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Background to the Invention
Inkjet printers are now commonplace in homes and offices. For example, inkjet photographic

printers, which print color images generated on digital cameras, are, to an increasing extent, replacing
traditional development of phoiographic negatives. With the increasing use of inkjet printers, the
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. Afier 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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thé€dé VB3 18812-cooling of the printhead can be achieved, which enables a pagewidth printhead having

a high nozzle density to operate without overheating.

However, whilst a total amount of energy to print, say, a full-color photographic page will be
approximately constant for any given pagewidth printhead, the power requirement of the printhead
may, of course, vary. An average power requirement for printing a page is determined by the total
energy required and the total time taken to print the page, assuming an equal distribution of printing
over the time period. In addition, the power requirement of the printhead during printing of the page
may fluctuate. Due to a particular configuration of the printhead or printer controller, some lines of
print may consume more power than other lines of print. Hence, a peak power requirement for each
line of printing may be different. '

In a typical pagewidth printhead, nozzles ejecting the same color of ink are arranged
longitudinally in color channels along the length of the printhead. Each color channel may comprise
one or more rows of nozzles, all ejecting the same colored ink. In a simple example, there may be one
cyan row of nozzles, one magenta row of nozzles and one yellow row of nozzles. Usually, each row of
nozzles will be fired sequentially during printing e.g. cyan then magenta then yellow. . ..

Furthermore, a typical pagewidth printhead may be comprised of a plurality of printhead
modules, which abut each other and cooperate to form a printhead extending across a width of the page
to be printed. Each printhead module is typically a printhead integrated circuit comprising nozzles and
drive circuitry for firing the nozzles. The rows of nozzles extend over the plurality of printhead
modules, with each printhead module including a respective segment of each nozzle row.

in previous patent applications, listed below, we described various types of printheads, printer
controllers and methods of printing. The contents of these patent applications are herein incorporated

by reference:
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I«;olf’lgﬂﬁﬁ%, fhdd I@% ,12%041, e QQaLPa method of printing a line of dots where not all

nozzles in one row or one segment are fired simultaneously. Rather, the nozzles are fired sequentially

in firing groups in order to minimize the peak power requirement during printing of one line. As a

consequence, each line of printing is typically not a perfecly straight line (unless the physical

arrangements of the nozzles directly compensates for the firing order in which case it can be a straight

line), although this imperfection is undetectable to the human eye. Each segment on a printhead

module may comprise, for example, 10 firing groups of nozzles, in order to minimize, as far as

possible within the print speed requirements, the peak power requirement for firing that segment of the

nozzle row.

In our previous patent applications USSN 10/854512 (Docket No. PLT014US), filed May 27,
2004 and USSN 10/854491 (Docket No. PLT028US), filed May 27, 2004, we described a means for
joining abutting printhead modules such that the effective distance between adjacent nozzles (‘nozzle

pitch’) in the row remains constant. At one end of each printhead module, there is a displaced nozzle

row portion, which is not aligned with its corresponding nozzle row. The firing of these displaced

nozzles is timed so that they effectively print onto the same line as the row to which they correspond.

As such, all references to “rows”, “rows of nozzles” or “nozzle rows” herein include nozzle rows

comprising one or more displaced row portions, as described in USSN 10/854512 (Docket No.
PLT014US), filed May 27, 2004 and USSN 10/854491 (Docket No. PLT028US), filed May 27, 2004.
In our previous patent applications USSN 10/854507 (Docket No. PLT019US), filed May 27,
2004 and USSN 10/854523 (Docket No. PLT030US), filed May 27, 2004, we described a means by
which the visual effect of defective nozzles is reduced. The printhead described comprises one or more
‘redundant’ color channels, so that for a first row of nozzles ejecting a given color, there is a
corresponding second (‘redundant’) 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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Jodfull GEbZ03 Bf ré i dHR b2 nld/bé 63 urther reduce the visual impact of dead nozzles. For

example, since yellow makes the lowest contribution (11%) to luminance, the human eye is least

sensitive to missing yellow dots and, therefore, yellow would be a poor choice for a redundant color.
On the other hand, black, makes a much higher contribution to luminance and would be a good choice
for a redundant color.

However, while the redundancy scheme described in USSN 10/854507 (Docket No.
PLTO019US), filed May 27, 2004 and USSN 10/854523 (Docket No. PLT030US), filed May 27, 2004
can compensate for dead nozzles and reduce (e.g. halve) the number of dots fired by some nozzles, it
places increased demands on the power supply which is used to power the printhead. The reason is
because in the time it takes for the print medium to advance by one line (one ‘line-time’), each nozzle
row must be allotted a portion of the line-time in which to fire, in order to achieve dot-on-dot printing
and provide the desired image. Each nozzle row is allotted a portion of the line-time, since not all
nozzle rows can fire simultaneously. (If all nozzle rows were to fire simultaneously, there would be an
unacceptable current overload of the printhead).

In a simple CMY pagewidth printhead, having three rows of nozzles and no redundant color
channels, each nozzle row must fire in one-third of the line-time. If the average power requirement of
the printhead is x, then the peak power requirement over the duration of the line-time is as shown in
Table 1:

Line-time Color Peak Power
Channel | Requirement
0 C x
0.33 M x
0.67 Y x
0 (new line) C x
... etc.
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.
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average power requirement of the printhead is x, with the redundancy scheme and firing sequence
described in USSN 10/854507 (Docket No. PLT019US), filed May 27, 2004 and USSN 10/854523
(Docket No. PLT030US), filed May 27, 2004, the peak power requirement over the duration of two

10/ 760270
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11/ 014762
11/ 014759
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Line-time Color Peak Power
Channel | Requirement

0 Cl1 (even) | 1.67x

0.1 C2(even) | 0

0.2 M1 1.67x
(even)

0.3 M2 0
(even)

04 Y (even) | 1.67x

0.5 Cl (odd) | 1.67x

0.6 C2(odd) {0

0.7 M1 (odd) | 1.67x

0.8 M2 (odd) | O

0.9 Y (odd) | 1.67x

0 (new line) Cl (even) | 0

0.1 C2 (even) | 1.67x

0.2 Mi 0
(even)

0.3 M2 1.67x
(even)

0.4 Y (even) | 1.67x

0.5 Cl(odd) |0

0.6 C2 (odd) | 1.67x

0.7 Ml (odd) { O

0.8 M2 (odd) | 1.67x
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6789 T0id e AGAKEALONIAAA that the peak power requirement of the printhead fluctuates

severely between 1.67x and 0 within the period of a line-time, even though the average power

consumed over the whole line-time is still x. In practical terms, it is difficult to manufacture a power
supply which is able to deliver severely fluctuating amounts of power within each line-time. Hence, the
redundancy described in USSN 10/854507 (Docket No. PLT019US), filed May 27, 2004 and USSN
10/854523 (Docket No. PLT030US), filed May 27, 2004is difficult to implement in practice, even
though it offers considerable advantages in terms of reducing the visual effects of known dead nozzles.

Of course, a printhead could be configured not to fire redundant color channels in a given line-

time, resulting in an average of x peak power for each nozzle row. Such a configuration is effectively

the same as that described in Table 1. While this configuration would address peak power and
misdirectionality issues, it would not address the problem of known dead nozzles, since only one of
each redundant color channel would be able to be fired in a given line-time, thereby losing one of the
major advantages of redundancy.

It would be desirable to provide a method of printing whereby fluctuations in a peak power
requirement are minimized. It would be further desirable to provide a method of printing whereby the
average power requirement of the printhead is substantially equal to the peak power requirement at any
given time during printing. It would be further desirable to provide a method of printing, whereby, in
addition minimizing fluctuating peak power requirements, the visual effects of dead or malfunctioning
nozzles are reduced. It would be further desirable to provide a method of printing, whereby, in addition
to minimizing fluctuating peak power requirements, the visual effects of misdirected ink droplets is
reduced.

Summary of the Invention

In a first aspect, there is provided a method of modulating a peak power requirement of an
inkjet printhead, said printhead comprising a plurality 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 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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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
printhead modules, each printhead module comprising a respective segment of each nozzle row,

said printer controller being programmed to supply dot data such that each of said printhead
modules fires a respective segment within a predetermined segment-time, wherein at least one of said

fired segments is contained in a different color channel from at least one other of said fired segments.

All aspects of the invention provide the advantage of modulating a peak power requirement of
the inkjet printhead. The corollary is that a power supply, which supplies power to the printhead, need
not be specially adapted to supply severely fluctuating amounts of power throughout each print cycle.
In the present invention, the degree of peak power fluctuations within each line-time are substantially
reduced. Hence, the design and manufacture of the printhead power supply may be simplified and the
power supply is made more robust by virtue of not having to deliver severely fluctuating amounts of

. power to the printhead.

In addition to modulating the peak power requirement of the printhead, the present invention
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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00.2 M. (even) 1.67x 0.3 M2 (even) 0 0.4 Y (even)
|.67x 0.5 Cl (odd) 1.67x 0.6 C2 (odd) 0 0.7 M (odd)
1.67x 0.8 (o

(Y4 dd) 0 0.9 Y dd) 1.67x O i
Voolftsiy's 00 0 T 60 h M Feven) BBty b

(even) 1.67x 0.4 Y (even) 1.67x 0.5 C (odd) 0 0.6 C2
(odd) 1.67x 0.7 ML (odd) 0 0.8 M2 (odd) 1.67x WD
2007/ 065187PCT/ AU2005/ 00182918 0.9 Y (odd) I.67x

Color channels in the printhead may eject the same or different colored inks. However, all

nozzles in the same color channel are typically supplied with and eject the same colored ink. Color
channels ejecting the same colored ink are sometimes termed ‘redundant’ color channels. Typically,
the printhead comprises at least one redundant color channel so that at least one color channel ejects
the same colored ink as at least one other color channel.

Each color channel may comprise a plurality of nozzle rows. Optionally, each color channel
comprises a pair of nozzle rows. Typically, nozzle rows in the same color channel are transversely
offset from each other. For example, one nozzle row in a pair may be configured to print even dots on a
line, while the other nozzle row in the pair may be configured to print odd dots on the same line. The
nozzle rows in a pair are usually spaced apart in a transverse direction to allow convenient timing of
nozzle firings. For example, the even and odd nozzle rows in one color channel may be spaced apart by
two lines of printing.

Optionally, each set of nozzles comprises one first nozzle from a first color channel and one
second nozzle from a second color channel. The first and second nozzles in the set are aligned
transversely so that each can print onto the substantially same position on a print mediwm.

Optionally, one set of nozzles prints a column of same-colored dots down a print medium, with
each nozzle in the set contributing dots to the column. As used herein, a “column” refers to a line of
dots printed substantially perpendicular to the printhead and substantially parallel with a feed direction
of the print medium. Optionally, one first nozzle in the set prints about half of the column and one
second nozzle in the set prints about half of the column, so that the first and second nozzles in the set
share printing of the column equally between them.

Optionally, a visual effect of misdirected ink droplets is reduced. An advantage of using a
plurality (e.g. two) nozzles for printing the same column is that misdirected ink droplets may be
averaged out between those nozzles.

Optionally, when printing a line of same-colored dots across the print medium, the first nozzles
and second nozzles contribute dots to the line. As used herein, a “line” refers to a line of dots printed
substantially parallel with the printhead and substantially perpendicular to a feed direction of the print
medium. Optionally, 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 patterns for sharing printing between the

first and second nozzles may also be used.
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lﬁ gp Falglté%gxgxent 513{1 ad)'ogbqarg? gciﬂi not by §;tq$ﬁ9§a1]t¥p vhifst sﬂﬁ gvéoymg the advantages
ehoaiat-pyasofiriigt S | nt ended position on the print medi um
Hence, the term "substantially the sanme position on a
orlnt nedlun1 |ncludes m spl aced droplets, which are
Brief Des -85 2 the sane position, but may not
ne C e Sﬁwﬁdfbm‘ﬁ of tﬁé présent Idvédfiad will®8 nbw Bédescribed in Hddail, with reference to the
(gqmg mn%ﬂléone forms of the invention, the first
noz fes™anmt 'SEcond nozzles are configured in a
pl ur &ligureyl ing plaeviey ofipmegewidih reafberd gerordoi tnibeiaveation;
CONPIF; iON8lar Jidvbdr a PRAkda @ madUeL, RHiEh % @ pirEFRRDBEARGA shown in Figure
ﬁecon nozzle. Further, each nozzle in a set is
onfigurable to print a dot of ink onto a 20
subs Fipatei3ads 4 schamitereprestition nf aportion pf ¢apl colne chiaune] ofdte ptilthd¢ad
hb6h iRR%Al§s can be used interchangeably.
Optionally, a set is a pair of nozzles consisting
one FigmErt Ay dich ﬁ&?naﬁ?éle%@e &rfae H&%@smslé%éwm Bsdlglé%ncy
dmgmeﬁmﬁhmmgly conprise further (e.g. th|rd and
E 8 E][ ?E«’g%.r %Zsﬁov%s WthIOEL{] nozz?ea Iﬁf N2 % lnee t ime-t%meeﬁ:omeﬁl
subs FtieiSghews asmtbeaé assiemuaemrdmg t«athpmmtmme dium In
other words, the present invention is not linmted to
) oms,af redundant nozzles and may include, for 25
R R e rows of redundant nozzl es.
Pr ef é‘hainf/qptloxt wit bp)dasnﬂabrsadl referexsce s ACMY pageyiddeigigeripdtitiead 1, as
Bbdah %ﬁx‘i Al p 3@5 hzﬁtﬁvé%% bifhdefs f 4 5&&%%&1951@?& &, c2, M1, M2

past t resent | nvention has
a&%Vé?SBi?BYiF o q%eF Vrgs qyeﬂané wageffabpyesisdndyg selRr damels. The reason for
thaklak 02 dI B reddpdanOif tbd Yonlyt daﬁl:nﬁlﬁés nt %e,amnﬁﬁma,rwtsle € cantributes 30% and
lg ﬁ&h‘ﬁl g% ¥9(‘:’P LlSIr?tﬁge L Ver S el syleas se qfvg to?? 1(% ét:cfsﬂngcgz}fg eLéu%I}lyoa\?(\:lge% ble to
beY@tr@mgryglquﬂhaa ehlwag byyn en mﬁsgltq ¢ois. bﬁhﬁpﬂn@mﬂ, bleck ) printing is
a@ﬁ@v%hﬁabﬂ&ce@s-ﬁ&dkgé annel ej ecti ng t he sane col ored
i nk in det ai |

| Qw, .each _.
tran Vi ldf’ ?WE‘EF V6 AOHHRER tfe‘eag ?°5‘ﬁ?sc7 t VRith ap referred to from
lgfoo ﬁghtms AfB,&, DiandE. tTherfivefngidules 7 dopgpratd th fdrinitle pristhicad 1, which extends

et S - achi : . :
P e ek oA iT0 PR A BT i Byl TR of
Col or channels in the printhead may eject the sanme or

di fferent colored inks. However, all nozzles in the

same col or channel are typically supplied wth and

ej ect the sane colored ink. Color channels ejecting

the same colored ink are sonetines terned 'redundant’

col or channels. Typically, the printhead canpuses at

| east one redundant col or channel so that at |east one
color channel ejects 5 the sane colored ink as at

| east one ot her col or channel . Each col or channe

may conprise a plurality of nozzle rows. Optionally,

each col or channel conprises a pair of nozzle rows.
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Brief Description of the Draw ngs Specific forns
of the present invention will be now be described in
detail, with reference to the follow ng dra
le‘&“ﬁm“lﬁ gure 1 is a plan view of a pagew m‘ﬂ‘%’z“m‘”s”
printhead according to the invention; 15Figure 2 is a
pl an view of a printhead nodul e, whi ch is a part of
the printhead shown in Figuresi; Figure 3 is a
#bolt 20minis6 thaial 8 emithiz mdduls fora agdprintlend, efitadathpagetidth 4” x 67
I [

1 1 and Fi 1sh
2D g AL B8 i i 1 e
Wsﬂ@ﬂt‘i“ﬂ‘él%y ng dot-at-a-tinme redundancy 20 accordi ng

]E 0 t Ipgchl o@ﬁe abd ldr clzhEin@Id tb@théﬁ’nn‘aiaﬂv&ombh&ha BT ﬁtgﬂia: 1088. For
| | ne-1r1 e o |
egatgﬁ% C; g?r cﬁ?ﬁg & 60%%%6 ozz{e TOWS 28 a%be'rhefe]’qnozz?e TOWS .m&b extend

m-according to fnvertion
1Degfitadinaliylal (hpdleervihoteilepath of the priatheaghleWhere sbupt BT heinthepd moules hare

Jv;fﬁéf{ tén?‘@ g%?%?lﬁde@ o de%;teﬁb iR § 6f1oez1d Pwd 1@4&/ e @Waﬁgléa 8 allow
Rsiofbeadimogplesi/ th 'a’s!mPF‘% whlst vy m@n@gz °°n§fam4m1§ pifghploge each
1ok A timiag @evick (nofGRowdylis, uséddRo delugt fing r@gdeddi the édoyped triangles Bas

%ﬁrg%ﬁagfé %rleglgtgl}egggﬁﬁgt%n G?tﬂ@ erraﬁ‘tgl{)@ gl@ g&’ﬁﬁ ,le 8 is Prowded in the

for nmakin

A rgjsp piioions UARUGS4598 Glocke o ﬁ&ﬁ%‘é‘}s}nﬁe@ Max27, 3004 and

Ussnt1mi8b4weg)o3&VNaw@TMsuspﬁleailqﬁyysz®9% Si nce the human

eye St e, Lo ye t e Vv

ace elgs%ﬂ? % rm%c? advuiés ?ncogts Fl a segqut Fbm gac'cpnpt%x nozilésr%% E‘Xr

xgraie, printiradypedule Adenigins aeanqnmze A n@dﬁ‘e’é& 4a‘b¢t<a§pgn(emy From the same

Mélﬁf)iﬁ@&bpbr&e REHHEN@Ep e foclle R B4 eb«lnﬁﬁ‘ selgfabdlld 22%, 2 2aCtha%and 20
ri nt he i S co Ised.o i ve uttin

iRsted oo Sl iy P WP RGP SRR PR i ot

ﬂ\xm@chxﬁzzld}ownd E. The five nodul es 7 cooperate to form

t he %ifezq{n 3, l@@ﬂe%@h ta% d%&ﬁ&% viegleof (Q‘fulﬁ o@{he e color

not ~sh rinte this exa
34 ﬁagd %qugﬁ‘@uﬁe 3011 can\l;\gseen that the pair of nozzle TOWS (eg 2aand 2b) in

&Q&Zio@&ié&z%ﬂ(?@'ﬁb ARt O bBEDf chbeadiDeibir. I GoléraRantdd 2 tfbredkample,

%)gg% {9‘% ¥%pr ven ({c‘,gwméd ul j&le rfloo rlg}['ow 2% Igﬂ-&, 1(_1)19e 5s:t}§aﬁ gciidndé)ts in a line.
Dur i ﬁgrﬂprmom, thn gven pays of nozalesZadaitdn.n sndchaged tpngyersely alipsd, as are the
R kdWs BEREL1 26,38, 45! SHLELE6bL TR MEveksd) hlfgnﬁé}i@ 8f th&kive e&sﬂ cﬁaﬁmels allows

he t1ve color channels o r.i nt.he
R kg whial o S e Bt Sy R s P e et oven
1edles endeilladdisizzld mustipfira esthaidazdnelot mintngiaachiverd 2the evh esiodd

ﬂ&gﬁ{g éee% %)Mﬁ ﬁ%q? s %m% Q?llﬁ)r%%zﬁlg% éJ %Eﬁb@"e{} 3 ng ated b)? k‘o? Q&mbllg Gwo lines.
Astigopnt m%%r %«Me 532 apd g)rreayjb@feﬁ@ﬁed Byhior @*asngle’éeﬂd%n%ﬂ%\wa, it will be
e{p@eclﬂédaw e }xabtrspamg b&wétn S¥en0TibLAe lo@Y\End adii@B:R 01y hEHREEImay be

tri pri.nt head nodules 7 to be joined,
d?‘g}?sgﬁlé%hﬁw\%\fﬁvv@n"d{’l ugtlmﬁ'i ng a constant nozzle pitch
aI ong each row. A timng device (not shown) is used to

Aglay.diddd-pgaeszl es in the dropped triangles 8, as 10

appropri af re detail ed expl anatj of the

oper & @W“&“@D Hpspue therg BH Péyag?%%g}w Fepdepere MHeM2)
cBppthameintlh the papliearit’s sppinslegyf thoOBCLGSNIITML 88 shidnd]dapcdesdribed as

I\E%Od%hﬁgﬁl%gﬂgl filed May 27, 2004 and USSN 10/ 854491

f 028US) filed May 27, 2004. Each

of the printhead nodul es 7 contains a segment from

each of the nozzle rows. For exanple, printhead nodul e

A contains segnents 2aA, b2 3aA, A 4a A Joetc.

Segnents fromthe sane 15 nozzle row cooperate to form

a conplete nozzle row. For exanple, segments 2aA, B

2ac, 2aD and 2aE cooperate to form nozzle row 2a.

Figure 2 shows the printhead nodule Awith its respect

segnents from each nozzle row. Referring to

Figure 3, there is shown a detailed schematic view of

a portion of the five color channels 2, 3, 4, 5 and 6.
From Figure 3, it can be seen that the pair of nozzle
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Li ne-ti me Col or Channel Nozzl e Row Peak Power
Requirement 0 2 () 2a (even) 0.83x 0.1 3 (C2) 3a

0.83x 0.2 4 (M) 4 0.83x 0.3
%ﬁ%@ﬁ%mﬁwésﬁ 0.4 6 gv))aaa(ésg§?)1.67xxo.5 2§€@k§%9§a"&”

(odd) 0.83x 0.6 3 (C2) 31) (odd) 0.83x 0.7 4 (M) 4b

(odd) 0.83x 0.8 5 (M2) 5b (odd) 0.83x 0.9 6 (Y) 6b

(odd) 1.67x 0 (new line) 2 (@) 2a (even) 0.83x 0.1 3

(C2) Aaxfiawaaove) wiBXivEcolor éhafiddk)andlbpalr@fmiaile dwS Beadh. cllochannel,

éa'c\g):ozzle row must print in one-tenth of the line-time in order to achieve all the advantages of
redundancy and compensate for any known dead nozzles using a redundant color channel. The inherent
power supply problems in relation to the redundancy scheme described in USSN 10/854507 (Docket
No. PLT019US), filed May 27, 2004 and USSN 10/854523 (Docket No. PLT030US), filed May 27,
2004have also been described above.

Dot-at-a-time redundancy is where redundant rows of nozzles are used such that there is never
more than one out of every two adjacent nozzles firing within a single nozzle row. In other words, the
even dots for a color are produced by two nozzle rows (each printing half of the even dots), and the odd
dots for a color are produced by two nozzle rows (each printing half of the dots). For example, nozzle
rows 2a and 3a may both contribute even dots to a line of printing, and nozzle rows 2b and 3b may
both contribute odd dots to a line of printing.

Figures 4A and 4B show a firing sequence for two lines of printing using dot-at-a-time
redundancy. The nozzles indicated in Figures 4A and 4B are not fired simultaneously; each nozzle row
is allotted one-tenth of the line-time in which to fire its nozzles, with even nozzles rows firing
sequentially followed by odd nozzle rows firing sequentially.

Referring to Figure 4A, in the first line-time alternate nozzles are fired in each nozzle row from
the C1, C2, M1 and M2 color channels. Nozzles fired from C2 and M2 complement those fired from
C1 and M. For example, alternate even nozzles are fired from nozzle row 2a and complementary
alternate even nozzles are fired from nozzle row 3a. Nozzle rows 6a and 6b in the Y channel have no
redundancy and each of these nozzle rows must therefore fire all its nozzles in one-tenth of the line-
time. '

Referring to Figure 4B, in the second line-time the alternate nozzles fired in the first line-time
are inversed.

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.
PLT030US), 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



5a (even) 0.83x 0.4 6 (Y) 6a (even) 1.67x 0.5 2 (d)
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Table 3 51t
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10  Qut-of-Phase Firing
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Peak Power Requirenent 0 O,

M, 4ac, 0.83x M2, 5aD, 0.83x Y, 6ab, 1.67x x 0.1 C2,
3aA .8 M, 4e, 0.83x M2, Sae, 0.83x Y, 7
@,Z““Zgﬁ,lg%. 83x x 0.2 M, 4aA, 0.83x M2, 54 g‘?‘@%&‘}’\?&s’%‘m
6aD, 1.67x O, 2aD, 0.83x C2, 3aD, 0.83x x 0.3 M,

5aA, 0.83x Y, 6a8, 1.67x C I, 2aD, 0.83x C2, 3ab,

0.83x M. 4ah, 0.83x x 0.4 Y, 18aA, 1.67x C, 2aD, 0.83x
C2, 3mdl] thOfith@xeqMnges desbiibed sdBiEis edlcoldp alidpnelis B inxphas¢\Othat is, a

RS AUk oy e 235
tigocy Ingphgsp firingymovides simpley progrppumitgpf the printes gqmtrolfer, whish gqpiroly the firing
Lquoe vd.d8C4ta GenBid ¥ne brifitifead 1.

However, according to another form of the present invention, the firing may be out-of-phase —
that is, within the same allotted portion of the line-time (termed the ‘segment-time’), at least one

2aA, 0.83x C2, 3a8, 0.83x

segment of nozzles is fired from a color channel that is different from at least one other segment of
nozzles. With appropriate sequencing of segment firings, a whole nozzle row can be fired within one
line-time, such that the net result is effectively the same as in-phase firing.

In the case of the printhead 1, having five color channels and five segments in each nozzle row,
it possible to fire segments from all different color channels within one segment time (i.e. one-tenth of
a line-time). Segments contained in the same nozzle row are, therefore, fired sequentially during one
line-time.

A major advantage of out-of-phase firing is that if one or more color channels (e.g. Y) has a
different peak power requirement to the other color channels, this difference is averaged into the power
requirements of the other color channels within each segment-time. Hence, the spike in power

(cotresponding to the Y channel) in Table 3 is effectively merged into rest of the line-time. The result

is that the peak power requirement during each segment-time is always equal to the average power

requirement for the printhead. This situation is optimal for supplying power to the printhead.

Table 4 illustrates a sequence of out-of-phase firing for one line of printing from the printhead

1, using dot-at-a-time redundancy.

Line- Module A { Module B | Module C | Module D | Module E | Peak Power
time (CG, S,P) | (CGC,S,P) | (CC,S,P) | (CC,S,P) | (CC,S,P) | Requirement
0 C1,2a%, [ C2,32%, [M1,4a%, |[M2,5°, |Y,6a5 x
0.83x 0.83x 0.83x 0.83x 1.67x
0.1 C2,3a, | Ml,4a°, |[M2,5a% Y,é6a", Cl,2a%, |x
0.83x 0.83x 0.83x 1.67x 0.83x
0.2 MI, 4%, | M2,5a°, |V, 6a5, Cl1,2a%, |C2,3a5 |«x
0.83x 0.83x 1.67x 0.83x 0.83x
0.3 M2, 5a%, |Y,6a, C1,2a° [C2,32°, [Ml, 42, |[x
0.83x 1.67x 0.83x 0.83x 0.83x
0.4 Y, 6a*, Cl1,22°, [C2,3a5, |Ml,4a°, [M2,5% |x
1.67x 0.83x 0.83x 0.83x 0.83x
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0.83x 0.7 M, 411A, M2, 51P, Y, 61P, O, 21P, C2,
31’? X 0.83x 0.83x 1.67x 0.83x 0.83x 0.8 M, 5bA Y,
1P, C2, 31P, M, 41?, x 0.83x 1. 617 ﬁuﬁ& 1829
é%m’gﬁ%?z 0.9 Y, 6bA, C, 21?2, C2, 31P, M" cr S\ ch
5b", Xx 1.67x 0.83x 0.83x 0.83x 0.83x O (new c, 2aA
C2, 323, M, 4a, M, 51113, Y, 6ah, x line) 0.83x
0.83x 0.83x 0.83x 1.67x ... dBc
0.5 C1, 2b%, C2,3b", Mi, 4b°, M2, 5b°, Y, 6b%, X
0.83x 0.83x 0.83x 0.83x 1.67x
0.6 C2, 3b4, Mi, 4bB, M2, SbC, Y, 6b°, Cl, 2b%, x
0.83x 0.83x 0.83x 1.67x 0.83x
0.7 M1, 4b%, [M2,5b5 |Y,6b° C1,26°, [ C2,3b%, |=x
0.83x 0.83x 1.67x 0.83x 0.83x
0.8 M2, 5b%, Y, 6b°, Cl1, 2b°, C2,3b°, | MI1,4b° [x
0.83x 1.67x 0.83x 0.83x 0.83x
0.9 Y, 6b%, CL,2v5%, | C2,3b5, M1, 4b°, | M2,5b% |[x
1.67x 0.83x 0.83x 0.83x 0.83x
0 (new Cl1, 2a%, C2,3a5, |MlL,4a°, |M2,52°, |Y, 6, x
line) 0.83x 0.83x 0.83x 0.83x 1.67x ... efc
CC = Color Channel; S = Segment; P = Peak Power Requirement
Table 4

It should be remembered that, even within one segment, not all nozzles fire simultaneously.
The nozzles in one segment are arranged in firing groups, which fire sequentially over the course of
their allotted segment-time. However, the important point is that at any given instant, some C1, C2,
M1, M2 and Y nozzles will fire simultaneously, thereby averaging out the higher peak power -
requirement of the yellow nozzle row.

In the case of five printhead modules and five color channels, it can be seen that out-of-phase
firing works out well. Segments from each color channel can be rotated so that all different segments
are fired in one segment-time.

However, it will be appreciated that out-of-phase firing also works well with any number of
printhead modules or color channels. For example, using 20 mm printhead modules 7, an A4
pagewidth printhead is comprised of eleven abutting modules [(i) to (xi)]. With five color channels and
eleven printhead modules, it is impossible to ensure that each printhead module fires a different color
channel within a segment-time (i.e. one-tenth of a line-time). Regardless, out-of-phase firing 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,M and 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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CC = Col or Channel; S = Segnent; P = Peak Power

Requi renment Table 4

It should be renenbered

%%?7{0;115? w thin one segnent, not all nozzl ?éT/Abfoﬁsmmsw
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K2(e) C(e) Me) Y(e) Kl (e) K2(e) C(e) Me) Y(e) 1.023x
0.3 Ki(e) I1C2(e) C(e) Me) Y(e) Ki(e) 1C2(e) C(e) Me)
Y 0.966x 0.4 K2 Y
@%ﬁl‘%&) M e) Xv(e) 1((1((2) C(lze)z(g/)( e)o. 9%3 S{l’é’e’%'('zo"b"s’”‘"s”
Ma) Y(o) K1 (o) 1(2(o) (o) Mo) Y(o) 1(1(o) 1(2(0)
C(o) 1.023x 0.6 Mo) Y(o) 1(1(o) 1(2(0o) C(o) Mo) Y(o)

1

11(0) 2
It will also be appreciated by the skilled person that a printer controller 10, shown

schematically in Figure 5, may be suitably programmed to provide dot data to the printhead 1, so as to
print in accordance with the methods described above. A printhead system 20 comprises the printer
controller 10 and the printhead 1, which is controlied by the controller. The printer controller 10
communicates dot data to the printhead 1 for printing. B

_ A suitable type of printer controller, which may be programmed accordingly, was described in
our earlier patent application USSN 10/854521(Docket No. PLT001US) filed May 27, 2004.

It will, of course, be appreciated that the present invention has been described purely by way of

example and that modifications of detail may be made within the scope of the invention, which is
defined by the accompanying claims.



1(2(o) C(o) Mo) 1.023x 0.7 Y(o) Kl (o) 1(2(0o) C(o)
Mo) Y(o) 11(o) 1(2(o) C(o) Mo) Y(o) 1.023x 0.8 11(o0)

1{2(0) C(o) Mo) Y(o) Kl (o) 1(2(0) C(o) Mo) Y(0)

11(0) 0.966x 0.9 K2(0o) C(o) Mo) Y(o) 1(1(o) K2(/))

C(o) Mo) Y(o) Kl (o) -K2(o) 0.966x 0 C(o) Mo) Y(o)

Kl (o) K2(o0) C(o) Mo) Y(o) KI(o) 1(2(o) C(o) 1.023x

t =line-tinme; P = Peak Po Requi renent (e) = even o
rows of nozzles; (0) = oddmﬁ)v\rs of nozzles 10Table 5

CLAIMS:

1. A method of modulating a peak power requirement of a stationary pagewidth inkjet
printhead, said printhead comprising a plurality 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 to print a dot of
said ink onto a substantially same position on a print medium, said method comprising:

feeding a print medium transversely past said printhead; and

printing dots across said print medium such that said first nozzles and said second

nozzles each contribute dots to a same line of printing.

2. The method of claim 1, wherein each set is a pair of nozzles, said pair consisting of

one first nozzle and one corresponding second nozzle.

3. The method of claim 1, wherein said printhead comprises a plurality of transversely
aligned color channels, each color channel comprising at least one nozzie row extending
longitudinally along said printhead, each nozzle in a color channel ejecting the same colored

ink.
4. The method of claim 3, wherein each color channel comprises a pair of nozzle rows.

5. The method of claim 4, wherein said pairs of nozzle rows are transversely offset

from each other.

6. The method of claim 3, wherein said first nozzles are contained in a first color

channel and said second nozzles are contained in a second channel.

7. The method of claim 6, 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.

KPP-PCT
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