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demands of such printers in terms of print quality and speed, continue to increase.

All commercially available inkjet printers use a scanning printhead, which traverses across a
stationary print medium. After each sweep of the printhead, the print medium incrementally advances
ready for the next line(s) of printing. Such printers are inherently slow and are becoming unable to
meet the needs of current demands of inkjet printers.

The present Applicant has previously described many different types of pagewidth printheads,
which are fabricated using MEMS technology. In pagewidth printing, the print medium is continuously
fed past a stationary printhead, thereby allowing high-speed printing at, for example, one page per 1-2
seconds. Moreover, MEMS fabrication of the printhead allows a much higher nozzle density than
traditional scanning printheads, and print resolutions of 1600 dpi are possible.

Some of the Applicant’s MEMS pagewidth printheads are described in the patents and patent
applications listed in the cross-references section above, the contents of which are herein incorporated

by reference.
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Background to the Invention InkJet printers are now

comonpl ace in hones and offices. For exanple, inkjet
wW@b@voeyisphi ¢ printers, which print col or i nmageGI/AU2005/001829

generated on digital caneras, are, to an increasing

extent, replacing traditional devel oprment of

photographlc negati ves. Wth the increasing use of

inkjet printers, the denmands ®f such printers in terns

of print quality and speed, continue to increase. Al
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print may consunme nore power than other |ines of

print. Hence, a peak power requirenent for each |ine
w@boopes18T ng may be different. In a typical paPemAt2in5/001829

printhead, nozzles ejecting the sane color of ink are

arranged longitudinally in color channels along the

| ength of the printhead. Each col or channel may

conprise one or nore rows of ozzles, all ejecting the

same colored ink. In a sinple exanple, there nmay be

O n eln%ﬁ?&eﬁglyy ﬂa{entgh%ﬁloyfa@%g ;J?@l@ 1%9@% ?)Jcﬁé’t‘.’l\ﬁf PIN@IZ 59 Sfiled May 27,
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coﬁ’&@oﬂdﬁr@@ecoﬁ&( ®dundant’) row of nozzles from a different color channel which eject the same
color. As described in USSN 10/854507 (Docket No. PLT019US), filed May 27, 2004 and USSN
10/854523 (Docket No. PLT030US), filed May 27, 2004, one line may be printed by the first nozzle

row and the next line is printed by the second nozzle row so that the first and second nozzle rows print

alternate lines on the page. Thus, if there are unknown defective nozzles in a given row, the visual

effect on the page is halved, because only every other line is printed using that row of nozzles.
Alternatively, if there are known dead nozzles in a given row, the corresponding row of

nozzles may be used to print dots in those positions where there is a known dead nozzle. In other

words, only a small number of nozzles in the ‘redundant’ row may be used to print.
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consequence, each line of printing is typically not a

perfectly straight line (unless the physical
wa@eooangaseENt s of the nozzles directly conpensap@FADZNI05/001829

the firing order in which case it can be a straight

l'ine), although this inperfection is undetectable to

t he human eye. Each segment on a printhead nodul e rmy

conprise, for exantE 10 fi rﬁng groups of nozzl es,
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row of nozzles froma different color channe |cf1
Tapledtct the same color. As described in USSN 10/ 854507

(Docket No. PLTO19US), filed May 27, 2004 and USSN

10/ 854523 (Docket—No.PLTQ3QUS) _filed May 27, 2004,

one line may be| bieriagy byl €oler fi { LeakRorere|row and

the next line is printed bychdifels¢Repdreapngl € row so

that the first apd-secondlnozzle tows printialternate

lines on the page. Thus, ilf*there|&re unknown

defective nozzl =e33n a gl viem row, [he visual effect on

t he page is hal because_only every other line is

printed using t ng row of |nozzles|{*Alternatively, if

there are known| dewe leyzlilas 1n algiven row, the '

correspondi ng r pw of

... ele.

Table 1
In this simple CMY printhead with no redundant nozzles, power is distributed evenly over the
duration of the line-time so that the peak power requirement is constant and equal to the average power
requirement of the printhead. From the standpoint of the power supply, this situation is optimal, but, on

the other hand, there is no means for minimizing the visual effects of dead nozzles.



nozzles may be used to print dots in those positions

where there is a known dead nozzle. In other words,
womioy/oesi8hal | nunber of nozzles in the 'redundeeit/AU2Z®H001829

maybe used to print.As already nentioned, the

redundancy schene described in USSN 10/ 854507 (Docket

No. PLTO19US), filed May 27, 2004 and USSN 10/ 854523

(Docket_ No. PLTO30US), filed Nay 27, 2004 has the

adv dh# 59F eintheadiisving sedprdent qyan and magentacqolas thagaedl (Ze. C1, C2, M1, M2

anf) ¥Zobl 0@ Shan@llsh BRAra éJéﬁ* OFLZEIE rd#ARA QMR colREBRAUFor efeitlafd SHd dots), each
r edundant CZJors may be used to further

qgoice qk ) .
nopZlgiouds #ieted aeeafh of s diop-tige: siicg dherrgzeAo@den magle gparipweif the
aveh RO weekduiremem kfibie pritthda® WaSHitic @B fdhdduidy @fhefnd 33@ ik sequence

| um na n 1S | t_.s ifive to mssin
cesr BRS8N DR (RGBS ey . oL DN Bsasas
(Dotket Ne PLEO30HS), &tkd W, 2004,ahe peﬁhpdvhe;eqﬁii‘bﬁfenm&fihe duration of two
Lnplagk; . h higher contribution to | um nance
maﬁggggﬁygéﬁémghgg%d choi ce for a redundant col or.
However, while the redundancy schene descri bed in USSN
10/ 854507 (Dock TOIOHS) HSedtvay—27, 2004

and USSN 10/ 854
27, 2004 can co
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the other hand, there is no neans for mnimzing the
vi sual effects of dead nozzles.ln a CMY printhead
whawinegsisedundant cyan and magenta col or channeCBHA{U2®5/001829

a, ¢, M, M and Y color channels) and a pair of

nozzle rows in each color channel (for even and odd

dots), each nozzle rowis allqtted one-tenth of the
line-tine, sincethere are (ten nozzle rows. Now if
the average powef-%r equi reneh{od) tHé7printhPad is X,

with the redundangyewSiGRETE @p &? 1756 SEeENCe
descri bed in USSN-10/854507 et No. PILTO19US),

filed May 27, 2004 and USSNT‘\‘I?EQ}?854523 (Docket No.

PLTQGEO &ent frorh @@ ab¥ taBié, that 0 peakt fﬂ%%eﬂ‘@ relxggﬁtfvlgf ntlen% pr:néhegd fluctuates

require t ov r. t.he duratio
severely oo 67 $80.9 withiy tgezperlpd pla léax?T“éF?n?"e’F fhevahitireavepenmower
cotsainbdotehtit whble hmﬁﬂie Peres. I piﬁ(hﬁcﬁl&éfﬁlﬂ tit i9 Bif IR tdthdndaB@R power

su}t e)p&l& %?Is feigle c}eﬁver Eftﬂw\e/@%mtg ﬁg}ﬁb\'ﬁs %}Wgwg\y@?&]%gchtdg\ﬁélpe Hence, the
fgedwgc,m@ecr@w@m USSN ]\ﬂl‘%#i@ﬂ(DMeﬁNd?rPLT(Sl 9B'B), |fﬁled Xay l217l, 2004 and USSN
. t t
10R58088 '(]§(§Elket I\ﬁ{ BﬁS)éﬁlegMagf?l; ‘igbzp Qe dal 0 \}% 8%(]1‘%}1? in practice, even

power supply I Ver se
though ¢ piiers qugld@rnlﬂmﬁvsntzges indens ofvieduving tieadsalleffemes dfikn®vn dead nozzles.

HeNeR colre

(Dot gct> Noa 5%{351%?_ S Qf&?g{nﬁﬁ a6t th gyg%péoﬁég%%{? in a given line-
tmpyegYing sman pysiageRt xRerk pPFad) nozzlp Fasrcl Stya cR guRE s stfectively
thed;hfﬁé hsabidt edcAbdd BPTAEN Whild (Y Rk dueRion GYEE a&my%k P(‘iwer and

ers consi der ab] e advantages in terns of reduc

dﬁ HORUBARES.fr oLl T TRORiehbE Rieem Asia dend @rzztee)@mseonlhone of
eachréduhdvaodbla @hﬂnﬂel Beuld 08 481gHebe Hirddah a ERed link finle HMAHANING one of the
nmggagmmgggn |n a given linetine, resultlng in an

Veragesor S pomer for each nozzle row Such a
con Itl\@m]rdaieldesnrabls togfrévédetal ivesthod of préntimg Kﬁ?eralﬁ‘y flubRbtions in a peak power
conf.

ool R il B ol og Wioeliol S ) mrbefil B vhereby e
aveyieq Pewer @Qquaememe sfghe frimtheacoib bubstaifallk eqmainto dre aehkporad reqinrement at any

g1v§ﬂ €Y )brLQcﬁl% @@oﬂ@ﬁ%ﬁeq ld&ﬂ%ﬂ%: to rpgevt%e acngle%}nﬁ IF rglylng, Whereby, in

be abl e I'n a given
additipy; Iﬁﬁmé@\@ @;ctulahtg negl Wea@mwmaxyesheoﬁsun@ﬁmmm or htalfunctioning

noz)Mébl hd rd¥8cdes Wbl b@fu{’tﬂer REQYhIE %@O\H@etaqgghog él{d Ivﬁlgreby, in addition

wher.eby fluctuatjons in a ower requ
to TpiFg Beeiafies Hek PeFBEREFeREr husi} ffspeof r@leblreetvd il capplets i
redd@tihod of printing whereby the average power
requi renent of the printhead is substantially equal to
t he peak power requirenent at any given tinme during
gmmgapfm@hnéMkmnuld be further desirable to provide a

f | u adﬁr f ngg pea 6 V\Mregr ebﬁﬂop 8ﬂgﬁ¥ugalt]}1é gge g‘%én Fequui?egment of an
inkjef mrexﬂxesd géld thixgigkad conmpaisihg i p]uraﬁfyl af girsn ﬁXiZZ]]eﬁéhd aphrdlietsfeednd nozzles
supi)l'ied‘%lﬂll a%aﬁgﬁgl&&{)iiﬂﬁ rsa1g %?‘slt Faoaztz ese antd%ec%m? N0zZ es bemg cmﬂpgureg in a plurality

of sets Wherem each set of nozzles comprlses one ﬁrst nozzle and one corresponding second nozzle,

each nozzle in a set being configurable to print a dot of said ink onto a substantially same position on a
print medium, said method comprising:
(a) selecting a firing nozzle from at least one set of nozzles, said selection being on the basis of

modulating said peak power requirement; and
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to mnimzing fluctuating peak power requirenents, the

visual effects of msdirected ink droplets is reduced.
wewumesof the Invention In a first aspect, tPEr/au2m5/001829

provi ded a nethod of nodul ati ng a peak power

requi renment of an inkjet printhead, said printhead

conprising a plurality of first nozzles and a

plurality of second nozzl es stipplied with a sane
col &p@guimgdotsoptogaif prigtmediymAsng sy Jrisgresde nozzl es

bei Mga Sa6Hd pbce Ehefelis grodddadhetiod oOhridt@f § lind\TRALE IFOmDA Glkjet
rst nozzl e and aqne

t .of.noz conrlssone [
Pﬂ&@?ﬁde%ﬁc}ﬁaznﬁ@ds CEPENRE ity of éf ZY921es 224 & Plupplity of sgeond nozzles
suﬂ;ﬁemnh:a)nfmeg:ufo&ld lirtk, $af fi¥btindtzled ankDdecérd n‘éﬂzﬂ& beiK codfifi@edin a plurality
of it b ot ReFPF otk Sas PrnGhoB i i conssion o egopd nozae,
eacéntﬂ%@asta setrbeing etnfigfirable mzirietss dat af didsnlt @t & mbsthxﬂiaﬂlggsaﬁﬂ position on a
pnhngfgﬁl s of nodul ating said peak power requirenent;
printing dots onto said print nediumusing said
fi r s#gmeted Fanprising arigiae o it efslpls eerosstshid pent rsednosuciviet said first

no#FRds Q&ﬂsafafsewnu bR efn l:énﬁ‘ﬁ)u%fdog% Siid fiRM an i nkj et

rinthead, said printheao ngrls a plurality of

fi r &t 2 hisd p0e, there isprayided a ety @ﬁm@,d@g@ma PRok povees requirement of an
1nk§ét| Pihth&@d, MidtphinReiR0RptgQpRAalthks tra%?v‘eﬂ:elfy lafi %Qd &Qgrz:hﬁﬁels, each
co)é nn&ond nhozzl es being configured in a urality of

ERE BLIE! Beporge oM P Fndine dengivdiadly algpgsaid prighead, each
nofHZid b €olaicha@idPei€dting BE mdbmds&g lan&elﬁ Qzd b@ntheaagmompnsed ofa
e to rint a dot

bei n nf.i of

oo rhe e b R vt e s gech noacle
rowedi um said nmethod conprising pr| nt i ng a line of dots

acr | rint Such rst nozzl

2ina 08 RS BikPing SER oA RS bl oo ) B witin o
pradgterminedsegmenhitime) Wk@p@@t least b@r@ sdig ﬁpd esgneretd iscconteinérbid aciffferent

t of an inkjet

co%?%%&%{e%%g aggaﬁg&‘é O&gyﬁe%gﬁ%g of [ s‘?ng a plurality of

t r afsy Bl pspecy thftgwe drogigedm inkietrpriathead comptisings mvrality of transversely
ah%loéa BE16H ch&RRR dastl (ﬂﬂ)r Ghanhd BthprifH a{‘lggs% biie o ﬁ%te%ﬂlﬁﬁongltudlnally

ngitudinally along said prin each nozzle 1 n
alopg pait Pt ERChaToErie P A ﬁ@ct@a% S@éﬁ @mﬂ iply vhesginespid ipﬁnthead is

coiftisdd Pff d pHrARRAf printHeREduRS Gin@ fhe AuRbdtlofbdidr¥hathels is equal to the number
rinthead nodul es, each prlnthead nmodul e conprising a

of ‘&ﬂbe ¢ esegmant of each nozzle.row, said nethod
CONhi & ﬁftllﬂ@paﬁ,(ﬂibr@ifs pofidel Pprinkdr BadD1 ST BuBSyihd ddt Bga B an inkjet

nnt% a%es%gd pnnthea C%%%ESII\{\Q a pl]urnhty of first nozzles and a plurality of second nozzles

supplied with a same colored ink, said first nozzles and second nozzles being configured in a plurality
of sets, wherein each set of nozzles comprises one first nozzle and one corresponding second nozzle,
each nozzle in a set being configurable by said printer controller to print a dot of said ink onto a
substantially same position on a print medium, said printer controller being programmed to supply dot
data such that said first nozzles and said second nozzles each contribute dots to a line of printing,

In a sixth aspect, there is provided a printer controller for supplying dot data to a printhead,
said printhead comprising a plurality of transversely aligned color channels, each color channel
comprising at least one nozzle row extending longitudinally along said printhead, each nozzle in a

color channel ejecting the same colored ink, wherein said printhead is comprised of a plurality of
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predeterm ned segnent-tinme, wherein at |east one of

said fired segnents is contained in a different col or
web@mned1st rom at | east one ot her of said firedPCT/AU2005/001829

segnents. In a fourth aspect, there is provided an

i nkj et printhead conprising a plurality of

transversely al i gned color channels, each color

hanpel conprising at | east ot nozzl e row ext endi ng
PI}H&H?@} meftearspriafisimedieroppiREd s ctiva tgmar2F pash herzlg row, said

prin@Nc@itr6ld:r béiflg HrdSraMaRE tosapply @Al ddtddach iﬂgﬁfa&i oF sﬁ@?ﬁlnthead modules fires a
a plurality of prin

rinthead is.c sed
fe?Pﬁ%IUF é?me’étﬁatht%aglg ‘i???&&ne%ﬂﬁgfew -BPe, PRSI least encefisaifl fireg segments is
cohﬁﬁedliﬁrtblﬁ’fer@i cqdér chirhelabnan thadt ©fe othed oﬁsafdf ﬁr&&se@tﬁ&f@ﬁt
there is e rint contr er.for,su
ot 1 aedveh Bl SE R iRbadn Ber R Rl Sritd REBR cdmptbing aninkje
printhept dnd i pjnter qohtmlaf for yupphymg dotsinta nosazll pmthazm;l a

glolu(r)s?ile 8EXth fd CUIIl G ar}:%%rgl rt]g é‘fzq%f BQJZ s and a Cpolrj{aﬂﬁ 89 SCFOélg nozzles supplied
wihed sagpe e pred glhr S@tﬂl first ngzztes endeskdong n@leesbdng configraliima plahity of sets,
witidin &fn Méﬁo@ﬁes%ﬁﬁﬁée? & 28 ﬁozfzieraa& o&%%ﬁéssorﬁfh% SQJ(])Ed nozzle, each

correspon I Ng second nozz eac nozz
nogEs g seldisiog gentigurable by sas,%n’raltep pan¥plar topsint p dotioBsaid ik prito mt

su&tﬂlﬁﬁllﬂﬁm@ﬁésﬁlohﬁkaﬁﬂﬁt%e@mﬁlUbSt antially same position
on a print ne |ugbqsa|d printer controller bein

pro @P‘Q RS toBtrdispprine Riegrangugddo epely detista sugs taatﬁqlg §yst nozzles and
saﬂ&é&h@ﬁoz@lﬁdeaﬁ]ﬁbdﬂltrﬁﬁ&%@ e oesrigiagh contri bute dots

o 58 P E b B P oG et e
printhead 4pd b pmhtaa:dmmmr fbr mpplmag éadate omafdl peinfhgada plurality

charrgP ks B S e HanEoRE0 Sielied G Sebiriiragy color channel
comprigyig al et ah¢ Igozalb mvgemdldg fongitutiinalychlongaaii printheat @achmoazle in a
cofo? l:l%fme‘l: E}@&ﬁg Ithg%!nﬁg Edl&gd 151@ %Jgg'r@i?{%m& g{'u?tﬁeea is comgxfléMag }Hlérgl of

sal rint ura
prigthgad I@‘siuleé &adh mlmhmmmlemmsmg@@mmtm swgmaat pé@plemzzlv €W,

S e R riftfr &ﬁ&&leﬂ% ];ﬁogré%edst@éug%l? labtHaBlsu t&]h SeIAN Eé’aldfprmthead

bei ngﬁprogrammd to a such that eac

S
medaiey s  FEPRSALP SREBRRH é@fm P pdetermingd prementiimes whateip et least one of said

firéd defrinéhtsis POrRARI B ATHiIFEENtTEIB B Rnet k¥R at 1MBEINE biferdt sdi®BRY segments.
one of said fired segnents is contained in a different

col or channel from at | east one ot her_ of sa! d fired
s egmahdspectslofithe isendntphovils iR alvadlagd dTenddiMen} 4 geik ;l:(&wféﬁfe@mrement of

i s rov nthedsstem rising an in
o SRR G UP it B 20O Porch rplseyFrig i arintesd nee
notllet s@emaﬂyswpﬂadm mppllyea&drelystbmtdaﬂmg Iaﬁhbiﬂ:ead‘ pﬁwmlhrbﬁghﬂg edlch print cycle.
In'ﬂie;&ﬁél ﬂtWen%% ftfl dc?e%’ ?ﬁg p%l e ower e ap 100 e\é hqfna-%i%%?lgegsubstantially

es supp ore
regygedz He@e,athqjdesm mﬁinmﬁaztlu@saf the pmghetad péweg mppdjy 1hay t® simplified and the
po%ﬂ%ﬁll& {s¥naQE m%ﬁtébuse/w&{e B %ﬁ%ﬂ%ﬁ& dé?fvelrkgge%éﬁ ﬁuctuatmg amounts of

conprises one first correspondi n
rogeite i PHBBRSAde.  each

In addition to modulating the peak power requirement of the printhead, the present invention

Z5

e

allows print quality to be improved by using redundant nozzle rows, and without compromising the

above-mentioned improvements in peak power requirement. Print quality may be improved by, for
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nozzle in a set being configurable by said printer

controller to print a dot of said ink onto a
wGaagnesT al |y same position on a print medi unPCEHaADUZD05/001829

printer controller being progranmed to supply dot data

such that said first nozzles and said second nozzles

each contribute dots to a line of printing. In an

ei%hth aspect . of the i nventi ohl there is provided a
exgmplereivgige by siswleentintvaimeyn é?ﬁdlnﬂqueé in the printhradgndreduaing the visual
effebts B Bkdifold Rldtpletsf or suppl yi ng dot data to said

printhead, said printhead conprising a plurality of

transversely aligned col or channels, each col or

c hanimalsedterg, itwitdtgs Slowt £asits ob ezzRO7 ozl AW X! BRFInAGde nozzle rows

“%Pngntgdop%o Yii q]€¥ sauﬁgfrlnthead, each nozzle in a
Corore CRanner “BP e AP H& same col ored ink, wherein.
sai AAspiseditetegndhd tsmc‘cmlp rinceids ofy typepf ejeadble fuidfincluding, for example, IR

1nlpsra.ltlﬁlhjgaf1@& M'ﬂlag d%%f%el\ggﬁlﬂgsrf e%wse gyere%cé:s nps[am% f:orelgreél ink” include

respect i Ve segrent” nozzl e row, sai
inksod & pashel celor pretypece- 9o sanesy Yokl stipe Hiﬁp}gblysamgtﬁxame a such
th atAsQﬁ&fheféﬁn RGPS ﬁﬁ? ﬂﬁggﬁg eﬁﬁmgﬁ 51?2?‘%1%1t i mﬁlﬁﬁg S u¥e% to mean
eter

ment within a pre

th%ita%r%%?f iRjhes a mseadqsl tajepiery ta e'grrfem sgmie ositénmtnitipesuling lnechum (as
anBihé: @prﬁf}ﬂ br 69| R6wsBABREDL III]JEIQH@ eftbr Ihﬁ‘?jﬁg in@Mg AoBREs 0Pk, random

ed seg ments. All aspects of the invention
$ ki a@qw&nbﬁv%%%gaedraﬂe% iy ppicpe aripehrrapibiyits intended position
onftBptnt BeRh. Hehcd, bR tdrkbbtafiailthh eaeb podifien &4 Sid: AkNuthBinciudes

L T T ML

thgpustioal y fl uctuati ng anounts of power throughout each

print cycle. In the present invention, the degree of

peak power fluctuations within each line-tine are

subdre agepridardck with edtucfortns digrdeventidnethel fsi mazlesmd second nozzles are

AR : [

coAMHAEL MR g e wBELEWIERE PR SR st angne
COVP%P?@@%@#CO%@OZH@W ert epckiedzely éva ssbiy eondigyrable tcnringa doigf mk onto a
subYRHAE S aBd pcﬁ@i\ﬁﬁ bn Enﬂt lﬁﬁ:dﬂfn' B8 8 nodbs @%dﬂ tds%n{el%hangeably

nmodul ating the @pomer Fequirement o

pri HpHeRYY: asEds bP?é% mozz7les gensistingrrfane ‘@r\mnoaaﬂﬁe md Qe scpndnozzle.
Hdvv&ea demﬁyoélt@ﬂla@%l}*b%hiﬁﬁser fﬁl@iép gantig dizijoﬁﬂf) Q¥Ses A each nozzle in

Wi thout ¢ om si.n ﬁi ove- nentloned mpr ovenent s
the 5t ‘ifé%w%%leﬁ%a‘mt géﬁ@?ﬁ {uk opfoja,gpb S&aféqﬂmsynwmsé on a print medium. In
otheﬁ’ﬁ'bndv eltk ﬂﬁgsent flmlﬁioa ﬁﬁlio@ limft@dt 6409wt Bfredtin@ahdhoRlel 8RitnSay include, for

s.in the printhead, and reducing

known
ex?ﬁ§GV|§U5Fmr]7WS § éFSﬁFQ%F ¥cted ink droplets. As
us e Prdfgatdy, the printheddds amtaﬂdnat\ylpagewidﬂy\pmﬂieam aizhesing medium is fed

traéﬁrgéél#r sas{ ﬁx\’prgﬁﬁe% ac eﬁreséﬁﬂn%%%?r?lga ech dreve\i\g’peg DBQAI}SI’ .%o? gﬁe with such

nor e row por
pagewidth printheads.

Optionally, the printhead comprises a plurality of transversely aligned color channels, each
color channel comprising at least one nozzle row extending longitudinally along the printhead, each
nozzle in a color channel gjecting the same colored ink. As described in more detail below, each
transversely aligned color channel is allotted a portion of a line-time for firing. In this way, dot-on-dot

printing can be achieved, which is optimal for dithering,



10

15

20

25

30

As used herein , the term"ink" includes any type of
ejectable fluid, including, for exanple, IR inks and

wo 200ans3gs, as well as standard CMYK i nks. Li Ke@tii/a82005/001829
references to "same colored ink" include inks of a
same color or type e.g. sanme cyan ink, sanme IR ink or
sane fixative. As used herein, the term"substantially
t he same position on a print Wedi unt is used to nean
t hatColpr ghagpsleip thepripthgadpngy ejept thegeme edifferentjcelered inks.tHpwever, all

noPdldsi thdband SRAEhafRBAr tyBltallfsubflRd Rith Bid JREHY MnkedBlored ink. Color
anot her , dr.opl etﬁ??{f?dlri{ﬁ%%ﬁ However, due fo inherent

chafppls FieqHng diesamg Sesbimes termpRd “redyndant Golps ghannels. Typically,
thePrietiesE@itpris _atﬂéa&tgdns teaﬁﬁdlaﬂﬁ Ot Ei26eBso that gf 1343& e cOlfor éHaknel ejects

may ngt be. print exact n its intended position on
the ‘cﬁ%‘e ﬁ@?’ﬁ?lnﬁﬁﬁ?@ jto f %,°°1¥ﬁ%’a’fné’ m "substantially the

s angEapo®idr iclannad mag cquriris¢ a pleclityrof nozale kavdeSptitnaidy, ask dolor channel

i re. | d to print at the sa

cofllts Ebde ool PG IEe 1o B h0lenRoqbl gt e wansversey
Offpﬁﬁom e@i’h. othen Facmmpﬂaime nogzielyo® onapairanaybe ofnfighwed to print even dots on a
, . : _
ok WO 0 AT 08 0 B AR AR EAER B g o
nOFRkYIOWE §1 ARsifBre %@ﬁy enecdrapirs in afigayvewse dirpgtiorie allow convenient timing of
noSAK £8P FF AR ARONEN %Ak Bozzle ol 18 one @BF BhddRd 2a§ bl Epafed apart by

sgt is configurable to print a dot of ink onto a
twa HBSPLPRTEE| vy sanme position on a print nmedium so that

t he OpbisEAG Seachast dFBoA4RE Eonhps@0ah BRERZAE From ¥4t 0618d dh¥nnePand one
[ isting of one first

set is air o ozzl es o .
sedpd pie o et el e, DR R mog s i thf, 35 are aligned
trapdveselp ad thatehoh ceopriut bige thie wiitstagtiallf @ange pobikion 6h Bpttht fnedinhh)

Qgﬁﬁpgla?aél\g: Otél(lg §eg(§fg nlrglzzﬁﬁ%ngllntg gltc&lél%lﬂ Ig)?]%r%ts-ﬁ? erleg gots down a print medium, with
cachuriogtlamttheskl opntsbuting dats ot theoevlvmm. sAspsédritereing ali‘apbnmn” mefers to a line of

. - ' ' ' lim d,t ..
B VB B0 ASALL G0 ) B S g
of the app recdiunh (Qpdonsily.rppe Grst eprele b the setiprintieatoutielf of the column and one

sedOhEh&LR B the sk ﬂ%ltsod'bbﬁl_thgl? 8fknd Soléne ts@%!ét : ¥ aH@%M%.@zles in the set

printhead and the print mediumis ransver se
shage inting af the cokmmeequelly privep BeBnt i nvention has been

dev &lpap@dly, RrvisiRletitf of BisdibeRd MikldopiaGhr-RR38 M Hdbantage of using a
I néfheadﬁ. QOt%onaI ly, the printhead conprises a

PIisalty (g P BRecies fonarptipg e janag qolyimads Be) rjsdivepiathink Heoples aupy be
avérided butaanraethose@bglck.Si Ng at | east one nozzle row

ext ing |l gngitudinally. along t rinthead, each

oz STRIofly 28 it A o oo erkd s B e frt moves
and sekondAwza@santtilpexckoksito the lige. datusdd hete), #Wine@ €S to a line of dots printed
e R Y T —

mediym. Optietelly, the first nozzles print about half of the line and the second nozzles print about

half of the line, so that the first and second nozzles share printing of the line equally between them.
Accordingly, the peak power requirement for printing the line is reduced by about 50%, as compared to
printing the line using only first nozzles or only second nozzles. Optionally, alternate first nozzles in a
first nozzle row are used to print about half of the line and alternate second nozzles in a second nozzle
row are used to print about half of the line. However, other paiterns for sharing printing between the

first and second nozzles may also be used.
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printing can be achieved, which is optimal for
di thering. Col or channels in the printhead may ej ect
wao b@7968187 or di fferent col ored i nks. However, BET/AU2005/001829
nozzles in the same col or channel are typically
supplied wth and eject the sane colored ink. Color
channel s ejecting the sane colored ink are sonetines
ter redundant col or. chank¥l s. Typically, the
pr i ﬁﬂ’i’@% IYcoTihel et ohmalfiwgtiqningps dead osrira istreduosdoFhe nozzles may be
kn6¥ni B¢ noSles bh‘;&ilm@ﬂin de&‘(ﬁﬁ)tzzlékn hSRbAT effehidR Q@ﬁnkﬁéw%c&éd hddBe is reduced
ggﬁ ggFg %t ? | east one other col or channe
by ﬁ&ﬂ%@lﬂ “h’é;? iy BB O<R PRt gbat blf qf phedimenksz gxasmple, with
an mnkamwn@pdd Iﬁa’galhth ¥ozzle; aacchllujﬁmo@fnag‘éﬁl&l’lﬁ@'woﬁm@ 'iﬂls%ﬁé c@nP@LLY with no
ca no e ro sane
redhiodlOF Sy or ¥ PO SO oot ety Bieceetpourse i
mOIf-@VlS@idanwlembl@thm thoforhe. row in a pair rray be

co n lp‘ﬁUﬁa% th® cdtdr (\Ot%l htelv &4 se%?e 2 yrn% %ci ‘%yo ﬁe% flrétLﬁné ﬁc%tgenozzles) is

ot her nozzle row
ma'ggqtzh cyandy blaegk. $hehpnah gyesamest Is¢nsigive thhergaoz, Z:j/m aﬁd)b!ﬁck; #hddhese colors

arenﬁhgeq@é’nﬁy e Bﬂ:lfén}éd %&ﬁﬁé’s @m&dﬁldé£%% glgnau‘i Lad &b m%y (fontam more than one

direction to all ow conveni ent
redupdanhgpdor chagels Fargspraple, theopriathesd maytomgtserfing 2hdserapdmapenta nozzles,

an@ﬂ@t&ﬁk&bn@a@ﬂﬁ&hkﬂay be spaced apart by two |ines of

prl tional each set_ of nozzles conprises
on e g‘ida‘}?g ¥5p é"nfer%‘ms &t the inyentiop, thire isipeavided 2 meiobef@ut-of-phase

pnstﬁrgcm ds mﬂﬂﬂhﬁtefarpedla p@w&&é@ﬂém@r@ bPihe HRANAE |Ty{)1 16, di ﬁrﬁﬁhead

com“ns £ gﬁz es 1 ﬁ et _are aligned ransver sel y
SOt sn a]i’ AR Y yr?{lgn(? ot ety path pnbicalpy harpghgomprising at least
ongypgrle rqynemdmg Imngmndlmg blong theptinthadl Hayh ni2A1e lnSaQIoloﬁ’Ehannel is

S T T N K —
prigfhgad moduled; avith edch modulfsonysisitg A easmcnsegmeni ofxdathivzz1E ffwe Ot-of-phase
prnﬁtﬁxgqs ﬂrbﬂ@ed i gﬁ%h%d ‘ﬂ{\’vﬂshbeq%hzn fhen n%hea‘% m ‘1 o5 f’u%e ngehlg:egm%rsegment

prin and su para
Wlth@@d)rqgipk@@pqd@ﬂgmﬁnt-ﬁm@ V‘fbﬁllemtat lewsd] pm:mf ﬂﬁﬂm&mghdn;s is @ntined in a

diffetenBdold? QB4 flofh o A6t §1§toﬂﬁf f'%esﬁr@@ Eegfuemgl f of the

col um and .one second nozz e Int et prints about
hal f* S6¥m90kEME glay bswdeliges! a5 p aredeterairted figetion ntionsdiportinte. A line-time is

deflhea 24 tﬁétlmatak&ﬁoﬁtﬁé prﬁllﬂ Ab@uR i zﬂi%uﬂg p&f thb PEniRQh e line. Typically, all

uall tmeen m_Optionally, a visual effect of
T I lglertlé%fu@e@nalmawmaﬁttwes giual to one

hnel:ltsnm@;vﬂedabyjhahuntbﬁr ¢fRogle bWl Homevet, aerib D6t chdhilib-tiRg mtai? Be dedicated

L directed ink droplets may
o O PaEd e n bUIE ot R ese el ol e e Goshvidd by e
nurpirer nﬁnorzuge amts: @l@enaﬂy, sthsagmentitidies tre@d@iat acr OSS the print

med; | e 0 nozz

coneP el S el i sORRA0F B2 kR T B pRur arirmen i gier nozl
rowis dfos pxampde, a rddinglent@bzztbobs wonidmbthlly have half the peak power requirement of a
non-redundant nozzle row. Optionally, a predetermined firing sequence modulates the peak power

requirement during each segment-time so that the peak power requirement is within about 10%,
optionally within 5%, of the average power requirement of the printhead. In some embodiments of the
invention, the peak power requirement of the printhead is equal to the average power requirement of
the printhead.

Typically, all segments on the printhead are fired within one-line time.
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substantially parallel with the printhead and

substantially perpendicular to a feed direction of the
w@eonoeitedi um Optionally, the first nozzl es pPCTIAU2005/001829

about half of the |ine and the second nozzles print

about half of the line, so that the first and second

nozzl es share printing of the |ine equally between

t hem Accordln ly, the geak p‘é‘v\e requi rement for

pri Mt 1Ry o of fog gnvertiop, e1ff calpbehenstygs eqnal te Gepembeg of
pnhtﬁea[d fnhddtilies) g‘his thé & bp’ﬂiﬂauiiﬁiuﬁ]geﬂiﬁ btod dhbsiels RAE Ab&Tes & acﬁl’@{erperfect out-
fh ogd nﬁzz €s. %’tlon ,, alte natelflrst nozzles in
OLRhApT PRS- HEYS ok dn Pgregieet belgnghe advantssepgt ophef-phase

firing mey siificheakliieven atitg &@Qﬁtﬁlﬁhr mml&esa inBdiesEEL U6 chEAs. e

o neP Bl S Sy At ol ko i i mosr

firgs ndembﬁ@n A dlifzteemotmyhaaxheﬂ; mtlna thm@ﬂe@aﬁmmsagﬂ:w-tme Further, each
oo AT ARG P . P Bl SO R Ry e o
belewmdmg@@aep nenzzle e neFheot be Sigd bequérdtisy, vaiflstatill enjdyingwine advantages
of Si8RHpMRZ AN | S reduced by virtue of the fact that the

nozzFe is only required to print about half of the

time. For exanple, with an unknown dead magenta

Bnegzetg uoaog@ggmn magent a dots woul d be m ssi ng
ng fF X no redundancy, whereas half of the
col SRmedaior ° iSRGt BEPntien WY bedat be dereybed indetailawitiaeference to the

follosvingaliavdfgsl mevhichar nore vi sual |y acceptabl e than the

forner. nal ly. the ich is the sane col or

br | B 15 ® PR L PRI BRI FnTraBht o

cy ahigore 23t aplan vi¢wef hprindradyeduls whieh tis sSRADE the Yenthddd shown in Figure
1. mgenta, cyan and bl ack, and these colors are

“consequently the preferred candi dates for redundancy.

A pFignteBaagsalreiyativaenresentation pia pantéon of keshcelduchaamet oftled phinthead
shdAanPglR-1; For exanple, the printhead may conprise

first and second magenta nozzles, and first and second

cy aRiZHsAA shews Vhicheenraraeatire i os lisotime bgngéotofa-tineredundancy

acdof¥NS tRMveht@r € i s provided a nethod of out-of -phase
printi n%ﬂgﬁo as to nodul ate a peak power requirenment of

t heF’;gP’ie Baws Whighdd apades firerie thsmpxitine-ee Sompiiguech; and
pl UFiitetSyshés 4ﬁrﬁ;ﬂﬁ¥@§y§%ﬂcc@idﬁ@ﬁ§$€%’eﬁfouchannel s Wth
each col or channel conprising at |east one nozzle row
extending longitiudinally along the printhead. Each

Denil@i/Daxcri oﬂoﬁtﬁémvermhmnnel IS suppl ied wwth and ejects
t he ol Q& | nk. T
corbis Beer5h M kibhees ot h SR Mtk phesd 1, o
shosadh Figo U ”éhmmmeadsh gfiee dobs planhelsagnarstand)ﬁ véhihhare C1, C2, M1, M2
. . DM b
andgrg %ﬁﬁ%ﬁtl?eﬁ}y\g&]&fﬁ v&%ﬁds%?aﬂ?ag? ﬁléée;r}{ra:hﬁ 819 or ch?erFI% § reason for

each
makiag Gapd Maedundeptisrhat MOp}yicnntgbtpq:se'ld%tcé rlummanie Whlle C contributes 30% and

M SREHFRIRY 59%. e ‘M@%ﬁﬁh@ey@ﬁs léa@taséﬁsu% % Qélo&rh?lsfnﬁogee‘s‘isually acceptable to
segnent s is contal ne
have niissing yellow dots than missing cyan or magenta dots. In this printhead, black (K) printing is

achieved via process-black (CMY).

The printhead 1 is comprised of five abutting printhead modules 7, which are referred to from
left to right as A, B, C, D and E. The five modules 7 cooperate to form the printhead 1, which extends

across the width of a page (not shown) to be printed. In this example, each module 7 has a length of
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different col or channel fromat |east one other of the
fired segnents. A segnent-tinme maybe defined as a
wee@detsasmi ned fraction of one line-tine. A |iPEFAUZ®S/001829
is defined as the tine taken for the print mediumto
advance past the printhead by one line. Typically, al
segnents in a nozzle row are fired within one
e-tine. Optionally, a segﬂént tinme is equal to on

abwﬁ %Qemm spahagithe fiyeebutipe medulepfersea 4" grintheady suitable fos pageWIdth 4 x6”

col RiASintids. PR nGhg, Behis kddM@Andvbr®y PRYME pHiRRHE fROFifiRe 1 shows
ne- based overhead, in which case the segnent-tine

tmﬁP%?r%@m¥@ss than one line-time divided by the nunber

of mactzdfhelféBolorGREGER bh $he pAdthead & gomprised 4 paRof abLle rows. For
| east . one

l,. t] [ t | h
i i i ol e s RSB IRPHENR? 24 PORPOLRE A2 22 and 20 extend
lotrgmnhnallf albngﬂnawpble length Dﬁlﬂuplmmd ho¥lizdreabuting pﬁmhdzld modules 7 are
JOlQter {Egre Clj%Yatge Plgé’%r OW 8p09 ¥1\§zrz1e S lfflesggrggqeg tna.nig'lesd8 allow

t1ona
Pnflﬂhcadrmg)dsleqllwrt@ eomnddwhlbt @’éctmb' npﬁeakmp@ a\mnsuasqmmﬂ@mlm tlong each
rmf:;I W fnﬂﬁ 9@\9& ﬁ(ﬁ 1stlfsé'ﬁo §é-1)aytijg'%§ ngﬁ fes B’letﬁ%?lgﬁl%%ﬁ 'ﬁ}?n%esg /as

requi r enent about tlona
aPHPPI‘taF?eAaWé? %Rgeel% @méﬁnatroe §lithe eweqﬁpn the drepgsd trmpzie 8. prqvmded in the

Ap%ﬁéﬁﬁt’@ﬁf&%ﬂépﬁﬁ&h&s@fss‘i\h@/swsﬂ béRE NI bﬁnﬁ@@g) BRWELay 27, 2004 and
to the average

USSR et PLROIHS. B M 2S00%y pi cal |y al
SegmFaét o t&rpnhmeadnﬁédmem adhtans @ sédriefOfroMh bdeh Bf @ 8ozble Rfvs. For

tine.lLn s forns of the inventian, .the pu
et PR LS AF R Bt e A e 2oORY o ApFRgt fom the same
noyAbckatvesoperhte t6 farm atcbﬁpletp noa7iervw Rob etample, @emerts Zah,aﬂa‘h @h% 2a® and 2a®
o 5B B PR PRS) mBF R b ik segmens
ihmhadauvanUngs of out- of phase firing may still be

achi 'R%féﬁ' l{é F%&' %%erg %@p{!‘{n chetaﬂ«%%&ﬁ&r?a?i? vfmgr)g!a ?g'rti cg“ the five color

col or nne egua
chanpels 2. és4 arrad 6 drom Figveadnis Iczsl beee@@hha@ﬂae phicofnorzit towa k.. 22 and 2b) in

eaéﬁQ:g}& Endel (&> 2)adr§§eglg%98te a/ of't?éirh’@m(éhghfo@{e? rﬁ ccﬁ&l cﬁéjnnglliaf(l)ﬂ @Jlample

hin the predeterm ned segnent-
noézé“g‘ﬁﬁfﬁ? Pips aveﬁ g9ty ing lrnswhe\layoz@@ oW P‘éﬂmﬁ@a@@ﬁtﬂﬂ afl4 gots in a line.

HoWgA @erméts, tHé évkn Rfvs %Fﬁﬂzﬁémcba fﬂa DI @%@ﬂsv%&l?yﬁgned as are the
ach % g nozzl e row need not be fired
°d§ SheTEr %P by Bnd gt This ErpsBta et efdbainesgloschapuels allows
dchhﬁ dad ﬁnmﬁfg,sméﬂ ig bmgt;]al Breéreb ommermgpwma a@fenwtegﬁx 1awu1a%=§au even
or ent.i on .w e_nhow be
oS b Eef RhPiea Bipdoe Tygm B ios PG R e st Bk s and odd

nozizﬂfa\ﬁc 238 and 2b) ishthecdame color channel (e.g. 2) may be separated by, for example, two lines.

Adjacent color channels (e.g. 2 and 3) may be separated by, for example, ten lines. However, it will be
appreciated that the exact spacing between even/odd nozzle rows and adjacent color channels may be

varied, whilst still achieving dot-on-dot printing.

Dot-At-A-Time Redundancy
In the printhead 1 described above, there are two cyan (C1, C2) and two magenta (M1, M2)

color channels. In the Applicant’s terminology, the C1/C2 and M1/M2 color channels are described as

‘redundant’ color channels.
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Figure 1 is a plan view of a pagew dth printhead

according to the invention; Figure 2 is a plan view of
w@2@rietiBead nodul e, which is a part of the prP@i/AB285/001829

shown in Figure i ; Figure 3 is a schematic

representation of a portion of each col or channel of

the printhead shown in Figure 1; Figure 4A shows which

even nozzles fire in one lin ime using dot-at-a-tine

r ed én gENERed Abvsr Hitthgyercalor phanyelnaathe pETOL nRrZA fPws pmadtrglfg channel,

cadMhbofAb 06 hubtzial 18 Sné-teb@ of the 1iRQAS Hlordek fbafcﬁlb'&'éeallftﬁechr(ﬁrantages of
qu%gre 4A; and Figure 5 shows a print he stem

SR goRS R OT Ry ERAWTFad RegElss g o eﬁ‘qnﬁiql% fhagpel. The inherent
poizé}auﬂp[w;ﬁmén@srin 1ditioh /e tedeidamly kéhee debested ihBsiSNV 0/854507 (Docket

o, AT b e 3 oA el d @ N B ebs Bea vy 27,

20@thavenisb beeﬁ desdribeli,abdveand 6, which are d, C, M, M

an d DXt—z{t 3 e Ct Sanx% S gvr%e%eﬁgfmdﬁw %%%_ﬁp%gﬂcas%a% us, eﬁ] &]ﬁt there is never
mo@ @mnh/bmt@(ﬂmcm&o aljgcentyanzzlys hnigywmmratsmgmwe mw%n@lther words the
ev% Lﬁysrf A&Slor Xyﬁg}oﬁ c(e;d 89 R ﬂoQﬂé §vs gt cﬁ ﬁﬂﬂn%\ﬂlla(fp&ttﬂe ep tﬂ%E?Nand the odd

I nce uman eye 1S sensi ve to
dofs forjagolpipreprodusedby oA ERPOHEY (eéchtmjmh%aﬁ@lfmf dhsidpig)- fesiekample, nozzle

rowtOta3nd ih%hy'ﬂoﬁl%oﬂtgib% @tnQbts 'E@eglﬁi%toﬁpﬂ%é anJi RoZRkSws 2b and 3b may
rinthead, black (K) printing is achieved via

bo PB‘E@%W&E‘R“’(@M@“I’W’@%H nthead 1 i s conprised of

fi veigghylA ktAEdoR aTRAE sé'qaéﬂéle &$ two 1mwbﬁﬂamﬁﬁgeus{n§fdetta&@dlme
fro | eft to.right_as

reditiaive bhe oedioygcaiel T BEREs 1o H e B P o g cach noze o
is a&])ott@lmfls-teﬁthro(ﬁﬂﬁ lihé'l-ﬁm\amnj\tllhckﬂf) fige 1psa]gﬁzle(sn\oilth Shnierylei ®WD fring
each ule 7 has a length

se ufmt%%’ﬁgn%‘ﬁe% één?zﬁst Wshﬂemigls\e/qéw%% ‘ting nodules form a
4" Beferrinb eeld gurs 44 1 ia iHedirdt tine-(iag @i tcemoAlesareiredinlegsh nozzle row from

the[tﬂo E? e énlatl\kf&lor @H{nﬁQQ I\R)%I%Lh chfroijp gg gﬁd&dg ﬁ‘?"gﬁifn%nﬁ%\?%? fired from

Ie

transversely
Cltand M1t examies dmee@mﬁeme fileé frbnnezztagb w22 ethvnemplementary

alt&ﬂaté Q)@n RJZEI% Q@ ﬁg:d :]?roﬁlq{milé &%aal\l&@fe l'rov%f GaQLQ& Gﬂ 3 e annel have no

For exanple, the col or channel onpri ses nozz
redugdggcyzad sarh 0@@%6%@&@%@2& hereding ﬁrzaﬂl atp gozzlss @)@P@f?@th of the line-
uﬂkongltudlnally al ong the whole I ength of the prlnthead
1. Were abuttlngdprlnthead npdul es 7 are j oi ned

t heReferae o Hipwap A5 da dhecgrondhusiesdie tliepairgerlss fgrd s Frsgline time

ardiBWssed. These dropped triangles 8 all ow

By using this dot-at-a-time redundancy scheme, print quality is improved by reducing
misdirection artifacts (thereby maximizing dot-on-dot placement) and reducing the visual effect of
unknown dead nozzles. For example, if half of the dots in a column are from an operational nozzle and
half are from a dead nozzle, the visual effect of the dead nozzle will be reduced and the effective print
quality is greater than if the entire column came from the dead nozzle. In other words, the present
invention achieves at least as good print quality as the line-at-a-time redundancy described in USSN
10/854507 (Docket No. PLT019US), filed May 27, 2004 and USSN 10/854523 (Docket No.
PLTO030US), filed May 27, 2004.

Moreover, the peak power requirements of the printhead are modulated during printing of each

line, so that the peak power requirements do not fluctuate as severely as in Table 2. Table 3 shows how
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printhead nodules 7 to be joined, whilst effectively
mai nt ai ni ng a constant nozzle pitch along each row. A

W0 povi7nes18evi ce (not shown)
nozzles in the dropped triangles 8,

is used to del ay fiPCTIgU2005/001829
as appropri ate.

A

nore detail ed explanation of the operation of the

dropped triangle 8 is provided in the Applicant's

pat ent applications USSN 10/ 854512 (Docket No.
themegignopgsyequirere @f g prigtircad Sipying 4n averdgSPOWED @ BiziepT Rt of x) varies over
twb BDRG lo€printiRg ushile 128 d I me bidn@hc VB ordihg t?B0 fresehAiatentfn: t he

pri nthead nodul es 7 contains a segnent from each of

the nozzle rows. For exanple,

print head nodul e A

contains sEgiRAlke 2aA CaAbA,  IaDzADA, [Fahk Bower SEYNENt S
fromthe sanme nozzle [rQw cooperate tg forma conplete
nozzle row| For exanp| €28y s 2aARequipement. | o5p
and 2aE cooperate to [fo@n noz2zh gevem)W|d@3x Fi gure 2
shows the prtrthead—redple—-Arwthits respect-segnents
from each P83zl e row. rriﬁ@&WﬁnFi86$§ 3, thefe is
shown a detfabl ed schema@My Vij@mevén)a [pss%i on of the
five col or eharrets—2 345 anrd6-—FromFgure 3,

it can be $&2n t hat tﬁgmggir 3 N 71| &-5FBws {e.g| 2a
and 2b) in|each color &@@nneL6éewgg 2).63% €
t r ansver selyzotHfset—+Hrpm-each-pther—+n_-e€coeloer—ehanne
2, for exaﬁgﬁe, nozzl | &8l 20 2RI s |93 dots ih a
l'ine, whil e0kozzl e rqgvé @R) priBbedint e0sBxti al odfd dots
in a line. (Fyrthermorehe—eveh—rows—at—hezzles| 2a,
3a, 4a, b5a QZd 6a are'ﬁ@% sve4§gw9)alpgﬁ§d, as are the
odd rows of 080zzl es 25 (MDH, 45b(db) and.88b. Thi s
t r ansver se rghtghrent—ef the—tiye—cotor—channels—al | ows
dot - on- dot Ur;ﬁ?r;qt WHih i 4 BRI U terms ol

di t heri ng. | Witehvilinela pgeX(Cayl of 2orfeeh) n@-8Bine, all | even
nozzl es an qﬁzfﬁs—ﬁ“s* be—fritred—so—tha

dot - on- dot | i nting ils G2hi evad e |63h and odl
?ozzleg){e gg 2a and |ZbMI)n { He(esaie | OGBor chapne

e.g. aye—separateg Ry ot exatmte—two—t+ines
Adj acent color channelssj Zz.q. Siteg\%ng C%Sd'grgrjﬁy be
Zeparated_JQAlfor exanplYe, tefaldvends. lld@never, i yﬁgg
e appreci d—ttat—th act G “§fmeeﬁ—even 0
nozzl e rows_and adiacéﬁgﬁZOIOEBEﬁg%neP§'ﬁav be vari ed,
whi | st sti|P-6achi evi n® @3} - on3uadd)pr i| Bt88ng.
Dot - At - A- TFgg—Redund X i ot ?g—l—destw'ibed
above, the'gﬁare t wo c%%ﬁ'(CI4EE§?’ang% Wo _magent a
(M, M) coP8r channglsM2)n t Ae(ddpl i| B3t s
t er m nol ogyg ot e CIF G gd—MEVR mpt 01 ggfrannets—ar e
described as ' redund nLﬂlcoIoPb danneﬁgﬁgs expl al ned
above, wi t hOfdewdinelol gr2 Ehnn¢Rs(caemd 403k r of norzle
rows in each col or channel, ete
Table 3

It is evident from Table 3 that the fluctuations in peak power requirement are fewer and less

severe compared to line-at-a-time redundancy, described in Table 2. In terms of the design of the

printhead power supply, dot-at-a-time redundancy according to the present invention offers significant

advantages over line-at-a-time redundancy, whilst maintaining the same improvements in print quality.

QOut-of-Phase Firing
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each nozzle row nust print in one-tenth of the
line-tinme in order to achieve all the advantages of

w0 ewanesTy and conpensate for any known dead PORAUZ®S5/001829
usi ng a redundant col or channel. The inherent power
supply problens in relation to the redundancy schene
descri bed in USSN 10/ 854507 (Docket No. PLTO19US),
filed May 27, 2004 and USSN 18/ 854523 (Docket = No.
pLTERELULS firigg seeignaspgesarived stfom rach solar channglie fired éxphasayetigat is, a

wheRQX® of, k! evdh ndzlkd M biRUIIE ARGNe] isFirdd Rl ifs@HstRA Brktion of the line-
. rows of nozzl es are_used such that there i s ney

PR SrigE POy eSé%ﬂl‘zy PEORG T St Priisy &qneelefuwhfﬁ%gomls the firing
sedukricBivia dat dataiglto hoFddiaead OW. hi ot her wor ds the even

dots, for ac or._ar oduced WO noz Jfows (each

or 1 Rion Rt sfereigto figheRlsaR bEF s Hienlite vt G GRLOS i oFpase
thagiscwilthdn the s&nem‘tlawbd pediotyf tthnertmzez(teﬁmsdms sége@nthting’), aﬂléasg)ne
se%l‘ar%%}{ cbf%%%zielg gsnt?é)& 1% 4 eé cogc\>/r gﬁgﬁgg%a% dr%? efnt Eom at:ﬁg'asg one t()Eler segment of
nozghed. Witl 2ripeoprigweesqénciag df S@bﬂnm*}nm;t mwmorzzlbma@ U@Ifud@ within one
lind- Qm@ Sl.l(l:hq:ﬁ ‘aIe ngﬂ’rlesﬂft Hgbgfectﬁ'%lglﬂﬁeesﬁmé ‘a% ifd Hase %%how a firing

sequence or rinting usin ot-at-a-tine

r ed e prsy of trhpsinghgadz], daviy e@alpe@amlsran fivecssgnantsam eacld Bozzle row,

it p@gsﬁolé‘@tﬁré depRbhtsSdR it @FEEMSbr cheftel} ﬁ%@n@se&&%t 'tlﬁ:le (i.e. one-tenth of
Il otted one-tenth of the line-tine in wh fire

a hl'a? -Hme). §e§n§§t’s coftaingd dr,the, same porzleTop gugs therefores, gred sequentlally during one
linsegelential ly foll owed by odd nozzle rows firing

seqyent.i al | err t.0. re. 4A, in the first

T DR isgF Hoabo s i fopedy e kS g e ) hasa
diffecent pealo mvtfdﬂ &:qﬁil‘eme@p tHVIoth&ﬂébldVEhahﬂélQ thicdifigaek S‘s avé\sbg'ba S the power

fired fr oml.ene

red e o B oo R PR sy, DTS B oy
(cofrespmdingizlite ¥ dmnr@l) inFablchivpffeiiedy mengedibtoesshnafitiee leneaime. The result

[
o g S O LB FEL3 00 g
requisensent foo the tpenth@dsT hi pigpation eroeﬁmalé‘orfsumlm powplt to thegrinthesl.
in oL |
08P 08 B e TR O O s
1, yshg dpt-gtartionq tpdndqng® are i nversed. By using this

dot-at-a-time redundancy schene, print quality is
Aprove by reducing msdirection artifacts (therehy

hRe Zi|odme A o Madile B Medwla C) | Module By|,Modtle s & Peak Power
viigbal efdcess, Bf| @tkpomn @vas, 1990 gﬂ:@S gy;a(c@;mppl Requifement

alf of lthe dofs in g col-um

—oper-atiL
nQ;zzI e arfal’ﬂaatf a¢7e3’frorr leﬁéad an’ae’, 1 Mebdsi suaf
ef f ect gfo.aske deamBsmozzl eo.sdxd | beoswducediand the

ffnrt i\~

Nnri nt
0.1 TC 5%, | ML, 425 | M2,5a0, | Y,6a°, | Cl,2a5 |x

0.83x 0.83x 0.83x 1.67x 0.83x

0.2 M1, 4a*, | M2,5a°, |Y,6a", Cl,2a° | C2,3a% x
0.83x 0.83x 1.67x 0.83x 0.83x

0.3 M2, 53%, | Y, 6a", C1,22% [ C2,3a°, |[Ml,4a% |x
0.83x 1.67x 0.83x 0.83x 0.83x

0.4 Y, 6a%, Cl, 2a", C2, 3a°, Ml, 4a°, [ M2, 5%, [x

1.67x 0.83x 0.83x 0.83x 0.83x
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quality is greater than if the entire colum cane from
t he dead nozzl e.

wa@edw7evas7 at

In other words,

the pres

ent

i nvention
| east as good print quality as theCT/AU2005/001829

line-at-a-tinme redundancy described in USSN 10/ 854507

(Docket No. PLT019US),
10/ 854523 ( Docket

breover,

fhn npnl( nn\/\pr

TP(’II

filed May 27, 2004 and USSN
No. PLTO30US),

filed May 27, 2004.
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firing provides sinpler pro@eldedi ng of the printer

dat

%?ﬂ??l

However ,

accor

i ng t

contisRddiEbe reﬂﬂ@%ﬁ‘epedctﬁ’dﬂ b vﬁthgxr'&le ség'nﬁeﬂg n&QH lﬂ@ﬁ%@ ﬁye 8] E}n\g%eously

sent to the printhead 1.
AP ORDICRTERL afeifEr arpﬂﬁ‘é@éﬂng 2oy Whish firqshaueptjaily aypr ﬂﬁycourse of

theb Gll(méﬂ sézinepRASE HowbRa khel iSiporthd fdid i§ ﬁ‘l@t 2% MVEsih kﬂ?,faﬁteg)me C1,C2,
of the Line-tine he DE

g el frrstipultageo

reqmrmenecbf thehy@tlow soddiekrdver ent from at

HBOEFELS:

Segﬂﬁﬂ%m¥??iﬁagn&%m&ﬁgége

i

segmen
firing wérknous well| Segmertts fivem eashi cdiortcharinelt dag bey@tatad@s that alli dfferent segments
sane as in-phase firing.
1, having five col or channels and
f i vEowevgrtill be rppesaisted thovout-of-plawy, firiit a0 @K el twdth By sumber of

are %%equﬁ

pmﬁﬁaﬁrﬁﬂﬁlﬁesf dr Qﬂblar!hl(n?nqis fhof E;gan ﬁ;ﬁ‘:@s%n%rzoﬁlﬁ‘ gﬁ?{

of zZ7

bhetFrket B8

ment tinme {I

page

Chaalfﬁl;\

- of -

hase

one-t

firing i

terned t

S

Seg ment -t
Shegsby P%er%gmg@at th? @aheap% pper

or

| east one ot her

@3%9 utgzgrg epsggpotfhat out-of-phase

In the case

head oi(;ilgesn7 on%g

Erepriniiged s comrisatatelonabidng wodules €D to Kve)r]ewmh éye dpolor elginnels and
ele\‘Feﬁ gﬂﬁﬁéa'd%ﬁddﬁleﬁ Wil APoRMK: th bﬁéﬁrettﬁa@@ach @ﬂffﬁéaﬁ InoBY

nor e CO%

A1 84%rerent color

p
Pél s?%ne t-tmﬁ (i pac-tenth of a hne-tlme) Regardless, out-of-phase ﬁrmg can still
be used to optimize the peak power requirement of the printhead.
For example, the A4 pagewidth printhead may have C, M, Y, K1 and K2 color channels. Since

there are redundant K channels, these nozzle rows will have a lower peak power requirement than the

C,Mand Y channels using dot-at-a-time redundancy. Using in-phase firing, there would be

appreciable peak power fluctuations during each line-time (C = 1.25x, M= 1.25x, Y = 1.25x, K1 =
0.625x, K2 = 0.625x).
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di fferent peak power requirenment to the other col or

channels, this difference is averaged into the power
wo egaioeasent s of the other col or channel s w t hPCT/aE2005/001829

segnent-tinme. Hence, the spike in power (corresponding

to the Y channel) in Table 3 is effectively nerged

into rest of the line-tinme. The result is that the

peak power requirenent duringveach segnent-tine is

al walpew jhgandg sqep rom fiabls § dah@irel phagsjifineapemmotiaes thideven
prigthddtoi@aids anfiprévides b YeukipSier rdqudidnt bt if AlvaysHRBIVIONDS the average

ower .to the @flntheﬁjh ﬁg%%egillllusttates,a sequence

DO R 5 A5 6 PR Peef Jideed. T ek RO ES YIS GRS P 5% of the
av&r@i ppwéﬂbthﬁatliierﬁ g im&iéréganﬁim Fa{éh@ult;ﬂoﬁf og @dwaﬁ% BeYwéeupply for the

: r an . =. Segnment; P.= . Power.. Requi renent .
o i bt PP NP oA oAt e CHic Ao noan
ang woute not affemd thealedigmaszlel powerfsippdy. si nul t aneously. The

nozzles in one segnent are arranged in firing groups,

which fire sequentially over the course of their

| @ot t e septidnt  (me| (Howewdr , | Gk | Bidr { G pednt [ () | P

aned

t a
o eV SR o e, M O R o | 1o

O-]OIUM(Q) heY(e) ghBt(cheBR(eppGls? | MER)i | Bfeknt Kde) t Ka(ey eCledw| M(e) | 1.023x
e 1 5 IBE; i I o atid
0. f %@ (‘()lltg(r@j a‘?}n ) ge%d ?I(?A Y ezesiéé@ [ %Z@J Dlt}te‘-)‘m -Mgﬂa S’g(e) 1.023x

0.% j k(g KRk sCeut | Medl YGegnBHes| Kl Sth| did)of Y(e) | Ki(e) | 0.966x

0.4 RABEI CRRAN MRe)T PV EPKEE) [0) dltg\e&'ei;\/ff(éi! U0 S TRIES K2 | 0.966x
STS)

e fired | onei segnent -t 11
C(o) | 1.023x

035k Mi<dd| Vvt | Bie) DK2GhSe) | M@ig| X(@o| Riioks

0.6\ ¥{b) alPZ(oS“é”ﬁ%) K2@3) @(o?ealgl(dgg n%“f; Iié;] o?; :Kg(o 8&"? o | M(o) | 1.023x

channe r_ex usi

AN| e
0.77, Y&h |Aal@higdett Glopr | M@ eh¥(9) s T_éllini)rK%(Q)j gfo) e| Mi@n| Y(o) | 1.023x

o.sggai(sy rl@z(epdédg?%i @) ?@?ﬁ 3. ik é&oﬁ yfgé)u Y(0) | Ki(o) | 0.966x

annel s _an enp Plg‘y?)rmdu e A
0.9 Ik Gok tM(@nstife | RHP) 8P pFloht ik [rBEI eKi o) £E2(0) | 0.966x

0 3 Clo] TISVIRT | ¥) OTKEBRIREG) AT It SEOB T K I PREGT | Clo) | 1025

ne-tenth’ of ne- eqalr dl és

firing can still be used to opti rilnettirae; PeaReasPmper Requirement

requi rement _Of the print heaQe) FREn F&%&'E@h@mle&;@ S4d rows of nozzles
pagewi dt h printhead may have | and col or

Cy Y, K
channel s. Since there are releﬁ 44t K channel s, these

NOZ Flogn the Wegoink it Wil b€ appreciatdl thafiBedonibnhBén srREUbIPRAR Bling together
nd Y ch usin ot-at-a-ti

Y DTUCRER ETN e o S—
reqajppmnentfoa thle pripbenkl dpnparinfidguct uat i ons duri ng each

lin ?1'0&/%\%?, t}geg:e Iﬁet%ibc?sso% prinl}'{lng= mlay éq%gfy beYlsezd illadix'lic?il?a)l(ly, p|r<c|)vid=ing their inherent
advantages, or in combination with other methods of printing. For example, out-of-phase firing or dot-
at-a-time redundancy may be used in combination with printhead module misplacement correction
and/or dead nozzle compensation, as described in our earlier patent applications USSN
10/854521(Docket No. PLT001US) filed May 27, 2004 and USSN 10/854515 (Docket No.
PLT020US), filed May 27, 2004. .

Printer Controller
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0. 625x, K2 = 0.625x).However, it can be seen from
Tabl e 5 that out-of-phase firing accommodates the
we@bk@vmees1gT i nt head nodul es and provi des a peak POmaD2005/001829
requirenent that is always within 10% of the average
power requirement * of the printhead. |Indeed, the peak
power requirement is always Mﬁthln 5% of the average
power requirenment * in this For the purposes
of grgllialse h@apgreﬁ%éﬂ?yghﬁﬁlsllsﬂ Hegspn thﬁ@ piotes eonirqlier 1,5k9yn

scifeftidally 81 Figiré §)Sayib sERBl pRMEBImeH St Vi8SEA Hatd t thd Win@4dN, so as to
line-tine a icant and woul d not affect the

o8 A rBree G (o GHFY ShovE A pfdieed peioms0 sopges the prine

coﬂmﬂeﬂORﬁq thic fpeinmeHd 1( @hlch-lls eMﬂxﬁllédJMﬁlrl]@cfo;nﬁaYeﬂmS pm{t&)coﬁrlolller 10
ozzles. T Frromthe foregoing it w
oo umcap?s dgﬁ(gattant ﬁlef?gf’thf%g B ¥at i on of out - of - phase .-
fir !Ar1@1tah3gtyp¢1dipmuet tonttalter, athich-majy ive progaimnad aa:ysr&r@ly, was described in
ok ot S S0BSE8) E RE g i s
pri Atwilgef CH@W@ beapprechated thatte prg&stst igfentieri ras bevg desenjbed purely by way of
exﬁﬂﬂ@&dﬂhé?ﬁmhﬁ@&oh{]&" : ngg(té/macﬂ 1ndd1ﬂ£oﬁel'1)q' e 1ﬁvré£1 P%ch is

dvant ages, or 1In co I on mn ods o

<hﬁwﬁﬁvﬂwg“mnwmn@%a#wm& out - of - phase firing or dotat-
a-time redundancy may be used in conbination with
print head nodul e m spl acenment correction and/or dead
nozzl e conpensati on, as described in our earlier
pat ent applications USSN 10/ 854521( Docket No.
PLTOO US) filed May 27, 2004 and USSN 10/ 854515
(Docket No. PLTO20US), filed May 27, 2004. . Printer
Controllerlt will also be appreciated by the skilled
person that a printer controller 10, shown
schematically in Figure 5 my be suitably programed
to provide dot data to the printhead 1, so as to print
in accordance with the nethods descri bed above. A
printhead system 20 conprises the printer controller
10 and the printhead 1, which is controlled by the
controller. The printer controller 10 conmuni cates dot
data to the printhead 1 for printing. A suitable type
of printer controller, which maybe programred
accordingly, was described in our earlier patent
appl i cation USSN 10/ 854521( Docket No. PLTOO US) fil ed
May 27, 2004. It will, of course, be appreciated that
the present invention has been described purely by way
of
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exanpl e and that nodifications of detail maybe nade
Wi thin the scope of the invention, which is defined by
W b@7mecasnpanyi ng cl ai ns. CLAIMS: 1. A net hod o0PCT/AU2005/001829
nodul ati ng a peak power requirenent of an inkjet
printhead, said printhead conprising a plurality of
first nozzles and a plurality of second nozzles
.;Qﬁﬁﬁgled with a sane col ored 4%k, said first nozzles
C econd nozzl es being conflgured ina plurality of
sets, wherein each set of nozzles conprises one first
nozzle ﬂP one corres ondi ng second nozzl e, ea
1oz 7 el of mogyl 248 ARGICRINTCT GaHSBER of 8 %Jﬁmnnale%f%vmthead
coﬁ)@nﬁng durality Of frstidRadsand & ﬁhﬂath%ﬂi&oﬂdQﬁtﬂlés@ﬁb;ﬂle WitlPA dabfe colored

N e RN S ONC T .

nogza¢seotprizas ch)nelﬁlmgq nepaletahdovasir@paidingbetohdbdzag, caei tbzfemla set being
r.equir ng a dot onto.

cogﬁéll\ﬁ{ble t(? LR agcr;{go? %dld %g :glat()?)subotr tlaﬁl% agrile ep051 on %a ep ﬁé{nﬁcglan said
mesfiodsbmpnising; whereln each set is a pair of nozzles,

sai [ .St

oy 0BR8Nk Ry IOAR 0P g s
megylsting ﬁ#ldé’aﬁkcpoﬁ’ﬁi megHeEent apda st ati onary pagew dt h

Pri nbRiache Rt b chidbrint e B LB dafi #:BE nbsANSVersel y

pas? sai d prlntheaapg. Tﬁe ne?%%g of gna|n13 wher ei n

sai d printhead conprises a plurality of transversely

2.al | gme ehethod S clt A/ WIRI&in eRA 6N isGPa bf KRAB) Sid et BdhdistihH 8 one first
ast one gfzzle row ext endi ng Iongltudlnally al ong

nogzg‘fﬂﬁﬁp??ﬁrﬁ%’ﬁ MEseedRgZi e in a col or channel

ej ecting the sane colored ink. 5. The nmethod of claim

4 chann C rises a
3oz \gﬁg r {3\9\% %hwgere“f %aup heacqolgF ?ﬁa%onawgg ‘ﬁh prithead and said
priphmedunpis qudct@mversclmwt &HICEpI‘hJﬂEaIBVGr sely offset from each
other. 7. The method of claim4, wherein said first
nozzl es are contained in a first color channel and
4. sai d’he mebpdiofrtpin Bewheginsatdmintiesdeadmiprises a phucaditsobf draesveredly aligned

coﬁ)r cﬁgﬁfels”@a'éﬁ] %o&ﬁarﬁbl%ﬂibgmné’w fehdt bﬁ]a e Qﬁpr etxltegﬁm ﬁﬂ%ﬂ:ﬂgﬁmﬂy along

mprises one first nozzle froma |rst co
salémrlgth@é erhretle insgolpr »mapwl einding iesenpetdehigk-second
nozzle froma second col or channel, thereby allow ng

EIUIJ ﬁ Ehac? ?tj)p f Iﬁ.rev%t é)lig fq%lg gpo%g gagglézlon%gnsteg a Ir))a[nl‘ c?ftnozaztle rtovr‘}se

6. The method of claim 5, wherein said pairs of nozzle rows are transversely offset from each
other.
7. The method of claim 4, wherein said first nozzles are contained in a first color channel and

said second nozzles are contained in a second channel.

8. The method of claim 7, wherein each set of nozzles comprises one first nozzle from a first
color channel aligned transversely with one corresponding second nozzle from a second color channel,
thereby allowing either of said first or second nozzles to print at the substantially same position on said

print medium.
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print medium 9. The nmethod of claim1, wherein one set
of nozzles prints a colum of sane-col ored dots down
W@ 200d/0g718nt nedi um each nozzle in said set PCT/AU2005/001829
contributing dots to said colum. 10. The net hod of
claim9, wherein one first nozzle in said set prints
about half of said colum and one second nozzle in
said set prints about half of3said colum. 11. The
met hod of claim11, wherein, in printing a |ine of
9. SAMBLEALRIIER oIl B whEleiShe S bﬁn&élb%nﬂ%@blﬁﬁ!{h 0BG cbibfed Hots down

nozzl es and sai d second nozzles each contribute dots
saiq prin gredium; gagh nopzle inmaid sphoPREbuULHE detp iispid $lumvher ei n sai d

first nozzles print about half of said Iine and said

second nozzl es. print about half of said . Th

Orvot RBEGROA SR AP st S17FIE 1 6 SEFPs Aoy 4o column and
one’%feeonuﬁeﬂletlﬂ)sam detiiringa@oiit hhlabf saidfcolsmhd | i ne and

alternate second nozzles are used to print about half

of said line. 14. The nethod of claim 11, wherein said
11.pealhemethid of elgi I, @memn inspring ke obgamatoolated 808adrass said print
meglumngakcﬁgft%gl Pes l Ic{] said s€ s rﬂ@%zzfés alch Qonkrﬁ)t glgts %o a?l lnl n e

nozzl es of on second nhozz

The nethod of cla|n11 wher ei n sald nmet hod reduces a

Vis j -l :
12. Eg% gcflgaecﬁglafﬁ{ %I_lmw\%,%e{rhg?l?] %%g #%glﬁgérﬁg%}ﬁéihgg%gssmdaﬁh% and said second
ﬂDW*%H@Ma@$¢@%$ﬁéﬁdbﬁknomn mal f uncti oni ng nozzles. 17.

The method of claim1, wherein said color is nagenta

cyan or black. 18 The nmethod of claim1l, wherein
13.0r | Aberashodql plsin é%é"hFlieﬁn@%tefaﬁ%Iﬁ@@E’éﬂ?f afﬁa&j%‘htf’énﬁ‘d’?%‘}t é%lf St said line

and@d)@rohie 5 &bnPidez1E&8OREd RYpRiNt AbOFAKIE 6F said line.

14. The method of claim 11, wherein said peak power requirement is reduced by about 50% for

printing said line, compared to printing said line using only first nozzles or only second nozzles.

15. The method of claim 1, wherein said method reduces a visual effect of misdirected ink
droplets.

16. The method of claim 1, wherein said method reduces a visual effect of unknown
malfunctioning nozzles.

17. The method of claim 1, wherein said color is magenta, cyan or black.

18. The method of claim 1, wherein said printhead comprises first and second magenta nozzles and

first and second cyan nozzles.



