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Background of ffhgoknvention The printer systemis intende 0 i th
various types of original equipnent to_.be incorporated thereifeither as a

rack- nount abl e nodul e or as an int egral1 part of such a system Sunmary of

the Invention According .t fir p f Iy RV en reis

provi ded a pri ﬁ@“ﬁk?féﬁﬁ@& ‘ﬁf’:‘rﬁﬁ‘dg’?&ﬂglmyﬁg‘; %BEP?O#P%BEneI arranged
at the end of the housing, the front panel having an openi ng defined
therein; a Garner slideably arranged relative to the housing to be novabl e
in the openi NngAgHLIGE Indnfif racted position and an ejected position, the
Garner carryiNg: a recep e for a supply of print nedia;, a receptacle for
a supply of ink; afke presontiintentiongilates foragirintér.nifore padigalanty, tieinventiontrélated. | n
this specificagf] the context clearly indicates otherw se, the
term "page w g‘%fl}lﬂfgplsélétg{iuggrgm'is to be understood as a printhead having a
printing zone that prints one line at a tinme on a page, the |ine being
parallel eith 0 a&o er edge or a shorter edge of the page. The line is
printed as a M@M&&—&%@Mmes past the printhead and the printhead
is stati gnary_, | . €Thd printkp SfsteRDis _idt@ﬂfcﬂbrus%ﬂivﬁﬂgﬁ?sWiéétgﬁgﬁﬂ elqiiipinérd to
retracted position, a print nedia slot may be i ned between the front
panel and the b@‘ﬂcﬂ@?mfeﬁrt%%c ‘%a‘ﬁf(’)l?'ﬁf’ §°§4%°réf%‘b'f‘¥§§“§‘?afté’?s‘ﬁi‘i nting

of inmages on takestéii nt nedi a.

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.



2 The carrier may include a chassis which is supported on a guide neans in
the housing. The receptacle for the supply of print nedia may then be a

pl aten carried on the chassis. Likew se, the receptacle for the supply of
ink may be a receiving formation in which an ink cartridge is renovably
received. The receiving formation may inglude a |ocking arrangement for

rel easably | ockin ter&e jcpkaclaglt Kl dge Si n sition rdel at | Ve teo t.QEhecar net and
the print engine. SELSHY ’f)rnl ngae%.f e S BPPETec gfe%' N Ausi ng, in
opposed rel athasspgi p to the print engine arranged on the carnet when the
carrier is in its getracted sition, . for effectin rijnting.on both
surfaces of the pr'fbr‘?lre%t&ﬁ&f& st Qféﬂm]’é‘eéf@mgq?g?gﬁgla@ﬁﬁ%ﬁf%&ﬁ?n t he
front pagel fdiaséisﬁdiirc@ﬁhe?gae\tﬁbeptaﬁé foﬂﬂﬁ&uﬁibﬁ@ﬂiﬁlfiﬁh}ebe a fe6divigg fﬁhﬁat&g@rpl y of
print nmedia ang. {he, supplLy of in requi re_repl eni shnment. The indicating
means nmay be V"ﬂ‘cbﬁ’é"‘?‘&gﬁﬁ‘ isreqowihly re ‘f?dnﬁ‘%lgﬁ?“,’m% at%"&??fé““é‘?ieﬁore | i ght
em tting di odpekind\ee@igeinéid férQeldastf ROEIn@ &R Bk caffidgenR pdsiticA It td her e | s
provided a print engine for a printer, the print engine including: a page
wi dt h pri nt hesgrieraRd ths priRt egie: i ncl udi ng an i nk-ej ecting means and a

seal i ng means sur rQydehdgrirt En@gh\é]ﬁaaﬁie%ﬁ’aﬁé&ﬂjﬂ‘ﬁé‘ﬁ&is' ,ih%ﬁﬁb%éﬂelaﬂ&%ﬂ? ton to
which ink ejected by the printhead is received to be transferred to a sheet
of print medi e Ppenging aaanged prothe sarrier when thecamigels imidy rgiestad pogitien, for
printhead; angatifl sitltg SABHh stRRBSof iR priflt SB4iaCi Ng the printhead so that
its sealing neans 1s urged into abutnment with a surface of the transfer
means when the priA# indisgtinggngapngypey berqontainedin therent panel fos indigatingwhsn i nk from
t he ink-ej ect memmabremeﬂgaﬁlsmwnﬂﬁ@maﬁ&hé Hﬁ?lyla?lnﬂ,greaﬁﬁ-r able to
draw the printhead into _spaced relationship relative to the transfer neans
when pri nti ngrepleniskment. The indiceting mpaes maydedn thedommpofipvisyal agpuncigtor,spehashead
may be a m crggl RoalhonEe BAMisAliodeVi ce having a plurality of inkjet

nozzl es. The sealing nmeans may be an el astoneric seal surrounding the
ink-ej ecting neans. Treordingtd higcondaspectafhedoysptipmibers igrovidadiapyinbf nest ed

ribs sur roundg@gle%lsaemm&ptﬁgygﬁtgﬁgi&q}m&ﬁn?efi ning the inkjet nozzles. The
transfer nmeans may Include a transfer rolTer rotatably nounted adj acent

to the printhead #d@aghwidth priothepd thequinthoad induding an inkgivcting mpapoaidised on a
surface of thgfif ANSHE SurfRhbiRE th m_%cgf@fng&{sed enbodi ment of the invention,
at least a surtace of t%e transfer ol &r 1s’ of a wear resistant materi al
whi ch is resi st ant trapsfey meansien togdhihiinkyejentedshyrthe pririthegd isTengived tarbel east t he
surface of th I . . i i A : hsapl acenent
rmane. may. | no  HAa ] shef of e K i e AR o e o R o

el ect r omagnet printhdag; ander abl e devi ce may be a sol enoid which, to draw the

printhead away fr I : Lk | -1 . current
and to hold the ?ﬁ#ﬁg%‘één?ﬁé%%af%{e@%g?%ﬁ g"}% F?lg%d %e dé??%/%h{iﬂo@%ﬁgelst ransf er
means requi r ewrged intccabhinent witke a swiaee efithe trafisfer medng whemthie printhead i$ ncl ude an

urgi ng neans i : : 1 L Bed - WM e
surface of t h{élghr%%vgft ﬂ?ﬂ}ﬁﬁgﬁggﬁ;ﬁﬁ%o%?ﬁgﬁgﬁgﬁé@ Iﬁ%?&%ﬁ@%ﬁ%‘ﬂch
rol l er or, whaeasdyghepbding onsralerie drawrthe pmingheadiing spaseda¢latinnstimeslativetsl e- si ded
printing, a tpiaRsis . : | igned print engine. The print
engi ne may al glg inc{rt?{(fgkgﬁé ?gjgﬁﬁﬁrlkglggb?éa}t%?%%&?or cleaning the surface of the
transfer means, the clTainkriectingmeansofshe printhaad mag de aimiereslentramaghanictle ur gi ng
nmeans and the ' : ' tAat.i Qn: ' '
el ement of andé;gdse%ﬂg%?,plug%@ ﬁllgﬂ??’%e?'e@feb er %éﬁqgkiy%qgﬁgﬁ&g@agu SIs‘l'%onge,
and a w per ofurrpunding the inkedjsetifig mgans.| The sealing inghns ndyeomprissra fhasality ofir r anged
i nternedi ate J j . t - Qi at. : .per may be in
the form of aLJéfeﬁ%%?%@%%@%?%ﬁ coftfihof A5iRGEALAEAY inkfe? fioHeR

The transfer means may include a transfer roller rotatably mounted adjacent




According to a third aspect of the invention, there is provided a digital
printing systemfor printing on both surfaces of a sheet of print nedia,
the printing systemincluding: a first print engine; and a second print

engi ne in an opposed, aligned relationship with the first print engine,
each print engine including an inkjet pri,nthead and a transfer roller on to

which ink ejected fromthe printhe i.s deposited to be applie in turn,
on an associ att‘ég‘egﬂ? %?éé°&agl‘#$§1eﬁtfe$ﬂ¥thﬁﬁﬂp ?adtlﬁgepf’?ﬁﬂg\aé? E‘ﬁ? ?fgq‘e of one
print engine {raistehedllef B ¥ piors edbodithéht BOtheBABRIohOdt 1daki@ stuf@psf@e rol | er of
the other print ?ngl ne, fgr urgi n? the transfer rollers, into ¢gontact with
their associ alf¥f'esflieLis 052 Brarreaistant mArishaich is rrigtaatde BifineptPiie Engi ne may
be pivotally psepédued THES, b 16R616 SirfabSofithetrdnsfesiollBY ha}t be®f Btahm diffige.S€CONd
print engine including a biasing means, in the formof a spri ngq, for
biasing its transfer rbefisplagerment mesnt maninclie #n elerrompgnetically opastler of the
first print epgiderhedlétomhinetidlly o GaliPRNRSE nflyBe alshldoid WRick, téulah Qe T ol | er
of each print engine serves as a pinch roller fox Its opposed print engine.
One of the trpuinthead awey frem shegtangfen means, seriires a finst, higher cpmgnt ardtohelddle ur gi ng
means for urgj [SNRTe} S ' 3 I . At

| east a surf akrg}g%%aﬁt %Qge?arﬁls oenfgﬁlb (%1;1 ’Ttig?wo eg%?'fr %@%ﬁ?éﬁnﬂg{ aﬁ%c%yﬂogélsof a
wear resistanturrest.erial which is resistant to pitting, scratching or
scoring. The materi al . A ' | tri =T ks i oy
include a page wdth gﬁ?ﬁﬁ@#@ﬁ%ﬂ@%@ %{dé%@%er rrg?lﬁ{glﬂ%%la{r%gwgﬁngasi m | ar

| ength to themedipinthewntact Whiethesunfack efttie tyinsten vicansy Theturgingmeans mgy eithee| ude an
i nk-ej ecting | . I L nk- e eet ling means.
The i nic-e] oot Do napialefty il 8% SRR Rip LIt BIRR o LG Bl o

devi ce havi ngpuantipg.a tednsfeyrofier afiak pprrossdoalignedprilengiseal i ng means may be an
elastomeric seal surr oy RlfdnkenkPlisha6dd {ealEd MRt BE Boldlify B kpthiead of
each print engine is inoperatrve, 1t nay bear agai nst 1ts associate
transfer rol | efthstaisfer mganst the cleauihg stagiombeing arsangédinterpediatkthe prginginmggnhreans to
i nhi bit evaporation. ' f .1 nk- e [ I engi ne
including a d%@p¢§&nﬁﬁﬁeg{l.%g%§ﬁb%$&&h t arq}éc;ﬁ({ﬁﬁrl&agﬁg?lﬁﬁflﬁgg% %Fégﬁ’%ntt’he
transf er rol | esilieftbrflepitlewnatemalj sacht a3 alspongt fand aedper Oherediligplydlesibent neans may
i nclude an el A 2t | cal . Vi C&. e rqﬁggn ically
oper abl e devi gléfe{:r@;ﬁ gg’? éae r §%P%%'B§}?‘g&\r/\lﬁlgﬁfdﬂ?eoﬁlgragz\’fvl];%eé&%eﬁf%ldhe ?ﬁ%‘; from

t he transfer T Wiper mhay wnialthecfom ofia strippfirabbee ef f ect ed, requires a first,

hi gher current, and t,o ld.the.printhead.in aced.rel atipnship relative
fo the traneter moand rafin it LBl wrbief iR ORet i FoRET SRR [ 000 1
may i ncl ude aprdtiageystgn fir ptinting, ondothandsds ofxsshes afiprirt nielis, the pridtingad, f or

cl eaning the §l§{e];naiﬁgl L.t he transfer roller. The cleaning station may

i nclude a cl e2f ng e M&nt of an absorbent, resilientl y flexible materi al
such as a sponge, adinst peintengie; anfl a resiliently flexible material arranged
downstream of the _cleaning element. Th . per. f r.. Each print
engi ne nmay provi dé& 5T thceé%@e%:no 8Pp°5§4’\éjﬁ%edmﬁﬁgg§?gﬁ¥ﬁl§%g§ grét may be
oper abl e substmirtej edch pristi engine axklding by inkjst prirftiead asddsdanafet rollkd on te whicht aneous

printing on b %Qje%féﬁ h%ﬁl%c Brgntﬁeggis%réﬂﬁem %le %)]Rl%&,%h ﬂ&y%ﬁ%gciated surface

of the print media, the transfer roller of one print engine further serving as an urging

pd

means for the transfer roller of the other print engine for urging the transfer rollers into
contact with their associated surfaces of the print media.
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. According to a fourth aspect of the invention, there is
provided a controller for controlling printing on both surfaces of a sheet
of print media, the controller including: a first print controller for
controlling printing by a page width printhead of a first print engine; a
second print controller for controlling 94” nting by a page width printhead
of a second print engine substantially sinultaneously with the printing by
the pri nt headb@fing dtanslesrollerinteabument vath the franster rallgrehilks frstiprishrnginenk

i nterconnect i fgst fAQilf bd ai{pre@fateﬁttha@ﬁl'attfa.ﬁgfér%lle?ijeaEﬁ'Erilﬁ%ﬁéiﬁ%eWe_k Ba mRAtroller
for synchronizing the print controllers; and a second communi catiions |ink
i nt er connect i w@eraﬁorthpseémenmngmne print controllers with a host system
for receipt fromthe bgbr Y phfr 2ARTObMRINTolRls RAPREd M PGP i Nt ed on
said surfaces of the sheet of print nedia by the print” engi nes. The first
print control mesnsifer urgingthe shest of print media past the transfes aollersol | er with the second
print controller bein I i r : gnd of
the master print cont %ﬁa%raa%ﬁaorgggglht)@g% r@!%ﬁgﬁagpﬁgg%ﬁgé&??}%et&q

communi cat i ongssisiantknatefiab which it resisiant torpittiag, sortshing ok saoeigg. Tbe matsiialdnaydet i onal
l'ink enabl i ngy ﬁmtnrit?iﬁém ssion of data fromthe slave print controller to
the master print controller. Thus, after the printing of a page, or nore
frequently, the nmast eEagrprint enginetmay ihduderspagotyiddi printhelkd with thetgasfern
information frem,he slave i controller via the first conmunications
i nk. The rrasfoefrbﬁ%r}gr?t%aglcr)nrﬂa?%f’&e’}oﬁgggl%ﬁ:a’s to update the remaining ink
vol unme i n an i nk cart Thelpednthdad of teeh prittieaginambeincinde @ ink-ejettinglrheans @dd sl ave

print control . a chan err.or _events .and host-initi.ated printer
reset commndée%(}?gg% %(%L@%ﬁ%m%g’ﬁ%%ﬁ Tals BE™11 r?l%a('el’ﬁcre%mﬁg’sef’"ésro 9 nt

control | er nayrifisead ntaj be 8 eianceaomethanicaltdevicshavingla phoalite of iekjet zzles. t 0
present a unified vi ewq s‘?afiﬂ‘emé‘a%%t ASYSLEl rto ennssg theOHF .es%n?&f)eog ti'rtlhe sl ave
print controller. The mas ergprlnan het oryT ey nﬁaflﬁ‘f’rf BRSE I hed p%\ges on
a rear surfacmeams. the print media with the slave print controller printing
on a front surface of réeél%ri ,en&aqja so. that t.he master. l%ri t conttroller
al ways has a page buffe D AR S S?hpd’ g&éned%gxgpqr%_vlc,dh 4y FAEEEY 1 or
the slave pri i assoeistedatanefer roféristi¢h thattiehsesling nscahssealsthy ifleejeting aad thy t he

master print controller. coptralling. rinting operatjon, of. e slave print
Control ler. PR rEarsTaiay af ok Bow digink slerringmoatls, stchinp enging nellig

synchroni zed displacetbrtmdging fon evithdrawing i priathe@fréih giealangeaiiolicdivbien pryntage of
the print contro{)leg.&s. According to a fifth aspect of the invention there

i s provided a®MRPHEEEE controlling printing on both surfaces of a sheet of
print nedia, the nmethQde dissthdetheiGndahemay mpladoin dl@Gomygredcaigioperatdt ati ng to a
first page to,be inted in a.first print.controller o firgt i nt

engi ne; t ransﬂ?vfcte% eﬁ?‘f&‘"ﬂﬁ%”ﬁt’?“hy 3{’?’#@)‘3 ‘?eé'wf H@yﬁ’F F§°§e’b’é‘ggﬁ"f°'?’5?rﬁ?wgﬁefi rst

print contr ol prixithdad aRay from the transfer roller to enable printing to be effected, requires a first,

=

higher current, and to hold the printhead in spaced relationship relative to the transfer
means requires a second, lower current.

Each print engine may include a cleaning station, arranged upstream of the
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.



second print controller of a second print engine; receiving data rel ating
to a second page to be printed in the first print controller; and
controlling printing by the print engines under command of the first print
controller to achieve synchroni zation 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 method may 1 ncl ude synchraoni zi ng
printhead interfaces d&hepéatingipgspmaycseperable aybstapsipllpsimdtansoudy Wiehleddd | i ne
synchroni zat i gibs@hteiisinffaRioas }?rﬂltilﬂ¥ oh B&h birfaeds e Prinf ik ?Jsgiﬁé bdMéeph 1S a
master print controller. Further, The nethod may include transmtting data
rel ating to tHeppeigagings be printed froma host systemto the master print
controller by neans of a host communications |ink, the master print

control | er det er mAvscordingites foarth aspectof theanweintitat themrieprovidésa soptroléed faro t he

second print | er.. whi i | av ri.nt controller. Th hod may
al so include ?%grtg{h‘\i}k ngﬁtlsngbg%gg)tsgrtﬁcﬁgPf%&gﬁtokpréqtyﬁgﬁ’ %‘e ﬁ%}% §/r 1@ ‘Eﬁ%‘i%e mast er
print controller hdirapentonielied forgontiolling pkibtingiyagpwidii prirolivad of 4 st  The
met hod may inglude.selecting the nmaster print controller to print the rear
surface of tthgFP%?e’rredi a to ensure that the master print controller

a: ways has a page afeftfohepﬁm\cahd(rjcﬂlef for f:)dlitroﬂig@@ﬂﬁtix@&ﬁ&rﬂaﬁrf]@v'gﬂl pimﬂtehdllﬂdt for the
slave print contr r. . SCri. above,. t he et may. i nc e,

per | odtcal | y- SEpfRei fisngg S ADLR R ity G RE 0% F P
control | er tofitshgrinvesdis: print controller. According to a sixth aspect of
the invention, there is provided.a print epgine_for.a printer, the print
engi ne i ncl udi ng: aﬁﬁﬁ aTtW“f)P’ﬁ?fg‘?Epaﬂ?ecﬁl?&tB%ﬁ?f%‘?“tF@T °BFr ad the 1o

adj acent the pgcomd priadcontrollertforsyadhesniingthe phintdegslefsgghdon its surface by the
printhead to a surface,of a sheet of E‘rint medi a, on V\hé\tcﬁgean H@gﬁ is to be

printed, the rol | &%a¢Fommunications ink iffercppperfingiatjeast qne I poIRlieRans f or
r ot at ?bl y dlr : withe htﬁéﬁ e}as'td_hﬁftbii f'&éipf@dl;ﬁ e haﬂdysi@edﬂ'dd&gcdphﬁaswfbﬁges ot p]?inféﬁs'[ t he
transfer roller, .fhe, dri neans. bei ng,.arranged in the passage of the
transfer rol| 83 a‘ff??ﬁ'ﬁ’ﬁéﬁfﬁt?’fd’ﬁmb‘@gdé%ﬁ@? g’é‘i“é&%‘?ﬁrrecﬁani cgl i nkj et
printhead. The tr amefigs pristlcbsrolleBiy, paeferablpQd hadtér bt ontedllet Witk theGydohdder

whi ch defi nes thegpq%@sab%e through it. A);[e Iee%ﬁ a . surface_ of the tra,nsfer
rol ler may bePWit contiplerbines siave print conteqlienopeaile ypdercommand ot fhe masterpript § g
scrat chi ng or cénéollériof rectipCofiiinals ivitd thé it ddthntunicafidnd ki t ri de. The drive
means nmay i ncl udeﬁﬁgptor. The notor is, preferabl nmotor. A

! .2 Slepper
reduction gear box sheemp P tatignink apey b e S direcgy ligjg ena) ‘é“grfg? or. To

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



reduce space, at least a part of a gear train of the gearbox may be a worm
gear train. Brief Description of the Drawi ngs The invention is now

descri bed by way of exanple with reference to the acconpanying drawi ngs in
which: Figure 1 shows a front view of a CePrint printer, in accordance with
a first enbodinent if the invention; Figure 2 shows a front view of the
printer, in accordance with a second enb&di nent of the invention; Figure 3
shows a si de Jestinedfor thaslape pnmteontmlled=i gure 1; Figure 4 shows a plan view of
the printer of Figure 1; Figure S shows a side view of the printer of

Fi gure 2; Fi gur @riat syhehnenizatib@nae bé ddhieséd Bt thé\gaderprint cntdeller pontollingg r at e
of the printer_.achievable wth doubl e-bufferi i.n the inter: Figure 7
shows a flomcpféf%'flgf’?‘fr ?E‘Pémeﬁ Ve H’é“‘&%f?i’ﬁ’r Eﬂ?tg%gt“éfe ‘1°5§/§)t]1:bf’8‘rﬂ“§bpl ication to
printed page; cdntrglidr€my bd$3ibhranisedlte ABlara ling S@ich@Axhtidal siialietavated byt die
printer; Figurg 8A shows.ka detailed view of the area circled in Figure 8;
Figure 9 showd e RimigoRiollghs £ r om one side, of the printer of Figure 8:
Figure 10 shows a side view_, fromthe other side, of the printer of Figure
8; Figure 11 showdcgordiagimatiftasppetef the inyersionthere is provided a methed 6f showi ng t he
relationshi p BEiHEEEpniflglof boalflRs SAhbABOGd: hifia! &E nuREN ARluARE Bl { e
printer; Figure 12A"shows a schematic side view of part of the déevices of

Fi gure 11 sho##migft he printhead in a parked, non-printing condition
relative to the tr r ' [WelV[s *iaﬁ ' i de view
of the part of thé@c %I/n%gggqgl |tgglrﬁ(ra£k%é§§g née%pﬁ\g%ﬁs?fjﬁlgﬁga l:ef\Of% printing
condi ti on rel fitst printenginehe transfer nmechani sm Figure 13 shows a schematic
side view of the , t1.4Qf i i sms of
the doubl e-si ded S‘?‘*ﬁ%’%@@? d&?grﬂ%@f‘gzt?mﬁ e et T A e onal ,
expl oded vi ewsegpndeprighenntroldgriof asecpad prinbenginge printer; Figure 1 S shows a

t hr ee- di nensi onal Ly oI | o .e 16
shows an enl ar ged,réétl?ﬁ}rﬂggf&t frﬂgth |tgﬁg%ce\%lg%égﬁgd%%%&gfm?ﬁgﬁBﬁtrﬁgllﬁhglgéyst em of
Figure 15; Fighdre 17 shows a sinple encoding sanple; Figure 18 shows a

bl ock di agram of i Leadbehi re. Fl ws a

fl owchart of pagegéit%gﬁ{ ipglﬁﬁﬁag;]@%%xﬁl?ieﬁ%h%gﬁ (tzliéllf m&iﬁ%@ﬁer%gté%ﬁ ghows a bl ock
di agr am of ancdeBRller tezaghiemel symchmnizatioRiof priring of thi pages by thie dicst pdntagnteodent an

EDRI, stream . Fi I | m.of 2.

decoder; Fi gu%@?@gﬁé%ng "gg&g'fré%ﬁz%g?eé\%@rﬁfpog? &éfa?éﬁﬁ?g’%’ LN %‘?\dé%gééke;%ng‘{lgur e 24
O 2 omer Konpdre Bl Rey PR BhRhiag vl AR e g 0o ©
rel ati onshi p tmtrelienbymemms of alsHaseddinel symalirghizstion siggal rgenezatedstiyoths fisst i c k
diagramof a nuftiy -threshold dither ite Figure 28 shows bl ock di agram
of 1l ogic of t f& f’#?rﬁ‘fthéc- l%?'élgﬁ%rlpﬁm ‘ H@?ﬂ Fﬁﬁgﬂr‘g‘e %&lgﬁm “glugfsock di agr am of
a speaker i nt eafsmitng datagalatin@© thdymges ta bbprixtéd filora g hestsystenatodhdnagber iprititer
controller configuration: FEigqure 31 shows schematic.repregsentati on of a
Vo et page wiRHTRISS Py FiERiS.od 2 e Somragatios k. the st atint 9 BRF e ant at i on of
a pod of twel determiding witghen ozzdt esid datariye tebk ronted tortheigcandgeint cdntrglieravhdB shows

a schematic represent Qti qrn“of the sane pod with the nozzles nunbered in
| Oad or der; 1s'a slave print controlier.

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.



Figure 34 shows a schematic representation of a chromapod conprisi ng one
pod of each color; Figure 35 shows a schematic representation of a podgroup
conprising five chromapods; Figure 36 shows a schematic representation of a
phasegroup conprising tw podgroups; Figure 37 shows a schematic
representation of the relationship between segnents, firegroups,

phasegr oups, podgroups and chromapods: Fi’gure 3 8 shows a phase di agram of
AEnabl e and BEnabl4s describsl abave, thy methodpnayahclyde; periodigallyy tansmitfiagyur e 39 shows
a bl ock diagr Ll i . e ock di agram
of a Menj et iﬁ?%ér? agng? d@?%@‘?‘?ﬂ%‘ﬁ%‘&g& g“‘?‘%@!@%?‘é‘g‘%ﬁgﬁw‘ ﬁ%l%'ener ation of
AEnabl e and BEnabl e pulAserdingltolasixtiragpectef the irshntivn, thet isgrévididagmmm of dot
count logic; Fi yree 43. sh a conce tlu | overview of double buffering
during printi g Wﬁﬁlﬁ%’iﬂ’ P Rpetee 6‘?}?% 44 shows a bl ock di agram of the

structure of a |i agageomidérprintheaddt unit; Figure 45 shows a concept ual
structure of a buffer;. Figure 46 shows bl ock.di agram.of. t he |.0qi cal
structure of a buffré‘?d,ferlf?lgﬁ%a%ﬂg iRt em@&f‘ﬁfﬂfgg“s?%“ ’Ht‘HEH%‘f %Bnd size
of a two-| ayetfts quefde Uyuhd finthead fibuiflceldfghezt dprinbmedia on Whiok kn itaggisan of a

W ndows 9x/ NT] CE, prijnti stemwi th prinpter, driver conponents indicated.
Detai | ad DescPi BN FolEHE e RGeS ALPRASEBIOCIN The printer, in

acgrg r dancehvvit tht faﬁ_riwmeml}s if?ﬁot;iasly@ribing Iﬂregﬁh;‘t,f_afrﬁﬂd?_@tﬁ] feedifyg thp bfiﬂtrﬁﬁdlia}/\/{"li c[l t
conbi nes phot ogr ic-quality jpmage reproduction wi magazi ne-qual ity tex
reproduct i on. PﬁgtggmfegégleéW#nvﬁﬁﬁ@sﬁﬂeﬁﬁWm%g M%%f%ﬁggﬁaﬁw% i nkj et
print head whi ggner oduces 1600 dots per inch (dpi) bi-level CMYK (Cyan,
Magent a, Yellow, blac In this description the printhead technol ogy shall
be referred to as "weﬁféwnﬂ&ﬁ@m@hgem%?fé?weﬁaqhﬁms%uﬂ%ew #dt 0 as
"CePrint". CePrint is CROGkMEHIGEMA b HolloWMghEsidhlRM B Thderhithastinese ( OEM
part designed for inclusiqn primarily in consuner electronics (CE) devices.
| nt ended mar kiE BasSgEMyAENIE| evi si ons, VCRs, PhotoCD pl ayers, DVD pl ayers,

H -fi systens, Veb/Int afREst ab@fddk BEhS trasRTRllcPhay B bflaGlcar refibEnt\baidrial €
consol es. As %{1 be . described in géeat er .detail below, jt_ features a

| ow-profile fPBishisgesistant o pitipg, seratghiag ausepring Jkhs snagesialypache tiamum altrds: 5 an
ejecting tray. It oper@h&dviveneand 4y ROIGEAd mOtot. ETHedtoH s, PRAGALIF AERPHdrC

envi ronmental conditions. CePrint exists in single- and doubl e-si ded

versi ons. The™8¥°hgl e-si ded version prints 30 full-color A4 or Letter pages
per mnute. The doubl eastdiRfon, 2 haP bé Bloant&Por 4l dutguPitaf oP&E &RtRET M NUt €
(i.e. 30 sheets per mnute). Although” CePrint supports both paper sizes, it
i s confi gur edreg¥cespase ablcasrapart aE4 graptraip of the genshaxfmay b ararmgeagrdrain |
Operational Overview CePrint reproduces bl ack text and graphics directly
using bi-level black, and continuous-tone (contone) inmages and graphics

usi ng di t her eBripf Desexiptionmfithe Deawingsr act i cal purposes, CePrint supports a

bl ack resol ution ofhe§Rntiiis ncﬁ@&t;s@dlfc@?%%?ofééﬂlblétdriﬁlr}eﬁfenge_ﬁtz i xel s per
inch (ppi). CePrint is enbedded in a devi ce, and comunicates with the
CE devi ce ( ho¥cympanying degvingsimwhichia| ati vel y | ow speed (1. SVByt es/s)
connection. CePri rgigyr&l lRWwsATroht™ae R 884 COPIRR pIREY inllcdr@ReE Witk a Rt Page to the
| evel of contone pixels and bl ack dots. The host processor conpresses each
render ed pagetmbpdigentifheipventienit or sub-two- second delivery to the printer.

CePrint deconpr es@guréfshoVsiaTiont &imopﬁs?ﬁm N ddYorlldndSwhth a s&8ndpeed of its
n mcro-el ectronechanical inkjet (Menjet) printhead. CePrint contains
sufficient butmhioadimghelthe myentioio conpressed pages (6MB), allowing it to
print one page Whigig $aRMWslaRfle VRS ST printd b Fig&e 1hot contain sufficient

buffer menory for even a single unconpressed
Figure 4 shows a plan view of the printer of Figure 1;

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



page (119MB). The doubl e-si ded version of CePrint contains two printheads
whi ch operate in parallel. These printheads are fed by separate data paths,
each of which replicates the logic found in the single-sided version of
CePrint. The doubl e-sided version has a correspondingly faster connection
to the host processor (3MB/s). 2 PRODUCT SPECI FI CATION Table 1 gives a
summary product specification of the sindl e-sided and doubl e sided versions
of the CePrint uniE1gure61}2>viﬁabhlﬂe tllustﬁﬁﬁ'ghsﬂstaﬁpéphﬁtingaatboﬁ&b pghter- si ded

ver si ondoubl e- C 600 dpi paperstandard A4 / Letterpaper
tray capaci ty_aL elﬂ w%%%?lﬁ’ndg“g 5’3 %%b%esr per m nute60 pages per m nute,
30 sheets per m niRigward shows atﬂomehart fliusteting the donceptuat dath flowdonapplidation uent
prints2 seconds / sheetcol or nodel 32-bit CMYK process col orprintable
areaful | page (Hrﬁlf P8¥fge bl eed) pri nt headpage width Menjet with 54, 400

nozzl esdual pri nt lEigds pshdws a@ﬁdﬁﬁd&%béﬂgﬁﬂqﬂﬁlvﬁ@v(ﬂ‘tﬁ{ﬁﬁﬁr roller, titanium
nitride (Til~ coateddual ra%i{ rol |l erssize ( %Wx d%40mnx 272mm X
416mB0mm x 272nmm 3eHY ﬁﬁf?@? ﬁd(‘&ﬂﬁm‘ﬁaﬁe&ﬁ’cj"f BiE%e $poner suppl y5 V,
4A5 V, 8Ai nk cart rpigge 9 sKklvdia skRRASH, tfwﬁﬁfhelaias,%m@tpnine%mgwsagel nk
cartridge bl ack ca acmgoo pages, at S% cover agei nk cartridge size (h x w

x d) 2l nm x 188mm shows g s GNEWHE‘T‘“B‘RSEE? mieles0f theerinterpffigie & i nt head
produces 1600 dpi mmem{ov@w&en&Bch@afwlel%fw&%mm&shm@m@ ected drop

forms an alnmost perfectly circul ar 22. Smm di aneter dot. Dots are easily
produced in .wt@mhmwbc“mepa\nrlnfgenamgw@@ae wnsfegmeshepism@f ths PHBtEXpl 0i ted to

[t fullest. Sincerihe 1Medihls dRboiale ade {iswRaps sl dRBsbaRgEaties wi th a

constant paper velocCity four color planes are printed in _perfect
registration, slwwaﬂ/ﬁlﬁwthféé!nw ednepBrPrigfingeqndision miative tq the fransfeg
consequent |y pRckaRRi @l interaction between color planes, the sanme dither
matrix is used for_each col or pl ane. A page |ayout may contain a m xture of
i mages, g& aphlgl::s a‘ﬁ&“?é&@Shoﬁ;;ﬁ?h?ﬂ@ﬁ%m@%ﬂés@gzngﬁéﬁm‘? dayisesotdigurg thphi cs
are reproauceghoh, dad rirfting boridRion ¢élat b trhiRfer nidShdnlsn; a

cl ustered-dot (or arrp i tude- rmdu a d) |thaer % dlspeerrsed dot (or

f r equency- nodul at ddgurel3 ﬂ@ﬂvslaéﬂ}eﬂﬁﬂ%ﬁée YiP‘gﬁftéﬁafthFmﬁﬂéﬁ@e%?@%adﬁ ande i mage
Feprodlici ng | Saes TGl bEe Lo e S MBS 0l or depth, when
spgtl ally ?nt egr atl‘égurbw ﬁwse;léee-ﬂn@ﬂ%@nhgmledeémwf amapqrﬂwqp@a@eﬂfélwul ly
designed to bg. t{t&ee of objectionable | owfrequency patterns when tiled
across the inm g As such its size typically exceeds the mni num size
required to supporkigue hishoss adlires-gimensional viewpéthe printing system ofi e grimfess s f or
257 intensity | evekgire 166H0Ws Bh etlS8SH, fhrll-8ilbEhsiohRl HOF offardetif fRfitR#* 38 bits.
The vol une provides an extra degree of freedom during the design of the
dither by al | exstemefdigns 1% 0 change states nultiple tines through the
intensity range, rghlefi7iHodn al S@ndsinipik; @ conventional dither matrix.
Human contr ast sens%lgl v’llty pggﬁ?l%ﬁﬁa ) atlgﬁ frequency of about 3 cycles
per degree of vi su‘%lgmﬂ&ﬁ@“ﬁﬁ@lqchéﬂg#ﬂmqf@n@(ﬂcqmgléﬁfﬂchmcm |y, decreasing
by a factor of 10%1gﬁ¥?@gmo%g%gr§w Eexfikiofl 364 iR dab AGAIT NG

i mreasur abl e beyond 60 cycl es normal Vi ew ng di stance of

12 inches (about 3Jewaposhomss th@gmﬂéé'ang%ﬁlﬁypmem 300 cycles per inch
(cpi) on the printg Pﬁﬁﬁxowié%bﬁﬁﬁdﬁ Bh EBRIRGEarh B&agccor ding to

Nyqui st's theorem nt one resol ution b ond about 400 pixels per inch
(ppi) is theref or Figyre P2 ghows @ black diagiam of aaunlengthedecodesnt ri butes slightly to

color error throu bes Wé‘%rbl ﬁhg&lgm %thger j.-cs are reproduced
directly using blq]ﬂ%&?%lo f d&aret ere ?Mée not antialiased (i.

| ow- pass filtered)Fipueas élobélarbg)cbﬂiagnamfaﬁ%dﬁwd@meref ore supersanpl ed
beyond t he percept ggg] & noot her edges
when spatially mtlbe1 rr%tb'ké oh%a 03%% e%\“{‘?‘é’%%%@ %%Uﬁgm?o about 1200 dpi
continues to contribute to percel ved text sharpness (assum ng | owdiffusion
paper, of course). 14 4 PAGE DELI VERY ARCHI TECTURE 4.1 Page | nage Sizes
CePrint prints A4 and Letter pages with full edge bl eed. Correspondi ng page
i mage sizes are set out in Table 2 for various spatial resolutions and

col or depths used in




the follow ng discussion. Note that the size of an A4 page exceeds the size
of a Letter page, although the Letter page is wi der. Page buffer

requi renents are therefore based on A4, while |ine buffer requirenments are
based on Letter. Table 2. Page | mage Sizesspatial resolution

(pi xel slinch)col or depth (bits/pixel)A4 page bpffer sizelLetter page buffer
si ze160032948MB913MVB80032237NMB228MVB40032%99. 3MB57. 1

MB2673226. 4NMB25. 4 NEhhOD6IshbOyB HiheMESTAKeABlabMSAIP bEMB0pHE 2 %8dths\iRd Safdiid30017. 4M
B7.1 MB210mm x 297,.mm _or 8.3%, x. 11.7" 8 5" x 11" 4 2 Copnstraints The act
of interrupting aﬁ%ﬁf%f’ihr?&’é@al"ﬁlf%ﬁ?@?‘%ﬁﬁ%ﬁ*&'ﬁ%‘wﬁq‘ﬁf‘i%; of a page
produces a Vi si bl &iglirs29sHoivd diblogk diagraimtofildzicsi i ttipleamgsholddithédhe printer to
receive the entire_page hefore connmencing printing, to elimnate the

possi bi | ity of buffi@#e Zhehersa !ockd&as%@rﬂ%rs@e,ak?rﬂmﬁ ® ransmi ssion of the

page from the hostriiRe §01sho% aBioRk diagls@oraiddsliptih@AdntrblidiRonflpufaBbmt i on to the
time it takes to print_the page, then it is advantageous to provide two
page buffers in t Hagyse Phehews aschematic wpresqptaen ebmMpmichpaga tadth grnthesd: he next
i s being recei ved.pihfre $0holks 808HmafAE RPreldnfRoR bt Fpddd Bvdlve priafing AdxAes | S
2-second printing tine, then double-buffering allows the full” 30

pages/ ni nut e pgferadde frisg oiderPrint to be achieved. Figure 6 illustrates the
sustained printinggdd 93 3Rt auakhBudichit:AOHBh 6 BULLR/dA Qb ddigay | Nt er
assum ng 2-second page rendering and Z2-second page transm ssion. Assum ng
it is economni bumbsrediiploagpidatier to have a maxi num of only 8MB of 15 nenory
(i.e. a single 64MQi e SROMs . 4 l } ibQ h page
buffer in the pri %%Jrre |nposiaﬁgﬁgla{l§%1ﬁgtegé§?6ﬂ%§§% %Iﬁ%gk/l‘é nrg% ehesﬁéz%e: of the
page i mage. Tefeath enlerf or program and worki ng menory in the printer, we

limt this to 3MB ®Ee PAGEWS TRIRmatiS itk dAthtiba JdBoBp cOiisiplbe @ typi cal
| ow- speed connecti o%‘[r?o ?ﬁe os'?mﬁa)rlocgllslgor ,l tﬁfeé;ﬁtﬁltg éf)eed sgl? tﬁi S
connection i schromay®Ass (i.e. 2MB/s for parallel port, 1.SWMB/s for USB, and

IMB/s for |OBase- Ei%@%ﬁ)%@)sasﬁé&'ﬂﬁéﬁ%m%n&ﬁﬁ??%@ﬁ%%&gf)g%%ﬁjﬁ iR (i e.

equal to the printi time), this I nposes a on the size of
t he page i mageodgioups; a |imt simlar to that inposed by the size of the

page buffer. In pr i . 1 . iat.er. can be
O osel'y coupl ed, "4 EuresT shoE53Rac RpidRloph ORES RO berfecREisblel,

VWhat ever the Spgedpnphaségroupsgiodgronpsand clonmemegsi r ed by t he singl e-si ded
versi on of CePrintg. I i eS| } . i f twce
{hat speed. 4.3 Paypinies HHRaBhEE SRRl Sl ERRI T EPARRE b ifbaP
rasterizati onpritimg cppde;spl it between the host processor and printer in

vari ous ways. Somegprd 86 % SURRR ke Al dthloriRAR iEARKI LI On | anguage (PDL)
such as Postscript,-and contain correspondi ngl'y sophisticated renderers.

Q her printers pr digue4®shows alblosk diagiam ofaMenfjetrintedfaeder i ng text, to achi eve

Gher printers provgdeds; . text,
downl ontiabl o font SIEes LUK I8 daekBE SRERenEURRELEAR Bhe Bt ol s

t he renderi ngwhithstden on t he host processor and reduces the anobunt of data
transmitted fromt ' .. However, this cones at
a price. These priﬁrzgler?gf%l}ogs%@%ﬁg{) eo&'&ﬁ}c&%ﬁt%é% m ght be, and are often
unabl e to provi de Higiré 43 shopws atcorfceptusl veeryicwplfidowlsiugfedng diringtpeintimgsaf, t hr ough
whi ch appl i Caﬁﬁe@ﬁ{)@ﬁ nams construct, render and print pages. They fail to
expl oit the possibly hi'gh performance of the host processor. CePrint relies
on the host procedSgie ¢oshownddblochdiggrem of the. struciure ofie lingagrtes famat wpitaphi cs to
t he pixel Ilevel, @?\91 I he dot |evel. CePrint

cont ai ns 16 onl f/ﬁ gs)%ﬁrarp éJs?i)éIr)]Ige .ng&gﬁ&g}?ﬁﬁam"gh dithers the contone data
and conbi nes the riigut #Gshaiws l bk diagramopf therlogitil sthewee oftd tudfer;t ext and

graphics. This str eeps .+t h rdnter sinpl i of any
page description @%‘%ﬁi@é’% a&!*‘&ﬁ“ﬁf %féhessglgf@r%%ﬁ‘%z? ﬁ‘i'qﬂd‘y”ﬂﬁl‘gef’ﬁ%g?gff?{e hi gh
performance expected in the host processor of a nmultinmedia CE device. The
downsi de of this strategy is the potentially |arge anount of data which
must be transmitted fromthe host processor to the printer. W therefore
use conpression to reduce the page imge size to the 3MBrequired to all ow
a sustained printing rate of 30 pages/mnute. An 8.3" x 11.7" A4 page has a
bi -1 evel CWK page inage size of 1 |9MBytes at 1600 dpi, and a contone CMYK
pagesi ze of 59.3MB at 400 ppi. We use JPEG conpression to conpress the
contone data. Although JPEG s




inherently | ossy, for conpression ratios of 10:1 or less the loss is
usual Iy negligible. To achieve a high-quality conpression ratio of |ess
than 10:1, and to obtain an integral contone to bi-level ratio, we choose a
contone resolution of 267 ppi. This yields a contone CWK pagesi ze of

25. SMB, a corresponding conpression ratio of 8.5:1 to fit within the
3MB/page limt, and a contone to bi-levell0ratio of 1:6 in each dinension. A
full page of kidck text (and/or graphics) rasterized at printer resolution

( 1600 dpi) yields.,a bi-level e of 29. . g asterizi xt at
(600 dpi "ol aves o Tieup 48 BoVaaHGh aprem e B dif CESR e & [
qual ity, we Cb@lﬂ&&irﬁ@rdoﬁﬁ)bﬁntsﬁ@dxéa@ﬂt at 800 dp| This yields a bi -I evel

i mge of 7.4MB, requiring a Iossless conpression ratio of Iess than 2.5:1
to fit withinDetailedDescrintion of the Drawigsichi eve this using a two-di nensi onal

bi -1 evel conpjessiNrEGHEETIONT | ar to the conpression scherre used in Goup
4 Facsimle. As long as the imge and text regions of page are

non- over | appi ng, aH? rEsiepiimancpidancs withitke mmhw,ﬂ%amgh-mrfwmmeswﬁ pringare | f
text lies on Wﬁh@&mﬁn&%ﬁﬁéﬁ%@-qﬁm&aﬁ Fb%fbdh&ﬁm%ﬁﬁﬁagaﬁ%qﬂaﬁty@eﬁonpr essed

page inmage size approaching 6 depending on the actual text co;gr ession
rati o). This Fapradugtiopti ptilizgeany’ mg@w&%h micaeelqstrpmenhanieakinkiet printhead whighnt s
doubl e- buf f erj I pter's
page rate by PoauEh RS gkl ol BhaoyikiC R MyBake W@"“‘;ngﬁé o and
Printing As dthisdestsintiomtbe pentheaddechualogyshalt basestorred Mé‘mnw’h e prigtefes and
graphics to t%“%)“ﬁé Jd%?%"Ce?Hﬁ{"bl ack text and graphics to the dot |evel.
These are conpresse IB different neans and transnmitted together to the
printer. The pri nt@Prloblmcmcnlsred asenINBinpleguipetinanyfacture(OEM) part Hesignade bei ng
recel ved | oM RIS RSy iR 6hs G ol Blrodi 1R CRAARIRE ithBl &l inchlE Pr i Nt e
expands the corrpresse8 pagg I'S expansi on consists
of deconpr esstelryisions VERs, bmto(é%nlam Wp’la}’méh fokystems, V¢t intsrriehg t he
resulting con i g the
500 dpi bi -1 ey anip el MorfRsaftblesiole o, KA Rk Rri i B AULD |

bl ack text dob@ow,vtefeatuma&w-mﬁb&m pegekyind peowisles GRtvaccssiqRaperoAn: mkmaa

concept ual o ] !%]pﬁd A indesit

illustrated i %%Jé@?’&%?%%%%sw M&E& deoplrgggoeﬁ?el vgg as an CEM
part desi gnedednditionficl usi on pr| marily in consunmer electronics (CE) devices.
Mt systoms, Vel PAnEoeinghpE: AlRounleste (bR RebilEhide R0 FYET
consol es. It pmasm&ﬂ-mldMopLeﬁarb&geﬁpamln\paﬂmbdawhile-ﬂd@l\mechmpnmsrmaccess to
paper and inkgyi t| n i i entation
under dorrestlgl\ﬁec%\l/llg rr§ gndl fhgétggg%u%@zélltg?uip%ﬂs@% I1%(L:t|st&§/d‘of t he
page wi dt h Mepdpet sigesi mishedigure@@t?umﬂbf namfmiunsionnspekific paposipact pri nt

mechani sm whi yi product hei ght of 40mm for the

si ngl e-si ded \i/gr m@#eqa'%"%ég)vgw&cl‘i t he doubl e-si ded version. The nature of
an OEM product di cCelrigtrepioduces blagktextlaud prplgesiteetlyi usingtbileyeldiatkyasd| ect

T O oSk e 5] Bp g s BAIRL 8BRS GO P Y1 o 10
overal | di rrenpnacml mirposeRelring huppo2s hinaksdbition 4f.8)0rdpi, dadpeoniine onl y
cosnetic part e I front fascia and front tray plastics.
These can be g&élg{l&ﬂ%@%ﬁ@ﬂéﬁ%ﬁﬁ@&@gl&rer if they wish to blend CePrint with
a certain piece ofCalgoiipembrddedrinaifiE deviegyandéontrmeidates itk theiGlidevioé (OstPr i nt or
the printer a tr ] , e

dr aw ngs and r%CéSL ég?dﬁlr{a%&%w lenet’e%# Fﬁg%yt?.ﬂsg c%ﬂ@éﬁéﬁ?%&gﬁr%% OP%CK’FOL}H isto
be noted that promssdnﬂmemdck b@ch phgettdnthehvsljorﬁnmtcme@lmlsend;bia@;domp'ﬁhethoﬁtr omt he

greater height of the | e-,sided wversi S rint
angi ne. | net oAl R TPREHE BT EheR AR ARy by BT R s Ro BB B o
bel ow. Si de atd pﬁthv]hﬁmdecoﬁlptekses andipgh®i iegpagk line by iliacatalie speddrof it ar e
illustrated in Figures 3 and 4 respectively. The side 18 view of of the
doubl e-si ded version of CePrint is illustrated in Figure 5. CePrint 10 is a
notorized A4/ Letter paper tray with a renovable ink cartridge and a Menj et
print head nechanism 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 in its "honme" position, a paper output slot 24 is

defi ned 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
double S|ded ver5|on IS stepped at 28 tomards the front panel 12 (Figures




provi des data and power contacts to the printhead and bus bars during
printing. Atransfer roller 68 (Figure 11) has two end caps 69 (Figure 8A)
that run in low friction bearing assenblies 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 wormdrive. This is reduced further
via another gear to a notor wormdrive 78! mounted on an output shaft of a
st epper not or mi@d-elactrameghahioal inkjet(Médnget) primbdad.rCePdhi centaih8 suffitierst befférut i on f or

a notor drive th .S hous WSk de the transfer roller. saves
space for fut ﬂlr%z18 esJ| t)gévr?s? orgkffssﬁe%ﬁ’ 3 &%ﬁ]’?ﬂ;al °W§%‘|‘ﬁ’l’éﬁ‘§%%"1 pggeigﬁllher—rlg%ebv?% 8A)

t hat is att actheadextpbut déesmotvoatainsuffiviEndbuffps m8Morydar evAma single andompessed 84 has
four pins 86 mﬁt21§§4 jector plate 88 and springs 90 that interfaces with
the ink cartr P I‘{J)lFigure 10). The ink cartridge 32 is accessed via a

calmdl gckhl evelr a_ndl“l&mbhl?llg-siﬂ?d fdﬁiimme@)ﬁ'm cBhtlainhﬂ%prmthﬁélﬂ%beakHiﬁugh

nol ded channel s a flexibple r- channe se connector 94 that
interfaces wi Pfr{alk%fffmmgﬁa@mfw ﬁ{;%%tﬁ@ datg patfy ca WHEHERLEHER B ¢ he
printhead car {dgictendia thedingdielsidt 9Bioh bEEEFHNE THE abublIsidaRRndas #8 (Fi gure
8) on the end cap tq allowink to be drawn through the cartridge during
assenbly and é?rfeéﬁqnfl%llyfa%?ﬁ&wﬁ@c‘ﬂﬁ‘éoHﬁihPStzRFfHeﬁs?ﬂﬁWFﬁect or withink in a
seal ed enviropnentprODECY SPECEREATION! NK connector assenblies are nounted
directly into the aﬁfr_tray 22. The paper tray 22 has several standard
paper handl i ng con’%& dngikes agymmary prodpst speeifieatian eftheviagle-gided qndidguhles 8) with
| ow friction pasibveidivhs ofthe ¢RBrikYinfkWO conpression springs 104 and two neta
paper guides 106 with arnms 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 accommpdated by

rel ocati ng one of 20 the paper guide assenblies 106 and clipping a plate
into the paper tray 22 to provide a rear stop. The paper tray 22 can
accomobdate up to 150 sheets. As is standard practice for adding paper, the
metal base channel 100 is pushed down and is latched using a tray |ock

nol ding 112 and a return spring 114. \Wen paper has been added and the tray
22 retracted, the tray lock nolding 112 is unlatched by hitting a netal
return 116 in the base netalwrk 38 (Figure 9). The printer 10 i s now ready
to print. Wen activated, the paper pick-up roller 54 is driven by a snal
drive gear 118 that neshes with another drive gear 50 and a nornmal notor
44. The roller 54 is |located to the base netalwrk 38 (Figure 9) by two
heat staked retainer noldings 120 (Figure 8). A small nolding 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) wth a fixed nunber of revolutions. As the transfer
roller 68 is running at a simlar speed there should be no problemwth
take-up of the paper. An optical sensor |22 nmounted into the housing 26
finds the start of each sheet and engages a transfer notor 124 (Figure 14),
so there is no problemif for exanple a sheet has noved forward of the
roller during any strange operations. The main PCB 36 is nounted onto the
base metal work 38 via standard PCB standoffs 126 and is fitted with a data
connector 128 and a DC connector 130. The front panel 12 is nounted onto
the base netal work 38 using snap details and a top netal cover 132
conpletes the overall product with I[tF1/EM integrity via four fixings 134.
5.2 Printhead Assenbly and I mage Transfer Mechani sm The print engine is
shown in greater detail in Figure 11 and is designated generally by the
reference nuneral 140. The Menj et printhead assenbly is, in turn,

desi gnated by the reference nuneral 142. This represents one of the four
possi bl e ways to deploy the Menjet printhead 143 in conjunction with the
ink cartridge 32 in a product such as CePrint 10: permanent printhead,

repl aceable ink cartridge (as shown in Figure 11) separate replaceable
printhead cartridge and ink cartridge 21 refillable conbined printhead
and ink cartridge disposable conbined printhead and ink cartridge The
Menj et printhead 143 prints onto the titaniumnitride (Til~ coated transfer
roller 68 which rotates in an anticlockw se direction to transfer the inmge
onto a sheet of paper 144. The paper 144 is pressed against the transfer
roller 68 by a spring-loaded rubber coated pinch roller 145 in the case of
the single-sided version. As illustrated in Figure 13, in the case of the
doubl e-si ded version, the paper 144 is pressed against one of the transfer
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prirdlxadr i bed i n deta
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adudl phintlieadss r esponse

by the printer to ﬂg ost1 rocessor. Table 4. Printer

Fagesr esponse nessagg %Zébdedescrlptlonprinter

péntinfe¢hodur rent pri ng setfdidaﬁhy&émferdtﬂfer ned dual tfmbfeeroligrs page
ns the nost recent p erraor. (as@%efined in Table 8). A

s nessage i s nor mal @m§@HP“F#’ fOASe tlo a get printer |status

size (h x w x d) 40mm x 272mm x 416mm 60mm x 272mm x

416mm

weight 3kg (approx.) 4kg (approx.)

power supply 5V,4A 5V, 8A

ink cartridge color capacity | 650 pages at 15% coverage

ink cartridge black capacity | 900 pages at 15% coverage

ink cartridge size (h x w x d)

21mm x 188mm x 38mm




command. However, the nature of the connection between the host processor
and the printer nmay allow the printer to send unsolicited status nessages
to the host processor. Unsolicited status nessages allow tinely reporting
of printer exceptions to the host processor, and thereby to the user,

Wi thout requiring the host processor to poll the printer on a frequent
basis. A page error nessage is sent in résponse to each start page, page
band and end Bage MEMIHTIBATEDIRRINTING nes the format of the 16- bit pri nt er

...etnar 1C 0dlSl

tatus formttiel doMleBRRAEk BoERT RS oM. ERGaRysoLidts:
page. pri nti ngéafhejegted dlbplfomns amalmbupeg“ecalyroﬂmﬂai’rm Spm dinmeter thantsaare error
state. paper tra si ng3The r.tr IS, m er tra rrpty4The
paper tray is a@ﬁ%{’ﬂ?ﬁ‘fcﬁﬂg’c‘é&?t}ogdﬂg’ (E%IPFI Bdl‘ﬁ‘g%%h‘?{gggﬁeﬁxat%e%é’ %i ssing. i nk
cartri gge eﬁpﬁulﬁéffﬁndeﬂlfemalhjefplﬂﬁlﬁtadﬁs ;ﬁ@g?v)dthﬂiﬂc@&ﬁteﬁgﬂgec%sfaﬁfﬁafhe i nk N
cartridge is in an ergor ate. (reser 8- 15Reserye or, fytyre use. Table
6 defines pag&eq‘é"t‘?'o'fl E’b‘ﬂ%‘ﬁ \Msﬂ'“E%arﬁB?“tﬁ I ReFiGht FReptrptipnaal 'g?ahlg? "Pessage.
Tabl e 6. Pagedarphaﬁngcsﬂemékwcoﬁ@qﬂaﬂwe ial infefat @b R tvRkeh 6616MarRs, iy - bad

si gnaturelThe si g ture.i s not recognl z«? bad version2The version is not

suppor t ed. badSaRsrdihermatenis ysed firsach qler plaeor rect . 6. 2 Page Description

CePrint 10 repr od%g@%ebéﬁﬁdﬁn@tcomkdaﬂmuw 6Siftlapds] giﬁplﬁ&sﬁﬂ@teﬂpdmudﬂﬂ&s-
reproduces contone col gor at wh | ower _resol utloqusl ng rf@’lftom ng.

The page descﬁ“ﬁ)ﬁ@ﬁ‘ﬁn‘?)émﬁgﬁ’é?‘éjf%?@“ﬁla%f&%‘&‘l‘?"ﬁ@B“%gadlt%?@ﬁs VB‘T"S‘?Q a contone

| ayer. The bl aiger. Immeauastsleéh&q& %lmMa&deﬂér hlaRp&swatyper! ayer. The
bl ack | ayer cgnmsts of .a bitmap containin -bit ,opacity for,_each pixel.

This black |a equepsyrpeduipted) Slﬂr%se@mﬁ‘weé hlshﬁp%# fr%qusmlqsl@tfeg%%eﬁafé@)or of the

printer’s dot alR§ab u{eumts off th8 dbx r8ddfiftion Wlé%ﬁlﬁtgneroﬁﬁﬂé&ddﬁang RwtPORAPI |
i.e. the printer's full dot resol ution. The contone |ayer consists of a

bi tmap cont ai APgHgndesdothsirfullagloc dé?!ho‘f’hq‘é?at’éﬁl:wtﬁsra%‘é‘lb}’ thagys. A 8ieEh8H | nage

has a resol ut hgfir Watkixhs dafef@lly deNpRARE bE A6 &’fob}EEanQﬁe RM-f}Ecﬁ&nc%r pafms
resolutlon The hi ghest supported resolution is one-si xth the

printer's dot WF‘@’S*HFQJ%@FQ?W}‘C 1magg. $h§‘°§é}ﬁ§‘6‘ﬁ§’l’§°é‘§’cﬂxm"pﬁ)&e ngmaiuwlﬁeypl cally an

integer facto t in the
printer dri ve{r:quifrl'eﬁlltEl |p?ln§gfh “‘gg"?ggﬁﬂwr“g%ﬁ%&%%&eér"x bﬁﬁf&%g{éﬁk&?gyyer and the

cont one | ayer lezele). €cfirint ises & dither gelsmd of Hzah4k64x 388 bitx: Thavolumepemdesinon over

t he Iow—speed onnect i othe per. 8.2 a Stru Pr.i.nt
prints with fu’ﬁf dg%xeeo feea usi ﬁE}B fﬁ]ﬁa}t&netrﬁég@owa%agotle%ghea‘s%en%&%argl ns
and so has a mulupleabxhes threugph thaermansuylrm{gemﬁleﬁhmqndmctemsﬁxhaacmwamonél its paper

(A4 or Letter zlither 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).



The target page size is constrained by the printable page area, |less the
explicit (target) left and top margins specified in the page description.

6. 2.2 Page Description Format Apart frombeing inplicitly defined in
relation to the printable page area, each page description is conplete and
self contained. There is no data transmtted to the printer separately from
t he page description to which the page débkcription refers. The page
description cénsi RSGRDELINERY ARGIHTEUTURE descri bes the size and

resol ution of iheo‘%%gﬁ'f‘ fql.l oned by one or nore page bands which describe

t he actual page c ag e 7 shows the format of the page header. 26
Tabl e 7. Page headgsPriiingi A4 slddfcaerpapetonidi fuld bdgenidedCurespading pige

i nt eger Page hgader, f or mat stgg%,ﬁegig ver si onl6- bi EB‘f'i nt e erPa(g:e hﬁ%aer f or mat
versi on numbel™Aage Fizesarf 35t Qft L habley for yarfous snatiplyesolytions and colacdepths pised in. ¢

resol ution (dipk ¥dRwhigldidcRsRAENES B0t the 528 ofdn APF3ebxcBalE the siddiof a Létted| wWays

1600 for CePrint.target page w dthl6-bit integerWdth of target page, in
dots.target pEige %P‘tﬂhtﬂledé"%ﬂ Page tsajder-Rags buties requizerpents g5e therefare based Qu ¢ ar get
left mar gi _anAb,l&hnenﬁle_gmé{%a,rmexﬁémgﬁsgfskdbﬁiéqeﬁar9' n, in dots.target top
margi n16-bit integerHeight of targef top margin, in dots. black scal

fact or 16- bi t | Takledckage dmegeSizesor from bl ack resol ution to target resol ution

gae) .l__I.A.II

(must be 2 o et pryo N Log: thi6-ba—TntegerW fsbiack] page,
in black pi xaf@még Bgﬁg—e ﬁ%‘.“gﬁ?‘f@n ai toi n;ﬂezéer Hei ght oﬂ tg%k page| in
bl ack pi xel s| cotpixséngial ¢ faiss/pixély- D tpagnbelfarsBealle fpagedniferdzm copt one

resol uti on t p—targei—tresohuttons(trust—be—ar-greatrer r—Captppe—page
wi dt h16-bit |nt egg;é dt h qf cor#onejage, gﬁmontore pi ;(‘éqléﬂggntone page
hei ght 16- bi t | i nt egggoHei ghtl of g@@ntong page37MB contfone pi2zeeMB The page
header cont apRs—a—st-grattHe—anrd—versHor—wii-ch—allow-t-he—pri-nterto—f dentify
t he page heagler fo Qat. 14 the3di gnatjur e anretVBy vellsi on A7 dME ssi ngj or
i nconpati bl efWTh 3§y printer, sphen {ne pbsAi@ calf T ej eok 40 page| The
page header fefines the resolution and size of theltarget page Thelbl ack
and contone |ayerd68 e clilpped 40 thg tardé™MBage i|f neced4MB, Thi
happens whengver T bl ack or Cpmt oy StahFe(@ct oTy are factorsiof the
target page Width or height. Th‘g target Ig?'? and_t op narg?'rr?g%‘efine t he
positioning pf thd6b@&rget |page Within the2p6tMBt abl ¢ page 285d83 The bl ack

| ayer par anefers—dgine—tHeptxer—stae—ofthesbrach tayers—gad—t+ts—i nt eger
scale factor|to the target] resol ution. 2774@?@ coftone | d parangters
define the p[Xel 3i0agn Q297 hen, eP880RE1 rayer, and its integer scale factor to
the target rpsolution. Table 8 shows the format of the page band header.
Tabl e 8. Pagp ban# h¥d¥er formatfiel df or matdescri ptionsi gnat urel6- bit

i nt eger Page | i : i ot and
header format version nunber.structure sizel6-bit integerSize of page band
header . bl ack $and Censrhimtss- bi t i nt eger Hei ght of bl ack band, in bl ack

pi xel s. bl ack band [ D] £ M ' ; p@,[;édo in

byt es. cont one bandﬁﬁé?fomr?[%?%}l{?é%Mﬁ%ﬁ%ﬁl&?gﬁ?eﬁm@%% ne arﬁ%?en contone
pi xel s. cont onprogeasia ¥isible discondippity; ise it iyadyendagspusdorthe prinerdmeecoiapithe lirg, in
bytes. The bl aREd i e)E K@pk band, and
the size of i?%gg%@n%?ggggg banﬁﬁ%%fﬁ géh@}ﬁé&\%ﬁ g%‘?g{yé)?g%ﬁéglggck band dat a
foll ows the fFyrthgmagre,df theyransmispion aEthe pege fioamidie hesh tpethe pritier teksp significany er
par anmet ers defl I ‘tﬂ%&% i qd t'S
conpressed pa%%gga%ggoﬁwg?ﬁg%{%ﬁg sz?lg C ngg’ﬁ%qﬁtéﬁa&é}‘atggeo? %)ﬁep(g%dét he

vari abl e si zetws nagkbuftersdn thetpainter 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



Table 9 shows the format of the variabl e-size conpressed band data which
foll ows the page band header. Table 9. Page band data

format fi el df or mat descri pti onbl ack band dataEDItL byt estreanConpressed

bi -1 evel black band data.contone band dat aJPEG byt estreanmConpressed contone
CMYK band data. The vari abl e-size bl ack band data and the vari abl e-si ze
contone band data are aligned to 8-byte bbundaries. The size of the

required paddiﬂ&@oi'yﬁ(li:Q&iﬂgWMbﬂDmitH@l&EtﬂahﬂMﬂﬁ@f&ll&]&léﬁ)rﬁﬁihtpagef the page
band header s ture and fhe var ablog Iack band Og%s Eﬁ
entire page d I“btthF Bﬂntﬁagnpgsmgpggyt lesy M§s°§ Pa@rf&’a&e Xi mum
size of 6MB, hlﬂbvﬁfb?@fo@ﬁﬁ%d\w&ﬁm%)ﬂ&ﬁo@liﬁﬁﬁbnﬂi@ﬂ%mnhﬂhf% Re3MBipetge The

foll owi ng sections describe the rmat of the corrpressed bl ack 1ayer and
the conpressed™@ntone layer. 6.2.3 Bi-level Black Layer Conpression
6.2.3.1 Goup 3 anfssimfms nt&h&cany@%wnovmﬁeeé%&m&u%n F@lﬁé hést | e
conpression algorithml ossl essl K nprésses bi-level data for transm ssion
over sl ow andPe6esssy. then the preadoft ﬁégnneth@lbi-ﬂ@éﬁte@a@hf%m@%m@ scanned
bl ack text ang sgf ngBo&qumﬁogl K9 RHGHet). lggm;é dmis tuned
for this class ofB?%)rrages It 1s exp?‘?ﬂsltly nott tune libe%or e %Ele for

hal ft oned bi - trwmxssnonérg@squalww@nrmtmbmp) Qnsamgo?esahmtroﬁw&%@m epigoefes each
scanl i ne and ) [ | engths in
the range 0 tgﬁgggégwgg deampqﬁﬁ%rtet?%a%%ﬁ%#db?%f Ezuﬁgﬁ)g%gtu%pl n the range
64 to 2623 are cod@@rwl@mmmﬂmmwssoemhmweesmmqlrgela coufled, pl e of
64, foll owed r I exceedi ng 2623 are coded
with rmultipl e%%@éeﬁg%@%?@%ﬁ?ﬁﬁe@%b%? eIl‘B%] nating code. The Huffman
tables are fixed, Whatever thespgsd ofithe hgst connectiohaequisedibkthe sinigledsidedvarsiesof| except
for make- upcgﬁ,ﬁh 7 l e, the 2D

G oup 3 al gorlﬁt mtgﬁ%’%ﬁlgfsla sg&gcgr%il I'n ﬂigés‘saé:%g%%m%r%of\‘%ﬁgﬂﬁg ge(pdel tas (0, ~1,
t2, t3) wth A3f erBageRenderingsmndCompressioncanl i ne. The delta synbols are

ent r opy- encoded ( 2 ﬁ%/ angng etc.)
Edges within a ZDS%% g%hﬂ—{n:g??é%v\% Lqﬁdné %ERJ bghfwgg}ﬁzlgﬁgg)cggrs {)ar il

runl engt h- encplintcrmaarmuamys Sem¢ priritersisupport a firllgfagx desdription hag@e fdldded | i nes
are marked di r Qﬁﬁ t

i nterval s, L"[ ﬁ3$ pég(tzsl\:éﬂ c?@% %ﬁ’e&b& J?{ op g&éﬁég‘%@gg %a?&?x%}eﬂng%sc oder can
recover from pno!mleamcabsuppcbrhon}yfurmﬂenngage, tdagnwdh@muezﬁu@mﬂibiw achi eves
compresst on ¥ P ineluddRubRrSor buitd %o SRHBadinE 26 1 & BusOf bR an 055! eSSty
conpresses bi-Tevel data for P OHE I Z SPEROHRY 18 4 °oF) E8° TSN Cat i ons
lines (i.e. thabédderbls:nwca réducds\thearendering b\ﬂ‘écn cafﬂlehosopromssformutnedumw thedone at
a lower proto oI e Th u th up 3
algorithm wi ey(gaégsen [f“gtf%rrfg) %%ef‘}ggth? %cr?s oﬁ{;tdles? ng%eﬁ?vgeﬁg%ﬁgss e@é
assuned to beapriceoThdse prnterd afo-nsmme cuhgpded tharetheyamightise, hmdrayeoﬁegemdﬂatoed at

regul ar inter o < LEGQYET corrpreSS| on
rati os rangi nél%wo%ﬁlz%pﬂoﬂgr%gg%p% Syf%% é&#t’%ﬁg‘? Fﬁpﬁgnﬁgogs

desi gn goal s pregrapes constmetyrerdeo ind frint fidges: (Thely fadrhcpmpksﬂﬂmmqadu@uhghhm qual ify
it as a conpr i | gor i the bi-level black | ayer. However, its
Huf f man t abl egéfd@&cgrog&[eh%%g}otc%g% | ower scanning resolution ( 100- 400
dpi), and it encodésrintmliesytthxshostqremsionty 2GR Bpapek hvarcdhtgne idtag&GAd dpi , our
maxi mum runl e Y. ti ght
be avail abl e P‘gbﬂﬁgs@ ﬂ%ﬁ{eﬁﬂ%lﬁngikgargk E:egtn%n aﬁ)gucs E:qrﬁale &'c?ée E?g%grg °‘ﬁ9f‘§

not handl e runl engt hs exceedl ng those normally encountered in 400 dpi
facsimle applications, and so would require nodification. Since nost of
the benefit of Goup 4 cones fromthe delta-encoding, a sinpler algorithm
based on delta-encoding alone is likely to nmeet our requirenments. This
approach is described in detail below 6.2.3.2 Bi-Level Edge Delta and

Runl ength (EDRL) Conpression Format The edge delta and runl ength (EDRh)
conpression format is based | oosely on the G oup 4 conpression format and
its precursors . EDRL uses three kinds of synbols, appropriately
entropy-coded. These are create edge, kill edge, and edge delta. Each line
is coded with reference to its predecessor. The predecessor of the first
line is defined to a line of white. Each line is defined to start 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 width. An edge can be coded with
reference to an edge in the previous line if there is an edge within the
maxi num del ta 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 nmaximumdelta rante (t2) is chosen to match the

di stribution ehlydsaihsle réndérxnrg)éﬁélﬁ@Wh@h umrﬁﬂge@mnﬂah@aﬁﬁ Ghibires the @sults nost |y

i ndependent of, point size iven in Table 10. Table
0 R e ¢ Witk et breptrnd hlets! Blagtsusand Sppict Thf stiggey Keeps the prnter

dpi ~del t a~pr oliaipiel mm%z&%m&%mt@ﬁgﬁgs@g@ oPlahidieyagaadingi ng the

| engt h of the run from the_ previous edge he sanme 1ine his uses one of

the create ed§® %ler@wm Wﬁ%?dcwﬂaﬁmsu Rspggsson of agpyltimedinGE dgipangt hs.
For sinplicitype msmebfm sﬁt@é&ﬁsﬂmpﬁf&ﬂﬂlﬁﬁgﬁr@§aﬁ&ﬁt miata%nﬁéh%yst goded. In

order to keep edge deltas inplicitly synchronized with edges in the
previous i newwwdmtéqh@agecqswrtm@e prietor. Spstherpiare yseconipirgshien to when
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al gorithm for prodiglongasttheinfaphndaent eekiiohg oD4 page latetdn-overlapping, any
combination of the two fits within the 3MB limit. If text lies on top of a background
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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
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with reference to its predecessor. 32 #define SHORT_RLTN PRECI SION 7 |1
preci sion of short run #define LONG RUN PRECI SION13 // precision of |ong
run EDRL_ConpressLine ( Byte prevLine[], // previous (reference) //
bi-level line Byte currLine[], // current (coding) bi-level line int
lineLen, // line length BITSTREAM s // output (conpressed) bitstreamint
prevEdge = 0 int currEdge = 0 int codedEdige = currEdge int prevColor =0

i nt curr Col or frsm@hd hvist, prdoondor theybage bisindprinté The pridetakpind eti&clgspresséd ue bool
bUpdat eCurrEdae = true.// current egr%e of f set tjc{; /| previ ogg li.ne //
current edge BFEEEY iy byingprinied, this exppryion consisisof deeqrantessipg the 407 PRICARIPY® edge
{ / cu rre nt c OC%MYK [k Quta, Halfoning ltl_(eQes_u/ltmgicbﬁtbne{ péixélworlﬁm dr Bi-l@{'e:[l blmmr ! ;ant

i ne curre run in previaous lin curre run in cyrren i.ne

force first e&zj@ daipaaﬁcr@?lpz the 3P éplfhl-feéffllb&fgéexa #8d pamnogitipg b ssutige <
l'ineLen) // poisievddbickietidots s theEirreSishagink Bi-RVE\OMVYE ixhag%?otsf _
(bUpdat ePrevEdge) if (prevEdge < IineLen) prevRun = Get Run(prevLi ne, el se
prevRun = 0 prevEdgE cﬂgceﬁ?lé\ﬁ%@fﬂ%‘fmeépplﬁa!‘%@mf@edIBE&?d%ﬁ"@F‘FWEﬂge =
fal se prevEdgpi{gu}eiweLen, prevCol or) // possibly update current edge in

current line if (bUpdateCurrEdge) if (currEdge < lineLen) currRun =
Get Run( currLi fe, e‘flgléqmﬁ HP%BD&A@E

CePrint is conceived as an OEM part designed for inclusion primarily in
consumer electronics (CE) devices. Intended markets include televisions, VCRs,
PhotoCD players, DVD players, Hi-fi systems, Web/Internet terminals, computer
monitors, and vehicle consoles. It features a low-profile front panel and provides user
access to paper and ink via an ejecting tray. It operates in a horizontal orientation under
domestic environmental conditions.

Because of the simplicity of the page width Memjet printhead, CePrint contains
an ultra-compact print mechanism which yields an overall product height of 40mm for
the single-sided version and 60mm for the double-sided version.

The nature of an OEM product dictates that it should be simple in style and
reflect minimum dimensions for inclusion into host products. CePrint is styled to be
accommodated into all of the target market products and has minimum overall
dimensions of 40mm high x 272mm wide x 416 mm deep. The only cosmetic part of the
product is the front fascia and front tray plastics. These can be re-styled by a
manufacturer if they wish to blend CePrint with a certain piece of equipment.

Front views of the two versions of CePrint or the printer are illustrated in Figures 1
and 2, respectively, of the drawings and are designated generally by the reference numeral
10. It is to be noted that, mechanically, both versions are the same, apart from the greater
height of the double-sided version to accommodate a second print engine instead of a pinch
roller. This will be described in greater detail below. Side and plan views of the single-
sided version of CePrint are illustrated in Figures 3 and 4 respectively. The side



currEdge += currRun currCol or = !currCol or bUpdateCurrEdge = fal se
currEdge, lineLen, currColor) // output delta whenever possible, i.e. when
/'l edge senses match, and delta is small enough if (prevColor = currColor)
33 delta = currEdge - prevEdge if (abs(delta) <= MAX DELTA) Put Code(s,
EDGE_DELTAO + delta) codedEdge = currEdge bUpdat ePrevEdge = true

bUpdat eCurr Edge = true continue // kill uhmatched edge in previous line if
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create unmatched edge in current line if currEd <= prevE garz Put Code( s,
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Put Bits(curr RHMenWth@dWﬁg@nsll@alu&'s §?roﬁtﬁagélqg(h§us1 & ofebftukbE)
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(Figure 8A), a rigid PCB 36 (Figure 8) and various injection moldings and smaller parts

to achieve a cost effective high volume product.

The printer 10 is simple 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 mechanisms are similar 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 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.

51  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



while (currEdge < lineLen) code = CGetCode(s) switch (code) case

EDGE DELTA M NUS2: case EDGE DELTA M NCTS 1: case EDGE DELTA O: case

EDGE DELTA PLUS 1: case EDGE DELTA PLUS2: // create edge fromdelta int
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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



Tabl e 14 shows G oup 4 and ED1Zl, 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 an entire page of text typeset at a
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on English-language statistics. 37 Table 14. G oup 4 and EDRL conpression
performance on text at 800 dpi point sizetharacters/ A4 pageGoup 4

conpr essi on r teipagebilidcauamildizs 1 @and clipping a plate into the paper tray 22 to provide a

rati 02340, 0002. 31. 73170, 0003. 22. 5486, 00Q4. 73. 8% 9, 0005. 54. 9641, 0006. 56. 1728
,0007. 77. 48217800 18 PRPT-3Y00190 JCOmMPEAHaU9PD SRPES: 31112, 00011. 512. 4128, 9

0013. 514. 8138, 20014k 6 #anddidraR0 ot adifiy HibBO R ARLA bisk 82201304 Akehe823. 9 For
a point size gf 9 aor, greater, EDLZL sli htllyztoutperforms Group 4, sinply

because G oupdoPmsandiniichest ysingadey logkanqldipg 2 agd asgumspringrHAs WhetRaBste s si on
results bear  Ailbold\RIODERINALON kBRIl Rt EBNKcIOROAAR 12 WihARGEdEy cont i bute

much | ess to conpression than 2D encodi ng, unless e data is poorly
correl ated vePitinggmefal retwar 16 in the basg metalyweask 3¢ (Kjgrgy9%smal | characters. 6. 2.4

Cont one Layer Corrpflﬁ%ﬁhﬁpl@is%o&-réad?Pﬁﬁn%n%ﬂa%, thB BaptPBiek-Gp FAREESST ON
algorithmlossily conpresses a confone inmage at a Specified quality |evel.
| t i ntroduces isidaiyerbyeqsmal dsive geagd | Sitbafracshesivith saptheririye eeasidB and ararwal bel ow
5:1, and negl hﬂ#o?h?. T'h@?&fér?l@ﬁﬁ@c% k&tﬂeﬁéseﬁﬁmcﬁﬁ§kgﬂ%&é‘§jl§%w9%£‘9{haﬂé&3 1.

0 col or spdce I C

JPEG typically tTirst transforns the inage Iinto a ]
separates  3ptdingnineldings 120 GFighe Srdrsaal eoldingonsthpendanf ¢hepitkap rebidhel s. Thi's

al | ows the chiaRmRRGRsd BRMAG el Fto ARMIPh Aot dd il ABRKSAiRP! © | Oss

because of the human visual system's re greater nsitivity to
| umi nance t haperkddrpositiomsecthat paparand tray 22 dan be withdreyn withh tavohing it whemnel i s
conpressed s er@étﬂag fis acl%ewggﬂﬁ%iéé?@ MbWEfhe Eﬂfepsz%%e&f t&ihelt1O@kS- Each

block is then transforned i ] requency domain via a glscrete cosi ne
t r ansf or m ( DCirnsfertyller & FigreolBradthadixadsumber ofseydutionsfAsgbnicansfer wllerf§ | mage

ener gy in 1 el Blratlon b Ot [lebHERCHoMEPRI ol AT Sith MR oflre QiiRr. An

hi gher -frequency ¢ Icients to nore c y quanti :

quanti zati on peficalsensor 1220heumited3nt thechousing26rfinde theistat of gachplEt arkd angdges
conpression i i Ny fici . i mze
The 1 1 kel | nood AR HEER 12 GTRRET 0 EREls o POt s B DR e midBsd T 20
runs of zer oeforwéil obihk yllet thaingany etrapghepeeatidnsnonzer o frequency coefficients

are entropy coded.ﬂg;gﬁggﬁ Lon | S .t i hwers r . Q ssi on.

6. 2. 4.2 CWK Cont one %%rgfﬁsrdeq%ms?egr?gﬁodrlna eﬁ‘ﬁ‘é‘ﬁ’@%@?%ﬁ o‘%g a@er is
conpr essed t ostamloffn2fr dnd as/Bitedowithor dagaRie@hdoior €28 andaPC Fdmmedtort 180] eaving i s
required for spac ff 1 el ent I I i r?‘ RYangestrict
t he decoder to tm%gg{%?%@%gﬂ?ﬁ%ﬁﬁ%g%ﬁ%@%%?g&:&hﬁvﬁr&%@%@&gs Pt.a%. oarrllg per
col or channel ptoplnfetdl gonen d¥k-eonphetesahe averal proslactawith REFEMbintedrity tvinefourt he

| um nance Chaﬂ{?ﬁésslsﬁa” share one set of tables, and the chrom nance
channels the o r“set. |If |um nance/chrom nance separation is deened
necessary, ei fBer FrimtheddeAssembplyswnd Infrge Binsfes Nechamgsmor f or chr om nance
subsanpling, then ﬂ% A . . uly
subsanpled. Kis tre Fggengglggse{hhgngﬁ% 3%%1 a%ﬁ{e]ﬁqg%é?lglgd'no?ﬁéggganpl ed. The
JPEG byt est r egenerally bythp referencerminesill 140c Fhe Memgetiprinthead @ssemblyds, arl tirnd at a

red f , . , , . ; 5
PRINTER CONTRTTEREY oy opterehd ol B0k f ik S BF e e plBIC ARERE . ) o1
178 (Fi gure 18dplayshsMsimnget pfinthéad 163 Rrdonfunction twithitheink catriige 37 d@R¥odki p 180, a
64MBi t RDRAM ;\%gmé\%ngl&aster QA chip 184.

. permanent printhead, replaceable ink cartridge (as shown in Figure 11)

. separate replaceable printhead cartridge and ink cartridge



The CCP 180 contains a general -purpose processor 181 and a set of

pur posespeci fic functional units controlled by the processor via a
processor bus 186. Only three functional units are non-standard - an EDRL
expander 188, a hal ftoner/conpositor 190, 39 and a printhead interface
192 which controls the Menjet printhead 143. Software running on the
processor 181 coordi nates the various fumctional units to receive, expand
and print pages. TbfilfabieTofiBfied phiftbeadand MR citlidoe SECti ON. The vari ous
functional units of the CCP_180 are described in subsequent sections. 7.2
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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 8MB avail abl e). 41 Tabl e 16. Page
expansi on and printing main nmenory buffersorgani zati onnunber buf f er buf f er and
| i ne sizeof |inessizeconpressed page bufferbyte stream 6MB(one or two
pages) contone CMYK buffer32-bit interl eaved CMYK8 x 2 = 16142KB(267 ppi X
8.5" x 32 = 8.9KB)bi -l evel K bufferl-bit KL x 2 = 23KB(1600 dpi x 8.5" x 1
= 1.7B)bi -1 evel CWK buffer4-bit planar odd/even CWK24 + 1 = 25166KB(| 600
dpi x 8.5" x 4 = 6. 6KB)6.3MB




The overall data flow, including FIFGs, is illustrated in Figure 19.
Contone page deconpression is carned out by the JPEG decoder |196. Bi-|evel
page deconpression is carried out by the EDRL expander 188. Hal ftoning and
conpositing is carried out by the halftoner/conpositor unit190. These
functional units are described in the follow ng sections. 7.2.1 DVA
Approach Each functional unit contains oA or nore on-chip input and/or
out put FI FGCs. 6EackPlHIN=KER€ONIIMB1PEw'EO€@par ate channel in a nmufti-channel
DVA controller 20 nt ddress rat her

t han doubl e- addr egghl Jr'lgtﬁog‘\és?cgl%es thgp mﬁer cr0 Btgcl’lg ochuss ge%‘fe% a%ogt aid

r equest / ackno@eRrily 0. |Inhelndea«:mtfod>ancemms lahdiingeb welEas:the hetut pagerdascriptiont st al | s
graceful ly vvh eve '%n |H£H§ FI FO i s exhausted or an output FIFOis filled.
The processor %‘F W a % DVA transfer. The DVA control | er 200

?ener at es | t he addr’H&Spnhﬁf cdﬁ&ﬁl’pﬁmédl d@ﬁne% e _If_‘émﬁt’lﬁfdexﬁeaﬁmg Fmeesgef fr ohm t heh
unctional unit_ conpnected to the c ne uncti onal yni at ches the
word onto or S’F"F‘aqgﬁ@g’élt&f’g“éﬂg"ci% H“P?r r%éﬂ]%gqntfplspra@&#&deé ged by the
DMA contr ol | endéfigdenti}i6f tﬂéfﬁaﬁ:sﬁéttﬁ RtdcET beRidn tHah6dt pkieésSor i@ tHRIpRaRE I 181
when the transfer is conplete us allow ng the 42 processor 181 to

progr am anot hé‘PcettP%ﬁ‘g‘P@” Rﬁﬂtofﬂéie%e&ﬂ%mbth%ﬁf‘i‘étl nafuee of the GOBNSFUPL S i on. | n

general the procesgRh mbsigedohtistPbPO1 AR MBRLIR6dd, FNBNES by ﬁ@ssﬁgecsﬁb% fiel as
soon as the caorrespondi ng main rr}e\;érlor% FIFO1s available (i.e. non-enpty for
trysiagle &

a read, non- f fatk Whigh mgy g pffixed o K&l arity of channel servicing

i mpl emented in theAlnw&ga@e&ﬂtahécﬁhn?e@Q SLAPEGHISded HTRPRAdIarPByté Hider, at ency of
main nenory 182. 7. EDRL Expander %he ED1ZL, expander unit (EEU) 188 is
shown in greater d“éabkﬁ% eﬁnesmoglmaed mgssagasseny Y the hoss PEasessoRP dsquiates 1.

EDI t L- conpressed bi-level imge. The input to the EEU 188 is an EDRL
bitstream The output fromthe FEUU IS a set of hi-level ipmage lines_ scal ed

hori zontal |y prlﬁﬁt?rentpegmmmbmwgqsm expanded bi |evel image by an
i nteger scal ¢ Tac g LR 1000 d ?E I started, the EEU 188 proceeds ynti |
e | i

it detects an end of page co e| ED1ZI , bltstream or until it i$
explicitly st oppedmwsmei ts cgntreofleregi ster. The mdmanra ies on an

explicit pagg o—decodg—tte it wrttemto 4 page
width registe re%é%? plrtl or to dtart] ng IE efyths Bripter to IR TR

(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 current 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.



The scaling of the expanded bi-level image relies on an explicit scale
factor. This nust be witten to a scale factor register 204 prior to
starting the EEU 188. Table 17. EDItL expander control and configuration
regi stersregi sterw dt hdescriptionstartlStart the EEU. stoplStop the EEU. page
wi dt h13Page w dth used during decoding to detect end-of line.scale
factor4Scal e factor used during scaling @ expanded inage. The EDRL,

ICo rrplr ession fornmat Tlieﬁe?lﬁiﬁﬁdiri (if?d outpuSegé b@igisﬁ oPa page hedd;'er wiith ésarities tha b:

evel image in terms of. its edges, Each edge in eac ine.is coded relative
to'an edga i nSehEIPuONgh e LS HISVE g g Do RAe BRNIHLISTHE et ne
same |ine. Noagradlpgge domenti The pagERAGeELis RashitRd Gethe printértih RisRAHpagecoded to

its distance fromt revious,edge jn the sane line. This distance, or
runl engt h, is°?’H’é‘ﬁ“‘ﬂEE‘g‘d’éﬁF éaaﬁfsa@ngwtﬁwtb? PIHYRE iy page fandcompnagdy thepj oy

43 represent ndaepa@@wr@smn&ké&y%rehdg&getchﬁnﬂaﬁmme agaaeséﬁﬁtmmg aésoriad
algorithmis defined in Section 6.2.3.2. The EEU 188 consists of a
bi t st r eam dec&bdstaibipdablg4dt at e machi ne 208, edge cal cul ation | ogic 210, two
runl ength decoder STl definél rspohiddledastabs dehEDyYRRCRHIR to’thd host PRcd¥sdrSt r eam

decoder 206 decodes an entropy-coded codeword fromthe bitstream and passes
it to the state nmachine 208. The state machi ne 208 returns the size of the
codeword to THELIZIPL J ) Q6w Th—at tows tHhe decoder 206t

bld'4! Prinfef ’

advance to t gﬁngxtfcoﬁea% @ggﬁﬁ&?gé case of a create edge code, the gtate
machi ne 208 l[lsssondeendsdagst ream ¢ owschee c@R6| descidptionact t he correspondi ng

runl ength frem: e bit-stream—TF stateraphtne 208 —controi—s }‘ he—edge
cal cul ation [|8YFE PG and runl ef§t h decodi n@%ﬂ&%@?%ﬁ“’d‘s"“ﬁ‘éﬁffﬁe % n Tabl e
19. The edgejcal cul ation logic 210 is quit pddinapindablEie current edge offset
in the previ ¢us Q;cfc.cnbc) afeetent {c:“iq"‘ H-res—eare—farntatr-tetHin a
reference edgB8°SF 5ter 216 and¥ dge regis.gwléﬁ%@?%@%é%??ﬂ@??g“The

runl engt h as?oci ated with a cregate edge cofléde@s dafinpdin Table3t |y to t he
runl engt h deceder—242—34—and—+sadded—to—the—eurrent—edge—A—delt+a—<ode is
translated into a runlength by adding the associated delta to the reference

edge and subtract i A@riklaestams messhgeds fermalli Senfimnespadse ¢ 4 g6npangt flafus out put to
the runl ength decodegﬁZlZ. ., and i s added to . the current edge. The next

runl ength is &xpmand Hawevepthenatirs of thesrppertion besesn thabestprgeesiprad g ¢ he

reference edg@rintér Kay diloRdBEprizeS € ShBhsolisitdd SQfus hidSsagddid @Bhodt piREwAce edge
to be skipped.. Again the next runlength is extracted fromthe runlength

encoder 214 at@seligiedstates meseagpsaliopdppaly wagwing phprinter pYAePYaRs tathighost al cul at i on
logic 21 0 gengrRésssr, adithiidbGnG us@PhiaRRiichingihe & cdsborlt® pdIPhSE Bentér0 t he
runl engt h decgder 212.1. Wiile the runlength %%co%g?DZIZ.l ggcodgs the run
it generates 8nafispyenthasisal to the state machine 208. Since the nanl ength
decoder 212 is sl omphgd e nicbig@R @ent GideSpong tb @athlsRed page, bage bdndiafd éAl Not
much point in decoupling it. Tﬁe expanded |i ne accunuﬁates in aline buffer
220 | arge enolg¥ LCEMRBEd an 8.5" 800 dpi |ine (850 bytes). The previously
expanded |ine is alff Pafin€y Béformatdf el et phidRr sthttis @@itained $n the paAtEr ence for
t he decoding of the current line. The previous line is re-encoded as

runl engt hs onS@RRERH2This is | ess expensive than buffering the decoded
runl engths of the previous line, since the worst case is one 13-bit

runl ength for each pixel (20KB at 1600 dpi). Wiile the 44 runl ength
encoder 214 encodes the run it generates a stall signal to the state
machi ne 208. The runl ength encoder 214 uses the page width to detect end-of
line. The (current) line buffer 220 and the previous line buffer 222 are
concat enated and nmanaged as a single FIFOto sinplify the runlength encoder
214. The second runl ength decoder 212.2 decodes the output runlength to a
| ine buffer 224 |arge enough to hold an 8.5" 1600 dpi line ( 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 produces
1600 dpi lines. The line is output scale factor tinmes through the out put
pi xel FIFO This achieves the required vertical scaling by sinple |Iine
replication. The EEU 188 coul d be designed with edge snoothing integrated
into its inmage scaling. A sinple snoothing schenme based on
tenpl at e-mat chi ng can be very effective. This would require a nmulti-line
buffer between the | owresolution runlength decoder and the snmooth scaling
unit, but would elimnate the high-resolution runlength decoder. 7.2.2.1
EDRL Stream Decoder The EDRL stream decoder 206 (Figure 21 ) decodes
entropy-coded EDRL codewords in the input bitstream It uses a two-byte

i nput buffer 226 viewed through a 16-bit barrel shifter 228 whose |eft
(most significant) edge is always aligned to a codeword boundary in the
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codeword bit offset. The bit offset in turn controls the barrel shifter
228. |f the codeword bit offset waps, then the carry bit controls the

| at ching of the next byte fromthe input FIFO At this tine byte 2 is

| atched 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. 7.2.2.22EDItL Expander State Machi ne The

ED1ZI, expan{igapk5apAnteRstaius foraiae CONLT 0l S the edge cal culation ard
runl ength expansion logic 1n response to codes supplied by the EDIZI,

stream decodeér 206. field supplips t hBitEDI t | st ream dlessoipéien 206 wit h |t he

| ength of the rent—codewor ¢—and suppt ' t I ogic 210
with the delf ée% al ue associated w t"ﬁ t he cu?#‘yiehzﬁr?d[gﬁyggtéggg&m g' dtate
machi ne 206 absatingesponds to start land st Gpe padeiogrintihgnal s from g4 control
regi ster 234 HFgure—20)—andthe—end—of 'ir‘.e,wh'zf,l'._.L stgral—fremtHe edge
cal cul ation %5’6 Ic 210. The state hi ne | SBRPINE IS AR ETY St he nuflt i -cycle

fetch of the I eaghRsiassoct at ed W th a| qhepdper B§GemESEE- 46 Tdbl e 19.
ED :tL ex an hgéiﬁsj ate rma@rihi nef{ nput i nput clirr p%pnpt%} st at pgndpdej t cti onssi

nal codest at e| B¥St it ety edst arti nd- - - - s{ AR¢ Papeiirayds empthp- - st opped0- r eset
RL decoder saig T rElE tigsidac L0~ T €5l R TR UG hdet Rotisanle,  decoaqr s; reset
ref. edgeand ggca--% T eRl_encoder - ~ re‘?. %Lnrg? elsqeg'+ ref. |IRL -~ref.
ed a- DO dl ei {linkradddgs emptyef . £dge -$del t a| The iRk catiiglge is eRipty. ~ edge; RL -~ RL

decoder; RL epcgder= ef—+tref-—edge 1 FE—ref—ed

a- 0+1i di ei dl eSkcAtadepept o B 1w Jioi gr eihy Bk safglesis in an SOESI i || i 4l ei d
| e6- 1t L encofigeseeigd) ~ ref. RI|;ref8-15edge| Resesled fdflfuturerusd.. ed
a- cr eat ei dl e&+eat-e—+—t0/F+e5et—ecreate—LilRrearfeda-—sereatel-dlecrdate RL,
hi 8--far6ed a-ECPi dl esto ed8----create 1ltlLcreate R, 106-1atchhi 67create
RL hi 6--create |tTabld@dfifesgdgeerdr abdeld MbichGidde Getithed inQ page error message.

7--createidl eQ-create Rl > Rl edgeedge+ RL—-= gdge R -= Rl _engoder 47

L

7.2.2.3 Runl ¢RaPk ORAESABROT $9Mesr unl engt h decoder 212 expands a runllengt h
into a seqUENCE Qfrofebde DI jjliprvaﬁ@e bItS of The gQtfigdnondi ng rength in the

output streapp_The first r| in aling is assuned to be white (coljor 0).
Each run is a82¢m¥d to be of the opposMNo&eHl or to its predecessor|. If the
first runis Hilat¥e DI ack(Totpr 1 ' T e P Ecedet Iy a
zerol ength V\MIB%EE Sn.eThe rlunl engt h dech‘i::Iéel %m%lslglgt;r%css%mrzaék of the current
col or i nternabadynersidre r unl gngt h Zecod¢Theddsiapandepmrtadxi num of § bits to

t he out put s k—Rprtergths—are—typreaty—rot—af—thrteger

nul tiple of SE, gd?%?‘%%‘r uns Iot her> t han | CHETAFICHE IS iGprse. | mage are typically
not byte-aligned. The runlength decoder 212 maintains, in a byte space
regi ster 236 ﬁgl ga;e g%,the nunber of bits available in the byte
currently bei kg but8 PHHIMORs i nitialized to 8 at the begi nning of

decodi ng, and on t(?ﬂ’riﬂutmprodﬁceebdmk}at it dot rersl&ticdxe(ftﬁnmrpi)ZHxR lr@i‘(&lﬁt:és
outputting a run o its as so as_the.next r i ne,.248 tches a

N’ yer o val uRHRBSORt P BRgA Epresoliictsine ifeninE TR Brec BETBRE i vel y
stal | s when t therefatelieidgd into £lackilayer 2dBa @aeme lagerz Ehieblack layeriddefimdd thi t s of
the current color are s ift(?d into an output byte register 240 each cl ock.
The current cSIBROSIEOWSRIGFUINEdYh 2 1-bit col or register 242. The number
of Fi ts ﬁCt ual I)t; du}]enﬂﬁckilefyeﬂdom%iitecf dlytrﬁalpeomlaﬁﬁ?gra 1cHit dﬁh&i@» ibeéat:h'gixelt he )
runl ength, and by, t nunber of spare bits left i e.qut put byte. The
nunber Jof " by ¢ S B R IE s e raon sdihan e riserr i Rt SRRk I e cpace.
When t he runl esgutiong TRshigiestzsapsdried reédelatidieie DeOAIpRi etthd primietddiedot al t hough
the trailing bits.of the run may still be in the output byte register 240,
pendi ng out puf*Sofi®h t he byte space goes to zero the output byte is full
and is appe nded t orﬁefbgztgne l@jaﬁr c%isrsmlfh bama&_cd@&dinib% 3Zpbit SMYK aﬂqﬁféfeach he

out put byte register and the color register, t oget her ement an
8-bit shift rl%'gf’lsi"é‘? comqne Amagghaperesolptianahich i o B’i‘e@c‘bff“itgfp% GRISHES S

cl ock, w th thgole@dm ThelsighesEupitedtesblafiot is 26V ppR i leCorRkxth ﬂas?ﬁntb}’geotZ% i's
used to reset the .runlength decoder 212 at the start of a [ine. An external
ext run |ine BABWAN ysed to request the decoding of a new runlength. It is
acconpani ed by a runlength on an external runlength Iine 250. The next run
| ine 248 should not be set on the same clock as the reset |ine 246. Because
next run inverts the




48 current color, the reset of the color sets it to one, not zero. An
external flush line 252 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 stabl the external logic. 7.2.2.4

Runl engt h Encoder Thecontoné ee@htﬁbndmed@pmm;dandﬁ&gemtoaoftﬁ@bleék e&ldioa one
bits in the in B;eﬁg% The first r in line is, assuped to be white
calculationsiny °ft

(color 0). Ead S‘P‘B the primger WB‘Sbsd}S’é)%Feﬂlé‘er OWYeE-t s

predecessor. |f thghdbladkilayebishdithe @atodd ldﬁ'b’r d40é Bt in oRIpREsed form foiéfcitdie
runl ength encoder 214 generates a zero- h white run at the start of the

line. The runlaRERSIAVELES ON’e?@ﬁ'él‘*‘PP%FGROIbqO %‘"&%T rent color internally.

The runl engt h gancopgge Sihftnirgads a maxi mumof 8 bits fromthe input stream
every clock. It uses a two-byte input buffer 256 (Figure 23) viewed through
a 16-bit barrel shfeRrint ptz@swuhﬁdleedgebl@ed(mtanwgmnntheednht )mréwewmarans/vays

aligned to theg, ﬁébr l{aEQ ﬁbh éa%ﬁéﬂ%oﬁksﬁ:&?cfs%@{ﬁ‘es oﬁ&ﬁ)ﬁge‘?ég ”eCt ed

to the barrel |fter es an 8 partia acco dlng to
Tabl e 20. The 8- bi Ihertmle@mg@ ﬂzeenmmn@d!y theprintabileepageiares s the lexplicito

recogni ze run Dan runl engt h generated by
the 8-bit run?m§&92 enggggﬁﬁg%gglgﬁgd@gﬁe%%EP%§H@5PUe in a runlength

regi ster 262. GW?enPagvd)chtmﬁonrmmehgth encoder 260 recogni zes the end of
the current run it M@igg | by a
ready register 264. gﬁﬂg&ghﬁﬁﬁ ?ng'r?gﬁ?ergq §/‘:§Art%[%?ds%1 Jléllﬁl ﬁ%jlg%%?: gésilthat t he
encoder 214 hagegesissgsiptionis Cemplethanrgse!ﬂmn@med dererisimd datafransmitted torthd at ed i n

used Lo otal | PERE §bRFeY T BE Rl MERHbuS o yAfH' G GMThRrR " ), 10

runl engt h encoder Phpage tesoription consists-of emgdheadmwhiw describes thessimi@hd r un
si gnal effec nl 9 Table
ZO? 8-bit run éé’%lgk enco%aggq‘?ﬁ(gﬁdg%%é ?rnpﬁ %ﬁrﬁl’q}aﬂ%sngﬁ %dﬁgcn%%gﬁﬁﬁmé

00008000000 Opagt2oGMOO0 001 x6100000 O 1 xx5100000 | xxx4100001 xxxx310001 x
XXXX2100 1 XX XXXX 1111 11107111111 110x6111111
| Oxx5111111 Q(XX41%%?%%§Q%W@Q&%$%%%Q(X XXXX111Oxxx Xxxx01 The
output of the 8-bit runlength encoder 260 is |limted by the renmaining page
w dth. The actual 8-bit nuilength is subtracted fromthe renaini ng page
width, and is added to a nodul 0-8 bit position accunul ator 266 used to
control the barrel shifter 258 and clock the byte streaminput. 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 | atches a page wdth signal on |ine
270 into a page width register 272. An external next run line 274 is used
to request another runlength fromthe 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 |ast byte 50 of the
run, if inconplete. It can be used on a line-by-line basis to process
byte-aligned lines, or on an image basis to process a byte-aligned image.
An external ready line 278 indicates that the runlength encoder 214 is
ready to encode a runlength, and that the current runlength is avail able on
a runlength line 280. It can be used to stall the external logic. 7.2.2.S
Timng The EEU 188 has an output rate of 124M 1-bit bl ack pixelsls. The
core logic generates one runlength every clock. The runlength decoders 212
and the runl ength encoder 214 generate/consune up to 8 pixels (bits) per

cl ock. One runlength decoder 212.1 and the runlength encoder 214 operate at
gquarter resolution (800 dpi). The other runlength decoder 212.2 operates at
full resolution (1600 dpi). A worst-case bi-level inmage consisting of a
full page of 3 point text converts to approximtely 6Mrunl engths at 800
dpi (the rendering resolution). At 1600 dpi (the horizontal out put
resolution) this gives an average runl ength of about 20. Consequently about
40% of 8- pi xel output bytes span two runs and so require two cl ocks instead
of one. Qutput lines are replicated vertically to achieve a verti cal
resolution of 1600 dpi. When a line is being replicated rather than
generated it has a perfect ef~"iciency of 8 pixels per clock, thus the
overhead is halved to 20% The full-resolution runlength decoder in the

out put stage of the EEU 188 is the sl owest conponent in the EEU 188. The

m ni mrum cl ock speed of the EEU 188 is therefore dictated by the out put

pi xel rate of the EEU ( 124Mpi xel s/s), divided by the width of the
runlength decoder (8), adjusted for its worst-case overhead (209%. ThIS
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S1 8 parallel
DVA channel s,
has an out put

pi xel

as shown in Figure 24. 7.2.3:1 Timng The JPEG decoder
rate of 3.5M 32-bit CMYK pi xel s/ s.
of the decoder depends on the design of the decoder.

1
The required clock sp
7.2. 4

FI FOs 282 with shared bus access and 8 correspondi ng

96
eed
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An input contone CMYK FIFO 288 is a full 9KB line buffer. The line is used
contone scale factor tines to effect vertical up-scaling via |line
replication. FIFOwite address wapping is disabled until the start of the
| ast 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 lipe buffer. 7.2.4.1 Mufti-Threshold

Di ther A nmufti -t hraeRehtdndiayd Phratblets d@ﬁ& thS pikBIQIR of the EbldHe3ayér] af it he
drawi ngs. A gener al 256 | ayer dither volunme provides great flexibility in

di ther cell dibseggscal @CHE&@BW%WSOIB‘S’% fferent intensity |levels. General
di t her vol unes canrggﬁds%ggthefﬁ.fggﬂaﬁ gﬁ?@bg;dtﬁgg({envol unme, 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 volume. In
ractice, the T ol decoupte eachtayer—of—thedithe
\F/)ol unme. Each gg‘f‘%’oﬁ bgﬁﬁfhﬁwﬂekw Fre caane i_npl eme?]t ed as a fixed s¢t of
t hreshol ds I‘it her tfidd 256 s parﬂirmablts USI ng threbse&phbi t hreshol dg, for

exanpl e, onl y=cenrsures—24—bt A—t w. H f. re—a+1 ...tu..o.t,
intervals, w flﬁ‘?aﬁ“r&hl ch the E@P‘ég‘{?& Hdi n Bﬁ’é‘? et*?é‘fr ormat sigragye
alternately nedsiget or set. [[Pebicppane JP%g@baH&hééﬁertf&iﬂ&gv&dl&d’tﬁﬁrﬂ)@r unijquel y
sel ects one the n+ | intetvals and this deternmnes the value of the

cor respondi n staigtRgizedot . | Mi-bikiteeshe | Siee ehinsehtnd beadeng a
tripl e-t hr es hoLg GAYRETRFS D] Te-bTAI%GE) Ol Tiofh FUIABand IR pRE T T ESTol ds

forma convehnient 24-brt vallie \A_h! ch canlbe retrieved tromthe dither {cell
ROM in one ¢ /blpétbapd defpsimer [33-bit inéegtrst r 18iZ®nf|i>150kd3@B¢ dasql itblsteseen col or
pl anes, then e AR VT ! amg used
to dither eagh dﬁ?o@%&ﬁﬁeﬁ hgnmté. blﬁ“c& t he H&EPTOT& ?%etb'r;ég(jtl |Hgér@$|%§18wx?l $ired,
t hen t he dit hemtanebandodam diee 5P2-bit integero f pBize sfdaneint bardridtasindyesl i n fo r

Hdy oo DO FEP-S an. 1 Lo
separ at el y addressabl-e—RAMVs—rorm-whi-ch—Four—dierent—trpte—th+reshol

val ues can be retrieved in parallel in one cycle. Using the addressing
schene shown bel OVWhetbﬂKEkﬂa?Hﬂ’paC@lhem’rs ddfine €% height of thid tdack damd, and thesizeodflits at

vertical and/or hori S eac C
triple-thres hfﬁn&Prffﬁ? é tﬁglﬁ\? e's‘%e?ﬁ%aﬁgg %‘;aé”s‘gh?‘&s 'S%ﬁffg'sﬁ@“&%&
intensity val the pagetbandheadert erval and thence a one or zero bit. The
triple-thresholdi rules are shown i.n.Ta 2 he corres l ogic is
Shown' 11 i gur e 261t paRpEe BT ohARpe <eiabe Bt a6 0P Grucie poh o BF fpc v <
TI OTI <VSTZI T26hits comhpressel page data. The variable-size contone band data follows the variable-

size black band data.

Table 9 shows the format of the variable-size compressed band data which

follows the page band header.

Table 9. Page band data format

field format description

black band data EDRL bytestream Compressed bi-level black band data.

contone band data JPEG bytestream Compressed contone CMYK band data.

The variable-size black band data and the variable-size contone band data are
aligned to 8-byte boundaries. The size of the required padding is included in the size of the
fixed-size part of the page band header structure and the variable-size black band data.



54 7.2.4.2 Conposite A conposite unit 294 of the HCU 190 conposites a bl ack
| ayer dot over a halftoned CWK | ayer dot. If the black |ayer opacity is
one, then the halftoned CW is set to zero. Gven a 4-bit halftoned col or
C~-M-Y~K~ and a 1-bit black | ayer opacity Kb, the conposite logic is as
defined in Table 23. Table 23. Conposite |ogiccolor channel conditi onCC~
n~KoMW- n~KbYY~ n-, KbKK~vKb 7.2.4.3 Cl oc® Enabl e Generator A clock enable
generator 296 of the HCU 190 generates enable signals for clocking the
contone CMYK pi xel_.i nput, the b]ack dot input,_ and t CMYK dot, out put. As
described earl i er , ThegBUTE Bagesicectiphonhasia tasgat S‘Bﬁf’ﬂé?“]i‘a%‘%d‘“ AWM, | j ne

buffer and a fpd$2cMEGRadcbfdandeSvithgask KuleEmeneryli 8 priiel contone scal e
factor tinmes. FIFO wite addfess w appi ngf i s disabled until tﬁg start of

the final repMhciatieuingsections desribe thedormgt ofthg comprgssrd black layprad tenabl e
gener at or 296.Gghak&t Bftofle kP& one | ine advance enabl e signal which enables
wrappi ng. The cl ock enabl e generator 296 al so generates an even signal
which is used62d dJdtlexel Blagk Layen{amprewipnset of out put dot FIFGCs, and a

mar gi n si gnal 6.%&%3'10“1?3%%%1“&?391%3@0%?%%“e dots when the current dot
' ert

position is in the or right margrn of the ﬁ)a?e. The cl ock enabl e
generat or 296 useslhs Grewp bFacsimilercempressitinalgorithay losslessly gompredsestidevelslatt ers i s

I

w. dat al oad scanned black text and graphics on a white background, and the algorithm is tuned for
this class of images (it is explicitly not tuned, for example, for halftoned bi-level images).
The 1D Group 3 algorithm runlength-encodes each scanline and then Huffman-encodes
the resulting runlengths. Runlengths in the range 0 to 63 are coded with terminating
codes. Runlengths in the range 64 to 2623 are coded with make-up codes, each
representing a multiple of 64, followed by a terminating code. Runlengths exceeding
2623 are coded with multiple make-up codes followed by a terminating code. The
Huffman tables are fixed, but are separately tuned for black and white runs (except for
make-up codes above 1728, which are common). When possible, the 2D Group 3
algorithm encodes a scanline as a set of short edge deltas (0, +1, +2, +3) with reference to
the previous scanline. The delta symbols are entropy-encoded (so that the zero delta
symbol is only one bit long etc.) Edges within a 2D-encoded line which can’t be delta-
encoded are runlength-encoded, and are identified by a prefix. 1D- and 2D-encoded lines
are marked differently. 1D-encoded lines are generated at regular intervals, whether
actually required or not, to ensure that the decoder can recover from line noise with
minimal image degradation. 2D Group 3 achieves compression ratios of up to 6:1.

The Group 4 Facsimile algorithm losslessly compresses bi-level data for
transmission over error-free communications lines (i.e. the lines are truly error-free, or
error-correction is done at a lower protocol level). The Group 4 algorithm is based on the
2D Group 3 algorithm, with the essential modification that since transmission is assumed
to be error-free, 1D-encoded lines are no longer generated at regular intervals as an aid to
error-recovery. Group 4 achieves compression ratios ranging from 20:1 to 60:1 for the
CCITT set of test images.

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

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



condi ti ondecrenment conditiondot Dl14page w dthltP$ v ECLb(D>0) n

cl kli neL15page | engt hRP(L,>0) n ECLI eft margi nLML4l eft margi nRP v EOL(LM>0)
n clkright margi nlt Ml4right minRP v EOL(RNi >0) n cl keven/ odd dot EIORP v
ECLcl kbl ack dot BD14bl ack wi dt hRP v ECL(LMI) n (BD>0) n cl kcont one

dot CD14contone wi dt hRP v EQL(LM=0) n (CD>0) n cl kcontone

sub- pi xel CSP4contone scale factorRP v EQ9 v CSP=0(LM=0) n cl kcont one
sub-1ineCSL4cgs m&ﬁto%qalv& sﬁaﬁt@rr%%mﬁoﬁ Q%b 200 &6, ahd & bfdSBesrifiSRkhsPage)

condi tion: external 3(zna EOL (end-of Iine) condition: (D=0)_n (BD=0) n
(CD=0) Tabl e®¥ee 1115126% awkaasdly. &e09,dat owr wrpmnm@s@ns v‘wp@o@ﬂ@ But

si gnal condi t'RRﬁBﬁ Hbréifﬁu deoOfek c610 RfEHE Pfxg}l {gr QP&onﬁBl%Khl

enabl e(LM=0) n n ~ECPcont one pi xe ? ena n
(CSP=0) n - ~E@B@mt7bn@mghﬁ@thmﬂéﬂw@ewmxeqe®sgﬂ@ye mprm elmt_ewﬁemgp ( LM=0)
v (RMFO) ECP (?ﬁ‘ilacﬁhlgﬁgﬂ)caﬁ: H's@%ul reqal émidificatiofl N9 The HCU 190 has an
out put rate of 124M pi xel s él nce 1t generates one pixel per
clock, it nust be Sincomastofihe @meﬂiteéﬁroupzwmm from §@ delt@eRofling.ecsimplemt er f ace
CePrint 10 us in Section
9. The print hggﬁ@gﬁgﬁggPWE %@@%ﬂmﬁtlgﬁ%ﬁﬁg%égom@gﬁgrre?ﬁggr oups. The
first segrrenta@madpwdmnherdwdgtaébgﬁnwnts and the second group contains 8

segnents. The r 3 of , e n_the i nt.head 143,

maki ng a tot aﬁ?’?@}‘]%ﬁlg?‘%gm ‘Z' ﬁl{gle %R@ﬁgﬁbﬁﬂp&sglgg@rr@ is a standard
Menj et print head i Thie edgeadela amisrzdksgz‘h(ML)qonﬁ&sm@mfonﬁﬂ,ns tmoetf logrelyed thei t h t he
fSoI | ow ng opegal 3 Q%ngar%s%ﬁt atmd\/ﬁ%(l%gm%&i_ss 4 SegnmentsPerXfer = 9
egnentGroups = e pri nterface 192 has a nunber of
external connecti cEﬁRLmstlmdelkxms&afsgsxdmlsfapprwnatﬂly&htr@yi-awb:baﬂcysew not all
are connected t te 130, ca I t he val ue for
Segnment & oupscrle%ﬁ?&‘gg i'p ﬁ’éﬁe Qisedoe gel'l }éeEa%FFnezlsgﬁE% I ﬁeéweandt S

SenseSegSel ecpreqlncessor Thd pr&&cé?ssdnmf B&tfastﬂmms deﬁnmdmvehne afrvehiteclipeh timelis 7. 3. 1

Timng CePrin a Jhe.print head
143 st t ner S@ReBsaR T 8ty urd ik adbond RS Pk s TG RRAT il Micnt

whi ch yi el ds #niustrdefibd aslackfedgdatioffsdtGeip, Bach Whd tnuist defives anredgd hidtatbfitaner f ace
192, a single Prl nt %ctl e and..a single Load Cycle nust both conplete within
this time. |n"Sotf i SR BREVSMer 144 nust advance by about |6pmin the
sanme tine. An edge can be coded with reference to an edge in the previous line if there is an

edge within the maximum delta range with the same 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 maximum delta range (+2) is chosen to match the distribution of
deltas for typical glyph edges. This distribution is mostly independent of point size. A
typical example is given in Table 10.

Table 10. Edge delta distribution for 10 point Times at 800 dpi
|deltal probability
0 65%
1 23%
2 7%
23 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)



I n high-speed print node the Menjet printhead 143 can print an entire |ine
in 100p,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) nust3@l so take place within the 107ps
line time. Reﬁhﬁmghs Fer sﬁxhﬁh&ﬂg”&rﬂ&nhﬁe GNP 8, ruhlBg:thsAROID efttopRitod@dnock pul se
cannot exceed / 1600 Sns, . The pri n‘ghead 143 pust therefore be

cl ocked at <0ES ﬁ“ﬂ“ﬁ%‘é%PlﬁcﬁltYéW&EPé“Zi it gdges infRpprrdpusdingsach at e of

124M 4-bi t C'\/Mlﬁls&i éﬁ%& fif the proPiORY e is BEIAUFRenl Jasse® ifQRé YurRGt linéeTHiPfisedthe)OpsS out
of every 107ps, it nmust be cl ocked at at | east 140MHz. This can be

i ncreased to Xiledegcode Thekad-prpags codersignals the eadipf thepage 4 the decoderi nt head
speed. 7.4 Pr Ocessl@(;tcﬁigfh e IR 13-t &n&n&ﬁ@ﬁ@ﬁﬁ&ﬁcé? ci@s%nlﬂf ForBgU0 dpB1l runs

the control programwhich synchronizes the other functi on un| ts during
page recepti 064 ttgs dagss drpngerduplengths qoyld be sunposes withest signifiepatimpact@ni vers for

the various eé&rﬂ;{r%@ﬂr?ﬁg cﬁ-ﬁlfai?ééeﬁoreﬁﬁq%lé‘?{sﬁ? ngtﬂioHﬁﬁirco Fds QB dfenr ough the

user interface ave [ow I nt atency, rovi de efficient
DVA nanagenentunlepgths ghonldibgiatleast 8dif andi4- hemapqcbvdb)e Ap@m: tatpurpese yhoice

hi gh- perf or na P %‘m 00 supports
si ngl e- addr esgﬁé rg%gsﬁrerg% on cﬁg#r?g( ng-ﬁpsee a elofegog%’i.&%?ggener at es
vect ored i nt er r upt’Bhetfll setef qpdescie definred irgTabdmi 1t Natieslat theredamé ertd-afidine Tadol e 26.

ntor faco. 1i nit By QR P B pak Dl e T o s THERABES GRS odes

decoder 18hal f mmeleted(bvrplmsﬂatwmelpﬁédkes ofithe eadési oesbisrpndent head
I nterface4-101929 7.4.3 Program ROM A program ROM 298 hol ds the CCP 180
control programwhich is |oaded into nmain nenory 182 during system boot.

sg 7. 4.4 RanpTabled1.EDRE eodel@rdianbus |nterface 198 provides the hi gh- $peed
interface topHHhe ext ef-fat—Sive ’54!‘&; H—Rarbys—BRAMHRBRAM—182—7
External |nt¢rfacd®2%. 5 1 |H68%0dMng drt 85T host i nt 8P ég°'194l)row des a
connection t¢ the Rgst prdcesspr wlth a-speqd odondmdveasiresporidifiy/edgd or [3VB/ s
for the double-sided versilon of CeRrint)
A+l 010 - move corresponding edge +1
A-1 011 - move corresponding edge -1
A2 00010 - move corresponding edge +2
A-2 00011 - move corresponding edge -2
kill edge 0010 - kill corresponding edge
create near edge 0011 7-bit RL create edge from short runlength (RL)
create far edge 00001 13-bit RL | create edge from long runlength (RL)
end-of-page (EOP) 000001 - end-of-page marker

Figure 17 shows a simple encoding example. Note that the common situation of
an all-white line following another all-white line is encoded using a single bit (A0), and
an all-black line following another all-black line is encoded using two bits (A0, A0).

Note that the foregoing describes the compression format, not the compression
algorithm per se. A variety of equivalent encodings can be produced for the same image,
some more compact than others. For example, a pure runlength encoding conforms to the
compression format. The goal of the compression algorithm is to discover a good, if not

the best, encoding for a given image.



7.5.2 Speaker Interface A speaker interface 300 (Figure 29) contains a
smal | FI FO 302 used for DVA nediated transfers of sound clips frommain
menory 182, an 8-bit digital-to-analog converter (DAC) 304 which converts
each 8-bit sanple value to a voltage, and an anplifier 306 which feeds an
external speaker 308 (Figure 18). \Wen t FIFO 302 is enpty it outputs a
zero val ue. The spgﬁgﬁﬁlinterface<%g$ ls Clocked at the frequency of the
sound clips. The progesS8iig sd sigplepigositun fos producing the EBRLisacosingaif o king08

si nply by progwilnrefanapct fodts phddecbsvanel of the speaker interface 300. 7.5.3
Parallel Interface A parallel interface 3 09 provides 1/0O on a nunber of
paral l el external signal lines. It allows the processor 181 to sense or
control the devices listed in Table 27. 59 Table 27. Parallel Interface
devices parallel interface devices power button power LED out-of paper LED
out-of ink LED nedia sensor paper pick-up roller position sensor paper tray
drive position sensor paper pick-up notor paper tray ejector notor transfer
roller stepper notor 7.5.4 Serial Interface A serial interface 310 provides
two standard | ow speed serial ports. One port is used to connect to the
master QA chip 184. The other is used to connect to a QA chip 312 in the
ink cartridge. The processor-nedi ated protocol between the two is used to
authenticate the ink cartridge. The processor 181 can then retrieve ink
characteristics fromthe QA chip 312, as well as the remaining vol une of
each ink. The processor 181 uses the ink characteristics to properly
configure the Menjet printhead 143. It uses the remaining ink vol unes,
updat ed on a page-by-page basis with ink consunption information

accunul ated 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 inplenented using
an aut hentication chip. The 256 bits of data in the authentication chip are
all ocated as foll ows:



60 Table 28. Ink cartridge's 256 bits (16 entries of

16-bits) M n] accessw dt hdescri pti onORCal6Basi ¢ header, flags etc. 1ROL6Seri al
nunber . 2ROL6Bat ch nunber. 3ROL6Reserved for future expansi on. Miust be

0. 4RO16Cyan i nk properties. 5ROL6Magenta i nk properties. 6ROL6Yel | ow i nk
properties. 7ROL6BI ack i nk properties.8-9D032Cyan ink remaining, in

nanol i tres. 10- 11DC32Magent a i nk remai ni ng2 in nanolitres. 12-13D032Yel | ow

i nk remai ni Ngyadrile BABRIT RURSPRACISIORNGZ B/ akoftm grng,Tn
nanol i tres.reagdphy ?RE@IQ@NI?”' y/ é?trq‘?lo% Gih Page is printed, the

processor 181gfmstc Lige anmount remal ni g to ensure there is
enough for ang entrre rst-case page. Once t he page has been printed, the
processor 181 he total nunb each col or (obtained
fromthe print hezikdéllmral‘tl“zr?iﬂtace 192) by th?{gdél%’fmuggrgﬁm% The amount of printed
ink is subtracteéj fr%@t e anount of | nk, el ni, g . ve] lnet of measurenent
fork mE remai ni N lneLehanildt][es so 32 ug% Pl)pl? overh4I|ters of
i nk. The amount K, ysed for a page egg up to the nearest
nanolitre (i. 5: @E%Mtely 1000 prin ed‘pd‘ ngresfe‘gq"gtF er-CCP Interface
An inter-CCP fnt, etrfat%g 314 provides a bi d| rrg Tﬁl .hi gh- speed seri al
conmuni cati ons I"T'HKY econd CCP, ané{ Mhfti -

configurations such ﬁ‘ig doubl e-si ded \Pé?vé‘?”'é "%f_the pri nter whi ch
contains two °I| k has a m ni :,?'Hugent %{F%_d’fﬁ /s, to support
tinmely dlstrlbutlon ta, and irpl e ntedumgatechnology
such as | EEE 1343 egged ld 851 7.5.6 ’f ePLOUPI St dar d JTAG
(Joint Test Act 8PS interface (nol’ Bt&g?mi’gpf“t’f Pded for testing

pur poses. Due to t he corr_pbem ty of the arl et f testing

techni ques are . '~ Tncl udi ng BI ST F‘}tf"P’n‘“Slé‘]’ t% t) and functional
bl ock isol ati on rhead of 10%in fgery F‘E’ani”éev'é’g I¥ed for overal |

chip testing cirt BLE— SI DED N@“?’ﬁ’é“ e si ded version of
CePrint contai ni / 8@ FHP units 140 - one for
the front of th dﬁ%r tlE“ﬁe bac a unit 140 consists

of a printer controll a _print head assenbl y 142 cont aining a Menj et
printhead 143, aﬁw‘eéw(fa‘?d&f‘?gtéiln?l&m er 68. Both printing units 140 share the
sanme i nk supply. T e back side, or |ower, prlntlng unit 140 acts as the
master unit. It i P‘§§‘ ke %?@“Tedtedgt’d’cﬁ?"‘?}’rsl Weer functions, such as
conmuni cati ng wi t HE (hhipdpiele %dl i ng the ink cartridge 32, handling the
user interface, and tf&PFFYFd’Igﬁ% paper transport. The front si de, or
upper, printing unit 12VBE23sCGeRur@edyRe unit. It obtains pages fromthe
host processor via the master unit, andPICé’E%?n’é‘WPé‘hlp?é’@W the nmaster unit
during printing. Bot ﬂseprl nt er control |l ers 178 consist of a CePrint central
processor (CCP) 180 and@<YRPRTH 8MVB RDRAM 182. The external interfaces of
the master unit are PSERPEEA~PHYR¥Ane way as in the si ngl e-si ded version of
CePrint, but only thB‘eh%‘ftB‘ry'PF‘tiél"Face 198 and the printhead interface 192
of the slave unit ar BUBRfetsdrevEdeessfalsenal st er/ sl ave pin on the CCP 180
sel ects the node o ogg&atl on. This dual printer controller configuration
is illustrated in te%“’f“%%“’lﬁé‘F"’%‘é’P? and Distribution The naster
CCP 180M (Figure 3“65" R ‘fﬂpsdg%) un|f| ed view of the printer 10 to the host

processor. It hides th%‘“ﬁfig"se the sl ave CCP 180S.
curtRun = GetRun(curere

currEdge, lineLen, currColor)

else

currRun =0
currEdge += currRun
curtColor = lcurrColor
bUpdateCurrEdge = false

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




Pages are transmtted fromthe host processor to the printer 10 in page
order. The first page of a docunent is always a front side page, and front
si de and back side pages are always interleaved. Thus odd-nunbered pages
are front side pages, and evennunbered pages are back side pages. To print
in single-sided node on either the front side or back side of the paper,
t he host nust send appropriate bl ank pagés to the printer 10. The printer

10 expects a page deggd-Pun®agd YredigEY Page. VWen the master CCP 130M
recei ves a page connaﬂgm(kggkihq AROPELIPAPCESSOr 62 relating to an

odd- nunbered page it rq%kgg hepGeHEINEAd P alihg S| ave CCP 180S via the
inter-CCP serial link 3)4edE Q;:;aylg}gﬁ Lnmposi ng undue restrictions on the host

link and its protocol, égzggdggrggfduhg received in its entirety and stored
I tLC

in the master's | ocal LVCoukf befQre being forwarded to the nmenmory 182S
of the slave. This int “Ju s onl’y a small del ay because the inter-CCP |ink
314 is fast. To ensure that the master OCP 180M al ways has a page buffer

avai l abl e for a pa f lLaye, the master is deliberately
made t he back srdeg E;aiiﬁ%ﬁgf Q@%%ﬂ@és the front side odd-nunbered
page before it recer 8o A ggiback si de even-nunbered page. 8.2
Synchroni zed Prrntrng.U é& EJE hyt: CCP 180M and the slave CCP 180S have
received their pages, F% 180Minitiates actual printing. This
consi sts of startrp reatlthe ansron nd printing processes in the
master CCP 180M aq % ﬁ ‘f Eﬁocesses in the slave CCP 180S
via a conmand sent erial link 314. To achi eve perfect

regi stration betmeen back side printed pages, the
print head |nterfaces hroni zed to a comon |ine
synchroni zati on srgnal 25%%&&@?%% Qphs generated by the

master CCP 180M Once, t CCPs are sufficiently

primed, as indicated B he |ine | oader/format unit
é}:i jﬁ e master CCP 180M
F K@%lb of the printhead

(LLFU) of the printhead”

starts the |ine synchr

interface 192 (Sectra'ie %aster CCP 180NIobta|ns the status of the
S S S 4.

After the printing of a page or nore frequently, t he naster 180M obt ai ns

sl ave CCP 180S .
i nk consunption i nﬁ%'ﬂﬁtth@mgf)ﬁtﬁﬁih& biEndsth adBal L8R oRiRity bliRedn iR, 2y | NK
314. It uses this to date the remai ning ink volunme in the i nk cartridge

32, as descri Hel@ctimpteidhe {Wing edges betwern bvalinee.dfappibtthe pompressiopdommabias 180S
al so exchangeneﬂ,ﬁ.g&o a\m&ﬁ uﬁ@@tnmmcaaéslca&&@t%%uttt@alfﬁcaﬁ%r as nds over

t he inter-CCP 314. ET PRI NTHEAD T et printhead 143 is a
dr op- on- denan&2tbdo ep.adrmen@tefﬁﬁt%th?cmtssmmeces bi-1evel dots in up

to 4 colors t@ofdcRitess tlikrdoﬁ’é naag@ecetnpesmﬂg&lmrs gWeﬁ'bElowSlt RiRst he
printhead prints dots at i, each is roxrnatelg) 2.SmMmin
aaga -bi

di anet er, andthspaeeaf Pt“thb%EFHﬁ@cPle@“Bfr‘ihr‘ﬁﬁsﬁﬁlop i-1evel, the
i nput inage 63 should be dithered or error-diffused for best results.
Typically a Menjet printhead for a particular application is page-w dth.
This enables the printhead 143 to be stationary and all ows the paper 144 to
nove past the printhead 143. Figure 31 illustrates a typical configuration
The Mem et printhead 143 is conposed of a nunber of identical 1/2 inch
Menj et segments. The segnent is therefore the basic building block for
constructing the printhead 143. 9.1 The Structure of a Menjet Segment This
section exam nes the structure of a single segnent, the basic building

bl ock for constructing the Memet printhead 143. 9.1.1 G ouping of Nozzles
Wthin a Segnent The nozzles within a single segnent are grouped for
reasons of physical stability as well as mnimzation of power consunption
during printing. In terns of physical stability, a total of 10 nozzles
share the sane ink reservoir. In terns of power consunption, groupings are
made to enable a | owspeed and a hi gh-speed printing node. Menjet segnents
support two printing speeds to all ow speed/ power consunption tradeoffs to
be made in different product configurations. In the | owspeed printing
node, 4 nozzles of each color are fired fromthe segnent at a tinme. The
exact nunber of nozzles fired depends on how nany colors are present in the
printhead. In a four color (e.g. CWK) printing environnent this equates to
16 nozzles firing sinmultaneously. In a three color (e.g. CW) printing
environnent this equates to 12 nozzles firing sinultaneously. To fire al
the nozzles in a segnment, 200 different sets of nozzles nmust be fired. In

t he hi gh-speed printing node, 8 nozzles of each color are fired fromthe
segnent at a tinme. The exact nunmber of nozzl es frred depends on hOMlany

I o T T I N 1 e Y I ~~R A 7} 7\




64 9.1.1.1 Ten Nozzles Make a Pod A single pod consists of 10 nozzles
sharing a comon ink reservoir. 5 nozzles are in one row, and 5 are in

anot her. Each nozzl e produces dots 22. Smmin di ameter spaced on a 15.875mm
grid to print at 1600 dpi. Figure 32 shows the arrangenent of a single pod,
wi th the nozzl es nunbered according to the order in which they nust be
fired. Although the nozzles are fired in34his order, the rel ationship of
nozzl es and PRYRICPEcpR&ENRNT Of dots on tThe printed page is different.
The nozzl es fgontdne row represent the even dots fromone |line on the page,

and the nozzl es gfgtREANEEr oW repr,,qﬁleln o ees&q éiggg,gnfrom the adj acent

line on the pagg 3 shows th N8 1pezzl es nunber ed
according to th%wgﬁﬁﬁﬁ?MI ch they x%z 31 nozzles within a
pod are theref orléﬁi /f( tl

¥nSE ate dot. The exact
di stance between the nozzles w depend on the properties of the Menjet
firing mechanrs

J_ thead 143 | h staggered nozzl es
designed to matc trﬁ}% ?‘f //S gigg %%d of Each Col or Makes a
& glo sEt'}E

ow of paper.
Chr omapod One poglt c_h color are /% 2 chromapod. The

Ex%t

E ted i fine
nunber of pods i, od wll e’c on 'tm ar application. In
a nonochrone prllﬁ'tprhv Oosgﬁ’gm (such ag/ mcfu lntPrl n({slhg%l y black), there is
only a single coltogjge ]g (ﬁnce a sing ‘&“ r| nting application
print heads requi'™E" -8 or's (cyan, gcé‘fftlé“ H"Ic(‘f

nthigy Menjet segrents
have 3 pods per chronapod (one pod of each
er of pods in a chromapod is 4, as used in
bl ack) printing system (such as a desktop
ors i's not i nposed by any physi cal

xi mum from the expected
%? colors increases the cost of the
‘e | arger segnents that can be

used for these a AE N

color). The expe %gc@onsmﬁﬁ%

a CWK (cyan, magenta 0
printer). This rrax %?é &I
constraints - it i¥V
applications (of couf%sg

segnent increases and
produced from a singf® ecreases). A chromapod represents
di fferent col or corrp8?f§ 2 ‘hori zontal set of 10 dots on

S4:

different lines. The® ‘'ween di fferent col or pods depends on

the Menj et operating par J A ry fromone Menjet design to
anot her. The distance i'&%8hsF i%%—ﬁonstant nunber of dot-wi dths,
and nust therefore be t! ~ PR % (HI’I nt the dots printed by
the cyan nozzles wll 1Bi un&ﬁuffFQF fgs eurColepsrun an those printed by the
magent a, yel |l ow or bl acRrRggsA=gun T{te printing algorithmnust allow for a
vari abl e distance up t&Udfy é° °tiv| dths bet ween coI ors. Figure 34
illustrates a single ctﬂ‘?ﬂ?ﬁ% rintin Ilcatlon 9.1.1.3

Fi ve Chromapods Make a Po oup Qi“’(‘f &Pa ganl zed into a single
podgroup. A podgroup t HEF" [ﬂr 8¥f¥ Ths SO nozzl es for each color. The

arrangenent i s shown , Wi th chromapods nunbered 0-4 and using a

e
CMYK chromapod as théasig Li:é) ]?;\gte t hat the di stance between adj acent
chromapods i s exagger at'e fergncegdge 1 4 Two Podgr oups Make a
Phasegroup Two podgrour}’é’e"gpéeﬁ'r E\t ff" e a si n% p)nasegroup The
baelee fer.

phasegroup is so named beca vEdeen] a phasegroup are

fired simultaneously dlBr?"
detail below). The for
for the purposes of FHR

p

lines. During | ow sp&®q
is set in a given firing™"
nozzl es. During high-sg

Tiring phase (this is expl ained in nore
group from2 podgroups is entirely
speed printing via 2 PodgroupEnabl e
*one of the two PodgroupEnable |ines

ﬁly one podgroup of the two fires
pEnable lines are set, so
speed print takes twice as

pr| nt| n bot h Podgr ou
both podgroups fire nozbfceds ﬁ%ﬁt"‘(ﬁ‘& ‘%W—
| ong as a hi gh-speed pr| nfun =Getlits(s REOR; gﬁyHegﬁEﬁstl M fires twice as many

nozzl es at once. Fi guré936 |Ilustrat es t he coggom tion of a phasegroup. The
di stance between adj acent™BG ONr cl arity. 9.1.1.5 Two
Phasegroups Make a Fi r Sl é‘ﬁef‘é‘é‘&ﬁlgﬁaﬁ%“((kﬂﬁa%broupA and Phasegr oupB)
are organi zed into a S|°H§p T 19p, with 4 fi regroups in each segment .
Flregroups ar e ) e
si mul t aneously. Two enabl e | i nes,

AEnabI e and BEnabIe
Phasegr oupA nozzl es and PhasegroupB nozzl es i ndependently as different

aIIowthe firing of

firing phases. The arrangenent is shown in Figure 37. The di stance between
adj acent groupings is exaggerated for clarity. 9.1.1.6 Nozzle G ouping
Summary Table 29 is a summary of the nozzle groupings in a segnment assum ng
a CWK chr omapod.



66 Table 29. Nozzle G oupings for a single segnent Name of

G oupi ngConposi ti onReplication Rati oNozzl e Count Nozzl eBase
uni t1: 11PodNozzl es per podl1l0: 110Chr omapodPods per
chr omapodC: 110CPodgr oupChr onapods per podgr oup5: 150CPhasegr oupPodgr oups per
phasegroup2: 1100CFi r egr oupPhasegr oups per firegroup2: 1200CSegnent Fi r egr oups

per segnent4:1800C The val ue of G,
det egRIERDRICS

segment ,
such as CMYK,
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NULLI c .
Once the transfer

Thi s
has
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the Printé Cycle car
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cIe

and2f.he Load dycl e

can occur Si
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ttafeousty—as—Toi1¢
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ao LIIC }.1714(IIICI —I_U

int Cycle. 9.1.2.1 1

L.IUI

oad

bl e

(J.lJ.S 3\RJLLI CI:IIC

Cycl@ The Load

Cycle is cong

erned with | oading

Print Cycle'd

to the C shif
These inputs
col or segnent

Col or 3Dat a an@°ht

t he segnmeat?' s Shlft

t

are npﬁ%Q e
woul d ﬂa%

I nput

ishiARéaRy

regi

C

steps4wi th thd next
el at ed

S
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bits into theq@marﬁagdza.& 9ags:mofds ohl§ dbsik eroeo cHkdcREN TER ifNeldoRSyfesdasd er bits
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to the | ower
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zl es respectively. A total
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transfer
bits.

ofcblafromtheshﬁt
The par 8f%l transfer via a pulse on PTransfer nust take place after

the Print Cycle has finished. Qtherw se the Nozzl eEnable bits for the line

being printed wll
even dot out puts,

be incorrect.
al t hough print

It
ed during

is inportant to note that the odd and



the sane Print Cycle, do not appear on the sane physical output line. The
physi cal separation of odd and even nozzles within the printhead, as well
as separation between nozzles of different colors ensures that they wll
produce dots on different lines of the page. This relative difference nust
be accounted for when |oading the data into the printhead 143. The act ual
difference in |ines depends on the charagéeristics of the inkjet nechanism

used in the )Thmgﬁgaﬁ;}m,fféggtﬂ,},gﬂegnces can be defrned by vari abr% DI

and D2 where | distance hetween nozzles of different colors nd D2
is the di stam’eﬂlﬁé'tlm en nozzl es of thesagm*%teétﬂﬂb?rlmeb'hbl e 30 shows the|dots
transferred o a;CTytor—Segmer f

2 ck'b
Order of Dotg Transfgrred to a eCQCﬁéen.
Li neCol or C 3 The quick brown fox jumps over the lazy dog.

Li nel10ONN+DI aN+-2BEHNHE—1 &21%W—@WWHN+( C
_ 1) D143N+DZND1+52 N+ 3 D1+ D2 N+ ( G- THTIHS OF SRRSO Verihg leeehet ween t he
nozzl es of ome celor [and the nexﬁedlﬁdkw%ﬁxﬁmps%xe%}az}magber of 1 ngs

bet ween two tows of nozzles of the _same color ikelyv =1 And _so _anlfor

al1800 pul se$. DAta gan be cl ocf%ﬂwaftb@"&l@ég‘mtovﬁt Qalaﬁiaé@igrrum rate off 20

MHz, which H—toad the emtTTE : ATV oo T2 2 Prijnt
! Y TROGeKBrbwn Rk éﬁ}ﬂ%saovs ‘th% B dog”

Cycle A single Menjet] printhead segnent cont To firelthem
all at once ywoul 8 cofsune too ni]hdqupnk\hmwxafudjlb@swg‘dh@lmdog interns ¢f ink

refill and nd rtrer-ference =T um L3 apparent—whgn we
consi der t haf E/Em gt print heaghl uTCk%%%nseéJm?psrm tl p %ﬁg})l nch seqgnents,
each with 800 no]z()zl eg. Consequemdmdc\baovﬁnfoxmgnﬁmmmd@fl ned: a
| ow speed pr trt-rg—rede—and—a—hi-gh—speed—pratnrg—rede—tn—the—tow-speed

print node, there are 200 phases, wi th each phase firing 4C nozzles (C per
firegroup, where Tdbe MdhowsiGhap 4@hd EDRDIcGhpressidh peffomitingdonsfagesdf skt ot node,

there are 100 phases, wth e nozzl es er firegroup,
hhore o Bt bR ettt retred pPRIRE Note P EIRE Sh el L on P v b
pul se are det emprébeﬁnbauoﬁzmmSMerap@dﬁehwese&sﬁ@ms1?geetfa Fhehr omapods
froma firegr 4b| s Nozzl eSel ect lect 1 of 10 nozzlesfroma pod)
2 bits of Podgﬁ‘é@%@i%fé ragiers on Feéhﬁagﬁf is gase‘ﬁ?n Engg‘élaéﬁ“&{?ﬁ% SEHUES L e) When
one of the PodgroupEnable lines is set, only the specified Podgroup's 4
nozzles wll fire as determ ned by Chr omapodSeI ect and Nozzl eSel ect. Wen
both of the 69 PodgroupEnable lines are set, both of the podgroups wll
fire their nozzles. For the | owspeed node, two fire pul ses are required,

wi t h PodgroupEnabl e =10 and Ol respectively. For the high-speed node, only
one fire pulse is required, wth PodgroupEnable = 11.

= g

f foik)on?%égb%ﬁresﬁ de oge Tapte 30

|l or2 LineCol or3




The duration of the firing pulse is given by the AEnabl e and BEnabl e |ines,
which fire the PhasegroupA and PhasegroupB nozzles fromall firegroups
respectively. The typical duration of a firing pulseis 1.3 - 1.8 ns. The
duration of a pul se depends on the viscosity of the ink (dependent on
tenperature and ink characteristics) and the anmount of power available to
the printhead 143. See Section 9.1.3 for3Hetails on feedback fromthe

printhead 14BThble 24.06Foupod ﬁﬁITDBRB&bﬂpf'@ﬁoﬁ péRfeahitingé 6n REAPO0 dpine AEnabl e
and BEnab|e ra cnparafn !lnnc —HR—o+ QF t_h_a f!qn f|r|nn n||| cQc _can. A\ r|ap_

Thus the 200 r;v)hases of a Iomﬁhsaﬁé‘éﬂ'sﬁ‘f nt Q/C|C€°EBASI st|of 160RL ph;.;GS and

100 B phases]| ef ffp@iif‘tki!@' y qivingpdflD sets @émprasiéh Atny c%@&@sl&. rdtlok‘BV\'i se,
the 100 phas bs_of _a hiah- QI’F\F\(‘I print r‘vr‘lp consi st _of sh A nhacpc and!i50 B

phases, effeftivel y2gi vi ng|50 pﬁé%@@p of hase A2dnd phage B. Rilgure 3
shows the AEﬂﬂﬁ7?7ﬁ$Tﬁ§?Eﬂ a tyghcat Primt Cygie 1T
hi gh- speed print there arg SO émé’ cycles, whilé”in a | pw speéd print|there

=~

are 100 2~s ¢ycl es.4For theg hi gh8&d@ed prii nti ng4fode, the fi ri3rﬂg ordel is:
Chr omapodSel -eet-—e,——ghdgﬁ—e&-i—eeWmEnab! e—+—(Phases—A 9a..u B}
Chr omapodSel gct 1, zz| eSgl ect odgr upEnabr‘sé 1 (Phases and B)
Chr omapodSel ¢ct 2, Blozzl eSql ect ﬁbooﬁ’odgr [ (Phases #&.1and B)
Chr omapodSel ect—3—Nozzl-eSglect Rodgr hases—A-—and-B)
Chr omapodSel ¢ct 4, Rozzl eSdl ect Qfooﬁ’odgr (Phases A“4and B)
Chr omapodSel €CT T, ZZT €S4T ect Jj,gopodyr oupENabpg 1T (Ppases A @nd B)
ChromapodSel ect 3, NozzleSglect 9, PodgraupEnable 11 (Phases A and B)

Chr omapodSel ¢ct 4, fozzl eS¢l ect 1E5’,0090dgraupEnab10e2 11 (Ppases M.4nd B) | For

the | ow speef—primtygTgTodg;—ttef 5T Y rder 'ﬂ)?l mta——For Jggcir pirgse  of
t he hi gh speged rmde wher e F’odqroubgnabl e was 11, "two phases o%'

Podgr oupEnabl e Ollland 10 |are lel;QﬂDi tuted as fOLI ows: 70 Ch’HJmapodSeI ect
0, Nozzl| eSel get O uugl Ot Erabt 9 (T aS€S A—ad B) CATOffe Set-ect 0,
Nozzl eSel ect | O, dlgr oupEnabl e g’ ?thases A and Chr )mapodge ect 1]
Nozzl eSel ect { O, Podlgr oupEngbl e 820Phases| A andi3® ChrprmapodBbect 1
Nozzl eSel ect Fo—PedgreupEnrgble—10{ Phases—-A—-and—B)—Chrprapodselect—3;
Nozzl eSel ect | 9, Pod]aroupEncLbI e OZO?QDhases A and 4E§ Chr )mapodggsect 3,

Nozzl eSel ect [9,” Podgr oupEngbl e Iggfghases A andjgy Cnhr pmapodgghect 4,

Nozzl eSel ect | 9, _PadgroupFnable Ol (Phased A and R) Chr prmapodSel ect 4

Nozzl eSel ect |9, Pod¥ oupEndbl e 1840®hased A andl% Wien|a noz23@ fires, it
t akes appr oximatety 100, s to Trefttt—The nozztecamot—be—fTTedbefore this
refill time has elapsed. This limts the fastest printing speed to 100ps

per line. In the rﬁoghpgiptasiz;bqf&imgrea@dEDRﬂhéghtlyrmltnedomdGmUIa4 simpdy i s 1001u,
so the tinme b r I QCP@ e to the next matches the
refill tine. %?%E@hsd p4e£ r?ﬁég&eggget@ghs vvedrppt han this, so is also
acceptabl e. The fl"theﬂ?ﬂchmpﬂﬁSlmmﬂl@ baarguttbadasesra@mvh@ten@omeqnmeﬁatu ons for a
limted tinme TR Offd The
perturbati onsﬂ%}aﬁét?sn%dglﬁ bgre 1%%&&@?&%%{%{&@%%%;@ nogg hgd\%gghl n the
same pod. Connmhy@mmlgtedvm‘ecaﬂlwsudgasonﬂn@zss|0ésewmhlichasacpmd shoul d be of fset
from each othgp 4a We therefore fire four nozzles froma
chr omapod (ongﬁnoicz‘*nqme]?a@ggﬁ%%psggnthen nove onto the next chromapod
wi t hin the po63ddulPEG Comphessibmw- speed printing node the podgroups are

fired separately. st all fire
before the first c@r%g?rg%gcgimgl res%&?ﬁﬁo I}IQ{)QFQ&EQ&%@%ESM% F%

Consequent | y spgeifiepoualitydevel.dbidtrodvees impercertible. lmagerdegtaéathnghcosxmdowi nting
node, the pod iptthi N a

si ngl e podgr o%%géﬁosv? 5 z’lszdfnS gé tggﬁ Ega?grﬁéga#ﬂ%r&st? Sllgﬁr"a %nwﬁlgo ?l?vevgoélgai n,
totalling 5 x 2~s JER6Ityycallgding trgusforis $hedmage iptoc color fpacevwhicheeparates 10 ps. As
the ink channel is 300nmlong and the velocity of sound in the ink is
around 1500n's, the resonant frequency of the ink channel is 2. SMHz. Thus
the | ow speed node all ows 50 resonant cycles for the acoustic pulse to
danpen, and the hi gh-speed node m al | ows 25 resonant cycles. Consequently
any acoustic interference is mnimal in both cases. 9.1.3 Feedback froma
Segnent A segnent produces several |ines of feedback. The feedback |ines
are used to adjust the timng of the firing pulses. Since nultiple segnents
are collected together into a printhead, it is effective to share the
feedback lines as a tri-state bus, wth only one of the segnents pl acing
the feedback information on the feedback |ines. A pulse on the segnent's
SenseSegSel ect line ANDed with data on Col orl Data




selects if the particular segnment will provide the feedback. The feedback
sense lines will cone fromthat segnent until the next SenseSegSel ect

pul se. The feedback sense lines are as follows: Tsehse inforns the
controll er how hot the printhead is. This allows the controller to adjust
timng of firing pulses, since tenperature affects the viscosity of the
ink. f'serrse informs the controller ho® nuch voltage is available to the
act uat or. Thi bmahdncevmdichmimte mtd separste calomnghemebst ‘Ehi§ aliova tlid chtonbisantery or

hi gh vol t age sour ce di ust i ng.t he pul wi dt h. e I nforns the
controller of af eeqsrté’g% 5@5@?@ %& zvg%?% a%g?m%%t}gsl’s%fcag?e q%q‘glg{aﬁéﬁs%arl heat er .

Thi s al | ows t bysteadstelativdle pretitor sedsitindty to hniganks thanclddrninatcs. Afdriiiafinst a
constant ener i rrespective.of the heater .resistivity. W ehse inforns the
control | er of g%%éa%"a@ﬁgbﬂm?qh °°6‘?p|“°tsfegé??abaé"rl¥' of the heater, which may vary
up to t 5% due to THetiaeigBiided fl618:ed fikdl BcMARAGIIRR s thd trahsBinhedito t he
controller to ag}] ust the pul se wi dth appropri at el 1.4 Preheat f~cle The

. 9.
printing proctsdremuescydomainyg adisatesesing ernsiosy (@@1\:}- Fbis &grAformption has the
temper at ur e. e B nicii ibg: dibfegin SAHIPRAL R oBflcioB0miasch as a

phot ograph, has a consistent dot size, the equi um tenperature nust be
met before prPinshéghanfreansray. cogfficisnts o beqeerprprudey aupntized. Bhip aemtizationiscl e. The
Preheat cycl e goRualiNg Soicedfghn &f&%%@ FRer 3binpfd@ich! i€ SchtvefpyS €gment wi th
1s (i.e. setting all nozzles to fi re),_qng a.nu'rTBer of short firing pul ses
to each nozz| erdermgcogfficignis by fisquenpietomaxineizehe likdlihoodefisdiarent 2@ to fire the

drops, but engugk; m | -ﬁlnhﬁ quagfgt r each
nozzle are require ,%’cyc ?drfgnl%ﬁ%hg%dﬁn t gp%;g%rg, ’tgéggﬂeeﬁg%§§§lnfgﬁ
standard Pri neer@fiequsncyreetfisients athaniropy qoted. Peedmepaession isthe invegsseqrpagesiby
Tsense, and cg&ﬁﬂf%ﬁ ~until equilibriumtenperature is reached (about 30C
above ambient). ‘The duration of the Preheat node is around 50 nilliseconds,

and depends 0A2dCMYIK EomtoneJREG ConpressiontFormater f or med before each print
job. This does nOtTh%fémf{ cB%L@l%@@&%n@?eséeh to an interleaved color JPEG

bytestream. The interleaving is required for space-efficient decompression in the printer,

but may restrict the decoder to two sets of Huffman tables rather than four (i.e. one per
color channel). If luminance and chrominance are separated, then the luminance channels
can share one set of tables, and the chrominance channels the other set.

If luminance/chrominance separation is deemed necessary, either for the purposes
of table sharing or for chrominance subsampling, then CMY is converted to YCrCb and
Cr and Cb are duly subsampled. K is treated as a luminance channel and is not
subsampled.

The JPEG bytestream is complete and self-contained. It contains all data required
for decompression, including quantization and Huffman tables.

7 PRINTER CONTROLLER

7.1  Printer Controller Architecture

A printer controller 178 (Figure 18) consists of the CePrint central processor
(CCP) chip 180, a 64MBit RDRAM 182, and a master QA chip 184.

The CCP 180 contains a general-purpose processor 181 and a set of purpose-
specific functional units controlled by the processor via a processor bus 186. Only three

functional units are non-standard - an EDRL expander 188, a halftoner/compositor 190,



is done while the data is being transferred to the printer. 9.1.5 C eaning
Cycle In order to reduce the chances of nozzles becom ng cl ogged, a

cl eani ng cycl e can be undertaken before each print job. Each nozzle is
fired a nunber of tinmes into an absorbentsponge. The cl eani ng cycle

i nvol ves a single Load Cycle to all nozzles of a segnent with 1 s (i.e
setting all nozzles to fire), and a nunb& of firing pulses to each nozzle.
The nozzl es aamiaqirmﬂremrﬂmwirﬁicdm\rdmm:onmlzthedemétrpgnelmudﬁce as a standard

Print Cycle. The Jdinmes that e 0 e nd upon the
Tk compost ti on and A Brite FFls bRRies iR e BPAfS hwopinctoRI R
preheat, the mlcam;exmn«t;mdmnhpagemcrhe:hieascnhedupﬁwnm:secﬁafformance 9.1.6

the bond. pads T egusifiRhal sl ECCE Py aff Bespled i ubSSudil fimoct 1 0N 10
Connect i onsNafeLi negbExpinsiun and@iiingpod Sel ect 3Sel ect V\:hl ch chromapod wil |
fire (0-4)Nozzl eSe| ect 4Sel,ect whi ¢h nozz(le }romt d fire q

( 0- 9) Podgr oupEnab| @8¢skpaRsion 47d PHBLRERIRRsEdsAS faliops. B?gﬁl E%’“Btllo"c‘ﬁrec?&ff:

11) AEnabl e1Fi frbmGhefHektSiGa 4 Rost REAREOLI ahBlRREIER Halr lﬂ&mﬂ?‘ 182 6B oftRer Oup
BCol or NDat aCl nput to_shift registers (1 bit for each of C colors_in the
segnent ) SRC oBRMAY ] eledisateddo nggxstorags. Thivey holdiwo ragss)cashnptiexceeding s from
Col orData int mh&oﬁeﬁkgef té GMBSiﬁﬁéhoE% ?ajggﬁicﬁki&édlﬁémﬁftﬁéntﬂé dat a
fromthe shift registers to the intern Nozzl eEnabl e bits (one per

nozzl e) . SenseRBFYBOPEIeY it syeImias Bivdeanifs i gEpiseneeage white receiying theaext. ithe

Col or | Dat a seh&€penelalts §&Rebd Other thé Prift@WpEale 15%%%1}?;;9 £1Heae aldir e
senseVsenselVol t%,ge selr)g%Rsensel esi st?w t?fnsenseV\Ssense d}h senselogi c

GND1Logi ¢ gr oli FEEHEH sachnaes pashprints it beferg receixing tha next. Hithe gt eenqraies pagenr

Power TOTAL62 +gckddirfg 6MB then Tl @le reje&iéd bydthe piikr RGprddRitd @1& pgﬁtbmrﬁ&ads out of
Segnents A Menj et pr| nt head 1s conposed o? a nunber of i1dentical 1/2 inch
print head segPEYRuSs thiyfemdappeningnch segnents are manuf actured t oget her or

pl aced together afg Eégﬁ%@z%?sftsa&ttNB PartsQ tﬁértﬁﬂ'éb%ﬁblé’ckﬂai}leptaﬂ&ﬁg c&torlel1fyeflesi red

| ength. Each 1 /2 i segnments prints 8 bi-level dot's in up to 4

col ors over alkgse e P@nrrefﬁaci in %ﬂlnﬁq{éﬂﬁﬂéﬁgéhq 'e;-lwebblmkéayer ERRe farmptathe mage.
Al t hough eachcseaBRRE: iRTPEY ?&ﬁaﬁqge At s‘fag@foﬁ%gé@ e;(ﬁaﬂﬁ!)n JIREE of €ach dot is

repr esent ed bg a conbi nation of colored 4-] nc print head, for
o

exanpl e, consflesprprgssing thetiedayess mmgrrplldame;bl-lpaddmctsuip@mm@seﬂ bydheo! i t hi ¢
printhead. | nEpR} ¥idhanddr uftit $84, e dBhiohd fa b?QQ% @ﬁ&doa fogyan, magenta,

yel |l ow, bl ack), each of the Segnents pri -1 eve cyan, magenta, yellow
and bl ack dots ovdhesgecgnd stw@fpawpmmnpmnspwébalﬁmm@de@éone@dYKnal

i mage. An 8- agbyoRiieRtiaRdKCaR d& & 9@6&{1&%911%9& Ibv R Bal Byt ot BiLARY Neads or
froma single 8-inch prlnthead consi St ng %y ¥ ardl ess of the
constructi on GMiKalayesnThethglftoaingand M@Opmnmswmd puf by ithe halfs’nf: mpgsiton
length. A 2-iggfogrinthead has a simlar arrangenent, but only uses 4
segments. Likewse, a full-bleed Ad/Letter printer uses 17 segnents for an

effective 8.5 |nct{“‘“pﬂlb’ﬁb‘r?@Mﬁwblﬁvﬁk@dmmzﬂlapnmm&%ﬁmﬁ@&l es in a
segnent is 80&&%&&&&9@'vﬂnx&?&m&&l@&ethﬁéngktsﬂﬁﬂﬁ@% 14f nozzles in a given
printhead with S segment’s IS ment N is responsible for
printing dots 8oo@wwe@em4mgtpmﬂmmwérpnmsat:h;glsmeci,dtqmn@ lﬁﬁgmstbveomde
when wiring upsAhPplidthdigags at%%ohégﬁt%m@ the'plFer 14 s Gleangs. | he
number of seghents increases he nu er o connec ns a SO | ncreases.
Each segment ¢eamotibe feddothe@snthesatdd fashenvngh, thsnyis{tds printing érqeularitieswlll  as
SR ock and ofdg! 1GARGERH idiperidto AR B9eAPEMYI Btk dhe prirfhehd HGRLHT

Consi der ati ons
192 at the required rate.

A fully-expanded 1600 dpi bi-level CMYK page has an image size of 119MB.




When the nunmber of segnents Sis small it is reasonable to |load all the
segnents sinultaneously by using a common SRC ock |ine and placing C bits
of data on each of the ColorData inputs for the segnents. In a 4-inch
printer, S=8, and therefore the total nunmber of bits to transfer to the
printhead in a single SRC ock pulse is 32. However for an 8-inch printer,
S=16, and it is unlikely to be reasonabl 40to have 64 data |ines running
fromthe pri nusechaﬁeatge:ﬂpxﬁatcalrtotsxarddhexpd:ﬁmmw\ rinfg hkadry, bdchipsgedonveni ent
to group a nunber et he IoaoF L%r poses. Each, group of
Segrents s s AR HaFO RinE PR RtRE Tais A RO TRIROSHSIEE Hh SR ock.

For exanpl e, ﬂntﬁrglafmﬂipdmd\tm@g@eemnhaﬂ&d?prﬁlﬁw fl8F RURSrib&Ff rraaegm?nt
group containing 8 segnents | orData |ines,  can be shared/ bot h
PéB/n

groups, with 3> %%4thé@°t°@9eeepn§e@ﬁéﬂﬁa@w&a%ce \Rheoh 18MB/A twedk  of
segnent groupsvuhﬁ.mapﬁﬁ;aiewfdjreéht%&h@loglb;subﬁassmlﬁﬂusconvem ent to 7s
group the segnents. One exanple is a 8.5 inch printer for producing

A4l Letter pages. There are 17 segments, and t hese can be grouped as two

groups of 9 i grment,w tiTart—9C bits Ysed
in the first m%&ssl; 'ge %&.\%Yo %h% nh&ﬁdﬁgpg‘? the second group), or ag 3
groups of 6 (again, Clbits ar¢ ummged in the Iam.pugrdup)npuAs i houtpmtbér of
segnent groups_pnecesgasesinpubhe | twindow gk entpnd || omisidowe | pr imtehead | mateecages.
When there i $Reedive ond greup, | 800- | oad JPEGsgs ark required (eqchs pll/se
transfers C datmongi t s)|. When {here arlesteanr qups, 800G | oad pul skSMi'se
requi red. Therdkemew dtlh of the connecft IBDRIbgt ween t hg¢ dat-a gefer.gaMBr/s and
t he printheadbiiksdl be |abl e t o] cope and stenwilt hi n theTaI | owabl ¢ 81 Mipfig
paranmeters f ddedorprepar|t | JPBGAr [ appl | cat ixmit I[f G 8s the1swBer | of3 MBgENt
groups, and lcoodehe I{arsgesh nhunber of cyagognts in aTngqqp/sthe3,pMmeead

requires LC Cgig @ [ TEpRL. and G SR ek K '[N€S. 1 Regar dlsed8/s01 3 Men Y a
si ngl e PTrans$bekevdli ne |i suemguired - it can he shared waal |28 @apret s.

Since L segn¥Riifiond! €dCIBSHPNMENT Qpr oup ape joaded W h1gppa/B01€ SET o¢k
pul se, any pfinting prlogggggmust produce thg data in thgwgcr ¢ct seque¢nce

for the prin OEARbsitdS [an] e, 1 whgn 4 md G2 (g5 MRSt BEK
pul se will transfglr the EB?Qor Pat a bi tjs¢ tjhe next Prigimtdcl 23 Mipd |0,

8QO, 1600, a nﬁquu 7ne %hlb §§§?ULké putse—wr le%ar ] tire—Cororiat a

=)

bits for the|lhext Prirt e 3200, 4400, 4800, E 00. The s¢cond

SRd ockl pulsre—wii transter—the—Cotorbata—B+ts—For {JM.Q x—Pet S,yule's

dOt 1 801 ani and 2401 IThao cocaon d Dl Aclk2 il oh \fHN VS+ v'J\Ql‘ ./ +Le
U\J.I., (A RAY ] TV L. rrre SoeUuUVUIrru N UV I\ PUI ~ ' L 9 | MIII&‘

Co| or Dat a b| 1 g f ot hn next Dl“l Bt (\thn S rlnf ’22011 ﬂﬂ‘l AQﬂ‘I haBB( | .

After 800G SR o890 ¢pirs 1e00dgn@ t exearsiendt SRO ockl and SRO ock2), the
entire line has RARshelcomdimes with Sontgositedsd Mbrd @ad extinthl 4121160 BERBerthérm NS er
pul se can befgiven. It is inportant to note that the odd and even col qr
out put s, altmough57piﬁm&90d’m€5n‘gﬁf’4@éﬂ%%9re Print Cycle, do not appear gn the

sare physi cal 4ouiau abilfow 28 1RRY BixoAly AGRBLALEAN of odd and even nogzles

within the ptinthead, as well as separation between nozzles of different
col ors ensures that they Wi II produce dots on different lines of the page.

This relative diffgf %J&ﬁwﬁ‘%m@%ﬂﬂﬁ%ﬁxﬁﬂ g.‘ﬁﬂﬂ'% dﬁ@&%&]ﬁn&ﬂ&ﬁﬁba into

t he printhead. The actu rence in epen
char act eri st i EachdilF@ fircorganiged intorlindscand the migisehng siz¢ (hellw) oftepdhicdFO The

i st ance. bet waSiP eI AERATL ARG n R0 HePREErihd b b0

bet ween nozzl| window (inHmes) afithe consumer. derssiage maingmemdry buffess argdescsbagrient gr oup,

Tabl e 32 qhgr@ r i ad during
the first 4 pu?gs]es (’)[#‘Q%?gégg% are %u%{g%o%?.%%@%%l. efrréaeotg{%g%%ﬁ
Transferred t oods agbgmatelt memory (¢t ofitht 8bidBrwykidablddt Col or | Li neCol or2 Li neCol or C
Li ne1800S" NN+DI N+( C- 1) D12800S+1N+DZN+Dt +D2N+( C- 1) D1+D23800S+2NN+D1

"N+(C 1) D14800S+3N+D2N+DI +D2N+( C- 1) D1+D2° S = segnent nunber DI = nunber of
| i nes between the nozzles of one color and the next (likely =4 - 8) D2 =
nunber of |ines between two rows of nozzles of the sane color (likely =1)
And so on for all 800 SRC ock pulses to the particul ar segnent group. 9.2.2
Printing Considerations Wth regards to printing, we print 4C nozzles from
each segnent in the | owspeed printing node, and 8C nozzles from each
segnent in the high speed printing node. While it is certainly possible to
Wi re up segnents in any way, we only consider the situation where all
segnents fire sinultaneously. This is because the | ow speed printing node
allows | ow 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 Iarge prlnt S|zes (such as 8-18 inches). It is a sinple matter to




printhead 143 to all ow grouping of firing should a particular application
require it. Wien all segnents are fired at the sanme tine 4CS nozzles are
fired in the | ow speed printing node and 8CS nozzles are fired in the

hi gh-speed printing node. Since all segnments print sinultaneously, the
printing logic is the same as defined in Section 9.1.2.2. The timng for
the two printing nodes is therefore: 2004bs to print a line at | ow speed
{ conprised of TiPE 18 Mg viaasipn 4@ pFihtind Maihéhory utfee at hi gh speed
(conpri sed o+50-2Es-—cycles) 9 2.3 Feedback—Considerati-ops—A-—segrent

produces sevéral |ines of feddback, osganiatiohed i n Se8tmber of 1. buffee
f eedback |inés_are buffey o adj ust Tﬂﬂdﬂlpﬁ*ﬁlﬁﬁ of th qullmf'ﬁg bul s8¥€ g hee
mul tipl e segireemmessedpagobyiiasted t ogeliestrepmt o a prf nthead, {t i@MBffeftive
to share the|feedback lines gs a t(lees(;r%,gp S with only ong of the
segnents plaging the feedbacl information onhthe fpedback I{nes at a {ine.
Since the selection of which|segment wikl place the feedback informatijon on

the shared Tge e —Y >3 R§EN ,-aid Yéen Hnre S g‘h: S04 Bt a
line, the gr )ﬁcﬁ?‘ﬁ]ﬁsc Fkéggﬁert 53?331’“ %Sréﬁvﬁdge_@g& cargj’bg—déej %?%I ef¢ting
the segnment {or feedback. Jugt (283 ppihes.6” aB2=@9RRY pck lines|(a singlefline

is shared beuo.,ee-n—seg-n%m—s—oi—x-h@—sa#ﬁn@,m_gma-pt—-mep
SenseSegSel e¢PrleYshBPulknr ed ifn the sad®tday. Wwhen |héx@sidegt KB
SenseSegSel e¢t line is pul sed, (46w &peoeBAL 1of 1 yBat| group whpse Col orl Dat a
bit is set [l start to plade data on the shared feedback lines The
segment pr evi bidleve) CMEYK buffern [t drbitplanpr eddéeypmEM YKis| 24t-d5 Be | di 468(Rd By
having a O op its Col orl Dat a |b} iS4 S t|may be ip a different
segnent group. Therefore whern {ltﬁg?gﬂ?(sst'grqudé t%han ohe segnent _group.
changi ng the feedback segnent requires two steps: disabling|thé3MB
segnent, and enabling the new segnent. 9.2.4 Printhead Conneet+oenr—Surary
This section assunes that the printhead 143 has been constructed froma
nunber of segUERNéWrallla@ER, indRding FIRWisiN@rhiedmh Fagé tans. |t assunes that

for data | oading pyrposes, (he segnents have been ed i . egnent

L oune 2 DL oo Shds defEmre B St oY B B deeder 10 B BAPITEM
C col ﬁrsdi |n4g bgeﬂeildﬁtpb@ﬁdnislcam Sty Shel EDR I.E)Ik'tﬁndeirllim;glamﬁii\gﬁhdip for the
print hea is that.all, se nt s re sinultaneg , on one
segment at a f?wsw&@éw@e@“ﬁéw hﬂi#%?%@mpaﬂtoanmggﬁ-oﬁﬁﬁ%ﬁxmﬂ % bus.
Assum ng al | tledsRribddin@fe.followahEsedforksi St s the external connections that are

avai l abl e from.a printhead: Tabl e 33. Printhead
Connect i onsNafe#Pi W¥BeARRroath onchr omapodSel ect 3Sel ect whi ch chr omapod wi | |

fire (0-4)Nozzl eSetRE hithsfdrarFinit¥dh@ihs bR nforé 6:R0RiH BPulRd/oVbilthut FIFGS.
(0-9) Podgr oupEnabl e2Enabl e t he podgroups to fire (choice of

- | Ol

10, 11) AEnabl eEshrFIFQ Splioeatedaiepasnia chagnel ipa multnelrnel BM4 srptrplisr 80.The

R oK GA B S e e e
- oc ul se on oc i.ft.Regi sterd oc oads the curren
val ues firom &V@FW&W‘FH@%“’%@ Wﬁggel_‘n@%@‘i?é'ﬂ‘teé‘ch ﬂ‘"‘&'gément gnup

N. PTr ansf er 1Par al | @ich fundfidifaBiinitakalld géade fhllyoWwhdnBeer & idplit FIEQiiSdxBlktet @r e

i nternal Nozzl eEn%%%i, bfjmta (one per nozzl e). SenseSegSel ect GA pul se on
SenseSegSel ecPUtRyt B 44°th data on Col orl Data[n] sel ects the sense |ines
for SgRgm?nt 1g in Sl_aﬁ_rwdvessgfm%&riﬁﬁvggmﬁmmﬁsﬁt%em&a?@ﬂmwol tggﬂe .
senseRsenselResi stivity sense\Wense th senselogic 0gi,c groundLogi c
PWRLLogi ¢ pomgfmef-aﬁaéheﬁaairgﬁcfm@%w@vémﬁm@t%arﬁwstm&r@?g&%&%CL 79

10 MEMJET PRI BRHEAR th MERRGAGE TR findHonMtAR MlcticO iR FoRE 6hté B thé 3 bs t he
means by which the processor 181 | oads the Menjet printhead 143 with the

dots to be pri$ftwhenitsreguess iacknosviedged bythe BMA) sentigfler200,khe DMA controller

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




process. The PH 192 contains: a LineSyncGen unit (LSGQJ) , which provides
synchroni zation signals for multiple chips (allows side-by-side printing
and front/back printing) as well as stepper notors. a Menjet interface
(M), which transfers data to the Menjet printhead, and controls the
nozzle firing sequences during a print. a line |oader/format unit (LLFU)
whi ch | oads the dots for a given print |#he into |ocal buffer storage and
formats theminto grbe@sF U8 topesgdni atbtieptrardshe oMhgissihe ¢hahiel eattnelyThe units

wi thin the PH% l3492 are controlled by a nunber of registers that are
progranred by™®M8%processor 181 ) In addition, the processor 181 is
responsi bl e for sélntgeigal the pré@ssap P8I0l padgeand ariohive trixisfer bl a ti@ndMsdceant r ol | er

200 for the transfers fromnenory t e LL Thi s incluydes | oadi white
(a1 O syt & PR RRERG 0t BrRom SR GG AP RIable Ly pon AP corenyl oo
that the pagefdaswitd)ean edges. The PH 192 is capable of dealing with a
vari ety of printheﬁfl | engths and formats., In terns of broad operating
custom zations, thECERM Q’ﬁfé“fh‘ﬁ’éFléﬁ’é’!"é‘P&‘E’@@f"]&gteﬁBVW)RMACRQHP_ 130 Basic
Printing Par aggerdsSHinewhae of HeRitbRy BemamMaidey pgsNo of Colors in
pri nt headl- 4Segnent sPer Xf er No of Segnents witten to per transfer. Is equal
to the nunber 76 sEBREdixpandert he | argest segment groupl- 9Segnent GroupsNo of
segment groups i n FdEIICAbldt: MHEEET) F8ERshSl HEdfeP athil hiFFuR o, ghd Ovis for
a maxi mum of 4 colors, 9 segnents per “transfer, and 4 transfers.
Transferring #nitBglesompessessadiiRi-eompsessd! tiilevs! ipege-t ransfer, and 4
transfers to 9 segiRisut RMAELE 189is3n BHR L%imr%ﬂ.gﬁg%tgﬁt%dtﬁéﬁﬁﬁisoi 18

of dots I y an

i nches. The total nunber per 11 ne Prlnte 18-1nch 4 col or

printhead is %t8fbidevelimage lines, galed Borizontally fromytheaesolutignpf e sxpapdedds ar e

shown i n Tabl Evé%naé’?&}'a‘ﬁirﬁ er@m&&@%ddd}gs for Basic Printing
Par amet er sMsSSBaaai xggt CmsPrinter Lengt hPrinter

TypeoaaPConmrent s 1riPeesstarted; theditl} MiSarenesgsfustil i dgtestsaneniphpigs 3ededa thei nch
CMYKA4/ Let t er 1N llrégﬁ ?; 4 ast xfer notfull
usedl2 inch G%%ﬁ%ﬁf%#nﬁh&@gﬁgﬁ4 3§6fgg¢kl%ﬁt9%ﬁ%§§§i7si n)éh CIWKASUI o%g
full bl eed49436LasThe>HEgl18¥G?HQ§I0hy’m explidit gagendith GMidcadeaBebitsgream Blhisgrusbi agr am
of Printhead w&n 'Eﬁ%’ﬁ?g p%geewr‘dﬁztrgéié}@xj2O§§3fi8'rct59traﬁin8fthetﬁiﬁj f¥g nthead Interface

192 i s shown |

The scaling of the expanded bi-level image relies on an explicit scale factor. This

must be written to a scale factor register 204 prior to starting the EEU 188.

Table 17. EDRL expander control and configuration registers
register width description
start 1 Start the EEU.
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



81 In the PH 192 there are two LSGJUs 316, 318. The first LSGJ 316 produces
Li neSyncO, which is used to control the Menjet Interface 320 in all
synchroni zed chi ps. The second LSGU 318 produces LineSync 1 which is used
to pul se the paper drive stepper notor. The Master/ Sl ave pin on the chip
allows nmultiple chips to be connected together for side-by-side printing,
front/back printing etc. via a Master/ Sl &ve rel ati onshi p. Wen the

Mast er/ Sl ave ppresers tlmtcbaesipmﬂimgpa\tm&)thetimegec'm‘hqadeic@rnmessizind@odthnt io défmed e

Mast er, and Lh g%ﬁg p#wses generated by the two LineSyncGen units 316, 318
are enabl ed ofit%® tri-state LineSync common |ines (LineSyncO and

Li neSyncl, shared “themU lazihfbnsikti;Oﬁa)bxtszﬁﬂddc&&rM@sherateﬁmmemmedge attached

to G\D, t he Chl ered to be.th Si% %%Lln{eé

gener ated by Pﬂ “h%lgy ?%??0%561 ¢ ﬁ%fﬂfi%g nto t he
corrgo B Li |n|eS>F/) EFC blisgae@nz déoB?éerOG d¥dYles ah Btrdygb@dd démT»ﬁbr& ffrbmmaa%tﬁ@eanwnaes are
used by a S on a ecte e sections
detail the Li R&SgAtieds $3i ma 1‘@2%8 estaﬁén*}fpﬁégg%@%‘?s/tg%? r}%nlt 322 and
Menj et | nt er f geRwdrGo HRUASEdalVdREYder 165, Which BEeRETESER0ddn 206 thRavaatd e Benc Gen
units (LSGJ) 316, 318 are responsible for ‘generatl ng.t he synchroni zation
pul ses requi r Bekteesdewgrd: i thegpse ofmereate edgeisodesthe stategnacking 208 ¢sgs s an
external Li negydean ideddabr 208 1£EMaLEhd doﬁ%sp%ﬂdlﬁé‘ﬁﬁféhétﬁtfﬂoﬁﬂhe ﬂi&%eaﬁh? M@é at or
inside the LGSU 316, 318 generates a LineSy gu Se when told to "go', and
t hen every sos%machly@?%ogﬁqlptheteggecpa{cglagqrblgglc h@and ryalenathe puI se defines

the start of gg&dmgpéﬁcohh?gsd%@dﬁg(ﬁgte jgunber of cycles between L| neSync
pul ses is determ ned Cycl esBet weenPul ses _regi ster, one

generator. It rrustTltsfeedaqcatl@wpnIoar?g?lemhsmleaﬂhwr@n@dgtW’ésetleﬂﬁr|nt (100
p,s or 200 ns ﬁ@ﬂﬁs"@ét&%&?m‘{&&h@ﬂr (cddit) ﬁﬁ@%ﬁé thainthiA¥d f?tra rBefdide ARl anot her
line to | oad, but can be [onger as desired _é}mr exanpl e, to acconmodate
speci al requi FegifteR2Lo yxd esaqorégwtet 2h3spweatively Bhgi ruplgngth associgied with a creae

Cycl esBet weengl 263 i S@pat diectlySto Helrufithgth J&é&?ﬁti ?%ﬁd fs%&bdﬁo hk@ﬁ'rréat' nt
time, the page wll notoéprlnt properly since each LineS qhgu se wll

arrive bef or eedaseA gakq ¢ é!safanﬂPtﬂ‘emha%mﬂliGWhhlé@ﬂdmgthﬁsﬁgﬂat ltg 91 thowi ng

interface reg 36.
LimeSyncgen’ Ongroies chiend LDl Qe sled P pebciied Hilongts oupl e 2.

number of cycrusengtd dagader Hatlwenshs addad focthe egrenvrdis- H@Q nextgyndengthirigl t he

next . GoCont ro%ﬁra%ﬁrﬁja thd ﬁﬁlc}r@%&oﬁe&'ﬂﬁﬁ%ﬁé{dﬁ én@eg g@%@&ﬂ%d&u' Ses or
not.A wite o 1tot i's regi generates a ines ul’se, transfers
Cycl esBet weenFedesisply eatwdheeemmﬁqrenq edanwde akipped: Aeam dum@mengﬂm n

Cycl esRenai ni 'IE-DF;

gener at ed, (,yclg)gI %?\%/ggln s%g%ghéa?g%g%errgggdk%m ‘eS| %ed |en| ngand the
count down is st ar t Baghsigwitie edgewalendation 1(&l°t?dotgmesat¢S@gule@th reprspeptingian
count down and (RATRLele BEAErubleRRR 4Bl ST Al FY RASBRTRLRLNAA 15t Al S

regi ster containingthe O cyclesremal nin unt the next Lines c

ul se i s ener atesgdestherup itrgesyrates paialbsigniakto tlest statigmachinier2081 Jigeeftheomnlength | GSU
316, 318. Thegld.BGoN P sMe?ﬁxahﬁle%ﬁ%gﬂaﬁqlaﬁmlgg@Ztl@ 'tﬁe?% é%@hﬂ‘lﬁdﬂ%ﬁl@ﬁl l'ine only
if the Master/Slave pinis set to Consequent é e Li neS}:nc pul se
is only used derovplingfitoThe expangied insaceemplgtes ina lwabu@r@ lasee(epovghdaheldner at ed

by Sl ave chipg, 5‘980 PifdR50 Mem et Interface The Mem et interface
(M) 320 trans ers lﬁéj(o %aﬁ/bm et printhead 143, and controls the

nozzle firing sequﬂtmn@dmen@néedﬂm malsow@eremma@aﬁeﬂé’ﬂsltmayaapfs@me
Mac hi
o e (e B o ot Sl A YR, 8o 05 R NGl 11 0

order descri be
functi onal i t ydehandHBhifs &ssataﬂpelﬁ'}wc Ithean wfifleritg ﬁ&rdb@ectlyloleegtbaaofdmw@eﬂnd,

modes are avalTonreros diit ot BicielLBrasard ARt aINTROERIRELS "7 o,

all segnents in a printhead sinmultaneously (there is no separate firing of
nozzl es fromone segnent and then others). Dot counts for each color are
al so kept by the MII 320. The MII | oads data into the printhead froma
choice of 2 data sources: Alll s. This neans that all nozzles will fire
during a subsequent Print cycle, and is the standard nechani sm for | oadi ng
the printhead for a preheat or cleaning cycle. Fromthe 36-bit input held
in the Transfer register of the LLFU 322. This is the 83 standard neans
of printing an image. The 36-bit value fromthe LLFU 322 is directly sent
to the printhead and a 1-bit "~Advance' control pulse is sent to the LLFU
322.




The MII 320 knows how many lines it has to print for the page. Wen the M
320 is told to "go', it waits for a LineSync pul se before it starts the
first line. Once it has finished loading/printing aline, it waits until

t he next LineSync pul se before starting the next line. The MII 320 stops
once the specified nunber of |ines has been | oaded/printed, and ignores any
further LineSync pul ses. The MJI 320 is #herefore directly connected to the
LLFU 322, L| naﬁmg@eﬁaiaa;r:ﬂd cheddeems nal it genyiaeh h seall gigahl «fdﬁ«h@&hte matlind 308,

ext er nal ,ﬁ;ngh heag %ﬁg The M| c@? gfce té gg s of dﬁta from
The LLEU 395 Bi414 vses e pagnwidd) odetetendoblink Thg (CHBeHEe nunber
of segnents apefféRdPaid thé preGib& ineWulttr 222 adabhdtenhted aRiAdHAL® as kkinflber e are
only 2 colors_and 9 segnents, bits 0-1 will be valid for segnent 0, bits

2-3 will be i B4 togimplify the yuntength qnegler 34 i d for segnent |, bits 6-7 will be
invalid etc. The S'I'lﬁtsecdﬁaﬁhﬂé?@ﬂm%@&iepﬂh ?&E@de%"tﬂe%tpm ﬁlﬁleﬁétﬁtovaallde@uﬁé}d whi ch

bits are not valid - it nerely asses he bits out 'to the printhead 143.
The data | i ne32%kagecomeh hoslqlefh I@Qﬁpﬂgledhlooweﬁhﬁhwle@bpﬁﬁéﬂd tpthisyi r ed
appropriately I red by
the applicati g{rllt lrltét—{r?llg?a o L ?ﬂ @lgggfﬁfgﬁ&l@ﬁ‘é&%xm& er 269%

i nformati on) . thidego rmedﬂcefh 00csipHirien tThe dide fsmtpmmca@mfdﬁélmeathmmber of

connections tﬁletoi]@ g&kéﬁﬁ@%?sﬂaw%me{rég?ﬂqudeuﬂ@?%&WL&H&%@{ uf&plg‘ﬁh rs, clocked

into a maxi mel;Ot rﬁshg@réﬁﬁk&%\ p&rdw[jansmwmgda maxtlh G;hl;egmsnt

roups. The | repaeation cp ¢sigh desmdothingtintggratedhintodtsed t o ns

gn'ltjﬁechlp #h Bo D0LimBit L Ide bade X e, |1I‘OI
{g@?&g %0’9 nélg ob@ﬁ% sme e b %X%en@ﬁat@ H&?chm gl b g)/h{

the chip is specCifica or only conne

printers, onl gf@fiveThis ws)ruldorawreraeevdmlme b@fer betwséncthe loov-rsadtionrendenigthy  pul se.
Consequent I y S are
required. ﬁﬁgﬁésrgﬁn%&\%\é@%tﬁ s%mé@k@l P&rl ngg%gg% %ng?’}gsl? Wé’éﬁﬁlsegétgnl

pi ns |nstead décoderpi ns are required to cater for the di fferent SRCl ocks
And so on. ﬁ?ﬂ letely generic, then all connections
fromthe MI g%@elﬁ bgg}ég}c?n]g%c %gpto pins on the chip (and thence to the
Menj et printhead Th¢EDRL imbﬂneleébﬂetZ(Et(ElguMQIh@codmmmmdeﬂwJ fromthe
MIlI 320, nany . ect.ed i p. Were
t he nunber of cé)dlfc‘rilvé\ita;s sﬁl%g{n?atbqltgéeag&%%na gty e'? it %‘%‘f%gévlfwe({& n%heér of pins
depends upon. IGZhEba'e:rhsleﬁcerZBmhmelamdncistmgmﬁcms)edgetlknalrmymlrghedtoat he MJI 320.

The nanes cor I C t he

Tabl e 37. an%§$3ﬁﬁﬁgﬁ@h§nﬁagdﬁg§zﬂgﬁgha ei%ﬁﬁ? s%??% q ?g%%pod

Sel ect 3CSel ectlecnlidsaivoddwondraquoning tb Tatile i & afdsuppldazizd smﬁehmdmtb(:!ﬂ& with thewhi ch
nozzl e fron1tg§“%§gd$ik fire (0-9)PodgroupEnabl e20CEnabl e t he podgroups to
fire (choice o B AEnabl e1OFiring pul se for podgroup A In the
current designall segnents fire sinultaneously, althoughnultiple AEnable

| ines could be added fordividing the firing sequence over nultiplese ent ou
s for reasons of wer and s eed. BEnabl elOFiring pul se for podgroup B. In the
current designall segnents fire sinultaneously, althoughnmultiple BEnable

| ines could be added fordividing the firing sequence over multipl ese ent
rou s for reasons of wer and s d. Col orl Dat a[ 0- 8] 9a0QQut put to Col orl Dat a
shift register of segnents 0-8Col or2Dat a[ 0- 8] 90Qut put to Col or2Data shift
regi ster of segnents 0-8Col or3Dat a[ 0-8] 90Cut put to Col or3Data shift

regi ster of segnents 0-8Col or4Dat a[ 0-8] 9" OQut put to Col or4Data shift

regi ster of segments 0-8SRC ock[ 1-4] 4eOA pul se on SRC ock[ NJ
(ShiftRegi sterC ock)l oads the current val ues from

Col or| Dat a[ 0- 8], Col or 2Dat a[ 0- 8], Col or 3Dat a[ 0- 8] andCol or4Data[0-8] into

t he segnment group N on therinthead. PTransfer10Parahel transfer of data from
the shift registers tothe printhead' s internal Nozzl eEnable bits (oneper
nozzl e). SenseSegSel ect[ 1-4]4 QA pul se on SenseSegSel ect[N] ANDed with

dat aon Col orl Data[ n] enables the sense lines forse ent nin se ent ou N of
t he rinthead. Tsensell Tenperat ure senseVsensell Vol t age

senseRsensell Resistivity senseWsensell Wdth senseTOTAL52 86 Although 9
lines are available fromthe MII, the nunber of pins comng fromthe chip
will only reflect the actual nunber of segnents in a segnent group. The
pins for Colorl Data are mandatory, since each printhead nust print in at

| east 1 color. These lines are only translated into pins if the chipis to
control a printhead with at least 2 colors. Although 9 lines are avail able
fromthe M, the nunber of pins comng fromthe chip for Color2Data wl|l
only reflect the actual nunber of segments in a segnment group. = These
lines are only translated into pins if the chip is to control a printhead
mnth at Ieast 3 colors Although 9 Ilnes are avallable fron1the MIl, the

o Y o N~ o,



87 The 2S6-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 conbines: User brightness
settings (fromthe page description) Viscosity curve of ink (fromthe QA
Chip) Rsense W .ense Vsense Tsense 10.3.3 Dot Counts The MII 320

mai ntains a count of the nunber of dots &F each color fired fromthe

pri nt head 148TaBlees. d;angu@amE@demhe&ain@rtams a 32-bit value, individgually
cl ear ed unde processor—cont rol — At 32-hbits length ——each dot-—-—count—cah hol d

a maxi mum coyer a@@te&ewetmhlt of 17 8-inch x 12-inclhh page€utPst tadsugh |
typi cal usage_the PREErEoint willl he GMPREcad®] cl ealed af thit pattermy page| or
hal f page. The ddxxe®uts are used by theAOprocesson 1811 QQQOLQ@%'[G the QA
chi P 312 (SEt, Se o5 '-r} —m—ot-cet eth—ct v'vflcll th artrt+dge 32
runs out of in ‘Uff’Pn x’ﬁ?‘ocessor 181 knovvsA%ihe vol umg of E%GOURO‘The cartdri dge
32 for each ¢f thm,@@b@rs from/the QA chipp 312, Cognti ngotd@eaommber 0
drops elimnates the need for ilnk sensors, and prevents the ink channg¢ls
from running|dry. Oomxwdat ed djop countkilledgeritten|to t%@OlQQOQ(hl p 312|after
each page. A H—othe—pri I—unhess tere bk eft,
and al | ows the user g’% change flhe |nkc}£\§71v kﬂﬁéglj!:figcqettiinq abgu(g bﬁﬁ(?f prinfed
page whi ch mhist 080t epxi nted. The | ayout aep the dot cout)lt)(mo W00 Colorl is
shown in Figlre-42 The remaining 3 dot counters (Color Dot Count

Col or 2Dot Coufpt , 981 B8%or 3 Dot (,ount) are&%entical [in s?PQRQt%?‘e 10. 3] 4
Regi sters TheTr 8 t—conmmmT te—iit—3g T regrsyer
set. The regi ste;dgﬁgb ow t he Drocessgé 2?L?B%Qﬂ‘zfd(éehara tertﬂz}edoegom s|wel |
as receive feedbd)&)ﬂoabmut pri n{ _br ognés&pagﬂ(ﬁOH’)oll wi ng0 0@§i0edker s are
cont ai ned i nfthesh J_ 88T abte—38- f i ster
NanmeDescri pti onPr| nt (?-}"ararretersSeqrrentsPerXferThe nunber of segnents §o
wite to each transfer. This al soequal s the nunber of cycles to wait

bet ween each transfer efo eratin va ul s Each
transfer hasMaxCol § &Wg%ﬁgﬁ’eﬁ"ﬁo ﬂ’“&fg% @%WWS%QTM number
of segnment gr ﬁumomnb)tztnewmmnitbtem to thelearraabictalewbidditofideras yield thd mrs t hat

SegrrentsPerXfe ebefore a | e dot h en to
each segnent %{;?te@&%lﬁﬁgewﬁt“f%@ém@ eg’ 3. ngﬁec‘iﬁ’\r% Wetel y
transferall tbﬂioﬂ@t arraberthetnhﬁe éah@ebutc@mtdmeth@ratditn@eadte RextiyEracdiibaipber to

Gur i ng-t e pr IR RN RRE e & iekidis B Laaed iR obghi e Bfipt o b2 1” || "°°

per f orm Moni t &kemohmes%fm@th(mam mhyutfbﬁﬂéﬂ PIgs Rthasdled/byestartitlg states in
processor) Sta usThe Nﬁ&fﬁgb% Interface's Status RegisterLi nesRemai ni ngThe

nunber of lin 0 be printed. Only validwhile Go=1. Starting
value is NuxntjznasEBRﬂmumesmWacan Tr ansf er sRenmi ni ngThe nunber of
sets of SegrrentGo,ﬂ_Eﬁ;tDt ansfers renai ru n ef or(ﬁ “&J\he Print head |ds consi dered
| oaded for the cur eé?‘?@“}i‘ﬁ éﬂ’éf‘ b edee HRP only valid

whi | e Go=1. Segﬁeegtaeﬂmbmldgaih&swﬁmrcows sGiBEBY the mm&wemedauag in the

and count o doRlt Rauepiecsie PR gt redtasd S Redesslh haEreal BRI Lo 1o

pl ?C eo gn It he 16@1}( smp;bliaatte eligenﬁﬁculi;ﬁgm Igglcasolhaﬁwele&a f'aﬂa(;ﬂiiaﬁﬁi@teﬂeﬂﬂﬂﬁ?g Sel ect

pul se. y 1 of t t hou e correspondi ng to one o

(mexi mun) 9seGHER @? e Turtgemrelite 208 lon Gapands Oriet H ARG

thesegnent gr o coftrsl eister 234 B9greld)| dAndoRTZdne DF-lind\@OI28IgRal ffdnethd Gdgal t val ue
witten to the rlntg§§} ﬂuringthe LoadDots process is alll s, so that all
nozzles will FRCUH4tiop g the subsequent PrintDots process. This is used
duringthe pr eliRadtatemecHihecT08ialg coMtediEihe Multiycle ek thd funléadth @ssvsiattd en to the
printhead conmes fromtheLLFU. This is the case during the actual printing
of regul ari naJlBaaefesAsIROdet A wite to this register resets the M, stops
any |l oading orprinting processes, and |loads all registers with

0. SenseSel ect A wite to this register with any val ue cl ears

t heFeedbackVal id bit of the Status register, and the remainingaction
depends on the values in the Loadi ngDots andPrintingDots status bits.If
either of the status bits are set, the Feedback bit is clearedand not hing
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
ColorlData bits set accordingto the SenseSegnent register. Once the various
sense | i neshave been tested the values are placed in the Tsense,

o ~ I W Y o o, I T - 1. 1. 1L a4 Y 2 1. o~ o

—




The MII's Status Register is a 16-bit
foll ows: Table 39. M
is currently | oading dots,
be transferred i nTransfersRenmaining.If clear,

set, the M

| oadi ng dotsPrintingDotsllf set,

t he Ml

th

e M

register with bit
St at us Regi st er NaneBi t sDescri pti onLoadi ngDot sl f
wi th thenunber of dots remaining to

interpretations as

is not currently
is currently printing dots.If

clear, the Ml is not currently printing4@lots. PrintingAlThis bit is set
whi | e there i TableR9. EIRD 8xpan@ddiatengachin@ePri nti ngBIThis bit is set while
there is a pylg{BuP g,{iﬁ@EnQﬁh@en{l NeERRtRECKadd dIddtas (D1 T | actiohy wWni e the
f eedback val @i n;gen%dys N3gate RYENSE, and) Vgnge are
val i d. Reserve§ Ti ngch i |n | tJdTe [curTent Chronapod bei ng
firedwhile tl ler‘l T IILI ngbotF cig?;ﬁﬁé]b k?ﬁg S t.SI 1 lll]."llgll £L| Cb'—l-llll s—hofds the
current nozzle_petrtg—f+ep—wht ..ct lgLOut: Statt ] St 92
The fol | owi n 5§8udocode |1 ust r dt eSORREd | gic rlequi red rﬁ? . E"Ogerf)ri nt head
for a singl e Hpe—Net-e—t+hat—-oag-rg—€o rees—giH-y—aft-er a“d* Phesyc
pul se arrive‘r idis to|ensure [théWata fod tHe Iine HESBES Yepared by
the LLFU 322|and iq valid|for thd first trjansfer| to t e pF! 148, Wit
for LineSync|For TrlansferfRenai nijlng = 800 to 0 Ror | F O &t % t Gloups
I'f (Set All Nozzles)iSet—al lineslto hg 1 Elge PlARGCRB hit|input
on 36 Col or Dat a”lirles End] fERhlsd SRif®ck[|l] wailt Seggent %?W@F cydl es
Send ADVANCE|si gnal| EndFof EndFor| 10.3.5 Preheat| and @l eanirigf Blicl es|The
Cl eani ng and|Prehedt cyclges are qinply acconpli dhed by rﬁecdgprtgefabbr-brl ate
registers in|the MIl 320:| SetAll|Nozzles =1 Set |t he Pdl seDuefatdgen r egi st er
to either a fow-durlat A@n [ i nidiehe |casédlof tlhe lpr ghefit fodelge oref.tedgeain
appropriate ¢grop ejlection| duratiqn for cl eani ng|nmode. | SeudeldH¥iRInes o be
the nunber of tinmeg the nbzzles ghoul d be ffired| Set {heddea M t> &lgel §hen
wait for the|Go bit| to bel cleared when theg print] cycl ¢srpayRic@oslest ¢d. The
LSGJ 316, 318 nust |al so be progranmed to slend LilneSyn¢ pulgescadert he
correct frequency. {10.4 Lf ne Loader/Fornat| Unit [The lifne | gaderfformat unit
(LLFU) 322 | pads tHe dots| for a diven print ling intof f edge+ref RL —
ref. edge
- A+l idle idle 2 +1 “
- A-1 idle idle 3 -1 “
- A+2 idle idle 4 +2 «
- A2 idle idle 5 2 “
- kill idle idle 6 - RL encoder
edge —ref. RL;
ref. edge + ref. RL —
ref. edge
- create idle create RL lo 7 - reset create RL
near 7
edge
- create idle create RL hi 8 - -
far 6
edge
- 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




| ocal buffer storage and formats theminto the order required for the Menj
et printhead 93 143. It is responsible for supplying the pre-cal cul ated
nozzl eEnabl e bits to the Menjet interface 320 for the eventual printing of
the page. The printing uses a double buffering scheme for preparing and
accessing the dotbit information. VWiile one Iine is being | oaded into the
first buffer, the pre-loaded line in thed4second buffer is being read in
Menj et dot orl.deraRﬁlatgtﬁbecoaeii re line has been transferred fromthe

second buffer to t ad Vi a et interfac

reading and writi ﬂ’ 6&‘8 gg%g ‘?ﬁ\éé raé'“" Ipto ASPAUGRGet FerP lt%‘Hw r ead
and the secongndbifsiofthe cérrdspaidiig letpthintthe Juit iR THEirstfrutlRtadine i s 1S
repeat ed throf’%ﬁ‘?‘ tg%ge rinting _process, as can be seen_ in the conceptual

overvi ew of F (cgf% - Bachayn s asapned fo heof thejoppesits coler edfer for t he

mexi mum |i ne B&H@Ezﬁopff tﬂ@fh‘sﬁﬁﬂ&sacluallﬁblﬁﬂd (96l§r 1() tﬂ&l ﬁ(m@lﬁq’ag pi‘ecé’de@b?ﬁzero-l 15, 200
bits =14, 400 bytes). The size bot - Figure 4 and

Buf fer 1 (332length whige MBTlfGB}"rﬂé%g‘h rmori@ 2ﬂ%keepﬁe§f<gﬁﬂlalcu@m crlerrmfan%m nmum
print length of 18rjenediGsth debode?ZiféepY)Eﬁfs atr%?&{rﬂgrp&% i3 mc'fo{@% t sk (O

target a specific application. Since one 330, 332 is being read from
whi ' e the ot heyery @O%ngemhsmeémmdlywngeg&s notipleiefi & end soirnrsothenthen he

used. The 32- v
dependi ng on ?{htefﬁs\}v%{e} 331} ?Hc% ﬂ%ﬁ%ﬁ%ﬁeﬁ%ﬁ&%%@Qde%%%ﬁlﬂﬁ@gg)% in
response to tH’eaWPN@Kmré’égélélgurAZi&),rﬂmnpmbﬁmfbmaﬂﬂbtﬂm@mU)'@tqueeml)'t he two

4-bit outputs f 9-entr
by 4-bit ghr f?a{lgeﬁ#lfét@sl%‘ﬁgﬁﬂ%mé?%gm%%ﬁﬂgﬂrﬁsﬁ?g@d&g cy?{‘eou e nurrbe)r/
depends on theverwbmr of segnments witten to per transfer), and whenever an
Advance pul se comegcfaQiRdd]8 sfifkl oéﬁug:gnéoi‘&n?ik‘&f tsoo§3x‘3as et neyﬁfz}gﬁn}éc 748M ﬁhe

shift register 340 Is gated into rans regi ster e it
can be used biﬂtcflbﬁeam&e@%luem{’el’tllﬂmgthr‘reglstalz?’!?t% d§®dbﬁl@ eﬁ:@l\'ﬂb’@@ﬁ%arr |y

valid. The nu ﬁi?@t pends on the nunber of colors in

t he printhead %,Q%ﬂ%ﬁ%{h er ?Qé%eg?r%% and the breakup of segnent
groups (if nore thanunleeobktyof tie cgrrentpylor ﬁoshiﬂqdriatoianboupnﬁiyitmgistsxeféoSecti on
9.2. A singl .elech el Elu%n{d&‘ti&} lsCmSiBla?x{ed Bld P&?&fi&’r regsiar ugn%%e)ogoeco' or

dots. At 1 bi er co consrs g
bits. The LLFUtmﬁlail)SOlErapasbhmtedfoyahkjweﬁm afgntaleftmxthnnmléngﬂeami byehof 18

inchesin4c_l9|; 8,800 hits 14 er

| i ne. These bR S ?rﬂfs%%%gnssﬁﬂ %h%%u{pgt 4}%% rfung’ff)()fbltso Stcl(%?lllr%e@éétgdsﬁo er for
bei ng sent onﬂtmﬂdmgthpndﬂbfbmdpMBWhéiemﬁmmgthrgo@ taz&oitchas been eomplételymat i on
concerning th d SYTTAL, ts are
transferred tgec'%; ﬁe% alﬁ%%hﬁhéj%f H‘Eéﬁ O?glgg&rr‘glﬁ%ydt@u%ﬁsm tg e ""“’#‘? rhﬁg maxi mum
of 36 bits pepenldrnanstfmur WhEmthie byyteapack @pestto zexo ﬂmmmputbyarls $idbandis appéndede
print head 143t0r91| o 11 colors sinultaneously. 10.4.1 Buffers Each of
the two buffers is broken into 4 sub-buffers, 1 per color. The
size of each sub- mld-bmhmlQﬁﬂﬂ%&lth«soutmmbugkegtstmhmdld]tBeédlrurhegste‘m%i ngl e
col or dots at - dni S 25 .2 so t here
are 900 addr eségﬂgf"gﬁ e’g%%as:g%?‘wf% lgtaru%%can%ﬁ%ffﬁ? mglflplte&% t he
even dots ar eeyphoded, wmcwlbmwndanwtr n each color's buffer as shown
in Figure 45, If t h each
color's buffer. Th;te}%ﬁerﬁﬁ {é}wﬁnﬂ 28 %q.séﬁ? e Ft Sethe ﬁxﬁle@gﬁﬁﬁec&de%tgé% t;e/th%elgﬁ &fed to
t he pri nt heada liemdnlexteinfl rtehte"uphnﬂz%adsed:w ﬂ:&lerstrthmmpdmgrefaeneanrmnltwm byt es

of even dots es of dot s unu

the print head{t:igsalc %ﬁpﬁﬂi@%béggﬁrﬁ& e °§‘r"§ ei%gl rb"f/ltf@h or¢ ieé&nﬁh 5t ru? é%)ovved by
1200 odd dot sshoaldaiotlizGet dmthesmeriwk ds the haenlinaD4es. Befauseibexbribnfievests thai nf ul |y
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 system
to be used in a1l or 2 color system(with sone small nenory wastage). In a
desktop printing environnment, the nunber of colors would be 4: Col orl=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 nade to all 4
sub-buffers - either a read fromall4 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 all ow
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 bits out, one per color. Each buffer has its own WiteEnable line, to
aIIOM/a srngle 32-bit value to be wwrtten to a partrcular color buffer |n a

—— ~rN 1t o Y ~ 2 - T r




The read process is shown in the foll ow ng pseudocode: 96 DoneFirst =
FALSE For Dot nSegnent0 = 0 to 400 Curr Adr = Dotl nSegnent 0 XfersRenaining =
2 X Segnent Groups Dot Count = SegnmentsPerXfer Do V 1= Dot Count = 0
TransferWiteEnable = (V1 AND NOT DoneFirst) OR ADVANCE Stall =V 1 AND
{NOT TransferWiteEnable) If (NOT Stall) Shift Register = Fetch 4-bits from
Curr ReadBuffer: Curr Adr CurrAdr = CurrAdr48& 400 If (V1) Dot Count =

ggg g nt sPer Xf &irrenﬂcoléfr&lhfﬁﬁdfﬁu fflhb B%grsdégﬁtro?oﬁe 7584 Aeto) ggﬁ)glr(na fash Dad mugé t d;

t Count - ti er sRenai pi n ndFor
The fi nal tra ﬂwﬁ@wdeﬁ E%Of P Y  Hincomplets: e @%%m@%ﬁ&% Blhunber
of segments pgyyiéld BiehRined AR, &%ﬁ'l%hgﬁaﬁywﬂdhﬂjﬁ@-aﬁgﬁdﬁﬁi al nunber of
segnents in the printhead. An_exa this is t i.nch printhead,

whi ch has 17 segrrefm@(temalawwmZﬁﬂgn@caémﬂlesth@&@wngﬂwécwéram iy only 8

of the |ast 9iSRERA Mg, [tREn Y&hded to NANGE DR Togid he tining requires the
entire 9th segnent value to be generated (even though it is not used). The

actual addres 21254Rwé¢lgﬂoEecodeuon t care state since the data is not used.

Once the line has fyeis é]f‘gﬁrent:«ﬂﬁ m&e@%@qwéﬁemvﬁloﬁgblwiﬁme %l&%ed by the

processor. 10.4.2.2 Witin write process is a ostral rward. 4
DVA r equest |Th@ﬁrsm@nmhqsusass@nqdiebewglzemr@)oﬁaqhmrelassm toﬁﬁqfélquests

are satisfied {QM%S i te 8-bit
destination a glgsl%llog?&sg C O?tlﬁm}ﬂéﬁer |t2bggﬁﬁ?g°??§i&&hltﬂ%out put
address are dumimgfb&n@dﬂlﬂesr)eramZteheleagtkwbmwgghs‘&tgnafthéls'nepils@ed to the
correct buffe i rent Wite Buffer is

, Current ReadB@feng*dgﬁﬁaﬁ%ﬁgﬁggg{tﬂ% f#a |c(5)n&2§d%§s is selected fromthe 4
current addr esses, Themenlengtirassodep@t4 wadsarmaxigunD bitsdoasths inpuestwami sfied t he
appropriate d di ng

Tr ansfersRem?ﬁeH]g%gog%egrqq‘w% el‘ uk%fe?g?d"@f%% ﬂgﬁe&g&hﬁ:&q‘ﬁg%

enen request Ine 1s onl Yy set
when t he nunbbmeb:ﬁhlfcqraﬁ&wmss lerfeﬁmmsmlggﬁcfaot) eddeas alwaysaligned tothe-cureny. The

fol I owi ng pse thlslbitéﬁ%%r% éifénclbﬁeq 289 L&nﬂe&§<ﬂ%@%§m@'§” ePﬁ%Lo]c&sﬂn =0

Whi l e (Col or Xt e emal ni ng e non-zero equest
Col or Xf er sRe n&-lbm(pagtﬁal}ml}lem accoidinigfto DAMARG ToB-bit gefléxiizth encoder 260 uses the

CurrWiteBuff o il fromdata bus CurrentAdr[ N =
Current Adr[ N| a&r ?‘J‘r@oqef\ é?%émhglogpﬁ%ﬁpr?te&} or XfersRemaining[N] -1 (floor
0) Endlf EndWhil e Tie.84viGuilengtls genemteliby thiel-biommleggth atcedéraX6 iy addedstodhres ar e
contained in tat]ee 1%'5%%& register 262. When the 8-bit runlength encoder 260 recognizes the

end of the current run it generates an end-of-run signal which is latched by a ready

register 264. The output of the ready register 264 indicates that the encoder 214 has

completed encoding the current runlength, accumulated in the runlength register 262.
The output of the ready register 264 is also used to stall the 8-bit runlength encoder 260.
When stalled the 8-bit runlength encoder 260 outputs a zero-length run and a zero end-
of-run signal, effectively stalling the entire runlength encoder 214.



98 Tabl e 40. Line Load/Format Unit Regi stersRegi ster
NanmeDescri pti onSegnent sPer Xf er The nunber of segnents whose dots nust be

Thi s has a maxi num val ue of 9. Segnment G oupsThe
nunber of segnment groups in the printhead. This has anmaxi mum nunber of
4. Current ReadBuf fer The current buffer being read from Wen BufferOis

| oadedbef ore
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closely coupled with the host graphics system so that the printer driver
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CMYK col or. \erfes2rreAh Babmilhex Masline®7a Risédto S46ésEMolRPRIRlefigth FBAAR. and

graphics to a nom nal

it allows thefpiensihencodsri2l bt ipysrip thecurens eolen andiresets

resol ution specified by the p

rinter

thearnlength register 362

driver, but

particul ar, t Rl BidREYistet 264, An@MeRfaDMisH fi%e BMfid used RMusH thE YIBYtd ON to the
printer driver to allowit to render and position text at a higher
resol ution than the nom na
host graphi cs system requires random access to a contone page buffer at the
into which it conposites graphics and i magi ng

nom nal device resolution
obj ects, but that

actual conpositing - i.e.
buffer. 11.2 'I~wo-Layer

contains a 267 ppi

devi ce resol ut

contone | ayer and an 800 dpi
| ayer is conceptually above the contone | ayer,
conposi ted over the contone | ayer

by the printer.

i on.

it allows the printer driver to take control
it expects the printer driver to manage the page
Page Buffer The printer's page description
bl ack | ayer.

.e. the
The p

of the

The bl ack
bl ack layer is
rinter driver

therefore naintains a page buffer which correspondingly contains a

medi um resol ution contone | ayer and a hi gh-resol ution black | ayer.

The

tc.).
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t hat

100 W assune that the

graphi cs systens renders and conposites objects into the page buffer bottom

T

o,

o,
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system Where possible the printer driver relies on the graphics systemto
render i1image and graphics objects to the pixel level at 267 ppi, wth the
exception of black text. The printer driver fields all text rendering
requests, detects and renders black text at 800 dpi, but returns non-bl ack
text rendering requests to the graphics systemfor rendering at 267 ppi.

| deal |y the graphics systemand the prins@r driver manipulate color in

devi cei ndepeng@hé i@ BincHRHIE! Tk £ HeRVMESSA IRHR-ByQind BYiC18 pRiees 'bgi_efhliQWK unti|
the page is conplete and ready to be sent to the printer. This reduces page
buf f er requi r BRfSrRrON AR Hnage Pasis taprasessadisodignsdimagtor e rati onal . Conpositing

in CMYK col or spacgn &derid? veddy BiRd 278 hdibdiBl kit YhelriflerBiPdBb dep 2 i3 tady RSks the
printer driver to conposite ‘each rendered object into the printer driver's

page buffer. eagede ayelengihjapd thatthe surpept pinfength it aypilablram 2 ramlgrgialined$0dkpl i ci t
(or implicitl ganq,gql?égﬁ), stap ie&%rn‘iﬁ%?i@.e' . The printer driver maintains the
frer S.

two- | ayer page bu In three par The first part is the
medi um r esol u?.28% Tidd® ppi ) contone |layer. This consists of a 24-bit RGB

bi t map. The secondnity 8 i AESIMRIASSCLIM 0B BRASK Y e cfbicgeconsi st s

of an 8-bit opacity bitnmap part is a esol ut1on®(800 dpi)
bl ack | ayer. ginemtes onsiuslesgthévesy dlodk. Thopatength dedotierapl2 anld ¢herenlength r esol ut i on

bl ack 1ayer | g,8,54pPauplEtoNSra! 81 80ubghll) M LopIdibi ol @Ry | aver. 11

practice, assum ng W T €eso eger ctor e high
resol uti on (e2ip.1 mdth3Onlehgtipéoder 214 opmatt at quarter essolutien 00 dygixdhe ytheral ue i s

obt ai ned by a rr j i gh-resol ution opacity
val ues. This %{%{eﬁgﬂgggcr?ggreztlg.agggr?at??%},?‘%l?%a&gﬁ%gé%oﬁqpﬁg_ The subsanpl i ng of
t he bl ack pixel s eAfest-tasebiylewhimageicansising dfjefillipagetdfd poingtext @awdristto on bl ack

| ayer, thereby r ' I nal i | en th t s
subsequently g@ﬁ@'ﬁ%‘%?’é@é@%"%ﬁ%@%ﬁﬁé‘eé% anﬁsglugl?rpug{"ﬁ@ g%éﬁgwsi ze of
the page buf f berizostal dutpustesalotion) this giveyan avetage rirdength@diabas 20.iCopsdqpetly For t he
purposes of débgoﬁgf’zg@ QigAsé,tﬂigS 2@%%}%%&{)% Wg%%%a L RGifdS crockBndgliope the

foll owi ng varl
vari abl esvar i el Sdipadinepire caplicaal vertically torachibveneedbticnl resohhtioglof 1 @alput | on

scal e factor-CB~backgr aund cont.one | ayer col ormedi unB-bit .col o
component Coaal PSRE Bio™ SareEPiaAsr heedRiisnare? i B Bt 3nsPe PR ont one
obj ect opaci t piresperrhckithusalpameihgadig Wakeld wor20vesol uti on foreground bl ack
| ayer opacitynedi -hi t aci t yvaFgNf or egr.ound bl ack | aye i tyhighl-bit
opaci t yar xxbl ack (I;ﬂ]seg'@,'mﬁ‘ggtﬁnt Fﬁlgw&g&tﬁﬁ Ppeput S&%%gﬁﬁg%fs % obj ect
of opacity aTsswesscenpopes i the EBUt188.ITHe nithiatun dl6akapeediolithelHEALK88limyer i s
updated as fol,lo :.~FSH'L~\’£(1|5<-. ~Fgtrf x~ ~ ~7zxxbx~ ¥]. le 1) 1 n-1
P M, bl ishizdyfic offpuriipd] il pt diceBl (v il 1) 7.0
obj ect opaci t widtlsofthemmhl¢ngih detodéri(8), ddjestdal faciks wasteasemvaheddy(20y Thisl) , and
t he correspondi n art of the i esol ution black layer is re-conputed
from the i gnevBeuRGimh nspdSiatpat bRy o o)
7.2.3 JPEG Decoder
The JPEG decoder 196 (Figure 24) decompresses a JPEG-compressed CMYK
contone image.
The input to the JPEG decoder 196 is a JPEG bitstream. The output from the
JPEG decoder 196 is a set of contone CMYK image lines.
When decompressing, the JPEG decoder 196 writes its output in the 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



When a contone object of col or CobM and opacity aobMis conposited with the
contone | ayer, the contone |l ayer and the bl ack | ayer are updated as
follows: C ag~rLx, Y] E- Cas~ulLx~ Y](1 - ~FgMx~ Y]) if ~ob~rLx. y] > 0
(Rule 3) ~FgM x, y] <- 0 if ~obMx, y] >0 (Rule 4) ~Fgx[x, y] E- O if
~ob~,s[x I n, y I nl >0 (Rule 5) Ca~.rfx~ Y] E CagMx. Y](1 - ~osM x~
Y]) + ~"oan~[x. Y] ~ob~.r[x~ Y] (Rule 6) Wherever the contone obj ect
obscures the ; I Pa . af t c

| ayer pixels 8 raﬁzﬁ%héﬁélﬁﬁf rdé\r%%? Ng{hbélﬁgltgﬂfbﬁ%é%cf to tbiée&lgggt olnr% [?Ig%e@,a“?é.lg
conposi t ed wias shawreindtgurer2d. | ayer (Rule 3) and renoved fromthe bl ack | ayer
(Rule 4 and gtgf ’Ei) .The contone object is then conposited with the contone
layer (Rule @)% 1IMIRG Lt one object pixel is fully opaque (i.e.~obMx, y) =

255), then there "Ifﬁe'JPEG%@odegl%‘ﬁﬁh étx%tﬁﬁ?r\ét@%?@.@@i B bRICM¥KRIiXQY/S. THat 0 the

background contone layer (Rule 3), since the background contone pixel wll
subsequent | y rigpiired elsickispéod afithd desodar ddpdngs ohéhef dastgyraftirececoderone pi xel

(Rul e 6). 1 Pa Conpr.ession and Delivery Once page rendering is
conpl et e, thﬁg‘h h"iﬁ%&?@%‘?‘%ﬂ erts the contone |ayer to CePrint-specific
CMWK wi th the hel gThehafRhelcimRRRSTERIN (HCNCIIOQEEzulé 25)i BRMidY tHefandioap BF C S

system The printer driver then conpresses and packages the black |ayer and

the contone IhalfiepingthecentapatMYK pagetodi-devel GM VK, ansl apenpesiting thejblackdayeron
6.2. This pa LRt L Oon | | ivered to the printer 10 via the standard
spool er. Not g’%?rhagﬁ?lﬁgh%cf%oc t&}egg is mani pul ated as a set of 1-bit opacity

val ues, but is delTheaipms td thetHCU 190 Biadrexpehded 287 ppi CMYK chitbndlaperkandadnies.
Al t hough t hese ;ﬂgo@li nterpretations _are different theg, share_the sam
A J 1

represent at i 6%P 160 dit blackdayesnlheroutmi fiom the FIGCY 490 ispnset ofL608/dpT Birscr et e
cosi ne transf AP imbSe fi costliest part of JPEG conpression. In
current hi gh-l%gR ty élg?%\g}ri% i npl enentations, the forward DCT of each 8x8
bl ock requires 12Qmutegeed, thé HOU 1 Waprocaeds antil iBleteats ayend-efetaiige comiitiorQoer
typi cal nodern,..gener al.-pur pose, processor,s, .an integer nultiplication
requires 10 &’%ﬁiéﬁe"a g Xﬁgﬁpﬁ?qe é‘rltsﬁa‘btﬂlirﬁg’lgtf'é%fg‘res 2 cycles. This equates
to a total cost paheHEONIObedRstesy pagRof dOROFAGPLIBed ARIIPAR] AR TIORRIISt S
of 432,538 JPEG bl ocks, giving an overall forward DCT cost of about

80Mcycl es. Amnd bopthymustibe vaifteatte pageowidifoand megs lengtloregisterspl theconirobs506 of t he

P suppor ¢ e 28t BRoRto i BEHEAS0, Theriel wifl B ofERRE wittl oF @V
makes the JPH§e adsThopadei lemptin et dsporids @o thelefptBanthedargdtipapé. The printer

control protocol supports the transm ssion of the page to the printer 10 as

a series of bands The#GYd 90 eansmatestarget page dafashetwesn pecified lefiand right parging nen
this allows <4 Nt LD F SRk t

renderi ng thtéa?tﬁ%%ﬂgq%%ga%a\iggﬁg?h gpdts I me. %&'(t)l%eél,e homélg}el{x,ﬁg‘#hrg?@ gtrjlt?j‘g?i%ﬁ%toone
band at a ti neff wargibendwight mangénrsgisters ¢fithe cantobd régisiers B84 ptior te spastine the once,
si nce obj ect i an nul td pl ds haye.t . handl ed mul i pl.e tinNes.
Al though bandiel 180l A el rdbn e oS L me i E AR o ire P e
printer driveageWwidthers for two bands are still required. One buffer is
required for the band 104 being transntted to the printer %gé%@mt her

buffer is requiredhedtCYH80sanymss blagk ardenniens dae agcarding 19,5p¢ gcksand i ce
outie . ) . ; .

fast The bagahBls Pl Thesdfage RiReRaRbe Witehlo BlBLppde Ml el Blopy
if a disk dripage widrhregisters of thetchatralyregistens 284 priontoysthrtiag e HOU9 0Ty HCU

bl k- bybl y t i i 12 W NDOWS 9X/. NT RI ER | VER 12.1
W ggowsyQX? ﬁlﬁ? gé{‘éﬁnﬁﬁ‘flfr %ﬁgyﬁ%%ﬁa@ ﬁﬁéaww‘% ﬁ%@ﬁow ttilq?’g stem a
printer is acgitdRdpsge Wiisas ex&@d% tlﬁﬂm%@ﬁidg@ AW YuR e Ray Ypdcihl lehd Vi a

the graphics device interface ) he printer driver graphics DLL
(dynami ¢ | i nlefdling legigyt therpiputBislevele devi ce- dependent aspects of the

various graphics f’["llmre] %li'stt%]nss prs %\e/fw%%lq thtc):ypa%{avidth, the black and contone page widths,

and the margins are illustrated in Figure 26.



The spool er handl es the delivery of pages to the printer, and nmay reside on
a different machine to the application requesting printing. It delivers
pages to the printer via a port nonitor which handl es the physical
connection to the printer. The optional |anguage nonitor is the part of the
printer driver which inposes additional protocol on comunication wth the
printer, and in particular decodes statf& responses fromthe printer on
behal f of the spTkd HCU [D0acdlés ddh@he fdth Wrini@ésolutibe béth heriddatally agd enent s t he

br i 1t er - SpedtRPITsi e & spelied sedlititer bhs SHL: IAPRLBE bo Pk B2 BRPRE | ng
system i s i kddisfabdl Riistdd of 3 bRrdt Registii@28 hritir@6 stilfthy B HaNgrge moni tor and

user interface 'DLL nust inplenent the I nplement the relevant aspects of the
printer control protocol described in Section 6. The remainder of this

section de the—-desion—ot—theprrater—drver—graphi-ecs—bBE—+t—shoul d
be read i n|dRICdERBIPRRT EAmPRYOL A AR FORUEHTARA T8RN/ e DK
docunent at i Q&pistdr?- 2 W NPRYeRK O/ dldrigeof aphi cs Device Tntertace (GD) [BD
provides functions which allow an application to draw on a device surface,
i . e. typicases an abstrhttion |dtarkthaHM.ay screen or_a printed page. For a
raster devilsep the devitt surfldtep the HObhceptual |y a col or bitmap. The
appl i cat i o pagerwidthaw on| 1he sUrFagewidtinofpribead page, inl date théyis theaymber.of.
i ndependentl y of the repol uti griosrwhiciohave tcbegeneiardifaidacislinef 105 th
devi ce. Th¢ ldfiarginat | on| DRS 1 dIRdeibR6FIeft nargnliRdognt | re device surfacg.
Thi s neans [Bafmarkind ME[TR4 Y- T 1|Tokiin bf fight flardik,4h @6ts) €Ul 1 €S banded ouf put,
then GO mighedifigieT TNTE1 ST T Pabe U o HinE BT oR il 7R TOSEOE |
i ndoved |t o each, band| i n ¢ urllinglhioh sl b Bl pertbitd Peuch Bigedbb | Catipn
I_J-. i C Vi C CUL | ) K Il o
col or nanagy%ll?]?é;gemggle DV devi cﬁﬁ?‘¥$§%¢bd§’#t‘ayé&|‘§§%‘&}’_§?s ec&cc yete e
appl i cat i ofp—are—t+ranspareptty La,ég;gk.m ‘ed-—-At-o—device—depepdent—eat-ors
accordi ng tﬁ‘??o‘éetpéﬁﬁar df Fec (1 Wt?&?ﬁ%?ﬁ%ﬁrﬁf‘“’%la@?’ &%F’?‘f‘{fﬂ?ﬂ%‘ﬂ%ﬁeﬂ&r bfil e
of the devi i ‘ i Wate a different colorprofild
dependi ng, JF%‘Ptmtcxarrpl e, | dn t hd S¢alefactor asedde sealecontong datato biglgvel on t he
dri ver - mana§&E B8Pt er proper tjyesoltier. GDI supports line and spline olitline
graphi cs (patts)—Tmages—and— text—CottHne—graphircs;—nctudirmg—outtThe
font glyphs, can be stroked and filled with bit-mpped brush patterns.
G aphi cs and i mafksconsuméef geaiaeprodnatd by the BICU 0901e thegpiiftheadintesfateed W t h

t he content f.the device surface. Wj.le \W 95/ NT4 provi des only
Bool ean con’_zggiTEhF Rﬁn'gﬁ@_r‘&t"!ﬁ‘%e, fﬂf?ﬂi’b‘\ﬁ%‘dﬂ%&%@%% fr &’rmat’ _
al pha- bl endi 8 gvithltBe 8ol6¥ plahed sepatdtate Furtied i HlsoSrelhitesAhat 8¥dnQind pacéls&ag algan, in
theory, utilize standard printer driver conponents under,K Wndows 9x/ NT/ CE,

and this caﬁ‘_‘l’ﬁ%- Theoytpyistage 08@9%1_%&% Fq weRd Pﬂﬂ“?’:@?""’cﬂf@f%@ Thi s
relies on bghdihcRMi@véPcyiRIRId JHE ehbn\idzBnid BddOhbseRfe, &er YEIBWS ol JellB; The
problemw th this is that text” and i mages nust be rendered at t'he sanme
resol ution. e‘lq“?ibi“c@i%‘ﬁéﬁddé&?ﬁrom ses text resolution, or generates too nuch
output data, CONRAGHPuPESHoRENMIKERE288 £ AAYKE MRLUBRE, Theline (TR N S
approach is to render black text and inages at different resolutions, to
opti ni ze t heont@grsedafadtarings te eff¢ct vertical pp-sealing vinling seplicationh/BIFEX white

i npl enent ed e I i " i I : The
arver t hor SrEea tullind 8 R R eSS TE L BEHnd. AnaRERER it 0
in Section ihd#he linedranhineineemay cbravnetsodle fircrarttanescincreasingmerory afafficover
managi ng th vi.ce, surface, , whi in turn peans th it nust nediate all
GDl access ?%gmgsdévﬁaéaﬁﬁﬁ?%Eeéa?%éﬂ%*?"ic%%a ﬁW@tbPﬁtg Devi ce Surface A
]grialphi cs drmeet1 Mmﬁ.lmmmnahdgunber of hstangard functi o?s, i ncl udi ng the
ol I owi ng: 106 Tahl.e 42.. Standar raphics driver jnterface
functionsfunctio ity ?B?&%P‘gﬁs wmrﬁlsqraﬂéfg?gﬂwﬁﬁs%@lt he
driver graphi&hybldiheRRluHdoRddpRasEXitRlty it QMSSIRYUb&Rpig t he
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 to be drawn on, associated with a
gi ven PDEV. DrvEnabl ePDEV indicates to GDI, via the fl G aphi csCaps nenber
of the returned DEVI NFO structure) the graphics rendering capabilities of
the driver. This is discussed further bel ow DrvEnabl eSurface creates a
devi ce surface consisting of two conceptual |ayers and three parts: the 267
ppi contone | ayer 24-bit RGB color, the 267 ppi black |ayer 8-bit
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opacity, and the 800 dpi black layer 1-bit opacity. The virtual device
surface which encapsul ates these two | ayers has a nom nal resolution of 267
ppi, so this is the resolution at which GD operations take place. Al though
t he aggregate page buffer requires about 34MB of nenory, the size of the
page buyer 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 al so su : ; ' [ : e ' r

i ver unct | Seentiafenty 9! Gertdl i BTl of g =0 61k BG ith

st art - of - doc uvcdurhe, fanelampddha$Sh aizt BA IR ey atdwssinafficiait tiaceesssince each

page. Dr vSendPageSends the current pa to the printer via.the .
spool er. Dr vEn@&f@P@WPB‘?%eWS gf?de&ega&f d ?feﬁd%éf?fnéhe Y9lbae P PFIStCE ends
the start docygrng n&ﬂé&'&l&&‘i‘ui‘lgfdéc‘%ﬁ IBTehdH 187er oA ANSEDSIRE. BRAWRL Ed1EmA B

docunent command. 107 DrvStartPage sends the start page command with the
page header ttbe volumercanbeimplemesteddPa dixed setwé threshbhds rathert thare2 Jtegeparaterbotn RGB

to CMYK usi ng,.GDI i | t funct | . th th
Contone and CVSk e b TiraipI G AN AHEI T oy obing A bisS A% ARSI g o
the printer (defingnR39@eR3intpraIRMhin WRH ﬂgébﬁfe%&n@ﬂ%edilﬁx@ﬁcémﬁéﬁﬂﬂ?ﬁge use

EngWitePrinter to send data to the printer via the spooler. Mnaging the
devi ce sur f acatesmatelyrnoli sat omsgt.Gible cantose pixebvalue badagdithened urtiguelypsalestsconedfi ver

must support gthe follow n ditional functions, Table 44  Requised
graphics dri v ?"#E ﬁ‘gfﬁv\é\ksgf%‘?“sa&e&emrbe& Vr?;‘bee e correspond(xlng (_’“%%{ dof;

sur facef unct i ondesweidithtrORPeyttoRy &ith Gsih@h fripdd-GedhSld EBHALSN8-BbR (TBKEY IR er
raster surfaces and GDI - managed standard-for mat

bi t maps. Dr v St Yahwaekhethiee Kirssheldssform meomenient2d-hit yalue syhieh ¢andyg retrieved from

region. DrvTe . I iLf ] ed P . yi ng

i mages, st ro)lét?l%h%g? %@@r@ lﬁ :8{‘? ?‘}%‘9 r%(glp%ﬁgéuaﬁ%ggg%t& 'So@%a?éﬁiege@gr? gﬁgo?l ayer,
whi | e render i planesptheiithiel sl ttiphsithiesioold Salodicdnte Birieved ehceliind aked ta)dither each
Furt hernore, rendering non-black_ text %I sQ occurs on the caontone | ayer,

since it isn folnsopppReY. 1 ditheroel regirration & not desiteds hen fhe dithepgallhgnde split
W pneng vt h SR fofl UbRANS AATMAEE H follFschiBtel AfiffecsME ROML ¥R WcIERAPS®) -
I ged'to Hoo e

Al t hough the printer driver 1s o af orenenti oned
functi ons, i tdifferenptmipte-thmesboldomlueakcarsbenteiridved ppparalied in bme cyoltet Usingltleyer back

cont one. | ayor SRESHG St OB AR th IO g Shape e SBRCEIOR (her o

i s a correspongidalakdisPhiorizZoHAL bifes GFRVdoteFoR ¥adldther\s described in Section
11.2, when an object destined for the contone |ayer obscures pixels on the

bl ack layer, the diasbimiple-thieskald phit @92 canysrts ausiple-threshold ealug andrantintensityack
layer 1o the CaiQRC iftal AR Bleficd 'En @ UeR . TRb Bible RreSRIRAT KA D the

cont one

shown in Table 22. The corresponding logic is shown in Figure 28.

Table 22, Triple-thresholding rules

interval output
VT 0
Ti<V<T, 1
T, <V<T, 0
T3 <V 1




| ayer. The key to this process working is that obscuration is detected and
handl ed in the hooked call, before it is punted back to GDI. This involves
determ ning the pixel-by-pixel opacity of the contone obj ect fromits
geonetry, and using this opacity to selectively 108 transfer black pixels
fromthe black |layer to the contone | ayer as described in Section 11.2.

12. 3.2 Determ ning Contone Object Geonetrysqlt is possible to determne the
geonetry of obj ect before it is rendered and thus determ ne
efficiently 3ﬂ?gﬁq%ﬂé@@§prxels it obscures. In the case of DrvCopyBits and
DrvPai nt, the geoneténipisite hiait@9diof et MEUA 90Icofpodifes atbldcllayRPBd)overdi ch can
be enunerated as a_set_of rectangles. In the case of DrvStrokePath thlngs
are nore conpiaitoned EMYK Jayer gt phthg b&%ﬁ’bé@fef apasHy is enss Hiegihe hal fiened (MY 1
B~zier-sp|in§e1#rg§)segnents and singl e-pi xel -wide |ines and
geonetric-wde lines. The first step is to avoid the conplexity of

B~zi er - spl i ne cur \Giveregdwbit sl fioredgotonS M YK\ aid al li-bie blagk laygedfueity Ky, the

cl earing the correspondi ng gl|lt flags ( GCAPS BEZI ERS and GCAPS
GECNETRICMVDE?“WH“FH@gﬁﬂﬁWaﬁge@ inladlgRdher of the driver's DEVINFO
structure. This causes G to refornulate such calls as sets of sinpler
calls to DrvPaint. In general, GDl gives a driver the opportunity to

accel erate Vghﬂéa&ahnﬁpmmhﬂbgmies hlut sinulates any dapabi lities not

provi ded by m ne the geonetry of
a single-piﬁ olid or cosnetic. In
the latter @ : 2 ing array in the

specified lilne attrlbutes (LINEATTRS). 9 ﬁg array specifies howthe

line alterngtes between Meing opaque fand trgnapgient allong its length, and
so supports jvarious dashed line effecits etc. Wien the brush is solid black
straight lines can al so Yisefully be riender ed, haKihe bl ack | ayer, though
with the indreased-wi-dth |nhLJnd hy tlhe Rﬂnednlechnlnflon_ 12. 3.3

Rendering Tegxt In the cd%e of a EXVdetCut Kbhrﬁgs are jal so nore

COﬁp|iC&t€d. rllatly, the upaquc’uaChgrUunu, i arys +s handl ed |i ke any
other fill on the contone |ayer (see DrvPaint). If the foreground brush is
not bl ack, 0r7.2.88 Motk Fagble Genritehtoef f ecti vel y opaque, or the font is not
scal able, or the font indicates outline strokin then the call is punted

to EngTextQut, to ‘beloghpnabieigensrater236itsdCL rgengeteéreeah naigaals forj s

bbtai i ng 1 1 <tsetfe LR CRRTERMTTbel. 0% SRR b anf B R BorBlrpu

obscuration C heck Mg@s&‘iﬁedtelaﬂldﬁl the kothtarxd?plxelllﬁpm boffenig uaecﬂis\ﬁwxh G bufddrl i s
not al | owed gﬁlﬁocunentatron i.s anbi 1itfllous then the driver

di sal l ow co EQq Eephdingis gr3d onge, FR Pesd cgrigne ssalalactay eS| ﬁ%@ wrifeng

stroking (by erahfarwr%t s@féeﬁgdm@smt&mpreg éeare&ta@fmm% at which
di sal l owi ng co by cl earing the GCA RBM XTXT capabrlrty

flag). If t hetun@thegk@& etatile astteratgr PGegsinerated agpatpne /ineadvariae efadie sigeal

scal abl e and .nen the glyphs are rendered on the black | ayer.
In this caseiﬁﬁ&hg%%géfa%ﬁé ?ntnes the geometry of each glyph by obtaining
its outline (agai Mheiclock@AKIBEendaiot2IPihlso gémtatmaevaé\a‘hglmmcﬂhmsw fover

t hen renders Efch glyph fromits outline at 800 dpi and wites it fo the

bl ack | ayer . h@aarprtcrr@dsﬁ@t of putpps dackIFPs and a ra@r\zrreege%arla%awé 0. e

267 ppi), th

fractional pr eeglrelgfegtkmﬁ:tﬁ%?gﬁle{rh@ rCtedsTgﬁutl ?lﬁrloe]{llgqeérlﬁl%égﬁ kﬂ?@tﬁﬂggmq;ﬂhe

stri ket hrouglpaged underline rectangles are added to the glyph geonetry, i f

specified. The drixer st set the STEXT NFO to
request that glyphﬁﬁdg? i ﬁ@ﬁ ﬂﬁﬂﬂciﬁf ?aﬁﬁ GEURLEsS. t@%@ﬁ?ﬁ% DE%@

suppl i ed by Ggunfef} lbu&theaﬁﬁqrasle% Th&REIUTIRY c1b& éMble sighald ik AefiReGH TabR
positioning at 800 dpi. The driver nmust also provide an inplenentation of
the DrvGet d y$hMde function, so that it can indicate to GD that glyphs
shoul d be cached as outlines rather than bitmaps. ldeally the driver should
cache rendered glyph bitmaps for efficiency, nenory allow ng. Only glyphs
bel ow a certain point size should be cached. 12.3.4 Banded Qut put As
described in Section 6, the printer control protocol supports banded out put
by breaking the page description into a page header and a nunber of page
bands. GDI supports banded output to a printer to cater for printer drivers
and printers which have limted internal buffer nenory. GDI can handl e
banded out put w thout application involvenent. G sinply records all the
graphi cs operations perfornmed by the application in a netaflle, and then
replays the entire netafile to the printer driver for each band in the
page. The prrnter drrver nust clrp the graphrcs operatrons to the current

....... o,



Tabl e 45. Required printer driver

functi onsfuncti ondescri pti onDrvStartBandi ngPrepares the driver for

bandi ng

and returns the origin of the first band. DrvNext BandSends t he current band

to the printer and returns the origin of the next band,
Dr vNext Band converts the contone [ayer from RG to CMyK usi ng
managenent functionsJs5conpresses both the contone and
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Table 25. Clock enable generator output signal logic

output signal condition
output dot clock enable (D>0) A ~EOP
black dot clock enable (LM=0) A (BD>0) A =EOP
contone pixel clock enable (LM=0) A (CD>0) A (CSP=0) A =EOP
contone line advance enable (CSL=0) A —=EOP
even E=0
margin LM=0) v (RM=0)

EOP (end-of-page) condition: L=0

7.2.4.4 Timing

The HCU 190 has an output rate of 124M 4-bit CMYK pixels/s. Since it
generates one pixel per clock, it must be clocked at at least 124MHz.
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each firing pulse. This leaves 7us for other tasks between each line.

The 1600 SRClock pulses (800 each of SRClock1 and SRClock2) to the
printhead 143 (SRClock] has 36 bits of valid data, and SRClock2 has 32 bits of valid

data) must also take place within the 107pus line time. Restricting the timing to 100us, the

length of an SRClock pulse cannot exceed 100us/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
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External Interfaces
7.5.1 Host Interface

The host interface 194 provides a connection to the host processor with a speed of
at least 1.5MB/s (or 3MB/s for the double-sided version of CePrint).
7.5.2 Speaker Interface

A speaker interface 300 (Figure 29) contains a small FIFO 302 used for DMA-
mediated transfers of sound clips from main memory 182, an 8-bit digital-to-analog
converter (DAC) 304 which converts each 8-bit sample value to a voltage, and an
amplifier 306 which feeds an external speaker 308 (Figure 18). When the FIFO 302 is
empty it outputs a zero value,

The speaker interface 300 is clocked at the frequency of the sound clips.

The processor 181 outputs a sound clip to the speaker 308 simply by
programming the DMA channel of the speaker interface 300.
7.5.3 Parallel Interface

A parallel interface 309 provides I/O on a number of parallel external signal lines.

It allows the processor 181 to sense or control the devices listed in Table 27.
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paper tray ejector motor

transfer roller stepper motor

7.54 Serial Interface

A serial interface 310 provides two 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
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:
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®  decrement only

Before each page is printed, the processor 181 must check the amount of ink
remaining to ensure there is enough for an entire worst-case page. Once the page has
been printed, the processor 181 multiplies the total number of drops of each color
(obtained from the printhead interface 192) by the drop volume. The amount of printed
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.
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only a small delay because the inter-CCP link 314 is fast. To ensure that the master CCP
180M always has a page buffer available for a page destined for the slave, the master is
deliberately made the back side CCP, so that it receives the front side odd-numbered
page before it receives the matching back side even-numbered page.
8.2  Synchronized Printing
Once the master CCP 180M and the slave CCP 180S have received their pages,
the master CCP 180M initiates actual printing. This consists of starting the page
expansion and printing processes in the master CCP 180M, and initiating the same
processes in the slave CCP 180S via a command sent over the inter-CCP serial link 314.
To achieve perfect registration between the front side and back side printed
pages, the printhead interfaces 192 of both 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 1808 over the inter-CCP link 314. It uses this to
update the remaining ink volume in the ink cartridge 32, as described in Section 7.54.1.
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
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Y10988& () -  Y10%&He)rozMes within a single segment are grouped for reasons of physical stability
as well as minimization of power consumption during printing. In terms of physical
stability, a total of 10 nozzles share the same ink reservoir. In terms of power
consumption, groupings are made to enable a low-speed and a high-speed printing mode.
Memjet segments support two printing speeds to allow speed/power consumption trade-
offs to be made in different product configurations.

In the low-speed printing mode, 4 nozzles of each color are fired from the
segment 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 16 nozzles firing simultaneously. In a three color (e.g. CMY) printing environment
this equates to 12 nozzles firing simultaneously. To fire all the nozzles in a segment, 200
different sets of nozzles must be fired.

In the high-speed printing mode, 8 nozzles of each color are fired from the
segment 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.
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in one row, and 5 are in another. Each nozzle produces dots 22.5mm in diameter spaced
ona 15.875mm grid to print at 1600 dpi. Figure 32 shows the arrangement of a single
pod, with the nozzles numbered according to the order in which they must be fired.

Although the nozzles are fired in this order, the relationship of nozzles and
physical placement of dots on the printed page is different. The nozzles from one row
represent the even dots from one line on the page, and the nozzles on the other row
represent the odd dots from the adjacent line on the page. Figure 33 shows the same pod
with the nozzles numbered according to the order in which they must be loaded.

The nozzles within a pod are therefore logically separated by the width of 1 dot.
The exact distance between the nozzles will depend on the properties of the Memjet
firing mechanism. The printhead 143 is designed with staggered nozzles designed to
match the flow of paper.
9.1.1.2 One Pod of Each Color Makes a Chromapod

One pod of each color are grouped together into a chromapod. The number of
pods in a chromapod will depend on the particular application. In a monochrome printing
system (such as one that prints only black), there is only a single color and hence a single
pod. Photo printing application printheads require 3 colors (cyan, magenta, yellow), so
Memjet segments used for these applications will have 3 pods per chromapod (one pod
of each color). The expected maximum number of pods in a chromapod is 4, asusedina
CMYK (cyan, magenta, yellow, black) printing system (such as a desktop printer). This
maximum of 4 colors is not imposed by any physical constraints - it is merely an
expected maximum from the expected applications (of course, as the number of colors
increases the cost of the segment increases and the number of these larger segments that
can be produced from a single silicon wafer decreases).

A chromapod represents different color components of the same horizontal set of
10 dots on different lines. The exact distance between different color pods depends on
the 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
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chromapods numbered 0-4 and using a CMYK chromapod as the example. Note that the

distance between adjacent chromapods is exaggerated for clarity.
9.1.1.4 Two Podgroups Make a Phasegroup

Two podgroups are organized into a single phasegroup. The phasegroup is so
named because groups of nozzles within a phasegroup are fired simultaneously during a
given firing phase (this is explained in more detail below). The formation of a
phasegroup from 2 podgroups is entirely for the purposes of low-speed and high-speed
printing via 2 PodgroupEnable lines.

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.
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Name of Grouping Composition Replication Ratio | Nozzle Count
Nozzle Base unit 1:1 1
Pod Nozzles per pod 10:1 10
Chromapod Pods per chromapod C: 10C
Podgroup Chromapods per podgroup 5:1 50C
Phasegroup Podgroups per phasegroup 2:1 100C
Firegroup Phasegroups per firegroup 2:1 200C
Segment Firegroups per segment 4:1 800C

The value of C, the number of colors contained in the segment, determines the

total number of nozzles.

o With a 4 color segment, such as CMYK, the number of nozzles per segment is 3,200.

o With a 3 color segment, such as CMY, the number of nozzles per segment is 2,400.

* In a monochrome environment, the number of nozzles per segment is 800.
9.1.2 Load and Print Cycles

A single segment contains a total of 800C nozzles, where C is the number of

colors in the segment. A Print Cycle involves the firing of up to all of these nozzles,
dependent on the information to be printed. A Load Cycle involves the loading up of the
segment with the information to be printed during the subsequent Print Cycle.

Each nozzle has an associated NozzleEnable bit that determines whether or not
the nozzle will fire during the Print Cycle. The NozzleEnable bits (one per nozzle) are

loaded via a set of shift registers.

Logically there are C shift registers per segment (one per color), each 800 deep.

As bits are shifted into the shift register for a given color they are directed to the lower

and upper nozzles on alternate pulses. Internally, each 800-deep shift register is

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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Once all the shift registers have been fully loaded (800 load pulses), all of the bits
are transferred in parallel to the appropriate NozzleEnable bits. This equates to a single
parallel transfer of 800C bits. Once the transfer has taken place, the Print Cycle can
begin. The Print Cycle and the Load Cycle can occur simultaneously as long as the
parallel load of all NozzleEnable bits occurs at the end of the Print Cycle.
9.1.2.1 Load Cycle

The Load Cycle is concerned with loading the segment's shift registers with the
next Print Cycle's NozzleEnable bits.

Each segment has C inputs directly related to the C shift registers (where C is the
number of colors in the segment). These inputs are named ColorNData, where N is 1 to
C (for example, a 4 color segment would have 4 inputs labeled ColorlData, Color2Data,
Color3Data and Color4Data). A single pulse on the SRClock line transfers C bits into
the appropriate shift registers. Alternate pulses transfer bits to the lower and upper
nozzles respectively. A total of 800 pulses are required for the complete transfer of data.
Once all 800C bits have been transferred, a single pulse on the PTransfer line causes the
parallel transfer of data from the shift registers to the appropriate NozzleEnable bits.

The parallel transfer via a pulse on PTransfer must take place gffer the Print
Cycle has finished. Otherwise the NozzleEnable bits for the line being printed will be
incorrect.

It is important to note that the odd and even dot 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 143. The actual difference in lines depends on the characteristics of the inkjet
mechanism used in the printhead 143. 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. Table 30 shows the dots transferred to a C color

segment on the first 4 pulses.
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*  D; = number of lines between the nozzles of one color and the next

(likely =4 - 8)

® 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:

nozzles (C per firegroup, where C is the number of colors).

nozzles, (2C per firegroup, where C is the number of colors).

In the low-speed print mode, there are 200 phases, with each phase firing 4C

In the high-speed print mode, there are 100 phases, with each phase firing 8C

The nozzles to be fired in a given firing pulse are determined by

3 bits ChromapodSelect (select 1 of 5 chromapods from a firegroup)
4 bits NozzleSelect (select 1 of 10 nozzles from a pod)
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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allows 25 resonant cycles. Consequently any acoustic interference is minimal in both

cases.

9.1.3 Feedback from a Segment
A segment produces several lines of feedback. 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.

A pulse on the segment’s SenseSegSelect line ANDed with data on Color1Data
selects if the particular segment will provide the feedback. The feedback sense lines will
come from that segment until the next SenseSegSelect pulse. The feedback sense lines
are as follows:

o Tsense informs the controller how hot the printhead is. This allows the controller
to adjust timing of firing pulses, since temperature affects the viscosity of the ink.

. Vsense informs the controller how much voltage is available to the actuator. This
allows the controller to compensate for a flat battery or high voltage source by
adjusting the pulse width.

o Rsense informs the controller of the resistivity (Ohms per square) of the actuator
heater. This allows the controller to adjust the pulse widths to maintain a constant
energy irrespective of the heater resistivity.

o Wsense informs the controller of the width of the critical part of the heater, which
may vary up to £ 5% due to lithographic and etching variations. This allows the
controller to adjust the pulse width appropriately.

9.1.4 Preheat Cycle
The printing process has a strong tendency to stay at the equilibrium temperature.

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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sequence as a standard Print Cycle.

Feedback during the Preheat mode is provided by Tsense, and continues until
equilibrium temperature is reached (about 30°C above ambient). The duration of the
Preheat mode is around 50 milliseconds, and depends on the ink composition.

Preheat is performed before each print job. This does not affect performance as it
is done while the data is being transferred to the printer.

9.1.5 Cleaning Cycle

In order to reduce the chances of nozzles becoming clogged, a cleaning cycle can
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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AEnable | 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
Color1Data 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

pX<> pa?10% k' ()-q



a?10% ! & ()-q #$& -. MsX7> p al0%! & ()-?a?10%! & ()-q =a?10%! & ()-q
a?10% ' & ()-q =a?10%'& ()-q MH[: 7> p a( 10%!& ()- a' :!10%!& ()- a%
10% ! & ()- a#10%'& ()- aF" 10%'& ()- a 10%'& ()-H[a|[:7> p
a@z10% ! & ()- a010%!& ()- a/Gl0%!& ()- as- 10%!& ()- a+10%!& ()-
a9*MLO% ! & ()-FGHW ?2p !10% & ()-!10% & ()- (110%&()

a&l0% & ()-10j!10j110j! a3 10% ! & ()-fH JkpU

1109% & 110 (V | I 0 &
O oSk (o gﬁ%@g@@@gﬁ%g@ : ré“s*@eibﬁﬁ é&%‘yf i LB acilad 3R S
"& () -1 10% & feprebiiytdd bylOYMbintionlREoRred ikE0%% & () - CB, 21 10% & () -/ Ky} ! ! 10%
TR E 1300 & ()Adensh Riiheats bor EXEmples GYSISts 9§ SESRES (YDAl BaR RIS YA &
1094 & ()-!10% & () ple; eORSBtY 9 9% &
U f)lo%%agneyelf%&glgth&@ 4 3 dynieal 4-gologprintips apylsation (cyan, magenta,
| IWY] sS3, ?/ ! 1yio®, b)ack)l@%h&)f(tl)e deg RS printy BidEVeD LY in&gdnka, 'yeDG% &nd blakk Hptsuxo
S3, 2/ 1109 & () Ilocy& ( SIKy} 1 10% & ()-! 109%.& ()-110% & ()-x{_/, 2/ Ky}!!10%
"& ()-1109% & %@%mg a produgesthe finalpmagey1 111096 & () -1 10% & ()

e v e e )

0% & ()-! 10%%}1&8%01@35:@@4 canslstmgmm@segmeﬁfs RegprdlesOof thie CprItABESE’ () - | 10%

& ()-% Ky} ! s3 21 1 10% & 11109% & ()-!1109% & ()-! 10% &
()-5)[»!103%&' }ég?‘yﬁhel“(]a‘?ff‘“ﬁv"(égnﬂmg %(li ﬂ&@/@@%‘) 108/3& ()- '10‘(3/3& ()-(23
| L4l 10xK10% & () AL iGN ar ARkt SIBEL) sclnGRgp X< 10K10%
"& () -xK10% & ()-KL0% & () - xK10% & () - KLO% swzll K10% & g(ﬁmo%&(

K109 & () - K1 s>==r & felloblpel M/memnermmmsfmm&f@c@ye il & () - K1
0% & () - X457Feyl <! é? 0 10 10 K 210% & ()- Y110% & ()- /10%

& ()- KlO%&‘% 2 ()-7{Y7TVI <! 10! 1 10% ()-@'10%)& ()- @' 10% & ()- @
110%& () - @! 10%ees&8ipge @wmﬁ(&lﬂe) oMbAZER Yh & 'sddhhent is' S00@Hsde) Fable 208 t¢tht |
109%&' ()-!1 109kk& ()- | 1Q9& ()- !10% & VEvU4! 10 . 109G X& ( {h'

| 10%# X& () - quénouiﬁma(g}ven pnnﬂmmweéxs segmentsasF00QS, Thysitsemept pig o
S10%# X& goacH X 109K X& (

F 1006 x&(%)ref% ﬁ%ﬁ"ﬁ%ﬁ%&/ﬁgﬁﬁf&&m& XH X&' (§) FS 1006 X& %)
S10%# X& ()-  s10Acoumber Qt)conynmawmmus(t)bemdeaMﬁWﬁng@p @pnnthaacmm@(#

X& () - aPL0%# X&' P10 PLOY# X&' J, 4 aP10g

X& 8 AP10%6C] %#thgﬁﬂe in ‘eé‘%esi thgpwﬁ?@oé&gﬁnéwf&%e? and fhe number of
X&' () - . 023ACK ket oo Kiferdabes2 BAdHY £t KasiARWICH orfhutd donnectiIns Q06T

X& ()-aP10%# X& () - aPL0%# X& () - EFgU\/\Xm)hL aPL0%# X& () - aPLOY%# X& () -

aP10%# x& ()them).Gsavelbas' SRClackimbothexgomectionsfor oading@oskprinting.) -© aP10%

X& P1096 ' aP10%# X& E+aP10%# X& P1096#
X&! 8 :P10%< ﬁ %‘ fﬂﬁﬁ%@éﬁﬂ?ﬁ“ﬂ*’“s aaPlO%(# X&'(%)?aPiO%(# X&! ()EI)Q% a210%
& () - aP10%c# x& ()\(;Vheﬁﬂﬂe&%ﬁbex&%egnﬁﬂfb@/ﬁ#n%& ity r@@dx&%ﬁéﬁtol&})d(a)ll-the Sagriadahd U4
17 ), Sl e ot A8 e T e r
10% & ()-S an, Q%forﬁafa)niiﬂﬁ f'or‘ﬂ%egﬂieﬁts 191%4 ghcﬁ rﬁt&"—é#%d /giex(e)fdﬁ tRe 31

& ()- alok & ()-& al 1 é
apd109& ()- apudigyRf bits totging: %o&'he pnmhkad_l_ml@ &ngde SBM%uls& ig 32. l&wv[/ewufpr a

O0%E ) Sy W Yo B S B A gy BT b
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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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 SRClock1 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]1 pulse will transfer the ColorData bits for the next Print Cycle’s
dot 1, 801, 1601, and 2401. The second SRClock2 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 SRClockl 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 segmenf group, Table 32
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shows the dots transferred to segment n of a printhead during the first 4 pulses of the
shared SRClock.

Table 32. Order of Dots Transferred to a Segment in a Printhead

Pulse Dot Colorl Line Color2 Line ColorC Line
1 800S* N N+D," NHC-1)D,

2 800S+1 N+D,° N+D+D, N+(C-1)Dy+D;

3 800S+2 [N N+D, N+C-1)D;

4 800S+3 N+D, N+D+D; NHC-1)D+D,

* S =segment number

® D, =number of lines between the nozzles of one color and the next (likely = 4 - 8)

¢ Dy =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
9.1.2.2.

The timing for the two printing modes is therefore:

o 200 ps to print a line at low speed (comprised of 100 2ps cycles)

o 100 ps to print a line at high speed (comprised of 50 2us cycles)
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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 ColorlData 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 ColorlData 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.

9.2.4 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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the start and end of a page so ghat 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:

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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S8t 8usx 88888‘3&%}95). Whif? ¥e Méstdr)S1dve pin is attached to GND, the chip is considered to be the
Slave, and LineSync 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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Table 36. LineSyncGen Unit Registers
Register Name Description
CyclesBetweenPulses The number of cycles to wait between generating one
LineSync pulse and the next.
Go 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.

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).

10.3 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 MJ1 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 MIJI loads data into the printhead from a choice of 2 data sources:

. 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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standard means of printing an image. The 36-bit value from the LLFU 322 is

directly sent to the printhead and a 1-bit ‘Advance’ control pulse is sent to the

LLFU 322.

The MIJI 320 knows how many lines it has to print for the page. When the MIJI
320 is told to ‘go’, it waits for a LineSync pulse before it starts the first line. Once it has
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 MJI 320 is therefore directly connected to the LLFU 322, LineSyncOQ (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 | I/O Description

Chromapod Select | 3 0] Select which chromapod will fire (0-4)

NozzleSelect 4 0] Select which nozzle from the pod will fire (0-9)

PodgroupEnable 2 0] Enable the podgroups to fire (choice of: 01, 10,
11)

AEnable 1 0] 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.

Color1Data[0-8] 9 0O Output to Color1Data shift register of segments 0-
8

Color2Data[0-8] 9 0 Output to Color2Data shift register of segments 0-
8

Color3Data[0-8] 9° 0] Output to Color3Data shift register of segments 0-
8

Color4Data[0-8] 97 o Output to Color4Data shift register of segments 0-
8

SRClock[1-4] 4e 0 A pulse on SRClock[N] (ShiftRegisterClock)
loads the current values from Color1Data[0-8],
Color2Data[0-8], Color3Data[0-8] and
Color4Data[0-8] into the segment group N on the
‘printhead.

PTransfer 1 0 Parallel transfer of data from the shift registers to
the printhead’s internal NozzleEnable bits (one
per nozzle).

SenseSegSelect[1-4] | 4' 0] A pulse on SenseSegSelect[N] ANDed with data
on ColorlData[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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Although 9 lines are available from the MJI, the number of pins coming from the
chip will only reflect the actual number of segments in a segment group. The pins for
Color1Data are mandatory, since each printhead must print in at least 1 color.

These lines are only translated into pins if the chip is to control a printhead with at
least 2 colors. Although 9 lines are available from the MJI, the number of pins
coming from the chip for Color2Data will only reflect the actual number of segments
in a segment group.

These lines are only translated into pins if the chip is to control a printhead with at
least 3 colors. Although 9 lines are available from the MJI, the number of pins
coming from the chip for Color3Data will only reflect the actual number of segments
in a segment group.

These lines are only translated into pins if the chip is to control a printhead with 4
colors. Although 9 lines are available from the MJI, the number of pins coming from
the chip for Color4Data will only reflect the actual number of segments in a segment

group.

Although 4 lines are available from the MJI, the number of pins coming from the
chip will only reflect the actual number of segment groups. A minimum of 1 pin is
required since there is at least 1 segment group (the entire printhead).

Although 4 lines are available from the MJI, the number of pins coming from the
chip will only reflect the actual number of segment groups. A minimum of 1 pin is
required since there is at least 1 segment group (the entire printhead).

10.3.2 Firing Pulse Duration

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 MJI 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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The 256-byte table 324 is written 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 combines:

o User brightness settings (from the page description)

J Viscosity curve of ink (from the QA Chip)

. Rsense
. Wsense
. Vsense
. Tsense

10.3.3 Dot Counts

The MIJI 320 maintains a count of the number of dots of each color fired from the
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 maximum coverage dot
count of 17 8-inch x 12-inch pages, although in typical usage, the dot count will be read
and cleared after each page or half-page.

The dot counts are used by the processor 181 to update the QA chip 312 (see
Section 7.5.4) in order to predict when the ink cartridge 32 runs out of ink. The processor
181 knows the volume of ink in the cartridge 32 for each of the colors from the QA chip
312. Counting the number of drops eliminates the need for ink sensors, and prevents the
ink channels from running dry. An updated drop count is written to the QA chip 312 after
each page. A new page will not be printed unless there is enough ink left, and allows the
user to change the ink without getting a dud half-printed page which must be reprinted.

The layout of the dot counter for Colorl is shown in Figure 42. The remaining 3
dot counters (Color1 DotCount, Color2DotCount, and Color3DotCount) are identical in
structure.

10.3.4 Registers

The processor 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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Table 38. Memjet Interface Registers
Register Name Description
Print Parameters
SegmentsPerXfer The number of segments to write to each transfer. This also

equals the number of cycles to wait between each transfer
(before generating the next Advance pulse). Each transfer has
MaxColors x SegmentsPerXfer valid bits.

SegmentGroups The number of segment groups in the printhead. This equals
the number of times that SegmentsPerXfer cycles must elapse
before a single dot has been written to each segment of the
printhead. The MJI does this 800 times to completely transfer
all the data for the line to the printhead.

PrintSpeed Whether to print at low or high speed (determines the value
on the PodgroupEnable lines during the print).

NumlLines The number of Load/Print cycles to perform.

Monitoring the Print (read only from point of view of processor)

Status The Memjet Interface's Status Register

LinesRemaining The number of lines remaining to be printed. Only valid
while Go=1.

Starting value is NumLines and counts down to 0.

TransfersRemaining The number of sets of SegmentGroups transfers remaining
before the Printhead is considered loaded for the current line.
Starts at 800 and counts down to 0. Only valid while Go=1.

SegGroupsRemaining The number of segment groups remaining in the current set

of transfers of 1 dot to each segment. Starts at
SegmentGroups and counts down to 0. Only valid while
Go=1.

SenseSegment The 9-bit value to place on the ColorlData lines during a

subsequent feedback SenseSegSelect pulse. Only 1 of the 9
bits should be set, corresponding to one of the (maximum) 9

segments. See SenseSelect for how to determine which of the

segment groups to sense.
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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 write to this register resets the MJI, stops any loading or

printing processes, and loads all registers with 0.

SenseSelect

A write 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 ColorlData 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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Go A write of 1 to this bit starts the LoadDots / PrintDots cycles,

which commences with a wait for the first LineSync pulse. A
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 Color1DotCount,
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 MII’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 MJ1 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 MJI 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 -

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:
. SetAllNozzles =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.
. Set NumLines to be the number of times the nozzles should be fired
. 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.
10.4 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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143. It is responsible for supplying the pre-calculated nozzleEnable bits to the Memjet

interface 320 for the eventual printing of the page.

The printing uses a double buffering scheme for preparing and accessing the dot-
bit information. While one line is being loaded into the first buffer, the pre-loaded line in
the second buffer is being read in Memjet dot order. Once the entire line has been
transferred from the second buffer to the printhead 143 via the Memjet interface 320, the
reading and writing processes swap buffers. The first buffer is now read and the second
buffer is loaded up with the new line of data. This is repeated throughout the printing
process, as can be seen in the conceptual overview of Figure 43.

The size of each buffer is 14KBytes to cater for the maximum line length of 18
inches in 4 colors (18 x 1600 x 4 bits = 115,200 bits = 14,400 bytes). The size for both
Buffer 0 (330 - Figure 44) and Buffer 1 (332) is 28.128 KBytes. While this design allows
for a maximum print length of 18 inches, it is trivial to reduce the buffer size to target a
specific application.

Since one buffer 330, 332 is being read from while the other is being written to,
two sets of address lines must be used. The 32-bits Dataln 334 from the common data
bus 186 are loaded depending on the WriteEnables, which are generated by State
Machine 336 in response to the DMA Acknowledges.

A multiplexor 338 chooses between the two 4-bit outputs of Buffer 0 and Buffer
1, and 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
MII 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 1600LC 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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(14 KBytes) per line. These bits must be supplied to the MJI 320 in the correct order for

being sent on to the printhead 143. See Section 9.2.1 for more information concerning
the Load Cycle dot loading order, but in summary, 2LC bits are transferred to the
printhead 143 in SegmentGroups transfers, with a maximum of 36 bits per transfer. Each
transfer to a particular segment of the printhead 143 must load all colors simultaneously.
10.4.1 Buffers

Each of the two buffers 330, 332 is broken into 4 sub-buffers, 1 per color. The
size of each sub-buffer is 3600 bytes, enough to hold 18-inches of single color dots at
1600 dpi. The memory is accessed 32-bits at a time, so there are 900 addresses for each
buffer (requiring 10 bits of address).

All the even dots are placed before the odd dots in each color’s buffer, as shown
in Figure 45. If there is any unused space it is placed at the end of each color’s buffer.

The amount of memory actually used is directly related to the printhead length. If
the printhead is 18 inches, there are 1800 bytes of even dots followed by 1800 bytes of
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). Ina
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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in a given read cycle (one bit from each color’s buffer).

10.4.2 Address Generation
10.4.2.1 Reading

Address Generation for reading is straightforward. Each cycle we generate a bit
address which is used to fetch 4 bits representing 1-bit per color for a particular segment.
By adding 400 to the current bit address, we advance to the next segment’s equivalent
dot. We add 400 (not 800) since the odd and even dots are separated in the buffer. We do
this firstly SegmentGroups sets of SegmentsPerXfer times to retrieve the data
representing the even dots (the dot data is transferred to the MJI 36 bits at a time) and
another SegmentGroups sets of SegmentsPerXfer times to load the odd dots. This entire
process is repeated 400 times, incrementing the start address each time. Thus all dot
values are transferred in the order required by the printhead in 400 x 2 x SegmentGroups
x SegmentsPerXfer cycles.

In addition, we generate the TransferWriteEnable control signal. Since the LLFU
322 starts before 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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DoneFirst = FALSE
For DotInSegment0 = 0 to 400
CurrAdr = DotInSegment0
XfersRemaining = 2 x SegmentGroups
DotCount = SegmentsPerXfer
Do
V1 = DotCount =0
TransferWriteEnable = (V1 AND NOT DoneFirst) OR ADVANCE
Stall = V1 AND (NOT TransferWriteEnable)
If (NOT Stall)
Shift Register = Fetch 4-bits from
CurrReadBuffer:CurrAdr
CurrAdr = CurrAdr + 400
If(vVl)
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
Pprocessor.
10.4.2.2 Writing

The write process is also straightforward. 4 DMA request lines are output to the
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DMA controller 200. As requests are satisfied by the return DMA Acknowledge lines,

the appropriate 8-bit destination address is selected (the lower 5 bits of the 15-bit output
address are don’t care values) and the acknowledge signal is passed to the correct
buffer’s WriteEnable control line (the Current Write Buffer is ~CurrentReadBuffer). The
10-bit destination address is selected from the 4 current addresses, one address per color.
As DMA requests are satisfied the appropriate destination address is incremented, and
the corresponding TransfersRemaining counter is decremented. The DMA request line is
only set when the number of transfers remaining for that color is non-zero.

The following pseudocode illustrates the Write process:

CurrentAdr[1-4] =0
While (ColorXfersRemaining[1-4] are non-zero)
DMARequest{1-4] = ColorXfersRemaining[1-4] NOT =0
If DMA Aknowledge[N]
CunrWriteBuffer:CurrentAdr[N] =
Fetch 32-bits from data bus
CurrentAdr[N] = CurrentAdr[N] + 1
ColorXfersRemaining[N] =
ColorXfersRemaining[N] - 1 (floor 0)
EndIf
EndWhile

10.4.3 Registers
The following interface registers are contained in the LLFU 322:
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Table 40. Line Load/Format Unit Registers

Register Name

Description

SegmentsPerXfer

The number of segments whose dots must be loaded

before each transfer. This has a maximum value of 9.

SegmentGroups

The number of segment groups in the printhead. This has a

maximum number of 4.

CurrentReadBuffer

The current buffer being read from. When Buffer0 is being
read, Bufferl is written to and vice versa.

Should be toggled with each AdvanceLine pulse from the
MIL

Go

Bits 0 and 1 control the starting of the read and write
processes respectively.

A non-zero write to the appropriate bit starts the process.

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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sufficient period of time to ensure that other connected printer controllers have also

started their LLFUs and MJIs (if there are no other connected printer controllers, the
processor 181 must wait until the Stall bit of the LLFU 322 is set, a duration of 2
SegmentsPerXfer cycles). The processor 181 can then program the LGSU 316, 318 to
start the synchronized print. As interrupts arrive from the DMA controllers 200, the
processor 181 can reprogram the DMA channels, swap LLFU buffers 330, 332, and
restart the LLFU 322 in read/write mode. Once the LLFU 332 has effectively filled its
pipeline, it will stall until the next Advance pulse from the MJI 320. The MJI 320 does
not have to be touched during the print.

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.proﬁle 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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& ()- 1Y'10% & () - Wﬁlaﬁmqgghgt)the host graphlcs system requires random access to a contone
page buffer at the nominal device resolution, into which it composites graphics and
imaging objects, but that it allows the printer driver to take control of the actual
compositing - i.e. it expects the printer driver to manage the page buffer.
11.2 Two-Layer Page Buffer

The printer’s page description contains a 267 ppi contone layer and an 800 dpi
black layer. The black layer is conceptually above the contone layer, i.e. the black layer
is composited over the contone layer by the printer. The printer driver therefore
maintains a page buffer which correspondingly contains a medium-resolution contone
layer and a high-resolution black layer.

The graphics systems renders and composites objects into the page buffer bottom-
up - i.e. later objects obscure earlier objects. This works naturally when there is only a
single layer, but not when there are two layers which will be composited later. It is
therefore necessary to detect when an object being placed on the contone layer obscures
something on the black layer.

When obscuration is detected, the obscured black pixels are composited with the
contone layer and removed from the black layer. The obscuring object is then laid down
on the contone layer, possibly interacting with the black pixels in some way. If the
compositing mode of the obscuring object is such that no interaction with the background
is possible, then the black pixels can simply be discarded without being composited with
the contone layer. In practice, of course, there is little interaction between the contone
layer and the black layer.

The printer driver specifies a nominal page resolution of 267 ppi to the graphics
system. Where possible the printer driver relies on the graphics system to render image
and graphics objects to the pixel level 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.

Ideally the graphics system and the printer driver manipulate color in device-
independent RGB, deferring conversion to device-specific CMYK until the page is

complete and ready to be sent to the printer. This reduces page buffer requirements and
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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 Cppp and opacity apsa is composited with the

contone layer, the contone layer and the black layer are updated as follows:

Cagax, Y] < Crgulx, Y1(1 - Orgux, 31) if Cosads, 1> 0 (Rule 3)
Opgrdx, ¥} < 0 if Oopdx, y] >0 (Rule 4)
Opgulx, y] <=0 if Ooemdx/n, y/n]>0 (Rule 5)

Coeulx, ] <= Coaudx, yI(1 — Qosudx, y1) + Consdx, y]0omdx, ¥1 ~ (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.e.
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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delivered to the printer 10 via the standard spooler.

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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12.1 'Windows 9x/NT/CE Printing System

In the Windows 9x/NT/CE printing system, a printer is a graphics device, and an

Ro R0 R0 R0 R0 Ro Ro R () RO R0 R0 R0 R0 9
CCCCCCCCSCCCCC:_

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.

122 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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patterns. Graphics and images can be geometrically transformed and composited with the
contents of the device surface. While Windows 95/NT4 provides only boolean
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compositing operators, Windows 98/NT5 provides proper alpha-blending.
12.3  Printer Driver Graphics DLL

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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DrvEnablePDEYV 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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Table 44. Required graphics driver functions for a device-managed surface
function description
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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which can be enumerated as a set of rectangles.

In the case of DrvStrokePath, things are more complicated. DrvStrokePath
supports both straight-line and Bézier-spline curve segments, and single-pixel-wide lines
and geometric-wide lines. The first step 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 flGraphicsCaps
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 (sce
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
FONTOBJ_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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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 Output

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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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 sends the compressed page band to the printer (in a page band
command).

It uses EngWritePrinter to send the band data to the printer via the spooler.
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to be printed, the roller havmg a passage defined therein; and
a drive means for rotatably driving the transfer roller and feeding the print media
past the transfer roller, the drive means being arranged in the passage of the transfer

roller.

2. The print engine as claimed in claim 1 in which the transfer roller is a hollow
right circular cylinder which defines the passage through it.

3. The print engine as claimed in claim 1 in which at least a surface of the transfer

roller is of a wear resistant material which is resistant to pitting, scratching or scoring.

4, The print engine as claimed in claim 3 in which the material is titanium nitride.
5. The print engine as claimed in claim 1 in which the drive means includes a
motor.

6. The print engine as claimed in claim 5 in which the motor is a stepper motor.

7. The print engine as claimed in claim 5 in which a reduction gearbox is mounted

on an output shaft of the motor.

8. The print engine as claimed in claim 7 in which, to reduce space, at least a part

of a gear train of the gearbox is a worm gear train.



