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Field of the Invention The present invention relates to “W\w&mﬁﬁkre
particul arl i nvention relates to a high speed pri ntm\m d of
the | mMﬁ\mm\pn nter systemis intended for use with varieys+types of
ori gia nt to be incorporated therein, either as a rack-nountable
nmodul e or @s0@h integral part of suchla system Summary of the Invention
According to a first aspect of the inventian H\IS{TE is provided a printer
syst em whi ch i ncl udes: RURGES AFKIET; PRANTINGB Mhged at the end of the
housi ng, the front panel having an opening defined therein; a carrier
slideably arranged relative to the housing to be novable in the opening
between a retracted position and an ejected position, the carrier carrying:

gnaecept acl e 48 o PRh¥eef Print nmedia; a receptacle for a supply of ink;

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

to a high speed printer.

Background of the Invention

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

a system.

Summary of the Invention

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

a housing;

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

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

a receptacle for a supply of print media;

a receptacle for a supply of ink; and

a print engine including a page width printhead.

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

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

printing of images on the print media.



a print engine including a page width printhead. In this specification,

unl ess the context clearly indicates otherwise, the term"page wdth
printhead" is to be understood as a printhead having a printing zone that
prints one line at a tine on a page, the line being parallel either to a

| onger edge or a shorter edge of the page. The line is printed as a whole
as the page mVe?h@é’a?ﬁertnkh%iﬂfh'ld%tah:ﬁ%gis%ﬁhﬁ%{)ﬂﬁhﬂbﬂﬁ%ﬁidéﬁleﬁi‘siﬁt!h@nary, i.e.
it does not raster. When the carrier is in iis retracted position, a print
nedi a sl ot r?&&‘s‘b% defined between the front panel and the carrier through
whi ch print medi ﬁ'h@fe@edﬂc%ﬁﬂe b8l of BrihtHhddEma) thi BIETatt cahtd oR'tieNt Medi a.
The carrier may include a chassi's which is supported on a guide neans in

t he housi ng.chassis. Likewjsedhe weeptacleforthe sypplyyef ik mayibete repsying famnatiomsn be a

pl aten carri : [ i L. g@&% ; : upply of
i nk may be a@g%}g% lbllbﬁaéﬁ#agfﬁéﬁ%dﬁmﬁ%mﬁ?% hﬁ%(r?e(iren Cal?r%‘alrtx:&nggﬁ fngﬂg%?rovabl y
recei ved. Theckingzamiangempnf for refcasadly lockjng theink dartridgt tnglositign relatisitpdhent f or
rel easably | i N .cartridge in position relative to the carrier
and the pri n‘%ﬁ%&fl%gin&elpslﬂt?é%g%d print engine may be arranged in the housing,
i n opposed r el at iAcesdndprintenigine nyay be arranged inghedrousingyénlopposedirelatgmship tr  when
the Garrier 1%15 rlin eliltisea[net reqdc(}nige‘posi tW on fcor. e;{ne{:tré ng.. r(i)r:ﬁoinn Lon bot h
surfaces of th prl%’% EAPa. AN TR & ?l'lifa HEdS ﬁﬁy P BRI S in t he
front panel dffectingrpdintieg omigptinkvefacgsiof the erintaneiainabl es, bei ng the supply of
print nmedia and the f.in [ ir.e repl enj nt.. .The.indi cating
nmeans nmay be in e (ﬁ%&ﬁé é}eg“g W/ﬁylsﬁ)ﬁﬁ?lﬁgﬁ?\ddﬂg}egﬁ) r?l,)angl{}gﬁ mtzlilgat'élﬁgmce)‘? nore |ight
em tting di qomsercisuoatdesnbeitgrhe supply@f grigtypeiatand thetshgply ofiisktrequire t here i s

provi ded a pri,nt. .en f.or. rinter. .the i nt .engi ne including: a page
Wi dt h pri nt et “heidicatad ks iy b M€ o o6 Ll FppuEaet sitHes 2

seal i ng neanmestmbredighi engjttinbdidded<- ej ecti ng neans; a transfer neans on to
whi ch ink ejected by,the 'Fé nt head | transferred to a sheet

. is received.tq, be,
of print media, the AYERUREY second aspsot b e invemiondheteis PROVIed £ grft o
print head; asnginafatiappihee ehaprint engiesndhalingdli spl aci ng the printhead so that
its sealing neans _is urtged ghnto abLt;regt X/ith a&%{”.fa.ce of the transfer
means when the pfPHECHELY priathead, the pripthead including anjink-cjecing meansiagda ot i i f r om
t he i nk- ej ecdedling nimaadsyrotiingthsink et thean®ans furt her being operable to
draw the printhead into spaced relationship.relative to.th ransfer neans
when printing isa?"i’)nsgeé“g &l ef%&’?’lclf ei""l‘f%%’?é}l?ﬁr‘t‘fble?fﬁéﬁeé’elﬁ?det?hg pri nt head
may be a m craskeal tbaskehofprihtinedig\thetanbRMintgs Beifg atkamped adjaéntitarhy et
nozzl es. The sga%gg%%neans may be an el astoneric seal surrounding the

i nk-ej ecting he sealing neans may conprise a plurality of nested
ribs surroundi nga displecemefOmelis fop displesihEBe Pfithdad 36 tHahigs sedlitigeieaniz | es.

urged into abutment with a surface of the transfer means when the printhead is

inoperative to inhibit evaporation of ink from the ink-ejecting means, the displacement
means further being operable to draw the printhead into spaced relationship relative to
the transfer means when printing is to be effected.

The ink-ejecting means of the printhead may be a microelectromechanical
device having a plurality of inkjet nozzles. The sealing means may be an elastomeric seal
surrounding the ink-ejecting means. The sealing means may comprise a plurality of
nested ribs surrounding a semi-conductor device defining the inkjet nozzles.

The transfer means may include a transfer roller rotatably mounted adjacent



The transfer nmeans may include a transfer roller rotatably nounted adjacent
to the printhead so that ink ejected by the printhead is deposited on a
surface of the transfer roller. In a preferred enbodi ment of the invention,
at least a surface of the transfer roller is of a wear resistant materi al
which is resistant to pitting, scoring 05 scratching. Thus, at |east the
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el ect r omagnet iranafet gollaphfzalb'hﬁrrdemlﬁtﬂn'IMYOhﬁe mvemios rwtedst\atsu@dae ofthedr aw t he

printhead a ransfer neans es, a i gher current
a0 hol d ¢ Wl TierS et M Bt P e O R AP TUREE ¢ r anet er
nMeans requi r esrachaRC TR, atll@¥ethe SifatedTithe tlansfeProlléimA1t@ion ftanii@in ditidé.ude an
urgi ng neans for urgi i,g %ééheet of rint, ia into cont(@ﬁt wi th the
surface of the transf ?‘F§meﬁ‘H’é¢ ‘Bf"h‘ﬁ" lectgmagneticafly peerablei nch

roller or, whgvRe!THR eRicirithaghBidal Sperdtie M&Ehﬁ?@eﬁ@dlerﬁ‘ﬁcf WhitH, iQdewall e- si ded
printing, a transfer roller of an opposed, al] pri nt ;@glne The print

engi ne may al B#thead pyiarcirem éteéeﬁtf?rgneﬂeﬁqaﬁesr%ﬁr%h@%ﬁticwnt tghelddhee of the
transfer rreanﬁnntﬁegguﬁlp%ﬂ'ré]ﬂloﬁlﬁﬁ teMtivOR) (ROtdffePrRESH réqflfr@sr J@é&’dnﬁt Bwkhe urging
nmeans and the printhead. The cleaning station may include a cleaning

el ement of ancw§slor bent, resiliently flexible material, such as a sponge,
and a wiper of a resi ‘Ih@ﬁﬁdﬂénéﬁ@nﬁéﬁh&u&%%@ﬂé el Sorth T%Eéa&?ﬁébtﬂﬂpﬁﬁtr anged
internedi ate the cleaning el enent "and the printhead e W per iy be in
the form of amediging wtareumethe syxfaspithsigans rmcm%%peesaremméher

i nvention, thgs&sihch B G %{érawébﬂhtagtnwarataome@mst@eaxtg)&oueretstﬁeung on both
surfaces of a sheet of pri e printing systemincluding: a first
print engine; P@f‘i’é&&%&’gﬁm“ﬁqfﬁ%Omqun@&n?ﬂﬂmt%ﬂ%ed aligned rel ationship
with the first print SREhRendffaPildihelfid J‘&:ﬁln@‘s’.ﬂaﬂdi R clehirgthd Ritface
printhead and a transfer roller on to €j ected fromthe printhead
i s deposited ':’1tilwt)teanea€9}:)mlefe;@,5 the ﬁemﬁwtenbmma@dlatee@pdwnﬂlamlmﬂnm print
medi a, the trgp Tﬁl& { mt (S ér{‘zﬂa rﬁm ur gi ng
nmeans for the tra erkégﬁﬁeg{emgg "ﬁé’hﬁ dra:gr?te%%?ﬁrgéﬁ 4 S&ﬁe

transfer rol I@ﬁlheﬂthtfbxémﬁmal,\ﬁumﬁstahmttge,e@sé awviper ofl Fs«élll@tib'ébxtb the prl nt
medi a. The Se&%ﬁal}%&ﬁi e %:%r ?t@n:@d}é@tﬁéél #%%%ﬂt%fdttﬁb SrinfR&Et to the
first print englne epseco engl ne 1 nc ing a biasi'ng nmeans, in

t he form of aTlgepwlpcrgnayfhgrmthezfoxm@fgusﬁgaqflr@bplr ansfer roller into abut ment
with the transfer rol [ be
appreci ated t hat theAtc{r'aJé%lg teoiiﬁig%; ?&gg{cvﬁﬁggiﬁ?eenﬁyﬁgedsgec} s as a pinch
roller for |tmﬂb!ppoyf.smforpmtlnewlbntbsumesaszastlmomrmmélﬁ,lh@Pltltétﬂs of both
transfer rollg . as an urging neans for urging the sheet of print
medi a past th trans?er ‘rollers. At least a surface of the transfer roller
of each print engediestpeigt epginesfand wear resistant material which is resistant

to pitting, scrat : -bhe. ] | ¢ni tride.
Each print engi neQE%éagdﬁﬁlft%g@ﬁé ﬁﬂnog&) %ﬁéé?&%ﬁ@%ﬁﬂ{iﬁ%%ﬁ%ﬂﬁ ansfer

rol | er bei hg efging, ese mauengnewgclhdmean h&uepmnﬂteh@awammfepnoumqméawh@h each
print engine ] gg‘ﬁﬁ&
surroundi ng tﬁﬁﬁ&@&%ﬁ%@ﬁ@&%ﬁg %Q@ﬁ%ﬁﬁ?%ﬁn r%tggélé&g? the printhead
may be a m crofgheprint mediethetransfer thdier Qf@nhamtmgglae furtherseiving ag pn piginget

nozzl es. The § glwrlr@.‘g]gi% | theStnk he

i nk-ej ecting WBQ%EZ& en th@%rr#ﬁteﬁoglggb&?%ﬂéﬁ{tf&rl n tlengl nfegyfbghﬂlg%g%er ative,
it may bear acmtaotwith their assgdiatedisuskdcesofiths prnt meskid. er such that the sealing
means seals the in m t he

i nk-ej ecting maanskrhglgtcﬁmEi'91 @l%&!&ﬁ?@}{%ﬁ éﬁtﬁ%ﬁ&t%n@ for

wi t hdr awi ng tttelqgrﬂmsdaemjprfm mgutehaclummlblwngmd:dnenn tﬂqécvmmﬁampnmgg fars to be
effected. The di splacenent neans nmay include an el ectromagnetically

oper abl e device. The el ectromagnetically operabl e device may be a sol enoid
which, to draw the printhead away fromthe transfer roller to enable
printing to be effected, requires a first, higher current, and to hold the
printhead in spaced relationship relative to the transfer neans requires a
second, |lower current. Each print engine may include a cleaning station,
arranged upstream of the printhead, for cleaning the surface of the
transfer roller. The cleaning station may include a cleaning el enment of an
absorbent, resiliently flexible material such as a sponge, and a wi per of a
resiliently flexible nmaterial arranged downstream of the cleaning el enent.
The wi per nay be of rubber. Each print engine may provide for process col or
out put . The print engines may be operable substantially sinultaneously to
effect substantl aIIy si mul t aneous printi ng on both surfaces of the print




the print engines. According to a fourth aspect of the invention, there is
provided a controller for controlling printing on both surfaces of a sheet
of print media, the controller including: a first print controller for
controlling printing by a page width printhead of a first print engine; a
second print controller for controlling printing by a page wi dth printhead
of a second print engine substantially si4nultaneously with the printing by
t he pri nt headbiading istrahsferstoll¢rrinto bbementrvth the fransfet roflemoftiei firsttprionengine.nk

i nt erconnecti the.first prj ntrol.ler. and the.second print controller
For Csynchr ont St L APPreRaled hef BF kaiRter oo Leath i 0 s BANSHs | 1 nk
}nterconnect}fogexeforhitsai;@bseﬂlpﬁntw‘ngiha]? gri nt controll ]tcars wth a Bost systgm
or receipt fromthe host stemo escriptions ages to be printed on
sai d surfaces of the SReefbéansfir pallepadPatbipnstesollis v ehts Reendhe 1 r st
print contr ol mednsifiurgihiehe sl of priait MBHA Sdst BE tritisfep MefsOl | er with the second
print controller bei n%f sl ave print controller operabl e under ot%omrand of

the master print cont P6I9P¥R siitace gE P fansir raljegpibhach prind chaire may kol a wear
comuni cat i ongesiktaiitnaterRewhich Stresimy Pigiak, sefafching 0KscoBdg. The Matetial day®et i onal
link enabling the transm ssion of data fromthe slave print controller to
the master prHRIURGNFIAS) | er. Thus, after the printing of a page, or nore
frequently, the nmast el irint erpRfdinhdy ih@hde Wi ORIGRH finkHakd RN ELMBAIGN
information fromthe slave print controller via the first comunications
link. The nastoller bsingof agigler lsngthfo theprinthesds to update the remaining ink
volume in an ink cart mhglgenihdali bf &%ﬁpﬁﬁt*&ﬁgiﬁ@ﬁ&ffncﬂ&é o ink-SfRtdr@Inhdahs A4 S| ave
print controller may al so exchange error events and host-initiated printer
reset comandialingmeaesurionsding bainkriiecting meaps| Theldnk-getingmeansiof ghej nt

control I er moyieig nal) 6e & BQOe OB RhIEA deABShavinlh phRARE6E Rkfet fz2its, L O
present a unified view to the host sgstemto mask the presence of the slave
print controller. TheThtseeling meangmay bean Jastasmerigycal proypdingte inkpiretingiges on
a rear surfacgegf the print nedia with the slave print controller printing
on a front surface of the print nedia so that the master print controller
al ways has a page buf fNhenhearinthsadofieash piinpenginedeisepargsive.ghmay brasagaifed f or
the slave prififqscqibtddQiah§itr rofferShdnthat 64 meaeégeapmm.é}@mﬁg Rlefggl by the
master print controller controlling a printing operation of The slave print
control | er. Pinhibitieuangration efink fem thyf inkrgleptingrmeans, eaphipriol 4nging inelydinga

synchroni zed figaesBR ilnd foP Sithdaeiak QR il j EHEI &h Bynape of
the print con:t?% °§‘r§‘. Ac%:(g?g?tﬁg toggﬁf‘lft"lﬁaq%%{ég{gq%?gt E@?Eﬁen@?fnongt her e
is provided aistebdeftectod. control ling printing on both surfaces of a sheet of
print nmedia, the nmeth T ' LhE 1y ating to a
first page to be pri n?g%hllglﬂji%glflﬁ&?gt prp?%?’&%%é;{nr%‘%ﬁgélx%@g%aﬂ? ito?esr%lﬁépri nt

engi ne; device. The electromagnetically operable device may be a solenoid which, to draw the

printhead away from the transfer roller to enable printing to be effected, requires a first,
higher current, and to hold the printhead in spaced relationship relative to the transfer
means requires a second, lower current.

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

Each print engine may provide for process color output.



transmtting the data relating to the first page fromthe first print
controller to a second print controller of a second print engine; receiving
data relating to a second page to be printed in the first print controller;
and controlling printing by the print engines under command of the first
print controller to achieve synchronizatjon of printing of the pages by the

first print controll and the second print nt.r.ol Ler. on rear and front
surfaces of the pri n?ﬁﬁé’ﬂpta?ngwgss?}%lﬁ ‘U’Efal;l?f}' S‘fﬁf%“ﬁﬂﬁﬁb’&“%&‘i}’“ﬂﬁ?? ?}g%

synchr oni zi ngulptantidllysanulianéons pasting onfbothGuifades bfithe prixit ifedialpagsigbytweaans of a
shared |ine nch{onlzation signal generated by the first print controller

which is a R M5 controller. Further, the method may include

transmtting data relating to_ the pages to be printed froma host systemto
the master print 2eAtdngteafoysth aspesief ths ingention thesigpipyided 8 rat@llenfax ~ t he

master print gRAAKR PriglingGt BYNEROE ol SeBESf print M&ia, BRI cnttieRindluging:0 be
routed to the second print controller which'is a slave print controller.

The met hod may al &irsi pibk cantroles der apntne)lingprintiag by a pageividth printheadof affissta nenory
of the naster igtré'#gﬁle.control | er before forwarding it to the slave print
controller. Tpﬁe thod may include sel ecting the master d?ri nt controller to
print the rear susdeeend point ¢ontsoliar forcomteadling nrintingibya page wadth ptigheadof @r pri nt

controller al - ' A %ﬁﬁu L DL
destined for s%)e@g aé_‘e‘gggﬁgsa@%&{' E‘E)ﬁ“ﬁéﬁ%ﬁp@ﬁ‘g@g“ %eg(ﬁé ovgeh(tp iietﬁérnlnat hod
may i ncl ude, fisstpiinikngiag;l y, transnitting predeternined data fromthe slave

print controller ﬁmmﬁc ' I ?Hﬁtchr | sixth
aspect of the inv%%s%%n, t %g(;em@ékg&%{;/@gge%ﬁgh%rﬁrﬁ en&?ﬂrrlée]%%@tge printer,
the print engéaead printicorifoligr fonsymehyeniging the ppini qentrelless; asd t r ansfer rol | er
arranged adj acent ki g | e S
surface by the pr%%’?ﬁg% to ggtgolﬂé ? glf:féﬁeg%ﬁg&%%gﬁe%%f)??ﬁ? E}r}{ggzgré@&glﬁ{SMi ch an
i mage is to hydthmhosttspstem faraeaeipt from thechostrystemof deseripiodedfi pages to hepririted and a
drive neans f r-g“,l% Ly Ag. K f lL.er and feeding the print
medi a past tr?gs?léans %Pdf)r{%%éee\r{?%nténgglﬁ\yg% giﬁllts&%glleﬁg arranged in the
passage of the t rEwrdirgprintdongoeller ishpreferably, h emstemmint bomtraller with the second
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controller on receipt of signals via the first communications link.

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

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

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



At least a surface of the transfer roller may be of a wear resistant
material which is resistant to pitting, scratching or scoring. The materi al
may be titaniumnitride. The drive neans may include a notor. The notor is,
preferably, a stepper notor. A reduction gearbox nmay be nounted on an

out put shaft of the notor. To reduce space, at |east a part of a gear train
of the gearbox may be a wormgear train. 6Brief Description of the Draw ngs
The i nvent i on dessinerbfor the slavé i cimgrollery of exanple with reference to the
acconpanyi ng drawi ngs in which: Figure 1 shows a front view of a CePrint
printer, in accor @ancsynitirddizatiod mapbe £AROEH BYERE mhdtertphiat doRtrallE tenfrollinggur e 2
shows a front view of {he H)rgi ter, in ai:co datgc%,vm'th a ieﬁlon,d enbodi nent
of the i nventPEHine ppesRtion oftheisiaxg print conirollgs. Brintheadinerfages ofbath pgipt £ qure 1

Fi gure 4 showsongoldr@fay bEWnbHroditd tdh bk line kyrfchfuizatioh sighhlpdn&ated BeHes a
side view of the printer of Figure 2; Figure 6 shows a table illustrating
a sust ai ned p?fithe PHYCOMEoletss t he printer achievable with doubl e-buffering
inthe printer; Figure 7 shows a flowhart illustrating the conceptual data
flow from appl i caticesrding tqx fifth espeqs afjibe invenfiondhege is ipronided a msthedaf i c,

sectional pl I . } o : } i of the
area circl eda%‘brlllﬁglﬁg%ﬁ lfémg&%ﬁrg%l;%& cessﬁoa\%\sﬂé‘g ogﬁh d’§ Q&?%W@e g‘rg%]%a gﬁgd;\s{}? g')e@, of the
printer of Fisepsof:8; Figure 10 shows a side view, fromthe other side, of
the printer of Figure. 8. Fi [ ' ' part of
the printer show gégéeft%ﬁ% d?él‘%ﬁ“%ﬁé%ﬁ?ﬁ@ﬁ%ﬁ‘?@?@?% ‘“Z g’?r‘f}éﬁtgo\r{\%‘p (lgfr?age

t ransf er mechfnst wint efiginehe printer; Figure 12A shows a schematic side view
of part of the deyi i G j i i rked,
non-printing condi\[ljtallqsgﬁmr th%erg?tygttﬁgg}ﬂrr g%@éegfon?rglg ﬁgﬁﬁl?@ﬁf&)@fﬁlﬁ% ?12B shows
a schematic stedendyiriotcanfrolidnef psacondgfrint brgintevi ces of Figure 11 show ng the
printhead in a printid Lt i . [ .Sm
Figure 13 shows a'rés}%:#lylle}%ﬂdtg{laggét?d ggl(a/ic’%\lfvﬁ&o#a\ég ﬁ}e& rr%ﬁé@ﬁ‘gﬁﬁ @?ﬁﬁ’ﬁﬁe}%gﬁ’nt heads
and transfer amdchani sns of the doubl e-sided printer of Figure 2; Figure 14

shows a three-di j | . Vi f [ i i n of the
printer; Figure T?@?@%?%“W egﬁ n’éﬁsgy%e%élp&ﬁ%g@vﬁg?&j@ﬁ%ee%?%n?ng syst em of
t he printer; d¢intoller td&hiehosynclannieationa ofjprihiting lof the pagesby thie dins pristicentradler part of
the printing em of. Ei gur 5: Figure. 17 shows si.npl e. encodi.ng. sanpl e;
Fgure 18 shotd U Braternrafalke sp o itin! adfbr o e bibudid Bpa I 2oL o
19 shows a flowchgrt of page.expansion .and printi.ng data..flow Figure 20
shows a bl ock dia 5me6‘f’85ﬁy e &5 ﬂa‘é&ngaﬁ@“‘* inteefaces gfb"{h print

controllers by means of a shared line synchronization signal generated by the first print

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

is a slave print controller.

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

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

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

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



Figure 21 shows a bl ock diagram of an EDRL stream decoder; Figure 22 shows
a bl ock diagram of a runlength decoder; Figure 23 shows a bl ock di agram of
a runlength encoder; Figure 24 shows a bl ock di agram of a JPEG decoder;
Figure 25 shows a bl ock diagram of a hal ftoner/conpositor unit; 9 Figure
26 shows a diagramof the relationship hetween page w dths and margins;
Figure 27 shows a bl ock diagramof a nullti -threshold dither unit; Figure
28 shows a bl ock Afidsesribed #rove, i raethgd magdinglpde, periodicallys Hamsitipg her : Fi gure 29
shows a bl ockredit@gimNdafa fRnSHRE AR prinf kb AG S0 thEh%EFprﬁ@co%ﬂ@M\ﬁ. a bl ock

di agram of a dual printer controll'er configuration, Figure 31 shows a
schemati ¢ represent at ASeoraing tp atixth atpegtad thepventiony thergtinpravideds pyint e 32 shows
a schematic i A . twelve printing nozzles nunbered in
firing or der;E Iegﬁfée‘ﬁrg%érgﬁ%gémgnégﬁlg%?@gﬁr epresentation of the same pod
with the nozzl es apagbeidduprintheadsad order; Figure 34 shows a schematic
represent ati on of, Gl SFARAC 8 WL AFpaNFeR 96} BherERARLinR AL AieddoOUr € 35
shows a schenmati c representation ara podgroup conprising five chromapods;
Fi gure 36 shéwsirfacsitbeptintbead épa ssfacd eftaisbeet of print pledis ey whish ag omgge iisstong t wo
Podar oups; Pk e o3 Raih CHISIRE bk SRLAREAAL [ On of the relationship
bet ween segnents, TIregroups, p‘has groups, podgroups and chromapods: Figure
38 shows a phase adirixgmamnsdor rfatablyl deiving dhcBEansfot wlltr ané feeding thegriat thedia cal

printing cycle: Figure 0 a bl agck diagrgm of a printh interface;
Bl gur e 90" % bk g A o 30 4 Bredt Vg AR L P el P BN " e

fl ow di agr anradler.t he generati on of AEnabl e and BEnabl e pul se wi dths; Figure
42 shows a bl ock di agram of. dqot count .l ogic; Fi.qure .43 sho a concept ual
overvi ew of doubl e bu#ﬁ%??ﬁﬁeagwg’ﬁaﬁ}‘ 'ﬂ%?cr%@m(?‘f’ °§}é§1‘1?\‘11’8ﬂ‘§§ 1; Figure 44
shows a bl ock di agr amThé tradséer sdlletmbyibeea ndllosv righnéirdulaacidinddrovhiahtdefimist ; Fi gur e
45 shows a cgnce tuq_{n_ shrycture of a buffer; Figure 46 shows a bl ock

HE PR dpote

di agram of t ructure of a buffer; Figure 47 shows a di agram of
the structure and si z&ttdasta susficelofithe trapsfiereollen hiag be of a went rebiStahi gateréal 48 shows

a bl ock diagr of a Wnda Ox/ NI/ CE pri.nti systemw th printer driver
conponent s Ntk dres ol e lBing op Ronfe o P et i b et el o on
The printer, in accor daadéveshdahs maeinchneninotn, Themaetohis,pirefgrabliyor stappae col or
printer which forrbi nes phot ographic-quality inmage reproduction with

magazi ne- quafi®% text reproduction. It utilizes an 8" page-width

m croel ect r omechani calA reddctioh ggartoR inkag de mokhted opareligne shafiGPthedndter. Ter i nch
(dpi) bi-Ilevel, QWK (qlgan, l\/a%?nta, Yel l.ow, blacK). In this description the
print head t eE99HE SBESS LHicert 2 R Of a gear fraig of e gear sbed WOrmESAHEA, - i i er

shall be referred to as "CePrint". CePrint is conceived as an origi nal

equi pnment manuf actur.e  ( art, designed for inclusion primarily in
consuner el egﬂﬁéiﬁégm@%m | nt ended markets include tel evisions,
VCRs, Phot oCD pl aptrifiventdiis pbvayesctibedtly viay of yahfplewith/eferdnoé Rd t er mi nal s,
conputer nonitors, and vehicle consoles. As will be described in greater
detai | bel owAPRPiyIE dravdngs in SRy of i |'e front panel and provides user
access to paper &aFigure hishowsa feoht eje@@f b OgPrint yintet, in p@dsice siitha fizssthor i zont al

orientation un edr. d(%r.‘?aﬁtj ¢ environnental conditions.
embodiment if the invention;

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

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

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

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



CePrint exists in single- and doubl e-si ded versions. The single-sided
version prints 30 full-color A4 or Letter pages per mnute. The

doubl e-si ded version prints 60 full-color pages per mnute (i.e. 30 sheets
per mnute). Al though CePrint supports both paper sizes, it is configured
at time of manufacture for a specific paper size. 1.1 Operational Overview
CePrint reproduces black text and graphi 8s directly using bi-Ilevel black,
and conti nuous- t ofigufc®stiomsatablaiigemtingalsugtaieth pristingsate gf e plivgered bi - | evel

CWK. For practical I PO Pri supports a black resolution of 800
dpi, and a co??@‘gﬁag’lerﬁ%&?ﬂ%ﬁgwf%ngz’g%ﬁrﬁ"’s per inch (ppi). CePrint is
enbedded in a CE digure?showsa flonihamilioniacng the tdhcbiraal dita dewifiom dpbliction
processor via a .relatively | owspeed (1.5MBytes/s) connection. CePrint

relies on thelPH8dBiSeessor to render each page to the level of contone

pi xel s and bl ack d@duse 8 JHdvsRAQEHenAli6)CEKIBRA phaRweSTIRSpringg r endered page to
| ess than 3MB for _sub-two-second, del.i ver% toth d[o,ri nter, CePrint
deconpresses and Eﬂ%‘iﬁ?@fmsﬁég@‘lﬂﬂéw% F yé gl ‘H@‘%‘ffé’gd of its 11

m cro- el ect r onechaihedd stioWsiadide v EBi)ond & tol B8R GrinfeL & Higire $:0Nt &I NS
sufficient buffer menory for two conpressed pgiges &gNB), allowing it to
print one page whifil®urg %?PWF Aside Mewnlsm theynther side of s printerefdiignredit 1 i ci ent
buffer memory for F@Q{Eé‘l%%wggk&eﬁﬁﬁ@éﬂfﬁ%%aﬂﬁﬁﬁw(p%&%wﬁ&hﬁe doubl e- si ded

version of CePrint contains two printheads ich operate in parallel. These
print heads ar®latienshippetivesn p ptiet engingandimpge trangfenmeghanipm ohthe gAntEG at es t he

logic found in thegirdfl LsRWd8dchéthid S Abw GEPA dTthe dbUReshFRugr A ded
version has a correspondlngly faster connecti'on to the host processor

(3MB/'s). 2 PRbowne tmrinthepdinm rapkedqon-printing cpaditign relative totheswransfee t

speci fi cati onmedhatiltf; Si ngl e- si ded and doubl e sided versions of the CePrint
unit. 12 Table 1. CePrint Specificationsingle-sided versiondoub| e-sided
versi ondot pi t ch1&@@reAHeews 3 sehsmatiosideiew plthe parpefiter devices ofdigurl k y 150
sheet sprint sggeidthdFARRa®fla pHnBHE SitBAMERivE R theIrMikE medthnifeet s per

m nutewarmup tinmenilfirst print tinme2-6 secondssubsequent prints2 seconds
| sheet col or nodelFigure} 3 showyr sghematiassidecievoefshe rrangeraent pEthe printhegdgnd( £ u |
edge bl eed) p'r&&Eﬂpﬁgaﬁﬁg‘ﬁb{}r‘bd%mﬁepgﬁh@ (ﬁ‘i‘riéP?ZnOZZl esdual

printheadsprint mnethods eani ng transfer I er, ti taniumnitride (TiN)
coat eddual transf &igwol4 shows p sheee-dimgnsipngl, gypiaiedviewf 2 papex diveoraiB@hthex 272m
X 416nmrei ghtﬁh@er(approx.)4kg (approx.) power supply5V, 4A5V, 8Ai nk
cartridge col or c’aPpacit 650 pages at 15% coveragei nk cartridge bl ack

capaci t y900 pages Figure Evghowy e fhagpedimrnsionat vigwl gbthe prirtinglsystempofitheiprinterim x 188mm
x 38mm - 13 3 VEVET: BASER: BRLAELNGHA MG Slondi i RERYHEES, 1600 dpi

bi -l evel CWK. On I%}%— di ffugi on pgpér, eeac (%nglctlée}% rop fo(r?)rrsélggn al nost
perfectly ci roysterof PiBuBh® di amet er dot. Dots are easily produced in

i sol ation, allow | $08) < Ltaerd to be exploited to its fullest.
Since the Menj et g?%lﬁi% ﬁi;agﬁr?gs %ee%‘?%gaggl " oper at es W th a constant paper
vel ocity, the fouFigne b showanblockidiegrpmiofipreted qonfpellef erchitactid; st r at i on,

al I owi ng i deal dotgQRARS HBGE BbREhart It bid FRRREAMEALYY no spati al
interaction bet vveeP% coﬁ)s? ﬁanes%hepgggr?% ﬁﬁer mat rT x igs u’}sled for each
col or plane. A padiguraibihowsaploghdingiam of amERRLespasfleriunitges, graphi cs and
text. Conti nuoustq:n%,- é SOHLANE bl 'bmg?}gwq,@gng RPRIrEsn 8dcBddrePr oduced using a
stochastic di spersé - dot (Ei)i tﬁero. Unli ke a cPusFered- ot r’(or

anpl i t ude- nodul at Fagure?2 shews a hlogk dipgramefia auplengthrdetadeyyuency- modul at ed)

di t her reproduces gy FRBEA leotﬁﬁﬁgm%l'ﬁrﬁ%ifg?unﬁﬁngﬁ’ren& e detail) alnost to
[ a

the limts of the dot resolution, e sim neousl’y reproduci ng | ower
spati al frequenci &igue24 sheivs ablerk disgrhmof d EREG decplern spatial |y i ntegrated by
the eye. A stochast|] i ioX ] I i .to be free of

obj ecti onabl e | ow l%%%%%@gg%g?%%?%%£§ﬁ€%L?ﬁﬁ%ﬁ¥%cﬁ%g§nﬁﬁé i mge. As such
its size typically exceeds the mnimmsize required to support a nunber of
intensity levels (i.e. 16x 16x8 bits for 257 intensity levels). CePrint
uses a dither volune of size 64x64x3x8 bits. The vol une provides an extra
degree of freedom during the design of the dither by allowng a dot to
change states nultiple tines through the intensity range, rather than just
once as in a conventional dither matrix.




Human contrast sensitivity peaks at a spatial frequency of about 3 cycles
per degree of visual field and then falls off |ogarithm cally, decreasing
by a factor of 100 beyond about 40 cycl es per degree and becom ng

i mreasur abl e beyond 60 cycl es per degree. At a normal view ng di stance of
12 inches (about 300mm, this translates roughly to 200-300 cycles per inch
(cpi) on the printed page, or 400-600 sgnples per inch according to

Nyqui st's theore ol Ut | i i nch
(ppi) is theref o?ﬂieg"go%iq si?'?n‘%fégﬁa‘{aﬁ"if@{%,’ag%g‘%%g?g’g%“ éggrﬁﬂﬁﬁbgggghs’ght ly to
col or error throbigure 2¥eshdis mblock Bhgratk of @ xultrtidesholdgithearsiméyr e r epr oduced

directly using biwsl ev | ac ots. and are.therefgre t..antialiased (i.e.
| ow pass filter eg)lgugeeﬁosrh gwf)%lglr?& {i)l?grﬁ'flé)g!oglfec’>€§heﬁr§ﬁf'ﬂg?sg$@rdletﬁ%uper sanpl ed
beyond t he per cerigned 29 shows 5 bldtisdiagramdf alyealey idtafapé;oduce snoot her edges
when spatially inteqgr db e.eye. Text resol utj up to about 1200 dpi
continues to con?;r‘qu%hfofasif"gs %gforé%fl\b}%‘amtogﬁﬁuaéHﬂ?tf)rncé’géoq[%ég&gﬂnﬁ " ow- di f f usi on
paper, of cour seJFigure I¥shéwhAbdheinbtid rofEénaR 8 biMahjebpage Vidiapntieadtge Si zes
L e A e i R
col or dept hsnunshesdd infifidpcorfi@) | owi ng di scussion, Note that the size of an A4
page exceeds the size of a Letter, K page, although the etté r page i s wder.
Page buf fer requiFl‘gé‘FFe}?‘tsém‘g?ésélﬁ'@?t&'ﬁ?réseﬁ‘ég‘ébofélﬁ’ SARe POt Y fiW‘*inﬂ Buf f er

requi r ement spuitRred#sREd &det, €t ter. Table 2. Page | nmage Sizesspati al

resol ution (pixels/inch)color depth (bits/pixel }“A4' page buffer sizeletter
page buffer Figure 34 shows a schematic representation of a chromapod comprising one pod

Si ze160032948WRh1a880032237VB228VB4003259. 3MB57. 1MB2673226. 4MB25. 4MB160041
P i) D T St VTN
Menj et - basedchpgmapb@y; during the printing of a page produces a visible

di sconti nuity,nfn%,it | s advant agepus for the printer to receive the entire
page before co I"ﬂi‘ﬁ%fs PPIHE PGNatTRPICRRatR of anhascRiouR PURRTISIG TBe  huf f er
underrun. Fusddpeup®re, if the transm ssion of the page fromthe host to the
printer takes significant tinme in ,relation to the tine it takes to print
the page, then i #18U° Hohaws agbenatiareprpsepptionofithicrelstionshipbepeprsegmenthe
printer so tfeiroRRepHARGFoups hololsiafd &fonMpohg the next is being received.

If the transm Ssion tinme of "a pag,e is less than its 2-second printing tine,
t hen doubl e- buf f &18uRy&shpwea Phase

ingram of d Epahieoand Hhnable lipesgliripg pisel CepPri nt
to be achi evgfiyinké@uie 6 illustrates the sustained printing rate achievable

wi th doubl e-buffering in thewgri nter, assum ng_ 2-second page rendering and
2-second page tr MR Pssheys a plock dipgramiof a prnthsad ipserfaseif or the printer to have

a maxi mum of onl ¥ Ohows & BloBE&RErNm OF a Memfet Hltétfce, 64Mit DRAM), then less
than 4MB is avail able for each page buffer in_the i osing a limt

of Iess than 4vBFigireHehows e flaw diagrmpidhe gepugfion of é\%ré‘;a&%g&(‘* %énrzgkaglsam and
wor Ki ng menogiihsn the printer, we limt this to 3MB per page inage.

Figure 42 shows a block diagram of dot count logic;

Figure 43 shows a conceptual overview of double buffering during printing of

lines N and N+1;

Figure 44 shows a block diagram of the structure of a line loader/format unit;

Figure 45 shows a conceptual structure of a buffer;

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

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



Assum ng the printer has only a typical |ow speed connection to the host
processor, then the speed of this connection is 1-2MB/s (i.e. 2MB/s for
parallel port, 1.5MB/s for USB, and 1MB/s for 10Base-T Ethernet). Assum ng
2-second page transmission (i.e. equal to the printing tinme), this inposes
alimt of 2-4MB on the size of the page inmage, i.e. alimt simlar to
that inposed by the size of the page bufféer. In practice, because the host
processor andandhe printer can be closely coupled, a high-speed connection

bet ween t hem may f easi bl e. atever the,spee e .host connection
required by the s?:efﬁjlfee‘-?%hﬂgﬂaQl\é\pl%iﬁlﬁﬂa?}f"tf6@&??%‘(&‘&%%8&8‘1"@%&%&“ ersion
requi res a copHmeedtion comhpdnshistndidaad. speed. 4.3 Page Rendering and

Conpr essi on Page, rendering (or rasterization) can be split between the host
processor and2¢ipiledDescriptionofithe Drapings Sone printers support a full page
descri ption | pngugNgRODBGGTROMGh as Postscript, and contain correspondi ngly
sophi sticated renderers. Qther printers provide special support only for
rendering text, tdhaprntes inasresdance with theduyentionyjs.a higli-rerformatics golorrinieses
support for Dyhibh cdribis pHSYEhARAGRAIE, iR RprolitktiBA Gty %g&‘ziﬁettﬁ;aﬁ@eex@f an
enbedded renderer reduces the rendering burden on the host proCessor and
reduces t he amprafuction. Iutilizesand page-width micenslectramashanicabinkiebrrinthead which e

printer. Ho i t il MYIE £ S npl ex
Phan they m chrise 1200 4o PEtndi (4R BLRT OV ol Bkl YOLE BRED. BTt e
gr aphi cs syst@indescriptinn thoprinthead teshaptognshahbegplotredigtas GMemiet g prdthe Pt r uct |
render and priybii bPREERA ok bttt 10 exploit the possibly high performance
of the host processor. CePrint relies on the host processor to render

pages, i.e. cont ofgPiintdgeanceived aganptigiod eawipment manyde¢tuiedQEM) parhdesignedb k t ext

and graphi cs foplnkl\s\lﬁ?xgﬁﬁrg%r?x & conSdnier bfdbtrdnR I((%}[H;evices].' Pt Ak marksts F}Héiuﬁe

rendering engine ) ers the contone and conbi nes t results
Wi th any f or elglevisions, iCRscRhotoCH) players, BMD playersy Hirfilsiystems, Webdntemetit egy keeps
the printer sj ] d LD} or
gr aphi cs syststlg&nmiﬁgt" c?rﬁﬁd;/ exp ltc%l’ iﬁigtvteﬁgle%ﬁ%ﬂggg&%f%g%gﬁ%:%hiéeggré%‘t% gtgﬂi%%(ﬁt he
host pr ocessobelay, itfeatues 2 lonaprofilefroinanel and miowidekousersicekss tofpapériand inkvi egy i s
t he potential]y.. . i S M om t he
host process oArnyef 43 aé%ﬁe:ayg ;I}%H%%%tre %’\?g%%l%oelﬁ% f gghet%ggmgc)eg r(}%;rhg%g ir‘;lcl)‘%ll;ot%gl e{ltgeld uce the
page i mage sieaditionst he 3MB required to allow a sustained printing rate of
30 pages/ m nute. it L & A > - DI - l,1..C i mage
size of 1 |9MByt e@gﬁm%éﬁé l‘(}iélngl © aaﬁ dggbggﬁg%ﬁéﬁ&%ﬁéhgﬁg‘é?%gﬁg@g. 3MB at
ﬁgng_pi . Wﬁ mett@Ef(ﬂl-coianassme pages:mmﬁmms Thhéoubtﬁidnderediﬁn@rin%gﬁ]hou?h

i s inher 0 . at 1,0 . Qr e |l oss
is usually neigp'icall\éf)* 2‘&??*5 né%gn[? é%%sﬁ?ﬁégﬁ{;q : lc|)’t %lﬂgoglﬁ%reg%én ?Sﬁprggﬁoo of less
than 10: 1, anghpercizehiitis cordiguied betgnadf npamnfactor foa dpecifie pager sizt. i 0, we choose a
contone resolyio lwindhi s yields a contone CMYK pagesi ze of
25. SMB, a cor#iesporbrpﬁﬁgogéloﬁgérrgg’yon ratio of 8.S:1to fit within the
3MB/ page limt, af@Peantgeproduces blackisext hmd/ghphicatdirectlyfusibg ®i-lemeldbdeck, addnensi on. A
full page of hlack i r i Y i esol ution
(1600 dpt ) _yi Arioub-h (<o ol AR boiies B0k AihAaFbi e LEMBCTRE S50
160?_ ?pi pl aclaactiaalw;esmmi@hswmnsradale:chggglpgmprﬁ!dpi‘, eud ﬁ@tmblj_ g?i n : n
quality, we c L a pi . is yields a bi-leve
i mge of 7. 4|\%?0?l§§3t8?%‘|§ﬁgkegg¢%§’scpg@?'conpressi on ratio of less than 2.5:1
to fit within the CeRiditjmembetidediin 2 CBevics arehoommivnivateswitlythea CEWovicé @restsi onal
el o EARLE 0 RURY TS (b FIRLTSR APgRREIR it n O
non- over | appi progessantp remlebsaciapage ko thé levdl of ¢omtoné pikels andt Black dbfscTi@MBstl i mt. | f

text lies on top of a backqround i e, 1h t rst, case i.s @ _conpressed
page | mmge. i DERaREr IR B et B p o5 oo A 1 e R o el o
rati o). This thé printesi CéPrint dedoempressed aad pintpthg padaling by limeandtespeed of itpr event s
doubl e-buffering of pages in the printer, thereby reducing the printer's
page rate by two-thirds, i.e. to 10 pages/mnute. 4.4 Page Expansion and
Printing As described above, the host processor renders contone inmages and
graphics to the pixel level, and black text and graphics to the dot |evel.
These are conpressed by different neans and transmtted together to the
printer. The printer contains two 3MB page buffers - one for the page being
recei ved 17 fromthe host, and one for the page being printed. The
printer expands the conpressed page as it is being printed. This expansion
consi sts of deconpressing the 267 ppi contone CWK imge data, hal ftoning
the resulting contone pixels to 1600 dpi bi-level CMYK dots, deconpressing
the 800 dpi bi-level black text data, and conpositing the resulting
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Because of the sinplicity of the page width Menjet printhead, CePrint
contains an ultra-conpact print nechani smwhich yields an overall product
hei ght of 40mm for the single-sided version and 60mm for the doubl e-sided
version. The nature of an OEM product dictates that it should be sinple in
style and reflect m nimum di mensions for inclusion into host products.
CePrint is styled to be acconmpdated intlo all of the target market products
and has m ni mism-elvatoaiethadicalenigetdviemidt) ptﬁmmicgarim cemzinssufficdent butft6 nm deep.
The only cos t tray

ol ast 1 ce. - Triehted (b ofhpreis BUSSRID Bk yhe SRR ARIMEE ) L1
CePrint wi t hthanegrtubdaes pot@omamfsuﬁiqwnmuﬁﬂht merhory ifiér evereasingié umdomptemd ver si ons
of CePrint or t?@ gﬁinter are illustrated in Figures 1 and 2, respectively,
of the draw ¥§ 8 are desi gnated generally by the reference nuner al 10.
It is to be notedhe haible-slwmmaﬁiflqwndmbﬂitamefw mﬁeﬁsav}ﬁdhe)psﬂteﬁn apart

fromthe great t he doubl e-si ded versi te a second
print engi nepqrﬁ{f SEEF%@FH e"ﬂ? Arerfe qugqrate%tpgatﬁﬂ F‘I‘C?‘ gﬁgéﬁ‘pﬁl%{{ﬁ% gr eat er
detai | bel oWogiSiféid dittle @ihgre-srae@w&s@ﬁ of OéPrint. THE atﬁibréesqheu%ﬁioﬁmaﬁ CePrint are
illustrated in Frg res and 4 resp&g%rvely The Erde 18 view of of the
doubl e- si ded &R ‘E‘Hg ﬁfasfﬁéF‘?qnﬁ‘ithéo o progesset BMBs)-gure 5. CePrint 10 is a

not ori zed Adj Let tlIOPDBCT'SEEQAYICATIOR renovabl e ink cartridge and a Menj et

pri nt head nechanrsn1 It includes a front panel 12 housing a,paper eject
button 14, a powdhPeRBIvER 2 SYRMBRYPISuCt SRECi E?’&@%ﬁp%‘ﬁs%‘%tanéfm‘g‘i‘ber LED 20.
A paper traym&%\k§u§¢bﬂ@@bﬂhﬁﬁﬁﬁpged relative to the front panel 12. Wen
the paper tray 22 is in its "home" position, a paper output slot 24 is
defined between the front panel 12 and the paper tray 22. The front panel
12 fronts a housing 26 containing the working parts of the printer 10. As
illustrated in 5 of the drawi ngs, the housing 26, in the case of the

doubl e-si ded version is stepped, at 28, towards the front panel 12 (Fi gures
1 and 2) to accommodate the second print engine. The housing 26 covers a
metal chassis 30 (Figure 8), fascias, the (nolded) paper tray 22, an ink
cartridge 32 (Figure 10), three notors, a flex PCB 34 (Figure 8A), arigid
PCB 36 (Figure 8) and various injection noldings and smaller parts to
achieve a cost effective high volune product. The printer 10 is sinple to
operate, only requiring user interaction when paper or ink need
replenishing as indicated by the front-panel LEDs 20 or 18, respectively.
The paper handling nechanisns are simlar to current printer applications
and are therefore considered reliable. In the rare event of a paper jam
the action of ejecting the paper tray allows the user to deal with the
problem The tray 22 has a sensor which retracts the tray if the tray 22 is
pushed. |If the tray 22 jans on the way in, this is also sensed and the tray
22 is re-ejected. This allows the user to be lazy in operating the tray 22
by just pushing it to close and protects the unit from danmage shoul d the
tray 22 get knocked while in the out position. It also caters for children
sticking fingers in the tray 22 while closing. Ink is replaced by inserting
a new cartridge 32 into the paper tray 22 (Figure 8) and securing it by a
cam |l ock | ever nmechanism 5.1 Overview The overall views of CePrint 10 are
shown in Figures 8 to 10. As shown in Figure 9 the chassis 30 includes base
nmet al work 38 on which front roller wheels 40 of the paper tray 22 are
slidable. A bracket 42 accomnmpdates notors 44, 46 and 48 and gears 50 and
52 for ejecting the paper tray 22 and driving a paper pick-up roller 54.
Attached to the bracket 42 and the base netalwork 3 8 are two guide rails
56 t hat 19 allow the nol ded paper tray 22 and its rear roller wheels 58
to slide forward. As described above, the tray 22 also sits on front
rollers 40 and this provides a strong, low friction and steady nethod of
ejection and retraction. The flex PCB 34 (Figure 8A) runs fromthe nmain PCB
36 via the notors 44, 46 and 48 to a contact nolding 60 and a |ightpipe
area 62. An optical sensor on the flex PCB 34 allows the tray ejector notor
46 to retract the tray 22 independently of the eject button 14 if the tray
22 is pushed when in the out position by sensing a hole in a gear wheel 64
(Figure 9). Simlarly, the tray 22 is ejected if there is any stoppage
during retraction. The contact nolding 60 has a foam pad 66 that the flex
PCB 34 is fixed onto and provides data and power contacts to the printhead
and bus bars during printing. Atransfer roller 68 (Figure 11) has tw end
caps 69 (Figure 8A) that run in low friction bearing assenblies 70. One of
the end caps 69 has an internal gear that acts on a small gear 72 (Figure
14) mhrch transfers power through a reductron gear 74 to a mornrdrrve Thi s
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is driven by a small drive gear 118 that nmeshes with another drive gear 50
and a normal notor 44. The roller 54 is |located to the base netal work 38
(Figure 9) by two heat staked retainer noldings 120 (Figure 8). A small
nol ding on the end of the pick-up roller 54 acts with a sensor on the flex
PCB 34 to accurately posrtlon the pick- u& roller 54 in a parked posrtlon SO
t hat paper apsg = e —wHHRe-awhr—w-he Ay ecting.
Thi s accurat ﬂ%& tQ' 54 to feed the sheey to

the transfer[rolTer 68 (Figure ﬂg) WiihfleRided ¥&SioR UNDAT dqlbl Q¥ wekdigins- As
the transfer | i i asimlar speedlthere should helno
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forward of thmpemttdyeapadity i ng any ﬁt)rshwgie oper ations. |The rrai n PCB 36]is
nount ed ont O o v-a—sStatdar-e—ReB—S reof-fs—26—and i s
fitted with ap;ggts%?eionnector 128@&%%?356“8’6‘ nect or lﬂpaﬁé’e‘tlpg’ﬂtte panel 12

is mounted opto the base nmetal work 38 using snap det gi3oshetchepmimp et al
cover 132 co - : i M—t-pt-egr-t-y—w-a—pur
fixings 134.| B ¥RYMEE head Assendiy and | mage Transfdr Mechani sm Thelpri nt
engi ne i s shppfs: print GmEAt €r detarflo-pRecbadiUr € 11 and 1S designated gengrally
by the refer| d
desi gnated bysubsrguenep@Rience numeirdiccauy/ sheeti s represents one of the
possi bl e wayp; oy thevenj et as mconunctTom wtiT| t he
i nk cartridge 3 "?ﬁaa product s C%iﬁ%@%@ﬂ?ﬁﬁ%&%ﬁ?ﬂ per manent print head,

repl aceabl e | printabledrea dge (as shldiaﬂpage (ﬁullgadgebl&étl)) separ ate repI acegqbl e
pri nt head ca S arre+rk—ecar-ti Habt LMY, nad,r pTl ™ head
and i nk cartr?dge di sposabl e ¢ Hﬁg ﬂb cﬁ% and H RgamFrldge The
Menj et printhead 143 prints ont i%ﬁﬂomommmluntnltrlde ('n N) coated tfansfer
roller 68 wh i e—gi—fect+of “—tr"“sfﬁr t+he | mage
onto a sheet| B BSEEY 144. The pdf eﬁﬂgﬁ?’ssﬁf&@\%d agjfétikl‘lrt?f’sofgrrfg F angf er
roll er 68 by] a spring-Ioaded ru hﬁmﬁmﬂammkqﬂNy&mw&ller 145 in the case of

the Sl ngl e-s dod - vorci an Ac 111 tod | i ourao 1" oA the

oA | Vo IJr_OTT, 7T W llluul.luu.uu LI I N g | |I I.llu TTUI T

doubl e- si dedp@r@l"d’hx 4 he paper 1@5“‘?’5‘2&‘%@@%8@'@‘& nst6061ﬁex Af2mp transf er

o

rollers 68 unpder the action of tjhe opposite transfer |rqQkl,gf 68. Afte
transferringithe image to the paper 144 the trapnsfer rolier 68 contimpues

past a cIeanFﬁgQﬁponge 146 and f|i ¥alapprax.)r ubber wi per| 4ka@ppmd sponge 146
and the w pe tqtTom—for—cteant gt g —surface—of t he
transfer rol |Br 68 While operatliodal. the printhead |dsdémbly 142 is|held
of f t he tr anfinkrartrigigé eolorB8pdsity a sz@mywthBOaaemghomh in Flgure 128 When

not operationggaggﬁg—gggngﬁggg—a Seld et—agatr ’ ansf er
roll er 68 as] shown i gu 2A. p ] § |ntegral elastonerlc seal
152 seal s thsgﬁbarﬁtdbeﬂde(as&emaﬂ)y ﬂlﬁﬂnaﬂslsm&\&ﬁins the Menjet print heid 143
from drying : dual

print engines 140, each with its associ ated printhead assenbly 142 and
transfer roller 68, nounted in opposition as illustrated in Figure 13. The
| ower print engine 140 is fixed while the upper print engine 140 pivots and
IS sprung to press agai nst the paper 144. As previously described, the
upper transfer roller 68 takes the place of the pinch roller 145 in the

si ngl e-si ded version. The rel ationship between the ink cartridge 32,
printhead assenbly 142 and the transfer roller 68 is shown in greater

detail in Figures 15 and 16 of the drawings. The ink cartridge has four
reservoirs 154, 156, 158 and 160 for cyan, magenta, yellow and bl ack ink
respectively. Each reservoir 154-160 is in flow communication with a
correspondi ng reservoir 164-170 in the printhead assenbly 142. These
reservoirs, in turn, supply ink to a Menjet printhead chip 143 (Figure 16)
via an ink filter 174. It is to be noted in Figure 16 that the el astomneric
capping seal 152 is arranged on both sides of the printhead chip 143 to
assist in sealing when the printhead assenbly 142 is parked agai nst the
transfer roller 68. Power is supplied to the solenoid via busbars 176. 22
6 PRI NTER CONTROL PROTOCOL This section describes the printer control
protocol used between a host and CePrint 10. It includes control and status
handling as well as the actual page description. 6.1 Control and Status The
printer control protocol defines the format and neani ng of nessages
exchanged by the host processor and the printer 10. The control protocol is
defined i ndependently of the transport protocol between the host processor
and the prlnter 10 srnce t he transport protocol depends on the exact




data which may be of fixed or variable size. Al integers contained in

nmessages are
nmessages sen
command ness
the printer
status2CGet s
docunent . sta
band5Descri b
descri ption
docunent. Th
clear an err
is used to i
page count;
even pages.

t he docunent.
header whi ch
or nore page
is transmtt
transmtted
fol | owed by
detail in Ta
to the host
nmessagenessa
status(as de
error code(a
sent in resp
t he connecti
printer to s
Unsolicited
the host pro
processor to

encoded in big-endian byte order. Table 3 defines comand
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ol.l .the printer on_a frequ basi s.
lgqmred to support a number of intensity qeve?s (i.e. %§x16x8 bits for 257 intensity

levels). CePrint uses a dither volume of size 64x64x3x8 bits. The volume provides an
extra degree of freedom during the design of the dither by allowing a dot to change states
multiple times through the intensity range, rather than just once as in a conventional
dither matrix.

Human contrast sensitivity peaks at a spatial frequency of about 3 cycles per
degree of visual field and then falls off logarithmically, decreasing by a factor of 100
beyond about 40 cycles per degree and becoming immeasurable beyond 60 cycles per
degree. At a normal viewing distance of 12 inches (about 300mm), this translates roughly
to 200-300 cycles per inch (cpi) on the printed page, or 400-600 samples per inch
according to Nyquist’s theorem. Contone resolution beyond about 400 pixels per inch
(ppi) is therefore of limited utility, and in fact contributes slightly to color error through
the dither.
Black text and graphics are reproduced directly using bi-level black dots, and are
therefore not antialiased (i.e. low-pass filtered) before being printed. Text is therefore
supersampled beyond the perceptual limits discussed above, to produce smoother edges
when spatially integrated by the eye. Text resolution up to about 1200 dpi continues to

contribute to perceived text sharpness (assuming low-diffusion paper, of course).
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end page command. Table 5 defines the format of the 16-bit printer status

contained in the printer status nessage.
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4.2 Constraints

The act of interrupting a Memjet-based printer during the printing of a page

produces a visible discontinuity, so it is advantageous for the printer to receive the entire

page before commencing printing, to eliminate the possibility of buffer underrun.

Furthermore, if the transmission of the page from the host to the printer takes significant

time in relation to the time it takes to print the page, then it is advantageous to provide

two page buffers in the printer so that one page can be printed while the next is being

received. If the transmission time of a page is less than its 2-second printing time, then

double-buffering allows the full 30 pages/minute page rate of CePrint to be achieved.

Figure 6 illustrates the sustained printing rate achievable with double-buffering in

the printer, assuming 2-second page rendering and 2-second page transmission.

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



6. 2.2 Page Description Format Apart frombeing inplicitly defined in
relation to the printable page area, each page description is conplete and
self contained. There is no data transnmtted to the printer separately from
t he page description to which the page description refers. The page
description consists of a page header which describes the size and
resolution of the page, followed by one o4 nore page bands which descri be
the actual pagemegt.&alingilbdMBit DIAM)Shehh&ss HRh 4B i9hvailie Rres/hipagder . 26
Tabl e 7. Page, header formatfiel df ormatdescri ptionsignaturel6-hit
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CePrint relies on the host processor to render pages, i.e. contone images and

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



The contone | ayer paraneters define the height of the contone band, and the
size of its conpressed page data. The vari abl e-si ze contone band data
follows the variabl esize bl ack band data. Table 9 shows the format of the
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height of the double-sided version to accommodate a second print engine instead of a pinch
roller. This will be described in greater detail below. Side and plan views of the single-
sided version of CePrint are illustrated in Figures 3 and 4 respectively. The side
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The front panel 12 fronts a housing 26 containing the working parts of the printer
10. As illustrated in 5 of the drawings, the housing 26, in the case of the double-sided
version is stepped, at 28, towards the front panel 12 (Figures 1 and 2) to accommodate
the second print engine. The housing 26 covers a metal chassis 30 (Figure 8), fascias, the
(molded) paper tray 22, an ink cartridge 32 (Figure 10), three motors, a flex PCB 34
(Figure 8A), a rigid PCB 36 (Figure 8) and various injection moldings and smaller parts
to achieve a cost effective high volume product.

The printer 10 is simple to operate, only requiring user interaction when paper or
ink need replenishing as indicated by the front-panel LEDs 20 or 18, respectively. The
paper handling mechanisms are similar to current printer applications and are therefore
considered reliable. In the rare event of a paper jam, the action of ejecting the paper tray
allows the user to deal with the problem. The tray 22 has a sensor which retracts the tray
if the tray 22 is pushed. If the tray 22 jams on the way in, this is also sensed and the tray
22 is re-ejected. This allows the user to be lazy in operating the tray 22 by just pushing it
to close and protects the unit from damage should the tray 22 get knocked while in the
out position. It also caters for children sticking fingers in the tray 22 while closing. Ink is
replaced by inserting a new cartridge 32 into the paper tray 22 (Figure 8) and securing it
by a cam lock lever mechanism.

51  Overview

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

Attached to the bracket 42 and the base metalwork 38 are two guide rails 56 that
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(Section 7).

A transfer roller 68 (Figure 11) has two end caps 69 (Figure 8A) that run in low
friction bearing assemblies 70. One of the end caps 69 has an internal gear that acts on a
small gear 72 (Figure 14) which transfers power through a reduction gear 74 to a worm
drive. This is reduced further via another gear to a motor worm drive 76 mounted on an
output shaft of a stepper motor 124 arranged within the transfer roller 68. This solution
for a motor drive assembly that is housed inside the transfer roller 68 saves space for
future designs and mounts onto a small chassis 78 (Figure 8A) that is attached to ink
connector moldings 80, 8§2.

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

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

configured to take A4 paper, but Letter size paper is accommodated by relocating one of
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currEdge += run Conpr essi on ormance 35 Table 12 shows

t he conpr essmetar 4fef: h@mﬂi@m’iﬂ@s icatgyl toithe dasemgtaPrork 3% Figune) by two heat staked
retainer moldings 120 (Figure 8). A small molding on the end of the pick-up roller 54

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

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

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

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

. separate replaceable printhead cartridge and ink cartridge
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engine 140 pivots and is sprung to press against the paper 144. As previously described,

the upper transfer roller 68 takes the place of the pinch roller 145 in the single-sided
version.

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

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

Power is supplied to the solenoid via busbars 176.
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start document 3 Starts a new document.

start page 4 Starts the description of a new output page.
page band 5 Describes a band of the current output page.
end page 6 Ends the description of the current output page.
end document 7 Ends the current document.

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

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

the document.
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exceedi ng V\ﬁ!\/lactueubegt_obmentprﬂﬁrﬁagéh@ﬂ&:i?&ﬁﬁmmﬁdsdmaepxﬁfitﬂgn theGirt-paige €. itdpri nt s
one page ile receiving the pext. |f t psSt .gener at es pagesg .exceedin
3NB, "then t hEOTMAK Efch Jaes band & rapsruite fodbe pripier s Drndcomapang oEhe; ves each
page and pri RisSpagé b&aﬁ%ﬂomﬂqg!anien@p&ébﬁomam. Thé pdg8Aedefiptionde BGETAS Pages
exceedi ng GI\/Béhen th%y are rejected by the printer. In practice the
printer drivé& efﬂ"é()@ﬂ?%‘*’?hi s firom happeni ng. A page consists of two parts
- the bi-level bl a4 &Yigés redpObelnsdzd ¥R théptfier toltREBESt BloBessMPr €ssed i n
distinct formats - the bi-level black |ayer in EDRL format, the contone

| ayer in JPEG format. The first stage of page expansion consists of
deconpr essi | X Hef~—The bi-tevel ayer 1S
decogr esse qﬁg’zﬂ?h@%ﬂ E&F‘;elig_amﬁgfgg&ﬁnit 188, the contone I>/ayer by a JPEG
decoder 196/ réSpenseanesyage st age ¢inepagecadeppdescriptiamonsi sts of hal ftoni g t he

cont one CMYK—dat Hi—tever—Ey<—and—tn GO 1T bi=1ev bl ack
RftS % P e ey Finter Biatdhad ° 7T

| ayer over evel CWK I<Eyer. The h oni ng an
carried out [by the hal ftoner/cnpositor updefinddin Tablefnl |y, the conpogited

bi -1 evel K—t+rege—t+s plT-ut edyta—the Pt atheatd—+nterface—tontt 192 whi ch
controls th p%%r%ru;gf print head 143. Becaus ac?ﬂ%"%?ﬂnogfecﬁ?tipﬁ%%g% 143 |prints
at high speg¢d, the paper 144 mjist nove paptode(aeddfinedin/Tabld 8143 at a cgnst ant

vel ocity. | t—~the—paper—i44—+s—stopped—because—data—eannot—be—fed—to—the
printhead 143 fast enough, then visible printing irregularities will occur.
It i sf therefore iﬂﬁﬁmfeﬁﬂhmﬁ mgisa@nsﬁ@ma?y Tellneiﬁeésp@m/lﬁdﬂgz ﬁriﬁtgr drdvas plri nt Ihead
interface 192 at t required rat A fully-expan 1600 i pi-level CMYK
bage has an_ FIFRGEMG FoRSH tesives of thegpntiiad BENR M HEPoEStt e B o st or 6 an
expanded pag@rihtsr iy diothd WRITRT Yo seBAGRboREiRa sfafus Befbagtd @sltht Rodt picessére dur i ng
printing. Thus the vari ous stages of page expansion and priptjng are

pi pel i ned. THBsUSH tafysRessagss oy timely repergng o nrinter xgeptiontinste hala i n Tabl e
15. The aggr p@eéssor! dndfthdrébyt@hb LSHT) Witiolt REWTRAY thY hést ldcdsEir @8 plte pidterOf
182MB/s is well within the capabilities of current technol ogi es such as
Ranbus. Tabl 8™ 38equsB@SiEx nansi on and printing data

f1 owi nput out put i NP PhEA-FY HREAEES Sérd i HeYpoRskavath RikMape puk bt ahebrlc ei ve- - JP
EGL-1.5 MB/scontonestream 3.5 M/sreceive--EDRL1-1.5 MB/sbhi-|evel stream 31
M / sdeconpr eB&fSE =bi t81.5 MB/s13 MB/scontonestreanCWK3.5 M/s3.5 M

I sdeconpr essEDRL-Tably 3 delfihds the fdBh&t b6 tHYB6 i prin@y Sthtes éoneifed ilhé padiedt M

/shal ftone32-bit1-13 MB/s-CWK3.5 M /s-conpositel-bitl4-bitll5 MB/s60

B/ sKCMYK124 StRIUS @880\ / sprint 4-bit 24,1 --60 MB/ s- OMYK124 M /s-91 MB/ s91
B/ S182 MB/ S800 dpi -- 1600 dpi (2 x 2 expansion)hal ftone conbines with
conposite, so there is no external data flow between thenk67 dpi -- 1600
dpi (6 x 6 expansion)Needs a wi ndow of 24 lines, but only advances 1 |ine.
Each stage comunicates with the next via a shared FIFOin main nmenory 182.
Each FIFO is organized into lines, and the mninmumsize (in lines) of each
FIFO is designed to acconmmpdate the output wi ndow (in lines) of the
producer and the input window (in lines) of the consuner. Inter-stage main
menory buffers are described in




Tabl e 16. The aggregate buffer space usage of 6.3MB | eaves 1. 7MB free for

program code and scratch nenory (out of the 8MB avail abl e).

Page expansion and printing nmain nenory

buf f er sor gani zat i onnunber buf f er buf ferand |ine si zeof
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fashion. In_general the pracessor her transfer on a
channel as [bthe é-s"alghe"eb?qdé%pondl ng main menory FIFO is avail ablle (i.
non-enpty fior elrrgl‘i"t%denon fo R'al[lgr W Te)” description

no error 0 No error.

bad signature 1 The signature is not recognized.

bad version 2 The version is not supported.

bad parameter 3 A parameter is incorrect.

6.2  Page Description

CePrint 10 reproduces black at full dot resolution (1600 dpi), but reproduces

contone color at a somewhat lower resolution using halftoning, The page description is

therefore divided into a black layer and a contone layer. The black layer is defined to

composite over the contone layer.

The black layer consists of a bitmap containing a 1-bit opacity for each pixel.

This black layer matte has a resolution which is an integer factor of the printer’s dot

resolution, The highest supported resolution is 1600 dpi, i.e. the printer’s full dot

resolution,

The contone layer consists of a bitmap containing a 32-bit CMYK color for each

pixel. This contone image has a resolution which is an integer factor of the printer’s dot

resolution. The highest supported resolution is 267 ppi, i.e. one-sixth the printer’s dot

resolution.



The granularity of channel servicing inplenented in the DVA controller 200
depends sonewhat on the |latency of main nenory 182. 7.2.2 EDRL Expander The
EDRL expander unit (EEU) 188 is shown in greater detail in Figure 20. The
unit 188 deconpresses an EDRL-conpressed bi-level inage. The input to the
EEU 188 is an EDRL bitstream The output fromthe EEU is a set of bi-Ilevel
image |ines, scaled horizontally fromthe resolution of the expanded b
| evel image by angi . t.Or i t he EEU
188 proceeds unt meﬁ%&gg{rg%{i@iogﬁ; ag%c}?%?&l%aaég&gc%ggmloﬁ tﬁeﬁbl%&%&oﬁxﬁp Str eam or
until it is tosphplfycilgulgioopinabl pringeridtivercBhis isalot  eguisment, hdeeerEEU 188 rel i es
on an explicit p ] C [ i Witten to
a page width reg?gﬁeb\fﬁcgwe%ar%flg‘r% ct(:8 g&é{ %f?rit&%legbsoﬁﬁ% &Hz%gifogsﬁéer cls?tgcé I'ng of the
expanded bi - trenselissionaye thedbwespeed womectioopb tleiprinecal e factor. This nust be
witten to a 2 alp fﬁfto{ regi ster 204 prior to starting the EEU 188. Tabl e
17. EDRL expg der” BRI &nd configuration
regi st ersregi st er@éRdinhphiscwitipfull @dge teed LSing bh 851 prifthddd It idfposet Bd afardihe
EEU. page wi dt h13Page wi dth used durjng decodi ng t.o detect -qof line.scale
ot or 4Scal es0 A kthlcRgF e Shich PieFSBrda ki icks i agesr (i L)
conpr essi on f or metheitgrgél@agd siiaslconsirahitdiby di finfabfe page dréa, leepheslick a bi
| evel i mge hn te{ gf its .edges gFach edg&;in each line is coded rel ative
to an edge i Haesd °gsra8 fop argipsspecifisd in thepagg desetptiohe pr evi ous edge in t he
sanme |ine. Np2atpfe Diodmption Fermaded, each edge is ultimtely decoded to
its distance fromthe. previ ous. e in the sane |ine. This di stance, or
runl ength, is t hehpidi being i gggfflmeﬁgﬂa}an%@Jmmrgm&}e%wem@ whi ch
43 repr esent pigh e Epi@SiP OoHapIELE atibself-cOhtaihE Thee @eno dhfarad@mAeLERS| oNn
algorithmis defined in_Section §.2.3, 2. TEE EU 188 consists of a
bi t st r eam dePdiesseRARely fom the pagr desriptionp ,‘cbgﬁé’a&% CHIPEPT BtP™ 0gi ¢ 210, two
& unl Sngt 203 egode gﬂlcziﬁge de@ftﬁ)tian mﬂcsi@ gﬂi pa ﬂl@é%ﬂ?ﬁidﬁﬂ?sﬁrlb’kg_th?bﬁe Bid st r Sam
ecoder ecodes an entrqpy- ed codewor rom{he bitstream and passes
't To the st EbUOHRRG! mERAIONS b o5 G TRRFrgR LA BB SRR PRECEl o6 of the
codeword to pdpe chiterd! ream decoder 206, which allows the decoder 206 to
advance to the next codeword. In the case of a create edge code, the state
machi ne 208 uses taRF hibews the fopmateisheagobtideto extract the correspondi ng
runl ength fromthe bitstream The state machine 208 control s the edge
cal culation logic 210 and runl ength decodi ng/ encodi ng as defined in Table
19. The edge calculation logic 210 is quite sinple. The current edge offset
in the previous (reference) and current (coding) lines are maintained in a
reference edge register 216 and edge register 218 respectively. The
runl ength associated with a create edge code is output directly to the
runl ength decoder 212.1, and is added to the current edge. A delta code is
translated into a runlength by adding the associated delta to the reference
edge and subtracting the current edge. The generated runlength is output to
the runl ength decoder 212.1, and is added to the current edge. The next
runlength is extracted fromthe runlength encoder 214 and added to the
reference edge. A kill edge code sinply causes the current reference edge
to be skipped. Again the next runlength is extracted fromthe runl ength
encoder 214 and added to the reference edge. Each tinme the edge cal cul ation
| ogic 210 generates a runlength representing an edge, it is passed to the
runl engt h decoder 212.1. Wile the runlength decoder 212.1 decodes the run
it generates a stall signal to the state nmachine 208. Since the runlength
decoder 212 is slower than the edge cal culation |logic 210, there is not
much point in decoupling it. The expanded |ine accunulates in a |line buffer
220 | arge enough to hold an 8.5" 800 dpi line (850 bytes). The previously
expanded line is also buffered in a buffer 222. It acts as a reference for
the decoding of the current line. The previous |line is re-encoded as
runl engths on demand. This is | ess expensive than buffering the decoded
runl engt hs of the previous line, since the worst case is one 13-bit
runl ength for each pixel (20KB at 1600 dpi). Wile the

G
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c%ﬁtone layers are clipped to the target page if necessary. This happens whenever the

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

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

printable page area.

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

scale factor to the target resolution.



Tabl e 19. EDRL expander state nmachi nei nputi nputcurrent next
st at ecodedel t aact i onssi gnal codest at el enst art - st oppedstarting8----startingid
| e8- - st op--stoppedO-reset RL decodersand FI FCGsECL--EQOL 10-reset RL encoder;
reset RL decoders;reset ref. edgeand edge--EQOL lidleRl, encoder~ ref. RL;
ref. edge + ref. RL -->ref. edge-DG dl ei dl elOedge - ref. edge +delta -~ RL;
edge + RL -~ edge; RL -~ RL decoder; R, mncoder-> ref. RL;ref, edge + ref.
RL -~ref. The contone | ters define the pixel sjze of the contone | d it
edge- 0+1i dl ei dl e2+1" - 0- 1i dl € dl e3-1"- Dr21 di &1 af ed+2+-0-2; dl el dl e5-2"-ki |1 d
| ei dl e6- RL dplegrd sealefgetortortheftargpyiresobitionedge + ref. RL - ~ref.
edge-createidl ec 8 shthwd tHd rorfstoF e hea nddidgar 7ed a-createidl ecreate RL
hi 8--far6ed a- EOPI %essto eg8-o---crea e&RLcreate RL | 06-1atchhi 67create RL
hi 6--create RLcreate edge7-latchl0 7create RL 10 7--createidle0-create RL
-~ RL;EdgeedﬁE"‘r B————edge - Ri-———Rt—encodert 477223 Runtength coder
The runl engt clfesdjgg%erb%%?&é'% aﬂﬂgata runl ength into a sequence of zerp bits
or one bitgd of thdeklorrespgndi rfgnh;&ngth i n the out@striptioneam The fifst run
in aline ijs—assumped-to-betwhite (color O —Each rupn s assuned-to-be of
the opposit|SIE8M to its griediidussss, | Bags pandheader formas siggatires yal |y bl ack
(color 1 )5&%&% It must Db§ 1BIHGRESY DY ﬁg@%ﬁ%@&lﬁiﬁnﬁﬁ%ﬁioﬁﬂigﬂ)&he
\/

runl ength oder 212 keeps TLF:)(:k of t e _current color intern y__The
runl engt h detbedie sze2 apper|d$-bit intaser mur S#e of pagertond beadere out put st repm
every cl ocK-prRATpLS F_ATY T6WRifEaer Y| Heighi of Blhdibahd, TN blbRpiel’ O nd so
runs other fthan the tirst iln an 1nBge are Yypically not bDyte-alignedl The
runl engt h deédasléandxiam sizei nt|Srbit,integera  Hylize of plack bandglaty ibbyR86 (Fi gurpe 22),

t he nunber jof—hit =t il-.fﬂﬁﬁbyt T t- erng bt -—hrsj i s
initialized ctc@agégatn&pgiéh eg ﬁr?rﬁﬁr%%te%ef de?%e I’tl((:])},;a)é.lltl °§%ndt é%%tﬁ § d’t‘eléc')f every
byt e. The deontdssband datakize t|32dittiptager | NQ SzerdfiRonténdbahd das isHaes. as t he| next
run |ine 248—tatehes—a—noenlzero—value—Hato—a+unlenrgth—+regr-ster—238— The
decoder 212 effectively stalls when the nuilength register 238 goes to
zero. A nunber offh®blask laferphi@metdrsidefite tEOhddsht of the BIALK bad, dndtie sid ofitd put byte

regi ster 240 each oc T current color is intained in a 1-bit col or
regi ster 24 BompfRgsef] Emé#%&ﬁmr@&a-é% haflybaaeéﬁan?ol oy's |ﬁrerﬂdxf%-alzw RE nunber
of bits | eftthd pagt Bndhigadegngt h, and by the nunber of spare bits left in the
out put byte. The_npunber of bits outpuyt is subtracted fromthe runlength and
t he byte space. %?f’nfcﬁ’é?ﬁ'yﬁﬂ’aéﬂﬁ‘ﬁﬁs 8@3@% ﬂl"é‘e‘fg?‘?faﬂi“’ccoﬁgge gaé‘gna"ggﬁﬁl'zét ely
decoded, al tdfay edinprésted dlﬁa%b itB.Orhe ivhrifabRE siZe8ntoRd banB Mats Fdlloks BR vafabldie out put
byte register %ffo gﬁn i ng output. Wien the byte space goes to zero the

out put byte ¥% agk pandydata; 5 appended to the output stream A 16-bit barrel

shifter 244, theTebié pdhovithefobBatiod he varkdbfe-sietompRssedbid daBOitaEEr 242
together inplenment an 8-bit shift register which can be shifted rmultiple

bit positi orfellewsdhspage Sand hegder:h the col or as the serial input. An external
reset line 246 is used to reset the runlength decoder 212 at the start of a
line. An external next run line 248 |s used to request the decodi-ng of a
new runl endtrblq % Prge bandgatafarmat by a runl ength on an external runl ehgth
line 250. The NeXggqun 11 Ne ZAG,[RQul d Mot De Sel Rsdriptionae Cl OCK ps the
reset |line |246__ Because next run invertsl the 48 curreént _color the}reset

of the col grblagkbanddata o onEDRAdwtesesam ArCampresserbi-levelblack tanddat®s? i s| used
to fIush 1 Ne kB bt iifa ' [UPEG bstrehdh TTICHRELES coblont BRIV bHR Gta "
i ne-by-1ine_basis to viel yte-aligne I nes, or on an i1 nade _basis|to
yield a byte-aligned image. An external ready |ine 254 indicates whet her

the runl ength degpder. 21 2. 1 s ready . to ode r.unl enath. .1t can be used to
stall the externgﬁefag& 8'.8127.gl??%aﬁxm?"gg}getﬁnﬁ%ﬁ%%?mﬁgQar“&r?ﬁ%ﬁ%th encoder
214 det ect s atighedto &bytz boundariesOTte shae bfthé requiled paddingis ficludahin thehize bfthet run in

aline is assumed to whi t e ol.or 0). E run,is.a d be of the
oppos t e colBPLREe Fpkot itk ol ifaastswtekirs aff Pe faruit o8 SRR ieof ack
(color 1), then the runlength encoder 214 generates a zero-length white
run at the start of the line. The runlength decoder keeps track of the
current color internally. The runlength encoder 214 reads a maxi num of 8
bits fromthe input streamevery clock. It uses a two-byte input buffer 256
(Figure 23) viewed through a 16-bit barrel shifter 258 whose |eft (nost
significant) edge is always aligned to the current position in the
bitstream An encoder 260 connected to the barrel shifter 258 encodes an
8-bit (partial) runlength according to Table 20. The 8-bit runlength
encoder 260 uses the current color to recognize runs of the appropriate
color. The 8-bit runlength generated by the 8-bit runlength encoder 260 is
added to the value in a runlength register 262. When the 8-bit runlength
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added to a nodul 0-8 bit position accunul ator 266 used to control the barrel
shifter 258 and clock the byte streaminput. An external reset line 268 is
used to reset the runlength encoder 214 at the start of a line. It resets
the current color and |latches a page width signal on line 270 into a page
wi dth register 272. An external next run line 274 is used to request

anot her runlength fromthe runlength encgder 214. It inverts the current
color, and resets the runlength regi ster 262 and ready register 264. An
external flush line 276 is used to flush the | ast byte 50 of the run, if
i nconpl ete. It carfPBENYEBREeSigsCaiPionias g fargst sige Bfigﬁséhapél\ﬂ?’ée AWAYPIR. 3] | gned

lines, or on gz dfeRE iPRSodatce withPa@tuffer Mxthéydn e phkked, Mage. An external
ready line 278 indicates that the runlength encoder, 214 is reﬁgy to encode

a runl engt h, Becfoloygng sestions descife the formatRjithe qomprsssed blask bayerrnd theun| engt h

line 280. It gaiprdisedesREnd Bygtall the external logic. 7.2.2.5 Timng The
EEU 188 has an_output rate of 124M 1-bit bl ack pixels/s. The core logic
gener at es one6-2-8n|HirdeyehBlagk Loyer|Gankpression r unl engt h decoders 212 and the

runl ength encgslgn (g,:],ﬁpggggr alia%iﬁn‘i’l@%‘d[ﬁﬁ;ré&ﬁioﬁo 8 pixels (bits) per clock. One
1 ané engt

runl engt h decoder 212. the runl encoder 214 operate at quarter
resol ution (800 dgihe Graupesd Fackimile compressipnialggethodlessieasly comprpssesdi-deyeldatar y |
resol ution ( It - ' i € L St of a full
bage of 3 poi b HpstRkib oftr Rl SARF Lo ke, TEPAACAPHRL AR, O (1

(t he renderi nssannsd black festand graphit$o0a white Yackgsoundy and dlnet algorithum jsuened éagol ut i on)
this gives a I . ) qgu;ﬁ@& k . 4096 of

8- pi xel out pﬂ?&‘é&%ﬁ%@géﬁ (’?%%&P'b%‘?%ggﬂé%%&e%mé@ two C%n%%@?@w%é!}gx% gé of
one. Cut put | Theald Group B @jgoritum mdlengh-enaodés eacht ssanlini iand them HyBiman-engpdes

resol ution of dpi | A | ' : an
generated it ﬁ%geg‘gug%r lg%:%lﬁ% c|ee%§sylhg}eqﬁ%?géﬁgygg?&egﬁ%ﬁ}%%ﬁ?t he

over head is hepdessBunlenghipia thiEirange G to 2633 eteispdadrwith mikerigtcadedesachler in t he
out put stage eG4t | to,l .188. The
it mum of ook Rskagnp R defe AR SR FRIRPAO0 R Mok il

pi xel rate of262Rercepded witlemivtipleahaké-up codds folldwed byya tetmpingtingtchdeoThe he

runl engt h dec i or. | rst- . 0 Thi s
gives a mni rrﬁ%%slaﬁl(e%g eso%ggg%%? &lfgﬁ\%gﬁﬁt%yg&g E%Eéégea@%‘g%gﬁ%e(g%%@&rdec oder
196 (Figure 2djkedprodesrabeecty2s, withare cmpnas.sWhenGidyiiblegh¢ 2D 6raupdge. The

| nput to the &E&M?&%ﬁeesra s%?n‘iinie Wﬁ%ﬁ%&%& %td%ﬁa%%,\%hgz 3:%@&% refed Qi fohe JPEG
decoder 196 is®a set oOf contone |mageq ines. en’deconpressing, the
JPEG decoder th®fprevioid seanling sTheudeaisynibalstateeeniropyrencddddX(® thattled zeln deltks. These
are sonetinmes_convert.ed t ul | -width |ines . via an page.w dih strip
buf fer closel §7“‘%8h‘%f"é1& i @ﬁfo{l ﬁgtcygg%eé .WIEPH‘l a?%%ﬁogedrlgnﬁgﬁlég cg}’ é'?%%guf fer.

i nstead use enbodde8 appanabigih-engioded, artd dr¢eRBiad by & prefiRalI>chnld 0B-cacxcled Bneand 8

correspondi ng I 5 ..Shown. i n _Fi gu 4 7. 2.3 1. Tj ls‘g].!,]ﬂ The JPEG
decoder 196 h%%rlf%%g?%ﬁepa?‘al e°“§?&§".?‘§ﬁﬂa§“zé‘%" ag&émgg%lﬁéeﬁ%tsv%lss’.‘b egr equi red
cl ock speed odctialpreduicmice nogl epmsuts thatthe deode samrcaver frim lidesaskewith 7. 2. 4

U TR a1, 2

conbi nes the Tunctio toni ayer- to bi-Ievel
CWK, and conposi tTha@reupet Ficsinile hlgyrthm losslessly compresses bi-level data for

transmission over error-free communications lines (i.e. the lines are truly error-free, or

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

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

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



over the halftoned contone layer. The input to the HCU 190 is an expanded
267 ppi CMYK contone | ayer, and an expanded 1600 dpi bl ack | ayer. The
output fromthe HCU 190 is a set of 1600 dpi bi level CMYK i nage |i nes.
Once started, the HCU 190 proceeds until it detects an end of page
condition, or until it is explicitly stopped via its control register 284.
The HCU 190 generates a page of dots of,pa specified width and |ength. The

the control -BepeflIode soklopfhohile oo G o T PO AR (29,0

corresponds ¢xseeding m.ﬁaWkwﬁrdlyhet i}ﬂﬂldpi, bganhxinfire iy ethlieagtehtlic@0pesponds to

the length of,the t The rate tar e (data

bet ween spec‘?‘ t?oélgh?gﬂq‘pand)c%ﬁ%‘tm%h %gvaﬁ%q?aﬁgf Ve etpHg b‘%{’&ga& 81%1% The
posi ti ons of (Seétdnl7yfit mightthot hatdte mﬂe:gthme&hg thesemdrinhléyenicounkesddiin 480 gi N and
right margin,regi.sters . of.the ontr i st 284 prior to starting the
HCU 190. Thed%?%flg’i#(%pﬁlt’%tfﬂnfﬁg F%yvgaﬂ.é ﬁ @ﬁf‘ﬁ Dright margin corresponds
to the target pagaawenndistbftﬁahenbtﬁldf@%pmmumanh{eaﬁka-atuddm@ratsﬁmeldat a
according to eC| bl.ack an nt Qne e wdths., These_page w dt hs
must be wri t't‘lé ‘ﬂP‘B t’.ﬁe B%d%?g%‘c 2k °’§ﬁﬁl‘lf?§'n‘88t?8t P FRAUiFFIROFS- F@E}l sters of the

contr ol I’egl@ipﬁj’aﬁﬁaéscﬂbéd}ﬁdéﬁllsaawtl ng the HCU190 . The HCU 190 cli ps
bl ack and contone data to the tar width. This allows the black and

cont one pageS-dwdtiideye %Q@H“PW@%{‘ k@%‘g (EBBQ forpressior KBXMat: equi ri ng any

speci al endof |i rihele@sdi delr@bnd ARleh iR @DIIL)EnpRYSIn fofha iJ ket lbaBybhae bet ween
the page wi dth, the black and contone page w dths, and the nargins are

illustrated WP“FI“Q&‘F‘E“’?B’“ formpy and.its BIRSUFSIBO scal es contone data to printer
resol ution both mg@etatéekmdfmlso@;pt@nhasedu@} Adshatéskbed scal e

factor. This scaletaqf actor nust be ten contone scal e factor
regi ster of fR¥e t’f’léFdﬁee@dseflé‘fgel’ZGE?“bPPﬁF 0?49 HithreferegeatAds HCU 190. Tabl e

21. Hal f t oneprldeesRasTRePredeodsbdr tRMHst 5 s defiedtd #line of white. Each line is
regi stersreglsterw dthdescri Ptl onstartl1Start the HCU. stolSto the HCU. page

wi dt h14Page Sifaedtostartnth whitsqlf3dige actpally dtats of blagkSthe dess Hkelnsitpptiqn).dhengot s

whi ch have tgpnhg cﬂﬁﬂi@eﬂﬂ&&t@d%@it oBB8&Rerb] BN 1ifd daudtRbfidebh ARt ith RR-Hahd | ef t
margin, in dots,ri 4Position of right nmargin, In dots.page

| engt h15PageMdekfyttplst n3es WidBH page, in dots. This is the number of Iines

which have to be giapatfbelcoicd@direrdicdloat %d@qﬂae%&t&lﬁﬁaﬁﬁww iflhfy of
bl ack layer, in dots. Used to detect the end of a black |ine.contone page

wi dt h14Page SHeahisthematimpa delg mpge with thesame SEBSé&Wb'éF -tgehlask or blpgk-tand

white). This uses one of the edge delta codes. The shorter and likelier deltas have the
shorter codes. The maximum delta range (£2) is chosen to match the distribution of
deltas for typical glyph edges. This distribution is mostly independent of point size. A

typical example is given in Table 10.

Table 10. Edge delta distribution for 10 point Times at 800 dpi
|delta] probability
0 65%
1 23%
2 7%
>3 5%

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

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



of a contone |ine.contone scale factor4Scal e factor used to scal e contone
data to bi-level resolution. The consuner of the data produced by the HCU
190 is the printhead interface 192. The printhead interface 192 requires
bi-1evel CMyK inage data in planar format, i.e, with the col or planes
separated. Further, it also requires that even and odd pixels are
separated. The output stage of the HCU 390 therefore uses 8 parallel pixel
FI FOs 286, onelergiishFdrgimpligty) ang unlikeditouncd; sunlengthe arematrntropy-caslddl Imagent a,

I 7o 368 1o 208 o 10 RS RpliBy Smo OB b R C

times to ef fuwsededge in thel previousdiak islilled’ avieh passeddp tliecatrems dine. AhiE@seartha e

addr ess w appj i 84 di ' . t of the line.
An al t er nat ﬁgiég(?gsec %e' ?@%%Jdﬁ%gﬁg% %Jge%lggarlﬁs ﬁl’?’gl&lli’ld Oﬁghﬁﬁ g" 48313% %elrdlé&%cal e factor
tinmes, increasi niNoteethas7ybit aneflBibit roglenpdivBiesspedifitallpoimiseli toguproet 8G@dpl f or t he
on-chip 9KB |} buffer. 2 2. 4 1 MiltizThreshold.Dither. A nulti-threshold
i her "uni ¢ SUbfeEbias Tonger Rsfepkddoud b pRABEbepH SER et e R 556- | oy er
gi t herI vol urmnmressi?:dmfogm&ﬁé. Hol exantpld, iﬂsml)ﬂoﬁin@ilt’;@md%i e?hprﬁsimj tgdlsl, by .
ecoupl i ng 3 different intensit vel s. (enera I.t her vql umes can be
large - a 6&%ﬁ@§€1‘?ﬂl‘?ﬁ%?t leasy lﬂﬁléfﬂ}/df llé?b"e?%ﬂ?ﬁivgi} - fggnetalpuIpesq,ghoifs g g - They
are al soI [ n?ﬁfgh?eeg?ﬁt&;a mwmfas gipp@,ﬁngqudla 400&,{1% 1600@Rpags. requires the |
retrieval of a rent bit fr t he n actice, there i.s no nee
to fully decoupl é‘f*‘%ﬁ'&'ﬁeﬁ“ﬁ%ées &?'H%‘p 'aiﬁ‘/*ﬁ‘éﬁ%tﬁﬁé‘a@a&sﬁwaf'ogg’ﬁﬁ?ﬂe-of t he
vol une Cag' b&eidmd%éﬁhtﬁdp@g ungtﬁzitdﬁaeaseltelegﬁ oftdfiena&hpmas:llgﬂ@tdwlfe collan 256 04
separate bits. | ree, 8-bit. thresho ,, for exanple, only consunes

o e Now 75t pRRre By (6 rekive e opt s et SR Br o s wi Lt -t ot he
corresponding dither cell location is alternately not set or set. The

cont one pi X : e | | e | e—n :

i nterval s, able Hi EDRL: codewords  he val ue of the correspondi ng out put} dot.
W dither tihe cOpne Jaf Gndodigg P L idfiRk c | T €5N0l 0 Rgeffiioax 8- b1 t ( 1PKB)
dither volune__The threelthresholls formalconvenient 24-bit _valie ich
can be retrfieved 4¢om the ditlher fell -ROM {n clon't sypr¢ eorreponding hége ce| |
registratiop—rs *iil rec :ret_v&:lﬁﬁ cpror move corresponding edge +1
A-1 011 - move corresponding edge -1
A+2 00010 - move corresponding edge +2
A2 00011 - move corresponding edge -2
kill edge 0010 - kill corresponding edge
create near edge 0011 7-bit RL create edge from short runlength (RL)
create far edge 00001 13-bitRL | create edge from long runlength (RL)
end-of-page (EOP) 000001 - end-of-page marker

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

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

the best, encoding for a given image.



pl anes, then the same triple-threshold value can be retrieved once and used
to dither each color conponent. If dither cell registration is not desired,
then the dither cell can be split into four subcells and stored in four
separately addressable ROVs fromwhich four different triple-threshold

val ues can be retrieved in parallel in gne cycle. Using the addressing
schene shown bel oy, g e .four color p[anéé share the same dither cell at
vertical and/or hot9Q4nag 1s3rsiraple algerithm fornseducing the ERRIhensoding of Aich
triple-threshthdeferdhde t@fPpre@oy@st s @ triple-threshold value and an
intensity value into an interval and thence a one or zero bit. The
triple-thresholding rules are shown in Table 22. The corresponding logic is
shown in Figure 28. Table 22. Triple-threshol ding rul esinterval outputV S
T10TI <V<_T21T2<V<_T30T3<V1 54 7.2.4.2 Conposite A conposite unit 294 of
the HCU 190 conposites a bl ack |layer dot over a hal ftoned CWK | ayer dot.
If the black |ayer opacity is one, then the halftoned CMWY is set to zero.
G ven a 4-bit halftoned color CcMYcKc and a 1-bit black |ayer opacity Kb,
the conposite logic is as defined in Table 23. Table 23. Conposite

| ogi ccol or channel condi ti onCCc ~- KbMve ~-, KbYYc ~-, KbKKcvKb 7.2.4.3 C ock
Enabl e Generator A cl ock enabl e generator 296 of the HCU 190 generates
enabl e signals for clocking the contone CWK pixel input, the black dot

i nput, and the CWYK dot output. As described earlier, the contone pixel

i nput buffer is used as both a line buffer and a FIFO. Each line is read
once and then used contone scale factor tinmes. FIFO wite address w appi ng
is disabled until the start of the final replicated use of the line, at
which time the clock enabl e generator 296 generates a contone 1li ne advance
enabl e signal which enabl es w appi ng.



The cl ock enabl e generator 296 al so generates an even signal which is used
to select the even or odd set of output dot FIFOs, and a margi n signal
which is used to generate white dots when the current dot position is in
the left or right margin of the page. The cl ock enabl e generator 296 uses a
set of counters. The internal |ogic of %Qe counters is defined in Table 24.

The | ogi c of %%M%Wabl e
24. dock en%ﬂ?@eww—gggﬁ{ PN bgi/chregtion Ashetb®pr. w.  dat al oad

condi t i ondecaHER-QURRUN_SRESEHON dge Awrativiensf 19ngees (D>0) n cl kI i neL15page
| engt hRP( L>0)EQRIEGemeressling: gi nLML4l eft mar gi nRP v EOL(LM>0) n cl kri ght
mar gi nlt I\/I14ri(ght minRP v EOL(RW0) n cl keven/ odd dot EIORP v EOLcl kbl ack
dot BD14bl ack wiBtereviingt) (LME-0) n ( BESmyvieusdrekeanelone dot CD14cont one

wi dt hRP v  EQL(LM=0) n (CD>0) n cl kcont dht-legblinsi xel CSP4cont one scal e
factor RP v EOL Bytespedgelb/=0) n cl kcont dhenrmsutifcddingg bidevel bine one scal e
factorRP v (CSuaplEeLem cl kRP (reset padélinedength tion: external signal b EQL
(end-of |ine) cBHIASIREAMSs (D~) n (BD-~) n/ ¢u@dRfconmpeebied) Gittrea@ ock enabl e
gener at or oubput signal |ogicoutput signal conditionoutput dot clock

enabl e( D>0) n -ipg@PtHdger 0dot cl ock enalll efieitedfe offs¢BD>0) n -, EOPcont one

pi xel clock enabl e(LM=-0) n (CD>0) n (@8mredyusiine, EOPcont one | i ne advance
enabl e( CSL=0) nint @BBdgeen®E=0mar gi n( LM=0)// eoneRdES effsBiGR ( end- of page)

condition: L=0 // current line
int codedEdge = currEdge {// most recent coded (output) edge
int prevColor =0 // current color in prev line
/1 (0 = white)
int currColor =0 // current color in current line
int prevRun // current run in previous line
int currRun // current run in current line
bool bUpdatePrevEdge = true 1/ force first edge update
bool bUpdateCurrEdge = true // force first edge update

while (codedEdge < lineLen)

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

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

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




7.2.4.4 Timng The HCU 190 has an output rate of 124M 4-bit CMYK pi xel s/ s.
Since it generates one pixel per clock, it nust be clocked at at |east
124NMHz. 56 7.3 Printhead Interface CePrint 10 uses an 8.5" CMYK Menj et
printhead 143, as described in Section 9. The printhead consists of 17
segnments arranged in 2 segnent groups Thﬁ flrst segnent group contalns 9
segnents, an ]
nozzl es of each col of¢
nozzl es. The prlnthegﬁ‘b 9'
interface, as descrlbeg
operating parameters:

2 AﬁS naklng a total of 54 400
£S $ﬁtndard Menj et print head
on red with the foll ow ng
SegnentsPerXfer = 9 Segnent Goups =
2 Al though the prlnthe p has a nunber of external
connections, not all .5" printhead, so not all are
connected to external HPH@“%n t he CCP 180. Specifically, the value for
Segnent G oups |npl} that th re are, Onhé=2 SRA ock pins and 2
SenseSegSel ect pld fexioys however, are required. 7.3.1
Ti ming CePrint 10 bPFeY %aﬁ<an§d 11.7" page in 2 seconds. The printhead
143 nust therefore p&FﬁWk@BKﬂéaﬁihﬂ%s (11.7" x 1600 dpi) in 2 seconds,
which yields a line PndateBrevEdgs TitE07us. Wt hin t he print head i nterface
192, a single Print Cycle and a_ single Load Cycle nmust both conplete within
this time. In addi/fqese unmachederee inomrepijiie advance by about |6umin the
same tinme. In highf§ C 5T PR e the Menjet printhead 143 can print an
entire line in 100ustutCpdetse CREATECERER) s fire at the sane tinme 544 nozzles
are fired S|nultaneoﬁ§WVRMPﬁH2%hch flrlng Ise This | eaves 7us for other
t asks between each | i nButCoggss, LR 800 each of SRO ockl and
SRA ock2) to the prlntﬁ@§&“ﬂ¥§hﬁsﬁﬁpggk3 IQ¥¥S Nk of valid data, and
SRA ock2 has 32 b|ts°8¥ vaI|d dat a nust aIso take place within the 107us
line tinme. RestrictingPb&e Q@ﬂﬁ&ﬁf B} he Iength of an SRO ock pul se
cannot exceed 100us/ 168uBits(gyr Oﬁﬁbkbﬁikﬁﬁggﬂ ONX3 nust therefore be
cl ocked at | 6Mz. Th@dﬂﬁdﬂ?ﬁéﬁaEqﬁqt erface 192 has a nominal pixel rate of
124M 4-bit OWK_pi xebUpdateCpbigagaitruehecause it is only active for 100us out
of every 107us, it nust be clocked at at |east 140MHz. This can be
increased to 144 er head
speed. 7.4 Pr oces%%téglnﬁﬁ%éﬁ%rﬁhﬁ% bztﬂg!? r%‘%:“‘e%‘% ﬁ{]ﬁ’p&egv(‘:’%gsl%gsei&'hr uns the
control progriafactmatch tlmy‘rmdmgﬁ nd@e betivaen toioHines. Hambfltlnerm)knpmssxbm fodmatihagy page

reception, exl?o%l'ung 0 say g‘) ub ttiusnétirllc@% delccgde‘sa lx\srpec Ys fly!dxd ft ﬂ%x&%\{lk fofa “wrong”

match to have a detrimental effect on the compression ratio.

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

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



drivers for the various external interfaces, and responds to user actions
t hrough the user interface. It nust have |low interrupt |atency, to provide
ef ficient DVA nanagenent, but ot herw se does not need to be particularly
hi gh- performance. 7.4.2 DVA Controller The DVA controller 200 supports

si ngl e-address transfers on 29 channels (see Table 26). It generates
vectored interrupts to the processor 18134on transfer conpletion. Table 26.
DMA channel USPREfDg6mpeERineuni tinput channel sout put channel shost
interface-linter-CCP interfacellEDRL expander 11JPEG

decoder 18hal f t OBETSTREAMS)] t Or 28s peakginput{cemprssed) bitktreainnead

interface4- 10198%e prdLihefft 09r am ROM ApRivRAES G8Ri36dd) B8vdIahdls t he CCP 180

control progranmpyRicehLing[]| caded i nt Ollﬁﬁ&é?lt@&iﬁé)&bii&@l Ighdr i ng syst em boot .
58 7. 4.4 Ranbusiynh&lehace [agnB@nous i ntertace 198 provi des the high-speed

interface to yhe external 8MB (64Mvit) Ranbus DRAM (RDRAM 182. 7.5

External |nterfggegvEdge=lo HOSt | nterfagfend Mfpedfsdid Nterface 194 provides a
connection to the host™ processor wth a.spegeh of at least 1.5MB/s (or 3MB/s
for the doubl e- g depkdpey on of @Pr},@&&entgjngogfsémﬁ“ﬁlgt erface A speaker

interface 300 (fjgrt€o18P3 pcontai ns aygh@lik cdibfifPprvudipRd for DVA nedi at ed
transfers of sound clips from nmain npepL -§)2, gn 8-bit digital-to-anal og
converter (DAC) ;g3 rd’? converts e E@hﬁ 16ri £inedl ue to a vol tage,
and an anplifi e} Mi ch feeds an /th erFla rslgea er 1%88 (Figure 18). Wen
the FIFO 302 is { a zero value. The speaker interface 300 is
cl ocked at the reqﬁ%ﬂgéﬁeﬁﬁh{gﬁé@sound clips. The processor 181 outputs a

sound clip to the speakei §g§) sinply by progranm ng the DVA channel of the
speaker interface sgﬁ .3 'Parallel Interface A parallel interface 309

provides /O on a nu'%bgége £ DA hehaigest er nal signal Iines.
case EDGE_DELTA_MINUSI:
case EDGE_DELTA_0:
case EDGE_DELTA_PLUSI1:
case EDGE_DELTA_PLUS2:
// create edge from delta
int delta = code - EDGE_DELTA_0
int run = prevEdge + delta - currEdge
FillBitRun(currLine, currEdge, currColor, run)
currEdge +=run
currColor = !currColor
prevEdge += GetRun(prevLine,
prevEdge, lineLen, prevColor)
prevColor = !prevColor

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

case CREATE NEAR _EDGE:
case CREATE_FAR_EDGE:
// create edge explicitly
int run
if (code == CREATE_NEAR_EDGE)
run = GetBits(s, SHORT_RUN_PRECISION)
else
run = GetBits(s, LONG_RUN_PRECISION)
FillBitRun(currLine, currEdge, currColor, run)
currColor = !currColor
currEdge +=run




It allows the processor
59 Table 27. Parall el
power button power

27.

181 to

sense or contro
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Magazine text is typically typeset in a typeface with serifs (such as Times) at a
point size of 10. At this size an A4/Letter page holds up to 14,000 characters, though a
typical magazine page holds only about 7,000 characters. Text is seldom typeset at a

point size smaller than 5. At 800 dpi, text cannot be meaningfully rendered at a point size

lower than 2 using a standard typeface. Table 13 illustrates the legibility of various point

sizes.
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but only the menory interface

interfaces of the naster unit are used in the same way as
in the single-sided version of CePrint,

198

and the printhead interface 192 of the slave unit are used. An external

master/ sl ave pin on the CCP 180 selects the node of operation.

Thi s dua

printer controller configuration is illustrated in Figure 30. 8.1 Page
Delivery and Distribution The master CCP 180M (Fi gure 30) presents a

unified view of the printer

10 to

t he host processor.

It hides the presence

of the slave CCP 180S. Pages are transmtted fromthe host processor to the

printer
si de page,

odd- nunber ed pages are front side pages,

si de pages.
side of the
printer

10 in page order

To print
paper,

The fir

i n single-si

10 expect

st page of a docunent

ded node on either the front side or

t he host nust send appropriate bl ank pages to the
10. The printer

S a page description for every page.

the master CCP 180M recei ves a page command fromthe host processor

is always a front
and front side and back side pages are always interleaved. Thus
and evennunbered pages are back

back
When



62 relating to an odd-nunbered page it routes the command to the slave CCP
180S via the inter-CCP serial link 314. To avoid inposing undue
restrictions on the host link and its protocol, each conmand is received in
its entirety and stored in the master's | ocal nenory 182M before being
forwarded to the rrermry 1828 of the sla\é : This i ntroduces only a small

del ay because i H e—ehStHe—tRat—the—aster CCP
180M al ways h%‘?ea“p Q“B?PQF Nﬁ‘f"l“%ﬁé“‘f‘d‘ﬁ'fanﬂﬁ'&é opdextathid dol ¢ he ave,

the master iJs deliberatel ylgm%ﬂ@rauag/hack S1 deg .4 SO t[hat TgpRrECcel vds t he

front side ddd- nunbered page before it receives the matichi ng back side
even- number gd paRpint sigep Sypchr ort388d Pr i t9OAPresioR ratit | nepiRIFssoBpaidgqM and
the slave CEPIBUShave TeCel VeRolgigi T PAUES, i naster CCP UM TNilti at es
actual printling. This consjsts of startipg the page expansion and prifnting
processes irf the mister COP 180M0,086d |n tiati rﬁthhe sgnme proZ:ésses iln the
sl ave CCP 18§0S—via—a—cotmrapd——se Vet re—it -\,\,r setat ﬂ k—314 To
achi eve perflect reg‘;1 stratipn be?@tg n the front s? de and back s?de prifnt ed
pages, the pgrinthead interfaces59,000 of bpth CCRssare synchrondged to |a
comon | i ne S:ﬂqa! —The $vnchronizatiod—si nn::l Lo a_n er at ed
by the nastgqr CCP fsom OnEe tﬁé qu nt i ngjpl pelqﬁtes in both C,éclbs a
suffciently |primed,; as Tndf catedgpyy the ptall sgatus off the Tyxpe
| oader/ f or mdt—unit (I ] IZII\ f the printhead interface (<Rprt|nn 10 A\ t he
master CCP 180M st &rts the I|ne2159990hr0n zati oP-fener at/or unl?O(LSGU) of
the printhedd—Tntrernface 19p (ae begT 10-R) - Thggguster [CCPIggrobtarins the
status of the ave CCP 18 Hj(éldla a_pol | sgn't over |the inter-CCP iserial
link 314. Afiter th&printi g of l‘aOQi)age br nor ¢0.9r equent |y, tlﬂté mast gr 180M
obtains ink OT1Y froftthe—staye—180%ovet fre—tntgr - CCP
link 314. I1t] uses is to updaﬂazwte rengi ni ngllr'ék vol yme in hie i nk

cartridge 34, as dexcri bed| i n Seggooon 7. b. 4. 1. 13be nmastier and4sl ave JCPs
180M 1805 4 ao o ——e-ant-s anH hact 1 N i’ll At A n:r: At nuTr r oo

I se—exchange—e at-s—ar— ated—p reset
commands ovdr the ﬁ;t er-odp |in®&94. o EMIETI®® NTHEAD The Rnj et
printhead 143 i's ai4ir op- ont denargpod600 dpi 1 nkjge printer thageproduges
bi -1 evel dot nun to 4 coblors to nrnr‘lll‘p Lnrl nted p4d ul ar
width. Sincd the ptdnthead print’s$%ots af 160016pi, e adh dot 189

appr oxi mat el[y 22550 1 N _dl @AMET €3, 309Nd SpAced g §/bnm [par U. Jggcause |t he

printing islhi-level , the linput T mage b3 should be dilthered or
error-diffused for best results. Typically a Menjet printhead for a

particul ar applic t 143 to be
stationary and al F&I\N;m fr‘n§lzgglg§°r%%gf? DR, a‘éﬁggg'ttg‘% ﬁ%ﬁ?ﬁpo;] 4 g@@% Fi gure
31 il ustr at dscausetGnoig 4ls wmligﬁlgmdestarmned'lfhémm et pri nt head 143 is
conposed of a nu i I %\@;gl segnent is
t herefore the bag?@és%t?&?é ?%%B aitﬁ(ge/ﬁg)rdt%%%ls) ruc ?’Sth%? e prl A L{gt!ead 143. 9.1
The Struct ur eundéngths Kentjibute @eg}nbssttofrmtsesseothaoﬁDeexxendmsnlcstqehestataueture of a
singl e segne I Gt di the Mem et

print head 14 .org%%fﬁ@£%$%5’$09% {/ﬁhl n a g%%r‘%%tg The nozzl es
within a sin§i24 s@gm@neLayengmmeei»nf or reasons of physical stability as
well as mni [ consunption during printing. In terns of
physi cal stagzlz‘éli a tggg’}%g{op 10 nozzl es share the sane ink reservoir. In
terms of power colbadREG @mpragsloluﬂgwgkménssﬂmd@mswsenalmw imageoataspeed and a

hi gh- speed prg 2 2 S LI Or 1L.0f | eeds to

al | ow speed/p ﬂeﬁ onsﬂﬁv%ll on %gg&eggﬁgﬁﬁﬁe}&%%eeg&%ﬁ%u@{*?@l Rt ﬁ’gr oduct
confi gur at i omagios bciowkiel bmimegbgbkl ipagentegmdption discomprassigiztaies wloveHbh col or are
fired fromthe se [ u I ired depends
on how nmany col or ?E?r@p%&f%rytt%‘gfo%%e ﬁﬁ% ngoaa{c}p&frs %tce%c?i Sc% J(%%S (e.qg.

CWK) printing environnment this equates to 16 nozzles firing
sinmultaneously. In a three color (e.g. CW) printing environnment this
equates to 12 nozzles firing simultaneously. To fire all the nozzles in a
segnent, 200 different sets of nozzles nmust be fired. In the high-speed
printing node, 8 nozzles of each color are fired fromthe segnment at a
time. The exact nunber of nozzles fired depends on how many colors are
present in the printhead. In a four color (e.g. CWK) printing environment
this equates to 32 nozzles firing sinultaneously. In a three color (e.g.
CWY) printing environment this equates to 24 nozzles firing sinultaneously.
To fire all the nozzles in a segnent, 100 different sets of nozzles nust be
fired. The power consunption in the | owspeed node is half that of the

hi gh- speed node. Note, however, that the energy consuned to print a page is
the sanme in both cases.




64 9.1.1.1 Ten Nozzles Make a Pod A single pod consists of 10 nozzles
sharing a comon ink reservoir. 5 nozzles are in one row, and 5 are in
anot her. Each nozzl e produces dots 22.5mmin diameter spaced on a 15.875mm
grid to print at 1600 dpi. Figure 32 shows the arrangenent of a single pod,
wi th the nozzl es nunbered according to fhe order in which they nust be

fired. Although the nozzles are fired i1 this order, the rel ationship of
nozzl es and lyAjranceand ghrgmanppes intorseppgats caber chanmelsy Thig Alews tsehiomingnes oy ent .

The nozzl es {HaeIa0 8e SubdrhIe] WRIRH agphRiaBl Goks Badselof BIEHAMEN Vi@ on the page,
and the nozzles on the other row represent the odd dots from the adjacent

line on the Y&G®s eaiyslwnersaersrpsidvity frluginaaceben chraminance Adiss hislistyynber ed

accor di ng t Ogidf)8ach cHBF cHafineMy cothpleBRY sdpddterpe | oaded. The nozzles within a
pod are therefore logically separated bé the width of 1 dot. The exact

di stance bet ween Thhémagsiydisideduntd 8xGepireschblocks. Edeb ol jsahanitewnsfommed frgo Menj et
(1) 0 Techel Bl i F fdd oy GSOINEAILEH ShapBRTA RS 25
magrrapo]g Oneffeptoaf coricemaatingdmdagerepfrlggeingelamm' ; otmgﬁ&h Quenctyicnéflﬁciants;hdmhal'_ p;)_d. Thle
nunber of pods in.a chronmapo . end on.the partigular ication. In
a monochr omeaqf?ﬁs ﬁfgila‘?f@llpe@y%’}c ﬁoif}gnﬂgxﬁs &?gétﬁ’ée frﬂgeily ﬂ)‘faﬁﬁ‘teg' f)lm ?‘%@%@% 15 there is
onl ytﬁ s Id ngl the pmcipsal amd:lehemﬁpressﬁmmgnmqog?d:th&b@ﬁmeqsrohmach@v@lrthgl i cati 0[1
printheads require 3.colors.(cyan, nagen el.lo .0 et segnents
used for the%rgerg‘ﬁﬁf’%gﬁlf?tﬁh§ ff&ﬁ‘?éfwyﬁa{f}?g'g%%la%H‘bei%’?‘?#&%ﬁ%‘fggz%ne pod of each
col or). The exfirizhgrhndabdnrustenpthverending rupd ofizeroes. Fimally ahamakngths ahd nass- used i n
a CWK (cyan rrﬁaﬁlnt a, %#I 1l ow blgck) ﬁriﬂti n Séster@é(.such as saogleskt op
printer). Thi®E WERFIRYFPYFcifnt: aieSPEoRY oS Droeplisiont Beifveparces

conis_tra![ Nts eoniptessisn.merely an expe;:ﬂtjed rr;axi rr}Jmfr_omthe expte(r:]t ed ot th
appl i cations as e, er .of colors increases e cost o e
segnent incr%g'ggs&ﬁ#?ﬁ%mh%‘l' ‘(f@éppfﬁé‘g'éFP'é‘?ﬂer segnents that can be
gr?]guced froma snheng?YIsicbxit@:@aj;;@fs&bmﬁﬁﬁsree&S@shterlléavemémaf PBG represents
ifferent co] or co nents af the sa orizantal, set of, 10 dots on

i froront || PoGtesY B e ting (AL eh BF SRereTP R CTRPTESIoB M BEBEM Gepends on
th et hlve nj etT ) O kY kd3@icPehe aeaaﬂ&_rtg tw@sd&cétdirmnb fivhah Yables game? uaanE&m iRt ?Wd { gn fj ;) )
anot her. e di stanc consi der o be a consta upber of . dot - wi S,
and must ¢ hePMrShEnEL If Brimre A CHRORATAES S SRUBRArPITHAS VRGNS nt ed by
the cyan norfdn@mmrﬁseagﬁms,?}idftﬁ@d}mﬁm indric® 61 nnel@iﬁebm_&r‘sﬁt,hose pri Int edf by the
magenta, yell ow . ac 0zz] es. e.printing algorit st allow for a
vari abl e di stancghb‘ﬁ“‘laﬁc% mln@caaﬁpw&ﬁgewﬁné' SaEG I %%IQ?W@S%M
illustrates gftslo\@ancCoyorahpstindRe sibséahflifig AhéCMYUs 3¢hvkitadab iYQICh £hdl. 1. 3

Fi ve Chronmapqds ke Podagr o g) Five c romfpo,ds are organjzed into a single
podgroup. A Bt Ul spasRRled, &t paled 29 Mpipsrce changfl 2455t ol or . The
arrangenent &sappan in Figure 35, w th chromapods nunbered 0-4 and using a
CWYK chromapod as_th ampl e. Note that the distance bet n adj.,agent
chromapods is ex%@éﬁ%‘?ggg?tﬁﬁmdﬁ%“}Paeg}e.a‘_@.sil.‘i‘?‘ﬁa‘%n%% @tw&défea
Phaseqr oLp | 5 e ot gz ot Lhi n ' phasear oUp are
fired sinult neod’gﬁﬁg’&&ﬁ?@(b&vﬁﬁ firing phase (this is explained in nore
detail below). Theg f oPfatdr@ontioller ArBRaGERUP from 2 podgroups is entirely
for the purposes of .| ow speed and. hi q@-s eed printing via, 2 PodgroupEnabl e
lines. During | ov@%’_ﬂéjﬁdm’b‘f‘ﬁﬁﬂﬁg@‘%ﬁl )B‘ﬁ’é‘s P&‘ﬁgekﬂﬁc%ﬁ’bl”%ﬁ@%bl e lines
is set in a @OPybhip 180, AG4MBISIDRAN 132] 3hd @gasRPGAr gaf the two fires

nozzl es. During high-speed prjnting, both Podgroup gg?le | ines are set, so
bot h podgroups f i 8 GedZA0 sentaipg,s ecugralspirpqse Rroceipis§d %FﬁtH%P‘FBﬂ?%'s twice as
long as a hi glcifiefMetidaal ulits citBAG] Bytfe PotISk ¥RG fRbdeltor bis 186, OMY fiRecas NMBNY
nozzles at once, Figure 36 illustrates the con&%m tion of a p_hasegr oup. The
di stance bet fiedionalanisas pomdianslasi e BDRLesxpender HideyhalBonegrompasijor 1901 1 5 Two
Phasegr oups Make a Firegroup Two phasegroups (PhasegroupA and PhasegroupB)
are organi zed into a single firegroup, with 4 firegroups in each segnent.

Fi regroups are so naned because they all fire the same nozzles

si mul taneously. Two enabl e |ines, AEnable and BEnable, allow the firing of
Phasegr oupA nozzl es and PhasegroupB nozzl es i ndependently as different
firing phases. The arrangenent is shown in Figure 37. The di stance between
adj acent groupings is exaggerated for clarity. 9.1.1.6 Nozzle G ouping
Sunmary

C




Table 29 is a summary of the nozzle groupings in a segnent assum ng a CMYK
chr omapod. 66 Table 29. Nozzle G oupings for a single segnent Nane of

G oupi ngConposi ti onReplication Rati oNozzl e Count Nozzl eBase

uni t1: 11PodNozzl es per podl1l0: 110Chr omapodPods per

chromapodC: 110CPodgr oupChr omapods per podgr oup5: 150CPhasegr oupPodgr oups per
phasegr oup2: 1100CFi r egr oupPhasegr oups p& firegroup2: 1200CSegnent Fi r egr oups
per segment 4aii3qRigthatinteefhceet 93 whith cohtenlsitherbemjabrithéadrid3.cont ai ned in the

segnment, determ Q unber of .nozzl.es. . Wt.h a 4 .color. segnent,
such as CMrK, th(raS% nu%%%?mé?goﬁlo %Prggesﬁoéésg%oﬁﬁdéﬁesiﬂée‘@,nﬂ nthatlﬁnl % col or
segnent, sSuckcdee, éiyﬂndarfd@mumes Tafs 1sm<nibe$1rﬂhénﬁe@nﬁm is 2,400. In a
nonochrome egyviran er 0z7 800. 9.1.2
Load and Pri nt® '&/2t n@ﬁ“dﬂog“}q Hﬂ’lts °rps%}é (r“fgéﬁ caéﬁ'lileéfr g%&\‘e" fccé?ﬂﬁc nozzl es,

where Cis the mBibeExpﬁnsmlaﬁﬂ&’rmmnghe segrrent A Print Cycle involves t he

firing of upto | of these nqzzles, ent on t elnformatlo to be
printed. A Load 3{?&?%‘ PRI ST FROsSEeD qﬂBWBfAPaﬁE SSEPHAES WFAVFL: ho

i nformation frem e hostivid £ibstiuterfage F%anﬁidlﬁﬁﬁddliﬁﬂiam%dnﬁﬁry ¥ 6BIB dfagin nozzl e
has an associ at eddlggzzl Ena l e bit that determ nes whether or not the

nozzl e will TFPEYJfs isdgdicaed tompgq sterpge Chis gancholgtyvopagss spbdiopeceediigne per
nozzl e) are 3MBORGnY pakedpIEEMOI 173Ky Hokt geﬂaatsgﬁr'g@snow&h&mgmnﬁén%ar e C

shift registers per segnent (one per color), each eep. As hits are
shi fted i nt oPHnNtEE OBFIRFE mrssmfl%mlf‘oﬂ ealt@rlvtéﬂned&%whtlmyew&tha neddf®g to the

| ower and UPRRf generais PazePékcdddif IMB ShdtthSfithter |oB$r§tE§‘ﬁ| single ;ﬁ@@ﬁo&ﬂq edeep

shift register |s conprised of two 400-deep shift_registers: one for the
upper nozzl edrecge eaﬂ’epass?n%mta ipbgtore Frosiying the wtt H, t ggngrateypageshi f t ed

into the alt@chaing MHE e tley bRIEEHET By thé Prirltéd! InPractihe ¥lifériver Nt erface is
concerned however, there is a single 800 deep shift register. 67 Once all

the shift reE‘)‘F‘éeP@rﬂé‘Sﬁ%‘é‘a%é’r‘i‘gful |y | oaded (800 | oad pul ses), all of the

bits are transferArpagebéhsﬁ&r@kdv@ﬁmtsomefbﬂ%m&puyai endYB& drdeRapee Dits. This
equates to a_single parallel transfer of bi'ts. Once the transfer has

t aken pl ace, ThepRArpromgressskinglisting forats thef‘ﬁ'ée"ﬂrl?l?ﬁk laype inEDReiformat, thead Oycl e

can occur SIM&a&e&qﬁm@ﬁr}n%%@ﬁs&meeﬁﬁagkEfﬂmélmn%sa A1 Nozzl eEnabl e
bits occurs at the end of the Print cl Cycl e The Load

Cycle is condapmerssingthe tvoderersdn parallel é@mbh’cw@ layer is deqomprosted by thei t h t he next
Print Cycle'spRP é)?ﬂaﬁ&'? Ak 238 ieTontone layer by a JPEG decoder 196.

The second stage of page expansion consists of halftoning the contone CMYK
data to bi-level CMYK, and then compositing the bi-level black layer over the bi-level
CMYK layer. The halftoning and compositing is carried out by the halftoner/compositor
unit 190.

Finally, the composited bi-level CMYK image is printed via the printhead
interface unit 192, which controls the Memjet printhead 143.

Because the Memjet printhead 143 prints at high speed, the paper 144 must move
past the printhead 143 at a constant velocity. If the paper 144 is stopped because data
cannot be fed to the printhead 143 fast enough, then visible printing irregularities will
occur. It is therefore important to transfer bi-level CMYK data to the printhead interface
192 at the required rate.

A fully-expanded 1600 dpi bi-level CMYK page has an image size of 119MB.
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Each stage communicates with the next via a shared FIFO in main memory 182.

Each FIFO is organized into lines, and the minimum size (in lines) of each FIFO is

designed to accommodate the output window (in lines) of the producer and the input

window (in lines) of the consumer. Inter-stage main memory buffers are described in

Table 16. The aggregate buffer space usage of 6.3MB leaves 1.7MB free for program

code and scratch memory (out of the SMB available).

pods

4 bits Nazzl eSel ect (select 1 of 10 nozzles froma pod)



2 bits of PodgroupEnable lines (select 0, 1, or 2 podgroups to fire) Wen
one of the PodgroupEnable lines is set, only the specified Podgroup's 4
nozzles will fire as determ ned by ChromapodSel ect and Nozzl eSel ect. Wen
bot h of the 69 PodgroupEnabl e lines are set, both of the podgroups will
fire their nozzles. For the Iowspeed nodg two fire puI ses are reqw red,

w t h Podgroup e—=10 e vey-—F6 he onIy
one fire pul g&ﬁ??"é’d““@ﬁ? " 2 The duration of | the
firing pul selis given by the]|AEnabl ergaﬂg{a&ﬁhabl e [] nﬁ@mbW‘ll Ch buffer th
Phasegr oupA and Phasaffe¥r oupB Mozzl esahd ghesitd firegr owpEnésespect kigel y. | The

typi cal dur af ¢daprédEedda élgdffa,g pul'se Tgelstrdam 1. 8 NBl. The adurpt 1 gMef al pul se
depends on the viscosity of tthe ink (dependent on ftenperatufe and ink

characterist|cs) and the armunt of(OIsAREYC B3ESP)| abl e| to the plinthead 143.
See Section P.1.3 for detailg on feedback fromthe| printheap 143 in ofder
to conpensatp_for tenperature¢ change. The AEnable jand BEnable are separate

lines in ordpeontanaCMYIE befferi g BRibiénterteaveddMKap. | Bruz=tlhe| 20042KFhases of
a | owspeed Print Cycle consis A nd 100 B ppases,
effectively piving 100 sets of &Bﬂ 60825 an nggg?é Li kew sp, the 100
phases of a hbidbves Kdmfferor | nt cycl e consit® of 50 A pphaze apd 53K phases,
effectively piving 50 phases|o hase A and phase B. Figure}3 8 shows|the
AEnabl e and BEnabie Iines dufi b"dePy’bfgéa?‘IPrﬁm) dycle. In h high- speed
print there glqe €%, aWililBad dldiay A5 PE i RAI5T NET gk 1P0 2us
cycles. For | hlgh speed pifinting node, the firijng order |s:
Chr omapodSel nct 0, Nozzl eSel ¢c{16@0 H%&g?’mAJ‘Eﬁ&KBé 11 (Phasep A and B)
Chr omapodSel ect—I—NozzteSetect—0;—PodgroupEmabie—tT<Phaser Agap B
Chr omapodSel ect 2, Nozzl eSel ect 0, PodgroupEnable 11 (Phaseg A and B)
Chr omapodSel ect 3, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)
Chr omapodSel e SeJ b Phases A and B)
Chr omapodSel ec bemm%t% géﬁn%c{h gFIFII?)c% lg“sﬁgﬁ‘g‘é‘ ég“ﬁlS%Phases A and B)
Chr omapodSel ect 3,Cohtonz b@Selle@mipré%sloﬁ’mcbgnmdebheeJPEG deBtnies £95. Bi-kened B)
Chr omapodSel ect Nozzl.eSel ect P pEn hases and B) For
the | ow speedP ?{?ﬁo &S%‘E}b‘éca‘f‘ﬁ%“}‘byﬂﬁgg a’ilee L&nﬁ%@?mnﬁﬁ?ﬁeach phase of
t he high Speecbrr[pbﬁiﬁng\hQMePM@ywmbéxﬁompﬁsxtbiwnﬂm TheseSarctiofal units
Podgr oupEnabl e 3 0117@ %grlre substl tuted as foll ows: ~0
Chr omapodSel eXF dgFerigd 3 the dolfoxing 51984 r oupEnabl e OL (Phases A and B)
Chr omapodSel e1.2.10, DMAzZApm@&edhect O, PodgroupEnabI e 10 (Phases A and B)
Chr omapodSel ect 1, zl eSel ect 0O,. Pod B)
Chr onmapodSel ect 1E%§?F 108l unjticopyai 31’55’8 g\‘%m%"é’gﬁ’é%‘g%“tﬁu‘g%d B)
ghhr 0 mapog Se: eEztch&‘IF(l)\lisZnnb@ﬁa:a&eﬁanﬁe cHaagky irmmﬁlﬁadgrxmemMAP&m&el&:r 20@MHe B)
romapodSe 3 Z t P e es_.A an
Chr onmapodSel g@M‘?m%@i“i %Q@ﬁ“@@f S ﬁ@%%ﬁa%ﬁ% Idgutg'ﬂ é‘gﬁﬁi‘%‘?fﬁf » AR
Chr omapodSel eprbvides al\sbﬁaﬂteﬁqh&dﬁckﬂowlmgﬁt&wmllhﬁlcth(ePhaseS A and B) When
a nozzle fires, | S APRr oX 0Qus to refil The, nozzI| e cannot
be fired before t 5’8?‘?‘1’1 gé°%?‘§(‘§‘&&¢V°frﬁn'§P‘|‘”‘Jﬁf?és e?‘h%wﬁzeégfaé%t
printing speednprll}@Disﬁllper I|ne I n the hi gh speed print node, the time to
print a line is 10Qus, s time bet r zl one line to
t he next matches ?[&‘Sptoéfﬁs?r ﬁ?lpfﬂgramfﬁ&cq é% SP?R%%I@ Il%& ower than
this, E ois agefaaaacthepﬂdtbdseor eI&lﬁwérdbﬁlm trﬁlflsfe& of @ehkst ﬁainsme fuactivasl \mi:t](c)us}1 ic
perturbations for within t co re i.r. of that
nozzl e's pod.° t‘%é‘?hﬁ fé‘ﬁﬁwpﬂt“&tgg‘ih&s%r ‘?"‘?ﬁh% 8 P%Bnot her
nozzle wthi nl%hﬁleﬁamqﬁ@dls aaanmgamyl tk(e DMmcd‘ntrbn@goofThemAemmwem n a
pod shoul d be q%ffset from each 8L g @ .as ssi_bl e1 herefore fire
four nozzles 4 dWF%:“QESh & REosEEr 18 h by EF” ﬂS%?mP ?ﬂ‘éﬂﬁal‘l"ﬁ% frove onto the
next chromapod within the podgroup. 1In the |ow speed printing node the
podgroups are fired separately. Thus the 5 chromapods w thin both podgroups
must all fire before the first chromapod fires again, totalling 10 x 2us
cycles. Consequently each pod is fired once per 20us. In the high-speed
printing node, the podgroups are fired together. Thus the 5 chronmapods
within a single podgroups nust all fire before the first chromapod fires

again, totalling 5 x 2us cycles. Consequently each pod is fired once per 10
us.

1%




As the ink channel is 300mm|long and the velocity of sound in the ink is
around 1500nm's, the resonant frequency of the ink channel is 2.5WHz. Thus
the | ow speed node all ows 50 resonant cycles for the acoustic pulse to
danpen, and the hi gh-speed node m al | ows 25 resonant cycles. Consequently
any acoustic interference is mniml in poth cases. 9.1.3 Feedback froma
Segnent A segnent produc ck, Th edhack |ines
are used to adj ustp?c%o%sgo&ﬁ]t%gogmwgﬁlfertﬁnﬁ%r%htﬁ%%aénecganngﬁna% |yf)l| e segnents
are col |l ect edfashiget her into a printhead, it is effective to share the
feedback lines as.a tri-state bus  Ww. he segnents placing
e T oadback | nf ol HEIeH T AeeRsoT LA roer pm tenagstetsn oTARMECEFhont | -
SenseSegSel ecis thd doeresh¥iflg iainindd@rp FIPO iCalilablBXilednchedngny for b keati 1@yl t i cul ar
segnent will provide the feedback. The feedback sense lines will cone from
t hat segnent ﬁﬁ?“’F‘ ‘he next SenseSegSel ect pul se. The feedback sense |ines

are as follows: Tme @ﬁﬁulaﬂtfy@fatsanhél@erei@ﬁhtgmblbﬁéntémwﬂhmmiwn@ducﬂmead i's.
This allows the controller timng of firing pul ses, since

t enperat ure aW@@Péo@?@%?%&‘ﬁgﬁt?‘ﬁyémﬁ‘ﬂ@epﬁw 82ysense inforns the
control | er hoya JSUEDROEkp&flelS available to the actuator. This allows the
controller to conpensate for a flat battery or _high voltage source by

adj usting the pul sheRDRLexpandsiiitdEEH) bi8qg shoma ip gigateretadin Kigurer79. The

resistivity (Ms@@&@%@&%ﬂa@h&%ﬁ&&%ﬁ Riveli@ggecr - This allows the
controller to adjust the pulse widthS to maintain a constant energy

i rrespective of tH&ekwpyttethe Y 138 i pn FDRL\Riatresm. Thef itnnt romebaldil isdl | er of

the width of fherigidvel lﬁage RS schlbd Mﬁmhﬁgif%m HULSBRPYE HAEE Sbxpailld bo + 5% due
to lithographic and etching variations his allows the controller to

adj ust the puleesipaegby anpreshicalgdactas to 1609 dpi. pr eheat Cycl e The printing

process has a str @ige k@sdeme BEUOI 88 potedts uhfl§t feislah Prd-bPdeeBRRRIET €. TO
ensure that the first section of a printed inmage, such’as a photograph, has
a consi st ent EDRL bitstream, or until it is explicitly stopped via its control register.

The EEU 188 relies on an explicit page width to decode the bitstream. This must
be written to a page width register 202 prior to starting the EEU 188.
The scaling of the expanded bi-level image relies on an explicit scale factor. This

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

Table 17. EDRL expander control and configuration registers
register width description
start 1 Start the EEU.
stop o1 Stop the EEU.
page width 13 Page width used during decoding to detect end-of-line.
scale factor 4 Scale factor used during scaling of expanded image.

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

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



dot size, the equilibriumtenperature nust be net before printing any dots.
This is acconplished via a preheat cycle. The Preheat cycle involves a
single Load Cycle to all nozzles of a segnment with 1 s (i.e. setting all
nozzles to fire), and a nunber of short firing pulses to each nozzle. The
duration of the pulse nust be insufficiegt to fire the drops, but enough to

heat up the igkeeefy thﬁ&ﬁ%e?&fndi%@%& oﬁﬂ@in&gk.sﬁ% db&m g‘%ﬁg? ﬂ%ﬁ:ﬁ i &ﬁg{d@ﬂ“i red,

cycling through in the same sequence as a S
Feedback duriyegtienfe2.P2eheat node is provi ded by Tsense, and continues until
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becﬁm ng f:l oggm?s it@ao thbetaneirrxmgghiny?(baemwatbmaclﬁ@hezosg&emts)ﬂefs‘rzeefthach pLi nt job.
Each nozzle is fir er of .tines i.ntq an _absorbent sppnge. e

G eant ng. cyol @it /Be BiFiEn gradtsalh jth dops ok e g o B b rent
with 1hs (i. fhex&t_li_:ﬁé\wtd. Iakie camhefeate@dgé éqﬂ):,,the;aﬁe thaCHinegzH8 lu@ésftt_id ring pul ses
to each nozzlg. e, nozz are cleaned via t S ngzzle firjng sequence
as a standar ob‘W?amde@?ff"F é&ét?ﬁé“%f?ﬁé?“?§P°’ldF%é’§'ﬁ?W§tnE%§}? et fired
depends upon sidiembdhine@0BPEiiols thdledB daléliohildic 110ahd hintenpthi Nt er has been
idle. As with p@rge%?at, .the cl eani &ggc cle has no effect on printer

per f or mance. %cading/esredingasdatipegiin %ZS"Sun’mary Each segnent has the

foll owi ng connect iTﬁBSdg”eQaIbﬁl@tith%c PEUS quite simpld.AiNeurddnt epR@ABA N that er f ace
Connecti onsNaneli nesDescr.i pti onChr omapQd Sel ect 3Sel ect ich chromapod wil |
Fire (0 4) NP eSS EEroPept DR POt (SRORDINESAE PO ThOEFITFICE S48 o

(Og- 9192) Ptﬁg rA E u i?l&?d':m Rhdbdge lrééil@?rm)gi EHs R Ively. anléB iI'Edhﬁ:n iagoei_ete@ivath a crea?e

podgr oup. BCo| RA e A HpRETeeDy kbt Finedghdreons 112 At 1 BIcEiollt GHERS col or
in the segmenddySRHMG kI iPHhSRitddntS R th(b3HdAih Raiasdotiatell @8lia)to igads C bits

reference edge and subtracting the current edge. The generated runlength is output to the

runlength decoder 212.1, and is added to the current edge. The next runlength is
extracted from the runlength encoder 214 and added to the reference edge. A kill edge
code simply causes the current reference edge to be skipped. Again the next runlength is
extracted from the runlength encoder 214 and added to the reference edge.

Each time the edge calculation logic 210 generates a runlength representing an
edge, it is passed to the runlength decoder 212.1. While the runlength decoder 212.1
decodes the run it generates a stall signal to the state machine 208. Since the runlength
decoder 212 is slower than the edge calculation logic 210, there is not much point in
decoupling it. The expanded line accumulates in a line buffer 220 large enough to hold
an 8.5 800 dpi line (850 bytes).

The previously expanded line is also buffered in a buffer 222. It acts as a reference
for the decoding of the current line. The previous line is re-encoded as runlengths on
demand. This is less expensive than buffering the decoded runlengths of the previous line,
since the worst case is one 13-bit runlength for each pixel (20KB at 1600 dpi). While the



fromColorData into the C shift registers. PTransfer1Parallel transfer of
data fromthe shift registers to the internal Nozzl eEnable bits (one per
nozzl e). SenseSegSel ect 1A pul se on SenseSegSel ect ANDed with data on

Col orl Data selects the sense lines for this segnent. TsenselTenperature
senseVsenselVol tage senseRsenselResi st |‘gl ty senseV\ﬁenselW dt h senselogic

GN\DlLogi c gro ower 1Act u ndV+21
Power TOTAL6 [i’ c%erﬁ\ﬁil ?%Sﬂ% tg@neiat Cl;rntf © SPIG TR @gz(ié)out of
Segnments A NHrjradlength encbdznd14 mmherpag%@ddtﬁfto d?etewéml@df-lim“e Tha¢airientalinel J2 i nch

Dl hoed toger T 2D teierkous ios Bt 2 B e eyt FERE oR AT en 1 cd.
Ielngth. Eacmlﬂg;?aizghfy?ﬁgm{ehg?alltidé,eﬂérszlﬂsoot 1600 gpl bi -I72vtelh d](c)ts %n up to 4
colors over a differen a 0 e e tqQ produce e |n? i mage.

Al t hough each se Woﬁ’g‘a{?ﬁggd% r(?g?gdﬁﬁod?% e pytpr runlepgthdo a ling bpligh: j s
represent ed 14 jag &&ﬂb% Uxblafhn(sfS”QGbG)d;ﬁﬂné (1860 byRes} "The ekhlddgihPabsed . thik O

exanpl e, consists of manuf actured _as a nonolithic

print head. |9wtput fuybpga|dew eroqla# lﬁmpﬁlpluﬁbbﬂbﬁcrﬂeéqurﬂroe\:ty%ﬁgl%%%nﬁ%

yel I ow, bl ackik de@a&2195 p"rJ!ﬁce%%O@&Hﬁin&r THY Iineltd odtﬁi{%al&ﬂ@tﬂn tnﬁ&gﬁﬂﬁg'h yel I ow
and bl ack dots over a different part of the page to produce the final

i mage. An 8-theewpys pixgt EQ This achirvesthe reapitrdrvsticl seahing oy Smﬁlﬁéﬂ@ print heads or
froma singlgyRaiidiC PEED Y §§@diiﬂd3EHIi%hlﬁﬁédr{ch0JdgéL§n h?i'ﬂ&e?rate@@tg@ftgl ess of the
construction nmechanism the effective printhead is s i nches in

| ength. A 2-imaggscplingniisiaple smeothing schemebased erdiagplatermatching cap i yervises 4
segments.  LidRuReThi@wbill lreq*&ir@@ﬂmﬁﬁﬁde%?f@{ beﬂﬁéeﬂftl‘érlowa?é‘s%luwn RARARALs for an

effective 8.5 inch printing area. Since nber of nozzles in a
segnent is gisower anddherympnoth spaling unitcbut D’P'alld ehmﬁﬁ@ﬁhﬂlghtﬁﬁql}l@ rpengthyi ven
printhead W deBoder Segnents i s 800CS. Thus segnent N is responsible for
printing dots 800N to 800N+799. A nunber of considerations nust be nade
when wiring 1424 ERRInStream Degoder ne wi dth of the printhead increases, the
nunber of segnen I SO I Nncreases.
Each segnent hash?%§D§%§§%%?g?%gﬁgbggaagg?ggﬁgh=ﬁ9B?EfE&E@§D§% wel | as

SRA ock and cod¢wardsio thedoput bitsireamyr It psssal ngb)aﬁmpptrhuﬂicl 8. VKQWQ throyghadi ng

Consi der at i Mhee Q”F? asonable to

| oad all thgﬂg%gnenvéﬁg?nu %%gg%§ﬁ§&§§au5| %%R®£ﬁa gg |l i ne and

pl aci ng C bidodewsird beundanyin @abﬂst@ﬂmthde@ﬂdﬁﬂ)aormectp@tmtbe agnel shifter 28gnents. In
a 4-inch pri = he .t r ransf er
to the pri i feedes s ﬁﬂgwgﬁ%gf%mﬁéﬁg%ﬁe i fhd sgépq{eﬁgl‘u gﬁgem%%‘rnp pOPwitfng 370
printer, S=I®rrewpandingcads. unlikely to be reasonable to have 64 data |ines
running fromthe print data generator to the printhead. Instead, it is
convenient to group a nunber of segnments together for |oading purposes.
Each group of segments is snmall enough to be | oaded sinultaneously, and
share an SRC ock. For exanple, an 8-inch printhead can have 2 segnent
groups, each segnent group containing 8 segnents. 32 ColorData |ines can be
shared for both groups, with 2 SRC ock |ines, one per segnment group. Wen
t he nunber of segnent groups is not easily divisible, it is stil

convenient to 75 group the segnents. One exanple is a 8.5 inch printer
for producing A4/ Letter pages. There are 17 segnents, and these can be
grouped as two groups of 9 (9C bits of data going to each segnent, with al
9C bits used in the first group, and only 8C bits used for the second
group), or as 3 groups of 6 (again, C bits are unused in the |ast group).
As the nunber of segnent groups increases, the tine taken to | oad the
printhead increases. Wen there is only one group, 800 | oad pul ses are
requi red (each pulse transfers C data bits). Wen there are G groups, 800G
| oad pul ses are required. The bandw dth of the connection between the data
generator and the printhead nust be able to cope and be within the

al lowabl e timng paraneters for the particular application. If Gis the
nunber of segnent groups, and L is the |argest nunber of segnents in a
group, the printhead requires LC ColorData |ines and G SRC ock |i nes.
Regardless of G only a single PTransfer line is required - it can be
shared across all segnents. Since L segnents in each segnent group are

| oaded with a single SRC ock pul se,



any printing process nust produce the data in the correct sequence for the
printhead. As an exanple, when G=2 and L=4, the first SRC ockl pulse wll
transfer the ColorData bits for the next Print Cycle's dot 0, 800, 1600,
and 2400. The first SRClock2 pulse will transfer the ColorData bits for the
next Print Cycle's dot 3200, 4000, 4800,,.and s600. The second SRC ockl

pul se will t | - | ' 1,
801, 1601, antrblabh EDRlcstecappepdennxd drepdingtablee wi 1| transfer the Col of Data
bits for the NEgRhuftodtWordtht € p d0t 3201, 4001, 48PT andy,mbidcedd L €f BO0G
SRC ock pul sps (30Q,fgpeach of | SRA oGlephegstid SRA ofk2), h,igaekd re |ipe has
been | oaded yMtO NPT Mt iTead —amd LIIETAQHHUII PTT Iblqllowybmp cam be
given. It is|inportant to note|that the 6dd and even col or outputs,

al t hough pripntedothxixtg the sape Print Qyel e, do npt appEd0 0009 t he sape
physi cal output—line _The physlcal separation of ofld and even nozzle

within the print Abldxxas wel | hs separat Adn bet weeh noXA1880080 di f f er bnt
col ors ensures—tfat3h wH—produce—ggt somr—different5 of —the—page.
This relative_di P?l}eor%(%g nust pe accou\rlll(tme‘?fig%r when Ioao |dr%gﬁm9e data jnto
the printhead. Thellackxal diffprencecieste heanedgedepends d000he000

. . . .

characteri stfpes '“‘Ol%ﬁe HHg-et—peechart-smused—+hR—thp—prnt ."8(}"0 Hae

di fferences can BQ ¥ ned by yariabl es M and D2 Nheré“B? i@othe diskance
bet ween nozz[ €S @hoidixkk €T €Nt CPlors, and,BZ 15 the[ di STEapes ofwy ween npzzl es
of the same color. Consideringlonly a single segnept group, Table 32 76
shows t he dOFS t 0e0skxaxr ed t o pegnentcreatedhr edger i nt head WPODAGI he firpt 4

v)

pul ses of the—sharedSRE-ock—frabte—32-—O0der—mf t+s—FHransterret—to
Segnent in al Pri T e Col or PAOERRBREOR) | | e ColO]0P0 00U

Li ne1800S' NN+D, bAk(=doh}tPard800S+1N+D2N+D, +D2N+( C- 1) D1+D23800S+2NN+DI N[ C-1) D
14800 S+3N+ D2N+BH+B2N-{C—1-D1+P2S——seghrem—hurber Pl———nuber—ef—+hes

bet ween the nozzl es of one color and the next (likely =4 - 8) D2 = nunber
of :c i nesI Ibet8 \ggen H\Ii@stﬁt@\f&lcm'hemilﬂtﬁﬁoﬁfbut'&hﬁl?@ﬂ%f@@&ﬂe.(ﬁhiskﬁi&eglz)2 And so
on for a C ul ses t e, particul ar nt gr, . 9.2.
Printing ConsPofé'% ’i%éfﬁgg%“f’wfar“géaé H’sth‘?ﬂ‘“ﬁ?'i %fi?"f‘fﬁig&/@nﬁfﬁ f&ﬁ‘gg%"ﬁ’ﬁ’ﬁtzl es from
each segnment dodewdi@ bit offsed. MR Gitldiffséttin figh dHRAEs the Barré] GhieZZIBER tHercodswad h
segnent in the (gi gh Spetef\%g rinting node. VWile it is certainly possible to
wire up segrefitdBEtvERsy ﬁ*,e%y pantrols ag latehing plthe pext Byte 5 Rty |

segments fir eFIpOMM thB BaRWBHte)2 is idhed tobyREK antblie FIFO dutit SIBGREdRS btk e node
al l ows | ow power printi ng]éfor smal | printheads_ (e.g.. 2-inch and 4-inch),
i

) 2 : .
and the cont rigkes&¥o eicles ofjlength § to U thedaput brffee This is hardied;by startingwidtes #yai | abl e
for the | ar gampsthidinashigesog( such as 8-18 inches). It is a sinple matter to
alter the connections in the gri nt head 143 to all ow grouping of firing

shoul d a partT-&&2EPRI Erpander Btate Maching jt. \Wien all segnents are fired at

the same tinme 4CSTROEDREexpdrRer stdt€Madhinet208 cémssm@&%,a Ralbwlition@ndrode and 8CS
nozzles are fired in the high,speed printing node. Since all %ggmnts print

si mul t aneous|$rlepgthexprnsion Ingic injgrronsedo cores suppliedly the EDPRL dtream dsseder o
9.1.2.2. The 306Nk Rgppli&thd PORL. WReddt dddbdeh 206 Withe Ichgth Ve iRl caFéit ceddords t O
print a line at lowfitg%%? (conprised of 100 2us cycles) 100 uys to print a
line at hi gh &f&umple gesalquigiiondogio L0 wiffi-the dglta valug assogiated wifh they

Consi der at i OnguréntTSEARIAE. THe QARGREChHR 266 Abo fedpdfss t0hralaRd bAP kontbsigiRfs ned in
Section 9.1.3, The feedback lines are used to adju e

I € dj ust _the timng of the
firing pul sesifomsp fentrobigeistep?id Eigyrraifd-and the epdbpi-line (BRLY siged! fram thesedge o
printhead, itcaichlafibd Bgici2Y® to share the feedback lines as a tri- state bus,
with only one of the segnents placing the feedback information on the
f eedback | i neEhetatemachipg 20&alse eontrals theanuticydefetsh of fiecnnleneginissaciafid | pl ace
the feedback yif p&omt k@R Bffe.t he shared Tsense, Vsense, Rsense, and Wense
| ines uses the ColorlData |ine, the groupings of segnents for |oading data
can be used for selecting the segnent for feedback. Just as there are G
SRCl ock lines (a single line is shared between segnents of the sane segnent
group), there are G SenseSegSel ect lines shared in the same way. \Wen the
correct SenseSegSelect line is pulsed, the segnent of that group whose
ColorlData bit is set will start to place data on the shared feedback
| ines. The segnment previously active in ternms of feedback nust al so be
di sabl ed by having a O on its ColorlData bit, and this segment may be in a
di fferent segnent group. Therefore when there is nore than one segnent
group. changi ng the feedback segnent requires two steps: disabling the old
segnent, and enabling the new segnent.




9.2.4 Printhead Connection Sunmary This section assunes that the printhead
143 has been constructed froma nunber of segnents as described in the
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menory to the LLFU. 'This includes |oading white (all 0's) into appropriate
colors during the start and end of a page so that the page has cl ean edges.
The PH 192 is capable of dealing with a variety of printhead |engths and
formats. In terns of broad operating custom zations, the PH 192 is
paraneterized as follows: Table 34. Basic Printing

Par amet er sNaneDescri pti onRangeMaxCol or sNg7 of Col ors in

pri nt headl- 4SggnBRaRaEif Péddderof segnents witten to per transfer. Is equal

to the nunber of nments ip the Jargest segnent, groupl-9Segnment G oupsNo of
segment groups insggwwgﬁ?‘l&ﬁ{ez‘i‘ﬂ%ﬁ c0gth P @ SedugRoeof ger Eilts"éllows for
a maxi mum of  4netsits Of the cSreSRAARR UenghER the catpaf fieam ATHE fAstiripinSRE &
Transferring 4 col orgf’;g]g 9 segnents is, 36 bits per transfer, a

4
transfers to &SWhghe EyGaleEd- Egr ﬁ?%ﬁ?ﬁ’rherﬂfgﬁwp?f'éte@ﬂﬁgffs of 18

inches. The t gleddcessstTete Mkt ré@lsachfily blhdkgcddér lz,ttﬁéiil iPMudt Be pRcddag by 4zeal or
printhead is 5,200 (18 x 80 1600 x 4%. O her exanpl e settings are shown

1
in Tabl e 35: IraghwhieruneTherpnlenstedicpdri212 keeparsk of the cpront gplor intemnally.

Par anmet er s WSBaaai'ﬂﬁgﬁr@m%ebége?ﬁlﬂﬁBQ{dg BidaRinfin of 8 bits to the output stream
TypeoaaPConment slnnaot t r rsGXsPrf aoar ar Xpt sar 4-1 nch CwPhot 0381248-1 nch

CMYKA4/ Let t er agpRaerkeRunengtheperrpisallympan intggar niyltintepf@@sl sesunsyofhst that f ul | y
usedl2 inch : 16 4 i LEXKAS | ong
full bl eed49%gﬁﬁsg%d @Pgﬁéen%%?g{&@ylﬁ@ﬁ%@@ﬁ?%&%%&%g%r%mélnoc< Di agr am

of Printhead infthytersnacs ragisteri236 rigure 22) the ovmber obbitsavailable in thedwts cumendlyf ace
192 is shown j i @ 39 eo: 1 | . gys 316,
318. The fi rs%@gpﬁg?i%?ugﬁd%stb Elatnﬁelg)/%?ﬁurpg\%f% ﬁilrng’ aglggattﬁtlg([)bug)ont rol the

Menjet Interfess®®® in all synchroni zed chips. The second LSGU 318
produces Li neSyncl L i | | not or .
The Master/ Sl ave pﬁhyagﬁa%ﬂhzgzgﬁﬁgogﬁ t@%’séﬁun})?iﬂgﬁgpﬁiaggﬂeygx%;égg%ﬁ%gct ed

t oget her for kicHesanpngendealyeinte a mplengthgegistir23 & Theideqodenp 13 effectively sglls

Mast er/ Sl ave ' ' r/Slave pin is attached to VDD,
the chip is c%ﬁésl éel%g%%tgreﬁ}é&?zgéé %&ggwézr%?oe'and Li neSync pul ses generated by
the two Li neSyncGehnunber of Bits®f the t8rrent eolenaxd shiftedinto an phiputtbyte registers248t e

Li neSync co i i i 1 . I hi ps) .
When t he Nag?gdra? gogggh%{ﬂr&:ﬁtss%a t% a@%g%he@ﬁ%,&lt f%‘zlj}%ﬁ% ila? @lgnnél%n ?grrogd to be
the Sl ave, anbitslactualByontpupisllamited d thermrmber df\pits led in the ninleng®y asiorthaini t s 316,
318 are not eBﬁFﬂl . . inesync Lines. ln thi Mast er
chip's LineSync [gﬁgfssggrtcglrtéeﬁﬁs"gg@ég{ggﬁy?ﬁbﬁ%n%r%n 1tg|o{}tp P%%guggﬁérﬁeedcéﬁ chi ps.
The fol | owi ngths eddngthsindithe diyte spave. Wherethy nmlcagth godstto 26 it had Bsen toreplitelye
Loader For ! sy A8 MBS LS TL AR G ARSIl o
generating t hm@@gohﬂpdn%aﬂﬂefby‘pup&egwseqmwﬁdoﬁtp{at hytd isfillapdas gppereled Each
LSGQU 316, 318, Qfo £swal external LineSync signal to enable line

synchroni zati on. e genefator inside the LGSU 316, 318 generates a

Li neSync pul se whek14-bit bartebshifjer' 244 aheloutput hyte vegister 240 arglrthe eojariregister2d2| t ol d

to stop. The {ia&2YRfeRtt 38 s9f shitiReilBwRbitlah b8 SnihdfmBREfe bitp38tions
every clock, with the color as the serial input.
An external reset line 246 is used to reset the runlength decoder 212 at the start of

a line. An external next run line 248 is used to request the decoding of a new runlength.

It is accompanied by a runlength on an external runlength line 250. The next run line 248

should not be set on the same clock as the reset line 246. Because next run inverts the



The exact nunber of cycles between LineSync pulses is determ ned by the
Cycl esBet weenPul ses regi ster, one per generator. It nust be at |east |ong
enough to allow one line to print (100 us or 200 ns dependi ng on whet her
the speed is low or high) and another line to |oad, but can be |onger as
desired (for exanple, to accommopdate spggial requirements of paper
{ransport ! bt dohnd fed BEWEUILPSRALNERE M AR b Sl e id © 2
nunber Iess t properly si nce
each Li neSynusepm ﬂtsh\thellast bytc pf/@ebem&ms:omhbtephpm b;uisadonlam Hydinetasis shed

printing. Th M, ) t each LS&U 3l 6,
318: 82 Ta I)Ile %Eﬁwﬂ%eé%egté& 6“.“%‘9@9 P %l egfﬁ %@n’éﬁﬂmi@,

NanmeDescri pt i onCydn eddoe v Rod Efetsi[dhmtmwmmer thé rubjenpth dletodentdR tis tostyween
generating opelLines c,ul se and, t he Is whet her the LSCGU is
currently ge edréﬁcﬁgﬁéﬂl%%ﬁ@a‘bm'ésggpoositg"rfgocxer%l ®¥ of 1 to this register
generates a fz,izneﬁyme,{ngecddwnsfers Cycl esBet weenPul ses to

Cycl esRerai ni ng, .andst ar th tdovvn en Cycl esRe i,ning hits
0, anot her Li neSync® ! ‘d@ﬁéf“a °é‘?§tséfﬁ?‘\é£z8@t%%‘hlpﬁllg ‘ﬁ‘%‘t Msferred to

Cycl esRenai nmmﬁemmlﬁ@umsdﬁm tb%e &hﬂécfedresygmonrﬁlmme@fo&omet hi s
e Line y

regi ster sto ount do and ul

gener at ed. Q/E?pé?élﬁé‘r‘fg’i'm‘?f’d’ﬁ\ ?eéfcﬁsl é{r&“@r‘s&“&‘ﬂl E‘Flﬁéf f%é therdhs: of

cycl esr emai nhid@ngth ehdodéri2e4 @aietatéslmﬁxqeﬁgmwhﬁeemhat tBefat af tellinelMRe Li neSync
pul se is not e LGSU 318. The LineSync pulse is

u ed ctI from
enabl ed onto q%“'P greke Rsr‘i’é@!&ﬁ{‘ﬂ??%ﬂ%ﬁ‘?c\}‘ 4mallye Master/Slave pin is set

to Master. Conseqnﬁraadlehgﬂmcédemﬁmsds@uﬁa&ﬁnmﬁomlw fibBfe idput diRarh Or M as
generated by the Master chip. (pul ses generated b}/ Sl ave chip re ignored).

10. 3 Menj et PYFREHockcl usen @ tpehyte inpubpudier 2304 Fientsi2p S‘QWCC{‘ih&Wg\‘érlg%Hata to the
Menj et print B&&dsﬂfﬂeﬁzsﬁﬂﬂo@@éﬁmsﬁs@ aﬂtﬂé@ée@s diwhysRAgRAAS BRECBSenlUr | Ng A

print. The MJl 320 is sinply a State ine (see Fi gure 40) whjch foll ows
the print heaBPsitioRdn the bitsigam; An eisodsr 269 conaswisd tp ths bamel shifler 21§ egoaglesan gect i on
9.2.2, and I%itwﬁl)tmeﬁgum&cb@n%lw frybloio trhes-Bit ah%@m%e&&r 2600uséd tRani ng

Cycle as described in Sectjon 9 4 and Section 9.1.5. Both high-speed and
| ow speed pr FHiteRtRPlasifseosntze runs of ths BPRIoPrigte QEgh the MII 320 always fires a

gi ven nozzle ffO”Flﬁ'Sbet&ﬁﬂgiB%ﬂ& SenbRited ty the ¥-BiERHIeR a0 Mdéd to@ee 1S no
separate firing of nozzles fromone Segnent and then others). Dot counts

for each col W“edpé“aﬂ@éﬂ‘l{éﬁftefb%ﬁzt%eWF 8pitqunlength qupeder Jelrscmmizes thert o t he
printhead frem quelah&R nifit gen@ate@aﬁeﬂer&ﬁﬁns@laiwkcﬁ is 1&@1@%@& that all

nozzles wll fire during a Subsequent Print cycle, and is the standard
mechani sm f ofegistsadtngha eutpys of the radxiregister 264indibatesithas theenender 24 hagcl e.  From

the 36-bit i Wlet&?én@odlﬁg th BurlehfiRieRkth, rapcglnﬁﬂﬁéd 1ﬁfthetrnﬁeﬂéﬂF ldoideg262Thi s 1s the

83 standard neans of printing an | nage. bit val ue fromthe LLFU 322

is directly Skautupoftheready rﬁglﬁféa%ﬁﬁﬁ sqauss;dmssall g bt sulengtpngaser Pl se is
sent to the {ypEbkeed therlat Mdengtmn&@a%o %geﬁh@aa&ohéﬂgﬁﬁuhhnmﬁa& gngprint for

the page. \Wen the Ml IS , It waits for a LineSync pul se
before it st@fmasignl eﬁfe?twlylwg@]@‘é“th’éﬁhﬂcﬁﬁ@%ﬁ | oadi ng/ printing a
line, it waits until the next LineSync pul se before starting the next |ine.
The MJI 320 stops once the specified nunber of |ines has been

| oaded/ printed, and ignores any further LineSync pul ses. The Ml 320 is
therefore directly connected to the LLFU 322, LineSyncO (shared between all
synchroni zed chips), and the external Menjet printhead 143. The MJI 320
accepts 36 bits of data fromthe LLFU 322. O these 36 bits, only




the bits corresponding to the nunber of segnents and nunber of colors wll
be valid. For exanple, if there are only 2 colors and 9 segnents, bits 0-1
will be valid for segment 0, bits 2-3 will be invalid, bits 4-5 will be
valid for segnent 1, bits 6-7 will be invalid etc. The state machi ne does
not care which bits are valid and which bits are not valid - it nerely
passes the bits out to the printhead 1439 The data |ines and control

si gnal s coni) MgblQD. $bit Fieddil excd@erciablebe WI red appropriately to the pinouts
of the chi p, Usi néjrgr few B As Q_L}“QDJJI K h\l t he annl cation rgnnn of t he
chip (see Sgctiontaler3. 1 for moi®Unf or rratl onjengti’o 3. 1| ConfRekefrgns to
Printhead The MIT §20 has |a nupbebosf copnectiofis to the prinphead 143,
including ajmaximumof 4 gqolors_claockedlin to a maxinumof 9 segmenfs per
transfer tola nmaxi fum of 4 sedl%ﬂ@o%oup . The Tines cpning fdom t he | Ml
320 can be (frrectiy conmegted- UU?? onytie bl%p, artfriougtr gt —att i nes
w |l alwaysibe pins. For gxanple, thelchip is specitically designgd for
only connecti ng to08 inch ClWK)OpO()m:ers only 32 bits of datalneed t¢ be

tr ansf err ed oach tr anef arlnul cn f‘nncnnn At Ly 22 Nnine Af dat o Ayt / pl ns

CTTICTT C T T CT LS | Ty O PP OTCAC Ot OUT

per color), {and nof 36 pi |Js aro@o?g’gfﬁﬁ re In th‘g same yay, onlly 2 SRCI ock

pul ses are ffequireg, SO oy 2opl RexH nst Fad of 4f pins are required t¢ cater
for the different SRC ockg And so on. the chip mist be conpletel
generic, then all fonnectilons G0BKENe I\/DI 3 202 nust b¢ conneédted to}pins
on the chip{(an ence 1q g VEWEL pr|nthead; 143). fablre 37 1ists|the
maxi mum conpections from tlhe MIl 320, many of which ar 84 al ways
connected t¢ pins &n the dhip. 1xWﬁé¥!9ithe nunmber0 of ping is vadiable, |a

[v2)

v

f oot note exptars—yat—tTg ﬂuullﬁ:ll ucpengw upon—Tie Sgmseof i nput
and output iIs with respect| to the [ 32 . The nanes correspond to the pin
connectionsjon thelprinthgad 1431 111(85 Tabl e 377 Mem et Interflace

Connect i ons Nerre#PrstH-Ebeset+ -ofrapod—Seteet-365etect—whieh—ehronapod
will fire (0-4)Noz3l eSel edt ogéllglfﬁwuch nozzI® from {he podiwill fire

(0-9) Podgr oyipeEnabl @2CEnablle t hg1poegkg oups to fisge (cho{ce of: 101,
10, 11AEnabl ¢1ORing—pu-sgfor nnﬂmmm —nthe current designall —
segnents fife si nultt aneoud! Y, ldl lﬂ’@ﬂ‘ghnu tiple NEnabl e{lines doul d be added
fordividing[the TTRI Ng SEqUENCG]10¥RIx NUl [ 1 pl esegnent gfoups 1 @r reasgns of
power and sBEnablelCFEiring pulse for podfgroup B In the current designall
segnents fife sinulltaneougly, 1dp¥m§qghrm ti pI e BEnabl e[l ines doul d b¢ added
fordi vi di ng [ttEe firing‘secueggﬁ YeL, ot fTptesegment gjoups fgr reasgns of
power and s€ol orl| Dat a[ 0- 8]|9 o olorlData shiff reqgister of
segrment s 0- 8Col or 2Dat a[ 0- §] 90(0xk40utxxt o] Gol or 2Dafl a shi f regi ster of
SengentS 0- 8cotor3bat a[{)-r]UUUUL pUL t+o—Cotor3Pata—shift eot ster—of
segnents 0-8Col or4Dat a[ 0- 8] 9" OQut put to Col or4Data shift register of
segnent s 0- 8SRC oTe]obitphi dfieha’8-pit mdength eSRﬁbﬂzﬂoﬁd\Ijm(cdalﬁyfthd?\kegiaBﬁrgr;ﬁgmck) | oads

the current va fro | or,l | or -8 or 3Dat a[ 0- 8
andCol or 4Dat &f %Hgl]sn ':%ﬁt @éﬁ%q&’l&’ﬁgﬂ ¢ foms gp]c\ge\%alh,ang? [0-8]

t hepri nt head aﬁEdmmedtﬂ;Gangbdmdn decvamdéiter 266 fusadad eortrobthie bireel shiftéit258egi st er s
tot he print hg%dé eter n Nozzl eEnabl e bits (oneper

nozzl e). SensesSeg eI eclfyf 5 R pul se on SenseSegSel ect[N] ANDed with

dat aon Col or| Dat a@m}xt&rmlbésetshnbh& s aseddo fesot €. rimbengthgnexder 214ianths etartrefd  gr oup
N of the pri ad. T enselIT re senseysensell.Vol

SenseRsenser e LTEPT R AR LS a e AL BRES RS Hompage withhgh o
lines are avaagisa:blz’e An extembleredvitin liiet D34 isuztibtd rapbiesparpthec mndenggh fiomrthd he chi p

will only reflect . the.a . of . seqne a se nt. aroup. The

pi ns for CoI fg%ﬁ?cﬁdgﬁiyﬁg‘ﬂ ng}efu"?}t ﬁ‘glgr g@éﬁe{ﬁﬁeﬁflﬁgﬁyﬁﬁ@& %érii nt in at

| east 1 col aid reddyespistdr 264 Anaxermahlysh lina2Tlisdseditoiflaslothplastcbytd the chip is to
control a printhead with at least 2 colors. Although 9 lines are avail able
fromthe M, the nunber of pins comng fromthe chip for Color2Data wl|l
only reflect the actual nunber of segments in a segnment group. = These
lines are only translated into pins if the chip is to control a printhead
with at least 3 colors. Although 9 lines are available fromthe M, the
nunber of pins comng fromthe chip for Color3Data will only reflect the
actual nunmber of segnments in a segnent group. These lines are only
translated into pins if the chip is to control a printhead with 4 col ors.
Al 't hough 9 lines are available Fromthe MIl, the nunber of pins comng from
the chip for Color4Data will only reflect the actual nunber of segnents in
a segnent group. = Although 4 lines are available fromthe M, the nunber
of pins conming fromthe chip will only reflect the actual nunber of segnent
groups. A m ni nmm of 1 pinis reqwred Si nce there is at Ieast 1 segrrent
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87 The 256-byte table 324 is witten by the processor 181 before printing
the first page. The table 324 may be updated in between pages if desired.
Each 8-bit pulse duration entry in the table 324 conbines: User brightness
settings (fromthe page description) Viscosity curve of ink (fromthe QA
Chip) Rsense W .ense Vsense Tsense 10.3.3 Dot Counts The MII 320

mai ntai ns a count of the nunber of dotssof each color fired fromthe
printhead 143rnliag, #oicomplét ItE% b@&%ﬁ'o&?hﬁé by ﬁneaoaﬁgtotﬂréceysf‘dy%ﬁ‘alighm' vidual l'y
cl eared under processor control. At 32-bitslength, each dot count can hold
a maxi mum coViaesaerondaimags hasis tofpraceser byte-pligeed magach pages, al t hough in
typical usage, thgndatmeoul ik bYs Rgtcﬁéﬁfﬂatatﬂgmﬁlleﬁéﬁ Eiboddr b4 isaRp wage of

hal f page. The dot counts afe used rocessor 181 to update the QA
chip 312 (seéen®des ruptengthpandhat ﬂle@rvdert rméerqsﬁeaa\@tlamm numbenpthiking 230 Ri dge 32
runs out of RS nows the volune of ink in the cartridge
32 for each o?'{(beh Qdétg%f)a?g fr%ﬁ?%ﬁéck chip 312. Counting the nunber of
drops el i m ndt2sS Thwingeed for ink sensors, and prevents the ink channels
fromrunning dry. /g 312 after
each page. A new page E{?fijﬁlﬁggﬁl&gﬁ%@{tliﬂ |e‘§f“g‘€ ;é‘gsélg h%egsl\g %HPI nk left,
and al | ows tlgmelmesrone nmmhgﬂtgeeryhbck ﬂlhemﬂéngtlntdeg:elbﬂslzmgamitﬂudmhagﬁl printed
page whi ch nust rinted. The t.counter, for lorl is
Chown 1 Fi gdiieddiz1h e Rty b ¥e3rs Bl PSR RS PG AR

Col or 2Dot Cou212.1 amtkh€ainizn@bendodentl} opérateiatiquatteraedolution 6800 dpi) UFhe othtd. 3. 4

ot “The v ogrebbt SR e PR ALER St Deplalet o/ 2 ot nt Jas wel |

as receive feedbaskveadrease bpleveltimpgomnsisting of A ﬁﬂlfpagé ofA point text caivetsstoar e

contained in_the .M 3 terf e er sRegi ster
NanmeDescri pt Wﬁlm{elygi’?%?ﬁ%g%ghéﬂt@ﬁé% gl'ﬁslao Zﬁ??%(ﬁ ‘@é@ﬁﬁe nts to
write to eachotizoatabbeput refblusor o gigessdnsavedage mnlatpt oitnbom?ol @mseqmemtgn t

bet ween each jr ferlbefor erati t he next Advanc ul s ach
transfer has ﬁo{ﬂrpgg'fl eodlﬁ%’gﬁglﬁeﬁpﬁg% SBf“flg“%éVQﬁi‘t‘f °IfEe number
of segnent gmup)nt;iunlutdserepeplmhthévﬁnca]lhlta;a@muah gdrtieaal resolindon otffl600 dpps t hat
Segnent sPer X |.a ore a si,n been itten to
cach seqrent Wienas s bepkesplce R RORE ot Elrefe ihagp oo R Bl ot ol y
transferall tpbtels(j)altcﬂod(ptﬂludﬂieowrmdis(halvl&&tqi)lﬂ%lt head. Pri nt SpeedWhet her to

print at | ow or pee det 1 nes ,the val ueon the P pEnabl e |i nes
during the pri nt) T8 ‘ﬂgfb %ﬁg‘bge@f‘efuagaﬂﬁwtﬁageygthsgg?@% isthe

perform IV;) g i Tsl@bvlegll_@oﬁtﬁkﬁteﬁﬁh ﬂtle E(B(Jelfemt DI AMinkh@ACIBEN dpeedadf the ERU 088 is -
processor) St nterface's a isterline ni ngThe
number of ?h—?se%?réﬁﬁfafﬁ rji’é ﬂteooufﬁé“ B’l"Flrﬁ‘tE&}Sﬁ@%@ Q?g‘ﬂtfmﬁt’tl) Etﬁg@%t. ng

val ue is Nunkmamsmadnmgmtdscddavm) ta@juSted for S WoisSdesBVerliend)([D0%s) MHiber of sets
of SegnentGrﬁgPs transfersgrér@ %Zr&gﬁef ore the Printhead is considered

| oaded for tBETHIYRRT™SPYE O "800 and counts down to 0. Only valid
whi | e Go=1. Sg@Qd oIBE®Tedder NngThe nunber of segnment groups remaining in the

and count s doun { BRGPERfRendse R Flg ARt B EHE S B el o T o
pl ace on thecémberimbpd. a | i nes during asubsequent f eedback SenseSegSel ect
(maxi . segnentte e e TREueod 196} 1 B0 IR i o foeber

t hesegnment QUPE® dedoBerd96 & set of @Ont&Rd AMYKO@BbEEdek. Non-zero, the 36-bit val ue
witten to the printhead durlngthe LoadDots rocess isall 1 s, sq that all

nozzles will be fMigndrePmpEsingahe ARG drsedsr 198 yiterisoutryt igdhesform 4§ 8 i s used
duri NGLhe P EheRlodhdnEl SAbANRREhARrL] oL it 38 Wy NS gsen 10 t he

printhead comes fromthelLLFU. This is the case during e actual printing
of regul ari mbules clasely envplrd vith theygpdaceThinwould equiess @K@rbuffes esingtead W1, St ops
any |l oading orprinting processes, and |loads all registers with

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

t heFeedbackVal id bit of the Status register, and the remainingaction
depends on the values in the Loadi ngDots andPrintingDots status bits.If
either of the status bits are set, the Feedback bit is clearedand not hing
nore is done.|If both status bits are clear, a pulse is given

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

Thi sstops any existing feedback. Depending on the two |oworderbits witten
to SenseSel ect register, a pulse is given onSenseSegSel ectl,
SenseSegSel ect 2, SenseSegSel ect3, or SenseSegSel ect4 line, with the
ColorlData bits set accordingto the SenseSegnent register. Once the various
sense Ilneshave been tested the values are placed |n the Tsense

o ~ Az o -, - [ 1 Y 1. A~ 1




The MII's Status Register is a 16-bit register with bit interpretations as
follows: Table 39. MIl Status Regi sterNaneBitsDescri ptionLoadi ngDot s1lf

set, the MIl is currently loading dots, with thenunber of dots remaining to
be transferred inTransfersRemaining.lf clear, the Ml is not currently

| oadi ng dotsPrintingDotsllf set, the MIl is currently printing dots.If
clear, the MIl is not currently printing #bts.PrintingAlThis bit is set

whi | e t here 8 parallgizsd FOFO$ RN with bhared busederesatand § Boirbspending DMA shannelsi | e
there is a p%@e on i:heBEE%bl e lineFeedbackValidlThis bit is set while the
f eedback val OVQIRSEBWR Ehse, Rsense, and Wsense are

val i d. Reser ved 3ty ijhinggChr omapod4Thi s hol ds the current chromapod being
firedwhile thePrintingDots status bit is set.PrintingNozzl es4This holds the
current nozzl e beThegyJHEG decoder 196 Has aPoitput ratrDef 358t Rebis CM YK pixelsét The 92

The foll ow ng pseudocode il lLustrates.the.logjc requifed to |load a printhead
for a singl e%ﬂﬁlr’i%&g geﬁg*‘ H\%‘&&‘?‘ﬁb“@&ﬁﬁ‘&?@@& dS?fE?/ofiﬁ‘Fchqdﬁre Li neSync

pul se arrivess 4ThifalftchetCoitpositer t e data for the line has been prepared by
the LLFU 322 and is valid for the first transfer to the printhead 143. Wit

for LineSync For ThehalftenesiRempositongnit (I40U) 180 (Figure 25) combines the fimstiod ofups

I f (SetAll es et all I ta,l{nes it 1 Else Place, 3 |t I nput
on 96 Col or CHARSTMIE scfshe SRR bERTe I el sBnoeibitg Bdk lnrbEl
Send ADVANCEower ghtialfisiét@onfoné kger. 10. 3. 5 Preheat and C eaning Cycles The
Cl eani ng and Preheat, cycles are sinply accaonplished b{{ setting appropriate

registers in the Wgingotio thesHCN 19445 2h expanded 265ppit G YK, oaiomg ayer.@Rd an
register to é&é}ag&r 500 iﬂfd&l@%@x‘?ﬁé Huti)ﬂteﬁ&ﬁﬁﬁe ACU 1% J%@&%"g%%%%ipr to

. d
an appropri at rop ejectron daration for cleaning node ines to
be t he nunbelevefCMiYkesnagedinenzzl es shoul d be fired Set the Go bit and then

A SN R A M S T
until it is explicitly stopped via its control register 284.

The HCU 190 generates a page of dots of a specified width and length. The width
and length must be written to page width and page length registers of the control
registers 284 prior to starting the HCU 190. The page width corresponds to the width of
the printhead. The page length corresponds to the length of the target page.

The HCU 190 generates target page data between specified left and right margins
relative to the page width. The positions of the left and right margins must be written to
left margin and right margin registers of the control registers 284 prior to starting the
HCU 190. The distance from the left margin to the right margin corresponds to the target
page width.

The HCU 190 consumes black and contone data according to specified black and
contone page widths. These page widths must be written to black page width and contone
page width registers of the control registers 284 prior to starting the HCU190 . The HCU
190 clips black and contone data to the target page width. This allows the black and
contone page widths to exceed the target page width without requiring any special end-
of-line logic at the input FIFO level.

The relationships between the page width, the black and contone page widths,

and the margins are illustrated in Figure 26.



correct frequency. 10.4 Line Loader/Format Unit The |ine |oader/format unit
(LLFU) 322 loads the dots for a given print line into | ocal buffer storage
and formats theminto the order required for the Menjet printhead 93 143.
It is responsible for supplying the pre-cal cul ated nozzl eEnable bits to the
Menj et interface 320 for the eventual printing of the page. The printing
uses a doubl e bufferi n? schene for prep‘farl ng and accessing the dotbit

i nformati on. \WhilThe HEAE 190 sceles gonmerdgtaltoadetdrnemlmanmﬂthrmntaﬂﬁmér t he

pre-| oaded [ der.
Once the en elhgb gll* Qaste@ﬁnﬁgﬁe%ﬁ%d? ‘lr:héiﬁg té)lr' ?re *%]9 %}%k?‘ﬁg“ié@%%@@ egtt?g%m t he
print head Ilsé@leyaczortrbgstbiofithd cantrblregistens 282 Priot toatartirpdhelgCHAGOW i ti ng
processes swap buffers. The first buffer is now read and the second buffer
is loaded up with the new line of data. This is repeated throughout the

pri nting PPAAASSL. HASGReH SRpSBRR hRtrb iad GURERaWoh rEBRENT W OT TTQUTE 43.
The si ze each buffer KBytes to cater for the maximumline | gth of
18 i nches |iwegisterol ors Bth( Mﬁﬁnntwh bits =115,200 bits =14, 400 byt S) .

Th iz f —pHoth—Buf-fat {JLI" H-er-e—44—ard—Buf-er—34—332y—+s—2 12
KB§t Zs. eV\h&'rs W 4 his—desilda a' } WM%WM hes,8
it is tri\/;_séth_.g_r_edlmc:irhp b |$!Qﬂﬁhe£ u to target 2 shecific _apnl i on.
Si nce one |#es ¥fdtB30, 334 is pResegvidthafprintedpagsi indotsh Ehigisihg nunbepef ng
witten to__two sets ofl addrekdots whick haxedo bpacnesatetl foreashlipe.pi t s Dat alln 334
fromthe cldefimargiat a bdd4186 hPesitionadéaft nargimihi dogs.on t he Wit eEnabl ey,
whi ch are jigh¢matginl by |3tat e Mecsitionef Sight marginelipiotsse t o t he DVA
Acknow edgjgmge Rengthl t i pljd§or 3PPageengthast peiatedpage, ihdotd. This4s the humbdrpfit § of

Buffer O and Buffer 1, |and seplimestwhich@sedotbelgenétatdd forietich page.4- bi t shiff t

regi ster FackPapewidth Ta41 MUN| PdgeWidB dFbIMETaHEr, inf dos. Umﬂct@@maoﬂ t he

nunber of [segnents writlten tof pelckimnsfer), and whenever an Advance|pul se

conmes fro 320 ghe ¢ R iocdbdct the @R 4t er
340 is gat e‘gid?{lwl%/gége 364 blPt Tr v (g:idtggahes on\éq%g'lﬁmﬂg}ﬁeﬁl %oscar? %‘g%ﬁ"sed by

t he M| e that =t S G Hd—Th
nunber of afxlt\fgl its of 43:3 deb%én Efa&&‘F dfonst%!ﬁ%é" ﬁ_tg;ea’ﬁ} oﬁ%lei\oﬁl t he prilnt head
143, the segrrents, th breakup of segment groups (if more

t han one segnent group). For rmre rnformat1on, see Section 9.2. Asingle

line in an L-inch G color printhead consists of 1600L C color dots. At 1
bi t per col ored T@SPOUSNIQ&I dz}i‘llpﬁ‘?fluqeﬂhﬁﬂ@#@Usl?@“dheR%hﬂéé“ﬁi"f@c The LLFU

322 is cap NEinke col ors,
whi ch equa?ltegz to 108 80%%&?2@9%?%@1& 3%1215) pe% %I ne. eggrﬂlgfts nmust

be suppli edetmthﬂvcmp&ac)sﬂenarath'éF@dhﬂeﬁmsomsneﬁmteumngoﬂémxebmo t he
print head t t he Load
Oyl e dot 'Sl TneBbhedatof th HOU 1IDMEKR: QAR ARG R 10 12
print head lof8 each fBeger aydd; odrp@ah,mersﬂzegwta oild inagentrg evemyeilef, 088 ydliows per
transfer. E%gnhbl%liaﬂé er 1818 2 particul ar segnent of the printhead 143 nust

| oad all col'ors ?fné%‘hSly 10.4.1 Buffers Each of the two buffers 330,
332 i s broken i #mingutsoixohelCVEES FIFO :erxs & 619K B Tihebuffer cThefline &cdsed ub- buf f er
is 3600 byte s _of si col or .do 600 dpi .
The meror y SRR HatdeoS s P s varie i Soatia e fuSpiagtt Fird bt cn | b
each buffe rad&emappmg isldisableduntlf thestske 65the last%sb of iR Ik eAn deehaitios B tol aced
before the odd, dgots_in each color's bu“;ee(%go shown in Figure If there

s any unudE tpHRCom maln BRROBoRtons Feledhitonimen erasipame BB FIEE  The
amount  of @mmlﬁ%ﬂﬂdnhﬁﬁ%ﬂeéﬁo%éﬁﬁkh%9'1@Hﬁe%bffe? the printhead |ength.
If the printhead is i nc there are 1800 bytes of even dots foll owed
by 1800 bytk%"éM'déidrm@ldﬂllhhl‘ no unused space. If the printhead is 12

inches, there arg d é¥&§, and
1200 bytes unuse?n&%he nu %PBE g%@uﬂﬁkﬁgﬁ Sgﬁﬁgﬁ?p§ use ig irectly

rel at ed to hdayeudtier valfime plogides great flvdbifityi in ditheaxaell désign, byuddoeupling t ypical |y
3 or 4, although it is quite feasible for this systemto be used in a 1 or
2 color system (with sone small nenory wastage). In a desktop printing
environment, the nunber of colors would be 4: Col orl =Cyan, Col or 2=Magent a,
Col or 3=Yel | ow, Col or4=Bl ack. The address decoding circuitry is such that in
a given cycle, a single 32-bit access can be nade to all4 sub-buffers -
either a read fromalld4 or a wite to one of the 4. Only one bit of the
32-bits read fromeach color buffer is selected, for a total of 4 output
bits. The process is shown in Figure 46. 15 bits of address allow the
reading of a particular bit by neans of 10-bits of address being used to
select 32 bits, and 5-bits of address choose 1-bit fromthose 32. Since all
color buffers share thls Ioglc a S|ngle 15 bi t address glves a total of 4

o, [T - T T S S T - v o




95 in a given read cycle (one bit fromeach color's buffer). 10.4.2 Address
Ceneration 10.4.2.1 Readi ng Address Ceneration for reading is
straightforward. Each cycle we generate a bit address which is used to
fetch 4 bits representing 1-bit per color for a particular segnent. By
adding 400 to the current bit address, we advance to the next segnent's
equi val ent dot. We add 400 (not 800) sincé3the odd and even dots are

separ at ed i n diffieertyhterdity I¥¢elsl Genbiab dithet YblumeSea b tatFe L6468k 35 Odither
Segnent sPerXfer tines to retrieve the data representing the even dots (the
dot data is tvolums &regampls, hase sigg of3R8KB: The arg alsoringffigieat tarmeedsesince each

ontiTe bt oo bdgRF bomBinet RARILERE dfistal bt ARkt bt (R R ERE et 2.,
time. Thus aliHereixnoured esfidlyalebsupdséhla@r bfitht daharvdhimé. Eadh dectohynr b

printhead in 400 x 2 x Segnment G oups x SegnentsPer Xfer cycles. In addjtion,
we generate t%VOWIE%%PWRI@EW&B‘Il as ¢ fixgd st okthepsholds mither dhan 256 sepatpte biss.

starts beforg; rﬁkethM@ f he
Advance pul se S? om t 7 ﬁfﬁ‘iresggme{@ﬁ OFJQ' éorﬁg%ﬁeléga blyﬁmaléﬁﬁr\g/%%béé in
readi ness f ordefiben+1 idénsigl vnaan/alspwithm whitiethe @bn‘éSpondmg dithextdeH ihedation ishe

first value to the, Transfer ister after Se mentsPer fer c and_ t hen
to stall SegfUffaelnetsst.arges g‘ge Foftene P‘iﬂél"ﬁl“ﬁ eF’Brd“thﬁ%’ ABIR é°§6q5986 23

start the nexje peg f@é&ﬁ?%&ftﬁgde%ﬁh egﬁwm%cggfgsgdﬁgagve B pul se

arrives, the LLFU 3 I's synchroni ze o e LineSync
pul se to start théNﬂéuherIthmanmtdaarusmgea lmplet—tlhmshdiltl 63264>a1x8|-laa(sl12KB) dither

ZSegrrentsPerXf s afte LLFU 322 s hat the_{niti Tr, an fer
vl oe l's val et T BRersprcsbolds formya amenignt 24ag valis BbiohanBr e diom

Transfer r eg'tﬁé di[he?*érﬁl ROWEi &ﬁ%y@feOMeﬂ c':ellsrgl%tioﬂ i Bssufee 'bk%ﬂ olor
pseudocode: DoneFirst = FALCSE For Dot nSegnent0 = CurrAdr =

Dot | nSegnent @lanﬁeﬁlsqnéhasmnmglp!e-ﬁu&shs@g&fmq@bgp@nmdcqmmandcu@égwdﬁh@m»(f er

AOVANCE. Sl 1POLEt gompBonk HR pifteF ok Saliplich fab eolib® therl B pRER deftohn i

Regi ster = Feﬁt@ffolﬁ-sbbdsﬁlsaﬁ@mo@armmagg&itery  dddfesdible KDMﬁﬁsm whigh foddr + 400
If (V1) Dot Count = SegnentsPerXfer -1 XfersRenmai ni ng = XfersRemaining - 1

El se Dot Countdifferegsitiplgrihresholdnalues eancberretigyqd m(maélle inansicelagdeng D ( NOT
Stal ') EndFor dJﬂéé‘sflﬁgsé?:ﬂLmE gﬁ&%ﬁ BéloWeT'f‘S’&rcg i; %’ r%}éih' e dlﬁér%eﬂﬁf"” S
er o trans

when the nunb egnents per e evenly 1nto the
act ual nunberveﬂi‘cab&@‘mhbﬁmmaltdf&eprod‘ﬂnIdetadronﬁeachmﬂqu e of this is the 8.5

i nch printhead, ch has 17 s Transferring se each time
means that only 8 hF °‘ﬂ5§§h° §VWSIqu{§ qsgﬂld ‘%gﬁé‘f‘ ap density o
timng requi hamelins af Mtbrval zﬂid*"thé’xﬁﬂrﬁl’d% oY 2rbBit! Ph@ﬁuﬂ@ﬂﬁés?xbﬁﬁhg(ﬁlfe%ré hough

it is not used). The actual address Is therefore a don't care state since
the data is bewnincbableRid dheteorrespondingdogic isisbown in Figare28.r ReadBuf f er val ue
must be toggled by the processor. 10.4.2.2 Witing The wite process is

al so straightforward. 4 DVA request lines are output to the

Table 22, Triple-thresholding rules

interval output

VLT 0
Ti1<V<T, 1
To<V<T; 0

Ty<V 1




97 DMA controller 200. As requests are satisfied by the return DVA

Acknow edge lines, the appropriate 8-bit destination address is selected
(the lower 5 bits of the 1 S-bit output address are don't care val ues) and
t he acknow edge signal is passed to the correct buffer's WiteEnable
control line (the Current Wite Buffer is -~CurrentReadBuffer). The 10-bit
destination address is selected fromthe54 current addresses, one address
per color. AQADKongspsitets are satisfied the appropriate destination
address is increnented,, and the g&rer es‘ﬁondi ng TransfersRemai ning counter is

decrement ed. The Apsgmnnasife pait 24 gbtheHGH 190 sempoitesa blask fayshdet o¥Fr & r ansfer s

remai ni ng f ! | j Pile! :rat es
the Wite p?l(r‘)ﬂ(geoggé C%\tlr@é%eiggf)%%?%%%w{%{%@c%t%%&ggg‘%g%m nleggi ? iﬁ are
non-zer o) DiyétRegeest [ 1-4] = Col or Xf ersRemai ning[1-4) NOT = O If

DMAAKNnow edge[ N] QurrW it eBuffer: Current Ads [ Fetc %é-bits,f om dat a
bus Current Adr [ hﬂGl@%‘?‘:"gﬁ\aﬁg?‘Fﬂﬂcom EeldoY %PI\%P_SIF@H@P& gigpacity f(b’t e

Col or Xf er s RegBIHBERALNE is asldefink® I dif EndWile 10.4.3 Registers The
follow ng i n?@??a{%e %(}:ﬁ 2}ssélderlsl‘:a?{eT&c)[%)%;2_:501'1 ned in the LLFU 322: 98 Tabl e 44.
Li ne Load/ Format Unit Regi stersRegi ster NaneDescri pti onSegnent sPer Xf er The
nunmber of SWT\%& dots—rust—he—toadedbeftere—eagh transfer. This has
a maxi mum v mPAsHE 8 oupsTHe number of segnert groups in the
print head. [This ha Tmamber [of 4. ReadByf f er The current

buf fer being read ?‘r’%ﬁ en BufferqQ is bgpﬁlg&@gd, Buffferl is witten to
and vice Vﬁrsa. Shoul d & toggl ed w tlh eachCAevKpceLi ng pul se from

theMll . GCoBilts—O-and-1 control the stlarting of the read and witeprocesses
respectivelly. A non-zerdMwite to t he appra\dn\aKe bit qtarts the

pr ocess. St gpBrts—O—ant}—controt—tha—stopprg—oat—the—read and
Wr it eprocegses respectisc ly. A non-zdro vwr?'ex't" bthe afgpropriate bit stops
the procesq StarT ThI s pead-onty stafus bit Kggrigs fTomjthe LLFU s Stallfl ag.
The Stall Bit is valid when the witle Go bif i% set.A|Stall value of 1
means that the LLFU is waiting for theADVANCE pulse fromthe Ml to
continue. The processorcan safely start the LSGJ for the first |ine once
the Stall bi {7343 4deckBnablxGaneratesi ni ng[ 1- 4] The nunber of 32-bit transfers
remaining to be rg j (A I : I1ing a
Print When contro ?%‘%&{aa%%eﬁ‘tg&?ﬁg 9'8?)8(?%£%§N%8%§%§r§%§g}#agyiegs&%%?tS t he
LLFU 322 i n ciezhihgnhsleontanedllYe pixiebinptity thefbilackidot inpat, ahd tHeeCMAFedatoutput.

transferred to the puffer,. en the interrypts, agrive fromthe,,
controll er 200, [Lﬁégw@eé&fx&nmc@ww@m%Eﬁ&%&ﬂ%@@%ﬁm h%vé{ffeand
program t he J\i L r320. EabR%inR OB DPe z%%th&{"@d%d SbAbhS sdadlEubloF Ymdd 2 TRD write

read/ wite node and starts the M The processor "181 should then wait
a 99 suffiadidrest wrappingds disatledrentilahestam pEthe final replieatedounerof thedinepati whieh
controllers hav sp started theld. LLFUs and I it there,are ne other
connect ed. pAftny e BoEReRHY bFraigiade septales 3 ondne fnt pndiE L Tole st al
bit of the I4Hith ehdBles Svragping.a durati on of 2 SegnentsPer Xfer cycles). The
processor 181 can_then programthe LGSU 316, 318 to start th _synég‘rgoni zed
print. As interrJEFQO&kPP%tgeg?l!ﬁWPh%g &E@ﬁiaﬁeé|anéw@1%smlwm§15ﬁlé sor 181
can repf°9r%ei'eétgge%oelaa&ealo?,ougmaomws iy faSh o B gnad Ihicti dsddigt art the
LLFU 322 in'read/write node. Oncé the LLFU 332 ha§ ef%ectlvely filled its
pi pel i ne, i tgengrate vétitgldotsumiaén the herrendxipt pasitionde inptht deft 61 mght mpzgin®df t1820. The
MIlI 320 does not have to be touched during the print. If for some reason
the processd?%81 wants to make any changes to the MJI 320 or LLFU 322

registers during e clodk @hablé BencPRtbt D96 uses & B 6F Bodiery., Fhe ifdndl n@gfi@ufrth@nt
| ine has finished printing/loadin bly pol i ng the status bits of the M
 logre

320 and t he comtpistisdefined e Table@43 ak eppblrrizmalsis Jefietin daklect i on
descri bes g?geric aspects of any host-based printer driver for CePrint 10.
11.1 Graphi 5" and | magi ng Model We assune that the printer driver is
closely coupled with the host graphics system so that the printer driver
can provi de device-specific handling for different graphics and i maging
operations, in particular conpositing operations and text operations. W
assune that the host provides support for color managenent, so that

devi cei ndependent col or can be converted to CePrint-specific CMYK color in
a standard way, based on a user-selected CePrint-specific ICC
(I'nternational Color Consortium color profile. The color profile is
normal ly selected inplicitly by the user when the user specifies the output
mediumin the printer (i.e. plain paper, coated paper, transparency, etc.).
The page description sent to the printer 10 al ways contai ns device-specific
CWYK col or.
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contone | ayer is subsequently JPEG conpressed and deconpressed. The
structure and size of the page buffer is illustrated in Figure 47. 11.3
Composi ting Model For the purposes of discussing the page buffer

conposi ting nodel, we define the follow n variables. .ABLE 41 Conpositing
vari abl esvari abl edescrl ptionresol utionfor mat nmedi um to high resol ution
scal e factor--CBgMWackground contone | ayersbcol or nedi unB-bit col or
conponent CobMtdnt @rinthegdhitefa¢eor medi unB-bit col or conponent aOaMcont one

?E’incz 085_3‘;; :y%e”ﬁ?kf?ﬁm |0 RRER B Mo pantiend i?faéaés%%b%dﬁmil%ﬁ*iegit
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the correspongienginfrhd 1r@érf§c9‘T9ﬁTFs‘jd étmtda?mem etq;@m'a{ea& kntd 8R! asl Resérfre@@rput ed
fromthe highresolution bla | ayer (Ru )J When a contone obj ect of

col or CobM a@cmtﬁ,pynf@iwdwsh@mﬁoﬂgwn@bmﬁmgpmm one | ayer, the
cont one Iayer and Iack | ayer are updated as follows: CBgM x~ Y] E-
CBgM x~ Y] (1% 4 obM x, y] >0 (Rule 3) OFgMXx, Y] E-- O if
~OBM x, VY] >O(RL§ éﬁtpé:gﬂ[xagy] E- Oif ooMx / n, y |l n] >0 (Rule 5)
CagM x- ¥ E° CBOM A= ST T " GoM x~ v]) + CobMx. Y] ~CbMx= ¥] (Rule 6)
Wher ever the ocont (&egmempiempsemcures t he bl ack Iayer even if not fuIIy
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obliterated 3.1 heTimdiggr ound contone pixel (Rule 6). 103 11.4 Page

Conpr essi on and Del i verY . . .
CePrint 10 prints an 8.3 x 11.7” page in 2 seconds. The printhead 143 must

therefore print 18,720 lines (11.7” x 1600 dpi) in 2 seconds, which yields a line time of
about 107ps. Within the printhead interface 192, a single Print Cycle and a single Load
Cycle must both complete within this time. In addition, the paper 144 must advance by
about 16um in the same time.

In high-speed print mode the Memijet printhead 143 can print an entire line in
100ps. Since all segments fire at the same time 544 nozzles are fired simultaneously with
each firing pulse. This leaves 7us for other tasks between each line.

The 1600 SRClock pulses (800 each of SRClockl and SRClock2) to the
printhead 143 (SRClock! has 36 bits of valid data, and SRClock2 has 32 bits of valid
data) must also take place within the 107ps line time. Restricting the timing to 100ps, the
length of an SRClock pulse cannot exceed 100ps/1600 = 62.5ns. The printhead 143 must
therefore be clocked at 16MHz.

The printhead interface 192 has a nominal pixel rate of 124M 4-bit CMYK
pixels/s. However, because it is only active for 100us out of every 107ps, it must be

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



Once page rendering is conplete, the printer driver converts the contone

| ayer to CePrint-specific CWK with the hel p of col or nmanagenent functions
provi ded by the graphics system The printer driver then conpresses and
packages the bl ack |layer and the contone |layer into a CePrint page
description as described in Section 6.2. This page description is delivered
to the printer 10 via the standard spool ers7 Note that the black |ayer is
mani pul at ed 1@ 1%%&’&{&11)“}1“%& Sli%gaci ty values, but is delivered to the
printer 10 as a Iéet of "1-bit black values. Although these two

interpretati dwb alrodisidramehMemolgy share the same representation, and so
no data conv ‘ét is required. The forward di screte cosine transform (DCT)
is the costli B’JP‘Eesﬁﬂ" JPEG conpression. In current high-quality software
i mpl enent at i ons, tﬁh%g e 1i8 Diuhs e &%ﬁjal O%ra% Qrﬁi&hrs?z%kdxﬁiesll?e btRéeger

mul tiplications and 32 integer additions. typi cal " nodern general - pur pose
processors, dwndtionalgmits duding page ceception, rexpansiansand printing. dtalsanus the deviceger
addition requj.re cles e t es ato cost bIo of 184
yel s The SevaRgor B Fryiis chimm SUHEEE o Bpasi eSS aedti el ety an
overal | forwgnterfh¥e]l cost of about 80Mycles. At 150MHz this equates to
about 0.5 seconds, which is 25% of the 2 second rendering tinme all owed per

page. A CE-ori ent dumpstheeslovt inteapphlaiencndp psemgoetiicientDM4 slianagement, fhat
presence of gj EG conpression time
negl i gi bl e. %Mﬁ é@%m&ﬂ?&ft‘g%? éﬁ%’% eﬂr}&gger?&}ﬁ‘aﬁgr otocol supports the
transm ssi on7of,2tr])1v[pa©mti-aldrhe printer 10 as a series of bands. If the
graphi cs system al so por ts b ed output, then this, allqws. the i nter
driver to reduce |T;‘§EFSP2 %gém@s ll‘?'é‘ﬂhéﬁsrtﬁas F‘ﬁém@?é'é‘émlﬁlrg SBand at
a time. Not e’TaBRVRz F@%}s Je&ﬁgﬁlhpag Bto o8t 1181 %ﬁt&ﬁ&ep@orﬁﬂﬁzﬁon

expensi ve than ren at once, since objects which span
mul ti pl e bands have to be handl ed mnul ti pI e times. Al though banded rendering

can be usedpt e gefents—a—the—prnter—griver, buffers
for two band %F%YQP?W% ﬁrlr‘b%ge One buffer is required flor the band 104

bei ng transrntteﬁ"; ohABuRE T NT ut ChaRnEe  PUT T Qh¢ required for the
band being fe J’Qi Aglg'i‘n I uf r_may_surfice |Pﬁ e _cdnnection between
t he host pr(cessor charchesr i nt er is sufficiently fast. The Rand bei ng
transm tt ed He—the—pti-rter al-so—bestoredlon—di-sk—ifla disk drive is

present in the sy@?sgfﬂterg‘fﬁ onI y] | oaded™ i nto mgnory Bl ock- Hybl ock duri ng
transm ssi o LZ N, WF NT/[CEPRINTER DRIFVER 127 T Wngows 9x/ NT/ CE
Printing sy<tem|tent e f%% Ox/ NT/ printing svstem d printer is a
gr aphi cs de! i ce, EBRA. exparidepl i cat i on cohmuni cajes with it Via the graphics
device inte } ynam ¢ |ink

library) inplene £G dg Vi ce- dependeht aspe¢ts of 8t he vdrious gr aphi cs
functions provioE Oy ﬂﬂomtdf”e Spoot ery Tandies—the getiverly of pages to the
printer, and_may Fes| da 1on diffferent maching to the appl|i cation

requesting pri ntSpagcerirttelmm verls pageslto thel|lprinter viala port nonitor
whi ch handl ¢ ction—+to-the printer—Thejopti onal | anguage
monitor is fhe Bﬁ?ﬁe‘%ﬂ*lnﬁeﬁ@%rr Qt er drider whih i nposes addi tional protocol
on comuni catTom Wt the printer, anggi mpar{rcu 2 ) decoges status
responses fromthe printer on hehalf of the spooler.” The grinter driver
user interface DLL inplenents the user i nterf«Ece f 29 edi tijng
printer-specific properties and reporting pri ber—speecifi-8 events. The
structure of the Wndows 9x/NT/CE printing systemis illustrated in Figure
48. The prin drg age nonitor and user interface DLL nust

i npl enent th‘eﬂl’:” Prﬁglﬁ] ?h@g“rel evant aspects of the printer control

protocol descri bed& progfaacROM 288 hdldethedD@EP b8 comiol prugsans exhichds laded irithes

t he design of the r drrver aphics DLL. It should be read in

conj uncti on mnhnre ﬁg?:%‘amga&‘/%‘e %99bws 9x/ NT/ CE DDK documentation. 12. 2
W ndows 9xI| NT/ CE Graphics Device Interface (GDI) GDI provides functions

whi ch all ow an application to draw on a device surface, i.e. typically an
abstraction of a display screen or a printed page. For a raster device, the
device surface is conceptually a color bitmap. The application can draw on
the surface in a deviceindependent way, i.e. independently of the

resol ution and col or characteristics of 105 the device. The application
has random access to the entire device surface. This neans that if a
menory-limted printer device requires banded output, then G nust buffer
the entire page's GDI comrands and replay them w ndowed into each band in
turn. Although this provides the application with great flexibility, it can
adversely affect perfornmance.

>




GDl supports col or managenent, whereby devi ce-i ndependent col ors provided
by the application are transparently translated into devi ce-dependent
colors according to a standard 1 CC (International Color Consortiun) color
profile of the device. A printer driver can activate a different col or
profil e depending, for exanple, on the user's selection of paper type on
the driver-nmanaged printer property sheet38 GDI supports |ine and spline

outline graph4.4s Bpablisinterfa®ges, and text. Qutline graphics, including
outline font glyphs, can he stroked and filled w th, bi t-maptggd brush

patterns. G aphi cEhediambusapietfacealPBovidesithe highaspegd intesfase torthe extermal SMB
conposi ted w Raff RS jce surface. Wile Wndows 95/ NT4
provi des onwh@gweanggéﬁpom ?’{"r?%‘m% rators, Wndows 98/ NTS provi des proper
al pha- bl endingy. 1BxterkNilnteefacty i ver G aphics DLL A raster printer can, in
theory, utilize standard printer driver conponents under W ndows 9x/ NT/ CE,
and this can’-ddkdHestdntesfacef devel oping a printer driver trivial. This
relies on being . L . i k 10

pr obl em wi th ¢ hi S aFEREL 190U B SoRieclif b BF 1 DRy i EPecd ot
resol uti on. afikast EEMBZs (or SiviBB/s fiorths doublé-sided oérsion@f CePrintyener at es t oo nuch

out put data, npL om Si performance. As described earlier, CePrint's
approach is -{'ggreéﬂfg}‘%ﬂgﬁ'ffa?"ext and i mages at different resolutions, to

optim ze the repr i R i i i ISMA.-
i npl enent ed accor@?ﬁ%ktblgm% gcgene Fﬂ%ﬂ}ggg{%ﬂﬁﬁ%@%%ﬁxﬁﬁ@ﬁ(?%ﬁﬁ?%ﬁr 11. The
driver t her ehediatedtransfers of seundwlip$ fromrmainmeemoryrli82 pangfebit digitel-toaanaligscr i bed

in Section 11.2 .a [ ans that th r.jnter driver t take over
mnagi ng ¢ heoend DAY pRe R obnets carf sEbi Bimile vk 4 ke Bdnar o ars
GDl access tnplifier 408 WhichSoédsat Rxtetrhl Spehkd&ESUBIFigiré 1. Wch @i BEO 3026is A
graphics driver nust support a nunber of standard functions, including the
fol | owing: emmhitowpus azerogaligdar d graphics driver interface
functionsfunctio LNtk j idd L nLidnto the
driver graphics W&%@B?Iﬁ% gp g?s(ggkgp%g ﬂfég%@%@?&g%é@%ﬁ&%t he

dri ver. Dr vEnabl ePike\foeasard 84 ohtpytscaedound plip tethe apéaker 308 simplyybyi cal devi ce
with which the driver c ssocigte a drawi n

surf ace. Drv@ﬁ%@%%%%@%@%?&%@ﬁﬁ@cﬁﬁg% on, associated with a
gi ven PDEV. £¢3EnglhlaB0GYerdesidi cates to G, via the fl Graphi csCaps nenber
of the returned DEVINFO structure, the graphics rendering capabilities of
the driver. This Agpadileldotesface 309 providepEOom a Mimytten o parsllel feateenal signaldines.
devi ce surf consi sting of.two conceptual . lagyers .and.thrge,parts: the 267
ppi cont one 1 Ay&Y® @3%‘?‘?%3&%8%& sPse it n‘i@#’ﬁava‘Bﬁsalg%gll‘és@ﬁeg? bit opacity,
and the 800 dpi black layer 1-bit opacity. The virtual device surface which
encapsul ates these two | ayers has a nominal resolution of 267 ppi, so this
is the resolution at which GDI operations take place. Al though the
aggregat e page buffer requires about 34MB of nenory, the size of the page
buffer can be reduced arbitrarily by rendering the page one band at a tine,
as described in Section 12.3.4. A printer-specific graphics driver nust

al so support the follow ng functions: Table 43. Required printer driver
functionsfunctiondescriptionDrvStartDocPerforns any start-of docunent

handl i ngDr vSt art PageHandl es the start of a new page. DrvSendPageSends t he
current page to the printer via the spool er. DrvEndDocPerfornms any end- of
docunent handling. DrvStartDoc sends the start document conmand to the
printer, and DrvEndDoc sends the end docunent command.



107 DrvStartPage sends the start page command with the page header to the

printer.
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A serial interface 310 provides two standard low-speed serial ports.

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

QA chip 312 in the ink cartridge. The processor-mediated protocol between the two is

used to authenticate the ink cartridge. The processor 181 can then retrieve ink

characteristics from the QA chip 312, as well as the remaining volume of each ink. The

processor 181 uses the ink characteristics to properly configure the Memjet printhead

143. It uses the remaining ink volumes, updated on a page-by-page basis with ink

consumption information accumulated by the printhead interface 192, to ensure that it

never allows the printhead 143 to be damaged by running dry.

7.5.4.1 Ink Cartridge QA Chip

The QA chip 312 in the ink cartridge 32 contains information required for

maintaining the best possible print quality, and is implemented using an authentication

chip. The 256 bits of data in the authentication chip are allocated as follows:
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band. Dr vNext BandSends the current band to the printer and returns the
origin of the next band, if any. Like DrvSendPage, DrvNextBand converts the
contone |layer from RG to CWMYK usi ng CGDI -provi ded col or nmanagenent
functions, conpresses both the contone and bl ack | ayers, and sends the
conpressed page band to the printer (in a page band command). It uses
EngWitePrinter to send the band data to tlhe printer via the spooler. 111
CLAIMS 1. A dig6t ITAT Iaderage System for printing on both surfaces of a
sheet of print nedia, the'Frinting systemincluding: a first print engine;
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rollers intogcont b &0 b t@ted surfaces of the print nmedia. 2.
The system assccl a%%?%*@?%Pm¢ch the second print engine is

pi votal | y nount ed The dbublesjiedtvetsion sfCePrins tontdingwetughplete ptihtengarend pri nt
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as claimed in claim1 in which each print engine includes a page w dth

print head, wi32hhandling thgserdinterfgre.apd pentrailing the papetitragspare d§e frontside er

print head.

UI)EI&‘, printing unit 140 acts as a slave unit. It obtains pages from the host processor via
the master unit, and is synchronized by the master unit during printing.

Both printer controllers 178 consist of a CePrint central processor (CCP) 180 and
a local 8MB RDRAM 182. The external interfaces of the master unit are used in the
same way as in the single-sided version of CePrint, but only the memory interface 198
and the printhead interface 192 of the slave unit are used. An external master/slave pin
on the CCP 180 selects the mode of operation.

This dual printer controller configuration is illustrated in Figure 30.

8.1 Page Delivery and Distribution

The master CCP 180M (Figure 30) presents a unified view of the printer 10 to the
host processor. It hides the presence of the slave CCP 180S.

Pages are transmitted from the host processor to the printer 10 in page order. The
first page of a document is always a front side page, and front side and back side pages
are always interleaved. Thus odd-numbered pages are front side pages, and even-
numbered pages are back side pages. To print in single-sided mode on either the front
side or back side of the paper, the host must send appropriate blank pages to the printer
10. The printer 10 expects a page description for every page.

When the master CCP 180M receives a page command from the host processor
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pages, the printhead interfaces 192 of both CCPs are synchronized to a common line
synchronization signal. The synchronization signal is generated by the master CCP
180M.

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

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

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

9 MEMJET PRINTHEAD

The Memjet printhead 143 is a drop-on-demand 1600 dpi inkjet printer that
produces bi-level dots in up to 4 colors to produce a printed page of a particular width.
Since the printhead prints dots at 1600 dpi, each dot is apprbximately 22.5mm in

diameter, and spaced 15.875mm apart. Because the printing is bi-level, the inpdt image
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than those printed by the magenta, yellow or black nozzles. The printing algorithm must

allow for a variable distance up to about 8 dot-widths between colors. Figure 34
illustrates a single chromapod for a CMYK printing application.
9.1.1.3 Five Chromapods Make a Podgroup

Five chromapods are organized into a single podgroup. A podgroup therefore
contains 50 nozzles for each color. The arrangement is shown in Figure 35, with
chromapods numbered 0-4 and using a CMYK chromapod as the example. Note that the
distance between adjacent chromapods is exaggerated for clarity.
9.1.1.4 Two Podgroups Make a Phasegroup

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

During low-speed printing, only one of the two PodgroupEnable lines is set in a
given firing pulse, so only one podgroup of the two fires nozzles. During high-speed
printing, both PodgroupEnable lines are set, so both podgroups fire nozzles.
Consequently a low-speed print takes twice as long as a high-speed print, since the high-
speed print fires twice as many nozzles at once.

Figure 36 illustrates the composition of a phasegroup. The distance between
adjacent podgroups is exaggerated for clarity.
9.1.1.5 Two Phasegroups Make a Firegroup

Two phasegroups (PhasegroupA. and PhasegroupB) are organized into a single
firegroup, with 4 firegroups in each segment. Firegroups are so named because they all
fire the same nozzles simultaneously. Two enable lines, AEnable and BEnable, allow the
firing of PhasegroupA nozzles and PhasegroupB nozzles independently as different
firing phases. The arrangement is shown in Figure 37. The distance between adjacent
groupings is exaggerated for clarity.
9.1.1.6 Nozzle Grouping Summary

Table 29 is a summary of the nozzle groupings in a segment assuming a CMYK

chromapod.
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Podgroup Chromapods per podgroup 5:1 50C
Phasegroup Podgroups per phasegroup 2:1 100C
Firegroup Phasegroups per firegroup 2:1 200C
Segment Firegroups per segment 4:1 800C

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

total number of nozzles.

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

e With a 3 color segment, such as CMY, the number of nozzles per segment is 2,400.
¢ In a monochrome environment, the number of nozzles per segment is 800.
9.1.2 Load and Print Cycles

A single segment contains a total of 800C nozzles, where C is the number of
colors in the segment. A Print Cycle involves the firing of up to all of these nozzles,
dependent on the information to be printed. A Load Cycle involves the loading up of the
segment with the information to be printed during the subsequent Print Cycle.

Each nozzle has an associated NozzleEnable bit that determines whether or not
the nozzle will fire during the Print Cycle. The NozzleEnable bits (one per nozzle) are
loaded via a set of shift registers.

Logically there are C shift registers per segment (one per color), each 800 deep.
As bits are shifted into the shift register for a given color they are directed to the lower
and upper nozzles on alternate pulses. Internally, each 800-deep shift register is
comprised of two 400-deep shift registers: one for the upper nozzles, and one for the
lower nozzles. Alternate bits are shifted into the alternate internal registers. As far as the

external interface is concerned however, there is a single 800 deep shift register.

% & ()
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9.1.2.1 Load Cycle

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

Each segment has C inputs directly related to the C shift registers (where C is the
number of colors in the segment). These inputs are named ColorNData, where N is 1 to
C (for example, a 4 color segment would have 4 inputs labeled Color1Data, Color2Data,
Color3Data and Color4Data). A single pulse on the SRClock line transfers C bits into
the appropriate shift registers. Alternate pulses transfer bits to the lower and upper
nozzles respectively. A total of 800 pulses are required for the complete transfer of data.
Once all 800C bits have been transferred, a single pulse on the PTransfer line causes the
parallel transfer of data from the shift registers to the appropriate NozzleEnable bits.

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

It is important to note that the odd and even dot outputs, although printed during
the same Print Cycle, do not appear on the same physical output line. The physical
separation of odd and even nozzles within the printhead, as well as separation between
nozzles of different colors ensures that they will produce dots on different lines of the
page. This relative difference must be accounted for when loading the data into the
printhead 143. The actual difference in lines depends on the characteristics of the inkjet
mechanism used in the printhead 143. The differences can be defined by variables D; and
D, where D; is the distance between nozzles of different colors, and D; is the distance
between nozzles of the same color. Table 30 shows the dots transferred to a C color

segment on the first 4 pulses.
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would consume too much power and be problematic in terms of ink refill and nozzle
interference. This problem is made more apparent when we consider that a Memjet
printhead is composed of multiple 1/2 inch segments, each with 800 nozzles.
Consequently two firing modes are defined: a low-speed printing mode and a high-speed
printing mode:
o In the low-speed print mode, there are 200 phases, with each phase firing 4C
nozzles (C per firegroup, where C is the number of colors).
° In the high-speed print mode, there are 100 phases, with each phase firing 8C
nozzles, (2C per firegroup, where C is the number of colors).
The nozzles to be fired in a given firing pulse are determined by
. 3 bits ChromapodSelect (select 1 of 5 chromapods from a firegroup)
° 4 bits NozzleSelect (select 1 of 10 nozzles from a pod)
o 2 bits of PodgroupEnable lines (select 0, 1, or 2 podgroups to fire)
When one of the PodgroupEnable lines is set, only the specified Podgroup’s 4
nozzles will fire as determined by ChromapodSelect and NozzleSelect. When both of the
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For the high-speed printing mode, the firing order is:
. ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 2, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 3, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 4, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
o ChromapodSelect 0, NozzleSelect 1, PodgroupEnable 11 (Phases A and B)

o ChromapodSelect 3, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)
. ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)

For the low-speed printing mode, the firing order is similar. For each phase of the
high speed mode where PodgroupEnable was 11, two phases of PodgroupEnable = 01

and 10 are substituted as follows:
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again, totalling 10 x 2ps cycles. Consequently each pod is fired once per 20us.
o In the high-speed printing mode, the podgroups are fired together. Thus the 5
chromapods within a single podgroups must all fire before the first chromapod
fires again, totalling 5 x 2us cycles. Consequently each pod is fired once per 10
ps.
As the ink channel is 300mm long and the velocity of sound in the ink is around
1500m/s, the resonant frequency of the ink channel is 2.5MHz. Thus the low-speed mode

allows 50 resonant cycles for the acoustic pulse to dampen, and the high-speed mode
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9.1.3 Feedback from a Segment
A segment produces several lines of feedback. The feedback lines are used to

adjust the timing of the firing pulses. Since multiple segments are collected together into

a printhead, it is effective to share the feedback lines as a tri-state bus, with only one of

the segments placing the feedback information on the feedback lines.

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

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

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

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

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

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

To ensure that the first section of a printed image, such as a photograph, has a consistent

dot size, the equilibrium temperature must be met before printing any dots. This is

accomplished via a preheat cycle.

The Preheat cycle involves a single Load Cycle to all nozzles of a segment with
Is (i.e. setting all nozzles to fire), and a number of short firing pulses to each nozzle. The
duration of the pulse must be insufficient to fire the drops, but enough to heat up the ink.

Altogether about 200 pulses for each nozzle are required, cycling through in the same
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that the printer has been idle. As with preheat, the cleaning cycle has no effect on printer
performance.
9.1.6 Printhead Interface Summary

Each segment has the following connections to the bond pads:
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Name Lines Description

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

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

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

AEnable 1 Firing pulse for podgroup A

BEnable 1 Firing pulse for podgroup B

ColorNData C Input to shift registers (1 bit for each of C colors in the
segment)

SRClock 1 A pulse on SRClock (ShiftRegisterClock) loads C bits
from ColorData into the C shift registers.

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

SenseSegSelect 1 A pulse on SenseSegSelect ANDed with data on
Color1Data selects the sense lines for this segment.

Tsense 1 Temperature sense

Vsense 1 Voltage sense

Rsense 1 Resistivity sense

Wsense 1 Width sense

Logic GND 1 Logic ground

Logic PWR 1 Logic power

V- 21 Actuator Ground

V+ 21 Actuator Power

TOTAL 62+C (if C is 4, Total = 66)

9.2 Making Memjet Printheads out of Segments

A Memjet printhead is composed of a number of identical 1/2 inch printhead
segments. These 1/2 inch segments are manufactured together or placed together after
manufacture to produce a printhead of the desired length. Each 1/2 inch segments prints
800 1600 dpi bi-level dots in up to 4 colors over a different part of the page to produce
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represented by a combination of colored inks.

Q

A 4-inch printhead, for example, consists of 8 segments, typically manufactured
as a monolithic printhead. In a typical 4-color printing application (cyan, magenta,
yellow, black), each of the segments prints bi-level cyan, magenta, yellow and black dots
over a different part of the page to produce the final image.

An 8-inch printhead can be constructed from two 4-inch printheads or from a
single 8-inch printhead consisting of 16 segments. Regardless of the construction
mechanism, the effective printhead is still 8 inches in length.

A 2-inch printhead has a similar arrangement, but only uses 4 segments.
Likewise, a full-bleed A4/Letter printer uses 17 segments for an effective 8.5 inch
printing area.

Since the total number of nozzles in a segment is 800C (see Table 29), the total
number of nozzles in a given printhead with S segments is 800CS. Thus segment N is
responsible for printing dots 800N to 800N+799.

A number of considerations must be made when wiring up a printhead. As the
width of the printhead increases, the number of segments increases, and the number of
connections also increases. Each segment has its own ColorData connections (C of
them), as well as SRClock and other connections for loading and printing.

9.2.1 Loading Considerations

When the number of segments S is small it is reasonable to load all the segments
simultaneously by using a common SRClock line and placing C bits of data on each of
the ColorData inputs for the segments. In a 4-inch printer, S=8, and therefore the total
number of bits to transfer to the printhead in a single SRClock pulse is 32. However for
an 8-inch printer, S=16, and it is unlikely to be reasonable to have 64 data lines running
from the print data generator to the printhead.

Instead, it is convenient to group a number of segments together for loading
purposes. Each group of segments is small enough to be loaded simultaneously, and
share an SRClock. For example, an 8-inch printhead can have 2 segment groups, each
segment group containing 8 segments. 32 ColorData lines can be shared for both groups,
with 2 SRClock lines, one per segment group.

When the number of segment groups is not easily divisible, it is still convenient to
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Since L segments in each segment group are loaded with a single SRClock pulse,

J

any printing process must produce the data in the correct sequence for the printhead. As
an example, when G=2 and L=4, the first SRClock1 pulse will transfer the ColorData
bits for the next Print Cycle's dot 0, 800, 1600, and 2400. The first SRClock2 pulse will
transfer the ColorData bits for the next Print Cycle’s dot 3200, 4000, 4800, and 5600.
The second SRClock1 pulse will transfer the ColorData bits for the next Print Cycle’s
dot 1, 801, 1601, and 2401. The second SRClock2 pulse will transfer the ColorData bits
for the next Print Cycle's dot 3201, 4001, 4801 and 5601.

After 800G SRClock pulses (800 to each of SRClockl and SRClock?2), the entire
line has been loaded into the printhead, and the common PTransfer pulse can be given.

It is important to note that the odd and even color outputs, although printed
during the same Print Cycle, do not appear on the same physical output line. The
physical separation of odd and even nozzles within the printhead, as well as separation
between nozzles of different colors ensures that they will produce dots on different lines
of the page. This relative difference must be accounted for when loading the data into the
printhead. The actual difference in lines depends on the characteristics of the inkjet
mechanism used in the printhead. The differences can be defined by variables D; and D,
where D; is the distance between nozzles of different colors, and D, is the distance

between nozzles of the same color. Considering only a single segmeni group, Table 32
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speed printing mode and 8CS nozzles are fired in the high-speed printing mode. Since all

segments print simultaneously, the printing logic is the same as defined in Section
9.1.2.2.
The timing for the two printing modes is therefore:
) 200 ps to print a line at low speed (comprised of 100 2ps cycles)
. 100 ps to print a line at high speed (comprised of 50 2us cycles)



6 & /023MMLO517 109@# ?& ()-EE17 10%# ?& ()-E17 10%# ?& ()-E5WD 6 17
109®# ?& ()-E17 10%# ?& ()- E389BKLRMLO517 10%@# ?& ()-EESWD 6 17 109%@#
28& ()-E17 10%@# ?2& ()-E17 109%®# ?& ()-E17 10%# ?& ()- ERX ackm 2?0517 10%7
109@# 2& ()-EL17 109%# ?2& ()-EL17 10%# ?2& ()-EL17 10%# ?2& ()-E17 109%®#

2& ()-E17 109®@# ?& ()-Emotuvw V: 0517 17 10%@# ?& ()-E17 10%®# ?& ()-E17
109R# ?& ()-E17 10%# ?& ()-E17 109@# ?2& (- E5WD 6 wnB0517 109@#

?2& ()-E(17 16P8% TaeldbadK Cdnsi@Bitions () - E(SWD 6 17 109%# ?& ()-EL7 109%#
2& ()-ER60517 10%@# ?& ()-E5WD 6 17 109®# ?& ()-E17 10%# ?& .()-E17_109%@#
2& ()-E17 109%# 28 segnmstprdncessoyarallies pf fesdtackoasdefingd i Sestion 9.9 FpFhe

CHESE. S YRR T e T
?& ()-E- 17 1%@&1[&8&(1)0@3‘&)11&0 a(phhthe%lﬁls 2ORGHve 16 share B feddbiekt1inkS a6 hti1 7
10%# ?& ()-E5WD 6 17 109@# ? -E17 109%@# ?& E) * + TZ: 0517 10%#

2& () - E5VD 6 Stete hgsopath-ngly guerofs qmnts&lqc}’neh? srqevélmk m@r@ﬁmﬁw thoop#

2& () - ETUMK 2& ()17 109%# 2& ()-EL17 109%®# ?& ()-E17 10%#
28 8-517 10%@8%13 "-15%@%1’6%;(#) 2& ()-E17 10(%# 2& ()-EZ[rV: 8317 109@#
?& ()-E17 109%@# ?&ifde-the delectidUdf which(seghert AvillGflateé tR&deedback Moﬁﬁb&ﬁﬁ on the
2& ()-E5WD 6 & () 17 10904 2& () -E17 10904 & ( 6 17
1099# ?& ()-B %fegg%iﬁe})gf%‘f% SONEnd) Nﬂ@feilm éﬂﬁ/@% Pa amfo

Too (). F1o EDURTIE ok etmonts 4 adlg GILHRER ‘*gﬁfﬁbg%%@%%%‘%?éﬁ’%ﬁé& 0-Fs
10%: () - F#39C@R@lbackl09%& ()- F6 10% ()-F6 109& ()-F ?+46 1096 109%& ()-F6
IO )RS LOME R SOt T R R R
109 ()-F6 1GRg: éﬁt GE)O«me(aheﬁfs ESéledf%ﬁQﬁtﬁrmhlﬂiélW 43 Wheh the
10%& ()-F#39®<6 10% 6 109&' ()-F6 10%& () ?2+46 109446

& F6 10%& (
10%. ()-F6 1098c¢hSepsedy ﬁefélmm § edrthe segment pf et grogp WhoseCologiBlatabit go4:6

e e ne R e

B HI (S] hD) 6 tafits®f fgedbadOtust d[soﬁll&om&ab)ed héh 14§ 'a() ertfis (Eﬁka&llDz)taEﬁ and this
109& F#39Gx6 J ' 6 10% " 10%& s! 10%& 109&
s10% () sw@&lte}aﬂiﬁ Agiftrent segmepl-ain Tperefossien Hsva Sore Mg (-

" 100& (
o0&’ (3 I\/|101 G boup, shoi t(ﬁ&;gﬁ%@(@%@%ﬁ%%&&%&? AsaBhiind Bld
. 10%& () - Que€EsAR] dndrpablingthe GE@%gerOgnt. mLO%E () - y 109 ()- 109 ()-

,139/;/‘@' oF yl%%% )P(rf‘géhea i@él‘%sﬂ"gﬁsﬁ‘y 10 _109%& () - 109%& ()- gl0%& () -

()-S HakY |\ @us6 10 y$7 1098 ()->y$7
109&' ()-> ! - IHiseclion ¥ssufmeOKat ﬂl}afﬂnﬁﬁﬁ/&lt@ has¥bed ¥nstructed ffbHd ﬁﬁtﬁlﬂé%fol‘l 4y $7
L% ()->' H16 yy$7 100 ()->y$/ 109 ()->y$7 10% (). > HL6 ¥

1098 () - >/ * 1SEEpents esd@s esvw e progiops Segtionso bgsguroesithat fq_rod/'m@ koytdlagwrposes

Lo ()22 B Bl vl %ﬂ%éﬁﬂ%)‘? e i T

10% yf 210%& (si;gmgrﬁg@mid (t)asswés/thﬁ%ﬂre(()‘ €glois m(ﬂ%gpxﬁn)theddl-m&sms that the ﬁnng

;1/19 gﬁ‘lé?a/ﬁ; %ﬁ@%}/‘(?r éﬁ%‘%“%“s 00& f%(f)%’?“{b‘r’fgz?l R Ol AP0%

& ()-10]-10| %@éméhth@%lﬁae(ﬁlaoes Yeed B3k 16ﬁomatldd<6ﬁ<é/¥8iﬁﬁx6&ﬂ Viatd/bifs. A%lﬁgalﬂ
109 ()- y10%& ()-10 -10 10 yfs10% & ()- f10%& ()- <<<<<<<<j I*y(

109& ()-y( 10bege Gl)mgﬁ( Tgbky&3(l)sts@9§ extoggl qopneqtions) that ate_avgilable i}gmaprmthead
109 () - <<<<<<<<eGry( 10%& ()-)'8 |( y( 109 ()-y( 10%& ()-y( 10%& ()-'8 | (
y( 109 () -<<====l=zeE+y( 109%& ()-y( 10%& ()-y( 109%& ()-y( 109%& ()-'8 |( -y(
109&' ()-y( 109%& ()-!="=, :6:B:C:M:’\:hL, y( 109 ()-y( 10%& ()-'8 | ( y(

109 ()-y( 109%& ()-y( 109%& ()-'8 |( "= =k=u=y====eGt+y( 10%& ()-'8 | ( y(

F"Po

10% ()-y( 109& ()-y( 10%& ()-'8 | ( y( 10%& ()-=======eE+y( 10% ()-y(
109 ()-y( 109 ()-y( 10% ()-'8 | ( -y( 10%& ()-y( 10%& ()-=======>hL0y(
109& ()-y( 109%& ()-'8 | ( y( 100«&§) y( 10%&' ()-y( 10%& ()-'8 |(

>>>>>S>>7kJ) y100& ()-- yyz109& ()- yf@O0%& ()-y( 109%& ()-y( 109%& ()-'8



| ( y( 10%& ()-??1@@aCAJB|[:) y10 yf, 109& ()-

y*' 109 () -

yy&10%&' ()-& y# 10%&' ()-- yy 10%& ()-zJBaBBBBBBBBt S3y10%&' () -/
y&10%&' ()-&101010- y310%&' () - -
y010%& ()-f-!
109 ()-/ 109%& () -/ 10%: ()-/10% ()-/10%& ()-/10%& ()-/COCCC' C G J*t SL0%! ()

-/ 109%& ()-/10%& ()-/10%& () -/ 10%& ()

y0109%& () - f BBBBCCCpTt S3y109& () -/

- | 5M=" C- C5C6C=CBCHCmV} t S109&' () -

()-110%& (
109%& () -/ 102
& ()-/ 109%&]
-1 109%& () -
/ cocceed - |

>

=1

O‘#@lg}“(

N. tSlO%& ()Deﬁqrtﬁm&m() /10%& () /7

\
Y& () -/

1&%7?@% 5 Y ) cocoooa

S100& () -/

L00/& () -/ 1004 ()]
" ()-110%: ()EodgspreHrable () -/

Y30 Y&

1@%; (

) Slec0Wiich hozzlffdm (the potiORiE fird (OLPCCCC
El@@bdm@gtosn@%@re)(dwm@ﬂﬁm i;)g/

y' 10%& ()-S

[ 109&'

ThBYES. T Ead CoMiiibhs / FO OVONCOCPCVOVGT STO%. () -/ 5We= T0%& () -/
() - /10%31() /o
7
& () -1 Wl 0o SAeATE: () -/

)-110%
09& ()
%& () -
Tt S10%
CCNN. t
-/ 109%&
109& (

)-110%& () H
1 109& () -/

[

%@U 1-DDDDDD
/_ DDDDDDDV

TSI
7>t S109

O=71ToY& ) ~110
W 14E‘Séi 6‘%@/10%()-/10

/ 5\We=DD' D( P*BEfaBIr R2t S10%&!
8DODEDF ' W

WDt Tt S109&] (YRPmetog ()-/ 1

(1-/ 109

@ifihg pUEOfBE phasédsbhiROYE () -/ 10%& ()
omils 9 C flyﬁmlftsrspimew 0/a bolg: ) -

%8 () -
& () -
-/ 2D7D

DzD[ D\ D] Dv

zDr V: t S109%&'

109 ()-/1
109 ()-/1
0%& () -/

Dt Tt S10%& () - 10%& () -/ 109%&
-/ 109%& () -/ 10%&

Z>t S109&’ (

cy&:()-/locy&'()-/

=110

l7)10%& ()-/ 1@0/&

109& ()
DD V: t S

&()

PR o K Flopt LR /%D%S‘%?‘SB’DDV
) loacnsoh&:t@env whepiom Ce

- 3e=-1

() -/ 109
()-/10

OB&galle) tranbOYES data frdfome SHIR FeEBYES 10 Yhe/

S 040 bl A

CelgrIiMagliney info) 0 ofg

PRGN L ool

DDDDDD

EEEr V: t S10
EEEEEEV: t S

=
E<E=E>E?EV]

VEr R2t S10%! "(s)enseloO/& O-/ 1

-\/_qﬁ% ()-/109%& (

09%&' () -/ 5W
)-110%&' ()

V>

/&S engeSedSelett () - / 1
[0%&' () -/ 5Wk=- 109
E! E" E9Et Tt $10%&'

0@ () -

& () -/

0-14

1 T004

I RpaIsd 6 BerseSeg$61¥dt N ANDed with data on
0% -/ 109& [ 109&" ( EEE

)Cvlgé rﬂﬁﬂi@ﬂ/&@@;ﬂ*i@%f% Seemerdie:

oin s roup N, o0 5
Smwb(se)nsvs 10%& ()- /VE[ E] E EbEcEe
“"ﬁié‘?ﬂéf‘ () -/ zE{ E} EEEEENN. t S109%&’ (

()-/9E

KENVEQE
El-tS1
HO0%&' (

-1 10%

& () -/ 10%&
/ 5\Ne=109&" |
09%&' () -/ EEl
| EEEEEEET V!
t S10%A0%&

(RsaasEU"/&'T ) -7 109
tEEEﬁES@t 5100/&0%

() -/ EEFH

EEEL -1 4

10 - T YVieSRRRehaEY t STOV&: () -/ T0V& () -/ 1

NS

()1 / 109

- | B\=- 10%
0%&' ()-/10
F-F/FnN. t S

I@gw .() /1
0%%&! ()-/ 10% () -

&Weéthﬁepe@/&() / 109%&' () /10%& () /10

oy | EEEEFE 0
W}(o)wet FFFFFFFL Tt S109.0%& () 100/%

/e&'()-
[ ()-/1
& () -
EEEr V:
09%&' ()
()-/1

11098 () -/ 109& () -/ | FKFLEMFNFOFPFUOt

w}«@‘(’ ‘flO%& () - / 5\\&=/ F1FAFBFCAHFI Frriv

S10%&!

1t S10%&' ()|
()-/5W=10

/ 109%&' () -/ 10%&' (
W@W ' ! ' “H 100&
()-/109& (]-YLOW& ()-/109& |()- /100§%t)‘4t?f?%f()-/zq F] FdFi FvFxFj J*t S1I09%& ()

-1 109&' () - " TERRAL ) - 7 T09& ()F mmg@a;LCL =T SVWE=XFZF[ Ff F~FFFNIVILT SI0%&: () - 7 1P9%& ()
-/ 10%&' ()-/5W=10%&" ()-/ 109 FEEEFEUOt S10%R' () -/ BWE=10%R' () -/ 10%R' ()-/
10%&' ()-/109%& ()-/FFFFFFFOSt S10%&' ()-109%& ()-/109& ()-/10%& ()-/10%& ()-/10
9% ()-/109%& ()-/FFFFFFFj J*t S109&' ()-/10%&' ()-/10%& ()-/10%& ()-/109%& ()-/5W
<=FFFFFFFm\ t S109&' ()-/109& ()-/109%& ()-/5W=109& ()-/109%&' () -/ FFFFFFFI -t S1
0%&' ()-/5W=10%&' ()-/10%& ()-/10%& ()-/109% ()-/FFFFFFFI Lt S10%& ()-/510%&' (
)-/109%& ()-/109& ()-/10%& ()-/10%& ()-/10%& ()-/FFFFFGGON. t S109%&' () -/ 109&' (

)-/109%& ()-/109%& ()-/109%&' ()-/5W=G

GEEEEGMALt S109&' () -/ 109&' () -/ 109& () -/ 5W=109%& ()-/10%& ()-/ GGG G QOGV: t S1
0%&' ()-/5W=10%&' ()-/10%& ()-/10%& ()-/10% ()-/0&RE@GGABGCSG_?t S109%& () -/
10%&' ()-/2109%& ()-/109%& ()-/109& ()-/10%& ()-/SGIAUGVH G G G V:tS10%&' ()-/10
o9& ()-/109%& ()-/109%& ()-/10%& ()-/5W=] C"GgG GsG QuGr V: t S109&' () -/ 109%&' () -/
109&' ()-/5W=10%&' ()-/10%& () -/ uGvOnGxGEEELVY;

. 10109 ()-/5Wk=-10%&' ()-/10%& ()-/10%& ()-/109%& ()-/GCEEE3F || Ka@oO
1098 ()-< "F10%"& ()- F109%& ()-!F109%& ()- 9&10%& ()-1010 KKM.~N[ OPPP|[:
"FF10%&' ()- FF109&' ()- FF10%&' ()- FF109%&' ()- "10% M & () -

10%&' ()-PPPQCR} RTcTa@0O 5y10%& ()- yl0%r& ()-'yl0% & ()- yl0%r&' ()-
Hy 10%m&' () - 1010c TUXXXXXXXVV: 10N# 10%>& () - 9\N# 10%>&' () - %

&10%>&' () - 10mLOnLOm 10%r&’ () - 10%T&’ () - XXXXXXXdDvV: 10N# 1N¢ 10%>& () -

T OA NN L 1T A NN L

-10

A NN L I OA NN L



l-v 110% & () - ?20AoPoQ@UoWdoeE, 3v 110% & ()v 110% & ()-v '110% & ()-v
110% & ()-' 'v 110% & ()-v !10% & ()-doeoposooooofH, 3v 110% & ()-' v
1'10% & ()-v 110% & ()-v 110% & ()-v !'10% & ()-' !ooppppBpeE, 3v

79
10 MEMJET PRINTHEAD INTERFACE

The printhead interface (PHI) 192 is the means by which the processor 181 loads
the Memjet printhead 143 with the dots to be printed, and controls the actual dot printing
process. The PHI 192 contains:

J a LineSyncGen unit (LSGU) , which provides synchronization signals for
multiple chips (allows side-by-side printing and front/back printing) as well as
stepper motors.

. a Memjet interface (MJI), which transfers data to the Memjet printhead, and
controls the nozzle firing sequences during a print.

. a line loader/format unit (LLFU) which loads the dots for a given print line into
local buffer storage and formats them into the order required for the Memjet
printhead.

The units within the PHI 192 are controlled by a number of registers that are
programmed by the processor 181. In addition, the processor 181 is responsible for
setting up the appropriate parameters in the DMA controller 200 for the transfers from
memory to the LLFU. This includes loading white (all 0’s) into appropriate colors during
the start and end of a page so that the page has clean edges.

The PHI 192 is capable of dealing with a variety of printhead lengths and
formats, In terms of broad operating customizations, the PHI 192 is parameterized as

follows:

Table 34. Basic Printing Parameters

Name Description Range
MaxColors No of Colors in printhead 1-4
SegmentsPerXfer No of segments written to per transfer. Is equal to the 1-9

number of segments in the largest segment group

SegmentGroups No of segment groups in printhead 1-4

The internal structure of the PHI allows for a maximum of 4 colors, 9 segments
per transfer, and 4 transfers. Transferring 4 colors to 9 segments is 36 bits per transfer,
and 4 transfers to 9 segments equates to a maximum printed line length of 18 inches. The

total number of dots per line printed by an 18-inch 4 color printhead is 115,200 (18 x
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1600 x 4).

Other example settings are shown in Table 35:

Table 35. Example Settings for Basic Printing Parameters
M| S| S| B
a|e|e|i
xlgleglt
Clm| m| s
Printer Length Printer Type o| e| e | P| Comments
1 n|nje
o} t t r
ri|s G| X
s | Pl r f
e | o] e
r|{ulr
X[ p
f | s
e
r
4-inch CMY Photo 8 24
8-inch CMYK Ad/Letter 8 32
8.5inch CMYK | Ad/Letter full bleed 9 36 | Last xfer not
fully used
12 inch CMYK A4 long / A3 short 8 32
16 inch CMYK 4181432
17 inch CMYK A3 long full bleed 4 | 9 1 4 | 36 | Last xfer not
fully used
18 inch CMYK 4 19] 4136

10.1 Block Diagram of Printhead Interface
The internal structure of the Printhead Interface 192 is shown in Figure 39.
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In the PHI 192 there are two LSGUs 316, 318. The first LSGU 316 produces

LineSync0, which is used to control the Memjet Interface 320 in all synchronized chips.
The second LSGU 318 produces LineSync1 which is used to pulse the paper drive
stepper motor.

The Master/Slave pin on the chip 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 VDD, the chip is considered to be the Master, and
LineSync pulses generated by the two LineSyncGen units 316, 318 are enabled onto the
two tri-state LineSync common lines (LineSync0 and LineSyncl, shared by all the
chips). When the Master/Slave pin is attached to GND, the chip is considered to be the
Slave, and LineSync pulses generated by the two LineSyncGen units 316, 318 are not
enabled onto the common LineSync lines. In this way, the Master chip’s LineSync pulses
are used by all PHIs 192 on all the connected chips.

The following sections detail the LineSyncGen Unit 316, 318, the Line
Loader/Format Unit 322 and Memjet Interface 320 respectively.

10.2 LineSyncGen Unit

The LineSyncGen units (LSGU) 316, 318 are responsible for generating the
synchronization pulses required for printing a page. Each LSGU 316, 318 produces an
external LineSync signal to enable line synchronization. The generator inside the LGSU
316, 318 generates a LineSync pulse when told to ‘go’, and then every so many cycles
until told to stop. The LineSync pulse defines the start of the next line.

The exact number of cycles between LineSync pulses is determined by the
CyclesBetweenPulses register, one per generator. It must be at least long enough to allow
one line to print (100 ps or 200 ms depending on whether the speed is low or high) and
another line to load, but can be longer as desired (for example, to accommodate special
requirements of paper transport circuitry). If the CyclesBetweenPulses register is set to a
number less than a line print time, the page will not print properly since each LineSync
pulse will arrive before the particular line has finished printing.

The following interface registers are contained in each LSGU 316, 318:
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Go Controls whether the LSGU is currently generating
LineSync pulses or not.

A write of 1 to this register generates a LineSync pulse,
transfers CyclesBetweenPulses to CyclesRemaining, and
starts the countdown. When CyclesRemaining hits 0,
another LineSync pulse is generated,
CyclesBetweenPulses is transferred to CyclesRemaining
and the countdown is started again.

A write of 0 to this register stops the countdown and no
more LineSync pulses are generated.

CyclesRemaining A status register containing the number of cycles
remaining until the next LineSync pulse is generated.

The LineSync pulse is not used directly from the LGSU 316, 318. The LineSync
pulse is enabled onto a tri-state LineSync line only if the Master/Slave pin is set to
Master. Consequently the LineSync pulse is only used in the form as generated by the
Master chip (pulses generated by Slave chips are ignored).

10.3 Memjet Interface

The Memjet interface (MJI) 320 transfers data to the Memjet printhead 143, and
controls the nozzle firing sequences during a print.

The MJI 320 is simply a State Machine (see Figure 40) which follows the
printhead loading and firing order described in Section 9.2.1, Section 9.2.2, and includes
the functionality of the Preheat Cycle and Cleaning Cycle as described in Section 9.1.4
and Section 9.1.5. Both high-speed and low-speed printing modes are available, although
the MJI 320 always fires a given nozzle from all segments in a printhead simultaneously
(there is no separate firing of nozzles from one segment and then others). Dot counts for
each color are also kept by the MJI 320.

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

] All 1s. This means that all nozzles will fire during a subsequent Print cycle, and is
the standard mechanism for loading the printhead for a preheat or cleaning cycle.
. From the 36-bit input held in the Transfer register of the LLFU 322. This is the
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10.3.1 Connections to Printhead
The MIJI 320 has a number of connections to the printhead 143, including a
maximum of 4 colors, clocked in to a maximum of 9 segments per transfer to a
maximum of 4 segment groups. The lines coming from the MJI 320 can be directly
connected to pins on the chip, although not all lines will always be pins. For example, if
the chip is specifically designed for only connecting to 8 inch CMYK printers, only 32
bits of data need to be transferred each transfer pulse. Consequently 32 pins of data out
(8 pins per color), and not 36 pins are required. In the same way, only 2 SRClock pulses
are required, so only 2 pins instead of 4 pins are required to cater for the different
SRClocks. And so on.
If the chip must be completely generic, then all connections from the MJI 320
must be connected to pins on the chip (and thence to the Memjet printhead 143).

Table 37 lists the maximum connections from the MJI 320, many of which are
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Table 37. Memjet Interface Connections

Name #Pins | 1/0 Description
Chromapod Select | 3 Select which chromapod will fire (0-4)
NozzleSelect 4 Select which nozzle from the pod will fire (0-9)
PodgroupEnable 2

Enable the podgroups to fire (choice of: 01, 10,
11)

Firing pulse for podgroup A. In the current design
all segments fire simultaneously, although
multiple AEnable lines could be added for
dividing the firing sequence over multiple
segment groups for reasons of power and speed.
BEnable 1 o Firing pulse for podgroup B. In the current design
all segments fire simultaneously, although
multiple BEnable lines could be added for
dividing the firing sequence over multiple
segment groups for reasons of power and speed.
Output to ColorlData shift register of segments 0-
8

Output to Color2Data shift register of segments 0-
8

Output to Color3Data shift register of segments 0-
8

Output to Color4Data shift register of segments 0-
8

A pulse on SRClock[N] (ShiftRegisterClock)
loads the current values from Color1Data[0-8],
Color2Data[0-8], Color3Dataf0-8] and
Color4Data[0-8] into the segment group N on the
printhead.

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

o] O] O] O

AEnable 1

Color1Data[0-8] 9*

Color2Data[0-8] 9

Color3Data[0-8] 9°

Color4Data[0-8] 9

o ©f ©] O ©O

SRClock[1-4] 4e

SenseSegSelect[1-4] | 4' 0] A pulse on SenseSegSelect[N] ANDed with data
on ColorlData[n] enables the sense lines for
segment n in segment group N of the printhead.

Tsense 1 I Temperature sense
Vsense 1 I Voltage sense
Rsense 1 I Resistivity sense
Wsense 1 I Width sense

TOTAL 52
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*  Although 9 lines are available from the MJI, the number of pins coming from the
chip will only reflect the actual number of segments in a segment group. The pins for
Color1Data are mandatory, since each printhead must print in at Jeas? 1 color.

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

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

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

group.

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

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

10.3.2 Firing Pulse Duration

The duration of firing pulses on the AEnable and BEnable lines depend on the
viscosity of the ink (which is dependant on temperature and ink characteristics) and the
amount of power available to the printhead 143. The typical pulse duration range is 1.3 to
1.8 ps. The MIJI 320 therefore contains a programmable pulse duration table 324 (Figure
41), indexed by feedback from the printhead 143. The table 324 of pulse durations allows
the use of a lower cost power supply, and aids in maintaining more accurate drop
ejection.

The Pulse Duration table 324 has 256 entries, and is indexed by the current
Vsense and Tsense settings on lines 326 and 328, respectively. The upper 4-bits of
address come from Vsense, and the lower 4-bits of address come from Tsense. Each
entry is 8 bits, and represents a fixed point value in the range of 0-4ms. The process of
generating the AEnable and BEnable lines is shown in Figure 41.
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page. The table 324 may be updated in between pages if desired. Each 8-bit pulsc
duration entry in the table 324 combines:

. User brightness settings (from the page description)

. Viscosity curve of ink (from the QA Chip)

. Rsense
. Wsense
. Vsense
° Tsense

10.3.3 Dot Counts

The MJI 320 maintains a count of the number of dots of each color fired from the
printhead 143. The dot count for each color is a 32-bit value, individually cleared under
processor control. At 32-bits length, each dot count can hold a maximum coverage dot
count of 17 8-inch x 12-inch pages, although in typical usage, the dot count will be read
and cleared after each page or half-page.

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

The layout of the dot counter for Colorl is shown in Figure 42. The remaining 3
dot counters (Color1DotCount, Color2DotCount, and Color3DotCount) are identical in
structure,

10.3.4 Registers

The processor 181 communicates with the MJI 320 via a register set. The
registers allow the processor 181 to parameterize a print as well as receive feedback
about print progress.

The following registers are contained in the MJI 320:
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Monitoring the Print (rea

d only from point of view of processor)

Status

The Memjet Interface's Status Register

LinesRemaining

The number of lines remaining to be printed. Only valid
while Go=1.
Starting value is NumLines and counts down to 0.

TransfersRemaining

The number of sets of SegmentGroups transfers remaining
before the Printhead is considered loaded for the current line.

Starts at 800 and counts down to 0. Only valid while Go=1.

SegGroupsRemaining

The number of segment groups remaining in the current set
of transfers of 1 dot to each segment. Starts at
SegmentGroups and counts down to 0. Only valid while
Go=1.

SenseSegment

The 9-bit value to place on the ColorlData lines during a
subsequent feedback SenseSegSelect pulse. Only 1 of the 9
bits should be set, corresponding to one of the (maximum) 9

segments. See SenseSelect for how to determine which of the

segment groups to sense.
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Reset A write to this register resets the MJI, stops any loading or

printing processes, and loads all registers with 0.

SenseSelect A wrrite to this register with any value clears the
FeedbackValid bit of the Status register, and the remaining
action depends on the values in the LoadingDots and
PrintingDots status bits.

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

If both status bits are clear, a pulse is given simultaneously
on all 4 SenseSegSelect lines with all ColorData bits 0. This
stops any existing feedback. Depending on the two low-order
bits written to SenseSelect register, a pulse is given on
SenseSegSelect], SenseSegSelect2, SenseSegSelect3, or
SenseSegSelect4 line, with the Color]Data bits set according
to the SenseSegment register. Once the various sense lines
have been tested, the values are placed in the Tsense, Vsense,
Rsense, and Wsense registers, and the Feedback bit of the

Status register is set.
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Wsense

Read only feedback of Wsense from the last SenseSegSelect
pulse sent to segment SenseSegment. Is only valid if the
FeedbackValid bit of the Status register is set.

Color1DotCount

Read only 32-bit count of colorl dots sent to the printhead.

Color2DotCount

Read only 32-bit count of color2 dots sent to the printhead.
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TransfersRemaining,
If clear, the MJI is not currently loading dots

PrintingDots 1 If set, the MJI is currently printing dots.
If clear, the MJI is not currently printing dots.

PrintingA 1 This bit is set while there is a pulse on the
AEnable line

PrintingB 1 | This bit is set while there is a pulse on the
BEnable line

FeedbackValid 1 This bit is set while the feedback values Tsense,
Vsense, Rsense, and Wsense are valid.

Reserved 3 -

PrintingChromapod 4 | This holds the current chromapod being fired
while the

PrintingDots status bit is set.

PrintingNozzles 4 | This holds the current nozzle being fired while

the PrintingDots status bit is set.
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single line. Note that loading commences only after the LineSync pulse arrives. This is to

ensure the data for the line has been prepared by the LLFU 322 and is valid for the first
transfer to the printhead 143.

Wait for LineSync
For TransfersRemaining = 800 to 0
For I = 0 to SegmentGroups
If (SetAllNozzles)
Set all ColorData lines to be 1
Else
Place 36 bit input on 36 ColorData lines
EndIf
Pulse SRClock{I]
Wait SegmentsPerXfer cycles
Send ADVANCE signal
EndFor
EndFor

10.3.5 Preheat and Cleaning Cycles
The Cleaning and Preheat cycles are simply accomplished by setting appropriate

registers in the MJI 320:
. SetAllNozzles = 1
. Set the PulseDuration register to either a low duration (in the case of the preheat

mode) or to an appropriate drop ejection duration for cleaning mode.

. Set NumLines to be the number of times the nozzles should be fired
o Set the Go bit and then wait for the Go bit to be cleared when the print cycles
have completed.

The LSGU 316, 318 must also be programmed to send LineSync pulses at the
correct frequency.
104 Line Loader/Format Unit

The line loader/format unit (LLFU) 322 loads the dots for a given print line into

local buffer storage and formats them into the order required for the Memjet printhead
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interface 320 for the eventual printing of the page.

The printing uses a double buffering scheme for preparing and accessing the dot-
bit information. While one line is being loaded into the first buffer, the pre-loaded line in
the second buffer is being read in Memjet dot order. Once the entire line has been
transferred from the second buffer to the printhead 143 via the Memjet interface 320, the
reading and writing processes swap buffers. The first buffer is now read and the second
buffer is loaded up with the new line of data. This is repeated throughout the printing
process, as can be seen in the conceptual overview of Figure 43.

The size of each buffer is 14KBytes to cater for the maximum line length of 18
inches in 4 colors (18 x 1600 x 4 bits = 115,200 bits = 14,400 bytes). The size for both
Buffer 0 (330 - Figure 44) and Buffer 1 (332) is 28.128 KBytes. While this design allows
for a maximum print length of 18 inches, it is trivial to reduce the buffer size to target a
specific application.

Since one buffer 330, 332 is being read from while the other is being written to,
two sets of address lines must be used. The 32-bits Dataln 334 from the common data
bus 186 are loaded depending on the WriteEnables, which are generated by State
Machine 336 in response to the DMA Acknowledges.

A multiplexor 338 chooses between the two 4-bit outputs of Buffer 0 and Buffer
1, and sends the result to a 9-entry by 4-bit shift register 340. After a maximum of 9 read
cycles (the number depends on the number of segments written to per transfer), and
whenever an Advance pulse comes from the MJI 320, the current 36-bit value from the
shift register 340 is gated into a 36-bit Transfer register 342, where it can be used by the
MII 320.

Note that not all the 36 bits are necessarily valid. The number of valid bits of 36
depends on the number of colors in the printhead 143, the number of segments, and the
breakup of segment groups (if more than one segment group). For more information, see
Section 9.2.

A single line in an L-inch C-color printhead consists of 1600L C-color dots. At 1
bit per colored dot, a single print-line consists of 7600LC bits. The LLFU 322 is capable of

addressing a maximum line size of 18 inches in 4 colors, which equates to 108,800 bits
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being sent on to the printhead 143. See Section 9.2.1 for more information concerning
the Load Cycle dot loading order, but in summary, 2LC bits are transferred to the
printhead 143 in SegmentGroups transfers, with a maximum of 36 bits per transfer. Each
transfer to a particular segment of the printhead 143 must load all colors simultaneously.
10.4.1 Buffers

Each of the two buffers 330, 332 is broken into 4 sub-buffers, 1 per color. The
size of each sub-buffer is 3600 bytes, enough to hold 18-inches of single color dots at
1600 dpi. The memory is accessed 32-bits at a time, so there are 900 addresses for each
buffer (requiring 10 bits of address).

All the even dots are placed before the odd dots in each color’s buffer, as shown
in Figure 45. If there is any unused space it is placed at the end of each color’s buffer.

The amount of memory actually used is directly related to the printhead length. If
the printhead is 18 inches, there are 1800 bytes of even dots followed by 1800 bytes of
odd dots, with no unused space. If the printhead is 12 inches, there are 1200 bytes of
even dots followed by 1200 odd dots, and 1200 bytes unused.

The number of sub-buffers gainfully used is directly related to the number of
colors in the printhead. This number is typically 3 or 4, although it is quite feasible for
this system to be used in a 1 or 2 color system (with some small memory wastage). In a
desktop printing environment, the number of colors would be 4: Color1=Cyan,
Color2=Magenta, Color3=Yellow, Color4=Black.

The address decoding circuitry is such that in a given cycle, a single 32-bit access
can be made to all 4 sub-buffers - either a read from all 4 or a write to one of the 4. Only
one bit of the 32-bits read from each color buffer is selected, for a total of 4 output bits.
The process is shown in Figure 46. 15 bits of address allow the reading of a particular bit
by means of 10-bits of address being used to select 32 bits, and 5-bits of address choose
1-bit from those 32. Since all color buffers share this logic, a single 15-bit address gives
a total of 4 bits out, one per color. Each buffer has its own WriteEnable line, to allow a
single 32-bit value to be written to a particular color buffer in a given cycle. The 32-bits
of Dataln are shared, since only one buffer will actually clock the data in.

Note that regardless of the number of colors in the printhead, 4 bits are produced
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10.4.2 Address Generation
10.4.2.1 Reading

Address Generation for reading is straightforward. Each cycle we generate a bit
address which is used to fetch 4 bits representing 1-bit per color for a particular segment.
By adding 400 to the current bit address, we advance to the next segment’s equivalent
dot. We add 400 (not 800) since the odd and even dots are separated in the buffer. We do
this firstly SegmentGroups sets of SegmentsPerXfer times to retrieve the data
representing the even dots (the dot data is transferred to the MJI 36 bits at a time) and
another SegmentGroups sets of SegmentsPerXfer times to load the odd dots. This entire
process is repeated 400 times, incrementing the start address each time. Thus all dot
values are transferred in the order required by the printhead in 400 x 2 x SegmentGroups
x SegmentsPerXfer cycles.

In addition, we generate the TransferWriteEnable control signal. Since the LLFU
322 starts before the MJI 320, we must transfer the first value before the Advance pulse
from the MJI 320. We must also generate the next value in readiness for the first
Advance pulse. The solution is to transfer the first value to the Transfer register after
SegmentsPerXfer cycles, and then to stall SegmentsPerXfer-cycles later, waiting for the
Advance pulse to start the next SegmentsPerXfer cycle group. Once the first Advance
pulse arrives, the LLFU 322 is synchronized to the MJI 320. However, the LineSync
pulse to start the next line must arrive at the MJI 320 at least 2SegmentsPerXfer cycles
after the LLFU 322 so that the initial Transfer value is valid and the next 32-bit value is
ready to be loaded into the Transfer register 342,

The read process is shown in the following pseudocode:
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For DotInSegment0 = 0 to 400

CurrAdr = DotInSegment0

XfersRemaining = 2 x SegmentGroups
DotCount = SegmentsPerXfer
Do
V1 =DotCount =0
TransferWriteEnable = (V1 AND NOT DoneFirst) OR ADVANCE
Stall = V1 AND (NOT TransferWriteEnable)
If (NOT Stall)
Shift Register = Fetch 4-bits from
CurntReadBuffer:CurrAdr
CurrAdr = CurrAdr + 400
If(Vl)
DotCount = SegmentsPerXfer - 1
XfersRemaining = XfersRemaining - 1
Else
DotCount = DotCount - 1
EndIf
EndIf
Until (XfersRemaining=0) AND (NOT Stall)
EndFor

The final transfer may not be fully utilized. This occurs when the number of
segments per transfer does not divide evenly into the actual number of segments in the
printhead. An example of this is the 8.5 inch printhead, which has 17 segments.
Transferring 9 segments each time means that only 8 of the last 9 segments will be valid.
Nonetheless, the timing requires the entire 9th segment value to be generated (even though
itis not used). The actual address is therefore a don’t care state since the data is not used.

Once the line has finished, the CurrReadBuffer value must be toggled by the
processor.
10.4.2.2 Writing

The write process is also straightforward. 4 DMA request lines are output to the
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the appropriate 8-bit destination address is selected (the lower 5 bits of the 15-bit output
address are don’t care values) and the acknowledge signal is passed to the correct
buffer’s WriteEnable control line (the Current Write Buffer is ~CurrentReadBuffer). The
10-bit destination address is selected from the 4 current addresses, one address per color.
As DMA requests are satisfied the appropriate destination address is incremented, and
the corresponding TransfersRemaining counter is decremented. The DMA request line is
only set when the number of transfers remaining for that color is non-zero.

The following pseudocode illustrates the Write process:

CurrentAdr[1-4] =0
While (ColorXfersRemaining[1-4] are non-zero)
DMARequest[1-4] = ColorXfersRemaining[1-4] NOT = 0
If DMA Aknowledge[N]
CurrWriteBuffer:CurrentAdr[N] =
Fetch 32-bits from data bus
CurrentAdr[N] = CurrentAdr[N] + 1
ColorXfersRemaining[N] =
ColorXfersRemaining[N] - 1 (floor 0)
EndIf
EndWhile

10.4.3 Registers
The following interface registers are contained in the LLFU 322:
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Table 40. Line Load/Format Unit Registers

Register Name Description

SegmentsPerXfer The number of segments whose dots must be loaded

before each transfer. This has a maximum value of 9.

SegmentGroups The number of segment groups in the printhead. This has a
maximum number of 4,
CurrentReadBuffer The current buffer being read from. When Buffer0 is being

read, Buffer1 is written to and vice versa.

Should be toggled with each AdvanceLine pulse from the
ML

Go Bits 0 and 1 control the starting of the read and write

processes respectively.

A non-zero write to the appropriate bit starts the process.

Stop Bits 0 and 1 control the stopping of the read and write
processes respectively.

A non-zero write to the appropriate bit stops the process.
Stall This read-only status bit comes from the LLFU’s Stall
flag. The Stall bit is valid when the write Go bit is set.

A Stall value of 1 means that the LLFU is waiting for the
ADVANCE pulse from the MJI to continue. The processor
can safely start the LSGU for the first line once the Stall
bit is set.

ColorXfersRemaining[1-4] | The number of 32-bit transfers remaining to be read into
the specific Color[N] buffer.

10.5 Controlling a Print

When controlling a print the processor 181 programs and starts the LLFU 322 in
read mode to ensure that the first line of the page is transferred to the buffer. When the
interrupts arrive from the DMA controller 200, the processor 181 can switch LLFU
buffers 330, 332, and program the MJI 320. The processor 181 then starts the LLFU 322
in read/write mode and starts the MJI 320. The processor 181 should then wait a
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processor 181 must wait until the Stall bit of the LLFU 322 is set, a duration of 2
SegmentsPerXfer cycles). The processor 181 can then program the LGSU 316, 318 to
start the synchronized print. As interrupts arrive from the DMA controllers 200, the
processor 181 can reprogram the DMA channels, swap LLFU buffers 330, 332, and
restart the LLFU 322 in read/write mode. Once the LLFU 332 has effectively filled its
pipeline, it will stall until the next Advance pulse from the MJI 320. The MJI 320 does
not have to be touched during the print.

If for some reason the processor 181 wants to make any changes to the MJI 320
or LLFU 322 registers during an inter-line period it should ensure that the current line
has finished printing/loading by polling the status bits of the MJI 320 and the Go bits of
the LLFU 322.

11 GENERIC PRINTER DRIVER

This section describes generic aspects of any host-based printer driver for CePrint
10.

11.1  Graphics and Imaging Model

We assume that the printer driver is closely coupled with the host graphics
system, so that the printer driver can provide device-specific handling for different
graphics and imaging operations, in particular compositing operations and text
operations.

We assume that the host provides support for color management, so that device-
independent color can be converted to CePrint-specific CMYK color in a standard way,
based on a user-selected CePrint-specific ICC (International Color Consortium) color
profile. The color'proﬁle is normally selected implicitly by the user when the user
specifies the output medium in the printer (i.e. plain paper, coated paper, transparency,
etc.). The page description sent to the printer 10 always contains device-specific CMYK
color.

We assume that the host graphics system renders images and graphics to a
nominal resolution specified by the printer driver, but that it allows the printer driver to
take control of rendering text. In particular, the graphics system provides sufficient
information to the printer driver to allow it to render and position text at a higher

resolution than the nominal device resolution.
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& () - 14! 10%s the (edilm-resolution (267 ppi) contone layer. This consists of a 24-bit RGB bitmap.
The second part is a medium-resolution black layer. This consists of an 8-bit opacity
bitmap. The third part is a high-resolution (800 dpi) black layer. This consists of a 1-bit
opacity bitmap. The medium-resolution black layer is a subsampled version of the high-
resolution opacity layer. In practice, assuming the low resolution is an integer factor n of
the high resolution (e.g. n = 800 / 267 = 3), each low-resolution opacity value is obtained
by averaging the corresponding n x n high-resolution opacity values. This corresponds to
box-filtered subsampling. The subsampling of the black pixels effectively antialiases
edges in the high-resolution black layer, thereby reducing ringing artifacts when the
contone layer is subsequently JPEG-compressed and decompressed.
The structure and size of the page buffer is illustrated in Figure 47.
11.3 Compositing Model
For the purposes of discussing the page buffer compositing model, we define the

followinT variables.
TABLE 41 Compositing variables
variable description resolution format
n medium to high resolution scale factor| - -
Cher background contone layer color medium | 8-bit color component
Cosm contone object color medium | 8-bit color component
0obM contone object opacity medium | 8-bit opacity
Apgh medium-resolution foreground black | medium | 8-bit opacity
layer opacity
Qg foreground black layer opacity high 1-bit opacity
arcH black object opacity high 1-bit opacity
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When a contone object of color Copyr and opacity apey is composited with the

contone layer, the contone layer and the black layer are updated as follows:

Cagulx, y] <= Cogudx, yJ(1 — Oraudx, y1) if Oosudx, 1> 0 (Rule 3)
Orgufx, ] <= 0 if Oosdx, y]>0 (Rule 4)
Orgrlx, ¥y] <~ 0 if Oopmdx/n, y/n}>0 (Rule 5)

Coeulx, y] < Cperlx, yJ(1 — Qoerdx, 1) + Coomdx, ¥]Ooeadx, ] (Rule 6)

Wherever the contone object obscures the black layer, even if not fully opaquely,
the affected black layer pixels are pushed from the black layer to the contone layer, i.e.
composited with the contone layer (Rule 3) and removed from the black layer (Rule 4
and Rule 5). The contone object is then composited with the contone layer (Rule 6).

If a contone object pixel is fully opaque (i.e.Qosdx, ¥] = 255), then there is no
need to push the corresponding black pixels into the background contone layer (Rule 3),
since the background contone pixel will subsequently be completely obliterated by the

foreground contone pixel (Rule 6).
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Note that the black layer is manipulated as a set of 1-bit opacity values, but is
delivered to the printer 10 as a set of 1-bit black values. Although these two
interpretations are different, they share the same representation, and so no data
conversion is required.

The forward discrete cosine transform (DCT) is the costliest part of JPEG
compression. In current high-quality software implementations, the forward DCT of each
8x8 block requires 12 integer multiplications and 32 integer additions. On typical
modern general-purpose processors, an integer multiplication requires 10 cycles, and an
integer addition requires 2 cycles. This equates to a total cost per block of 184 cycles.

The 26.4MB contone layer consists of 432,538 JPEG blocks, giving an overall
forward DCT cost of about 80Mcycles. At 150MHz this equates to about 0.5 seconds,
which is 25% of the 2 second rendering time allowed per page.

A CE-oriented processor may have DSP support, in which case the presence of
single-cycle multiplication makes the JPEG compression time negligible.

11.5 Banded Output

The printer control protocol supports the transmission of the page to the printer
10 as a series of bands. If the graphics system also supports banded output, then this
allows the printer driver to reduce its memory requirements by rendering the image one
band at a time. Note, however, that rendering one band at a time can be more expensive
than rendering the whole page at once, since objects which span multiple bands have to
be handled multiple times.

Although banded rendering can be used to reduce memory requirements in the

printer driver, buffers for two bands are still required. One buffer is required for the band
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on disk, if a disk drive is present in the system, and only loaded into memory block-by-
block during transmission.

12 WINDOWS 9X/NT/CE PRINTER DRIVER

12.1 Windows 9x/NT/CE Printing System

In the Windows 9x/NT/CE printing system, a printer is a graphics device, and an
application communicates with it via the graphics device interface (GDI). The printer
driver graphics DLL (dynamic link library) implements the device-dependent aspects of
the various graphics functions provided by GDI.

The spooler handles the delivery of pages to the printer, and may reside on a
different machine to the application requesting printing. It delivers pages to the printer
via a port monitor which handles the physical connection to the printer. The optional
language monitor is the part of the printer driver which imposes additional protocol on
communication with the printer, and in particular decodes status responses from the
printer on behalf of the spooler.

The printer driver user interface DLL implements the user interface for editing
printer-specific properties and reporting printer-specific events.

The structure of the Windows 9x/NT/CE printing system is illustrated in Figure
48,

The printer driver language monitor and user interface DLL must implement the
implement the relevant aspects of the printer control protocol described in Section 6.

The remainder of this section describes the design of the printer driver graphics DLL. It
should be read in conjunction with the appropriate Windows 9x/NT/CE DDK
documentation.

12.2 Windows 9x/NT/CE Graphics Device Interface (GDI)

GDI provides functions which allow an application to draw on a device surface, i.e.
typically an abstraction of a display screen or a printed page. For a raster device, the device
surface is conceptually a color bitmap. The application can draw on the surface in a device-

independent way, i.e. independently of the resolution and color characteristics of
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the device.

The application has random access to the entire device surface. This means that if
a memory-limited printer device requires banded output, then GDI must buffer the entire
page’s GDI commands and replay them windowed into each band in turn. Although this
provides the application with great flexibility, it can adversely affect performance.

GDI supports color management, whereby device-independent colors provided by the
application are transparently translated into device-dependent colors according to a
standard ICC (International Color Consortium) color profile of the device. A printer
driver can activate a different color profile depending, for example, on the user’s
selection of paper type on the driver-managed printer property sheet.

GDI supports line and spline outline graphics (paths), images, and text. Outline
graphics, including outline font glyphs, can be stroked and filled with bit-mapped brush
patterns. Graphics and images can be geometrically transformed and composited with the
contents of the device surface. While Windows 95/NT4 provides only boolean
compositing operators, Windows 98/NT5 provides proper alpha-blending.

123  Printer Driver Graphics DLL

A raster printer can, in theory, utilize standard printer driver components under
Windows 9x/NT/CE, and this can make the job of developing a printer driver trivial.
This relies on being able to model the device surface as a single bitmap. The problem
with this is that text and images must be rendered at the same resolution. This either
compromises text resolution, or generates too much output data, compromising
performance.

As described earlier, CePrint’s approach is to render black text and images at different
resolutions, to optimize the reproduction of each. The printer driver is therefore
implemented according to the generic design described in Section 11.

The driver therefore maintains a two-layer three-part page buffer as described in
Section 11.2, and this means that the printer driver must take over managing the device
surface, which in turn means that it must mediate all GDI access to the device surface.
12.3.1 Managing the Device Surface

A graphics driver must support a number of standard functions, including the

following:
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function description

DrvEnableDriver Initial entry point into the driver graphics DLL. Returns
addresses of functions supported by the driver.

DrvEnablePDEV Creates a logical representation of a physical device with which
the driver can associate a drawing surface.

DrvEnableSurface Creates a surface to be drawn on, associated with a given
PDEV.

DrvEnablePDEV indicates to GDI, via the flGraphicsCaps member of the
returned DEVINFO structure, the graphics rendering capabilities of the driver. This is
discussed further below.

DrvEnableSurface creates a device surface consisting of two conceptual layers
and three parts: the 267 ppi contone layer 24-bit RGB color, the 267 ppi black layer 8-bit
opacity, and the 800 dpi black layer 1-bit opacity. The virtual device surface which
encapsulates these two layers has a nominal resolution of 267 ppi, so this is the
resolution at which GDI operations take place.

Although the aggregate page buffer requires about 34MB of memory, the size of
the page buffer can be reduced arbitrarily by rendering the page one band at a time, as

described in Section 12.3.4.

A printer-specific graphics driver must also support the following functions:
Table 43. Required printer driver functions

function description
DrvStartDoc Performs any start-of-document handling
DrvStartPage Handles the start of a new page.
DrvSendPage Sends the current page to the printer via the spooler.
DrvEndDoc Performs any end-of-document handling.

DrvStartDoc sends the start document command to the printer, and DrvEndDoc

sends the end document command.
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Copying images, stroking paths and filling regions all occur on the contone layer,

52020202052?2020"'“52020

Ro

A®

o

while rendering solid black text occurs on the bi-level black layer. Furthermore,
rendering non-black text also occurs on the contone layer, since it isn’t supported on the
black layer. Conversely, stroking or filling with solid black can occur on the black layer
(if we so choose).

Although the printer driver is obliged to hook the aforementioned functions, it can
punt function calls which apply to the contone layer back to the corresponding GDI
implementations of the functions, since the contone layer is a standard-format bitmap.
For every DrvXxx function there is a corresponding EngXxx function provided by GDI.

As described in Section 11.2, when an object destined for the contone layer
obscures pixels on the black layer, the obscured black pixels must be transferred from the
black layer to the contone layer before the contone object is composited with the contone
layer. The key to this process working is that obscuration is detected and handled in the
hooked call, before it is punted back to GDI. This involves determining the pixel-by-pixel

opacity of the contone object from its geometry, and using this opacity to selectively
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and geometric-wide lines. The first step is to avoid the complexity of Bézier-spline curve

segments and geometric-wide lines altogether by clearing the corresponding capability
flags (GCAPS_BEZIERS and GCAPS_GEOMETRICWIDE) in the flGraphicsCaps
member of the driver’s DEVINFO structure. This causes GDI to reformulate such calls
as sets of simpler calls to DrvPaint. In general, GDI gives a driver the opportunity to
accelerate high-level capabilities, but simulates any capabilities not provided by the
driver.

What remains is simply to determine the geometry of a single-pixel-wide straight
line. Such a line can be solid or cosmetic. In the latter case, the line style is determined
by a styling array in the specified line attributes (LINEATTRS). The styling array
specifies how the line alternates between being opaque and transparent along its length,
and so supports various dashed line effects etc.

When the brush is solid black, straight lines can also usefully be rendered to the
black layer, though with the increased width implied by the 800 dpi resolution.

12.3.3 Rendering Text

In the case of a DrvTextOut, things are also more complicated. Firstly, the
opaque background, if any, is handled like any other fill on the contone layer (sce
DrvPaint). If the foreground brush is not black, or the mix mode is not effectively
opaque, or the font is not scalable, or the font indicates outline stroking, then the call is
punted to EngTextOut, to be applied to the contone layer. Before the call is punted,
however, the driver determines the geometry of each glyph by obtaining its bitmap (via
FONTOBJ_cGetGlyphs), and makes the usual obscuration check against the black layer.

If punting a DrvTextOut call is not allowed (the documentation is ambiguous), then

the driver should disallow complex text operations. This includes disallowing outline
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The driver must set the GCAPS_HIGHRESTEXT flag in the DEVINFO to
request that glyph positions (again in 267 ppi device coordinates) be supplied by GDI in
high-precision fixed-point format, to allow accurate positioning at 800 dpi. The driver
must also provide an implementation of the DrvGetGlyphMode function, so that it can
indicate to GDI that glyphs should be cached as outlines rather than bitmaps. Ideally the
driver should cache rendered glyph bitmaps for efficiency, memory allowing. Only
glyphs below a certain point size should be cached.

12.3.4 Banded Output

As described in Section 6, the printer control protocol supports banded output by
breaking the page description into a page header and a number of page bands. GDI
supports banded output to a printer to cater for printer drivers and printers which have
limited internal buffer memory.

GDI can handle banded output without application involvement. GDI simply
records all the graphics operations performed by the application in a metafile, and then
replays the entire metafile to the printer driver for each band in the page. The printer
driver must clip the graphics operations to the current band, as usual. Banded output can
be more efficient if the application takes note of the RC_BANDING bit in the driver’s
raster capabilities (returned by GetDeviceCaps when called with the RASTERCAPS
index) and only performs graphics operations relevant to each band.

If banded output is desired because memory is limited, then the printer driver must
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Table 45. Required printer driver functions

function description

DrvStartBanding Prepares the driver for banding and returns the origin of the first
band.

DrvNextBand Sends the current band to the printer and returns the origin of the
next band, if any.

Like DrvSendPage, DrvNextBand converts the contone layer from RGB to
CMYK using GDI-provided color management functions, compresses both the contone
and black layers, and sends the compressed page band to the printer (in a page band
command).

It uses EngWritePrinter to send the band data to the printer via the spooler.
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CLAIMS

1. A digital printing system for printing on both surfaces of a sheet of print media,
the printing system including:

a first print engine; and

a second print engine in an opposed, aligned relationship with the first print
engine, each print engine including an inkjet printhead and a transfer roller on to which
ink ejected from the printhead is deposited to be applied, in turn, on an associated
surface of the print media, the transfer roller of one print engine further serving as an
urging means for the transfer roller of the other print engine for urging the transfer

rollers into contact with their associated surfaces of the print media.

2. The system as claimed in claim 1 in which the second print engine is pivotally
mounted with respect to the first print engine, the second print engine including a
biasing means for biasing its transfer roller in to abutment with the transfer roller of the

first print engine.

3. The system as claimed in claim 1 in which at least one of the transfer rollers acts

as an urging means for urging the sheet of print media past the transfer rollers.

4, The system as claimed in claim 1 in which at least a surface of the transfer roller

of each print engine is of a wear resistant material which is resistant to pitting,

scratching or scoring.
5. The system as claimed in claim 4 in which the material is titanium nitride.
6. The system as claimed in claim 1 in which each print engine includes a page

width printhead, with the transfer roller being of a similar length to the printhead.
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1 The system as claimed in claim 7 in which, when the printhead of each print

engine is inoperative, it bears against its associated transfer roller such that the sealing
. means seals the ink-ejecting means to inhibit evaporation of ink from the ink-ejecting
means, each print engine including a displacement means for withdrawing the

printhead from the transfer roller when printing is to be effected.

11.  The system as claimed in claim 10 in which the displacement means includes an

electromagnetically operable device.

12.  The system as claimed in claim 11 in which the electromagnetically operable
device is a solenoid which, to draw the printhead away from the transfer roller to
enable printing to be effected, requires a first, higher current, and to hold the printhead

in spaced relationship relative to the transfer means requires a second, lower current.

13.  The system as claimed in claim 10 in which each print engine includes a
cleaning station, arranged upstream of the printhead, for cleaning the surface of the
transfer roller.
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14.  The system as claimed in claim 13 in which the cleaning station includes a
cleaning element of an absorbent, resiliently flexible material and a wiper of a

resiliently flexible material arranged downstream of the cleaning element.

15.  The system as claimed in claim 1 in which each print engine provides for

process color output.

16.  The system as claimed in claim 1 in which the print engines are operable
substantially simultaneously to effect substantially simultaneous printing on both

surfaces of the print media passing between the print engines.



