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'*166166* PRI NT ENG NE/ CONTROLLER TO WORK | N MULTI PLES AND A PRI NTHEAD
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i nvent i d¥O0202X38s to a print eagi ndecontrol |l er adapted toP@EAKI0d/0GyS4 her
with a nunber of print . engine/controllers in driving a printhead and to a
printhead driven by nmultiple print engindcontrolfers. . BACK

INVENTION " In the prior art a single print engine/controll emm“mﬂmwz
single printhead. However this solution does 0 not scale well foglM6ger
format printheads, ; i Wi f r .
printing. For w de ﬂmﬁgﬁm%%MQtW%ﬁ“MESmé made to
run faster in or dBRINDEBADDRIVEN B¥ MULTIPEE REINT' ENGINL/CONERODLERSWHI ch
is nowlonger. O if the printhead is to run faster the print controller
has to be run at a faster clock speed. O _if the input inmage has a higher
resol ytion then the controller chi E@Wsot%mw{ﬂ%e buffers internally ar
run faster or both Tha inyengjen relptes tyyp prink engine/doatrobidr adapted ty @bry tdgalteryeith & mpbEr of priage
since it is a chdigheaitrolleRSidrivihg Pntheddandto b AihGiSad QfivedHylnfl QL prindeRBR/c ML EVO! Ved
~wherein an image is constructed fromink selectively applied to a page in
dot format. In US patent nunber 6045710 titled 'Self aligned construction
and .manuf acturing process for mﬁﬁ?lfqptﬂuyDﬁFiTﬁFmof“o the inventor Kia

Si | ver br ook there ilgthsguior g5t single printanginsdeprirpiter @fitrots i @ngleprinircada Howeyed thi$sdydiondves
demarl@ pri nt ernst sedlowdy fovivitder fofnat fHaR4EsRBE Kighi rRGlutRR BB Sifages, Ao} 445 pifBikg) GdSwide
systens and apRagdfithiads Sk ankdig cﬁighaﬁ & r?{dfégﬂtfastcrlirﬁo\(a%ns' QN ALE ndhRCl 08 ed 1 n

| led by t E'\

the foll ow ng co-pendin |1 catl ons e applicant or asgl?g'ﬁ%?’e of
the present i rf('/cgﬁ{)‘ﬁ’bcﬂ 'S(S’ﬁw g&%l\/g&'? ?)’ﬁ’@t.h“?’@*f”/"ﬂlfﬁé‘ﬁmﬁ’f&“ e ies U0 R e ety clock
PCT/ AUO0/ 0052Gpeed(OriifARgieputinme has a Beliey resplaton OOSRIontrFIETohiAbB Oy HE@DRr puffers internally
PCT/ AU001 0052 S ruPastér K /i)idde 216 prodedsihe Stdté1RHae? iput iffegt/sitde@ (/2 RIR2SBblution.

PCT/ ﬁgégO/ 00529) PG TI AU00/ 00530) PCT/ AU00/ 00531, PCT/ AUO0/ 00532,

PCT/ AB00/ 00533) PCTH* Bk 0f rnsT3pss e proehoynio Spimsse PConstmesidion di stsctively applied to
PCT/ AUOO/ 00537 page(BTdotXoiody D0EIBtent mimbé? @RS AUGHEA BEBiShed d0asThicAIdRRY rdMBdflfing process
PCT/ AU00/ 0054 I« ntﬁlhApoQﬂcQ:QﬁG the infRatdy M- BILQQR hdd is Bedut ﬁ%&éx@%ﬂﬁe prior art to drop
PCTI AUOO/ 0054 PCT{ ALK r%ogggl PCILALOO/ 00546, PCT/ AUO0/ 00554)

PCT/ AU0OO/ 0055 CFAL00T Ul e A7 G558) PCT/ AUDO/ 00559)
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PCT/ R000/ 0056 £\loWaEoAII0 S GO E6iHns FRATY UK IDDikD0D GTignedAEHé PsOOMBRHH 24 May 2000:

ECC_TF { 2&8/1 8gggﬁmﬂﬁd/oﬁk¥%g; Q7o GIST/ QLIQQ/AWQ%, g@d?&ﬁjboﬁs}e%,g (;QE?/KUOO/ooszs.
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PCT/ AUOO/ 0058WM’WW1WO/WI ATTO/AV0BD336, PWWWSQ(P,C’F/AUOO/OOSR,
PCT/ 2500/ 0059 pcTROT/AE) 1 0RT200/6360| AU AV0HE441, PGETAUB0ES5 9 PCT/AU00/00543,

PCT/ AU0010059 0/ 059, CT/ 8, / 00
PCT/ AUOQ QJSlg’Cgﬁgg R s R L R L 03%2%‘8?‘20“54'
appl i cations dFe CAYEEPWor At EPHINIET T RFTAURYLIBet HTUURYIFR, o Gfirft‘\iuﬁq'fé%“o'
vari ous net hod€T/ATH06GHs  B(E/ALHRD5ER USPATAUAN/I0AE, t POTIAZI00X0863 £ N tPOTIALEMIR0SEN
are F“ scl osefl Plcct;/Aquoofml, I Fymmo@@os&?n@dmw&%sﬁfﬁlﬂc&@mmmf | IraAu00/00571,
si mulgpaneous pp ass In :
oCT! AR0! 0075§; HRspE! o%(f/’gim%{ﬁsg’ AN E . L A GaeRs, " WeHaRlooss,
RECTI FI ED SHEET ROV G ) FCTAYO0Ee SMCT(AU0R95Tp | oPETREI08008ET) AGEEUBYHESE: The
di scl osur es ofPCTREGU00SE, peREVATORAHN | CRATIABING00588e | RETGVUOMI0589ed REBARI0PI00583,
crﬁgs-refﬁrenme:éﬁmwbnseaprlimﬂoomnsbos t BITROU0G00sH 1Y #afmm/doisgeld bacTIAuB0/cbagd et
nunber. This w a CEMt ' i i J ers
when gvai | abl § %ﬁg@%&fg?ggg@g?% FNBERANE R, | RIS
pat elt® appl i cat oY BT A idY 1 pCTI AUD0100578) PCT/ AU0O/ 00579,
PCTl AU0D0100592 and PEHisdsndoOsao-pending sorlicaiens e intpeporatediicsin bedraercmmehani cal
(I\j/lre op on d_emaﬂd pr i ninh@dibn,Varicterhethods, &R ind @sharkiOs raliingito M8 Plesit mwniicmtamaslesecmhfe
m et print : { Pl @ ' nat / '
produci ng, foﬁﬁcgfggd?lﬁg%g%fg@%%#a |h? S&%F'ﬁ@%@&g;@ Ir&fecaifﬁtl'gg‘l K, ccrgggtgp%’r sé"(?
full width of ‘&Y“‘Bg{%&. ABBYQ73 3y & TATLYI06 BB GTAEY PR sol ation, al | owi ng
di spérosed-dot dithering to be exploited.to its fullest. Color planes m ght
-be printed in perfect registration) allow ng Ideal dot-on-dot by ok he
pri nt head enabl es hi gh-speed printing using m croel ect romchawmwgm]w“mmmwop
technol ogy. In addition) co-pending PCT applications PCIT/Al . .
PCT/ AUO0/ 00517, PCTI AUOOlOOSll% and PCT/ AU0O0/ 00755, PCT/ AUOOlOO?Sgoog%d
PCT/ AU00/ 00757 descri be a priRECBRIEEHEBR(RULES?) suited to driving the
above referenced page wide printhead. ~ 5 A single print engine/controller
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i mage decoders to decode conpressed inmage planes in the recei ved acBEﬁ)r?sted
'page ' data; a half toner/conpositer td conposite respective strips of the
decodquq?ﬂ’dé’spl anes; and a printhead interface to out papifwo@ﬁﬁdosi te
strip to a printhead the printhead interface including: a nulti-segnent
printhead interface outputting printhead formatted data; and ' a

synchroni zati on signal generator outpdtting a synchronization signal to
coupl e print -engine/controllers to synchronize their respective strips at
the printhead. A Wermjseasuresrof Hieshseepnding 2pplipations jace dnsepasyind herein By FresxekferantseEash each
segnent of tdpglicgibd Blidapaehnhiastifal s itsChatketqOdbRe Thit @Me rdplted BX EPInespdiaif etT
printheads cg 1chin ABSEWhkGLaf rom nul ti pl e chips) each of which contains a
'single pr'uithead_segnent, or cay constructed from nul t chi ps each
of which contains® -g'ﬁf’??fiﬁ”5°69ﬁ%£?‘§g§ﬁ‘@ﬁ't°a.“°“ﬂﬁ’é‘gﬁthf%bwli-“:é‘mf"nPé%fg’%ooﬁ rboth
casds) and t FREIAUSRPQSZS, PEIGHR/RASTY PATAUOYO0EIandREFAUDHO0BW Whidbdesaibea mul tipl e
segnent s ConiicidélddgméchnkaDicsp of doMakbkifhichd Herbdadererdto IsAMepfeaSiRRdad.i NVenti on
advant ageously uses nultiple copies of the same print engine controller
chip to drive a il agihendtis prvelorechioaaprindierd leamenshah sic(spapbl¢ of predudag ifp of
-the page) al éxaspentdoo opiibzied dots @MidRid imtress the Milpvidtiofvaagagee thbtsafe AP hio@idédak i ons

can be buil t g in9ai Q0 i di | [ 1O ' a
can be bul p:rsi&;gemﬂwagd D0ceh MR dith &AL HESI DD hCriblek OBolor Biles @.E%mégﬁc{@gc\éﬁged o

.nt head, a si ngl nt, engi pel/-controller (
run'the enti ?%%tf"f”n?]lﬁ’”e"%%%&g 85'8‘85?% SHE % es@]"u?’l"gﬁado?"ab?i BisPeed PERIRE Yyine
maxi mum | i nemisptetemsehanda itkdor lthadegy-.per second. | f doubl e speed is to be
achi eved, 2 PECs can control. 6 segnents each, still running at 32D ppi
cont one resol uti o ad®ith, dopadied FeTubplivaions pERAUIASS 1§ PemAtandob B decTrlUTD DG T, Y

cont one r esobidtpcoRubofoodss, FeS/ARNBICH hLPEARTRRNY Ksclite GhrimARaitckbhrbiRE sutld it head
of 30,080 linpes ngULE 91) 2 8 C 2%)04 wo 02/0233s 3

PCT] ,AU00/ 007%’3’"‘5g‘g%ﬁ‘gﬁ%hcg%:ﬁgowﬁ%jggufoh can al so be readil -
nd.Synch Ci be G y used for
si mM t aneous dupl &%ings prigt rairg/contrplier (BRQEchin i papaplejoddriving hripthead of e ifesspeeda one
si de of a pale, printingla éitheree@msiond a PEG! @it intagerea b $3 iych printieidst sheirdrearabishde  of
the page. ASpdnOiiferdeolltlSinzcd 6 hikhes hual RiplvBE fsQLsirdbfete be Ridlo S Wk RAthE D Suster,
synchroni zat1 on signals) conbi nati ons of PECs can be 5 achieved. Driving a
single printhead frommultiple chips is advantageous to produce w der '
pages) faster prints) higher inﬁmgﬁﬁﬁwgmconbi nations of all
threk. To use nul ThegiventiBPEEHiss if fyeintsagine/cqpaier codipurdlao tgicwuplad Wit offtexs toi drfvean RECS .
D fferent PE@spgﬁh@adgg,gAsinyyith strips of the page data, produci-ng the total
page.in a faster E:l ne.an oc;‘mkrlicgn%m :esessdoLlét;th. A sinple way of 10
sendi ng. data to tite Brinthoad T romrmtrp e PECs is sinply to have each
" PEC responsi bl e fé?agﬁg‘@i*#é‘hd“f?ﬂﬁfﬂ‘éﬁmﬂ impge plaehia RiglreedvefRomeressed Jagedasi ogr ammi ng
of .individual PEEhaifftouer/cerbpositpso oningiokiierpspedties solpenf b ecqiedjmage glares; gr@ini zed i n. a
margsn unit w thi gpdubalidedoneihehitnsmiic axp vk fditiaeach PEC. A tag encoder
Wi thin each print m@Pﬂ{HQa‘ﬁ/m?c%Hn%dkn r is able to deal with a strip of a page
and i s capabl e of pfoduci ng a Pa_r- iﬂ'l l%?ag when ta@g?%ed Bg%es. are desirable.
~ 5 Wen several PECs &FEM3SBH IrROGHPCEH oL BHig P Aot iR d
configuration or in a prsymshprézatitn signt zeguntentoptpwting [ratynchroriztiont signd fto wowple priftan 15
Menj et segments, tekp@y/coidicrSty BGdRFoOME tRef Elspediite s@ipSdié @idthtaine sync signal . Only
onegfyr i nthead Contyn@l h @ prinldaa m&%&&%a{%ﬁm 21%:\:% Slgheth of RSt ad lhé?{:ﬁysﬂ%l ”?DEC

generates the |line ncC s|gnal onto, the shar ltne,. .. The I n{ernals o

al | ow for priHPIYRE™ %‘sﬁ"?ﬁ@"’g"%‘{%ﬁ“b&%‘f‘ °°é%b&°ﬁ?é’“‘i‘ﬁ‘l e A GiRle e e '°{W“°.h ojnicla
PECs. This i nesluptistheadssgmenbitor esn befongragted ifigh niitilp alties cech € whigidcoptaipsemore than one

dﬁs Cri pti ons segmenk) O WEBihg ik the dafie it Potfl @scd, hhle tHR XdgRd] Bhectpa@i the k¢ intheth cisés —atultipeat e

t he' vari ous si.r] : ctly. BRI EF DESCRI PTI ON OF THE DRAW NGS
FI G3 lis a %g&gﬁbﬁrﬁﬁgﬁgﬁﬁﬁ W,éat%' fl ow and .t hﬁ functjons perf?rmad by

t he gri nt engi ne CONETE PEption pqv ‘“g‘ﬁ"’@ﬁiﬁmm'ﬂﬂlfé%ﬁ’ Pe ARG REERPFBIT &P o

t he context dfiverimalticegmentprinthpad,icarh espponsipls fopmstriprof e pages lLAygshrogild fgngp magter chip. A

il lustrates tviagtyef dofifigudgs cirtbe GAIN Hdpbihgdn tidlr@liiell @pliddticd. Fdrlekampld, givier &I Rk segie@S

}zlhg e)5(t er nal l'lm&t{ I%ﬁ%nnrt Qigttim%nlaﬁ’c'r &F@Qﬁrbé Esg{rtpgxﬁ ink Qﬁlﬁlﬂmﬁﬁcac(ak%?xgresﬁh% o_fl:i | G
is a ramshow ng. inter jrcuitr e - -

6 shows a bl i%@%m"&afm"rw"ﬂwgipf_°§f€5§a°°§'a°é915#5%5%-_5’%9%*}’% o I iy aPc e
of VG 5. Fleeyols seamowseach, il eieningm 320 prijeoptpnstresplgion. HRut e effeesiye spoqd thes Bsentdpbledot
reor gani zat i cumiaily, #iedontbre soldnon 180 be pudhdd@ 648 pi5, 12 GVGs can roh tapnathead & BED st bang 't he
process within the line | eader/format uniit (LLFU) of FIG 5. FIG 9 is a

di agram show ng internal circuitry to generate color data in the LLFU of
FIG 8. FIGS. 10 and 11 illustrate conponents of the LLFU seen in FIG 9.
FIG 12 is a di agram show ngpj i ULE¥%440 a printhead interface.
FIG 13 is a diagramof a do*ta‘tggﬁl erLSHEEZSKi n thz printhead interface. 35
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h 9 DEC Z~; ~: WD 02/02338 4 F (fixative) to enabl e printing at hlﬂg D%@e%l,
PCT/ AUO0O/ 0075~ Because the printer is to be capable of fast printi

fixative will be required to enable the ink to dry before the next page has
conpl et ed¥QPIPR3BRHg at hi gher speeds. Ot herw se the pages Pcghuddloesd on
each other. In lower speed printing environnents the fixative will not be
required. A PEC mght be built in a single chip to interface with a
printhead. It will contain four basic le¥els of functionality: receiving
conpressed pages via a serial interface such as | EEE 1394 a print engine
for produci ng &cqpdge from a conpressed form The print engine functionality

includes 1 ~ expandisp@hbdi@ion @elsd 1ag iy uﬂh?ohﬁ:&l&hgouﬁ href PRSIk 12 inches
conpositing thasblgﬁﬁ‘&)!: g“ﬁdeg aepraic:[\nﬁf %seco jnu 8hilyﬁ§§;§ Tﬁ%ﬁr aﬁam@agrwt

infrared tags, eart, sen
controller for °B%?‘ft"?°6ﬁ‘f‘i’ﬁ’©g"t HestephaC fhinsitae ﬁlhévnﬂ@pﬁﬁe? sigplt mabinations\ep PECsacanier d
| ow- spted seri gghieysdrts for communi cation with the two QA chips. Note that

th t be t 1% e Bitthe e y odice
during the aut gt p&ﬁ%ﬁ?&f?ﬁ ﬁfﬂ?ﬁ%ﬂ % s BRI bl RSB 20 b

to send a docunent Trom cQ o0 printed page. A document is
received at 11 and Iﬁaﬂé’dln?leﬁ?éﬁ'iﬁr‘ﬁnﬂﬂﬁﬁF?eI“ given o reuitiple RE@sa Hifetea PECH ten AR withe
ef fected and. &¥ig of teypize deth. prdjuciupttiss torkl phage mefmddﬁdmﬁagﬁﬁqfr&gmomewhm gfr e

rast etQ zed at leddimyusts RARPHRHEIE HliddPHS Is Qopll @ hive %iﬂc’%&bo‘wmét@r Pumk; of
engi ne cont rol L&m.hQ.emBages are received as conpressed page | ma HPn

the print engine- cog{éroller | O |ntoamem)ry buf fer 15, fromvx/mchthey are
fed to a page expan G PrOBRIiNG prdadiyidpal BECSifos stipsavithip e pystel paga e erpanizgdyin ¢ waggin sttt ©
di t her mi ght bt ewr'scepeﬂww@wmn@c | fetyeencodet witki, eachpuint dagifadintilier & &b deal
| ayer mi ght bewitorspipsf dpegd aistpaHid ¥ prodaligdn St ay@kn c@gtgcd]pﬁ’gestaﬁ%ﬁﬁr wi th any
| frdSd tags Al Lowmdh@orRasid g8 DR 18hds Sy LIRSl ilul 0 B ogur e

page 21. The prj| el ¢ ler ta the co or; g pantiad,
starts the paggeong pg"r?ggl‘agcﬁmas‘%d’tf adal HgMﬁ“\’ft ﬁ%@?l%@’*é@ﬂ%ﬁ“ Vggg@émdéwpamm on

and printing i dengly Opl onfirigthesd BratqlierdRipielectsd Sie an dxteing miangoslare bin,GeterattheSling kyac A
25 si zabl e bi - Hmwiohto GiNiGed IRe. By BteinilBe] BEC Mo Rinbhg 2 ik skib Bﬁtpagsw,gun&fou@ﬂ?
pi pel i ne expangiger 8ecsPhss ﬁmrg@n%ﬁlﬁﬂo h%ﬁaa%lgnd c{escx(p%gng Bowc er té uﬁ)é(cf)@nds
a Gayp 4 Fax- % %3%% el sl Sx gl wdi 8“’5""" ’°e°\“)°g X selection map (s

and expands a ax conpresse FESTPIER | ayer (see bel ow), aII
is parallel. In paraIIeI vmth this) the tag encoder encodes bilevel IR tag
data fromthe conpressed page i|BRAEFDESTRRTION OBTHE BHAWNGsli t hers the contone

CWK | ayer usiFg. fis 3@Ia£dmtdﬂﬁtfauﬁaitiﬂo¥r a&ﬁie%&u%ﬁl t}%rxﬁe@@ o fmﬂ?z{r?ng%ho x sel ect

’ t t 0 ¢ NG Co Crin con cx Q l K
ln’:f/)er CO%OZhdgﬁG E'Ql Vbé l?)ﬁa{gtlg pv! %K %’X t t %"f‘”’?ﬁf’{‘@%gﬁm&“ﬁﬁgﬂ’af\s’g

genera ed at egic.'h?’(%slmﬁ Pﬂtﬁﬁm%ﬁ%‘f’ t°[°‘I‘F€'re is aneedinany of C M Y,
K, or 1R chann®Ps4ilysyatesithy sttermst inteylacepip thphalfiodehi@mipisitol wit HCUTMI¥IGE 3R dat a t hr ough
the printhead,®mcas & apisgrati shoed ineRbIRTARER te HEGof38. QW) . In FI.G 2 is seen how

the print engigfgl @Q%Ja‘%lol:ketﬁagrlxgﬂltxsh%tﬁgmﬁr&&ﬁmﬁ%ego %Er?erumtpgﬁlgé%r mséflt elmnc| ude

architecture. égo;l'qmw nent’s .o

a Prigt Engine aF““C \':‘E:}““ Pﬁé‘@“&‘ﬁ‘i“ﬁ“%““&ff‘"‘ﬁ‘?ﬂ‘ﬁ@fﬂ% 5t esponsi bl e
for reteiving e’ hewydissryeijuspiipghy praseyenthif g linsfoadeetigrnaiunit GLFH 0AG. souf f er 24,
per f or mi ng theﬁﬁageaéwmm;ntehhlamdmﬂafgﬁsmtc&mmﬁmtﬂleww@lcﬁﬁnd' ng the dot

data to the prsmt, h@%ﬂl?ﬁ t,;t; Yen@bSIR 1 ERNIL with QA chips 25,26 and
2 8 DEC 200 wor@21082355. 8 °°Hﬁ 00/.00754 mvtﬁﬁef a means of retrieving

print head char act er s§| cssﬂwm% a?”em'ﬂﬁtf ?P?ﬁaﬁﬁg The. PEC is the

subj ect of thi &G sl?éﬁf%g{f'a?f‘c?ﬁ"°“a‘“n‘ﬁ°ﬁfﬂrﬂypwwﬁ%e nenory buffer 24 is for
storl% t he conpressed page inage and for scratch use during the printing
of a gives page. The conﬁmmbﬁsﬁs&%dwﬁmgxﬁkﬁﬁﬁw rs is known to
those skilled in the art and a range. of standard chips .and techni ques for
their use mght be @:itypicpllydd inchypripthead wifith istyentr@MeChyoshe drim@rei print @npinic/itrollers (PEBS 281 -

QA chip. The. @emsibeaibelotoRURBMuI-Heed ﬂfﬁa&fgfbﬁﬁmtﬂ hERKAGHAD ISR cﬁaﬂ&ls%@&fo{]hﬁﬂﬁe
chips 26. The goNRH MGk nAREen! “An;,gzqmgg QR Ls 1s known to those
skillggl.in the_ art %qu{ﬁ & nown &proceéses m ght be utilized in
use of the PEC of the’t Véﬁ‘a’l]f‘#&f’f”“‘igﬁgr example, a QA chip is described in
co- pendi ng United SKaforhdrciRat edbtheAdpk pridaigi ons: USSN. Qur docket nunber Qur
“Titl eTBA - AUTHO . nd SystenD9!l 12, 763AUTHO2Ci r cui t
for Protecting Chi pgﬁlggﬁlﬁg""? ?E‘)‘EE)&%{‘%@%{’J(’E% on Attacks09/ 112 737AUTHO4Met hod
for Protecting On-Chip Menory (Flash and RAM 091 112, 761AUTH05Met hod for .
Mal ting a Chip Tanper-Resi stant 09l 113, 223AUTHO6A system for aut henti cating

physi cal obj ect sTBAAUTHO7Val i dation Protocol and SystemrBA .
AUTH08VaI | dat| on Prot ocol and Syst enD91 505, OOSAUTHOQConsumabI e
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- QA chip conmunication may be best included within the overall I .
“functi onality of the PEC chip since it has a role in the expansi OI?%PEFF?&"*‘
i mage as g runni ng the physical printhead. By |ocati
conmuni catl on ?’Eere it can be ensured that there is. enougmgq%o%ﬁ nt the
page. Preferably the QA enbedded in the printhead assenbly is inplenented
using an authentication chip. Since it ig a master QA chip, it only
cont ai ns aut hentication keys, and does not contain user-data. However, it
must nmatch the ink chip, The QA chip in the ink cartrldge
contains. informati %g‘g’\"é&)uﬁgf‘}éﬂ“g B ARbER e ng the best possible print
quality) and is inplenented using an authentication chip. Preferably a 64
MBit (8 MByte) nenory buffer is used to store the conpressed page inage.
Wil e 2~ one page iS58 hryntar P pesapeplpofiasiorining. p Byativg yikbe epuitedsto traile the inksodty
(doubl e buf f er paiggy the nent pagd disstcpmpleted prindngREGherspradst Diberwiserieages/migld bled b Qh dilae
cal cul@ted dot Inlevepseen il cihiibindgs hd Batil Wilthdt Bieq@ifea@ page. During the
printing of page N, the buffer is used for: 12 8 DEC 2001 wo oa/ o02a3s 6
Readi ng conpressed page N Reading and witing the bi-level dot information
for page N Witing igbhe il B A geslenbin o PRCTAMICPOOTREY il Rostiinfowbisiy leselREC
chip will incofpdipmlits a sinple mcro-controller CPU core 35 to performthe

fol I owing functi OnSrecwgfc%ﬂ%s%a&bhpa@ﬁﬂmus&ﬂg@&19540t ocol s via serial
interface 36 between print g?é;es run the stepper notor via a parall el

i nt er{I @ce 91 during®& ‘Bf'lgﬂf ?’l‘é"“ﬁgt"é’iﬁﬁg?mW?ﬁ“@éﬁ‘&lﬁ%@“‘&@ﬁ“ﬂéﬂ@%ﬁ%@@b@) 10
synchioni ze t h&rirdips Baigssepbmes dfigring the cowandIEE, civippitidgiths Wgk Ay oicnie RnoN 18, a
~means of int erhmnnﬂwdmmgdiﬁaexfa@rawdmddgﬁxam{umuﬁé‘gtsu{ep,[ngg,aamn ng registers
etc.) provide,a ne er f nt head segnent | ow speed data
requests (such as rgglzfngonmhﬁtfrcﬂ%@%‘nﬁﬁe?“n&m‘fggﬁwﬁﬁﬁ‘?8?s and witing pul se
profiles) provide a"°rﬁé‘~a41!§1 Iy spest feridl pgts foh eonpovidatiaaingth ietho QARDIBCE@Eh: B must
structures to b«iveportednd biRfdidgle part to enSirdiG@g ﬁbdn:yafmnﬁ BCauinSFRGEonRfoREESSI NY 1S
perfoqyged by dedica r th es not have to process pixels

As a rggult the CPETeﬁilupe IgejhsNghx dﬂ°w "(I?da?Pt sem{) §°°“A’°Wa°é°wvtffé stem it P”ﬁg&aﬁho@m
cores are sui t8?51“’@““?f“"'t‘:"é%a‘lié“&H‘i?dﬁl‘%‘e’é@’é’@lif&&b?r@%ﬁ‘tmeMﬂﬁln@v bertfeqrd @i NQ
power to perforemnvdn@JeptethtrbeeﬂdcﬁalPeagéMmmryamdrewammt 13f did) €clbr@Sed af Aphior to -

enoug h. An exabibnssioh todhehilt kb Sneérgo.i ﬁge@ar?m:ekvl-.cpé corfpreshed aééruga &% ek T
r unn' ng at abo%n&co%ler lg%tdahsﬁe @ egﬁgvl’ng e(y; are fcg?o acpagcgpawfxtﬁ kogr am

a smal | ram scrat B¥her
uni t s“Withint H’@ °E’ﬁ‘f°§ ARy éf%%??%ﬁb@ﬁ""iP@y ‘-'P’éPF“thYe’LFF Hr Aa;d%#‘e‘zrkvq! lareges
may i nap to pamighidg Fompositedi oves the cantdnediytrat 18 tagetizh withoany)iefraret] Ggg0R 14 i TEé MoRposited page
registers wt hhmﬁﬁa&d@mtbjarsdu&eaﬁgemi t. This includes the serial 36 and
parallel 91 interfaces. A small programflash ROM may be incorporated into

the PEC chip. Its ShESyde xSt &ﬂs%@&ﬁ;&b@&&@ gm& tﬁ-!?%léh &gaﬁ,m&%m{mm

than SKB. Like €l I orat e nt o
t he PEC chi p. ggﬁl Fge ]fnﬁ%g%r“ P“'n?m%?ﬁ' cPS%?gHB’t"F%’é’(/%Wt‘ ‘?f‘ﬁf‘fﬁ"b‘d’]‘ﬁ?‘%’“‘ia‘rfa&%’é“
there“?s no ned# lFBr“"ﬁq"&F(QgPé%P&ﬁﬁth@a The RAM si ze depends on the CPU
chosen (e.g, stack nechani sns, subroutine calling conventions, register
sizes etc.), but shé'mﬁ!stﬁwofwepmpeexmahmmaﬁmntprcgedé&tmcm&ﬁr@dabqubm&xﬂa@sthe
above ref er encedirhpe g Fordompraca ¢i-PA0Ehindax Rlektith RBRHec LRG| SRS chhat k8t a

full dot resol wdpe;;ed(alm Gk ot SR AP ol LSRLAONESE, SR oG ColoL Bt 2
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is optional. This 3% FGN2 ke oWBE frinbédgineftorbBIfO]otishvakln hbldrall p?xn@rﬁyslcﬂfaﬁﬂﬁénue

fact ogsof the pgid e comipdd@ls of fRSal i ghest supported resolution is
320 ppi over 12 inches T or g%lspn t#gﬂstgﬁggﬂ;lﬂx@lu&. one-fifth the printer's dot

resol ution. For hi gh ef.; Ento e rlﬁs? utions multiple PECs are required) with
each PEC producing an & el (FEGE pOt EagR. 10THesieh At torpansivle 5¢5) sereiviah tes
al so typicall y comprepsert E?@%F“a$°aéqf Sleragsfin @ memsy deffer P4 pérowaiiz trermerl axpansim, bldck layer
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conpressed formfor efficient storage in the printer's internal nefdEE 2004
"PCT/.AU0O0/ 00734 In FIG 3 is seen the print engine architecture. The print
engi ne' pansi on and printing pipeline consists of a high speed

seri al iﬂ&@%&’é’gé 27 (such as a standard | EEE 1394 i nt er f REYAUW/7%ndar d
JPEG decoder 28, a standard G oup 4 Fax decoder, a custom

hal ft oner/conpositor unit 29, a custom%ag encoder 30, aline

| oader/formatter unit 31, and a custominterface 32 to the printhead 33.
The decoders 28, 88 and encoder 30 are buffered to the hal ftoner/conpositor
29. The tag ePfRYises meaps sbeerriavingipdntiead chametpristios reesere Prégpurm printigg ThetPEC & the ahiact of
according to pisseafuatics. dependent on what uses m ght be made of the page and
“the actual content ol ct of th resent venti on.
The print engine an‘:md?y 45 %gﬂﬂ%e %ﬁ%{fgwé e R °ss° % fege af"%)écf&'ff"‘i“?& 0
DRAM 34 via DRER % n?ﬁse&zrvavcvéseaémacwaae 57 EpGha g eyl Iapygo thpsedkiied

seri & interfide 2 ind gt inizeeof sthrdardehipy ird tretiniguel dattigcisqxsighe b wilieein e b RPEDBAM 34
and passed thmewgh. t he print engi ne pipeline. Once the page has finished
‘printing, thep the ,pa aded becones the page being printed, and a
new page i s | oaded w‘g tdﬁé?'ﬁ L BEESGP &l malfhed 'ﬁfeéllaT‘aabEé“L??%dﬁtQ"t% 36i Thyt
stage the pi pEPiTgiong Hprifas o @P@w@hes@eﬂ i hnircanéa EhMknowh QAgrosessand
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matte fpr sel ey’ﬁ%g bet i¥EMeHFt hef natrices for coRECHEe dit heri ng (:ee
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in the prP#tB@ad and | dEaMAdy [t 1S aMehale Hrol@ind GHE Medb@ (Haamdiodg Nozzl es
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prints } hé¥®5.tiannells SUTHIl | evel doﬂomcmtlﬁnﬁbdﬁ&mnﬂhmysdml ntertace 32.
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CWK da s a.sizg o . Usilng ASustep fer aggepieasdisn al gorjt hns
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text conpresses w rati o of about i essed page size
of 0. SV omoe cl < it oB7 ks ot iy e Oty b Beh
114MB of bi - | B @{mole| it the exppigoniofie fipagets w3l &tmé‘ssveldmﬂéag@eﬁdn@géOCMz QA tchip
described bel commenigphion thegs it dueberemined that terik Erd g inlk et ﬁle@’ig&yPre]f&?E@ﬂﬁcha&edea mage
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enough 'to be st 0 ow strail
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absol ute wor st -case page imge size is 3.3MB (i.e. text over inmage).

Assuming a quarter .o e contains im t he average page
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August 1988) egRBuiRSskshet to | ossl essly conpresses bi-level data for
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algorithmis tuned for this class of images (it is explicitly not tuned,
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_The resolution of the dither matrix select map should ideally n’%gmgchm
coatone resol ution. Consequently each of the two |ine buffers is therefore
480 byte its), capable of storing 12 inches at 32 - i... Wien
the map ?rva %gssfhe contone resol ution, the typical corrprg'gi'{%wg)r%.’lsfo
exceeds 50:1. 1n order to provide support for. , 800 dpi spot color 1
layer (typically black) 320 dpi dither 6rratri x sel ect layer the
deconpressi on bandwi dth requirenments are 9.05 MB/sec for 1 page per second
performance (regard]less of 15 whether the page width is 12 inches or 8.5

i nches), and 20 B/ BBURELARPIAIBENE/ sec for 12 inch and 8.5 inch page widths
respectivel y duri ngReaging aRdmwritipg thabi-Rvel dpisedataefof @gemance. (30; 000 | i nes per
second). G ven, t hat .k r d data is output to a line buffer) the
A Fax decoder can nghgic%g%%é%pﬁgss a line fromeach of the outputs one
at a time. The 4 Fax decoder is fed directly tomthe nmain nenory-.via the
DRAM i nterface. The anobunt of conpression determ nes the bandw dth

requi Gements to t hePefetsraPEL ciiillincogionte esiiile niaxcontsrllir GBS koSS fo pérfosn tronp| exi ty
of the inmge ifopadksndonst he anount of data and hence the bandw dt h.
typically an 800 dpj rfprlmqﬁ ; . i A . | conpression,
so the bandw dth regeui redkc%u gﬁfgﬁug{u&%?dg%e&%%ﬁ?{%%§8§9¢|§V§&%@ga%/ sec. '
Simlarly, a typicafieSeuerepiotedivie peelld isfedist 91idpring p print(heippees B regdiresmskBz t han
50: 1, resultingoceess) a 0.025 MB/ sec bandwi dth. The fastest printing speed
conf iqgur ati on pf 32 i. f.or di | rix and 800 dpi for 25 spot
col or1wi requires ba%é%u%‘ﬁ?gé?gﬁs&g’g&ﬁﬁﬁ’ég%&é“ﬁg&’d?b@ MBIl sec-respectively. A
total bandwi dth of ProYiisesess ofisisticis vitheremadaa rgeestyfprgannting registeroadh f or  t he

DRAM bandwi dt h.  TheprloAderadanct? GRARBwinpRATAQEERer: foW-shedd dat R RARAINGH-RYg fEANS
of a &4 Fax Deg,g.g[._?e;imgg,rvgm%,d% J’%"?&% of (AFax Decoder cores are
SUrt

suitable: it can be any corc wt i ent processing power . to perform
the required cal cul EPY‘%H@“&M%@EF‘FW$HHH¢%WSF%WY%MWﬂDMMrmst be
capabjsge of handling nnl engths exceeding 30 those normally encountered in
400 dpi facsimle applications, and so may require nodification. A JPEG
conpression algorithm (see |1SO I EC 19018-1:1994, Information technol ogy -
Di gi taL conpr essi onSiasgdl efhl imege pfocessingti petionnd-by deligatest Haddivard, the GBE toes not have to
Requi r er nent agigbesg pikethe lAb aresalt, thd 8811dan be@R B indl/sinkpRITR WS SEiSty 6F CPO RioMhRres HPGi@bIRL A

compr esa on rop v @b Focust it Bl BRUGE i REORE B elf : HAYE: ERERH Tl i
at . cqqpr essi on}mrl‘caglftmls g‘%_°‘5’%§“§/‘i/° . ?]i°f(a§'§§bli/@'|° fséglé‘kpq?g%i’."fmg*ﬁ%‘k’\f% B ot M.
Pi ct Conpr e4¥3°8i1 SitafitiEFtieore 33aHbnt erearamoRAM od & smell IaAm sqpith RAM. Wi CPU
Aplr il "1991) {)Egip&&aﬂaﬁges wx:ﬁlmiindrws wiﬂiﬂtr;ePE(s:l cmtnfegmﬁa@bmﬁ Mﬁcﬁlﬁﬁ@&:’lslﬁrdﬂieﬂjn@ .
col or spars { Nalp 6 ARBIAA, thd\RAES a0 RRE0 il ABEPBGAE 0LV
channel s. This : I, nance chann be. sub-s | ed t hout
appr eci abl e | o%%: agyé%aﬁs,le}&gf J m(?%?acésa'l Bﬁ%%@?’d%?é“%&?ﬁ%%@g?ﬁ%% IL'1“‘10
the human vi sud® 95t WiieSCPY grsse: bif dhould pat be gors thag KB Likewiseagmall sergih RAMARE w0 beh an
chrodance. Abtogoraehing te PEGthips Siep)theometm odd drs rofhave trehanipgatcionges Bese tb need
separat el y. Thgr 4 lageratipaedi Thie RRBK sizE\depen@6BmPEPLEIhoskd (0 ktick mERGAmD LuBielfind Suihen
transfornmed i niQuehdags, L%i&&&ﬁ%{}?%.ﬂ%ﬁ&id??tﬂ @orﬁ?aglab%&'i%.e. cosine transform

ion has the e 0

(DCT). This transform ect concentrating i mage energy in
relatively |ower-fr cy coefficients) whigh allo hi gher - f r equency
coefficients to _be (r;i‘o(yrég rg}%%ﬁ'ﬂ%ﬁvb&‘ﬁé%ﬁn if.gm"?%a%‘?ﬁ‘éea‘ﬂ ﬁpﬂ‘&u?"i“ﬁ%“ TPREOdpqg plackat
princi pal sour &8 deifreseliep ftpically JR00; daih prEserrodiTesy qopiene clesipt wmsibetiovesresslutignawieg] by
or der3thg coef f hafioaing. Shelpyge Hasgigioe Bsaherefo diviadiintd Zidack bi@evil e bridha o@EBneaThyerd dhebieint
zero coeffici eglisvel 180ds ERRE « WRBRBY 1R RGREH 1BEr. ML S1adk i GRT 16 conslils DAL didkdp t N
runl engt hs and_hon- Z?f-ﬁtjgc?%reé‘cﬁ%mﬁoﬁﬁ fbia&lhent S+ALE, ent ro%,coded.
Deconpressi on 18 Lhe | AV Qe procass B “CoNpl eSOl FAd BT PEY °CRin

contone | ayer PEEHIPprewliagThebisheststragiad reelfon s 19ORED iisythepanteris Aot pesolution. The
| um nance/ chr ordntegriayer ceBistasfatbitoan cortainihe @ ARl CMIEC @B S far 4adh pixkll Wiede KfiOsptidnkle This

pur pd&fsdoz t %@n@neﬁﬂiﬂé G rédlutbihat &bk &Ei&aa ﬁa&%lg &upméfmgl &s%uon.s’ga%fmgg&{hﬁ%p%réd
converted to N . ar e du ub- sa . yiestream
is conmplete angL ogeaf"?ls gzé)%lau?%g%lggle?&%ﬁ?g%i%ﬁé F R attge_ prn(%tarusi%?terﬁg\%é’?' b Bighe
deconpr essi on, PIREI YRGS BUERINFECSET BRrizeth Bity sagorERE Brofusiss ansstrip pb the priputyipge The
decoder is respwiesd solation irlsqugmidallyr avinteger fabter obthe Hlinlebifldvel reddutionprsiesy crhulagfonstihe
contone data | ay®ps. TheisinitRUtqukdhedt Bwel BEGRIRLP Bi84veli 15erliid 1ho cottoR13BES W in
coatone data. This will typically be 3 planes, representing a CW contone

i mge, or 4 planes representing a CWK contone i mage. Each col or plane can
be . in a different resolution, although typically all color planes will be
the sane resolution. The contone |layers are read fromthe external DRAM
The out put of the JPEG decoder is the deconpressed contone~ data, separated
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conpressi on determ nes the bandw dth requirenents to the external;
"the level of conpression increases, the bandwi dth decreases) but ?he
quality of the 5Snal output image can also decrease. The DRAM bandw dth for
a si ngl W33 ane can be readily cal culated by applyi n§CTHI08/0675# essi on
factor to the output bandw dth. For exanple, a single color plane at 320
ppi with a conpression factor of 10:1 requires | MB/sec access to DRAMto
produce a single page per second. The JPEG functionality is inplenented by
means of a JPEG core. A wide variety of JPEG cores are suitable: it can be
any JPEG cor e sginpréssed fifrrh foc ¢finfent soragpdetbsprintg ' sirtsn@metugry.per f orm t he required

cal cul ations and control functions fast enough. For exanple, the BTG
X-Match core has dego&gr Si oggspg{eed up.to 140 MBytes/sec, which allows
deconpr essi on of 4 Col or zm  eREING ATt o Dhe PEIRt SRERe's Bage SXPEeyR phngne t he
mexi mum pri nt eRESENs Sepsiptsef adignseees praidl ingarface 8Dt ps aystardard EEE NP Jntezime), BOQiPEDr 1
pagel sec pri ntderods piestanddibGreuptsiFat detobier, ac@iof hilRRE BonipBsitetthil295d HaRAg encoder 30,

decom®y essi 0N) ik ReHePbriktef 18 31, 8 W bdsSH B R e $10he phibefead :?:'52 PRGkoRY ng@ﬁnd eacader3q

general i zed JPEG eor S erl deco on cores. Size 0O
expected to begac%o&“rrﬁlr eg‘ ﬁdf? i’ffﬁ’pﬁg% §af“é§°g Repasic] eptgblishes op i g Ap B S5 RIE at &

i s output to ar°PIYRE FRIeels depepdsat on PRGisepaightfesmadecfithy pagecind the adiod contpt efesagdsmot
entire |ine f oheseldgetofdt presreineadonr pl anes one at a tinme, thus saving on
context switching during a line and sinplifying the 15 control of the JPEG

decoder. 4 context STHEpRLt chihe K6 in 6 BBl IB&&%?&& wfyo roneea‘g@ls ﬁ%@{nmliﬁxﬁﬁ%)z v a%kg{ME
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t hr ough buf f eren®dsd amrtags fop Riactedering inleitiéIR oSHMBE ink. | FdIB thel thivel Qa3 el b, &Etox{i&yer

expanded di t hegma Bk p&%@ﬁ%s ki tfmv@fspo& wér%@elr lhy reﬁﬁfﬁ% i’i‘{fﬁ gf&zéﬂa}‘f ﬁf o>

t he contone | .hrou ar

thr ough buf f er o= el %&Q%rc& sg:gc%hm B YARD 8"“53%‘?3 S?Fﬁf”rt’l"bt@%}’"nﬂf‘@’éﬂd el ¢ he
25 ext'er nal DRMJdiuged to coRpeni fopdpad opdispintii arinthend Pipto 6 channplpof bilewe! dhtomeiegdhcdkama t
unit (LLFLI) athis stdge.i Notathg @dt albé chiaunklning be pre@tlot the frinthbdd- F&@ ¢akplt, 18 gfhihkdd 3@ bd N

up to 6 color MB&ﬁ-Mtﬂ-Kﬁﬁﬁﬁultymetm&QMsWIRl EEYQJ Mﬁm%}(ﬂg omGM{ % ud N€

bi -1 evel spotl_; e 5k is o (@ s S EEN ;

Once start ed) %nh@yﬁ&jk[ﬁ){rl&:eledgafﬁ% Nl f°§ "B PEROE gﬁ & &“‘&?{"‘b‘g ﬂﬁﬁ?f‘faf‘dsn
or until it isBYpPEomarddy W“\?f"&“‘f“ﬂd B oiRerd P ing bifers (e, belgtie Theimaiotity oS k
of tHO HCOU is these ling biffers mlghb%eatlmrqdespeqﬁ ghip ®RAMAK. €The final ssageputicthithOchinkeds oS 6ial €
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25. Two control bits are provided to the scale units by the margin unit 57: advance dot and advance line.
The advance dot bit allows the state machine to generate multiple instances of the same dot data (usefu! for page
margins and creating dot data for overlapping segments in the printhead). The advance line bit allows the state
machine to control when a particular line of dots has been finished, thereby allowing truncation of data
according to printer margins. It also saves the scale unit from requiring special end-of-line logic.

30 _ The comparator unit contains a simple 8-bit “greater-than” comparator. It is used to determine whether
the 8-bit contone value is greater than the 8-bit dither matrix value. As such, the comparator unit takes two 8-bit
inputs and produces a single 1-bit output.

In FIG. 6 is seen more detail of the dot merger unit. It provides a means of mapping the bi-level

dithered data, the spot1 color, and the tag data to output inks in the actual printhead. Each dot merger unit takes

35 6 1-bit inputs and produces a single bit output that represents the output dot for that color plane. The output bit
' at 60 is a combination of any or all of the input bits. This allows the spot color to be placed in any output color
plane (including infrared for testing purposes), black to be merged into cyan, magenta and yellow (in the case of

no black ink ip the printhead), and tag dot data to be placed in a visible-plane. -An output for fixative can readily

be generated by simply combining all of the input bits. The dot merger unit contains a 6-bit ColorMask register
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page a,; | WRESH8GRdE 0 C e Sﬁb. | mage anes in e
recei ved conpresseq pa eE %%;(e%ﬁ’y a E’%q% T g‘%r" f%’g Bef E"g} th R TRHSF ColorSelect.
respective strlpyp °ft]ﬁ"@1“déE‘tia%ﬂ° Siedpincs sk Ars Sutferyriliacprally clogktte daedn.i Nt er f ace to
out put the conposite strip to a printhead the printhead interface
including: ' a mil t haQORRRkolE Atk duRlSE LA%S QUYL Nhoprinthead
formatted data,and.a. s %/drlg E[coﬁ’ Q'Fié ation s g&ﬁ %enesr ato rr&acr)c}j'?%ﬁ YR ReRpes a bit
synchroni zation signai fo coupre Bri-hte LRYThEPLS Boreieamety BE gddn FOe Se
their res pe cti %ené xtrqdﬁgss, ¥e actvwée tmhf PPEYSREEIERt's equivalent dot. We add 640 (not 1280) since the odd and
25 even dots are separated in the buffer. We do this NumSegments times to retrieve the data representing the even
-dots, and transfer those bits to the PHI. When NuwnSegments = 15, the number of bits is 90 (15 x 6 bits). The
process is then repeated for the odd dots. This entire even/odd bit generation process is repeated 640 times,
incrementing the start address each time. Thus all dot values are transferred to the PHI in the order required by
the printhead in 640 X 2 X NumSegments cycles. When NumSegments = 15, the number of cycles is 19,200
30 cycles. Note that regardles_s of the number of colors actually used in the printhead, 6 bits are produced in a
given read cycle (one bit from each color's buffer).

In addition, we generate the TWriteEnable control signal for writing to the 90-bit Transfer register 90
inFIG. 9. Since the LLFU starts before the PHI, we must transfer the first value before the Advance pulse from
the PHI. We must also gcnefate the next value in readiness for the first Advance pulse. The solution is to

35 transfer the first value to the Transfer register after NumSegments cycles, and then to stall NumSegments cycles

later,_ waiting for the Advance pulse to start the next thSegments cycle group. Once the first Advance pulse
arrives, the LLFU is synchronized to the PHI.

The read process for a single dotline is shown in the following pseudocode:

DoneFirst = FALSE
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interface to o g&set:ﬁ&?éy@%g; te strip to a segnent of the printhead; one
printhead interface generating synchronisation signal to synehmi ze the
print engine/controllers to drive the printhead .at any ono or nore of

hi gher Speed, higher input 10 resol ution) higher nunber of cool er planes)
hi gher outlet resolution or wider format. 9. A print engine/controller as
clained in cl ai Yiigreadperssy iragstegiog daafom g oy i e PHIaavriteProgsstipropprige st dot-line in
synchroni zat i onhesthgnvaffer.as a master controller to x11 print
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controller is a past ontroller_or a stlt ave. 20 11. An Inkdrop printer
with a print hea%‘ilgl‘siw\%"ﬁ%ﬁ’)?g%f?”?“pﬁ"’émﬁ%sf“n' engi ne/ control l er, the

Buffer OE, 81 inFIG. 9 is a 32-bit register used to hold a single HCU-generated set of contiguous 32 dots for
color 1. While the dots are contiguous on the page, the odd and even dots are printed at different times.

30 Buffer AB 82 is a double buffered mechanism for delaying odd dot data for color 1 by 2 dotlines. Buffers A and
B therefore have identical structures. During the processing of a line of dots, one of the two buffers is read from
and then written to. The two buffers are logically swapped after the entire dot line has been processed. A single
bit flag ABSense determines which of the two buffers are read from and written to.

The HCU provides 32-bits of color 1 data whenever the output valid control flag is set, which is every 32 cycles
35 after the first flag has been sent for the line. The 32 bits define a contiguous set of 32 dots for a single dot line -
16 even dots (bits 0, 2, 4 etc.), and 16 odd dots (bits 1, 3, 5 etc.). The output valid control flag is used as a
WriteEnable control for the OEy register 81. We-process the HCU data every 2 OutputValid-signals. The 16
even bits of HCU color 1 data are combined with the 16 even bits of register OE; to make 32-bits of even color
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In terms of bandwidth, the DRAM access for dot data buffers consumes the great majority of all

DRAM access from PEC. For each print line we read an entire dot line for colors 2-6, and wﬁte an entire dot

30 line for colors 2-6. For the maximum of 15 segments this equates to 2 X 5 X 15 x 1280 bits = 192,000 bits
(24,000 bytes) per print line. For the fastest printing system (30,000 lines per second) this equates to 687

MB/sec. For 1 page per second printing the bandwidth required is 312 MB/sec. Since the bandwidth is so high,

the addresses of the various half-lines for each color in DRAM should be optimized for the memory type being

used. In an RDRAM memory system for example, the very first half-line buffer is aligned for each color to a

35 1KByte boundary to maximize page-hits on DRAM access. As the various segments are processed it is
necessary to ensure that if the start of the next segment was going to be aligned at byte 960 within the 1KByte

page, then the 640-bit access would span 2 pages. Therefore the variable DRAMMaxVal is used to check for

this case, and if it occurs, the address is rounded up for the next half-line buffer to be page-aligned.

Consequently the only waste is' 64 bytes per 13 segments, bur kuve the advantage of the 640-bir access
40 completely within a single page.
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if (ColorCurrRow[CurrColor] == ColorMaxRow[CurrColor})
ColorCurrRow[currColor] = ColorStartRow[currColor]

ColorCurrAdricurrColor] = ColorStartAdr{currColor]
40 Else

ColorStartRowfcurrColor] = ColarCurrRowcurrColor] + 1
Endif
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353 10%%9 & ()-3 &M £ 100 LineSyncGen iinit (LSGU), which provides synchronization signals for multiple PEC
chips (allows side-by-side printing and front/back printing) as well as stspper motors.

. a Memjet interface (MIT), which transfers data to the Memjet printhead.

------
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In FIG. 12 is seen the intenal structure of the printhead interface (PHI) 32. In the PHI thers are two
30 LSGUs 89,90. The first LSGU 90 produces LineSync0 (LS0), which is used to control the Memjet Interface
(MJD) in all synchronized chips. The second LSGU 89 produces LineSyncl (LS1) which is used to pulse the
paper drive stepper motor.
.A Master/Slave pin on the chip at 91 allows multiple chips to be connected together for side-by-side'
printing, front/back printing etc. via a Master/Slave relationship. When the Master/Slave pin is attached to Vpp,
35 the chip is considered: to be the Master, and LineSync pulses generated by the LineSyncGen unit 90 is enabled
onto the two tri-state LineSync common line LineSync0, shared by all the chips via two tri-state enables 92.
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15 . Table34. LineSyncGen Unit registers
' Register Name Description
CyclesBeatweenPulses The number of cycles to wmt between generatin g one LineSync pulse and the ncxt.
Go ' |Controls whether the LSGU is currently generating LineSync pulses or not.

to. CyclesRcmammg and starts the countdown. When CyclesRemaining hits 0, anothe
LineSync pulse is generated, CyclesBetwccnPulses is transferred to CyclesRemainin
d the countdown is started again.

write of 0 to this regxster stops the countdown and no more LineSync pulses are;
enerated.

- {CyclesRemaining ' status register containing the number of cycles remaining until the next LmeSync
ulse is generated.

A write of 1 to this register generates a LineSync pulse, transfers CyclcsBct\vcenPulscj

The Lim;.Sync lpulse is not used directly from the LGSU. The LineSync0 pulse is enabled onto a tri-
state LineSyncO line 97 only if the Master/Slave pin at 91 is set to Master. Consequently the LineSync pulse is
_ only used in the form as generated by the Master PEC (pulses generated by Slave PECs are ignored),
20 ' " The Memjet interface (MJIT) 93 transfers data to the Memjct pﬁnmead at 94, and tells the Memjet
' ' interface when to start printing the next line of data. It.is also used to enable feedback from a specified segment.
The. Memjet printhead 95 itself is responsible for controlling the firing -se'qucnce of its nozzles, with firing
profiles programmed via the I’C serial'interface 36 in FIG. 3. The MII contains a state machine that follows
 the printhead Joading order described in Section 18.1, and it may include functionality for a prehcat cycle and a
25 cleaning cycle. Dot counts for each color are also kept by the MJI (see below).
: The MITloads 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.
. From the 90-bit input held in the Transfer register of the LLFU. This is the standard means
30 * of printing an image. In a first transfer, the first 48 bits are sent to the printhead, and in a second
transfer, the last 42 blts are sent to the pnnthead with the top 6 bits 0. Once all 90 bits have been sent,
2 1-bit *Advance’ control pulse is sent to the LLFU.

The MJT knows how many lines it has to print for the page. When the MJ1 is told to ‘go’, it waits fora
35 LineSync pulse before it starts the first line (via an NPSync pulse to the printhead). Once it has finished
loading/printing a line, it waits until the next LineSync pulse before starting the next line. The MJI stops once
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Table 35. Memjet Interface Connections '
Name #Pins /O Description
D1{0-7] 8 O _[Output to D1 shift register of segments 0-7
D2[0-7 8 O _[Output to D1 shift register of segments 0-7
ID3[0-7 8 O_ [Qutput to D3 shift register of segments 0-7
D4[0-7] 8 O [Output to D4 shift register of segments 0-7
D5[0-7] B O _[Output to D5 shift register of segments 0-7
D6(0-7) 8 O_ [Output to D6 shift register of segments 0-7
SClk[1-2] 2 O A pulse on SCIK[N] (ShiftRegisterClock) loads the current values
from D1[0-7], D2(0-7], D3[0-7], D4{0-7], D5[0-7] and D6[0-7] into
. : the segment group N on the printhead.
Ten 1 O [Paralle] transfer of data from the shift registers to the pnnthead’s:
. internal NozzleEnable bits.
ICCEn[1-2) ' 2 O |A pulse on CCEn[N] ANDed with data on D1[n] enables the sensel
lines for segment n in segment group N of the printhead.
PHSense 1 I |Printhead Sense (temperature, voltage, resistivity etc) .
Reset 1 O [Reset the printhead
TOTAL 55 [
The MJI maintains a count of the number of dots of each color fired from the printhead. The dot
15 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 to update a
QA chip in order to predict when the ink cartridge runs out of ink. The processor knows the volurne of ink in
the cartridge for each of the colors from the QA chip.* Counting the number of drops eliminates the need for ink

20 sensors, and prevents the ink channels from running dry. An updated drop count is written to tt'lc QA chip after
each page. A new page will not be printed unless there is cnougﬁ ink left, and allows the user to change the ink
without getting a dud half-printed page which must be reprinted.

In FIG. 13 is seen the layout of 2 dot counter for Color N, All 6 dot counters are preferably identical in

25 structure. The dot counter takes the color N data at 98, from the HCU, into a 15 line to 4 line encoder 99. The
four line output of the encoder 99 is to an adder 100 and Color N Dot Count 101 outputting a 32 bit count at
102. The counter 101 might be cleared by a bit on line 103. Loading of the counter 101 is clocked by a bit on
104,

30 The processor communicates with the MJI via a register set. The ragisters allow the procsssor to parameterize &
_print as well as receive feedback about print progress. The following registers are contained in the MJT:
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* [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. - _

_ ISegmentGroups [The number of segment groups in the printhead. This equals the number of times tha
SegmentsPerXfer cycles must elapse before a single dot has besn written to -cach

pegment of the printhead. The MJX does this 1280 times to completely transfer all the|*
data for the line to the printhead. _- :

- [NumLines = . The number of Load/Print cycles to perform.’

Monitoring the Print (read only from point of viaw of processor)

Status - [The Memjet Interface’s Status Register

LinesRemaining - Fhe number of lines remaining to be printed. Only valid while Go=1.

_ T ___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 1280 and counts down to O. Only valid
iwhile Go=1. '
SegGroupsRemaining J’l'hc number of segment groups remaining in the current set of transfers of 1 dot to eachl
_ segment. Starts at SegmentGroups and counts down to 0. Only valid while Go=1. .
SenseSegment ' The 8-bit value to place on the D1 lines during a subsequent feedback CCEn pulse.

Only 1 of the 8 bits should be set, corresponding to one of the (maximum) 8 segments.
: See SenseSelect for how to determine which of the segment groups to sense.
SetAllNozzles [f non-zero, the 48-bit-value written to the printhead during the LoadDots process is all|
“w 15, so that all nozzles will be fired during the subsequent PrintDots process. This is.used
. during the preheat and cleaning cycles.
: [f 0, the 48-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 alll
registers with 0. The MIT also places a pulse on the RESET line connected to the printhead.
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.

[f either of the status bits are set, the Feedback bit is cleared and nothing more is done. '

[f both status bits are clear, a pulse is given simultaneously on both CCEn lines with all

bits 0. This stops any existing feedback. Depending on the two low-order bits written tol

SenseSelect register, a pulse is given on CCEnl or CCEn2 , with the D1 bits set according to;

the SenseSegment register. Once the sense line has been tested, the value is placed in the

PHSense registers, and the Feedback bit of the Status register is set.

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 bein

loaded/printed after the receipt of a LineSync pulse. The loading of each line consists o

SegmentGroups 48-bit transfers.’ As cach line is printed, LinesRemaining decrements, and]

[TransfersRemaining is reloaded with SegmentGroups again, and an NPSync pulse is given to
the printhead. 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

Fulses are ignored, During the final print cycle, nothing is loaded into the printhead. -

A write of O to this bit stops the print process, but does not clear any other registers.

ClearCounts A write to this register clears the ColorlDotCount, Color2DotCount, Color3DotCount)

Color4DotCount, ColorSDotCount, and Color6DotCount registers if bits 0, 1, 2, 3, 4, 5, or 6

espectively are set. Consequently a write of O has no effect, .

Feedback . ' ‘

PHSense _ Read only feedback of the printhead’s sense from the last CCEn pulse sent to segmen{
SenseSegment. Is only valid if the FeedbackValid bit of the Status register is set.

Colorl DotCount Read only 32-bit count of color] dots sent to the printhead. ' :

Color2DotCount -{Read only 32-bit count of color2 dots sent to the printhead.

IColor3DotCount Read only 32-bit count of color3 dots sent to the printhead -

Color4DotCount IRead only 32-bit count of color4 dots sent to the printhead

Color5DotCount [Read only 32-bit count of color5 dots sent to the printhead

Color6DotCount Read only 32-bit count of color6 dots sent to the printhead
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. a multi-segment printhead interface outputting printhead formattéd data; and _
10_ S a synchronization signal generator outputting a synchronization signal to couple print

engine/controllers to synchronize their respective strips at the pdnmead. .

2. A print engine/controller as claimed in claim 1 wherein the printhead interface accepts its own

synchronization signal as a master controller to all print engme/controllcrs or that of another printhead controller
15 as-a slave.

3. A print engine/controller as claimed in claim 2. wherein printhead interface inchides an input at which
a signal determines if the print engine controller is a master controller or a slave.

20 4. A print engmc!controller 25 claimed in any one of claims 1 to 3 wherein the halftoncr/composnor
' scales input image planes under control of a margin unit sct to establish print data for a strip of the image.

S.- A pnnt engine/controller as claimed in claim 1 thh the addition of a tag encoder to calculate
rcspectxve strips of a tag image plane.
25 . o e
. 6. A print engine/controller configured to be coupled with others to drive an mk drop prmt.hcad
comprising: :
a contone image decoder to decode any compressed continuous tone magc planes in the rccewed
compressed page data;
30 ) a bi-level decoder to decode any compressed bi-le.vel image plane and/or dither data in the received
. compressed page data;
a halftoner/compositor to composite respective strips of the decoded image planes including a dot
merger unit controlled by a color mask to effect integration of the image planes with what inks are provided in
the printhead; and , .
. 35 - a printhead interface to output the composite strip to a printhead
the printhead interface including:
. 2 multi-segment printhead interface outputting printhead formatted data; and -
a synchronization signal generator outputting a synchronization signal to couple print
engine/controllers to synchronize their respective strips at the printhead. .
40

71 A print engine/controller as claimed in claim 6 wherein the halftoner/compositor includes a margin

unit to apply margin data to the respective image planes. during the composite process.-to- generats. print data in
strips.
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a printhead interface to output the composite strip to a scgment of the printhead;
one pflmhced interfice genenuting a synchronization signal to synchronize the print
engine/conirollers tn drive the printheed at any one or more of higher speed, tiigher input
10 resolution, higher numbet of color plancs, hig,hd outlet tesolution of wider format,

9. A peint enginc/oontrollcr es claimed in claim 8 wherein & printhcad interface accepty
its own synchronization signal us a master controtler to all print Cné,inc/oomrdl-las ot that of
‘unother printhead controller us a slave, '

15 .
| 10. A print enginelcontrolier as claimed in claim 9 whereln tho printhead interface
includes an imput ut which & signal determines Ifthe print efigine controfleriss masts(éonupllcr
or a slave. "
20 ' TS ' An lnkdrop prmtcr with 2 pnnthead driven by muluple print cngme/couu‘ollerq, thc:
print cngme/oontmllcrs Including:
.an lnterﬁacc st which to recelve wmpr’e‘nséd page data;
& contor image decoder to decode uny comprwwd continuous tone tmage planes in
the received compressed page data; _
25 a.bi-level decoder to decode any bx-lcvcl Image plancs and/or thhcr dats in the |
recstyed compressed page data; _ '
a half-toncr/composxter to composit‘c any bi-level image plans over amy continuous
tone i image plane wherein the page data in thoi image plancs is scaled under cantrol o'a margin
unit to csmhlish datd for  strip of the image;
30 8 printhead driver to ouLput the composited strips to a printhead;
» prmthcad receiving stﬂp form print data in purallel from the multlplc print
engine/controllers; and _
a synchronization signai generator outj:utting a synchronizaltion signal to couple print
engine/controllers to synchronise their rcsﬁcctivc- strips &t the printheud
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