WO 02/ 02338 PCT/ AU00/ 00754 | PRI NT ENG NE/ CONTROLLER TO WORK | N MULTI PLES
AND A PRI NTHEAD DRI VEN BY MULTI PLE PRI NT ENG NE/ CONTROLLERS 5 10 15 20 25
30 35 40 wo E@236 THE | NVENTI ON The invention rel ates to BCPAUDE00754

engi ne/ control | er adapted to work together with a nunber of print
engine/controllers in driving a printhead and to a printhead driven by

mul tiple print engine/controllers. BACKGROUND OF THE I NVENTION In the prior
art a single print engine/controller controls a single printhead. However

this solution does i ' S, r high
resol ution input i %@Tiﬁlﬁg\?@g@%ﬂ%ﬁ@.@hﬁﬁMﬁfﬁfé@ﬁgﬁ@9‘

print heads the coPRINTHHATBRIVENSY MUTJIRREPRINTITENGING CONTROLEHERS t 0
print the sanme nunber of printlines, each of which is nowlonger. O if
the printhead is to run faster the &ilﬂéf cont\;?\]ller has to be run at a
faster_clock speed. O if the inpu”'r gTélEI%sE Y gher resolution then the
controPl er chip has Thednieiigerelioy @ alpif preingcoptptien pdaeipd ty worly poeqthgrwih@seher gfipriliot h
in order to pregassntoesieffvRgi jriv@dayanli @k g@khedd Aptt by mBEEprSt @R/ cdntrolltrs @ hi gher
resolution. A range of printer types have evol ved wherein an inage is

constructed fromink sel ectively j t i jn dot format. In US
pat ent nunber 6045710 titled ‘SeIB$B§+4Ogn88?g%%g\&%§Pfﬂon and manuf acturi ng

process for nonol i fHie@rigsast fingls §dns engingroriplisr oRipls atieste PRithadSHPWeEr His sbkiondpsr e
is selOout an assessaieft wish fotrivepripthiady foaligh résdutidn Bt inoges, defvbidttr phiint @ersvidl ong
with its manuf aahusinGdscQE@8R: chil8ds to@blBadbB 1R @ES in ASE ENANM n@RRRE Rihiths,
relati n.g tot h%aclp Jf%l%cqinx} nol .rl]oveep tdtgtqgie ai!’n%eag!s o.Crtlm asstgrqhel Qnt Eoﬂt?ollerfhz(i)sltol boyt\JA r!gfaster clock
CcoO- pendl ng appl I catl ons ¥VI In%d y t ‘ﬁe appl1 cant orp assl gnee OF ??‘Ie presen
i nvention on 2 apewa?r 1§@wut image hasa higher resolution then the controller chip has to have more buffers internally

PCT/ AUO0/ 00518 oPGTisAUDBHOOE 1Bt POF AJCRHDOBRE: RETIMEJOR: 085 ZitieRETHALOD 00523,
PCT/ 00524, PCT/ AUCD 00525, PGT/ AKX Q0526 PCTL AUCKY 00827, PCT] AUOKY 90528,
PCT/ AUY0/ 00529, PCT/ Aﬂﬂé"/‘g%@bﬁ“ﬁﬁ‘ﬁ% 6] B 1T BT AT 8 2 pET A ‘F%ﬁsss,
PCT/ AUOCQ' 00534 2 PETir Auda7a0 (5 35ppCymieid A U0 536 SpEitna oo e hs 37, PO iAUe P 09538,
PCT/ AUCQ! 00539 fPETbIAIGRNBOEAR 1PGTHALIADEDOBE HRCT AALIDD 08547 PGTHAIDD 00543,

PCT/ AU0O/ 00544opog;4né\%sg@%%h PCT( ALDOL 00547, PCT/ AUCQ 00546, PCT/ AUDO/ 00554,
PCT/ AUOQI 00556, PCT/Q . 0%*3%7§ BCT/ Agg@gé 0558 PCT/ Auocytoogrgg, P%/ A 88560,
PCT/ AU00/ 00561, PCT/ A0/ BUBE2 YBEt/ RUABH 563 "bETMAlGE) dBEB, BCTFR80) G566,
PCT/ 0056 7 Pberine AXyiE orpE Bigeriyd Ay Bios B s genT A O U5 oo P Me39000571,
PCT/ AUOQ 00572 PETUIAUIBOY, 0 0BT URETYs AUONCO0GT0RCT/ A0S GAE2S, POTH ANOW00576,
Eg; ﬁ% 882{73;?&@%06&;@ 88&%&@@6—(151%@&@@3(900% ; ADAGRReHE, E@Ef/ﬁh@@éﬁé?ggg,
PCT/ AUOQ 00593, PG A oog%&@%%&%%@@@g/ ﬁ%’@%@%g pgf/’ﬁ%%%s%
PCT/ AUCQY 00595 "BEHBIR3ES 00B T8 U499 R0 1OBS 0BT RGP HEEEE PEGTA9689°8D516
PCT/ AUDO 0051 7 PEiEIIPEIBAUCEYIDORYThe RTASPUSiH o5 POT/AUIISH2.C 0 PEBNGINNE43,

applications aper/AtoosspQr ab@ohoesdisn CTAU0S®s47ef SCEA0R/ 00546,  PCT/AU00/00554,
PCT/AU00/00556, PCT/AU00/00557, PCT/AU00/00558, PCT/AU00/00559, PCT/AU00/00560,
PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566,
PCT/AU00{00567, PCT/AU00/00568, PCT/AU00/00569, PCT/AU00/00570, PCT/AU00/00571,
30 PCT/AU00/00572, PCT/AU00/00573, PCT/AU00/00574, PCT/AU00/00575, PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00581, PCT/AU00/00580,
PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592, PCT/AU00/00594,
PCT/AUQ00/00593, PCT/AU00/00596, PCT/AU00/00597, PCT/AUQ00/00598, PCT/AU00/00516,
35 PCT/AU00/00517 and PCT/AU00/00511

The disclosures of these co-pending applications are incorporated herein by cross-reference.
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In addition, various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending PCT applications filed simultaneously by the applicant or assignee of the present
invention: PCT/AU00/00755, PCT/AU00/00756 and PCT/AU00/00757.
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35 The present invention advantageously uses multiple copies of the same print engine controller chip to
drive a multi-segment printhead, each responsible for a strip of the page, all synchronized from a master chip. A
variety of configurations can be built depending on the required application. For example, given a 12-segment
printhead, a single print engine/controller (PEC) can be used to run the entire printhead at a contone resolution of
320 ppi and at a maximum line speed of 30,000 lines per second. If double speed is to be achieved, 2 PECs can

40 control 6 segments each, still running at 320 ppi contone resolution. But the effective speed has been doubled.

Similarly, if the contone resolution is to be pushed to 640 ppi, 2 PECs can run the printhead at 30,000 lines per
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DESCRI PTI ON OFFIGHEO PREFERREDENMBEDN MENTS séntinyffld. @al |y 12 inch print head

wi dth is contreicl edsyganovhg ifBhEciplidyid a pRiighdidieont rol l ers (PECs), as
descri bed bel O¥a. ;ﬁsaatix %QLW tfaldétcougérggégm&lé )&Ihéaggtegafce both A4 and Letter pages.
Si x channel s of colore nk are ct maxi mum i n the present

printing environnent, these belng.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A typically 12 inch printhead width is controlled by one or more print engine/controllers (PECs), as
described below, to allow full-bleed printing of both A4 and Letter pages. Six channels of colored ink are the
expected maximum in the present printing environment, these being:

40 . CMY, for regular color printing.
. K, for black text and other black printing.

IR (infrared), for tag-enabled applications.



40 CW, for regular color printing. K, for black text and other bl ack
printing. IR (infrared), for tag-enabled applications. WO 02/02338

PCT/ ALODOMOWHd23d8 F (fixative), to enable printing at hi ghCEp®e@oo7Because
the printer is to be capable of fast printing, a fixative will be required
to enable the ink to dry before the next page has conpleted printing at
hi gher speeds. O herw se the pages m ght4 bl eed on each other. 5 In | ower
speed printing environnments the fixative will not be required. A PEC m ght
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expandi ng t he pe?ogeqhé BRYLe hagbotnpﬁgd dAkink mgﬁepggzegﬁ%ﬂe@x%e pag& mﬁ}%feéd'ongacﬁ N
bl ack éayer over frared tags, and
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requisite dithgr g, Applled Lo .any at ny ac
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Page expanS| on a%gm 5191”0 91%'51% e me Irtroﬁ {0 Pé% aFer el I%Qﬁecp\;nbess%gpalge ima, es Vi/ltﬁ.ln theﬁ%nlg

i npractical to sto

The first stag®est COPtWBef p? ’ﬁ@laln}‘i@“}ék‘ﬁf&ﬂé hrom ‘@‘PE@’}’ycafﬁ'Ffj‘rt%% B8R e %@ewe

| ayer2Q see bel ades aexpartsny I@gu{s}redtﬂpr fighF@xpriginpmesged lajgr atll e \fe) bldk bilred lapeat ri X
sel ection map fgRe: Bab&it ovetlidkoR¥P ARESE 180fME NN thy frdi¥ed (RO IS, €H:S Bhpdiitea baY €l

bl ack layer (S&?a&%téﬁ’ﬂbm@ﬂrdduck&g&gr allel. In parallel with this, the tag
encoder encodes bi- level TR ta ata fromthe corrpr essed page |mage The

second stage dltherﬁhthq ont uﬁ ( th usin d }llt er matri

sel ected by the dither atri x sel ect ne ceh res&egﬁ%%’ “feé% Sfa’iﬁsé °FrE PR aB‘f%‘{lEtk

| ayer over thelng Beipfles ﬁﬁiﬁmblpageleéf\?‘él"n wd P@y@rﬁ PECFFEDI elfeidineg esaupert if igppraqticat o stprhi
page.29 fixati weblé Brjeedt CUSKR sge igemameteyl at each dot position wherever
there is a need in any of C M Y, K or IR channels. The | ast stage prints
the bi-level CMYK+ Rietiatl sthed dithOpi@lhe elphi@s IPHGRRAM 3ohiBhe EMRK f1ahdr ta&adod),r&p%dt ace

( see bel OW) l QGF qut F% cl)11§pre§s§(?lg lebéi) \ﬁ{thte tchrSEIQ:Bon%g (sneeée%}gptar{d L(pa% a:ligou 453%(

within the overaII er us component s

S
of the printer® e@ﬁ{ TRy ’%’ﬁﬁ(lseﬁ 8‘3"“’) 511 }firpi"rf‘ll{EI %Efaﬁe‘é)’vt‘fbtﬁ‘f rﬂBItﬁg é‘i‘m("’Ff'E@)‘es b PEC
chip 10, or chiepst IR tjeglate Eapbrrensisied pagrimpee CBE ecqgstiashdithergibrppries SMEK pregwing aages
for s3@rage i ndlaermwmxeyctdwt fredith@ aripeked BEpNdoRppsitehBe IPRGLbIRK RRAGEIQIR, resiMfing 6K
l ayer co rrpos [ fe@'eﬂlg laﬁngnd 5@{'@4 R glyerr t&%g%& Ajﬁcta@ve Iaﬁer its Q@) fglreﬂat@i ah&@r@o%@muolll &hel@@@y
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In FIG. 2 is seen how the print engine/controller 10 fits within the overall printer system architecture.

35 The various components of the printer system might include

a Print Engine/Controller (PEC). A PEC chip 10, or chips, is responsible for receiving the
compressed page images for storage in a memory buffer 24, performing the page expansion, black layer

compositing and sending the dot data to the printhead 23. It may also communicate with QA chips 25,26 and
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QA chip communication may be best included within the overall functionality of the PEC chip since it
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20 one page is being written to the buffer another is being read (double buffering). In addition, the PEC uses the

memory to buffer the calculated dot information during the printing of a page. During the printing of page N,
the buffer is used for:



Readi ng conpressed page N Reading and witing the bi-level dot information
for page N Witing conpressed page N+1 5 Preferably a PEC chip w |

i ncor por av@0z0sB$ml e m cro-controller CPU core 35 to perfpenmAUb®0750l | owi ng
functions: perform QA chip authentication protocols via serial interface
36 between print pages run the stepper notor via a parallel interface 91
during a print (the stepper notor requimes a 5 kHz process) 10 synchronize
the various portions of the PEC chip during a print provide a neans of
interfacing w th exretifgbmgkaeapgeaguest s (programm ng registers etc.)
provide a neans of inl ﬁraL?&'anqhe‘%‘ Lh Brint head seg,rrent | ow- speed data
requests (such as rea gn the characterlzation vectors and witi ng pul se
profiles) provide &’ﬂmaﬁ@reﬁffdp@w"tf{ ng the portrait and | andscape tag
structures to external DRAM 15 Since all of the inmage processing is
performed by dedi cated hardware, the CPU does not have to process pixels.
As a result, the CPH'eﬁ@hny 2ec %Vﬁ]@i%lpyrat@i s%le%crﬁoﬂo@?cm}egg typeg&m%u known
cores are sui t?f?owm funbibpCaN be any processor core wth sufficient

processi ng power t(% ertormthe requi red cal cul ati ons and contr ol

functions fast® enou@ﬂrﬁf‘m’l@*f‘ CBIR Hibptigatignmprogeals yiapeap ngeriece pabetivesn prinbRgel | ps 8051

m cro-control | er rupRmegeppt m@d) Giblf patlldMmirfacedQ ahis SO sihtahppa dhofbr fdiges CPki-cor e 35
nmay be a progrgh.ROMand a small program scratch RAM The CPU communi cates
W th t@e other units within the PEC chi%wa menor y- mapped 1/ O, Particul ar
addreS$ ranges’ may SREpUEdepEPtPEimsy heGoa JEpEr Pift hi n each range, to
particul ar regi stersrowerahlieaﬂsotfiﬂa’faclﬁg?mliewalaiataﬁwe&s(pr&&mn&mgﬁgidtMes t he seri al
3o and parall el S LAGRLLassT.A SRk Ll A% el MRS EOUIUDE | pgergor at
nore than 8KB. ChE‘F‘%eé‘%f‘@é{“t°§a’§‘r‘fﬁf“lgP‘§%flp‘§’{“E*h RAM area can be 25 |ncor por at ed
into the PEC chip. fHbhitemnthaf pitaghaiiuaoaeladeas nfahcnia wexdtl meyM pul at e

i mge there is no need for a large scratch area. The RAM si ze depends on
t he chosen (e.g. stack nechani sns, subroutine calling conventions,

regi ster sizes etc.), but should not be nore than about 2 KB. A PEC chip
usi ng the above r ef shent ethsiagEpRtessha sty By WidicH:d Ririwvit:NBadPIC&E: oefv.asuce

black at a f u{)rl)ceggg(elsr g\%\ﬁl&shﬁ llhg&dctalybgley&‘@rhelly%m]h@()g wfap\'/a_)iet otPH%U l(n%rcgrg%§ table

contone col or at resol utii on usi ftonin age
Goscript fon i PG Y BPESSeUT BU TR oS BIERYE BiPoToa, B i) SHOLRE 3 FOR one
| ayer. The bl alRetionsfastieroyah Anjexpinplp ofja guitehisfcprpis g Philips @M@‘?;M@H@Wﬂgt&W%UW%ne

| ayer20 The bl asochied Watvid ClHaypers eank SirdradfROM il ta BB prog@in ts@itdh iRAYL. arhk <hib t
opaC| ty for eago‘ﬁmﬂﬁleﬁ@l w1th-Exl3 bter Qlkt@ﬁlﬁm Itl@Yﬁfc Jaﬁx@no@ansa Iﬁd f/@ %QJnEhia} £kest J%%Es nla? an

I nt eger factor, T%%&E 1cu1ar 1§1t|s rz]utldev{nﬁxg eac mﬁf ?Spsaﬁcﬁ ar Te%isteas v¥ugm %Frgciu}ar umlfI p'l[%ﬁ mcleges

resolution is

contone | ayer EB%&Y agd Rﬁ‘laﬂeglﬂjitetf?ﬁ‘a?p Aéﬁ‘ﬂlt%g’i‘ﬁn figh BOM 22 incarmorid ‘&‘BF‘E)]FECPB‘P Igach
pi xel , wher e Ksijegepgt inthr&PU chitd, bt @&nidyorvt oerethanfiBelilvaise, asmpibsokciRANneatcindt | S
an i rﬂ@ger f actaeipoffed fild e PEA dRH £8incS thel Bberdr5 @l dbts b Rave & REniftia@ RS, 18k RRO ML

resolution is %2{91@? gcratglvag:ra 'ﬂlgRM g’izt}:%gpel.‘ng Sn tﬁe C%UQIQ) eﬁ (ePEsgpk lee'cl%msrrP Q]?Dr !mfe Eiﬂm he

printer's dot resolutio one resol Ut ons tiple PECS are
required, wit hc°éveﬁtf?“sﬁ@%‘ftebst‘zﬁscfﬁ&|b?'fg“°‘é{?1“°§lfer“i°ﬁ g o9he %ut put page. The contone
resolution is also tygl cally an integer factor of the black bi-Ievel

resol ution, to sinpkif 9°‘EP&151&&}P“a“P‘IV‘E)ﬁf§fe‘?C?F segmiegh bdpage Wi prigithpag ca gpprogyce black at a
requir énent h &deteesolutibin @yplodlla ¢600 [dpi), bue wpdodukea y@toneadaldr 4t A@ongoint bRe ds@yfier ustg e

both 3;m WO 02/ Qa?far’ﬁ& H@égé&é%t@l@lz&éef&e GQdp fn%&%ﬁ@i( bf QJefﬁy@rQaﬁd ﬁ%rttdn@iaﬁptm§ﬁﬂﬁ age
in the pr i nter ];iﬁewL,l r}a g‘ 1sn da kneg%@gmpxme over tﬁe c%ﬁtone la er eop ck b1— eve[tP [a%er con51 s%% fx gltmap

architecture. expansron an
consists of a FPPf@’ﬂm%i)]etéth“é’grf‘?r 521°h Ii‘”ﬁf g’?"ﬁ Bl?f’g lageymaiie g hre%i’g‘“‘é‘ that lé'f‘?d%i"rgﬂ f‘"1“EEE”’1394
interface), a pinrigreoldtPEGhe dgheoeipnortd Gsolgionsis ALY tb- & pup: sfulavesdgood@e , a
cust om hal f t onehiboeQiRQSkikOIT a bifkap corBningta RBH CANK tag 12 BRIOFRT, Wik K Boptional. This
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of any omwa@bt/osssthe input bits. This allows the spot col peTADIG@®7p4 aced
in, any output color plane (including infrared for testing purposes),
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A 32-bit value made up fromthe 16 odd bits of register B (bits 1, 3, 5, 7
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Table 1. State machine for DRU

state NoOverlap Output output Comment next state
Valid

0 X B 0 Startup state 1

1 1 B 1 Regular non-overlap| 1

1 0 B 1 A contains first 2
overlap

2 X Even A, eve 1 A contains second | 3
B overlap

B contains first

overlap

3 X C,o0dd B 1 C contains first
overlap

B contains second




is a need to delay the dot data for each of the color planes until the sane
dot is positioned under the appropriate color nozzle The size of each
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the PEC chip mnen manuf act uri ng| t echn{ §u@p ar e gapabl €. Gxherw pe, the
buffers f ors 2 onward mayl be stored in external DRAM Thi sl enabl es
the PEC to be valid even though the di stance between col or planes may
change in the future. It is trivial to keep the 30 even dots for color 1 on
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'1 S ggm Ubnd t gglg%rq Vél%w% ts%%ug cggﬁ;e Eg%g&a%gg ik serok ik 2 o0ll: 2 Qal. 5338 ofRe> 10

( Dot | nSegnent 05 65 any-““'ﬁﬁ S@S‘“‘r(ﬁ"wnng oy Praéd ’E‘%“CSI‘\‘?CEJW b e§‘3 of e35R TS SHP-
range 0 to 639 puffEhdhefamouxfod mepReyreericalfy rigf from MgihBe bpfferng directliDdattAAnthePagferqf segments
( Xf er $®Rermai ni Ngewasy afiesstANyitite@BD aot £15 Feghddéihilcadhad areADID bMEIbs dvareHoNsstd by Do

PHI : ADVANCE D@}&@Ef ddg tiots wM%ﬁde%ﬁaceO%x \Nnﬁet' &m%ﬁg S%}lﬁﬂlyl uséd 1m&tl;r legcptg tHA‘ND

NOT TWi t eEnabl Wi t na | e)” Shif
(Regl ster = Fet c‘h%%of)coOrs“Sf‘f%tr%’f’ﬁ'ﬁ%ense‘fﬁéaaﬁu'?“%’em{ %JF“P‘RH? dis 6 CurrAdr = CurrAdr
+ 640 XfersRemai nin XfersRemaining - 1 Endlf Until (TWiteEnabl e%@r
EndFor 20 Wit unt ithe sfsfieyne fiepdingypiroyiisy foretsl efdufers §andfR igsped fatdn e gepdeea sing
(EFSense) Wi | &it ressdande gede o3l 6 subibpizn s fither p repifrodiat] 8 of arvaimntdongpf te 61 Onlt drebiRifl , a
Wi telProcess  ins3iepalton gk JdRr vt is sdibatd; fot 118l bifs outhld Bits OTHI Bbcedd W kio®f i FI&D 1:The

data bei ng w i t1§ §e Ofta9dr£8 Hbw F he }eéﬁhng 911 a%x%lﬂ@t%? rngagp& rlé‘{n% zQXresE agg Ligauib se{i)en[(%Z

color 2-6 data_fro

to EF whenever " ‘{T‘JI—R’fU’ §§dfﬁfft° it vgil‘)f?%‘ Pty ?“éce ﬂlé?lws‘é?r?affef?d}faffrmiogm@ et 13 bit
written duri ng adgteds @ivestajtqpbef 6{bysoph qne’gi pst calpr. Each sub-buffer 73 to 78 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 individual

ten

20 WriteEnables are generated by ANDing the single WriteEnable input with the decoded form of ColorSelect.
The 32-bits of Dataln on line 79 are shared, since only one buffer will actually clock the data in.

Address generation for reading from buffers E and F is straightforward. Each cycle generates a bit
address that is used to fetch 6 bits representing 1-bit per color for a particular segment. By adding 640 to the
current bit address, we advance to the next segment’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 NumSegments = 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 regardless of the number of colors actnally used in the printhead, 6 bits are produced in a

given read cycle (one bit from each color’s buffer).

In addition, we generate the TWriteEnable control signal for writing to the 90-bit Transfer register 90
in FIG. 9. Since the LLFU starts before the PHI, we must transfer the first value before the Advance pulse from

the PHI. We must also generate the next value in readiness for the first Advance pulse. The solution is to

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 NumSegments cycle group. Once the first Advance pulse
arrives, the LLFU is synchronized to the PHI.

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

DoneFirst = FALSE



Buffer OE, 81 in FIG 9 is a 32-bit register used to hold a single

HCU- generated set of contiguous 32 dots for <color 1. Wile the dots are
cont i guowsO ono3ke page, the odd and even dots are printedrat/Agnd/éesent
times. 30 Buffer AB 82 is a double buffered nmechani smfor del aying odd dot
data for color 1 by 2 dotlines. Buffers A and B therefore have identical
structures. During the processing of a léne of dots, one of the two buffers
is read from and then witten to. The two buffers are logically swapped
after the enti pgnfoderLFRSENAS been processed. A single bit flag ABSense
det er m nes whi ¢ch of ers are read fromand witten to. The HCU
provi des 32- bi %ngﬁlnS%@feSIro\aﬁbtgg?g whenever the output valid control flag is
set, which is every! &PURRPepe0bide=Usi or the first flag has been sent for
the line. The 32 bits defimaraDebpromguidigh Bist Py nTPRBrE3Por a single dot
line 86 even dots Emits O, 2, 4 etc.), and 16 odd dots (bits 1, 3, 5
etc.). The output valif. Lo NumbbdBnsS used as a WiteEnable control for
the OEl register 81._ W process the HCU data every 2 QutputValid signals.
The 16 even bits oP°HCU color 1 data are conbined with the 16 even bits of
regi ster OE1 to nmke 32- MapdoXr =&fesfepdinivg = 02/ 02338 PCT/ AUDO/ 00754 17 1
data. Simlarly, the 16 0ddiebiabls=0FanHSKeicANDOYOT Dadettirat) @R BHIPONBINGRed Wit h t he
16 odglgbits of register QFderh®=pbRka:SRTNItS0E odd color 1 data. Upon
recei pt of the first Qut Val.i i fbd up of two, we read

buffer AB to transfer thg%gag}ahtg?)gér?'ggLNcﬁ%ger'%%n%%?i n FIG 11 within buffer
EF. Upon recei pt of the SYEGREPEaNPHHalid signal of the group of two, we
wite the 32-bits of odd!fd3WideEngblddhe sane | ocation in buffer AB that 5 we
read from previously, and we \ghitRegidtdne F&ardnits Bon0EFSewse[ReetBuiter]iCorrad| or 1

wi thi pzbuffer EF. The HCU prodes_34:if&e0f data per col or plane whenever
t he Oj?put Valid control flag i et. Thi curs _every 32 cycl es except
during certain startup tines. X’Slaﬁ%e?ﬁn"ﬁ?i't YSTHe’a’ conti guous set of 32
dots for a single dot |iEnéf- 16 even dots (bits 0, 2, 4 etc.), and 16 odd
dots (bits 1, 3, 5 enm(jwrtdthadiee buffer OEl (83 in FIG 10) is used to store
a single 32-bityalue for color 1, buffers OE2 to OE6 are used 10 to store
a single 32-bit,  val ol ors t.o 6 respectively. Just as the data for
col orgé is spl Ma'ti“ t?%”f%%[:l%\&'%gof%sﬁ%aessf@'ﬁq|dng color 1 odd dots and 32-bits
representing cdoFotnsa=BOEETEHY every 64 cycles (once every two CQutputValid
flags), the remaining color planes are also split into even and odd dots.
However, instead of being witten directly to buffer EF, the dot data is
del ayed by a nunber of lines, and is witten out to DRAMvia buffer CD (84
in FIG 9). \WiWhe edigrogiotisraisiringdag fromtfor F kories PHE @ wijif ireceseippreperinpiRpneyt detes in 5
dots for a previceusnitdne are read from DRAM and witten to buffer EF
(71,72). This process nust be done interleaved with the process witing

col or 235 t o buf f’ﬁg da&Eeing%@eB){) Hok FB o 0@4%&%&‘&&3\4@% ihfudtl, 8@ cdic® 2-6 86bM 8D OM t he
HCU on line 85 I n 0

Fl G the 32-bits 0 or . Jt.t _
buf fer CEN (83)(?“"%?%?? Dé glg ) nalo.rdjlfzt E)lﬁf'vgﬁo%F ’F%Terzlféfr th%gﬁiﬁl%%ggx%{étba?{]mf\?% ue
is witten to GohipF v fugre oty ipgdpmregiiiT S happens in parallel for all col or
pl anes 2-6. Color Buffer N (86) contains 40 sets of 64-bits (320 20 bytes)
to elnabl e the dQksobOf: i M6. ﬁ?iﬁéjbﬁkgsée'%@sgﬂgt%lﬁ sigl-éi)eslgﬁJ-g'%ﬁeﬁfe@Qt-ofEghligﬁ)u@b bows: a
conpl ete segnent, ge tion tine X = e previ ous
segnent's data C(’IB‘%‘I ﬁﬁ(i)egh(f O RV uﬁ“sérbtg%‘)aget%e ogdeam\%v?vle dgtg%l %Iﬁ%d aE %éereﬁsg&f\ﬁ Addr ess
generation for witi n?. is straightforward. The Col or I\I\/\gi tbeEnaIbI e sﬁjrgnald on
line 8P is gi veiferdBa? i LRt HEemeBuRr {818 o4l o dhlr QU L8P e 46",
and i ncrenent s Retedfore leeddonidal Gudtysast Nieihs tiek pfobessips ofratlipd of $G, one of g v bpdferyip read from
advanci ng to 4044 hd@riader @1&$wdb$ffefs&5ﬁ>§icallﬁ)sw@ppedtahéﬂﬁle {Ki@ ddt Ghie A4y bdety@ocessed. A single

doubl e-buffering C&?ﬁ?gﬁetmbé MBI Ko 19 Ppufes 43P 5ASmd Med £adi ng does not
occur during the t put vaiid fl ag, and that the previous segnent's data can

be witten to DRAMin the tine it takes to generate a single segnent's
data. The pr oceBsHEEpravioyd-bitsrf doloel ditoivHiemyir thgoutppiyeidderte degs sgicithieldis every 32 cycles
first@mount er egerthe @rsdfdy M HebrQen( DI A TRAE B bdlit)a chrtigupldEb GRIoR Btk Mgzl abk i ND
( firstEncounter f%qge)l 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 OF, 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



Col orNWiteEnable = TRUE ColorNAdr = adr If (adr == 39) 35 adr = 0 Else
adr = adr + 1 Endlf El se WD 02/ 02338 PCT/ AUOO/ 00754 18 Col orNWiteEnable =
FALSE Endvé 02/09338 HCU _CQut put Val i d) first Encountered = NOT(PCT/AUBEN@OSNt er ed)
5 Endif EndWile Address generation for reading is trickier, since it is
tied to the timng for DRAM access (both reading and witing), buffer EF
access, and therefore color 1 generationz It is nore fully expl ai ned bel ow.
10 Address generation for buffers C, D, E, F, and colorN are all tied to

the timng of DRAMSABIEESE:168dadits oM coldOldath B Bhbik elmetlbodaelksefregsstepcm}eoessi ng
Withr egar ds t Qna.'e:l’.;% f)lgr od&oﬁpldd Ibrgcelggﬂhgﬁr:}? E)l!lfﬂlwciﬁ(l ah & th% h o} t¥v§ wglag for
C ots

a single segnent of col or er odd or eve erred from
the DRAM t o buf’F&F AR "rt° cofebl 7OREE- Hehip Bt BRa pO’P)@‘@ﬁW@%lﬁcof‘c} om DRAM
t hose dots ar e QuepVi¢ sghallofikeezrbumn twofves Wik thg 8bits of oddaikiate Be fafnelodation inphifes AR hatdone
for eabh of t heveaad BnJrelitusiQdsh va ke &Y Brvitd@ten dakdcaibr 1avitORrek.e segnent ' s
worth of dots has 15 accumul ated (20 sets of 64 cycles), then the process
begi ns again. Once the data for all segnents in a given rintline has been
transferred frdhiHNP G BRAR it "elﬁrrpllaé"‘rﬁhm’é‘ﬁwee%“‘%ﬁd A 28 SSTo PSS IRAM

buf fer is advameced?cysles ekdaa tluring cenin|startup émds Wehe 333135 Gfeia ecnézugveisHtyEF2 doif fot 4 sipds
until the part iseuhane datdars beo, 4, hec)oad Blodddol bR, 3,5etéead back from DRAM In
this respect then, the DRAM acts as a formof FIFO Consequently color N

(EI ther odd or VﬁM%)fer'Oﬁ, (83r11¢ﬁg fO;@mM at'sﬂél@ﬁ%ﬁt/ihﬁlfor (Qloy\htdffgs G]_%Rydl:ﬁge &Qil or N
(sane,gdd/ even Sens ]}1 er C takes

20
20 or 91 cycl e G| aén%esgbltvajueg%w]tohzm rWeCt%g‘f H‘ut&\%eldatatto?clob”lssgl%lﬂ“rogi Hliring the
20 transfers. rmeelnb@éorﬂ g dpesndigbis felpﬁeﬁ?t@ﬁ@kﬂr l(etvvﬁweeamiﬁcxc}?e@wm HWecess
will be the sl ®weutviidsie), thetrdnginiggolomnthng ae tlsoaflit itheven pé @idésss begi ns. The data
in buffer Cis witten to DRAM (the sane | ocations as were just read) and
the data in bubf&t, lﬁatehcﬁ)f&m@mfan &bl bires EFffe dorigais Belaydd Oy GRINRS of Mheflalad 1 S

transferred to yhiat, sramiy V@ o 19FIITprl)tY\</ﬁJehigdofts f&gglbeﬁﬁneﬁﬁk t%hB%%A&QL

dat a bei ng transferre ave 11 rocess
oocur 45t or |t he i Reareas s re S R R i L EBL D1 TS URH AR Ehon F or
each of the rerileavadyitebs mycess wifhgeolanitty pugerdbubl e process happens 10 ti nes.
The addresses for each of the current lines in DRAM are then updated for

t he next |ine' Sve t[n%gr?@? u{\]/glldtﬂgg 1pr§cg1'véaﬁoJﬁ Re f-I@[B Sﬁ‘imé)sfs 11&@@ thhq ?pblt *fbﬁ%@é}% . cess

access for dot da ers _consune rea ority

from PEC. For &%6% 'PiheEy (?%évﬁ%sePé%%lma‘Hﬂ i) ‘P%c"‘a ffed ?*bﬁé"‘“ﬁf writleg fosplar buifeyy
and wite an en®® -dhigepppre®@n dajalipbforfalhgolog pidnesr2<h. Gol@ BuffepN (3f)jsentajpnd0isety pirficfits 31
segnel0s this egesb asbld e dis Xr o domfiie gnk@ B0 bddiotes. Fais UBRs LOEplddisdzient £eRAaiR00
b yt E‘S) per pri r@&ne E2b Q& IE%Syi:EeB%r Ih@]ﬁévﬁﬁs segplgr]t Q&ala%ﬂl%yd%&aee%n (16559 !og%ttlaﬂ orL]§§ per

second) this equ uat eﬁ / sec. er second r| nt %
bandwi dt h r equitel: Pairessgeneiign fop pritingss f?@éhtff’?‘i’ér b Fl rl\er‘Ffeﬁ“%bleﬁlé a]fﬁ“@’ﬁ 871 F‘P‘Fé
addr esses of t emseepidQuButHaif flag] Thaaddress giprts et copd ipcermentts every SRS Bpe byl 39-
optim zed for tideadnEsaBhYhg oD ehe Bidte3 @) restt B@Cthus bbvidag tHRDRAM U IDIHEmS YL s foo T

exanpkg, the VeV aeteadinggh for &bupenwefo%umd o1 BN nd g;enme eerg‘lnenpschlat%an to a 35
1 KByt e boundar y riften tormg\ll\/fn{l &1e tm%atgﬁes to generate a sull:g@?\egmengs cgta SThe process 18 glown n !he P I?owmg

segnents are pl‘ OCE
pseudocode:

adr=0
firsiEncountered = 0
30 While (NOT AdvanceLine)
If (HCU_OutputValid) AND (firstEncountered))
ColorNWriteEnable = TRUE
ColorNAdr = adr

If (adr == 39)
35 adr=0
Else
adr=adr + 1
EndlIf

Else



necessary to ensure that if the start of the next segnent was going to be
aligned at byte 960 within the 1KByte page, then the 640-bit access would
span 2 paye@s2/03Bberefore the vari abl e DRAMVAxVal is used tpCTA®ok0K®Y 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
segnents, but have the advantage of thel®%40-bit access 40 conpletely
within a single page. WD 02/ 02338 PCT/ AUO0/ 00754 19 The address generation
process can be consi der edol@sWhicfraelgi-mAsrges worth of 10 sets of: 20 x 32-bit
reads followed by 28,9¢ 32-bit wites, and it can be seen in the follow ng
pseudocode: 5 10 15”%&]“ @)ug/aﬁfSt art Adr = 0 Do Nuntegnents tinmes: For
CurrColor =0 to fCor DRANMSt art Address = Col or Curr Adr [ Curr Col or]
Wil e readi ng 640 bits f iR BRASNUAREELSrEd o D(>= 20 cycl es)

Col or MAdr = O Whi | eEfdBol or NAdr !'= 20) If (NOT HCU QutputValid) Transfer

Col or NBuf f er [ CGedgauhNAdr | Curr Col or _bit0] to C Col or NAdr] Col or NAdr =
ColorNAdr + 1 Endlf EndWile EndWiile - wait until read has finished
VWhile witing 640 bits from C into DRAMSt art Address (>=20 cycl es)

Col or NAdr = 0 EFAdr = EFStart Adr Wile (ColorNAdr !'= 20) If (NOT

|(_|(CLCJ:O|O(')IE’ m:jyal—l—d) Ir ﬁ(ﬂl?egs £nerQ[o§¥6thfdM€‘Q Enl:lugr(gmgfll:t[ls%r g ingﬁ’g fglﬁﬁgﬁ]acc%jz (both rézigmé
LB se Eradr = ERRIFD T BRGr COPBTIGP LoteaiDr KAt BUES R P En gy | o
EndWhile - wait until wite has finished If (DRAVStartAddress ==

DRAMVEX Val ) Address generation for buffers C, D, E, F, and colorN are all tied to the timing of DRAM access, and

must not interfere with color 1 processing with regards to buffers E and F. The basic principle is that the data

for a single segment of color N (either odd or even dots) is transferred from the DRAM to buffer EF via buffer
CD. Once the data has been read from DRAM those dots are replaced based on the values in ColorBufferN.
This is done for each of the colors in odd and even dots. After a complete segment’s worth of dots has
15 accumulated (20 sets of 64 cycles), then the process begins again. Once the data for all segments in a given
printline has been transferred from and to DRAM, the current address for that color’s DRAM buffer is advanced
so that it will be the appropriate number of lines until the particular data for the color’s line is read back from
DRAM. In this respect then, the DRAM acts as a form of FIFO. Consequently color N (either odd or even) is
read from DRAM into buffer D while copying color N (same odd/even sense) to buffer C. The copying of data
20 to buffer C takes 20 or 21 cycles depending on whether the OutputValid flag occurs during the 20 transfers.
Once both tasks have finished (typically the DRAM access will be the slower task), the second part of the
process begins. The data in buffer C is written to DRAM (the same locations as were just read) and the data in
buffer D is copied to buffer EF (again, no color N data is transferred to buffer EF while the OutputValid flag is
set since color 1 data is being transferred). When both tasks have finished the same process occurs for the other
25 sense of color N (either odd or even), and then for each of the remaining colors. The entire double process
happens 10 times. The addresses for each of the current lines in DRAM are then updated for the next line’s

processing to begin.

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 write 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, but have the advantage of the 640-bit access
40 completely within a single page.



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

El se 35 40 ColorCurrAdr[currCol or] = DRAMSt art Address + 640 bits Endlf If
( Segnent weoresSegnents) | f (Col or CurrRow CurrCol or] _= PCT/AU00/00754

Col or MaxRow Curr Col or]) Col orCurrRow currCol or] = Col or St art Row curr Col or]
Col orCurrAdr[currColor] = ColorStartAdr[currCol or] Else

Col or Start Row currCol or] = Col orCurr RowfleurrColor] + 1 Endlf WO 02/ 02338
PCT/ AU00O/ 00754 20 Endif EndFor EndDo Wait until next Advance signal from
PH 5 Note that theTibxddad fefsli@rscdagi Stcafsidda 20MRSIzR&:S woitadd 14 86 o 20FDRILi: Of

colors in ter nﬁa@%oll&xggbyéﬂgi’a -Yt%tes, ggtg!n%e sIeE[n 'rﬂﬁe%&o@iggg:@eru%%ogizy’ but not
1. For e, Int ar

i ncl udi ng col or exanpl e, erns of a stan color printing
system there ?Fse ]A(()j (colors 2-6 in odd and even), and so MaxHal f Col ors
shoul d be set 0§ 9hHE LLFU requi res 2NunSegnents cycles to prepare the
first 180 bitsDPeNugRadaetivimeshe printhead 10 interface (PH) 32.
Consecpient |y the pr Fotdeeadorshoaumad-amosisart ed and the first LineSync pul se

nust occur this per paavshddeR AddfturhfiRuhdddd has started. This allows the
initial Transfer vawr_l‘ﬁ t i al ue to be ready

o, be valid h ext -hjit v
to be | oaded into the ef?%jﬁ‘gg‘éorb%?#éﬁn? @%@ﬁ_aﬂ%ﬂ%e%ﬂoa}%fggweﬁ)t erface (PH) 32
is the nmeans by whi ch $¥N¥¥otessor | oads the printhead with the dots to
be printed, and contr dVsle{Guprifcit!ead) dot printing process. It takes input
fromi{ite LLFU and out put g od&itigod Ouibdi@aid> printhead itself. The PH is

capable of dealing with a vgrj i t.r f ts. In
ternms of broad operating cﬁé{f‘g%oéoﬁ?ugﬁgEFﬁ%hﬁa?gmgéoraéa}rgr%?rg&r‘{;ﬁed
according to Table 33: Tabl @I B BASHnti ng parameters 20 25

NanmeDescri pti onRange Max€odfor sNo of Col ors in printheadl-6
Segnent sPer Xfer No of smgweirts witten to per transfer. Is equal to the

nunbefso0 1-8 se nen];gdvj,mﬁelmuh@,re%g%ﬁrﬁﬁgamnt group Segrr;antﬁroupsNoI Ff f
segnent groups in pwhﬁletvgﬁgd%(%éts'gogcli&gﬁ%&nﬁ%&cg%gogcyg the PH allows for

a maxi num of 6. colors, nt's pe faxi mum of 2 segnent
groups. This is suffict¥WA¥sP a 15 segnent (8.5 inch) printer capable of
printing A4/ Letter atEFRAdidEAslagatt. Ml ti pl e PECs can be connected together
to pr _oduce w der print@whggcompe@ssasy. The printhead interface (PHI)
cont ap@s: If (NOT HCU_OutputValid)
Transfer D[ColorNAdr} to EF[CurrColor|EFAdr]
If ((ColorNAdr == 19) AND (CurrColor == NumHalfColors))
EFStartAdr = EFAdr + 1
Else
25 EFAdr = EFAdr + 1
EndIf
ColorNAdr = ColorNAdr + 1
EndIf
EndWhile
30 EndWhile - wait until write has finished
If (DRAMStartAddress == DRAMMaxVal)
ColorCurrAdr{currColor] = round up DRAMStartAddress to next 1KByte page
Else
ColorCurrAdrfcurrGolor] = DRAMStartAddress + 640 bits
35 Endlf
If (Segment == maxSegments)
If {ColorCurrRow[CurrColor] == ColorMaxRow[CurrColor])
ColorCurrRow[currColor] = ColorStartRow[currColor]
ColorCurrAdricurrColor] = ColorStartAdr{currColor]
40 Else
ColorStartRow[currColor] = ColorCurrRow[currColor] + 1
Endif



a LineSyncGen unit (LSGJ), which provides synchronization signals for
multiple PEC chips (allows side-by-side printing and front/back printing)
as wel |l awosrepper notors. a Menjet interface (M), whi eoTAUameN78r s dat a
to the Menjet printhead. In FIG 12 is seen the internal structure of the
printhead interface (PH') 32. In the PH there are two 30 LSGUs 89, 90. The
first LSGJ 90 produces LineSyncO (LSO, 2@which is used to control the Menjet
Interface (MJII) in all synchronized chips. The second LSGJ 89 produces

Li neSyncl (LS1) whiehii s used to pulse the paper drive stepper notor. A
Mast er/ Sl ave pin @ged:he chip at 91 allows nultiple chips to be connected

t oget her for Slzd by-side printing, front/back printing etc. via a

Mast er/ Sl ave rélati onshi p. Wen the Master/Slave pin is attached to VDD,

35 the chip i sWebwéingdregneesiopd emBHivast er, and Li neSync pul ses gener at ed
by thesLineSyncGen unit 90 is enabled onto the two tri-state LineSync
common |ine LineSyncO shared by all the chips via two tri-state enabl es
92. WD 02/ 02338 PCT/ AU00O/ 00754 21 When the Master/Slave pin is attached to
G\D, the chip is coNss tierheNatialidykrstrdgisterSl aay/less thartlk nuntredydies ip wins etodd gémer at ed
lby t he }V\D hi NeRYNEAR Bepatiliyl Sur ROin@Qin@do®r N Abr RAPBiEmOs Qa6 &Qgﬂﬁgﬁg Lyllstlghe gﬁ’lc
ines. In this re used by a s
on all the contrtl%\%%{%g(&ﬁﬁgég/ﬁ%gdﬁgdeﬁ%ﬂn%ggonﬂé%g%éﬁﬁ%h&ﬁﬁ%@f 89,90 are
responsi bl e for generating the synchronization pulses 5 required for
printing a page. EatTi LLBGHqpr0tNeosrgnean ceks @ mrade thd firg I§0idts S dprasbr theopriethad| e
li ne synchroni gated.Omen 3Acg@aa@5@tugrpnmmi sﬁtﬁmtbb@mhcﬁﬁihgﬁmrn@dy&spu@e ThuktDERYRE

pul se when tol g Sd‘%fu Q.lfter th@ﬂﬁ'ut asesﬁrte%\’%ﬂs)’au m@ﬁmﬁkﬁfc [ o 9a§ue}|é% badid ank BL LxloBrpt op

The Li neSync pu |nes he start e next he exact nunber of
cycl es bet ween"aluﬁ ﬁ‘é@ﬁi‘? ?Jlﬁﬁd?é‘é"qws”"dg“{??‘ﬁ‘?rned by the Cycl esBet weenPul ses
regi ster, one per generator. It nust be at |east |long enough to allow one
line to pri nt and afsPrngead)ifeyece (PHDPHade megriby whigh thp erodesens lyads hagingiesd pithalep dotf or
exanpl e, to 1Owacgordradadngolsipeciaddot jredhy bb@NENtSs @fut PRPRILLEY &R SHOLS tata to the

circuigry). |fpdieaMel esBai vesnkut a‘e%g bR bR of bishthS8leniR af forBbHTOR herrhs @B S
than a line pri:\road <=,ra[1‘rr-¥e CUSEOIIIIZ tlQ eeP}-Alfl aramé?enze?accorcfm o'lloﬁei{3| y since each

Li neSync pul se W PP REr Ve berore R aro 1'ine has finished
printing. The followng interface registers are contained in the LSGQJ 15
Tabl e 34. Li neBpréE&Bnsicyninting pegneter s Regi st er NaneDescri ption

Cycl esBet weenPul sesThe nunber of cycles to wait between generating one

Li neSync pglse—ant—the 'iﬁébnpnox‘ﬁ’c“'” rot-s \Mﬁe{-he-H-he—L—SGd—l—T—ebl-ﬁent |y
I to tnrs leggllarig‘er‘

gener at i NOgyLEgESyc put TR BorsMHinmean W teof generates
a Li neSynCsephthdigxier T anS Nl o8 seeyidals S Ra tIVRE MRH SE oqull B &Y/ ks BEMRl ni ng, and
starts the count down. WemedBychastiempinniggphits 0, another [Li neSync pul se
i s gener ak SsghentGypurls o5 Bet \WiseofsPyrien erqups iy pintheadsf erred to Cycl esRéPmini n and the
countddwn is started again. Awite of O to this register stops the

count down and no nofie itimbsyme Jput Blslias @r gendiuate colddy € leessRe prrirabfargpd 2
status regi st efnm@ﬁ&t@z Nkgheht tAd6s MR REHHAE: &Y € |l§§:grﬁe%t”(§|5 o) Prikdd tehphibid FErimlax t

Li neS I ed_di tly f
¢ Ihge LégUp UTEE I s nt%l%&egdd?/lult-{ tllﬁ’EéJ cgnqagf!o%%ctpdtggégr o Frocﬁce wi eréqus Inercees%{/yng o) |r Iolr’lne

97 only if the Mast ’giﬁﬁ??lém?fia%(Pﬂ)“gfmis set to Master. Consequently the
Li ne@%c pul se is only wa$aebyichentinie USEPMwAch pevitlesr suckrohidaten tsigmls N giultiple PEC
(pul ses gener atied ainyws Sleay-adeBhEss Al Roni/gM@rimek) as wles Itpger Mesr.€t i nterface (M)
93 transfers data to the t%terfzgg lt)mﬁ@tftraas¥ers%4at0@xMen£e?£rln§nehhe me et
interface when to start prlntlng t he next |ine of data. I's also used to

enabl e feedback froma specified segnent.
In FIG. 12 is seen the internal structure of the printhead interface (PHI) 32. In the PHI there are two

30 LSGUs 89,90. The first LSGU 90 produces LineSync0 (LS0), which is used to control the Memjet Interface
(MII) 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.



The Menjet printhead 95 itself is responsible for controlling the firing
sequence of its nozzles, with firing profiles progranmed via the |2C
serial iwertexsss 36 in FIG 3. The MJI contains a state nMRCHADEV/0UTSL
follows the printhead | oading order described in Section 18.1, and it may
i nclude functionality for a preheat cycle and a 25 cleaning cycle. Dot
counts for each color are also kept by ghe MJI (see below). The Ml | oads

data into the printhead froma choice of 2 data sources: Al Is. This
nmeans that al | wraze|Mserlatel pinfis stigchaius G ta cBiblbs@siento tertie $taveC 316 LReSy@Dalsel S
the standard By SdWwb %eshﬁ)@é%l'uﬁlg 89 93Gre REt kRE1UQAH th RnnBn DESRE Bles. OF tfs ning

cycle. Fromt i sfer relster of the LLFU.
This is the stan EE"itrercftt21 SngPncglﬁsesafeuswpyab%g naﬂgleconnﬁtd a first transfer,
the first 48 bits af® I&EHPGeH HESEYN ROP &&desroathly PreearaduecBnyrcheraipgrdies t he
| ast 42 bits areigidatritioe 4dae. Bich BiGVeaducwiab bretrlidintSyp: sGudiotesbl®)line Ggheniadiibn. 90
bits have beenags&iior inside et gendMildd 2D6Sync 5O HhR koldp(u‘@s 8nd tfen $RN ko thelly &y ubsd FU

The MIlI k
t O|e dto SSWS ?@V\é\/\/a%nyrhlf nge%%c P'%ﬁgrb@fﬁies spagtlop Elf, Ilegtr IB;EE %he e%}gt numygr] gfn cgglg%etw?en

line (via an NPEHEPHH ‘%‘Ete?‘b“e‘i Hehefrderite é@ﬁ‘)lses r@‘ft‘?‘é"‘ief’“ ﬁ%%’at?r “iF’%Sh‘éedt least long
| oadi ng/ pri nt i erepgh td 4llpre onejline (wepfint gnd aapther liteHe lopre Rutt c4nj bad@Bgenes gstited dor yeangle. et
startig the newinmbdaRepecid Fguidints 51 paRSTaaBEEirdMBy OR 10 2ZBBeiRehPulbdQiMs@OY Bdko 22
the specified HL%UJP%Es&Qﬁ hike mltlatﬁe ;Qg%h 1oAaAedRy it &4y 1RO LANQN ﬁﬁve%lé%e
further Li neSyn%%]R 1slesh iT‘ % therefore directly connected to the
LLFU 31 (see FIE&™$'4EG 4%t p@’gl g Li neSyncO at 97 (shared between all
synchroni zed chi ps)Theéﬁ‘iﬂ”‘%lﬁléerfé“kfeé‘f“ﬁ%ﬁfecRiéﬁ\‘ﬁe‘é‘t“hf)ﬁGHt head 95. The MJlI accepts
90 bits of data fromthe LLFU. O these 90 bits, only the bits
corregpondi ng i@letmglngym@;eﬁuﬂfmg%eeg;nents and nunber of colors wll be valid.
The 5 MJlllf st-at-e—rachi .." do Aot carc whi-ch—bits—are—vald—and—whi-eh bits
egister Name Deéscri _p‘fion L ) H
are not Vig Lilpew eﬂPul_klaE' et Y TG meror HHE ot Dottt genclithe bﬂé%mwyﬁgls 1&&%?&}% e pat a
lines andggomtT ol ST gNal okt Whkher ML SGU is butenti{Mthera 2 i yh&Hlsds S nbti 1€ PI opt s of
the chip fas described b@lwit of ThehidBdisteh@teraits NLIEDGE pbE, HaGRI epleiBBRtenPulest he

printhead, including a %CM@FM@ apdtagsy the cogfdork Wilen|GpiclesRemaigingntaix ), mepterpf 8

3

segments per transfer to| @ itiegr s g%ﬁ’@%ﬁfmpg‘}s?idspt?mfml’%f‘b? EyogsRepiities t he
connections, with 10 the' ﬁ@&fb ths rEg%Hfst@E‘ﬁle QbR aANn%%oFe%Q@ﬁJ puks@ aI'ehe
MIl . The jpames correspondedefed. he pi n connections on the printhead. Table

35. Menj eftyclesRedidirgc e Conﬁﬁa‘.tds oasterNamaRig g InhfleS & leyclet tetfinidd unfilGhe me:B QedyplUt t O
DI shift register of seg isgegralpd. D[ 0- 7] 80Qut put to DI shift registel of

segnents 0-7 3[0-7]80CQutput to D3 shift register of segnments 0-7

4[ 0- 7] 80Qut put t o DahediveSyte pulegs ®t wed dgécthySfognigG8U. OThy LiDS)00 781 Gublgishto & ai- D5
shift r egi)s';er staf Lnﬁ@_,@é'mﬂ&@loﬁgi 1?&151[/[@1‘617%289@—& Pt settOMERr. S:lails%enﬁﬁ@ ISdeSnc IQfse is
segnent s . rrent

val ues. SC k[ 1- ’fw%? r%é%?olg? % b(’%g SEerEg’ (‘%ﬁ = gdkb% a‘regreg)u? and
D6[ 0-9] into the sediefity ‘Brlbe MR p‘\“tf‘rt?t”f’leel\é‘ et §10p99 Bt lofls ‘Per“é{‘?’i‘%ef er
of data from t hiefaghihen to presigiinfingthenet netofrata.plf i ftoedid engbl¢ feadienclfepin 2 Nsgifel ecBneab| e
bits. CCEn[- 2} 2QAMepist grihan 9CEER]sMspoAbuderst cadubibngtRd find Rqllck b isanaly e firfig
sense |ines foEofﬁé@QﬂEQﬁme@wh e BEGAR RlersAd RUR FIH @f Tﬁelﬂﬁl ogﬂtélrﬁtabtgt@-gachme that follows

PHSensell Print eadtheag {1 dimn, grtdé:f‘ gpcn{)e% 1nl'§;:<$1bn l\é(-l)I x?' gr(r?a’y mclu e fu%ct:tfor\llallty X)r a prglzat cycle and a
Resetﬁé)Reset t hea
cleamng cycle. Dot counts for each color are also kept by the MIJI (see below).

The MI1 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.

. 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 bits are sent to the printhead with the top 6 bits 0. Once all 90 bits have been sent,

a 1-bit ‘Advance’ control pulse is sent to the LLFU.

The MJI knows how many lines it has to print for the page. When the MJI is told to ‘go’, it waits for a
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 MIJI stops once



TOTAL 55 The MJI maintains a count of the nunber of dots of each col or
fired fromthe printhead. The dot 15 count for each color is a 32-bit

val ue, i mwdbv2/ehsad | y cl eared under processor control. At 3Rebiavusibengt h,
each dot count can hold a maxi mum 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 hal f-page. The dot cé&ants are used by the processor to
update a QA chip in order to predict when the ink cartridge runs out of

i nk. The pr oceas gkrcitkd Oxbertonimes/ial beprbloafd/ptinkdd, dndligndrdd @nyGa@thdrLinelye: duesks. BRI Bf

the colors fr Om&fg}gd%y(émn&ted toqgl'ﬂﬂhh E‘Q(sete Ii}ﬁ%s @Lﬂf@@ %angg)’HQ)sat @7‘ éﬂlﬂe@@m& a}l he
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updat ed drop coUr AeW
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chang e t he i nkMiksistithoashinagieds hét rege vérickibi arbalid angywhidh bigsclre pergeid winingdly passs the s out
reprinted. In Blfprnkdad SheIREMeskti@orra i@tk cd¥fing But 90ke MWL to i PindtObr@He o as Al |
6 dot counters, gcﬁg ph&ferably identical in 25 structure. The dot counter

t akes the col or 3 ta at 98, fromthe HCU, into a 15 1line to 4 line
encoder 99. The fouffe M HEs PUEISTAL cgtectioprdo thepepspsast nduing amaxgrumpt Gcpfers lockesign and
Col or N Dot Cowmaxinh@pf Heegnsuit tef tragsfeato 3 Raxiyjun of Diggntentgtoups.] Dle 35Thie the @unadtiens, Wit 1

m ghti®e cl ear @élselsy ofingat 4nd Guipul WithQesged 3o tht WA ITRGhaRs cbrRoEALIRE 8 coh@diohsSn the

cl ocked by a bjt.on 104. 30 The processor communicates with the ME via a
regi ster set. i[ rs allow.the processor to parameterize a print as
wel | as receiv Qf@%@%ﬁ‘ée%ﬁe EBEGEBIPHY progress. The following registers are

cont ai nedNampe t he Ml - PO IRIAPtER Tahl e 36 Menjet interface fegisters

PCT/ AUCO g[g%A—Reg_st-m—:Na#%eso gy emfsms : egrentsPer Xf er The
it o+ AL 1—+ Foxy 3 "\I nr\ aagual o

number of A e TP o JOutput to D3 shift register of segments 0-7 . . “""uw s—tie number

of cycl esplpmwart—betyweegn 3‘@"bu'pht‘?db\4'sfﬁftre§ el B Hene! at+ ng—t he—rext Advance

pul se). @q 7T anst er [Nags VX lpRicDs%nioR e ssRekd7eT val i d DI rS
Segnent G peipgiThe nunber sof | e @hmlitho sBtiRGstd: bf sdghenspi7l Nt Nead. Thi S| equal s the

nunber of S€kikds t hat $edmentosRepuit er S @dfRuistClekdpsethdetror el Si ngl e dot

has been Witten to each spgnmiiat Dai0-7% HHOBHP%H’«%H”] ‘Pﬁrén\mqlD@Q)Egltq his 1280
tinmes to perphetety—tianster 'g’efﬁg ;cp&g;wnng?&;rmnn q“g‘f Hope—te—the—prl nt head.
urLi nesThe nunber of lload/ Pri B eheh s biorp SR SRR R PArTRERER Pri nt

(read onl [FEEQm) poi NT T V1 EG (N puldf SAESSN] ANDE amtualemyﬂ@ma%s uhers&nea‘ face's
Status Repgister LineskRemaihin Idamngnmﬁeﬁns@‘meﬂtgm@s\ldmmmamq to be printed.
Only val i BHSaise |l e Go=| | St artli fgnthead Sqwse (empdgin n to 0.
Transfer s&‘éﬁai_m_nglhe_ﬁﬁ@ gReseicthorpeinthspd an : , emai ni ng
before t h&°B nt head ils> si dered | oaded for the current line. Starts at
1280 and counts down to 0. Only valid while Go=1. SegG oupsRemai ni ngThe
number of segment gy mFRHEISPREPT fop e of dptsrod peh wlet frert froy thapgipteeeds T3¢ ot dot
to eath segnmentount8k exrlt Slogit 2 Bebij et i vdugds clared udo prtesordownl. BO32Gits 1Pah,yack adt i d
whi | e Go=1. Se&ﬁﬁ&ﬁ%[@ﬁﬁximﬁm%m&hge A Bdukt@r 17Q- ureil ﬁ@ﬁnc@'ﬂag&shﬁh@%h ih @S ik B @

subsequent feed b"%(v:vllfl be re? a.{]cﬁc&’eltar deafter gr%hlﬁ%e 0 %ff ga el“h? doPcmg?s are OCH) q’xéarf)cess%rgo quate Aow

correspondi ng {070

to deternine V\Bf‘ &}FP 16f)rdir FP@reglétdﬁygﬁlﬁe “6‘1‘86‘5% rLtnbouég H%e The processor knows the volume 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 the QA chip 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.

In FIG. 13 is seen the layout of a 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 registers allow the processor to parameterize a

print as well as receive feedback about print progress. The following registers are contained in the MJI:



Set Al | Nozzl esl f non-zero, the 48-bit value witten to the printhead during
the LoadDots process is all Is, so that all nozzles will be fired during

t he subseyoern023Bs i nt Dots process. This is. use during theP@T/Ae@E075nd
cleaning cycles. If 0, the 48-bit value witten to the printhead cones from
the LLFU. This is the case durin the actual printing of regular inages.
Actions ResetA wite to this register resets the MIl, stops any | oading or
printing processes, and loads al e isters with 0. The MII also places a

pul se on t he REbSEBs.Menpticemaeedi®ds t 0 t he printhead. SenseSelectA wite to
this reQiR@gﬁﬂerN‘jnfLei' any [ﬁéé?:iiﬂon"' ears the FeedbackVatdbirt—of the—Statys
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ef fect. Hsedback HSenseRead only feedback of the pr| nt head's sense frgmthe
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Tabl e 37.'MII Status reglst e Pl AT gt 5’ | l§eefsvdvglrﬂn fm?élffﬂ’ §e, the
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MIl is cu

SegmentGroups 48-bit transfers. As each 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 off
NumLines, the loading/printing process stops, the Go bit is cleared, and any further LineSync
[pulses are ignored. During the final print cycle, nothing is loaded into the printhead.
A write of 0 to this bit stops the print process, but does not clear any other registers.
ClearCounts A write to this register clears the ColorlDotCount, Color2DotCount, Color3DotCount,
ColordDotCount, ColorSDotCount, and Color6DotCount registers if bits 0, 1, 2, 3, 4, 5, or §
respectively are set. Consequently a write of O has no effect.

(D

0

Feedback
[PHSense Read only feedback of the printhead’s sense from the last CCEn 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.

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

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




oadi ngDot sitransferred in TransfersRemaining. If clear, the MIl is not
currently loading dots PrintingDotsllf set, the MII is currently printing
dots. |f wbexn02338 he MII is not currently printing dots. FreOh@okMabi d1This
bit is set while the feedback val ues Tsense, Vsense, Rsense, and Wense are
valid. eservedl3- The foll ow ng pseudocode illustrates the |logic required
to load a printhead for a single line. RBbte that |oading 5 conmences only
after the LineSync pulse arrives. This is to ensure the data for the line
has been pr eparnedubystduiegidek & bh6-vargistbrSvitviad inteprdtamitns bsi@lofist r St transfer to the
printhead. 10 33,49 \3PstasWatet for LineSync For Transfers Renmining = 1280
to O For!—ﬂthe_g[n;en-L L } 0 be
1 Else IF™9 = 0) PlatE fPTEP"A8 bits of LLFU s 90 bit Transfer regidter
on 48 Dn [LdafiegdoE| se Pl jacle [ sesithePl b|Ctl@ntbfloalithSsWiQOhebiumbefl'Pfam%fff@lﬂinip%gibst er
on 48 Dn | ines Endlf |Pul si@’:‘lgrqldkM 15“5 %th Per Xfer cycles Send ADYANCE

si gnal rpﬁﬁfﬁfb tk—"u'_u' Crea e (T cﬁfr)tc rr%;:hh g\ﬂxtg,l es—are—stnpty—acconpt+ghed
by setting appropriate rquaémeﬁwﬁnnﬁ@x WJ beir@iidors. pr ogr anmi ng t he

pri nt head eSdeadedhmg pullse gro@hit Is @Bwhile thefeobak & T@se, Wiense, Pednse] AEWIehst ard¥glidiul se
profile tigeseieiher a lowldluration (in the case of t he preheat node) or [to an
appropriate drop ejection duration for cleaning node. Set NunlLines to be
the nunber of Thed¥evipanseurres lestass fie lrpiityacd'e Pi—i‘& pringheqd fprigainglingj Notedhploqdien
wait for tdmeeGs oy tftet iy LiyeSyed neler aaiteswlgnis tolwsurp fh ¢nta fag yhe liedastheep ercreodipltetlétll  The
LSGQU mnust analiss@ialbenptir9 gaasorgd pfitheend Li neSync pul ses at the correct
frequency. 35 Throughout the specification the aimhas been to describe the
preferred enbo%n{ants of the invention wthout limting the invention to
any one enbodi NENP"'d**¢Beci fic collection of features. Persons skilled in
the art may rEelTrpdesRamaang oifofrom t he specific enbodi ments that will
nonet &l ess fal |l RaritdntoSédrenisoape of the invention. WO 02/ 02338

PCT/ AUO0/ 00754 If (SetAlNozzles)

Set all Dn lines to be 1

Else
if(1=0)
15 Place first 48 bits of LLFU’s 90 bit Transfer register on 48 Dn lines
Else A
" Place last 42 bits of LLFU’s 90 bit Transfer register on 48 Dn lines
EndlIf
Pulse SClk
20 Wait SegmentsPerXfer cycles
Send ADVANCE signal
EndFor
EndFor

25 Clez;ning and preheat cycles are simply accomplished by setting appropriate registers in the MJI and
programming the printhead’s firing pulse profiles.
. SetAllNozzles = 1
. Set the firing pulse profile to either a low duration (in the case of the preheat mode) or to an
appropriate drop ejection duration for cleaning mode.

30 . 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 must also be programmed to send LineSync pulses at the correct frequency.

35 Throughout the specification the aim has been to describe the preferred embodiments of the invention
without limiting the invention to any one embodiment or specific collection of features. Persons skilled in the
art may realize variations from the specific embodiments that will nonetheless fall within the scope of the

invention.



25 5 10 CLAIMS 1. A print engine/controller configured to be coupled wth
others to drive an ink drop printhead conprising: an interface at which to
recei ve ovopressed page data; i nage decoders to decode corpr/assee7s4rage

pl anes in the received conpressed page data; a half-toner/conpositer to
conposite respective strips of the decoded i mage pl anes; and a printhead
interface to output the conposite strip2f8o a printhead the printhead
interface including: a nulti-segnment printhead interface outputting

print head formatAmd data; and a synchronization signal generator outputting
a synchroni zat jon SkgRa! enfiR/c&RMR! Snfikdlo beCBGNGAE MY B it & Hi0arsy ﬁﬁ}nlﬂéaﬁ’”' ze
their respectlve strlps at the printhead. 2. A print engine/controller as
claimed in clal'mt @herein the printhead interface accepts its own
synchroni zati on si gifdl*"&s “aifhis foetve e YPreeta% o al | print

engi néd control | er s dmgetdiraders ofdecadrotnipesseqimizaplivecitthcroniad odnlpessed pdb d@s a sl ave.

3. A print engine/ coniflidbkiposas tGhmibodtB@spbchive GitigtioNhe2icddRE [nBicRiafdt; hiat head
i nterface includes Qﬁm&QQM&mﬁﬁo&ﬁ%ﬁﬂcrﬁm&é&%ﬁugmﬁmﬁ{”‘nes if the print

engi ne controller is ave. 20 4. A print

engi ne/ control | er ab®EPEPHBETHEAYe one of clains 1 to 3 wherein the

hal ft oner/ conpositor scaidgsegmepiptinthepddgefaqslodputisg nintbked fomant dapl andf a margi n
unit Bet to establish priBfncelatdiol Qgnaldgestatol Purffiing N eyndhFoBigBon Henal Ao Pduble tprint
engi ne/ control | er a§gﬁ@&%&mgh4£h£¢@%g&;wﬁ&&gﬂ&ggﬂ@gghkhon of a tag encoder
to calculate respective stripsS of a tag imge plane. 25 30 35 40 6. A
print engine/controller configured to be coupled with others to drive an
i nk drop printhead AdgrPIRsicmEelerans cloiebitelajmrh gberdelbopidmhea dntegfece aedertsaiyypwn
conpr essed contyndigOzagontsigniss i MAGEobIRNE 81 prift efghecont@li@s o @l of BaRYTSESEEENtOBE €
dat a;1s bi -l evglageecoder to decode any conpressed bi-I|evel inage plane
and/or dither data in the received conpressed page data; a

hal ft oner/conpositor to conposite respective strips of the decoded inm

pl anes incl udi g a O8F HREYGEPIeHpm ﬁ??%FW@HmBVmﬁmﬁﬁV%?Iﬁ%@%mﬂﬁmé$@%gt

i ntegration of atgnd diteypippeif b erinteesgingicdnholipgheatmajtqr kwtrdlerer sleevi ded in  t he
printhead; and a printhead interface to output the conposite strip to a

printdead theypri nmﬁ&gng&nmo%h@%edmﬁ luyeﬁl& @rg ‘of RaitlH b3 ﬁgaﬂmalfme&/&&ﬁmg

interface outputtln ronizati o S|gna
generat or out pift&iR “%@%vﬂ%Hﬁ%ﬁ??ﬁ#ﬁ&ﬁ@?#&ﬁﬁﬁeﬁﬁm*yﬁba T p fupprof the image.

engi ne/controllers to synchronize their respective strips at the printhead.
7. A print engb.ne/ cankiftGhdiretonaglerCd alaimini cRinC | &ithMh6 2dMEQT & atad &hebder to calculate
haIftoner/conpgﬁahggmhqghgggée gargin unit to apply margin data to the
respesgive image planes durlng t he conposite process to generate print data
in sirips.

6. A print engine/controller configured to be coupled with others to drive an ink drop prlnthead
comprising:

a contone image decoder to decode any compressed continuous tone image planes in the received
compressed page data;

30 a bi-level decoder to decode any compressed bi-level 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:
a 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
7. 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 generate print data in

strips.



WO 02/ 02338 PCT/ AUO0O/ 00754 26 5 10 8. An inkdrop printer with a printhead
driven by multiple print engine/controllers, each print engine/controller
conpri si Mo ozm3sht erf ace at which to receive page data; aPCT/AU00/00754

hal f-t oner/ conpositer to conposite a strip of the page data; and a
printhead interface to output the conposite strip to a segnent of the
printhead; one printhead interface generéting a synchroni zation signal to
synchroni ze the print engine/controllers to drive the printhead at any one
or nore of higher speed, higher input resolution, higher nunber of col or

pl a_nes, hi gheg out |A§tink‘£h_%§ Qhﬂtgrlv@tﬂ O f)rin\.Meaqed‘rivefnodfynﬂhtiplegprint‘a‘er@ﬁléléa{xtrollers, each print
englne/controlLg&dgam‘gghpgg‘ln claim8 wherein a printhead interface
accepts its own'® synchr on zaﬁion signal as a master controller to all print
engi ne/ control | ers &gt Wich BA6HYTERe $#% nt head controller as a slave. 15
10. A Pprint engi ne/ eutfitanelchpsiterso cohmiingshrip ofithedagridm; hdwher ei n t he pri nt head
interface i nc: :Jdes. ap;inmmterf@&mOM@itﬁé}oﬁpoﬁwﬁ}ﬁ&asldg%&eﬁamegﬁlghesdtllt hi print

engi ne controller i . t. Q r.or a s e. . \n, i nkdr op
ornter i th e pri niaudealified SR ) ShRliobo ShfNSundi Be i oo QEG 07
print engi ne/ CHRCEPIEFE 2 aRcPedhG Of highr trrf-dreheniaret EeliipRintehe gy pfcelprypianes.
conpressed pagéicigedutet remlui atvodrefoimatage decoder to decode any conti nuous tone
i mage1l@l anes in the received conpressed page data; a bi-level decoder to
decode any bi - b.evel Al mgglgiﬁ%llcalﬂﬁ T angail%'dtilh@lgjm%a&l@refnrh %rﬂﬁeaﬁ %e%&c}!e‘igep%olmssed
page data; a half-tonerlg$%305|ter 0 C osltp ary |-I§ve1 |ng%e pl ane
over any conti NUSEPEET HAFEHPERET © 'SPEFCERE %&‘68““(? Py AP RSP REG e

pl anes i s scal &ds¥ider control of a margin unit to establish data for a
strip of the image; a printhead driver to output the conposited strips to

a prifshead; angl a RrpiRthehnkRGal Miihd iSddinh P wheRlnMeRFikithd iftaha iRl al Gt £!
fromthe nulti Q/lugl a%@gl c{gteer/m?ngsqg tﬁe%lrirllt %{g%é controller is a master controller or a slave.

11. An inkdrop printer with a printhead driven by multiple print engine/controllers, the print
engine/controllers including:

20 an interface at which to receive compressed page data;

a contone image decoder to decode any continuous tone image planes in the received compressed page
data;

a bi-level decoder to decode any bi-level image planes and dither data in the received compressed
page data;

25 a half-toner/compositer to composite any bi-level image plane over any continuous tone image plane
wherein the page data in the image planes is scaled under control of a margin unit to establish data for a strip of
the image;

a printhead driver to output the composited strips to a printhead; and

a printhead receiving strip form print data in parallel from the multiple engine/controllers.



