although printed
during the sdfEaWittht Cycle, do not appear on the sanme physical output
ine. The physicalmsgaanai oRcitnd d8viee i ERniAas LEDMABRILNBOPT | Nt head,
as well as separation between nozz erent col ors ensures that they
wi || produce d4¢pengs snmepihptasytholatengynefanait memeryd83e. This rel ative difference
nust be accowy £d g Eﬂﬁ:ﬂ d'oadl ng the data into the printhead 143. The

act ual dlfference In es depends on the characteristics of the inkjet
mechani sm used i nTthDﬂLlenmdnéqdmmA{BEU)nﬁé igishb e tregreater detail ibEigue 20.1d by

vari abl es DI i I en nozzl es of different
colors, and [‘)%nl S tﬁmg{egﬁea%égﬁgjépg g}r?%re\gzgg wﬁ)ﬁﬁ%ﬁt he same col or. Table 30
shows the dots trdhsinputitethetbllh188 is i BIPRE bigstearn. Tre outpst from ¢he BElbiskses. 68
Jabl e 30. O A8fordl1dbhlihagh!1HBS, s bribShudty FRAHEL FeSb G A e UBhnaed pin e 0! OF 2

Li ne1ONN+DI s Nevzbintag¢ by dr) iDtegdriedde fieor telIBR8 @pdl + D2N+( C- 1) D1+D232NN+DI N+ 2DIN+( C

-1) D143N+D2N+D1+Dwg&)&;@ztﬁ%égujl)gpho?%gﬁmﬂﬂg&g&%%[ ﬁlfi' @%ﬁ%‘%@é\ﬁﬁﬁe t _he

nozzl es of one color next i nes
bet ween two rERRL bifstrecow, ok gatilaf is expicitlastopped|vorits(contkad Irggistgr.  And so on for

iz, wh chwi i1 1 SRR RdSErFePE el SAUTE Blochl of IR B |, T

Cycle A si nglwmpmamemdubmgls&egﬂﬁapﬁormwmgﬁeBEU 188zzles. To fire them

all at once woul d o robl e i nk
refill and nozzl eTlﬁ“F\{]cghlqger ence nyncfjﬁdgol\éf%g?aé rel?gsg exﬁ@%scéleﬁhcﬁoée(hmv\hen we
consi der thatmtastbmmtqnasa'aﬂdy@adrreglstenmqmedtoafartmglthemlé1882 i nch segnents,
each with 800 nozzles. Consequently two firing nodes are defined: a

| ow- speed printing node and a hi gh-speed printing node: In the | ow speed

print node, |t1'ubleel7aEBR2Aﬁppme$esntrNMahh c&ﬂiﬁﬂrﬂh&&egniﬂem ng 4C nozzl es (C per

af _ocal v o\ n-thao

firegroup, rer-e—C+-s—Hhe—furben—of r-gh—speed—pr+rAH node,
there are 140 pffESHE i t gty phase firi ng 8&"?1‘3?4‘1083 (2C per f| régroup,

where Cis t unber df cof orS){.Stale BBBZI s t o be flred Inagivenffiring
pul se are dqh-e-r-m-nedi“,

stop 1 Stop the EEU.
page width 13 Page width used during decoding to detect end-of-line.
scale factor 4 Scale factor used during scaling of expanded image.

The EDRL compression format is described in Section 6.2.3.2. It represents a bi-
level image in terms of its edges. Each edge in each line is coded relative to an edge in the
previous line, or relative to the previous edge in the same line. No matter how it is coded,
each edge is ultimately decoded to its distance from the previous edge in the same line.

This distance, or runlength, is then decoded to the string of one bits or zero bits which



3 bits ChromapodSel ect (select 1 of 5 chromapods froma flregroup) 4 bits
Nozzl eSel ecl (select 1 of 10 nozzles froma pod) 2 bits of PodgroupEnabl e
lines (select 0, 1, or 2 podgroups to fire) Wen one of the PodgroupEnabl e
lines is set, only the specified Podgroup's 4 nozzles will fire as

determ ned by ChromapodSel ect and Nozzl eSel ect. When both of the 69

Podgr oupEnabl e Iines are set, both of the podgroups will fire their
nozzl es. For re;k}esehtqu@m oamﬁgpart ¥fahd infaBe. Atk a&%m@fees@@agurmﬁﬂ is d&fikdd in
Podgr oupEnabl e = 10 and respectively. For the high-speed node, only one

fire pul se i S %‘H‘Lﬁ%%@k wi th Podgr oupEnabl e = 11. The duration of the

firing pulse is giTeBEOsE Etﬁls@éraﬁbbﬁstémcn&%h@f%e d tEBachifaion e € the
Phasegr oupA and PhaseqgroupB nozzles fromall fireg rogtRs respectrvely. The
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characteristics he anount power--aval e printhead 143.
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be fired bef Cﬂ’eéodphﬂ@xt. 'Tat expandddriine becamelagep redlline Butfer 120Margsertobgh fodwldest

printing speed .t S .pe |ne In the high-speed print node, the tinme to
print a line & 5%6@@8"‘@8[ &YEDe between firing a nozzle fromone line to
t he next matches Theprewbuslyl expanded linElicalsobiffeled ich huffler2220d aéts 4sh refepmer  t han

this, sois S cc of a nozzle . als auses acoustic
bor tur bat | ondors SEoqRg tduurritding, T PPt Re S e sl e 5n o7 & hat
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four nozzles froma chronapod (one nozzle per color) and then nove onto the
next chromapod wi thin the podgroup.




In the | owspeed printing node the podgroups are fired separately. Thus the
5 chromapods wi thin both podgroups nust all fire before the first chromapod
fires again, totalling 10 x 2~s cycles. Consequently each pod is fired once
per 20p.s. In the high-speed printing node, the podgroups are fired
together. Thus the 5 chromapods within a single podgroups nust all fire
before the first chromapod fires again, 44talling 5 x 2~s cycl es.

Consequent |y ﬁﬁl@ﬁg@aﬁow 214 é&ddé%@l?&uﬂﬁrgeﬂ&at&% steftSsignR0 tHektaAsUARE 206 300NM
| ong and the yel 00|t’¥] soun in the ink is around 1500m's, the resonant

frequency of prceR14 ‘éseszthSW width e deteskendpfrling g (Goard) 99 ows 50
resonant CyC|l§i§fef@ZO Mqle%@mhﬁemﬁesmﬁes&me&ted%ﬂaimtaﬁ@e@a%@@ed nmode
71 allows 25 resonant cyc Consequently any acoustic interference is
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several lines of fmegée%mmahﬁa%&%bz'de&@éstﬁé&tmﬁq.ééggmgsiauﬁébmﬁ timng

of the firing pulses. Since nments are co together into a

pri nt head, t224§aré¢ froughi Wélold@n§kﬁdrléOQ ﬁm% edddkbxes).i The sundength passed tthise bus,

with only one I Qﬁf e
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f eedback. The S ' t until the
next SenseSeg gﬁ'ﬁ.@??’pu se6 %L L@? aLLqung%igngclgln@galggt%?ﬁ%m °l ows: Tsense
i nforns the cmplicatidrl. he BigW 18D couldiee @sigmdhaﬁnbdgssmo‘bmm intepmted inthiids cont rol | er
to adjust tim 1S Vi scosity
of the ink. rIibiggngsggh |énfx %Q%}h&%n bésg é%hgﬁ%ﬁ%@%gﬁlbéba ailable to
t he act uat or . effeblive. Fhis mmidtdqmrcmnmhahﬂedmffcd)emncpﬂwsla\veesbhltloxanmeagth battery
or high volt St t he
controller o?& ? %%P%dgtﬁ%{?%o\?ﬁ%yﬁ%ﬁﬂ ﬁp"grsmglgﬁgl‘r%l V\Qe% hllﬁh B§°q'fl uogltr(lﬁrpg eat er

This al |l ows tdeeodcontroller to adjust the pulse widths to naintain a

const ant ener p of, the heater resistivity. Wense infornms the
controller ofﬂ%{% ]ﬁgfﬁ% ?ﬁ%odc?rltlcal part of the heater, which may vary
up to ~ 5 % due t dhe EDRhgtreqnhdecodmeé(fhgumgl)\dacrddeetdntrnpy—co‘ﬂlad EDRLI ows t he

control ler t o ewllorés in m;pu? L)'%set\reamdlrt Qseggpw Qyte lnpgtl blffer 226 viewed through a

16-bit barrel shifter 228 whose left (most significant) edge is always aligned to a

codeword boundary in the bitstream. A decoder 230 connected to the barrel shifter 228
decodes a codeword according to Table 18, and supplies the state machine 208 with the

corresponding code.
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The state machine 208 in turn outputs the length of the code. This is added,

modulo-8, by an accumulator 232 to the current codeword bit offset to yield the next

codeword bit offset. The bit offset in turn controls the barrel shifter 228. If the codeword

bit offset wraps, then the carry bit controls the latching of the next byte from the input
FIFO. At this time byte 2 is latched to byte 1, and the FIFO output is latched to byte 2. It
takes two cycles of length 8 to fill the input buffer. This is handled by starting states in

the state machine 208.

7.2.2.2 EDRL Expander State Machine
The EDRL expander state machine 208 controls the edge calculation and

runlength expansion logic in response to codes supplied by the EDRL stream decoder
206. It supplies the EDRL stream decoder 206 with the length of the current codeword
and supplies the edge calculation logic 210 with the delta value associated with the

current delta code. The state machine 206 also responds to start and sfop control signals

from a control register 234 (Figure 20), and the end-of-line (EOL) signal from the edge

calculation logic 210.

The state machine 208 also controls the multi-cycle fetch of the runlength associated

with a create edge code.



73 Table 31. Segnent

Sel ect 3Sel ect whi ch chromapod w ||
nozzle fromthe pod wll
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I nterface Connecti onsNaneLi nesDescri pti onChr omapod
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effective 8.5 inch|printilng areal Since the total nunper Oef'},ﬁéez n a
segnent is 8O6€E s :eﬁfx‘ﬁ 5 ﬁg, fre ﬁi%f&'r ey E_‘L npzztes—t—agrven
pri nt head w Fh—S—Ss¢gientSs—-5800ES—tHus—geghert—N—sr+espensible—+of
printing dotjs—8DON t A-8odna 48 nuyer —gf congi rféLaLLans_mﬁs-t—be—made
when wiring Jupa piidiedd He the h af fhelp?nt head increases |the
nunber of sejgnments |rﬁ:2ease3dleanj t hidlenuntder Sof | coRnebtions &l so i ncleases.
Each segment| has ith ithn |Colidle Daj a cidkenect]i ofs {C of [ henRL casodeel | S
SRC ock and [ot her ¢ordgectli ons fof | oadi ngland pfinti nP 9 2 réf. RIgadi ny
Consideratioﬂns When the runber of segmentg S is|snall| tf edge ¥ AKINAD| € tO
| oad all the| segnemts sinul taneopsly by uging ajcommh SRCeficldgd i ne pnd
placing C bifts of dadent®r] €3@b Of clehte REAbQr Dat af i nput b T pisetlchate@gneNts. In
a 4-inch prijnter, $=@eararid therefore # he ot al L|urrber of bits to tra%sfer
to the printjhead i n adgi Mgl e SRCl ock pul sqL is 32. Hovqgver for an 8-ipch
printer, S=16," and|T dredté |[UNKAIKET V clehte RE Hidas@napl €.t 0] have 64 data || nes
running fromthe piingeddta genefatorgto tthe printheafd. Instead, it |s
conveni ent tlo group gggeurtber of gegments tloget her for|l oadi ng
- EOP idle stopped 8 - -
- - create RL | create RL lo 6 - latch
hi 6 7 create RL hi 6
- - create RL | create edge 7 - latch
lo7 create RL 1o 7
- - create idle 0 - create RL - RL;
edge edge + RL — edge;
RL — RL encoder




pur poses. Each group of segnents is small enough to be | oaded

si mul t aneousl y, and share an SRC ock. For exanple, an 8-inch printhead can
have 2 segment groups, each segnent group containing 8 segnments. 32

Col orData lines can be shared for both groups, with 2 SRC ock |ines, one
per segnent group. When the nunber of segnment groups is not easily
divisible, it is still convenient to ~49 group the segnents. One exanpl e

is a 8. s incin.psRubRbgth@echd@duci ng Ad/ Letter pages. There are 17
segnents, and these can be grouped as two groups of 9 (9C bits of data

goi ng to each segriBffunleggthde ﬂ&r9?¢2l§¥lta§d%’élﬂlep inRa seapence gh 6P §hd only 8C
bits used forenbBfs mﬁeﬂfoﬁ&lﬁ% length 11?1?1e ButPhtQHEEn. Ghe Birst ABZH Nlindis DI tS are
unused in the last grou ge he nunber of segment groups i ncreases, the
time taken t@ssmétqlwewlp i(prlerdh Each aindaassymed/p nOftIh@p@omsecemr&m&ne group,

800 | oad pul ﬁﬁéde@ersgorrI@ﬁlu'fhfeMl@a&Ean%la%ﬁ Jogﬁnghﬁﬁg n%éﬂﬁ’é eéeaédso)yazmen there
are G groups, a%lé ses are reqw an

connection bém@ewhlterren m@lﬂm@ﬁr Hadkeensdragk pﬁthmmntrmkx Hmn%ilbﬂ eto
cope and be withig LA ul ar
application. If G Péﬁﬁ%@&thﬁ%@é&l °§§Fe£’? ar ou%?bt?{?t{‘_msﬁ@ﬁwa@ar gest
nunber of segnemiclock.Rualeggtbupre t}tpl'mallpmtmn ingegdr moliplerof 8, ands@ouhsothertthan! | nes

and G SRCO oc I 0 S
required - |{ihécgﬁﬁge Bﬁa%j@a%rgpé &ﬂe'@lﬁ‘ r’{?’éng%gﬁtﬁ-ﬁe%ggeﬁ?réd nga??slh each
segnent gr oupn abgte sppaclegister 236 (Elgmar@),ehﬁﬁﬁhhnckfmlsIamlablanythpbyte]cumgtljpr ocess
must produce .t t 1.he. r equence .1 he h As an
exanpl e, V\henbe@gfqztnz‘hlhﬂéf{nﬁ%‘hzg&)\[ |éragsi:the§ﬁgﬁ'm iﬁecoql% amp{; %r"gﬁg fr t he
Col or Dat a bi tegerfydytet he next Pri nt Cycle's dot 0, 800, 1600, and 2400. The

ool e s dot 3200, HgtEeds AR ookl « T F ol hSselh bipe By PR ) ™
transfer the ldchesrnBat-zery valae i‘nura tuhlengtle reigisiey R3R. Ty ddcedey 2d:I2)¢ff@pv$30$1z;lls1601
and 2401. Th n I WI|| transfer the ColorData bits for
the next Pri ﬁi’h%aﬁ*‘%’g“‘g%@%%‘%b@* gf?gi)fze%BOl and s601. After 800G SRC ock
pul ses (800 to eaamuafbeSHGity akthe anﬁnﬁﬁ(drtaml«sﬂ)ﬂedﬁm@axemtputbytbmgetdnam been
o por tant P dRske TR RenRBRe PR ARER s TR et e BEPRRS R 1 e oo
during the sa:itsa&ualhytou@mls fimitedbythe narplee af biesleft nthsamtenghyend bﬁtheout put

| ine. The physi even nozzl es  w rint head,
as wel | aspsy 'thPF[‘)%é‘? @H‘tﬁ%‘i‘%“ggf% *ﬁ%ﬁ%ﬁ?"%ﬁ%}g%ﬁ‘&j{]g&p °Mhat t hey
wi || produce thotuslength dlcfthebﬁélﬁpabct Waten ee rillenginges tolRtosit haslbaén complhtdly er ence
nmust be accou d,f e data j.hto.the printhead act ual
di fference i ndnf‘? ?—!saﬂ%o‘%g Wgtbﬂgottctﬂ%l’fugé‘faé'rsi"@i’? E&'R%?'R?‘ﬁgytle ﬁ?&‘%ﬁr-{%gc hani sm
used in the pendibg@apht. Whmtde bftespaceges waderdihe ot bew idfull uad isappeadedDl and
D2 where D ltlg’t §9| st ance between nozzles of different colors, and D2 is
the distance BEEREBRHE es of the same color. Considering only a single
segnent group, Tall kﬁ-tﬁﬂ:arrel?sﬁlftehm&ielmtpdmyse fegiates249rané thetcolog egisen?4n of a
ri nt head durln theflr t 4 h Kk Tale 32. Order
bf ' Dot s Tr andrihet AT o SrR R Gt s ALR i SRR P PR R oot or

Li neCol or C  every clock, with the color as the serial input.

Li nc1800S' NN+DI nNH:( C- 800S+ 1+D, C- 1+D2 S+2NN+D1 CG1)D
14800S+3N+DZN+DI + %‘qu ES?E‘ ‘SENége‘}‘?fe%h%m % %&%ﬁ%ﬁ@ ( :
bet ween t he radim]&smémﬂmwemkirfe%&dsmétﬁtomayatest@ﬂeldeeddmg%fénewaﬁnldagth- nurrber
of |ines bet en two r.o | es of t 52 col likely =1 And so
on for al - sabs arseipeist i LruntRdt o ortal Gerpenulig aslthg et e 24
Printing Conghéldd Adtibesa olitielsamhe glaclois: therefr lifkd 2480 Bedaliseiektim thiersalie | es from
each segnent in the | owspeed printing node, and 8C nozzles from each
segnent in the high speed printing node. Wiile it is certainly possible to
W re up segnents in any way, we only consider the situation where all
segnents fire sinultaneously. This is because the | ow speed printing node
all ows | owpower printing for small printheads (e.g. 2-inch and 4-inch),

and the controller chip design assunes there is sufficient power avail able
for the | arge




print sizes (such as 8-18 inches). It is a sinple matter to alter the
connections in the printhead 143 to all ow grouping of firing should a
particular application require it. Wen all segnents are fired at the sane
time 4CS nozzles are fired in the | ow speed printing node and 8CS nozzl es
are fired in the high-speed printing node. Since all segnments print

simul taneously, the printing logic is thg sane as defined in Section

9.1.2.2. The &BitR8lof, He rEJE?oftt}i‘@cc%r'SQtE it@@oﬁ@%%erbsAﬁ Eﬁérﬁilgﬁlﬂt 1it9921s to
prlntallneatlowsee ntprlse 100 2ps cycles stoprlnta

line at high @gb@dluelubﬁnst@wo dhe 150, 1@\@90%81@513 égc)an b gsegd os arb@efawefk asis

Consi der ati ons c.as defined in
Section 9.1. 3. y@}] 3$ee%a%&?ﬁgga§%a%ﬁse tbgﬁﬁiﬂy t%ﬂe tl m ng of the
firing pul ses. Si daexiemal repwell@é’éﬂmdu@teawéetbultheewnle@gth deseddn@i2 ismadya

pri nt head, 'tt°'d§°°?%‘féﬁ§%e§¥}§h{‘ganf}f}g%?dn‘éQ?heﬁﬁggﬁﬁh"%"n% as atristate bus,

with only one o informati on on the
f eedback | i neb2.24 Runlength Exsiodae t he sel ection of which segnent will place

t he feedback i nfor n r Vsen , Wsense
| i nes uses the cO|T§ar“Bget“§‘%|ePéng“%ﬁag"°‘§§6upu ngg"%f’” tS"ﬁ%gpg&sF%%gl ng data
can be used e ffmlrmmhlarhyeisrwsm&gmmbuwﬂlmr(cdlmdljlmmunmmmtblheoﬁhar e G
SRC ock lines single.line is s e et wee e same segnent
oroup) ¢ hor coERpe e R s eedsRer 1PhF Hist KRBt ARG SioE N hiEpE “When he
correct Sens aﬁﬂg@lh acbddr 2iMe génsrapad b zad-lerighewldiregurestitheaftart dfalie lineolhe whose
Col or| Data bit art to e data on the shared feedback
lines. The se‘@ﬁlﬁ‘ g"r%% %ﬁ?ﬁ%’aﬂ%‘fflﬂefe%ﬁ'%tcglf’m?mﬂreedback nust al so be
di sabl ed by havi ng"hanﬂleagﬂueha)déhmlrréaﬂahmahhtummmxﬁhbmtbeiypmmtremy be in a
di fferent segnent The ore m)re t han .on gnent
group. changi HEtH Ug{(qg‘gs&f)ﬁg’f?@g PRy 8%#.?2?%‘ vé?‘%eéls ° l%aagq@ g the old
_sl_ﬁgment tand lﬁﬂatﬁhiﬁegfsmhmewmﬁgmrgmﬁg&ltﬁegée Bral\getyEQMemnt eaimnmf Sumary
is section assunes e prin S en. capstructe roma
number of seg‘?”?é %"afg"’@g‘irﬁ lﬁéﬁ‘mf:?ffef\?@ P’é‘iﬂeag%ﬂlggﬁqlgﬁ °r 258 encodei@Bs t hat
for data IOaCB-ﬂg(pﬁufaDmﬂ&gﬂid&eorﬁﬁgtﬁi’I‘dbE J0avie: SHeiefuniphgtt prcbder 260 usss gegnent

groups, with L s nts in the | afgest se t group. It assumes there are
& ol ors " HESHERRY 1sipeniet Tus SRR PHREACEREET | (1 hg mechani am for e

printhead 143 is tﬂnas-ba}ﬂ;%laggr@ﬂdb éﬁte&bi&e%tmhﬁl&rgﬂﬂuﬁ:bderZwlda@dbﬁYomaeb
segnment at a tine es. fee 0 jon on a c ri -.state bus.
Assumi ng al | ‘fﬂhlgé’égﬂ‘ffeﬁ regf%?f%g}fs‘gg‘f ‘é“tn@{"f W?@é?ﬁ%ﬁ?@ﬁ‘?ﬁ that are
g\éal | abl e era Odﬁuggm%mmﬁﬂ lit g enér%i%&alé’na-ofam s'grdaﬁ.aEiSS lch is latched byaready il
nnect i onsNanme#Pi scriptl roma el ec mapod wi
fire (0-4) No ZEREA Z[)le*zfsvé‘fpé*&?fotﬁwe%rﬁ@ i %f%ﬂ@tﬁ’e ?f|2(i#?‘?se
§ 2 E9) E’Fd%r: ounﬁﬂ@wtesla?eﬁmf hig&héh &Ereﬂﬂdﬁlé@gié%c&lﬂllufatdd% ﬁﬁh@ﬂa@m&%@eﬂz&lo 11
nabl elFiri ul se for ase P napl elFi rin se, for egroup
BCol or Dat aalﬂgd’gg’umﬁ'@?? yf'f"g‘th'gq%t‘%ﬁl? us¢ @é@ﬁéﬁﬁ%gbg‘f’lfn@hf%‘ﬁé; % GA pul se
(C)I(r;l SRgaOCkI[ N| whéehitdilelRe@i ssietuflengtk eszdérQE@SutNi@a gaib-1enpth dg;?_&ﬂd%‘zfefd’ dfgl el
orData lines into. t e nts in se r ransferlParalle
transfer of trﬁ“?‘%e%ﬁ"é“@gf %HE ?P@r'%‘g‘f‘@tqﬁ?g eﬁ?E nal Nozzl eEnable bits
(one per nozzl e). SenseSegSel ect GA puI se on SenseSegSel ect N ANDed with data
on Colorl Data[nJ selects the sense lines for segnent n in segnent group
N. TsenselTenper at ure senseVsenselVol t age senseRsenselResistivity

senseWsenselW dt h senselLogi ¢ G\DlLogi ¢ groundLogi ¢ PWRlLogi c power V- Bus
bar sAct uat or G oundV+Act uat or Power TOTAL18+2G+CL




79 10 MEMJIET PRI NTHEAD | NTERFACE The printhead interface (PH') 192 is the

means by which the processor
dots to be printed,

192 contains
signals for

a LineSyncGe

and controls the actual

n unit (LSGQ)

181 | oads the Mem et printhead 143 with the

dot printing process. The PHI

whi ch provi des synchroni zation
mul tiple chips (allows side-by-side printing and front/back
printing) as well as stepper notors. a Megnet interface (M), which

transfers d
sequences d

CFhbIc0t Bt

rrng a pri

'Y
n

pitelehieheod:

p& ﬂ! amd (,ontr_oi s—thenozze 1T
oager/for mat _unit (LL

EU) whi ch | oag

g
s t he

dots for a diven @olont |ine intdnpucal biif f er ledgth age gnd fend-oftun thgminto
t he order rgguredFor—therMeret—printhtad—Fhre—uhttsw-thtr—the—PHY 192
are controlljed by & nunber| of T@ |O§P rs fhat are progrgmed b)9 t he
processor 181. I'n gddition} theogropoessol 181 19 resporisi bl e flor sett|ing up
t he approprijate—paranetersii r—the transfers from
memory to the LLFUO This iphcl ub®® %08adi ng whiteb(all 0'|s) intd appropriate
col ors during the gart and engoffoig Pagg so thgt the gage nag clean ledges.
The PH 192 |is capable of dealing wih ajvariety of prijnthead |engthy and
formats) Infterms & broad] opeP@ilxgx cusfoni zat #ons, tHe PH 192 is
par anet er i zge—as—fotows—frabte—34—Bast¢—Pr+nttng 1
Par anmet er sNgneDescr pt i onRangem@mrs of Colors in
print headl- 4SegnentsPer Xf ef No obixsageent$ witten to pgqr trandfer. |Ig equal
to the nunmbgr—et—segrents Htgﬂ!aﬂ%ﬁ—%%mm{g#%$39&@mmH3mJSM)M
segnent grodps in FWI nt heapl- 4 terfpal strdcture df the PH alldws for
a maxi num off 4 col@s, 9 SEgMemh& ek (r anster, gand 4 tjransteris.
Transferring-4.colors to .9 segnents is 36 hi sfer _and 4|
transfers td 9 segrents eqpat e$ltld14! paxiimum prénted lilne 1endth of 18
i nches. The [roral” nUWber_of —doyF1PQho 11 "¢ Printed by arj 18-1ngnh 4 collor
printhead is 11 S 200 (18

1 1111 110x 6 1

1 1111 10xx 5 1

1 1111 Oxxx 4 1

1 1110 xxxx 3 1

1 110x xxxx 2 1

1 10xx xxxx 1 1

1 Oxxx XXxXX 0 1

The output of the 8-bit runlength encoder 260 is limited by the remaining page
width. The actual 8-bit runlength is subtracted from the remaining page width, and is
added to a modulo-8 bit position accumulator 266 used to control the barrel shifter 258

and clock the byte stream input.

An external reset line 268 is used to reset the runlength encoder 214 at the start of a
line. It resets the current color and latches a page width signal on line 270 into a page width
register 272. An external next run line 274 is used to request another runlength from the
runlength encoder 214. It inverts the current color, and resets the runlength register 262
and ready register 264. An external flush line 276 is used to flush the last byte



80 1600 x 4). O her exanple settings are shown in Table 35: Table 35.

Exanpl e Settings for Basic Printing ParanetersMsSBaaai xggt CmsPri nt er

Lengt hPri nter TypeoaaPConment slnnaottrrsGXsPrfaoarar Xpf sar4-inch

CMYPhot 0381248-i nch CMYKA4/ Lett er482328.5 i nch CMYKA4/ hetter full

bl eed49236Last xfer notfully usedl2 inch CMWKA4 |long / A3 short4833216 inch
CWK4843217 i nch CMYKA3 | ong full bl eedd§436Last xfer notfully usedl8 inch

CMYK49436 10. Jr tfdl 108 it ik 180 10¢an Bk uiddHaadink By Bt BER td PRcisBbRE ARt ruct ure
of the Printhead Interface 192 is shown in Figure 39. 81 1n the PH 192

there are twolinesouen guigagahasis typeocess adytetaligngdImagepr oduces Li neSyncO, whi ch
is used to controlsthe a8 1id r-lflﬂgd 'p.ng, I PRiiZRdeahi ps. The
second LSGU 318 Ogr odegcg{g?ﬁa%éyé%@l |§eﬁ%%gmhse Iﬁ.gtgs%lg}fdge ?ﬁef?pgﬁer drive
st epper not orencodEtiguniengtle pridsthathe prirrentmnlehgth istaivgilableloowsumtertgr’i lsle@8edi ps to
be connected %ﬁg@{&gr{ ;tghhgie%gﬁlgmeﬁ]&de printing, front/back printing etc.

via a Master/Slave rel ationshi p. en the Master/Slave pin is attached to
VDD, the chi p7.2.2.5dmingdered to be the Master, and Li neSync pul ses generated

by the two LineSy t 1 I abl nt.o,t t Ji-state
Li neSync conmon | ﬁ?\lgg EPE‘??\té’%y%c%“’é‘ﬁ%%ﬁr@@@ﬁ?ﬁ bef%ﬁ%#xéecf /Sbjgﬁea‘fo\l{gf) %‘8 chi ps).
Wien t he Mastgnér@enone rpalengtlsevatyt clodkethd ronlehdih déchderc2ii2mni thequmlenigther ed t o be

315 are ot CEBILE PR mBi £ PRESH F b op ARRREEER . ast er
chip’s Li neSyzi@.1pmt Sesudengtiueneocddn @ 1 hbperdti-it qudr@Presslutidnl (800hdpix Shnathdred chi ps.
Loader / For mt POt 0GR rerpraes FAN LRGP bipect 1 vel y. 10.2

Li neSyncGen Unit TPhworki-caesdirlevebimage icorsis(ihd6id)fulbpépe 0B3 Boiat extroasyeenti bl e for
PSGU 316, a1 BRARARL oMo O L rnicg rbr e L BRAE S ="
synchroni zat i lmtizontil @utperreschition) thispivee ait derdgtShldledgh of st Y@ Teneyemtia

fo stop. The PoHCQ Yt Quaihvics S e S At eite M KoM ingRa 8 cmct
nunber of cycdresOwmpitlaesurd iephGydorenishliyers atlievdatvertizhliesdlunyn bHE00 dpi.
eough to. o | BHFLHF five Psele athe s EBeerird oy e GERGPR TG whet hor
the speed is pigalé sbi cloblgbus @etbvarheddiehallédie20%. | oad, but can be | onger as
ransport of rour ¢ A MlrpsefoR pIraLEasshes ot @R pats s 0 1868 B,
nurmber | ess tdi@wesEcolipbfenPin thd EETeS. Th ekt oldck lspdd@of @k BBU 1ge@per |y since
orinting. ThabRERTIHE: Phbe PHaud LG cdretll Lo iaRepist AMIRBAEK LSaD 316,
318: 82 Tabkiathdd thelrilepynddcoder (8)] 4djBegif6iti iR gass loérhead (20%). This
NanmeDescri pti gqnCycl.esBet vvee(gqFf’ Lgez}'@nurrber of cycles to wait between

u
generating onf@Y§sAdunimug) Peec-o{ oo t. GoControls whether the LSGU is
currently genezat iypgcpaedyac pul ses or not. A wite of 1 to this register

generates a LineSync e tr fers c] esBet wee ses to

et earoma ning.  IRGUG FSoddr I8 Ui oe ety IP LG RORRIRAGMYK s

0, anot her Li netwhAcinigt.se i s generat ed, Cycl esBetweenPul ses is transferred to
Cycl esRemai ni ngand, t he count is, starte ain.Awite of . O to this

regi ster stops thg‘hﬁﬂﬁﬂﬁtawgg%e?ﬂ?ﬁbigg i3 é%‘g@tsﬁffg’é g pptput from e

ener at ed. Cycl pgBaigbidet [9BAs 5 ket bfiContong ICMEK ifispeliaésNi Ng t he number of
cyclesremainin until the next Lines c ulse is enerated. The LineSync pul se
is not used directWBendpompresing. eigJPEG decodard 96 ks fts petpyf dythe form of 8x8

pixel blocks. These are sometimes converted to full-width lines via an page width x 8 strip
buffer closely coupled with the codec. This would require a 67KB buffer. We instead use




pul se is enabled onto a tri-state LineSync line only if the Master/ Sl ave
pinis set to Master. Consequently the LineSync pulse is only used in the
formas generated by the Master chip (pul ses generated by Slave chips are
ignored). 10.3 Menjet Interface The Menjet interface (MJl) 320 transfers
data to the Menjet printhead 143, and controls the nozzle firing sequences
during a print. The MII 320 is sinply a Stpte Machine (see Figure 40) which
follows the printhead.loadi and firj or der scribed..in tion 9.2.1,
Sect +on 6. 2. el ke AR 26 R shacdd Bkaches af BRRESBPMIBEPVES chihshy

G eani ng CychsshandgFigukd®4l in Section 9.1.4 and Section 9.1.S. Both

hi gh-speed and | ow-speed printing nodes are avail able, although the MJI 320
al ways fires7.2.3¢% ¥imingozzl e fromall segnents in a printhead sinultaneously

(there is no sep t L 1LNGg O 0zzles from then hers).
Dot counts for e:@ e@’ﬁ%pec ggr 962'85QEBWPB@W%@‘W@E%%W@QQWE(%%% dat a
into the prigglieediclbeloshead 611hic decoder depdadPorsMiddesisn oftht ddcoder. Thi s means

that all nozzles will fire during a subsequent Print cycle, and is the
st andard mechadi sHalitmer/Comprgitehe printhead for a preheat or cleaning

cycle. Fromthe | bl 01 n I er  ,2g] . 322.
This is the 83%@%%%?%?#%%1%41%{ hglrt .k‘aﬁplg@gﬁﬁ‘g nﬁﬁg?&%g‘[‘?gi‘%hp‘%%‘{“ﬁ% from
the LLFU 322hdlfiosihg €rtdoyitone MM YH lhyee t¢bi-RiEIECH Y& dnd cdmpoasitingAtly Blacke layer
control pulse is sent tqQ the LLFU 322. The MII 320 knows how many lines it
has to pri ntoYesthe halftonedcontppelaveme MI1 320 is told to “go', it waits for a
Li neSync pulse b i ] i \ (Jel

| oadi ng/ printi nge'gﬂf ?lﬁgftoﬁééfv%/gﬁ gﬁﬁﬁﬁl Fﬁ% gwng%g@mg(n%ﬂg’&gg@eﬁgﬁ grag
starting theexpanded 1606 dpiblackiayer3Tbe sutpptsfrandke HEY K0ds a téted 1600 Bgirbiof

| i nes has begn | /printed, and ignores any further LineSync pul ses. The
MIl 320 is tﬁg?le@ggﬁgﬁﬁargggﬁ’§/ connected to the LLFU 322, LineSyncO (shared

between all synchQaed sgteds fiel$CU 190 roceedsainktie itidteciVRflefl-ofbhdd dbpdiiohdsr The
MIl 320 accepts 36 bits of data fromthe LLFU 322. O these 36 bits, only
the bits corvHpoisgxplisithpstopped vigiteeonypol egistas?84. and nunber of colors will

be valid. For exa i 3 . . i1:8.4.0-1
W11 e val 1 d or TReBCY od gkt paRliYadts G iRl i THAE Th2 il
valid for \Miegrdal A bai_igtli,mds't bswlﬁ_ttgn Wi ﬁdg\clzmbﬁdtirilzraxg_dbhgkz Rhugth rg@ﬁe‘f?"gm ovatrbl neI does
not care Ich, DIt are valil d, an | C Its are pot vall - |1t ner )/
passes t he breg@%f&t priqrie siartingithe B U1 ). The pageawidth coreesponda t‘bBWt‘Y‘Sﬁ‘ of

signals com j g{m; i to the pinouts
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of-line logic at the input FIFO level.
The relationships between the page width, the black and contone page widths,

and the margins are illustrated in Figure 26.



84 al ways connected to pins on the chip. Were the nunber of pins is

vari abl e, a footnote explains what the nunber of pins depends upon. The
sense of input and output is with respect to the MJI 320. The namnes
correspond to the pin connections on the printhead 143. 85 Tabl e 37.
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mandaf of a/continadiae.each printhead nust print in at

nes  ar ¢Seuld factor asedhascait dofifoe e bidevehe chip fis to
h at | eﬁ,s&luempol ors. Although 9 lines are avail abl e
fromthe MIL,_the nuohdr of pins coming fromthe chip for Color?2Data Wl
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nunber of sge t |nase ment These |i.ne e on tra atedlnto
pins if the %W‘B tﬁesc"[l?f Plang f°(5’f‘m5§g‘p‘p‘ﬁ[ﬁf‘iﬂ5§§°mweﬁa’@€‘fv8? g‘d% €9 Iines
are avail ab&eparﬁfedm‘liemﬁtﬂw btagd dTehe ROUEDO ﬂ{erabﬁaxsmmlef pmnmms 286,p for

Col or4Data w | | Iy refl ect the actual nurrbfﬁr of se s in ﬁ ment
group. Al ?"ﬁ&ﬁﬂh 08 e e, A4 RGP BBREE G e Ve e ot A > pi ns
com ng fromv@mela@blaﬁdwua@mly reflect the act ual nunber of segnent groups.
A mnimumof 1 pin is required since there is at least 1 segment group (the

entire printhead)® BRP¢Go8NgH CMYR FEHO %gge‘sé\fﬁli PE B line bpfien Thedingds Usehe nunber

of pins conggpghnk kiR }’a@ﬁ;r GiieR toffebt \f%ﬁic){l UpRdd Eﬂﬁ%w&'i‘iﬁe fplishibn FIPOSHit®T segment
gr oups. Ammrmmo 1 pinis required since there is at |east 1 segmen~o~

(the entir eaddrasnvrapaing.is disabledunti] the pigrt pfithe dasbusecafitesrlimehan &‘éﬁi‘%ﬁi"éiﬁ tof firing
| ses on the ink
Do o 1o (o BENRC EEnilth HERRE) foptdrp ol BRGP oS bk SRAR Kol 110 |0

of power aviai 44MB/s, bus avéiding thermetrbfod the 48:chift 8K B Jipe bufferpul se duratl on range
is 1.3 to Ih herefore contains a progranmmabl e pul se
duration t%?éqyﬂltripﬁﬁ*‘%ﬁﬁt i ndexed by feedback fromthe printhead
143. The table %mum-ﬂwhdéddh&amtmsﬁiokn&\&ﬁﬁé&ﬁel?&ﬁ‘ﬂwfdmh@z\mgenaslt power

supply, and,gids in maiptainin urate dro he Pul se
Dur ati on ta%ﬁ%ela%"?ﬁ’t@ﬁé’“ %6 PEIYL f&at%‘&w@ﬁi%lw@%ﬁ B{’ f%g?ﬂ}‘ B8t Vsense

and Tsense settings on lines 326 and 328, respectively. The upper 4-bits of
address cone from Vsense, and the |ower 4-bits of address cone from Tsense.
Each entry is 8 bits, and represents a fixed point value in the range of
0-4ns. The process of generating the AEnabl e and BEnable lines is shown in
Fi gure 41. 87 The 256-byte table 324 is witten by the processor 181
before printing the first page. The table 324 may be updated in between
pages if desired. Each 8-bit pulse duration entry in the table 324

conbi nes: User brightness settings (fromthe page description) Viscosity
curve of ink (fromthe QA Chip) Rsense



Wense Vsense Tsense 10.3.3 Dot Counts The MII 320 mamintains a count of
the nunber of dots of each color fired fromthe printhead 143. The dot
count for each color is a 32-bit value, individually cleared under
processor control. At 32-bits length, each dot count can hold a nmaxi num
coverage dot count of 17 8-inch x 12-inch pages, although in typical usage,
the dot count will be read and cl eared aftgr each page or half page. The

dot counts are used by the processor 181 £ update the QA chiﬁ) 312 (see
Section 7. 5. 4lifferentdntarsitytlevels. £xtineral dithen volumess gikn bailarge doed=64x236dithstt  of

ink. Th 181 k th ink in th tridge 32 f h
of "t he ool or SONFETE RaaRIE et S5t 1ARAE TheY £l REar ohr LR ass I8rd Fohat oo
the need for colkcofipsitntreqaiies the etheNas of § diffeiént GRFVRSIHR vole, Iniprattig, dry.

An updated drop count is witten to the QA chip 312 after each page. A new
page wi || notthaseisgoneed o fidlyelseoupleeashilayer nbilg dithervolusne. Eaghhdotpolumisof he

user to chan the ink w thqu ting. a dud.hal rinte ich st
be reprint edgﬁel%dgmpgf/%'h%\é Wﬁ?}ﬂgﬁﬁ?s %ﬁ’ﬁ%sgr()# t@xps%glﬁam%qr &%‘%&ﬁ%ﬁﬁﬁpgﬁr e
42. The renmailBiingthree@obit eHaeshbRIsSfot Exdngle, [IatlyCeunstmes 2 Biks2 NoWCA irbshofizd

Col or 3Dot Counté are identical in structure. 10.3.4 Registers The processor

181 conmuni c&ebire pit intensity iatervatsowithia wehiehothe somespoading fithercel lapationisal | ow

t he processor, ! s ! f bout
print. pr ogr eLariiely A 3pAUESEE Thé Corolt ikl Al Bl dihefel By fRESIHE o5
Tabl e 38. Menhet+1 itervilacand g idetenninBethe vhkae oRderidassponging@atput dbt.

Par anet er sSegnent sPer Xf er The nunber of segnents to wite to each trgnsfer.

This al soequal s t H§e dithes dhe epntong datausing a dEiple-theasheld P4 b Briitd 2K B) githe; o
generating t henAeXrhAdiang eRblds ?%ﬁ%ﬁ%&%&@éyﬁgfmﬁwBéae?&ievgd from

Segnent sPer Xfer valid brts. Segnmen oupsThe nu segnent groups I n
print head. ThhesdidgyedlEROM inuodearyclef IfiditherscellhvagistBeipas asited Kétsreex yalbes nust

el apsebef ore singl e. dot has . been itten to each segment. of .t heprinthead.
The  WOT - does PEHES LRSHE SHaS Binie SOrRpP el coh B SREr At oreh andisied 1S e e | me
to the print RERH chthpitenP aLSMRL AL el BaRbd igtnoﬁaesliz‘é&f t8én ﬂk?ﬂg&%ﬁ‘ian be split

(determ nes the val ueon the PodgroupEnable |ines during

print). Numli riete fous subeebls and storadad feuriseparatgkyl addressabiecR Odsrfravm whickrfowyy t he

Print (read fro i f view qgf pr.ocessor fusThe j.et
Interface's %fqlg%ﬁ%t t@ﬁﬁ@?@ﬁ%?ﬁ@%‘%‘f?ﬁ% i’ﬁ‘&‘f Y lﬂ&ﬁ%?ﬁgﬁ L icxggelﬁ%iﬁ%}hﬁi ng to
be printed. Q@idgssingd schedelsRowa bdlow! the fouiGoloripli@ies Shabbiheisafe dilid celpunt s down
to 0. TransfersRenai ni n%'ﬁl'he nunber of sets of Segment G oups transfers

[

r emai ni ngbef dedicakrndfariheriental offsels 9f 32 detsdiom &or the current
line.Starts at 80 . gPMﬂt |y, val i 4l : :
Go=1. SegG oupsRe n%‘iagl?% (ltam %1%0 er o%ﬁscga‘ﬁegr%tytg)égéﬁ%lgesp@gnv?merﬁd?Irl]mtt?'nng ity
current set ofvaluedntsfaaimservhl dndthénce@ onaohzere hireThe trifiathireshaldGegudes afer oups
and counts do to ?ﬁ{l%# val i d whiJeiioz.l.S nseSegrrent e 9-bit value to
pl ace on t he SESVR I Frhle 22 Thecogssnongding ‘Eﬂi%bsqgggm“’? SenseSegSel ect
pulse. Only 1 of the 9bits should be set, corresponding to one of the

(maxi mum) 9segnents. See SenseSelect for howto determ ne which of
thesegnent ¢riabis22. drigedbresholdingdadedl | Nozzl esl f non-zgro, the 36-bit val ue

witten to the—prinrthe Af'ruwr..gthet“ #bots—proecess—+sall |s, so that all
nozzles wlll be fi redd'ﬂ‘\r*f'ﬁ'@ the subseduent PPY®Pbots prlocess. This is used
duri ngt he prfeheat and (x}'ga{gl ng cycles.|[T 0, the 36-bit |value witten to the
printhead caonmes fromthelLlLFU This is|the case during tithe actual printing

of regul arinages. ActiDnsRes@ A wite tio this rekgister rnesets the M, stops

any | oadi ng ,aL.p.u.nu_n%_pwcesses,_md‘Loads_aJ_l_Lng_sLérs wth
0. SenseSel et A write o<thfdsregister with anylval ue cllears

t heFeedback Yet-a—bt—ot—the—Status—t+egrster—ape—the—+gnai ni ngacti on
depends on tlhe val ues ﬂﬁ‘fﬁe Loadi ngDdt s andP?1ntingEbts status bits.If
either of the Status bits are set, the Feedback bit 15 cl earedand not hi ng
nore is done.|If both status bits are clear, a pulse is given

si mul t aneousl yon all 4 SenseSegSelect lines with all ColorData bits O.

Thi sstops any existing feedback. Depending on the two |oworderbits witten
to SenseSel ect register, a pulse is given onSenseSegSel ectl,
SenseSegSel ect 2, SenseSegSel ect3, or SenseSegSel ect4 line, with the

Colorl Data bits set accordingto the SenseSegnent register. Once the various
sense |ineshave been tested, the values are placed in the Tsense,

Vsense, Rsense, and Wsense regi sters, and the Feedback bit of theStatus

regi ster is set. 90 GoA write of 1 to this bit starts the LoadDots /
PrintDots cycl es,which comences with a wait for the first LineSync pul se.
Atotal of NunmLines lines are printed, each |ine beingloaded/printed after

o,




Tabl e 39. Ml Status Regi sterNaneBi t sDescri pti onLoadi ngDotsl1lf set, the M
is currently | oading dots, with thenunber of dots renmaining to be
transferred inTransfersRemaining.If clear, the MJl is not currently | oading
dotsPrintingDotsllf set, the MIl is currently printing dots.If clear, the
MII is not currently printing dots.PrintingAlThis bit is set while there is
a pul se on theAEnable |inePrintingBlThis ?%t is set while there is a pul se
on theBEnabl e |ineFeedbackVal i diThis bit PSS set while the feedback val ues
Tsense, Vsens&2.4&Eammosdeid Wsense are valid. Reserved3Printi ngChr omapod4Thi s

hol ds the current ,chra od .bej ] } | Dl S S bit is
set. PrintingNozzl ‘é‘s%}ﬂ%gﬁ%g‘?lg?{ﬁfé%md ﬁo&@q%gééo%lﬁlﬁégﬁﬁ éredéﬁ\bﬁr:éet he
Pri nti ngDot s hglftahedsCRIYK Lfyes@it, If thdRadkhRyérdipacity BOnpIBerhe halftontd CMY &t es

the logic required to load a printhead for a single line. Note that |oading
commences onP&it@erar the Li neSync pul se arrives. This is to ensure the data

for the line has Df 3 q.J j . eafd I st
transfer to the p%ﬁe@gﬂﬁﬁﬁn%ﬁlgf%&%égydn%rfg’(l){rbﬁ \rkzlh{sle?eoﬁ)g‘&tgtnlghi’ g{eng =
800 to O For compositelspiShgrulefitédinRabld 23, Set Al | Nozzl es) Set all Col orDat a
lines to be 1 Else Place 36 bit input on 36 ColorData |ines Endlf Pul se
SRA ock[ 1] Wait SegnentsPer Xfer cycles Send ADVANCE si gnal EndFor EndFor
10.3.5 Preh I IO Cyctes—Tie—Creamng—and Pregheat cycles are

si mply accoﬁpﬁ?lbgh%gde&ﬁ/ﬂg’é#ﬂo é’apprO)ri ate registers ifrn t he MJl 320:

(S_etAI IhNozzI s =1 Seslot BRartidl seDur at | on reg{nﬁnﬁant_o eitger a !ow duration
in the cas [to an appropriateldrop ej ection
duration fof cleaning méde. Set Nunlines t& A&t he nufber of tinmes the
nozzl es shopt-t—be—ftred-—Set—the—Co—bit- andég‘./\cr w&i—t—-—H}r the Go bit to be

cl eared whem the print cles have conpl et ma
K KCVKb

7.2.4.3 Clock Enable Generator

A clock enable generator 296 of the HCU 190 generates enable signals for
clocking the contone CMYK pixel input, the black dot input, and the CMYK dot output.

As described earlier, the contone pixel input buffer is used as both a line buffer
and a FIFO. Each line is read once and then used contone scale factor times. FIFO write
address wrapping is disabled until the start of the final replicated use of the line, at which
time the clock enable generator 296 generates a confone line advance enable signal
which enables wrapping.

The clock enable generator 296 also generates an even signal which is used to
select the even or odd set of output dot FIFOs, and a margin signal which is used to
generate white dots when the current dot position is in the left or right margin of the
page.

The clock enable generator 296 uses a set of counters. The internal logic of the
counters is defined in Table 24. The logic of the clock enable signals is defined in Table
25.



The LSGU 316, 318 nust al so be programred to send Li neSync pul ses at the

correct frequency. 10.4 Line Loader/Format Unit The |ine | oader/format unit
(LLFU) 322 loads the dots for a given print line into |ocal buffer storage
and formats theminto the order required for the Menjet printhead 93 143.
It is responsible for supplying the pre-cal cul ated nozzl eEnable bits to the
Menj et interface 320 for the eventual p{lntlng of the page The prlntlng

uses a doup : A
i nfor mat i onTahAnH@leﬂeenﬁbfmgqnsrmﬂwnmd@mu into the fi rst buffer t He

pre-| oaded[tTme T tjhe"SET mu foffer—TsTber Y, dd:}du Ve Of¢ oragr.
Once the epti i ‘0 tr an Eerréd fcroo xtfone second :f'? to tlhe
print head & St tertahe 320 ﬁ}bl eath A@V«ﬁéﬁﬁg—
processes pW| L145 ) gqnﬁ@ﬁbrﬁs read ﬂl‘?’:k secaond Huffer
i s | oaded ilpe |preedangth [RBi s is rebeaﬁlé'é)bﬁﬂiughout tlhe
printing pflfiessginas Iddn b¢ 14 eqneft matghe | RPN¢BOLUAl ov@MI@®W o Fi gurd 43.

The size o erdni e 1 S| h4K 6 (0 ¢RPAIEhPr the Laygik i ne Tength of
18 inches nﬁf} coloris ( 18]x 1E§€§ n4 bifts =115, 200 @&)f 03‘}\14 400 bytles).
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it istriv Qﬁ%@trem@ th«Fl'buf ?’é@éé‘f‘% &5 Y g Phet a s@&%“ﬁyﬁmf‘catl on.
Si nce one puffer 33 232 s hai ng readifromwhile t nf her is hein

written to|canigpedet 5) @ addidésg cpptare mi&P WBOhsed. [TAMINANCDS0Dat alln 334
fromthe cpmmon datd bus 186 aneviibaded |dependi ng _onf ¢lke Wit eEnabl es),
whi ch are pemtmat ed [DYSISt ajd Mjcbatome 336 RPnv EOfponse| @d+he diVA
Acknow edgpsub-pixeiul t|i pl exof 33§ scdlofaswes | peSPeyn the fwo 4-bit out put g of
Buf fer O ahgbntasel er (IgSiand|gendsohtbse I €9 fiply {5130 - eNEOY, QYK 4-bi t shifft
regi ster 3f&b-INet er |a maxi um Qfsede fa8@E [CYCl €S (the hunber depends on the

nunber of mrgse\(\g#es &P Se n£l IERET ). and whenever an Advance |pul se

=

conmes from e current 36-bit value fromthe shift regi gter
340 is gate |E@b(@daﬁ'-lbrc)comamfmbegBBFQ)AKZfD=O)where it can be usdd by
the Ml 3285—Nete—t+hat—rot—aHH—t+he—36—bits—are—reeessarty—vat+d—h

nunber of valid bits of 36 depends on the nunber of colors in the printhead
143, the nJ'!IT@EZS’fCISGQEﬂMesgen@PMoHIﬂ?Mﬁé&Nbg@ segnment QVOUPH (if nore

t han one skanent qgroup) _ Eor _nor armation _see_ Sectiaon 9 A Si ngl e
line in an L |ncml®%f(ﬁlwlpr| nt h¢ad consi stscmﬂltMOOL Ccol or dots. At 1 bit
per col or ef—dut: prit= "o ts—of—1666+t€brts—}The LLFU 322
! 0'7 tput &8&18(!1613%1&6 L:Q:)%:Q) Ep ) ;

i s capable ressing a maxi m e of 18 inches in 4 colors,

whi ch equaj glack dot 3186k &faBleb! t's N3 KBH:ap). ReOP! 1 ne. ‘Thes¢ bits must be
supplied tp the MI 320 in the rrect” order for being sent on to the

print head [la@tongpixeBdock amble. 2. 1 (IGM-@M (CDZ‘(DW(@SPF@)’V\ e@ﬁk}’er nilng the Load
Cycl e dot |oagding—orge 5 i e red to the
print head ' bits per
transfer. Faff transfer to a par Egylar segnment of the printhgad 143 nust

| oad all cplors similtaneously J0 4.1 Buffers Fach of the t buf fers 330,
332 is brokmargimto 4 sub buffers (IJMﬁQ)rVGIMﬂQ) The SI ze of eadh sub-buffer
is 3600 by pa, tO 1 o€ aehes—of—st ITQIT coter—dots—4t | 600 dpl .
The nenory %@ﬁ“é‘?%ﬁ%&" t?"?%‘ﬁ%‘{ Lébtl nme, so there are 900 addresses for
each buffer (reqU|r|ng 10 bits of address). AT the even dots are placed
before the odd dots in each color's buffer, as shown in Figure 45. If there
i s any unuse@44oHmingt s placed at the end of each color's buffer. The
amount - of menor Yrgienah by hiksbulght e SN L6+ BVPK pieldicsiabé it head | engt h
If the printhead is 18 inches, there are byt es of even dots foll owed
by 1800 bytme@fesouupladtmrcmk,nm@tbmdgd@dgbaié@st 124MHig printhead is 12

i nches, there are 1200 bytes of even dots followed by 1200 odd dots, and
1200 bytes unused. The nunber of sub-buffers gainfully used is directly
related to the nunber of colors in the printhead. This nunber is typically
3 or 4, although it is quite feasible for this systemto be used in a 1 or
2 color system (with sone small nenory wastage). In a desktop printing

envi ronnent, the nunber of colors would be 4: Col on=Cyan, Col or 2=Magent a,
Col or 3=Yel | ow, Col or4=Bl ack. The address decoding circuitry is such that in
a given cycle, a single 32-bit access




can be made to all4 sub-buffers - either a read fromall 4 or a wite to
one of the 4. Only one bit of the 32-bits read fromeach color buffer is
selected, for a total of 4 output bits. The process is shown in Figure 46.
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 fromthose 32. Since all color buffers share this logic, a
single 15-bit address gives a total of 4 B¥ts out, one per col or. Each
buf fer has i 78 owRrintheaddntdfacel i ne, to allow a single 32-bit value to be
witten to a partjgl.ar,~col or %, i.n .2 given. c . The 32-hits _of
Dataln are shar ed,beg’il%clg B @“ g‘ﬁe%ﬂ(&‘kﬂﬁf Pnﬁt@fﬁ*éﬁya%&&ibe[dﬁgtsagto&x 9| n.
Not e that regan¢ glifthéaddonkis® ofdTREImétts &@ArRed ir mséghfenp%xioaw%e,ﬁrﬁs ihéntar e
pr oduced 95 in a given read cycle (one bit fromeach color's buf eé&ﬂ
10. 4. 2 Addr eg®upsaptaias 9sagments, and thegegandhgronpl dondaiss Ssegments. dheredye H6H ng

Fotah 4 bi t A RReQt e AiSrHE B BRRRGRS, Sollh it sTaD Mo, 0, o5y 1

addi ng 400 t Ohé pantheddriarifabé 1 9DRA sefBard ety priftedPintdhRics) QX desteie®int ' s
equi val ent dot. We add 400 (not 800) since the odd and even dots are

separ at ed i nSegtiond s eanfiguisd viiéh theifellawing operatiegpasametersups sets of

Segnent sPer X{ er tb@?? o) f__(atri eve the data representing the even dots (the
dot data is trans 8¢ 0™ he MII 36 bits at a time) and anot her
Segnent G oups set SeghentsPerefer sRer Xfer times to load the odd dots. This
entire process is repeated 400 tines, increnenting the start address each
time. Thus aPl dofegmgni@woupse 2 ransferred in the order required by the

printhead in 400 t r Xt jtion,
he Genorat et o ThiRolenrtfy PRALEADIRS e PEONRN Sfler oLt dhnediRnS 35l
starts bef or ell tieausdd for 3R @, 5 eintheal, dorrnall afe doRfiectdd tBlexteandl pild@hakeCChe

nust al so, geperate the next e.in

f_(ejégin nese f o8t @gihpgkywﬁﬁwgﬁg&%&wntwpwm gt s greconiia SRk
first value ﬁstaﬂfz-géé’sg?%%elfcggiq%.tﬁﬁ 3BCREDIYIRN hsRRIL £E régiieds. and then

to stall SeghentsPer X C ater, waltin or t e pulse to
start the nelB.1Se@imingsPer Xf er cycle group. Once the first Advance pul se

e e L S S 551 et i e Bl S 7o/
pul se 0 star rrt'v .

2S tsP ; the -k . it daal o f
2Seqent s e simith et 14 it 7L W0 302 Wbl WVLLEL i RR g

Transfer regabduen0AE2Withie theqrihtivao GReiFaded 93 Waihgle Prinh€yéle khdukingle Load
pseudocode: 96 DoneFirst = FALSE For DotlnSegnentO = 0 to 400 CurrAdr =

Dot | nSegnent &yxe arusteoth complete-within this diman Inadditien, thetnapemtd4mes gdvance ber Xf er
Do V 1= Dot = 0. r\WiteEnable = (V 1 AND NOT DoneFirst) OR
ADVANCE Sta%\lﬁ&lgA&B%%ﬁlﬁt#éénsferWiteEnabI e) If (NOT Stall) Shift
Regi ster = Fetch hriiph-8pded@rinCiiodReriNiomiet piitltedd I3 dadpriftlan entisolindili + 400

If (V1) DotCount = SegnentsPerXfer -1 XfersRemaining = XfersRemaini n&D:I_l
El se Dot Count08uspBinepalhgegments finerat thegpme time 344 eedes me fuehsimylianeonslp wi

Stail) EndFop, g, e, THANSHE 7P B0 BSfidhlabndbll figgd- Thi's oceurs
The 1600 SRClock pulses (800 each of SRClock1 and SRClock?2) to the
printhead 143 (SRClock1 has 36 bits of valid data, and SRClock2 has 32 bits of valid
data) must also take place within the 107ps line time. Restricting the timing to 100ps, the
length of an SRClock pulse cannot exceed 100ps/1600 = 62.5ns. The printhead 143 must
therefore be clocked at 16MHz.
The printhead interface 192 has a nominal pixel rate of 124M 4-bit CMYK

pixels/s. However, because it is only active for 100us out of every 107ps, it must be

clocked at at least 140MHz. This can be increased to 144MHz to make it an integer



segnents per transfer does not divide evenly into the actual nunber of
segnents in the printhead. An exanple of this is the 8.5 inch printhead,

whi ch has 17 segnents. Transferring 9 segnents each tinme neans that only 8
of the last 9 segnents will be valid. Nonetheless, the timng requires the
entire 9th segnent value to be generated (even though it is not used). The
actual address is therefore a don't care state since the data is not used.
Once the line has finished, the CurrReadBaffer value nust be toggled by the
processor. lghwdtiple 8f e ptinthgadldpgedw i te process is also straightforward 4 DVA
request lines are_output to_.the 97 DMA controller 200. As requests are
satisfied by7the Peecesser el MemaB edge |ines, the appropriate 8-bit
destination qudtr e??oée§so§e| ected (the lower S bits of the 15-bit out put
address are don t care values) and the acknow edge signal is passed to the
correct buffer's Yhepoktesabl Blauns thelcohiroleprogram whicl snichidhizes tHduftherr i s
-~Current ReadgBuffer)., The,  10-bit destination address i elected fromthe 4
current addrgg@@%?al%'és%ﬂ}g@geﬁéww’ﬁwmﬂ@nﬂ&ﬂmi‘t Od?"ésg’ﬁtdieglf’?ed t he
appropriate i 1 | 5¢d i

Tr ansfer sRemqﬁﬁ%rﬁgﬁg%%gggggé §£@éénd§%§§§ﬁ@#ﬁ§€mﬁﬁxﬁg?§ég§%§?ﬁﬁg |sbg%fry set
when t he nunimerfat. transfers renmmining for that color is non-zero. The

foll ow n seudocgode illustrates the Wite process:. rent Adr(1-4],= 0
Ui | e ( Gl br xi er < it RO Saprruptiaiene, 33 Py et VR ekt bit
Col or Xf er s Re gaNeAli8Odes bt N t5bO E&xfticﬁ%dgg'_lﬁgh%%ﬁ%{déﬂ

CurrWiteBuffer:CurrentAdr[N] _ Fetc bits fromdata bus CurrentAdr[NJ =
Current Adr [ | 742 1DOA GotealleRenai ni ng[N] _ Col or XfersRemai ning[N] -1 (fl oor

0) Endlf EndWile Reqi The foll owng interfa i sters are
contained in the Eﬁgﬂ@ﬁ?&%@%ﬁ@ﬁp@"ﬁ‘é ?mﬁ#%haélg%&%{d??‘l‘—s&r?‘réﬁ 2%%??'%&% éee

Regi st er sRegiTable 26 NdngEhecsiveétofd Sngapts 3¢ the praueddoe 181161 aansiér @aPiRivhs
whose dots nust be | oadedbefore each transfer. This has a maxi mum val ue of
9. Segnent G oupsThe nunber of segnment groups in the printhead. This has
amaxi num nufr f T ROt ferThe current buffer fheing read from
When Bufferi éle%rgaﬁgg?%ﬁggﬁu is witten to and vice}versa. Shoul d be
toggled with eacfunédlmmdlamit ne Quliaput clginnelzeMI| . Galtpus O and 1 control the
starting of {the+ead andwitey } -zero wite to

t he appropriate bi ghappglst s t he process. StopBifts 0 and 1 control the

st oppi ng of [tte 1h%gfiinférﬂlcéMi tegrocesses TEeSpectTvety—ATon-zero wite to
the approprfate bit stopS the grocess. Stall Thi s read-only|status bit cones
fromthe LLFU gnfet-@0F iheefacethe [Stall kit is vialid when th¢ wite Go bit is
set.A Stalllvalue of 1 neans that the I1FU sl waiting for{theADVANCE pul se
fromthe MI| to EORLiekpandeThe pgrocessdrcan safely start the LSGU for the
first line m-ce—t-PE Sttt brt—trg—set—Cqgtor-XfersRemarymngti§ 4] The nunber of
32-bit transfersJ ﬁeﬁeﬁ'? to he reaauli nt ot hel specific Collor[ N] buffer.
10.5 Controll'I RglftendtIcoftipodfien qontrollang a print t&e prog¢essor 181

pr ogr ans and.starts T%neJiElJ 2322 in read model to _ensure at the first |ine
of the page|is tpeakstiatarfaget o tlhe buffler. Wen the interrdpts arrive from
t he DVMA controtter200tdeprgcessor—i8t—canm—swtch—ttFH buf fers 330, 332,
and progranyth rl\fﬁﬂfeaéi%t.ef fe prjocessor’ 181 thlen starts the LLFU 322 in
readlwite node and starts the |[MII 3209 The procesq9r 181|should then wait
a 99 sufficient period of tineto ensure thiat other conmected printer
controllers have also started their LLFUs and Ml s 20if th?re are no ot her
connected printer controllers, the processor ' =t until the Stall
bit of the LLFU 322 is set, a duration of 2 SegnentsPerXfer cycles). The
processor 183 4canpPré@amPROBMam the LGSU 316, 318 to start the synchronized
print. As interrupts arrive fromthe DVA controllers 200, the processor 181
can reprogram t heAmwperamdiadM 298 kaldsthe OGP HRirqoatrel mogranpwhichinigadedinty t ¢ he
LLFU 322 in I LLFU 332 has effectively filled its
pi pel i ne, it¥nvv| Y‘%%)é'le un ‘lngg?%%ntkggtt Advance pul se fromthe MII 320. The
MII 320 does not have to be touched during the print.




I f for sonme reason the processor 181 wants to nake any changes to the M
320 or LLFU 322 registers during an inter-line period it should ensure that
the current line has finished printing/loading by polling the status bits
of the MJI 320 and the Go bits of the LLFU 322. 11 GENERI C PRI NTER DRI VER
This section describes generic aspects of any host-based printer driver for
CePrint 10. 11.1 G aphics and I nmagi ng Model W assunme that the printer
driver is closely coupled with the host gr5§phi cs system so that the
printer driv&id.4aRambusiInéerficei ce- specific handling for different graphics

and i magi ng operatjons, ,in.parti ar ¢ sitin perations, and t
operations. W as &ﬁ@%’&? "{%‘?féacﬁgg # pﬁ%&%"sh’ghﬁg‘ifﬁtm@b?‘cectffﬁlber exnrgﬂglm nt,
so that devi ¢e4NMBRPRAABIMDRAMRDORAMEIgoNVerted to CePrint-specific CWK
color in a standard way, based on a user-selected CePrint-specific ICC

(I nternationdlS Colfixter@ahbderfacess) col or profile. The color~profile is

normal ly sel fdrﬁ nFiitCit“é/ by the user when the user specifies the output
medi umin th?fstp i % ‘tle'.'é.c pl ai n paper, coated paper, transparency, etc.).

The page descri pt iThe he&hhteifice! 198 fR6ViBéLA cokihedtiontts Shetvt fobessstovitie 8 sgdeaef f i C
CWK col or. W assune_that the host gqﬁ)hl cs systemrenders imges and

graphi cs to &tleastilnaViBisdendMB/ofer eetidegvergien pf CeRtrin). dri ver, but that
it allows th i Il to take control of rendering text. In

parti cul ar, t%hsgi g%&’%ﬁlfegghgﬁ%cgm provi des sufficient information to the
printer driver to Adspgeakeriifitetfacer¥0qPigudeZD)0oatainsniaPRIFO302 vsedifoe DMA-
resolution than.the no 'naé de(xi ce resol ytion. &;o \\& .assu that the
host gr aphi cé‘“‘gﬁf@? Wgﬁ‘ﬁ? soyng gf 18 £paiR memory, 13% ap Sriit Geipl-B@pRIge at t he
nom nal devi ' ' j j { I r i jdragi ng
0bj ects, but Phares {PACP 04 WA el cobh S MIRARpILABIRR Tofdu ARy T

act ual conposimplifigr 306 which ffeede apextemal speakari3Q €Figurei @ rWhen the Fal@ 30Rds page
buffer. 11.2 T -Jfa r. Page Buyffer The printer's page description contains
a 267 ppi coffBhe Pé@g‘saaz%ao ‘ﬂ“%oo dpi black layer. The black layer is
conceptual |y abovehkBpeakerinefficd 300is.cldcked afthe floqwmky bthe sourid dlipgposi t ed
over the contone | ayer by the printer. The printer driver therefore

mai ntai ns a page Dliepeaceiger thl ewputs gsowail ¢lip tp thosneakes 308 simerdy bin r esol uti on
contone | ayer i i | a3 gr aphi cs systens
renders and 5%%&tgg3@?§hﬁdﬁ?§f@hgﬁ%&ag%ge&%f:ge—?%ottom up - i.e. later
obj ect s obsc%3 ePakraltel Inderfacé s. This works naturally when there is only a
single layer, but not en there are twg |ayers which w be ¢ osi t ed
later. It is theréf%@mé‘g%@%‘:& 9tpé°ﬂéqsé@°%éwﬂg’ﬁr6&aé@{ek5’$w&f)§g@i ®n
the contone hayRiysARSFatEIoSHIRb BimE of Borthi? tll Bkicel AYSA in P2 RbSCUr ati on
is detected, the obscured black pixels are conposited wth the contone

| ayer and renoved fromthe black | ayer. The obscuring object is then laid
down on the contone | ayer, possibly interacting with the black pixels in
sone way. |If the conpositing node of the obscuring object is such that no
interaction with the background is possible, then the bl ack pixels can
sinply be discarded wi thout being conposited with the contone layer. In
practice, of course, there is little interaction between the contone | ayer
and the black |ayer. The printer driver specifies a nom nal page resol ution
of 267 ppi to the graphics system Were possible the printer driver relies
on the graphics systemto render inage and graphics objects to the pixel

| evel at 267 ppi, with the exception of black text. The printer driver
fields all text rendering requests, detects and renders black text at 800
dpi, but returns non-black text rendering requests to the graphics system
for rendering at 267 ppi. ldeally the graphics systemand the printer
driver mani pul ate col or in devicei ndependent RGB, deferring conversion to
devi ce-specific CWK until the page is conplete and ready to be sent to the
printer. This reduces page buffer requirenents and 101 makes conpositing
nore rational. Conmpositing in CWK color space is not ideal. Utimtely the
graphi cs system asks the printer driver to conposite each rendered




object into the printer driver's page buffer. Each such object uses 24-bit
contone RGB, and has an explicit (or inplicitly opaque) opacity channel.
The printer driver nmaintains the two-layer page buffer in three parts. The
first part is the nmediumresolution (267 ppi) contone |ayer. This consists
of a 24-bit RGB bitmap. The second part is a nediumresolution black |ayer.
This consists of an 8-bit opacity bitmap. The third part is a

hi gh-resol ution (800 dpi) black layer. Thi’8 consists of a 1-bit opacity

bi t map. The nmediumresol ution black |ayer is a subsanpled version of the

hi gh resol ufm—%paehpy—La-)LeL-—Ln—pLasu-ee—assum ng t he | ow resol ution is
an integer {dably 7nP8Falle|l|@“ﬁrf@ﬁ°¢@§%ﬂsutl on (le.g. n =800/ 267 = 3), each

| ow r esol ut fomr opacly Tedbyjaver agi ng t he correspondi ng n x
n hi gh-resolution o l\téljl qﬁt%sdéyﬁlﬁgl s corresponds to box-filtered

subsanpl i ng pfmermmarrpl ing of the black pijxels effectively antialiases
edges in the_high-resolution black layer thereby reducing ringing
artifacts vvheﬂWGIhTeEEontone Iayer i's subsequent | y JPEG conpressed and
deconpr esse@—Hh ERHUTe -ant—st+ze—of—the—jpage buffer is illustrated in
Fi gure 47. LE%t'?g?ﬁ?SE tng Model For the purlposes of discussing the page
buf fer conpog{oDakTEIel , We define tThe TolTjow ng variables. ABLE 41
Conpositinglvariabl esvari abl edescriptionresol uti onformatnnmedi umto high
resolution $ uwldms‘easdror- - CBgI\/backgr ound cont one | ayer col ormedi un8- bit

col or conpofenrtCes .vw jone ect—eotormredHunB-bit col or
conponent aobRERSAP @U?OSBM?%dI uns- bn t

opaci t yaFB, : reground brjack | ayer opacitynedi unB-bit
opaci tyaFgH{gr eqr og}dgggP MF%\I/%@ opaci tyhi ghl-bit opacityarxxbl ack object
opaci tyhi gh phpdrp(qkammytor 102 When a bl ack pbject of opacity aTxx is
conposited ayer is updated as foll ows:
~FgxLx~ VY] :Palqué‘ia¥FJFFt°’7fnq}°erxLx~ YJ (Rulegl 1) 1 n-1 n-1 ~Fg,,s[x, y] E--
2 ~ ~ 255 OFg¥r, (Rure 2y mr40 ~=o The object opacity is
sinmply ored %‘?értrﬁgbpbﬁté%eiw%oer opacity (Rule 1), and the correspondi ng
part of the mediumresolution black layer is re-conputed fromthe high

resolution b | aye | e 2). When a contone object of color CobM and
opaci ty aabu|7a55‘*<c§ﬁ’f)‘6g"§§'3 Ak th the contone |ayer, the contone |ayer and

the black layer angsdtRfiteficés10 flolfA8iwo standard low-speed serial ports.

One port is used to connect to the master QA chip 184. The other is used to connect to a

W‘

.

QA chip 312 in the ink cartridge. The processor-mediated protocol between the two is
used to authenticate the ink cartridge. The processor 181 can then retrieve ink
characteristics from the QA chip 312, as well as the remaining volume of each ink. The
processor 181 uses the ink characteristics to properly configure the Memjet printhead
143. It uses the remaining ink volumes, updated on a page-by-page basis with ink
consumption information accumulated by the printhead interface 192, to ensure that it
never allows the printhead 143 to be damaged by running dry.
7.5.4.1 Ink Cartridge QA Chip

The QA chip 312 in the ink cartridge 32 contains information required for
maintaining the best possible print quality, and is implemented using an authentication

chip. The 256 bits of data in the authentication chip are allocated as follows:



CBg~x~ Y] E- Cag~x~ YJ(1 - ~Fg~x~Y]) if ~oe~x, y] > 0 (Rule 3) 0-~g,, ~[X,
yJ E- Oif ~ob,~[x, y] >0 (Rule 4) OFgx[x, y] ~0if ~obMx I n, y I n] >
O (Rule 5 Ca~.r[x~ Y] ~ Casn~rLx~ Y](1 - ~ob~x~ Y]) + Cob~x~ yJ ~ob~x~ YJ
(Rul e 6) Wherever the contone object obscures the black |ayer, even if not
fully opaquely, the affected black |ayer pixels are pushed fromthe bl ack

| ayer to the contone | ayer, i.e. corrpomtzﬂ with the contone | ayer (Rule 3)
and renoved fromthe black laver (Rule. 4 d Rule R\ The contone. nhl ect is

t hen conposi| ladleRs. ﬂnkh@mj@ﬂﬁéﬂéﬂw@é}ﬁ Qlﬂ!lieQOSJG bltﬁ) a contone object p| xel
is fully opa =D uuwl)\ 5p)—tthen—thet rs nyey meed—to—pusn t he
correspondi rgqﬁpgck pi REFE5 i ntjo fvﬁ%thbaq kgr ound cont‘%ﬂ Wer (Rul e 3),

since the bagkgrounfl coppane i xel{gw T1 gﬁgﬁl@&}l@wrﬂdﬁ{e@e conpletely
obliteratedihy the foreground!contone pixel ( 103 11.4 Page
Conpr essi on{dnd Del verROOnce pagd6r en Senaiglm@ecorrpl ete, the printer
driver convests—thereentone—tgyer—to—c¢ ;
col or managegrent fuhctlgps prCV| ddé by fcs system The pri nt ef
driver then[GONPresEes Paqkag I‘h¢ Tayer
into a CePri ?t page desgp?pti an a?%deso Al Eéi-%ﬁ}o ec |oﬁ mfng Mﬁ%l ) @Qaqe
descriptiontids deliyereRQto the priiént ef Chan wikepropeaties. andard spool er. Npte

p of

that the bl ack I;.ujn s rrnnlJ'u lated -asta-set -of . 1-hit nhQDI 1'\1 val ues- ut

i s delivered3o the prlﬁper 1q as 18 sef{ Masentaink propaigies-val ues. Al t hough

t hese two i rpretptT are[dirfferen ¥ TE—Sane

r epr esent atilgﬁ, and|[ so no dat g con@ersi *Yeild%mﬁ ﬂp%rrt Is The forward distrete
cosine trangfform (DCT) RO t he [costllel est BD@Jktlan)r E’Eﬁsconpresm on. In
current hi gh- ity softwarelinplenentations, the forward DCT of each] 8x8
bl ock requi f§$ 12 i ht egBO’nul t|i pl iXat i pﬁ?yarandtxsma;mégenm@hﬁpm ons. On

typi cal nod enerat— POSH Process i ton
requires 10q é% es, andﬁgn i nt egelrg(zaddl M@ﬁ%é%fﬁrﬁ g%}gingoéftr‘é%hl S eqpates
to a total ﬁqgimper bl oplp of 184 gpcl e$ Yello® iRP retini6i81h @acolitRY¥er cons| sts
of 432, S38 JRPEG hlorks m\Lu:lr an overall forward DCT cost of about

80Meycl es. At1411§0M—|z thDQ equct es 3o abBlackinlsrameainingdn napdlidtgsi s 25% of the
2 second refgerin rvacu—ptl page—A—€Eot ented processor—muay [ave
DSP support | i n' W@@e the presence of single-cycle nmultiplication
makes t he JPEG GesdefrasoHR time negl | gi bI e. 11.5 Banded Qutput The pripter
control pro i 0 as
a series of bands. If the graphics systemalso supports banded output, then

t hi | th

relnzle?i ngwtshe |errg e?ogﬁgacgl &ggstﬁ'%técfﬂg pr%?sgorriﬁgo\%%séFﬁe%klﬁéﬁeﬂ&%%ggr| ng one

band at a ti mnamgb@emeﬂﬁmelﬁaugh t‘bﬁmm@é\%fsm&etﬂage @k thagege has once,
since objects whic¢h span nultipl nds have to be ha Ied mul tiple tines.

Al t hough banieﬂmréﬁairthwoee&ﬁorb'élagﬂapw th%mﬂééluﬁ%’ﬁb? eRficaeheles in the
printer dri vesbraiRtd h6mn Binhif RRGE: P92 b3thd hrob%ﬂhﬁéa %c GhSulipfitdds

required for 'the
ink is subtracted from the amount of ink remaining. The unit of measurement for ink

remaining is nanolitres, so 32 bits can represent over 4 liters of ink. The amount of ink
used for a page must be rounded up to the nearest nanolitre (i.e. approximately 1000
printed dots).
7.5.5 Inter-CCP Interface

An inter-CCP interface 314 provides a bi-directional high-speed serial
communications link to a second CCP, and is used in multi-CCP configurations such as
the double-sided version of the printer which contains two CCPs.

The link has a minimum speed of 30MB/s, to support timely distribution of page
data, and may be implemented using a technology such as IEEE 1394 or Rambus.



104 being transmtted to the printer 10; another buffer is required for the
band being rendered. A single buffer may suffice if the connection between
t he host processor and printer is sufficiently fast. The band bei ng
transmtted to the printer may al so be stored on disk, if a disk drive is
present in the system and only |oaded into nenory bl ock-bybl ock during
transm ssion. 12 WNDOA5S 9XI NT/ CE PRI NTER DRI VER 12. 1 W ndows 9x| NTI CE
Printing SystemIn the Wndows 9x/NT/CE pilnting system a printer is a
graphi cs devi7csé dﬂb\(ﬁﬁnapfalcécati on comuni cates with it via the graphics

" brary) i ol enentssard SEABORatTestiariSL CRuBY hiiFace mot RIS Ml
functions_pr euiile fuibs@Pbuc Wihe 20RBlcRIty BAMGIAD, hRarielglof kativ @lnigeesnd 0 the

printer, and may reside on a different” nmachine to thé appl |cat|on
requesting prequitiedgincludingdIST e(lelpIag%’.sf Tast)tand fymdtionablackdscdatipor Anpyerhead

whi ch handl es t@; Bh Si cal . connegrfl e\l;ag the .Inter. The optional |anguage
moni tor is t v8 B4 CBIP gfepiis gsqupped fo }ehip, ng%(agt@é addi ti onal protocol
on communi catg on \POUBUESIEDIERINEAING | partl cul ar decodes status
responses fromthe printer on behalf of the spooler. The printer driver
user interface DLIhedpnllawided versionafdrePrint eomainetwaeoneplete iprigt engines or

printer-specif. es rinter-specifi vent

B Fctur e of PrRAnGURBETAD e T e BRR! o PrpRtey B 8E bhok, Epfi ety o o
48. The pri nt140 coiigisteof 4 pﬂﬂﬂeﬁ@mrﬁnéﬂ mtapﬂﬂkhel@cﬁissmﬂbl@rlﬁa@emahingmmjet

i npl enent the jnplenent the rel evant aspects of the printer contraq

prot ocol desd@inthsad 143, aad ajtaster mﬂﬁ"e68r prirtingginits 1AQ shiase thesamg é‘g‘csfqpﬁb’s
the design OfThterB'ﬁclﬁﬁli@to‘?'iO\gér g&{tl h'46%§%ﬁ}}eldéa%%&h‘ﬁ Oyt Berek glblenfor

conjunction with t propriat ocune t|on 12.2
W ndows 9x| NEldb&l ﬁmmﬁﬁmstldmyswh a$ Mmmhametlr(gfﬂth tieDios handlihg she ink caitridgs

whi ch al | t f | |
Bbstracti on o i eS8 indefaod And ot fas B oot Bfort The ARICRASREY *he
devi ce surfaggp érspﬁﬁﬂfge.ﬁﬁuﬂd Atsths @BlVE ulblit! WBBtainkPAgeRIh GRtHosproadisstivaav on

the surface in a devicei ndependent way, i.e. |ndependently of 'the
resol ution artke masterrunit anchistsgnehsenized tyrthe mpowr unig dexing printinghe appl i cati on

has random access il

momory- 1 m ted pr ESupetRloRed i Shodit ok C et s SRRSO CEL 1B .
the entire pageca 3MB RORAMNGES. mieﬂem&ﬁ&lauteﬁb@dmoﬂﬁMﬂm&unma@e agdhn thiend i n
turn. Although this provides the appl ication with great flexibility, |t can

adver sel y af S&BE Waga$ b} the single-aiggd vangion of @e%mtobut@abfa@en@mory itefasp 98
devi ce-i nde g@g}g

tr\z;InsI a!t ed P%?gﬁ%ep\ﬁ}@geggZlgg%éeélnﬁgggmoérsgﬂgé%g%% g%td'gﬂeﬁfe'nai ar de ?%%%hy
(1 nt ernat i onan tigoCOP lﬁﬁrssbctsrdwmwuﬁfmpepnoﬁl |l e of the device. A printer

driver can activa fferent cql or rof Je.d for xarrple on
the user's sel ecti Bﬂ‘ﬂ)tg?cmgerocr? ??%Féﬁﬁﬁﬁg%ﬁgJ er property
sheet. GDI Slsplporlps, gmﬁvm,ﬁmisﬁ%amd | ne graphics (pat hs) i mges, and
text. Qutline graph cs |ncI ud |n8 outline font glyphs, can be stroked and

filled with bit- @figare 36) prepenisa upidied ivisyeef theipringer 10 to the

geonetri cal | ntents of the device
surface. Wi ?ﬁeg g&rrr@g (%‘LF% Bﬂow e&sﬁgen%{'%% ngﬁgcorrpom ting operators,
W ndows 98/ NT5 pr (Fagd;ese tranqmttechfrpim&hdnhmﬁﬁramgssoﬁm the Printet 0 inpage erdefr Heghi cs
DLL A raster printer.can, in theory, utilize standard i nt river
conponent s uﬁﬁ%rp W%&%WPW/%@%%%O‘FHW Pagh ﬁﬁ&%@ Vﬁ i“’lﬁﬁ’aﬁg siY& PR#Spi ng
a printer drigeflwhyd Mteiieavﬁrrﬁug&idﬁﬁn&?edj@g@gm@tﬁ&ukﬂe pRst! ardd&efleVvi ce
surface as a single bitmap. The problem w his is that text and inages

nmust be rendarmbersd pages ate heckrsidepages. dn. prrnhussleglc-iseled@mdpmmtbergh@ &ent

osor | bed eapideSF SR o B8 pEE 2T Mt $12 anfRPRRR R M PGS ot

di fferent reaolmdmer Ime,@pétgmpageadgemstmr@ﬂw&ypgg@f each. The printer
driver is therefore |nglenented according to the generic design described

in Section 11. ThéVean themasiseCEFo8EMmereives :rags commandyfeam thehost prasassgrage
buffer as described in Section 11.2, and this neans that the printer driver
nmust take over managi ng the device surface, which in turn nmeans that it
must nediate all GDI access to the device surface. 12.3.1 Managi ng the
Device Surface A graphics driver nust support a nunmber of standard
functions, including the follow ng:




106 Tabl e 42. Standard graphics driver interface

functi onsfuncti ondescri pti onDrvEnabl eDriverlnitial entry point into the
driver graphics DLL. Returns addresses of functions supported by the
driver. DrvEnabl ePDEVCreates a | ogical representation of a physical device
wi th which the driver can associate a draw ng

surface. DrvEnabl eSurfaceCreates a surface Eo be drawn on, associated with a
gi ven PDEV. DrvEnabl eP indicates to GDI6 via the fl G aphi csCaps .nenber
of the ret ur Adatingtgarpeddanumberad page itautgs thsispranand dotheisiaye LGFabi0bi i B8 of

the driver. T&Lﬁcbpsgﬁmuﬁ%ﬁq Toaidig 'im%c?‘s{ijx%%qd@é Y&Wﬂo@%ﬁﬁé%sﬂf&%n@?ﬁa

devi ce surface consisting of two conce ayers an ree parts: e 267
ppi cont one Ipegtecol Zhelp comM@Rd isulecsived indts 2ffireppandaitered i thy enas@r’bildcabpaci ty,

and the 800 dpi bl l.ayer 1-bit opacjty. The virtual device_surface which
encapsul at es %?g% l}eig,rgrbgmﬁafgr\@r ha meBeH| {ﬁtzltéd)rf thg Sl%TE’ﬁi“}tr%]b‘C?Shi S

is the resol %j}qlsf‘?gu ggr;;e)pgecgpge tﬁgﬁ{té}ldé%n% ?i‘@is%ﬁ??o efSutd @bdhe Pﬂtﬁer CCP

aggr egat e page “buffer qui res about menory, the size of the page
buffer can bd80kihiweys ks ipage buffsr dvgilabdafoenipage déstinpdifpe tiendaveathd natsteaist i me,

as described jn Section 12.3.4. . nter-speci.fic, graphi.cs driver st
al so support dpﬂléerﬁxtgyy%%eﬁée E?Fi‘cst“feoﬁé , S?é‘é?téprﬁé‘?wﬁetag frpg I%er ?‘ﬁ’f’é‘?nel%ﬁ“? er
functi onsf unghhORFERGE feBSivayHRE Yﬁt«ﬁﬁﬂ%@&ﬁ%ﬁi@ QuéEndiVersd ﬁége‘. of docunent
handl i ngDr vSt art PageHandl es the start of a new page. Dr vSendPageSends t he

current page 82 t Synghtionized Reintinghe spool er. Dr vEndDocPer f or ns any end- of

brinter. and. D v HRBRHE R TR b Tl COR TR Rhve STl odedE .
sends the st alid mpAGeCCR 180 Anitiatel atthsl Rintiag MEEsesnsists dfidearthig i Phage

Dr vSendPage converts the contene | ayer from RGB to CWK usi ng GDI provided
col or manageSEPANSIONFEE PHRUNE ProRpsesiadie waster CHR 180M: apdinitiating thesameay er s

T e o O FRREHEEIo08 3l A ndlnd 8,8 T8 el 9
send data to the {oiachieve perfect hagigtatioh betwedrbtha gron sitlh endibacksédequrinteslce and
medi ating mlpag‘%? Se?)rigl&eia& infertaces S&ZH (t)f l;[ott]l'?CCPs are synchronized to a common line
synchronization signal. The synchronization signal is generated by the master CCP
180M.

Once the printing pipelines in both CCPs are sufficiently primed, as indicated by
the stall status of the line loader/format unit (LLFU) of the printhead interface (Section
10.4), the master CCP 180M starts the line synchronization generator unit (LSGU) of the
printhead interface 192 (Section 10.2). The master CCP 180M obtains the status of the
slave CCP 180S LLFU via a poll sent over the inter-CCP serial link 314.

After the printing of a page, or more frequently, the master 180M obtains ink
consumption information from the slave 180S over the inter-CCP link 314. It uses this to
update the remaining ink volume in the ink cartridge 32, as described in Section 7.5.4.1.

The master and slave CCPs 180M, 180S also exchange error events and host-
initiated printer reset commands over the inter-CCP link 314.

9 MEMJET PRINTHEAD

The Memjet printhead 143 is a drop-on-demand 1600 dpi inkjet printer that

produces bi-level dots in up to 4 colors to produce a printed page of a particular width.

Since the printhead prints dots at 1600 dpi, each dot is approximately 22.5mm in

diameter, and spaced 15.875mm apart. Because the printing is bi-level, the input image



printer driver must support the follow ng additional functions: Table 44.
Requi red graphics driver functions for a devi ce-nanaged

surfacefuncti ondescri pti onDrvCopyBitsTransl at es bet ween devi ce- managed
raster surfaces and GDI - nman, aged st andard-f ormat

bi t maps. DrvStr okePat hStrokes a pat h. DrvPai nt Paints a specified

regi on. DrvText Qut Renders a set of gl yphs g& speci fied positions. Copying

i mges, stroki ng} gat.hs and filljing regions”all occur on the contone |ayer,
whi I e render ishepld be dithesedenerrasdiffased dorsbestresulis. bi - | evel bl ack | ayer.

cimce 1t 1an i sunSbirLhe SIiRE e B BhrRtR ot BRI, TS
filling w theasl¢sthdprntheniniiionberstationirhand blieds thayeper(148 tavmosopasodrse) .

Al t hough the printer driver_is. obliged to hook the aforenmentioned
functions, iPradkagldk Fiawsed] dhistrates & tyoeat ordigyrafiono t he cont one | ayer back

to the correspondi P@Rl] tiat:] net i -1 .
contone | ayer is Iamg andgirlgﬂtgér%gt‘@ﬁ% ?@Tﬁﬂ%éggq:éﬁ%ve%dﬁ%ﬁﬁfll%@tc{lgﬁmpﬁtere
i s a corr espaeghents. Fhe ¥epmdnt icthereforp tivbasie bullgingiblockAsr cbasgudtingdhd n Sect i on
11.2, when an 0 jeefgi destined for the contone | ayer obscures pixels on the
bl ack | ayer, POR@C Bared bl ack pi xel s nust be transferred fromthe bl ack

| ayer to the nt . ne object is conposited with the
cont one Iayer9.'cloThe %gt/ﬁ{cgﬁﬁeﬂ%gﬁgﬁ%ﬁi ng is that obscuration is

det ect ed and handTéi sectidnhexahimdsabie steictyre bfd singleisegmentpthabasic bebding blodO! .

Thi s invol veg det er m.ni the.pi xel.- by-pnj xel opacity of the contone object
fromits geo @9&“&?*%8&%5"’!#?9“%3%}% to selectively 108 transfer
bl ack pi xel s ofy,pMGroRpivgHTNdz2s WitRintSegnfpi one | ayer as described in

Section 11.2. 12.3.2 Determ ni ng, Contone Obj ect Geonetry It is possible to
det er mi ne t he georkBe pozzlgs within asingleseameny are groyped fas reasonssofiphiysiesl strbiity

DrvopyBi 1o Anerelyns liRfieatod Blwbt uRbett fudo PG ilerrisbCbiGREe ©f
(CLI POBJ), wistability, artotabofclQumozrzlets shiara thessame tinlofeséreoir. Angerass. ofipowehe case of
DrvStrokePat h, thi ng;’ are .nore conpl |g§g§?@ DrvS'g%LokeP th supports both

strai ght - | i nEOBRPHOD, SEIPURIRES 3 AWsspegghandsa highwsperdaainting gode; nes

and geonetri X j : ' j QRLASH -
B~zi er-spli ngdégfgrggsgh?ggéngggﬁ? atfr‘lﬁdd’ %inéﬁlgt%) P?ég%é %Q&Y&neg&gﬁf 1gget he ﬁ%ﬂytréﬁ‘e
cl eari ng t he offsto bspodaiintjffempapriotindt godfiguyationGCAPS BEZI ERS and GCAPS

GEOVETRICWDE) in.the.fl Graphi csCaps er .of .the driver'.s | NFO
structure. This cgh@géo‘@ﬁpe‘{)‘gpﬁ%mggﬁomﬁf%‘% %Dl%fsarggfeg[%g‘?\{nyferrpl er
calls to Dr VE@%ﬁﬁm af tifie TFicddxactAdmittr ¥£Roz2led FiratEdepehds GHRAY fidRY tdlofsQire
accel erate high-1evel capabilities, but sinulates any capabilities not

provi ded by ®PFRseriip theprintiread. Inafapneclordeg GM YK} printinganyirgemenidhig egwatasr y of

a singl e-pix i i i i i ic. In
the latter osldoeRIs ey ihulinibuy drH ot L5 GAL ARYT PibEh i OB,
speci fi ed |i tds eduatasibo 12 nofdlesNiriigdRblltanEbesl gt Td firegllathe ayzzigsdn afsegaertt, @00t he
| ine alternat bet weep being opague and transparent along its |ength, and
SO supports 9§qu%§eaagﬂ%7&iqsiqw&?§?ﬁé@rs etc. Wien the brush is solid black,
straight |ines cam %?%Wﬁﬁ%&bhﬁtix@mb&é‘ SHoRsled 6 dabR cBlopfre ﬁrediz%m tg@ough
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with the increased width inplied by the 800 dpi_ resolution. 12.3
Renderi ng Tesggment at a time. The exact number of nozzles fired depends on how many colors are

present in the printhead. In a four color (e.g. CMYK) printing environment this equates
to 32 nozzles firing simultaneously. In a three color (e.g. CMY) printing environment
this equates to 24 nozzles firing simultaneously. To fire all the nozzles in a segment, 100
different sets of nozzles must be fired.

The power consumption in the low-speed mode is half that of the high-speed

mode. Note, however, that the energy consumed to print a page is the same in both cases.



In the case of a DrvTextQut, things are also nore conplicated. Firstly, the
opaque background, if any, is handled |ike any other fill on the contone

| ayer (see DrvPaint). If the foreground brush is not black, or the m x node
is not effectively opaque, or the font is not scalable, or the font

i ndi cates outline stroking, then the call is punted to EngTextQut, to be
applied to the contone |ayer. Before the call is punted, however, the
driver determ nes the geonetry of each gl fﬂh by obtaining its bitmap (via
FONTOBJ cGet &L:bhJjen Nozalesdftake a Redusual obscuration check against the

bl ack layer. If puynt.i DxvTex call 4s.not allowe t he.doc ntation
s anbi guous) .t hanibhE el PR addles shigh Aol abieN b S SPPRRL

Thi s i ncl udesn ghérh, and b aredintanbiher. EadlBosd preihives dbis 22! 5ndh iim Giatneer

VECTOR FONT capability fla and di sal  ow ng conpl ex m x nodes (by

.ag), Le)
clearing the 0@@.&1@%@1\@9&(??@%@@56@0 dpi. Figurs)32 shpws the arsngemeniefiapingleh i s
bl ack and op . i cal ab n o1 st.roked, e gl yphs
are render ed$§§sﬁt€ﬁgln§2§6% ng%?érgq ﬁccto ﬁcﬁgé g)a@% g’f‘%%md%u\(}lg lF{hegentl &eS? ﬁ?fr;l}ee? "t he
georetry of each @llgholigibthe@biAlearedired i thistordddathé adaidhshipaf heRdlésRnd
cCGet d yphs, but .as a PATHOBJ). The driver then renders each glyph fromits
outline at 8ebYsHsAl plasemeptiof detsian the printed prgediy diffspent. The rozaleg rophenedaw i ne
geonetry use i i 15,8 i i are in
Prxed poi n . 1o ceprie SPAIJUE BbRRode e onfihe ke, BBt the phfesSAMRELARH o5
hi gher - r esol utpresent thaddd dowy fronothe ddfaeentdineiokehdpapegFigared 3ushdes thersame pod
rectangl es are, added to the glyph geonetry, .if, specgified. The driyver nust
Set the Crapanl B RpRKBRATIoty AROTHE BEAA dites o SRGLEE Bph B Io8igp
posi tions (again iThe 2672180 WitliR Y foll £OMeFIGR 165 0a1NSepdtRlY b?%ebwid@%fr dot.
hi gh-precision fixed-point format, to allow accurate positioning at 800
dpi . The dri vide exaptdistancebgtmgen ths neazlesrpilbdepend on the mbparties athededjstphMode

out i nes r at firpecnsshefn AR Ry ThetiBh ol SReRd S lRE R

gl yph bi t mapsndtel thefloiwaifgapsr, nenory allowing. Only gl yphs bel ow a certain
poi nt size should be cached. 12.3.4 Banded Qut put As described in Section
6, the print &l-baQAneRodwidiashsColor Miakes a GChnomapodut put by breaki ng the page
description into OPS : ts
banded out put to g)n% igtoggg‘?l?oé%fqg?%ogp prFﬁ?@rlﬂﬁﬁl@%@%@%Pﬁﬁg@fMi ch
have | i m t ed pods Braxhromapoderillndepend/ on Belpartnlah apyslicatidya in @ thanotirome\pirinting t

por T or med by SYHEMARET RS ET DA PHAR OB TR dhera VR VBB O o R A il
metafile to thig PHotdptind dpbReatiofpringlddfsird NcdibR (B?eex?gmalggkﬁa,%llmvggf

driver must clip the graphics operations to the current band, das us .
Banded out putMesmist ssgmepisaised far ¢heseapplications wiligiave 3 podsperahramapodongfpadhe RC

BANDI NG bit i e dri{ver’ S .capabi | i 1] r.et ur ne .Gt i ps
when call ed v‘\’/;il £ %crﬂtﬁ?gor%%@rgéﬂ%% ‘guﬁﬁf’eé 8??0%61;3%:?1:[%9 ﬂ}%gﬁ%’cag%gé&ﬁ%a
oper ati ons r @MY&n(cyim neageitabaiidw, blackapriiitlg eystdt (such asledeslech préter).SFhis
menory is limted, tqlg n H‘]e, printer &hl ver nust 110 enab] e bglndi ng by
cal | i ng EngMERAKERWR §§e SIS0t HnpasgeERy B Bstcabeonsirpinthdt ISy #Mppor t t he
fol | ow ng addibdcpiithaditiify frotfShe ifabed 4pplicRROMY (bEELUREE, B fife FIDEESS colors
functionsfuncti ondescri pti onDrvStartBandi ngPrepares the driver for bandi ng
and returns timseases e nosof thesegmenttingraands Mnd/the nuBbeisshere larger ssgmentythavand
to the printer gnd r.et urns thfﬂg?ri. in of.the next band, if any. Like

Dr vSendPage, °BF ORBSOARSESframas Slg?loé"%fﬁ’i FEFSNrer from RGB to CMYK usi ng
GDl - provi ded col oIA ¢hoRgsstERbrekeHIS HifRPsht cSloNTURSonehts P the sahr Hosinbtalesets

bl ack | ayers, and sends the conpressed page band to the printer (in a page
band conmand)10 dots apsdifferentfines: i ¢xaetedistarcedstiveendifesspiceoiprtngds denerds ot i nt er

via the spoolgr Memjet operating parameters, and may vary from one Memjet design to another. The

distance is considered to be a constant number of dot-widths, and must therefore be taken

into account when printing: the dots printed by the cyan nozzles will be for different lines



111 CLAIMS 1. A print engine fox a printer, the print engine including: a
page wi dth printhead, the printhead including an ink-ejecting neans
conprising a sem -conductor device defining an array of inkj et nozzles
whi ch provi des photographi c-quality and magazi ne-quality printing and a
seal i ng neans surroundi ng the ink-ejecting neans; a snooth-surfaced
transfer neans having a discontinuity-fre%speripheral wal | onto which ink
ejected by the printhead is received to be transferr%gﬁtq a sheet of print

medi a, the t tbaTsthere prinecbIer mpsspinayRiow erdlaskarezles Thaeriphngelgedm muy a
di spl acement g ré@&&iéﬂl&ﬂhtﬁﬁéc’lﬁ: foBohl ¢ Hk?}tﬂ@iﬂﬂlssbgtf&éaﬁ“cofo}s?F 3g means
Is urged into abutnent wth a surface of the transter neans en t he
print head i s illustpatesatsingée ¢hoomapudofor a EMFEr @minting applidatibn.f r om t he

I nk-ej ecting Lt di spl nt ans further being operable to draw
the print hea&ﬁﬁgi“%%gggﬂn?&‘gﬁﬁgﬁ%ﬂin%gé‘?“d’cive to the transfer means when
printing is to be T | ' i ' R=1 I n
which the ink-ej ec“?‘?%ﬁ%‘%ﬂ%"g of %@%ﬁﬁfgg&i@?éﬁ?ﬂ“@r Ribdefoupfirdiofe. 1
devi ce havi ngontapisiiOaloizlys fok eachkgoddr. The afragem8nt 1T Kisovar inftigeedisnwiths cl ai ned

in claiml in,which.the sealjing ans i el astoneric seal .surrounding
the 1 nk- e ecthHgniRedhEamaere b iathe MYk Sudiadansfe franalf et b c
the transfer $iRARS beffceh ddaceht ChdRfpBds fskhgerdidd Rt alatity. mount ed adj acent to
the printhead so that ink “ejected o%wtyhe printhead is deposited on a

e

surface of tfel.dlddivwd BodgronpsMaks a graupt engine as clained in claim1l

I n which the displ@ace S | I r i rabl e
dovi co | 112"6. "I Rk ouTS ACor A HERE, £llnle RRALBITROT R fificatoPS

el ect r omagnetnagiet bycanpegdhpofineizies withirha plidsegrouglaretfiredsinfultankonstytduging a
printhead away fromthe transfer meaig, ires a first, higher current

requir
and to hol d tiendiingphase (this 1ssxplaiped igjmare ﬁ@ﬂi%slowéraﬁﬁ?gne@qqf@ transfer

means requir %f&‘ﬁ% I r ' | 1] in
claim21l whi cﬁﬁ?% udes a% pﬁ?%‘ibggy{srggﬁgd}% go;r tltljr gl 5‘22&3@2%?3 gq%gdriﬁ tﬁsﬁgi a
into contact prntihg via® BadgiaupEnabledines.t r ansf er nmeans.

During low-speed printing, only one of the two PodgroupEnable lines is set in a

given firing pulse, so only one podgroup of the two fires nozzles. During high-speed
printing, both PodgroupEnable lines are set, so both podgroups fire nozzles.
Consequently a low-speed print takes twice as long as a high-speed print, since the high-
speed print fires twice as many nozzles at once.

Figure 36 illustrates the composition of a phasegroup. The distance between
adjacent podgroups is exaggerated for clarity.
9.1.1.5 Two Phasegroups Make a Firegroup

Two phasegroups (PhasegroupA and PhasegroupB) are organized into a single
firegroup, with 4 firegroups in each segment. Firegroups are so named because they all
fire the same nozzles simultaneously. Two enable lines, AEnable and BEnable, allow the
firing of PhasegroupA nozzles and PhasegroupB nozzles independently as different
firing phases. The arrangement is shown in Figure 37. The distance between adjacent
groupings is exaggerated for clarity.
9.1.1.6 Nozzle Grouping Summary

Table 29 is a summary of the nozzle groupings in a segment assuming a CMYK

chromapod.



8. The print engine as clained in claim7 in which the urging neans is a
pinch roller. 9. The print engine as clainmed in claim7 in which the urging
nmeans is a transfer neans of an opposed, aligned print engine. 10. The
print engine as clainmed in claim?7 which includes a cleaning station for

cl eaning the surface of the transfer means, the cleaning station being
arranged |nterrred| ate the urging nmeans d the printhead. 11. The pri nt
engi ne as |
cl eaning e @n’eh@%ﬂ‘orahGmmémramgliemmmty flexible material and a WI per
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al 18qgvPI] As bits are shifted into the shift register for a given color they are directed to the lower

Lol oo vke 2l ol cardeal satealeal sal aoal sl aleclisntdoalse oo cal e o

comprised of two 400-deep shift registers: one for the upper nozzles, and one for the

lower nozzles. Alternate bits are shifted into the alternate internal registers. As far as the

external interface is concerned however, there is a single 800 deep shift register.
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Table 30. Order of Dots Transferred to a Segment

Pulse Dot Colorl Line | Color2 Line | Color3 Line | ColorC Line
1 0 N N+D* N+2D, N+(C-1)Dy
2 1 N+D,° N+D+D, N+2D;+D, N+(C-1)D+D;
3 2 N N+Dy N+2D, N+(C-1)D,
4 3 N+D, N+D+D, N+2D;+D; N+(C-1)Dy+D;

*  D; = number of lines between the nozzles of one color and the next

(likely =4 - 8)

b D, = number of lines between two rows of nozzles of the same color

(likely = 1)

And so on for all 800 pulses.
Data can be clocked into a segment at a maximum rate of 20 MHz, which will
load the entire 800C bits of data in 40ps.
9.1.2.2 Print Cycle
A single Memjet printhead segment contains 800 nozzles. To fire them all at once
would consume too much power and be problematic in terms of ink refill and nozzle
interference. This problem is made more apparent when we consider that a Memjet
printhead is composed of multiple 1/2 inch segments, each with 800 nozzles.
Consequently two firing modes are defined: a low-speed printing mode and a high-speed
printing mode:
. In the low-speed print mode, there are 200 phases, with each phase firing 4C
nozzles (C per firegroup, where C is the number of colors).
o In the high-speed print mode, there are 100 phases, with each phase firing 8C
nozzles, (2C per firegroup, where C is the number of colors).
The nozzles to be fired in a given firing pulse are determined by
o 3 bits ChromapodSelect (select 1 of 5 chromapods from a firegroup)
o 4 bits NozzleSelect (select 1 of 10 nozzles from a pod)
o 2 bits of PodgroupEnable lines (select 0, 1, or 2 podgroups to fire)
‘When one of the PodgroupEnable lines is set, only the specified Podgroup’s 4
nozzles will fire as determined by ChromapodSelect and NozzleSelect. When both of the
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amount of power available to the printhead 143. See Section 9.1.3 for details on feedback
from the printhead 143 in order to compensate for temperature change.

The AEnable and BEnable are separate lines in order that the firing pulses can
overlap. Thus the 200. phases of a low-speed Print Cycle consist of 100 A phases and 100
B phases, effectively giving 100 sets of Phase A and Phase B. Likewise, the 100 phases
of a high-speed print cycle consist of 50 A phases and 50 B phases, effectively giving 50
phases of phase A and phase B.

Figure 38 shows the AEnable and BEnable lines during a typical Print Cycle. Ina
high- speed print there are 50 2ms cycles, while in a low-speed print there are 100 2us
cycles.

For the high-speed printing mode, the firing order is:

. ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 2, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
) ChromapodSelect 3, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 4, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)

. ChromapodSelect 0, NozzleSelect 1, PodgroupEnable 11 (Phases A and B)

. ChromapodSelect 3, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)

For the low-speed printing mode, the firing order is similar. For each phase of the
high speed mode where PodgroupEnable was 11, two phases of PodgroupEnable = 01

and 10 are substituted as follows:
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J ChromapodSelect 3, NozzleSelect 9, PodgroupEnable 10 (Phases A and B)

. ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 01 (Phases A and B)

o ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 10 (Phases A and B)

When a nozzle fires, it takes approximately 100us to refill. The nozzle cannot be
fired before this refill time has elapsed. This limits the fastest printing speed to 100ps per
line. In the high-speed print mode, the time to print a line is 100ps, so the time between
firing a nozzle from one line to the next matches the refill time. The low-speed print
mode is slower than this, so is also acceptable.

The firing of a nozzle also causes acoustic perturbations for a limited time within
the common ink reservoir of that nozzle's pod. The perturbations can interfere with the
firing of another nozzle within the same pod. Consequently, the firing of nozzles within a
pod should be offset from each other as long as possible. We therefore fire four nozzles
from a chromapod (one nozzle per color) and then move onto the next chromapod within
the podgroup.

. In the low-speed printing mode the podgroups are fired separately. Thus the 5
chromapods within both podgroups must all fire before the first chromapod fires
again, totalling 10 x 2us cycles. Consequently each pod is fired once per 20ps.

o In the high-speed printing mode, the podgroups are fired together. Thus the 5
chromapods within a single podgroups must all fire before the first chromapod
fires again, totalling 5 x 2ps cycles. Consequently each pod is fired once per 10
Us.

As the ink channel is 300mm long and the velocity of sound in the ink is around
1500m/s, the resonant frequency of the ink channel is 2.5MHz. Thus the low-speed mode

allows 50 resonant cycles for the acoustic pulse to dampen, and the high-speed mode
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9.1.4 Preheat Cycle

The printing process has a strong tendency to stay at the equilibrium temperature.

"
-
1
0

To ensure that the first section of a printed image, such as a photograph, has a consistent
dot size, the equilibrium temperature must be met before printing any dots. This is
accomplished via a preheat cycle.

The Preheat cycle involves a single Load Cycle to all nozzles of a segment with
1s (i.e. setting all nozzles to fire), and a number of short firing pulses to each nozzle. The
duration of the pulse must be insufficient to fire the drops, but enough to heat up the ink.

Altogether about 200 pulses for each nozzle are required, cycling through in the same
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be undertaken before each print job. Each nozzle is fired a number of times into an
absorbent sponge.

The cleaning cycle involves a single Load Cycle to all nozzles of a segment with
1s (i.e. setting all nozzles to fire), and a number of firing pulses to each nozzle. The
nozzles are cleaned via the same nozzle firing sequence as a standard Print Cycle. The
number of times that each nozzle is fired depends upon the ink composition and the time
that the printer has been idle. As with preheat, the cleaning cycle has no effect on printer
performance.

9.1.6 Printhead Interface Summary

Each segment has the following connections to the bond pads:
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Table 31. Segment Interface Connections
Name Lines Description

Chromapod Select | 3 Select which chromapod will fire (0-4)

NozzleSelect 4 Select which nozzle from the pod will fire (0-9)

PodgroupEnable 2 Enable the podgroups to fire (choice of: 01, 10, 11)

AEnable 1 Firing pulse for podgroup A

BEnable 1 Firing pulse for podgroup B

ColorNData C Input to shift registers (1 bit for each of C colors in the
segment)

SRClock 1 A pulse on SRClock (ShiftRegisterClock) loads C bits
from ColorData into the C shift registers.

PTransfer 1 Parallel transfer of data from the shift registers to the

internal NozzleEnable bits (one per nozzle).
SenseSegSelect 1 A pulse on SenseSegSelect ANDed with data on

ColorlData selects the sense lines for this segment.

Tsense 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense
Wsense 1 Width sense

Logic GND 1 Logic ground

Logic PWR 1 Logic power

V- 21 Actuator Ground

V+ 21 Actuator Power
TOTAL 62+C (@if C is 4, Total = 66)

9.2  Making Memjet Printheads out of Segments

A Memjet printhead is composed of a number of identical 1/2 inch printhead
segments, These 1/2 inch segments are manufactured together or placed together after
manufacture to produce a printhead of the desired length. Each 1/2 inch segments prints
800 1600 dpi bi-level dots in up to 4 colors over a different part of the page to produce
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the final image. Although each segment produces 800 dots of the final image, each dot is

represented by a combination of colored inks.

A 4-inch printhead, for example, consists of 8 segments, typically manufactured
as a monolithic printhead. In a typical 4-color printing application (cyan, magenta,
yellow, black), each of the segments prints bi-level cyan, magenta, yellow and black dots
over a different part of the page to produce the final image.

An 8-inch printhead can be constructed from two 4-inch printheads or from a
single 8-inch printhead consisting of 16 segments. Regardless of the construction
mechanism, the effective printhead is still 8 inches in length.

A 2-inch printhead has a similar arrangement, but only uses 4 segments.
Likewise, a full-bleed A4/Letter printer uses 17 segments for an effective 8.5 inch
printing area.

Since the total number of nozzles in a segment is 800C (see Table 29), the total
number of nozzles in a given printhead with S segments is 800CS. Thus segment N is
responsible for printing dots 800N to 800N+799.

A number of considerations must be made when wiring up a printhead. As the
width of the printhead increases, the number of segments increases, and the number of
connections also increases. Each segment has its own ColorData connections (C of
them), as well as SRClock and other connections for loading and printing.

9.2.1 Loading Considerations

When the number of segments S is small it is reasonable to load all the segments
simultaneously by using a common SRClock line and placing C bits of data on each of
the ColorData inputs for the segments. In a 4-inch printer, S=8, and therefore the total
number of bits to transfer to the printhead in a single SRClock pulse is 32. However for
an 8-inch printer, S=16, and it is unlikely to be reasonable to have 64 data lines running
from the print data generator to the printhead.

Instead, it is convenient to group a number of segments together for loading
purposes. Each group of segments is small enough to be loaded simultaneously, and
share an SRClock. For example, an 8-inch printhead can have 2 segment groups, each
segment group containing 8 segments. 32 ColorData lines can be shared for both groups,
with 2 SRClock lines, one per segment group.

When the number of segment groups is not easily divisible, it is still convenient to
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group the segments. One example is a 8.5 inch printer for producing A4/Letter pages.

There are 17 segments, and these can be grouped as two groups of 9 (9C bits of data
going to each segment, with all 9C bits used in the first group, and only 8C bits used for
the second group), or as 3 groups of 6 (again, C bits are unused in the last group).

As the number of segment groups increases, the time taken to load the printhead
increases. When there is only one group, 800 load pulses are required (each pulse
transfers C data bits). When there are G groups, 800G load pulses are required. The
bandwidth of the connection between the data generator and the printhead must be able
to cope and be within the allowable timing parameters for the particular application.

If G is the number of segment groups, and L is the largest number of segments in
a group, the printhead requires LC ColorData lines and G SRClock lines. Regardless of
G, only a single PTransfer line is required - it can be shared across all segments.

Since L segments in each segment group are loaded with a single SRClock pulse,
any printing process must produce the data in the correct sequence for the printhead. As
an example, when G=2 and L=4, the first SRClock!1 pulse will transfer the ColorData
bits for the next Print Cycle's dot 0, 800, 1600, and 2400. The first SRClock2 pulse will
transfer the ColorData bits for the next Print Cycle’s dot 3200, 4000, 4800, and 5600.
The second SRClock! pulse will transfer the ColorData bits for the next Print Cycle’s
dot 1, 801, 1601, and 2401. The second SRClock?2 pulse will transfer the ColorData bits
for the next Print Cycle's dot 3201, 4001, 4801 and 5601.

After 800G SRClock pulses (800 to each of SRClock1 and SRClock?2), the entire
line has been loaded into the printhead, and the common PTransfer pulse can be given.

It is important to note that the odd and even color outputs, although printed
during the same Print Cycle, do not appear on the same physical output line. The
physical separation of odd and even nozzles within the printhead, as well as separation
between nozzles of different colors ensures that they will produce dots on different lines
of the page. This relative difference must be accounted for when loading the data into the
printhead. The actual difference in lines depends on the characteristics of the inkjet
mechanism used in the printhead. The differences can be defined by variables D; and D,
where D is the distance between nozzles of different colors, and D, is the distance

between nozzles of the same color. Considering only a single segmeni group, Table 32
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Pulse Dot Colorl Line Color2 Line ColorC Line
1 800S* N N+D,° N+C-1D,
2 800S+1 N+D,° N+D+D, N+C-1)D)+D;
3 800S+2 N N+D, N+HC-1)Dy
4 800S+3 N+D, N+D,;+D; NHC-1)Dy+D,

S = segment number

® Dy =number of lines between the nozzles of one color and the next (likely = 4 - 8)

c

D, = number of lines between two rows of nozzles of the same color (likely = 1)

And so on for all 800 SRClock pulses to the particular segment group.
9.2,2 Printing Considerations

With regards to printing, we print 4C nozzles from each segment in the low-speed
printing mode, and 8C nozzles from each segment in the high speed printing mode.

While it is certainly possible to wire up segments in any way, we only consider
the situation where all segments fire simultaneously. This is because the low-speed
printing mode allows low-power printing for small printheads (e.g. 2-inch and 4-inch),
and the controller chip design assumes there is sufficient power available for the large
print sizes (such as 8-18 inches). It is a simple matter to alter the connections in the
printhead 143 to allow grouping of firing should a particular application require it.

When all segments are fired at the same time 4CS nozzles are fired in the low-
speed printing mode and 8CS nozzles are fired in the high-speed printing mode. Since all
segments print simultaneously, the printing logic is the same as defined in Section
9122,

The timing for the two printing modes is therefore:

° 200 ps to print a line at low speed (comprised of 100 2ps cycles)
. 100 ps to print a line at high speed (comprised of 50 2us cycles)
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9.2.3 Feedback Considerations

A segment produces several lines of feedback, as defined in Section 9.1.3. The
feedback lines are used to adjust the timing of the firing pulses. Since multiple segments
are collected together into a printhead, it is effective to share the feedback lines as a tri-
state bus, with only one of the segments placing the feedback information on the
feedback lines at a time.

Since the selection of which segment will place the feedback information on the
shared Tsense, Vsense, Rsense, and Wsense lines uses the ColorlData line, the
groupings of segments for loading data can be used for selecting the segment for
feedback.

Just as there are G SRClock lines (a single line is shared between segments of the same
segment group), there are G SenseSegSelect lines shared in the same way, When the
correct SenseSegSelect line is pulsed, the segment of that group whose Color1Data bit is
set will start to place data on the shared feedback lines. The segment previously active in
terms of feedback must also be disabled by having a 0 on its Color1Data bit, and this
segment may be in a different segment group. Therefore when there is more than one
segment group. changing the feedback segment requires two steps: disabling the old
segment, and enabling the new segment.

9.24 Printhead Connection Summary

This section assumes that the printhead 143 has been constructed from a number of
segments as described in the previous sections. It assumes that for data loading purposes,
the segments have been grouped into G’ segment groups, with L segments in the largest
segment group. It assumes there are C colors in the printhead. It assumes that the firing
mechanism for the printhead 143 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 33 lists the external connections that are available from a printhead:
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Table 33. Printhead Connections
Name #Pins Description

ChromapodSelect 3 Select which chromapod will fire (0-4)

NozzleSelect 4 Select which nozzle from the pod will fire (0-9)

PodgroupEnable 2 Enable the podgroups to fire (choice of: 01, 10, 11)

AEnable 1 Firing pulse for phasegroup A

BEnable 1 Firing pulse for phasegroup B

ColorData CL Inputs to C shift registers of segments 0 to L-1

SRClock G A pulse on SRClock[N] (ShiftRegisterClock N)
loads the current values from ColorData lines into
the L segments in segment group N.

PTransfer 1 Parallel transfer of data from the shift registers to the
internal NozzleEnable bits (one per nozzle).

SenseSegSelect G A pulse on SenseSegSelect N ANDed with data on
Color1Data[n] selects the sense lines for segment n
in segment group N.

Tsense 1 Temperature sense

Vsense 1 Voltage sense

Rsense 1 Resistivity sense

Wsense 1 Width sense

Logic GND 1 Logic ground

Logic PWR 1 Logic power

V- Bus Actuator Ground

bars
v+ Actuator Power
TOTAL 18+2G+CL
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The printhead interface (PHI) 192 is the means by which the processor 181 loads
the Memjet printhead 143 with the dots to be printed, and controls the actual dot printing
process. The PHI 192 contains:

. a LineSyncGen unit (LSGU) , which provides synchronization signals for
multiple chips (allows side-by-side printing and front/back printing) as well as
stepper motors,

o a Memjet interface (MJI), which transfers data to the Memjet printhead, and
controls the nozzle firing sequences during a print.

) a line loadet/format unit (LLFU) which loads the dots for a given print line into
local buffer storage and formats them into the order required for the Memjet
printhead.

The units within the PHI 192 are controlled by a number of registers that are
programmed by the processor 181. In addition, the processor 181 is responsible for
setting up the appropriate parameters in the DMA controller 200 for the transfers from
memory to the LLFU. This includes loading white (all 0°s) into appropriate colors during
the start and end of a page so that the page has clean edges.

The PHI 192 is capable of dealing with a variety of printhead lengths and
formats, In terms of broad operating customizations, the PHI 192 is parameterized as

follows:

beGt+ah

Table 34, Basic Printing Parameters

Name Description Range

MaxColors No of Colors in printhead 1-4

SegmentsPerXfer No of segments written to per transfer. Is equal to the 1-9
number of segments in the largest segment group

SegmentGroups No of segment groups in printhead 1-4

The internal structure of the PHI allows for a maximum of 4 colors, 9 segments
per transfer, and 4 transfers. Transferring 4 colors to 9 segments is 36 bits per transfer,
and 4 transfers to 9 segments equates to a maximum printed line length of 18 inches. The

total number of dots per line printed by an 18-inch 4 color printhead is 115,200 (18 x
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10.1 Block Diagram of Printhead Interface
The internal structure of the Printhead Interface 192 is shown in Figure 39.
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Slave, and LmeSync pulses generated by the two LineSyncGen units 316, 318 are not

enabled onto the common LineSync lines. In this way, the Master chip’s LineSync pulses
are used by all PHIs 192 on all the connected chips.

The following sections detail the LineSyncGen Unit 316, 318, the Line
Loader/Format Unit 322 and Memjet Interface 320 respectively.

10.2 LineSyncGen Unit

The LineSyncGen units (LSGU) 316, 318 are responsible for generating the
synchronization pulses required for printing a page. Each LSGU 316, 318 produces an
external LineSync signal to enable line synchronization. The generator inside the LGSU
316, 318 generates a LineSync pulse when told to ‘go’, and then every so many cycles
until told to stop. The LineSync pulse defines the start of the next line.

The exact number of cycles between LineSync pulses is determined by the
CyclesBetweenPulses register, one per generator. It must be at least long enough to allow
one line to print (100 ps or 200 ms depending on whether the speed is low or high) and
another line to load, but can be longer as desired (for example, to accommodate special
requirements of paper transport circuitry). If the CyclesBetweenPulses register is set to a
number less than a line print time, the page will not print properly since each LineSync
pulse will arrive before the particular line has finished printing.

The following interface registers are contained in each LSGU 316, 318:
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Controls whether the LSGU is currently generating
LineSync pulses or not.

A write of 1 to this register generates a LineSync pulse,
transfers CyclesBetweenPulses to CyclesRemaining, and
starts the countdown. When CyclesRemaining hits 0,
another LineSync pulse is generated,
CyclesBetweenPulses is transferred to CyclesRemaining
and the countdown is started again.

A write of 0 to this register stops the countdown and no
more LineSync pulses are generated.

CyclesRemaining

A status register containing the number of cycles
remaining until the next LineSync pulse is generated.

® () -

()-k<;

The LineSync pulse is not used directly from the LGSU 316, 318. The LineSync
pulse is enabled onto a tri-state LineSync line only if the Master/Slave pin is set to

Master. Consequently the LineSync pulse is only used in the form as generated by the

Master chip (pulses generated by Slave chips are ignored).

103 Memjet Interface

The Memjet interface (MJI) 320 transfers data to the Memjet printhead 143, and
controls the nozzle firing sequences during a print.

The MJI 320 is simply a State Machine (see Figure 40) which follows the
printhead loading and firing order described in Section 9.2.1, Section 9.2.2, and includes
the functionality of the Preheat Cycle and Cleaning Cycle as described in Section 9.1.4
and Section 9.1.5. Both high-speed and low-speed printing modes are available, although

the MJI 320 always fires a given nozzle from all segments in a printhead simultaneously

(there is no separate firing of nozzles from one segment and then others). Dot counts for
each color are also kept by the MJI 320.
The MJI loads data into the printhead from a choice of 2 data sources:

J All 1s. This means that all nozzles will fire during a subsequent Print cycle, and is

the standard mechanism for loading the printhead for a preheat or cleaning cycle.
o From the 36-bit input held in the Transfer register of the LLFU 322. This is the
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finished loading/printing a line, it waits until the next LineSync pulse before starting the

next line. The MJI 320 stops once the specified number of lines has been loaded/printed,
and ignores any further LineSync pulses.

The MIJI 320 is therefore directly connected to the LLFU 322, LineSync0 (shared
between all synchronized chips), and the external Memjet printhead 143.

The MJI 320 accepts 36 bits of data from the LLFU 322. Of these 36 bits, only
the bits corresponding to the number of segments and number of colors will be valid. For
example, if there are only 2 colors and 9 segments, bits 0-1 will be valid for segment 0,
bits 2-3 will be invalid, bits 4-5 will be valid for segment 1, bits 6-7 will be invalid etc.
The state machine does not care which bits are valid and which bits are not valid - it
merely passes the bits out to the printhead 143. The data lines and control signals coming
out of the MJI 320 can be wired appropriately to the pinouts of the chip, using as few
pins as required by the application range of the chip (see Section 10.3.1 for more
information).

10.3.1 Connections to Printhead

The MJI 320 has a number of connections to the printhead 143, including a
maximum of 4 colors, clocked in to a maximum of 9 segments per transfer to a
maximum of 4 segment groups. The lines coming from the MJI 320 can be directly
connected to pins on the chip, although not all lines will always be pins. For example, if
the chip is specifically designed for only connecting to 8 inch CMYK printers, only 32
bits of data need to be transferred each transfer pulse. Consequently 32 pins of data out
(8 pins per color), and not 36 pins are required. In the same way, only 2 SRClock pulses
are required, so only 2 pins instead of 4 pins are required to cater for the different
SRClocks. And so on.

If the chip must be completely generic, then all connections from the MJI 320
must be connected to pins on the chip (and thence to the Memjet printhead 143).

Table 37 lists the maximum connections from the MJI 320, many of which are
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always connected to pins on the chip. Where the number of pins is variable, a footnote
explains what the number of pins depends upon. The sense of input and output is with

respect to the MJI 320. The names correspond to the pin connections on the printhead
143,
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Table 37. Memjet Interface Connections

Name #Pins | /O Description
Chromapod Select {3 Select which chromapod will fire (0-4)
NozzleSelect 4 Select which nozzle from the pod will fire (0-9)
PodgroupEnable 2

Enable the podgroups to fire (choice of: 01, 10,
11)

Firing pulse for podgroup A. In the current design
all segments fire simultaneously, although
multiple AEnable lines could be added for
dividing the firing sequence over multiple
segment groups for reasons of power and speed.
BEnable 1 0 Firing pulse for podgroup B. In the current design
all segments fire simultaneously, although
multiple BEnable lines could be added for
dividing the firing sequence over multiple
segment groups for reasons of power and speed.
Output to ColorlData shift register of segments 0-
8

Output to Color2Data shift register of segments 0-
8

Output to Color3Data shift register of segments 0-
8

Output to Color4Data shift register of segments 0-
8

A pulse on SRClock[N] (ShiftRegisterClock)
loads the current values from ColorlDataf0-8],
Color2Data[0-8), Color3Dataf0-8] and
Color4Data[0-8] into the segment group N on the
printhead.

PTransfer 1 o Parallel transfer of data from the shift registers to
the printhead’s internal NozzleEnable bits (one
per nozzle).

ol Ol OO

AEnable 1

Color1Data[0-8] 9*

Color2Data[0-8] | 9°

Color3Data[0-8] 9°

Color4Data[0-8] 9°

o] O] ©f O ©

SRClock[1-4] 4e

SenseSegSelect{1-4] | 4' 0] A pulse on SenseSegSelect[N] ANDed with data
on Color1Data[n] enables the sense lines for
segment n in segment group N of the printhead.

Tsense 1 I Temperature sense
Vsense 1 I Voltage sense
Rsense 1 I Resistivity sense
Wsense 1 I Width sense

TOTAL 52
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10%& () - @SWD  The duration of firing pulses on the AEnable and BEnable lines depend on the

viscosity of the ink (which is dependant on temperature and ink characteristics) and the
amount of power available to the printhead 143. The typical pulse duration range is 1.3 to
1.8 ps. The MJT 320 therefore contains a programmable pulse duration table 324 (Figure
41), indexed by feedback from the printhead 143. The table 324 of pulse durations allows
the use of a lower cost power supply, and aids in maintaining more accurate drop
ejection.

The Pulse Duration table 324 has 256 entries, and is indexed by the current
Vsense and Tsense settings on lines 326 and 328, respectively. The upper 4-bits of
address come from Vsense, and the lower 4-bits of address come from Tsense. Each
entry is 8 bits, and represents a fixed point value in the range of 0-4ms. The process of

generating the AEnable and BEnable lines is shown in Figure 41.
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10%& ( ) ~$2 10%& ({'}xe px%cessor 181 communicates with the MJI 320 via a register set. The
registers allow the processor 181 to parameterize a print as well as receive feedback
about print progress.

The following registers are contained in the MJI 320:
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SetAllNozzles If non-zero, the 36-bit value written to the printhead during

the LoadDots process is all 1s, so that all nozzles will be fired
during the subsequent PrintDots process. This is used during
the preheat and cleaning cycles.

If 0, the 36-bit value written to the printhead comes from the
LLFU. This is the case during the actual printing of regular

images.
Actions
Reset A wrrite to this register resets the MJI, stops any loading or
printing processes, and loads all registers with 0.
SenseSelect A wrrite to this register with any value clears the

FeedbackValid bit of the Status register, and the remaining
action depends on the values in the LoadingDots and
PrintingDots status bits.

If either of the status bits are set, the Feedback bit is cleared
and nothing more is done.

If both status bits are clear, a pulse is given simultaneously
on all 4 SenseSegSelect lines with all ColorData bits 0. This
stops any existing feedback. Depending on the two low-order
bits written to SenseSelect register, a pulse is given on
SenseSegSelectl, SenseSegSelect2, SenseSegSelect3, or
SenseSegSelect4 line, with the Color1Data bits set according
to the SenseSegment register. Once the various sense lines
have been tested, the values are placed in the Tsense, Vsense,
Rsense, and Wsense registers, and the Feedback bit of the

Status register is set.
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total of NumLines lines are printed, each line being

loaded/printed after the receipt of a LineSync pulse. The
loading of each line consists of SegmentGroups 36-bit
transfers. As each line is printed, LinesRemaining
decrements, and TransfersRemaining is reloaded with
SegmentGroups again. The status register contains print
status information. Upon completion of NumLines, the
loading/printing process stops, the Go bit is cleared, and any
further LineSync pulses are ignored. During the final print
cycle, nothing is loaded into the printhead.

A write of 0 to this bit stops the print process, but does not
clear any other registers.

ClearCounts A write to this register clears the ColorlDotCount,
Color2DotCount, Color3DotCount, and Color4DotCount

registers if bits 0, 1, 2, or 3 respectively are set. Consequently

a write of 0 has no effect.

Feedback

Tsense Read only feedback of Tsense from the last SenseSegSelect
pulse sent to segment SenseSegment. Is only valid if the
FeedbackValid bit of the Status register is set.

Vsense Read only feedback of Vsense from the last SenseSegSelect

pulse sent to segment SenseSegment. Is only valid if the
FeedbackValid bit of the Status register is set.

Rsense Read only feedback of Rsense from the last SenseSegSelect
pulse sent to segment SenseSegment. Is only valid if the
FeedbackValid bit of the Status register is set.

Wsense Read only feedback of Wsense from the last SenseSegSelect
pulse sent to segment SenseSegment. Is only valid if the
FeedbackValid bit of the Status register is set.
Color1DotCount Read only 32-bit count of colorl dots sent to the printhead.

Color2DotCount Read only 32-bit count of color2 dots sent to the printhead.
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Color3DotCount Read only 32-bit count of color3 dots sent to the printhead

Color4DotCount Read only 32-bit count of color4 dots sent to the printhead

The MJT's Status Register is a 16-bit register with bit interpretations as follows:
Table 39. MJI Status Register
Name Bits Description

LoadingDots 1 If set, the MJI is currently loading dots, with the

number of dots remaining to be transferred in
TransfersRemaining,
If clear, the MJI is not currently loading dots

PrintingDots 1 If set, the MJ1 is currently printing dots.
If clear, the MJI is not currently printing dots.

PrintingA 1 This bit is set while there is a pulse on the
AEnable line

PrintingB 1 This bit is set while there is a pulse on the
BEnable line

FeedbackValid 1 | This bit is set while the feedback values Tsense,
Vsense, Rsense, and Wsense are valid.

Reserved 3 -

PrintingChromapod 4 | This holds the current chromapod being fired
while the

PrintingDots status bit is set.

PrintingNozzles 4 | This holds the current nozzle being fired while

the PrintingDots status bit is set.
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The following pseudocode illustrates the logic required to load a printhead for a

single line. Note that loading commences only after the LineSync pulse arrives. This is to
ensure the data for the line has been prepared by the LLFU 322 and is valid for the first
transfer to the printhead 143.

Wait for LineSync
For TransfersRemaining = 800 to 0
For I = 0 to SegmentGroups
If (SetAllNozzles)
Set all ColorData lines to be 1
Else
Place 36 bit input on 36 ColorData lines
EndIf
Pulse SRClock([I]
Wait SegmentsPerXfer cycles
Send ADVANCE signal
EndFor
EndFor

10.3.5 Preheat and Cleaning Cycles

The Cleaning and Preheat cycles are simply accomplished by setting appropriate

registers in the MJI 320:
. SetAliNozzles = 1
. Set the PulseDuration register to either a low duration (in the case of the preheat

mode) or to an appropriate drop ejection duration for cleaning mode.

o Set NumLines to be the number of times the nozzles should be fired
J Set the Go bit and then wait for the Go bit to be cleared when the print cycles
have completed.

The LSGU 316, 318 must also be programmed to send LineSync pulses at the
correct frequency.
104 Line Loader/Format Unit

The line loader/format unit (LLFU) 322 loads the dots for a given print line into

local buffer storage and formats them into the order required for the Memjet printhead
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@& ()- 10% an(d) sends the result to a 9-entry by 4-bit shift register 340. After a maximum of 9 read
cycles (the number depends on the number of segments written to per transfer), and
whenever an Advance pulse comes from the MJI 320, the current 36-bit value from the
shift register 340 is gated into a 36-bit Transfer register 342, where it can be used by the
MIJT 320.

Note that not all the 36 bits are necessarily valid. The number of valid bits of 36
depends on the number of colors in the printhead 143, the number of segments, and the
breakup of segment groups (if more than one segment group). For more information, see
Section 9.2.

A single line in an L-inch C-color printhead consists of 1600L C-color dots. At 1
bit per colored dot, a single print-line consists of 7600LC bits. The LLFU 322 is capable of

addressing a maximum line size of 18 inches in 4 colors, which equates to 108,800 bits
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odd dots, with no unused space. If the printhead is 12 inches, there are 1200 bytes of
even dots followed by 1200 odd dots, and 1200 bytes unused.

The number of sub-buffers gainfully used is directly related to the number of
colors in the printhead. This number is typically 3 or 4, although it is quite feasible for
this system to be used in a 1 or 2 color system (with some small memory wastage). In a
desktop printing environment, the number of colors would be 4: Color1=Cyan,
Color2=Magenta, Color3=Yellow, Color4=Black.

The address decoding circuitry is such that in a given cycle, a single 32-bit access
can be made to all 4 sub-buffers - either a read from all 4 or a write to one of the 4. Only
one bit of the 32-bits read from each color buffer is selected, for a total of 4 output bits.
The process is shown in Figure 46. 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 buffers share this logic, a single 15-bit address gives
a total of 4 bits out, one per color. Each buffer has its own WriteEnable line, to allow a
single 32-bit value to be written to a particular color buffer in a given cycle. The 32-bits
of Dataln are shared, since only one buffer will actually clock the data in.

Note that regardless of the number of colors in the printhead, 4 bits are produced
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& ( Y-L|[:-21822 gtm_t@b@bl(e)the MJI 320, we must transfer the first value before the Advance pulse
from the MJI 320. 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
SegmentsPerXfer cycles, and then to stall SegmentsPerXfer-cycles later, waiting for the
Advance pulse to start the next SegmentsPerXfer cycle group. Once the first Advance
pulse arrives, the LLFU 322 is synchronized to the MJI 320. However, the LineSync
pulse to start the next line must arrive at the MJI 320 at least 2SegmentsPerXfer cycles
after the LLFU 322 so that the initial Transfer value is valid and the next 32-bit value is
ready to be loaded into the Transfer register 342,

The read process is shown in the following pseudocode:
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Stall = V1 AND (NOT TransferWriteEnable)
If (NOT Stall)
Shift Register = Fetch 4-bits from
CurrReadBuffer:CurrAdr
CutrAdr = CurrAdr + 400
If (V1)
DotCount = SegmentsPerXfer - 1
XfersRemaining = XfersRemaining - 1
Else
DotCount = DotCount - 1
EndIf
EndIf
Until (XfersRemaining=0) AND (NOT Stall)
EndFor

The final transfer may not be fully utilized. This occurs when the number of
segments per transfer does not divide evenly into the actual number of segments in the
printhead. An example of this is the 8.5 inch printhead, which has 17 segments.
Transferring 9 segments each time means that only 8 of the last 9 segments will be valid.
Nonetheless, the timing requires the entire 9th segment value to be generated (even though
it is not used). The actual address is therefore a don’t care state since the data is not used.

Once the line has finished, the CurrReadBuffer value must be toggled by the
Processor.
10.4.2.2 Writing

The write process is also straightforward. 4 DMA request lines are output to the
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EndIf
EndWhile

10.4.3 Registers
The following interface registers are contained in the LLFU 322:
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A non-zero write to the appropriate bit starts the process.

<

1098 (

Stop

Bits 0 and 1 control the stopping of the read and write
processes respectively.

A non-zero write to the appropriate bit stops the process.

Stall

This read-only status bit comes from the LLFU’s Stall
flag. The Stall bit is valid when the write Go bit is set.

A Stall value of 1 means that the LLFU is waiting for the
ADVANCE pulse from the MJI to continue. The processor
can safely start the LSGU for the first line once the Stall

bit is set.

ColorXfersRemaining[1-4]

The number of 32-bit transfers remaining to be read into
the specific Color[N] buffer.

10.5 Controlling a Print

When controlling a print the processor 181 programs and starts the LLFU 322 in

read mode to ensure that the first line of the page is transferred to the buffer. When the

interrupts arrive from the DMA controller 200, the processor 181 can switch LLFU
buffers 330, 332, and program the MJI 320. The processor 181 then starts the LLFU 322
in read/write mode and starts the MJI 320. The processor 181 should then wait a
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If for some reason the processor 181 wants to make any changes to the MJI 320
or LLFU 322 registers during an inter-line period it should ensure that the current line
has finished printing/loading by polling the status bits of the MJI 320 and the Go bits of
the LLFU 322.

11 GENERIC PRINTER DRIVER

This section describes generic aspects of any host-based printer driver for CePrint
10.

11.1  Graphics and Imaging Model

We assume that the printer driver is closely coupled with the host graphics
system, so that the printer driver can provide device-specific handling for different
graphics and imaging operations, in particular compositing operations and text
operations.

We assume that the host provides support for color management, so that device-
independent color can be converted to CePrint-specific CMYK color in a standard way,
based on a user-selected CePrint-specific ICC (International Color Consortium) color
profile. The color'proﬁlc is normally selected implicitly by the user when the user
specifies the output medium in the printer (i.e. plain paper, coated paper, transparency,
etc.). The page description sent to the printer 10 always contains device-specific CMYK
color.

We assume that the host graphics system renders images and graphics to a
nominal resolution specified by the printer driver, but that it allows the printer driver to
take control of rendering text. In particular, the graphics system provides sufficient
information to the printer driver to allow it to render and position text at a higher

resolution than the nominal device resolution.
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The object opacity is simply ored with the black layer opacity (Rule 1), and the
corresponding part of the medium-resolution black layer is re-computed from the high-
resolution black layer (Rule 2).

When a contone object of color Copas and opacity aps is composited with the

contone layer, the contone layer and the black layer are updated as follows:

Caeul®, Y] Cagd®, YX(1 — Drgulx, »1) if Domdx, 31> 0 (Rule 3)
Oreudx, ¥] <= 0 if Oopdx, ¥y1>0 (Rule 4)
Operlx, y] <=0 if Oopdx/n y/n]>0 (Rule 5)

Cemlx, ¥] <= Cpardx, yI(1 — Qondx, ¥1) + Condx, y]0omdx, ¥y} (Rule 6)

Wherever the contone object obscures the black layer, even if not fully opaquely,
the affected black layer pixels are pushed from the black layer to the contone layer, i.c.
composited with the contone layer (Rule 3) and removed from the black layer (Rule 4
and Rule 5). The contone object is then composited with the contone layer (Rule 6).

If a contone object pixel is fully opaque (i.e.Oosx, ¥] = 255), then there is no
need to push the corresponding black pixels into the background contone layer (Rule 3),
since the background contone pixel will subsequently be completely obliterated by the

foreground contone pixel (Rule 6).
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Note that the black layer is manipulated as a set of 1-bit opacity values, but is
delivered to the printer 10 as a set of 1-bit black values. Although these two
interpretations are different, they share the same representation, and so no data
conversion is required.

The forward discrete cosine transform (DCT) is the costliest part of JPEG
compression. In current high-quality software implementations, the forward DCT of each
8x8 block requires 12 integer multiplications and 32 integer additions. On typical
modern general-purpose processors, an integer multiplication requires 10 cycles, and an
integer addition requires 2 cycles. This equates to a total cost per block of 184 cycles.

The 26.4MB contone layer consists of 432,538 JPEG blocks, giving an overall
forward DCT cost of about 80Mcycles. At 150MHz this equates to about 0.5 seconds,
which is 25% of the 2 second rendering time allowed per page.

A CE-oriented processor may have DSP support, in which case the presence of
single-cycle multiplication makes the JPEG compression time negligible.

11.5 Banded Output

The printer control protocol supports the transmission of the page to the printer
10 as a series of bands. If the graphics system also supports banded output, then this
allows the printer driver to reduce its memory requirements by rendering the image one
band at a time. Note, however, that rendering one band at a time can be more expensive
than rendering the whole page at once, since objects which span multiple bands have to
be handled multiple times.

Although banded rendering can be used to reduce memory requirements in the

printer driver, buffers for two bands are still required. One buffer is required for the band
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WINDOWS 9X/NT/CE PRINTER DRIVER
12.1 Windows 9x/NT/CE Printing System

In the Windows 9x/NT/CE printing system, a printer is a graphics device, and an
application communicates with it via the graphics device interface (GDI). The printer
driver graphics DLL (dynamic link library) implements the device-dependent aspects of
the various graphics functions provided by GDI.

The spooler handles the delivery of pages to the printer, and may reside on a
different machine to the application requesting printing. It delivers pages to the printer
via a port monitor which handles the physical connection to the printer. The optional
language monitor is the part of the printer driver which imposes additional protocol on
communication with the printer, and in particular decodes status responses from the
printer on behalf of the spooler.

The printer driver user interface DLL implements the user interface for editing
printer-specific properties and reporting printer-specific events.

The structure of the Windows 9x/NT/CE printing system is illustrated in Figure
48.

The printer driver language monitor and user interface DLL must implement the
implement the relevant aspects of the printer control protocol described in Section 6.

The remainder of this section describes the design of the printer driver graphics DLL. It
should be read in conjunction with the appropriate Windows 9x/NT/CE DDK
documentation.

12.2 Windows 9x/NT/CE Graphics Device Interface (GDI)

GDI provides functions which allow an application to draw on a device surface, i.e.
typically an abstraction of a display screen or a printed page. For a raster device, the device
surface is conceptually a color bitmap. The application can draw on the surface in a device-

independent way, i.e. independently of the resolution and color characteristics of
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12,3 Printer Driver Graphics DLL
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A raster printer can, in theory, utilize standard printer driver components under
Windows 9x/NT/CE, and this can make the job of developing a printer driver trivial.
This relies on being able to model the device surface as a single bitmap. The problem
with this is that text and images must be rendered at the same resolution. This either
compromises text resolution, or generates too much output data, compromising
performance.

As described earlier, CePrint’s approach is to render black text and images at different
resolutions, to optimize the reproduction of each. The printer driver is therefore
implemented according to the generic design described in Section 11.

The driver therefore maintains a two-layer three-part page buffer as described in
Section 11.2, and this means that the printer driver must take over managing the device
surface, which in turn means that it must mediate all GDI access to the device surface.
12.3.1 Managing the Device Surface

A graphics driver must support a number of standard functions, including the

following:
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DrvEnablePDEV

indicates to GDI, via the flGraphicsCaps member of the

returned DEVINFO structure, the graphics rendering capabilities of the driver. This is

discussed further below.

DrvEnableSurface creates a device surface consisting of two conceptual layers
and three parts: the 267 ppi contone layer 24-bit RGB color, the 267 ppi black layer 8-bit
opacity, and the 800 dpi black layer 1-bit opacity. The virtual device surface which

encapsulates these two layers has a nominal resolution of 267 ppi, so this is the

resolution at which GDI operations take place.

Although the aggregate page buffer requires about 34MB of memory, the size of

the page buffer can be reduced arbitrarily by rendering the page one band at a time, as

described in Section 12.3.4,

A printer-specific graphics driver must also support the following functions:
Table 43. Required printer driver functions

function description
DrvStartDoc Performs any start-of-document handling
DrvStartPage Handles the start of a new page.
DrvSendPage Sends the current page to the printer via the spooler.
DrvEndDoc Performs any end-of-document handling.

DrvStartDoc sends the start document command to the printer, and DrvEndDoc

sends the end document command.
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DrvCopyBits Translates between device-managed raster surfaces and GDI-
managed standard-format bitmaps.
DrvStrokePath Strokes a path.
DrvPaint Paints a specified region.
DrvTextOut Renders a set of glyphs at specified positions.

Copying images, stroking paths and filling regions all occur on the contone layer,
while rendering solid black text occurs on the bi-level black layer. Furthermore,
rendering non-black text also occurs on the contone layer, since it isn’t supported on the
black layer. Conversely, stroking or filling with solid black can occur on the black layer
(@if we so choose).

Although the printer driver is obliged to hook the aforementioned functions, it can
punt function calls which apply to the contone layer back to the corresponding GDI
implementations of the functions, since the contone layer is a standard-format bitmap.
For every DrvXxx function there is a corresponding EngXxx function provided by GDI.

As described in Section 11.2, when an object destined for the contone layer
obscures pixels on the black layer, the obscured black pixels must be transferred from the
black layer to the contone layer before the contone object is composited with the contone
layer. The key to this process working is that obscuration is detected and handled in the
hooked call, before it is punted back to GDI. This involves determining the pixel-by-pixel

opacity of the contone object from its geometry, and using this opacity to selectively
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yM 10%& () - andyé\é'oilrggmfgﬁv@e line¥. THE {ﬁ‘st(s}ep is to avoid the complexity of Bézier-spline curve
segments and geometric-wide lines altogether by clearing the corresponding capability
flags (GCAPS_BEZIERS and GCAPS_GEOMETRICWIDE) in the flIGraphicsCaps
member of the driver’s DEVINFO structure. This causes GDI to reformulate such calls
as sets of simpler calls to DrvPaint. In general, GDI gives a driver the opportunity to
accelerate high-level capabilities, but simulates any capabilities not provided by the
driver.

What remains is simply to determine the geometry of a single-pixel-wide straight
line. Such a line can be solid or cosmetic. In the latter case, the line style is determined
by a styling array in the specified line attributes (LINEATTRS). The styling array
specifies how the line alternates between being opaque and transparent along its length,
and so supports various dashed line effects etc.

When the brush is solid black, straight lines can also usefully be rendered to the
black layer, though with the increased width implied by the 800 dpi resolution.

12.3.3 Rendering Text

In the case of a DrvTextOut, things are also more complicated. Firstly, the
opaque background, if any, is handled like any other fill on the contone layer (see
DrvPaint). If the foreground brush is not black, or the mix mode is not effectively
opaque, or the font is not scalable, or the font indicates outline stroking, then the call is
punted to EngTextOut, to be applied to the contone layer. Before the call is punted,
however, the driver determines the geometry of each glyph by obtaining its bitmap (via
FONTOBIJ_cGetGlyphs), and makes the usual obscuration check against the black layer.

If punting a DrvTextOut call is not allowed (the documentation is ambiguous), then

the driver should disallow complex text operations. This includes disallowing outline
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stroking (by clearing the GCAPS_VECTOR_FONT capability flag), and disallowing

complex mix modes (by clearing the GCAPS_ARBMIXTXT capability flag).

If the foreground brush is black and opaque, and the font is scalable and not stroked, then
the glyphs are rendered on the black layer. In this case the driver determines the
geometry of each glyph by obtaining its outline (again via FONTOBJ_cGetGlyphs, but
as a PATHOBJ). The driver then renders each glyph from its outline at 800 dpi and
writes it to the black layer. Although the outline geometry uses device coordinates (i.e. at
267 ppi), the coordinates are in fixed point format with plenty of fractional precision for
higher-resolution rendering.

Note that strikethrough and underline rectangles are added to the glyph geometry,
if specified.

The driver must set the GCAPS_HIGHRESTEXT flag in the DEVINFO to
request that glyph positions (again in 267 ppi device coordinates) be supplied by GDI in
high-precision fixed-point format, to allow accurate positioning at 800 dpi. The driver
must also provide an implementation of the DrvGetGlyphMode function, so that it can
indicate to GDI that glyphs should be cached as outlines rather than bitmaps. Ideally the
driver should cache rendered glyph bitmaps for efficiency, memory allowing. Only
glyphs below a certain point size should be cached.

12.3.4 Banded Qutput

As described in Section 6, the printer control protocol supports banded output by
breaking the page description into a page header and a number of page bands. GDI
supports banded output to a printer to cater for printer drivers and printers which have
limited internal buffer memory.

GDI can handle banded output without application involvement. GDI simply
records all the graphics operations performed by the application in a metafile, and then
replays the entire metafile to the printer driver for each band in the page. The printer
driver must clip the graphics operations to the current band, as usual. Banded output can
be more efficient if the application takes note of the RC_BANDING bit in the driver’s
raster capabilities (returned by GetDeviceCaps when called with the RASTERCAPS
index) and only performs graphics operations relevant to each band.

If banded output is desired because memory is limited, then the printer driver must
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Table 45. Required printer driver functions

function description

DrvStartBanding Prepares the driver for banding and returns the origin of the first
band.

DrvNextBand Sends the current band to the printer and returns the origin of the

next band, if any.

Like DrvSendPage, DrvNextBand converts the contone layer from RGB to

CMYK using GDI-provided color management functions, compresses both the contone

and black layers, and

command).

sends the compressed page band to the printer (in a page band

It uses EngWritePrinter to send the band data to the printer via the spooler.
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the transfer means when printing is to be effected.

2. The print engine as claimed in claim 1 in which the ink-ejecting means of the

printhead is a microelectromechanical device having a plurality of inkjet nozzles.

3. The print engine as claimed in claim 1 in which the sealing means is an

elastomeric seal surrounding the ink-ejecting means.

4, The print engine as claimed in claim 1 in which the transfer means includes a
transfer roller rotatably mounted adjacent to the printhead so that ink ejected by the

printhead is deposited on a surface of the transfer roller.

5. The print engine as claimed in claim 1 in which the displacement means

includes an electromagnetically operable device.
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6. The print engine as claimed in claim 5 in which the electromagnetically
operable device is a solenoid which, to draw the printhead away from the transfer
means, requires a first, higher current and to hold the printhead in spaced relationship

relative to the transfer means requires a second, lower current.

7. The print engine as claimed in claim 1 which includes an urging means for
urging a sheet of print media into contact with the surface of the transfer means.

8. The print engine as claimed in claim 7 in which the urging means is a pinch

roller.

9.  The print engine as claimed in claim 7 in which the urging means is a transfer

means of an opposed, aligned print engine.

10.  The print engine as claimed in claim 7 which includes a cleaning station for
cleaning the surface of the transfer means, the cleaning station being arranged

intermediate the urging means and the printhead.

11.  The print engine as claimed in claim 10 in which the cleaning station includes a
cleaning element of an absorbent, resiliently flexible material and a wiper of a
resiliently flexible material, the wiper being arranged intermediate the cleaning element

and the printhead.



