1 A PAGEW DTH PRI NTHEAD DEFI NI NG AN ARRAY OF NQOZZLES W TH PREDETERM NED
GROUPI NGS FI.ELD OF THE | NVENTI ON The invention relates to a nethod of
controlling the timng of the firing of printhead nozzles and to a
printhead chip and printer operating according to the nmethod. BACKGROUND
OF THE | NVENTI ON Vari ous net hods, systens and apparatus relating to the
present invention are disclosed in thg follow ng co-pending applications
filed by the applicant or assignee of the present invention on 24 May
2000: PCT/ AUO0/ 00518, PCT/ AU0O0/ 00519, PCT/ AUOCO 00520, PCT/ AUOO/ 00521,

PCT/ AUOCO 00523, PCT/ Al ﬁg’}@l ’“”"Eggg 00526,
PCT/ AUCO 00527, PCT/ A%%g%?ggl?rr uca 0 ?@Flﬁg/ﬁ 00530,
PCT/ AUW00/ 00531 ARRAVAUBINORZEES WITHRREDEBERMINED QKOUPISGCS,
PCT/ AUOCQ 00535, PCT/ AUOCQ 00536, PCT/ AUOCO 00537, PCT/ AUOCO 00538,

PCT/ AU00/ 00539, PCT/ AUOCO' 00540, PCT/ AUOCO 00541, PCT/ AUOCO 00542,

PCT/ AW%@OW%% PCT/ AU 00545, PCT/ AU 00547,
PCT/ AUCOY 00546, PCI/ AUOO 00554, PCT/ AUDO/ 00556, PCT/ AUCO 00557,

PCT/ AUOQ THES 8 entRETYeStES000 HisthodRET¢oAOIINGOEE BimiRE DL AMd0Bing 56 printhead
PCT/ AUOO 00562, CT/ A 0563, PCT/ AUOCO 00564, PCT/ AUOO/ 00566,
PCT/ AUOQ/&EIE9 ?H‘E@la/ ﬁ%%&@%ﬁ%ﬁg‘% é@?or%f%%@%g@go,
PCT/ AUOO/ 00571, PCT/ AUOCO 00572, PCT/ AUOO 00573, PCT/ AUOCO 00574,

PCT/ AUCQ 00575, PCT/ AUOO 00576, PCT/ AUOO 00577, PCT/ AUOCO 00578,
PCT/ AUCO'BASKIGROTNIAQIO TS BY Y EPGTONOOQ' 00580, PCT/ AUOO/ 00582,

PCT/ AUCO\Q0587, P Al 005 PCT/ Al 00589, PCT/[ A 0058
bCT) Ao VORES M G R PRI eGP S B pries AV G Bisclosed
PCT/ AUOQ i O0th8 4fol16¥lg ALK REARDD appIRGaTio B 89 Xbe  dppTicAIOD £36ighde of the

PCT/ AUOCO 00598, PCT/ AU0O0O/ 00516, PCT/ AU0O0/ 00517 and PCT/ AUO0/ 00511
present invention on 24 May 2000:

PCT/AU00/00518,  PCT/AU00/00519, PCT/AU00/00520,  PCT/AU00/00521,
PCT/AU00/00523, PCT/AU00/00524,  PCT/AU00/00525, PCT/AU00/00526,
PCT/AU00/00527,  PCT/AU00/00528,  PCT/AU00/00529, PCT/AU00/00530,
PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AU00/00534,
PCT/AUO00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AU00/00538,
PCT/AUO00/00539,  PCT/AU00/00540, PCT/AU00/00541, PCT/AU00/00542,
PCT/AUO00/00543, PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547,
PCT/AU00/00546, PCT/AU00/00554, PCT/AU00/00556, @ PCT/AU00/00557,
PCT/AUO00/00558,  PCT/AU00/00559, PCT/AU00/00560, PCT/AU00/00561,
PCT/AU00/00562,  PCT/AU00/00563, PCT/AU00/00564, PCT/AU00/00566,
PCT/AU00/00567,  PCT/AU00/00568,  PCT/AU00/00569,  PCT/AU00/00570,
PCT/AU00/00571,  PCT/AU00/00572,  PCT/AU00/00573, PCT/AU00/00574,
PCT/AU00/00575,  PCT/AU00/00576,  PCT/AU00/00577,  PCT/AU00/00578,
PCT/AU00/00579, PCT/AU00/00581, PCT/AU00/00580, PCT/AU00/00582,
PCT/AU00/00587,  PCT/AU00/00588,  PCT/AU00/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592,
PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,  PCT/AU00/00597,
PCT/AU00/00598, PCT/AU00/00516, PCT/AU00/00517 and PCT/AU00/00511
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PEC16- SG 2 The di scl osures of these co-pending applications are

i ncorporated herein by cross-reference. In addition, various nethods,
systens and apparatus relating to the present invention are disclosed in
the foll owi ng co-pending PCT applications filed sinultaneously by the
applicant or assignee of the present invention: PCT/AUOO 00754,

PCT/ AUOQO' 00756 and PCT/ AUOO 00757. Thg di scl osures of these co-pending
applications are incorporated herein By cross-reference. O particular
note are co-pending PCT application nunbers patent applications

PCT/ AUGDY 00500 ARt Tce sbPhdE doplichios, o' ipHigrale derdlhy,

pri nt headroshesferhter referred to as a Menjet printhead. The above Menj et
printhead is a mylti-segnment printhead that is devel gped from printhead
segnent s t hat I ddiigpaBitdouss metheds csystgmss gid aspasre relaem toythe prespdy el

dots of Liaui:d. i q t I 1 _ e t ofaskl

pr oducedkl}‘%ﬂelgbl gﬂtéi ?ﬁs{cgﬁg?l g‘&mﬁﬁg 5?1£867&e1?§eg{) g?(ﬁlggt ﬁ(e:??nagpl?% 0eélexpeIYioi ted to
its full emiultaiedwslyr pyanke mapphitarbe orpr assigacde i Pfpehé eqireseayi stveatioran,

or i nt 1 ngPa A oRPh7 &L 2R PR Rk ER e RO A Y cchnal ogy. 1 1 add t 1 on,

co- pendi ng PCThaRiddidsatds 051 theSel codekdi Cg%k%ca%ﬁé AU BARAed herein by
PCT/ AU00/ 00511, and PCT/ AUOQ 00754, PCT/ AUOOD 00756 and PCT/ AUOO/ 00757

descri becrospréferenemgi ne/ control ler suited to driving the above referenced
page wi de pripthead, A pulti-se nt inthead of the above kind may field
1580 nozsl e, Ry las mele bk soEaoRRL ChRNERon Btmbes sRCTh i oricn
power. | PCTPAIUCO/O0YE, I IPET/AT0P/0OBY &P ATYAURY00579f POK/A860/00592ncthndozz! e

interference. Firing logic controls the firing of nozzles. Normally the
timng oPCH/AVAY08$90, which describe a microelectomechanical drop on demand printhead

hereafter referred to as a Memjet printhead.

The above Memjet printhead is a multi-segment printhead that is developed
from printhead segments that are capable of producing, for example, 1600 dpi bi-level
dots of liquid ink across the full width of a page. Dots are easily produced in isolation,
allowing dispersed-dot dithering to be exploited to its fullest. Colour planes might be
printed in perfect registration, allowing ideal dot-on-dot printing. The printhead
enables high-speed printing using micro-electromechanical ink drop technology.

In addition, co-pending PCT applications PCT/AU00/00516, PCT/AU00/00517,
PCT/AU00/00511, and PCT/AU00/00754, PCT/AU00/00756 and PCT/AU00/00757
describe a print engine/controller suited to driving the above referenced page wide
printhead.

A multi-segment printhead of the above kind may field 1280 nozzles. Firing all
the nozzles together would consume too much power. It could give rise to problems in
terms of ink refill and nozzle interference.

Firing logic controls the firing of nozzles. Normally the timing of firing of
nozzles in a printhead is controlled externally. It is desirable to reduce the complexity
that arises in external printhead controllers as a consequence of this. Further, at the
printhead, each of the colored inks used has different characteristics in terms of
viscosity, heat profile etc. Firing pulses should therefore be generated independently
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nozzles in a printhead is controlled externally. It is desirable to reduce
the conplexity that arises in external printhead controllers as a
consequence of this. Further, at the printhead, each of the colored inks
used has different characteristics in ternms of viscosity, heat profile
etc. Firing pul ses should therefore be generated independently PEC16-SG 3
for each col or. SUVWWARY OF THE | NVENTI ON According to the invention there
is provided a pagew dth printhead whi ch includes a nunber of pri nt head
segnents, each segnment including an array of nozzles, the array defining a
first ey }mg %8R&ng of a nunmber of nozzles that are configured to print a
common i nkK ¢ol our,” a second | evel grouping of a nunber of first |evel

groupi ngs of each colour to be printed by the segnent, a third | evel
groupi ng of a nunber of second |evel groupings incorporating nozzles

conf i gur STMMARYOX TREANYINEION and a fourth | evel grouping of a nunber
of third | evel | i exe | I NG of

cont i guous nozpi Ee’fgﬂlllﬁ)% Q(gzg%-ﬂr?ﬁevl\lﬁlg{l Sth‘rillj(()ezl*zél é‘rg gfd%g% %g%éﬁ%{f%lyp ﬁlﬁ%{gﬁdd émlg‘lﬁlg ht

cont i guousclodeszd menbetlof psiathead ségneits, gacupigngniinechiding aderray ofindoezitespf

o TP e TR ) kb e B S BBR h BE odBSER

firegroups; foinl; i i i i guous
Chr ommpo B, o R O T RYE EhuiRes Lo

fourth | exfélaclglcolopf bty berpyintedcbyithee segmenher thifd Jevels ggnpingof & avmbepdbisegr oup
i ncl udi ng a pr.edet erm.ned nunber. of cqnti us firegroups. Each asegroup
my | nol SEPTRARVS SRS ecPraPe s R e Ay EEaner e BT of
phasegr oypgith RVE Rbupif€oPHASEBEOIMSrd kOSrbgdifg. odd nunbered nozzl es and

t he ot her phasegroup conprising even nunbered nozzles. )
The first level grouping may include pods of contiguous nozzles in each row of

nozzles. Each pod may include eight contiguous nozzles.

The second level grouping may include a number of chromapods, each
comprising at least three pods positioned on respective rows of the array.

The third level grouping may include a number of firegroups, each firegroup
including a predetermined number of contiguous chromapods.

Each firegroup may include eight contiguous chromapods.

The fourth level grouping may include a number of phasegroups, each
phasegroup including a predetermined number of contiguous firegroups.

Each phasegroup may include ten contiguous firegroups.

Each segment may include a pair of phasegroups, one of the phasegroups
comprising odd numbered nozzles and the other phasegroup comprising even numbered
nozzles.

The invention resides in control of the firing of nozzles in a printhead, the
nozzles being on rows for respective ink channels in the printhead. Print data is loaded
to respective channel shift registers for respective channels. All the print data is
transferred to nozzle enable bits provided one per nozzle and the nozzles in respective
channels are fired in time independent manner using separate timing generators in each
channel.

Moving the timing mechanisms onto the printhead helps reduce complexity. In
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The invention resides in control of the firing of nozzles in a printhead,
the nozzles being on rows for respective ink channels in the printhead.
Print data is |loaded to respective channel shift registers for respective
channels. Al the print data is transferred to nozzle enable bits provided
one per nozzle and the nozzles in respective channels are fired in tine

| ndependent nmanner using separate timng generators in each channel.
Moving the timng nechanisns onto the printhead hel ps reduce conplexity. In
PEC16- SG 4 addition as each col or channel is given its own tiner a given

color's fi.r att start at..any tine. an exact
nunber of dﬂ%‘[ $ EF&SW@W@@ rgwept1 Wn 31613153( ﬁﬁlvent Coll%r 3 ﬁ,{%’%%%{{ a(‘Pot Vi a
appropr i aestfitedd ahy fieneOfIt hb&l ﬁdt&iétantdxﬁbtﬁﬁlmlfbr b€ dpekiids\MEom @h@tnael I ial t hough
this regime is not adopted in the preferred_enbodi nent described _bel ow.

Nor rmal | y Rosblgi et defdorpdelf Yip epprepriate staggening elede stast g areweeiyer nal | y
to the fer s of

el ectrica Cﬁlhlgijeﬁlses Qt‘)lygﬂ tf\}\igu %I}rfeo% ﬂo?%d?ﬁ%@ﬁ%rzﬁz? é%é?%&g?‘%‘g‘?%%%i st dqh t he
above inuplgwl, the nozzles are fired by an electrical pulse. The profile
of the pulse is progranned to sui I nk the nozzle. |de t he
print head i nciNeEallyithgwiithsandprofl eﬁﬂ?ﬁpﬁgé’uisﬁ%@e gsherele §?‘§Fé‘1‘$]§\/¥8 .
nozzl es n'tl{yaffg Ih feﬁ’r\éﬁ *ﬂ%%dm‘r\é?ﬁ“ﬂ kivsth@'i)qls@nm@ Pﬁ(afrele%ﬁ'icapgﬁl&% gy an
fires the nozz se profiles In e pul'se train are programred to
suit the Whikhtonﬁneethqnmztzleses phogranehable.l deal |y, programmed bits loaded to a

timng generat st the |.se file eal | Its
exist in tabl‘&étha}b‘ia%’é’aeflbn?‘ﬁg ‘%12‘?? ﬁrgﬂgyfagreYeé:&-& 3% 'g]i‘e prtoﬁg t abl es
bei ng pr Qﬁrtﬁ’éfﬁﬁﬁ’e ié';ﬁ‘ogrhx'ﬂﬁueﬁrtb @&ﬂ@mnﬁ%f tlfé'nobﬂl%eflcﬁéh@l? thd PentAe#ZinEludens are
preferably in offset pairs for each channel and firing of the offset pairs

i s ef f ectinkl nogzles tin ohulsipkes eows | secessiaE rows Wit hozdles defves respertiveiient

o EnC0SRy AR 510! SERAG) B A IRTA 1P PR B RV ) (he

are programmed to suit the ink in respective channels. Ideally, programmed bits loaded
to a timing generator adjust the pulse profile. Ideally the programmed bits exist in
tables loaded to the printhead, one for each channel, the tables being programmed via
the printhead serial interface. The nozzle rows are preferably in offset pairs for each

channel and firing of the offset pairs is effected by out of phase pulse trains.

With the above multi-segment printhead (Memjet) technology (outlined in the
referred-to documents) the micro-electromechanical process is added to a CMOS
process by which to construct the printheads. The consequent printhead is a new type.
The marriage with CMOS technology allows inclusion of logic in the printhead chip.
It is an ideal place to locate timing circuitry for firing of nozzles.

In a particular form the invention resides in a method of controlling a printhead
including nozzle rows, successive rows of nozzles defining respective ink channels
wherein the nozzles in respective channels are similarly grouped and groups are fired
successively. Ideally respective rows of nozzles are organized in repeated pods of
nozzles along the length of each row of nozzles, the nozzles in a pod being fired one
after the other along the row; successive pods of respective channels are linked as a
chromapod wherein the one after the other firing of nozzles in each channel is in step
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process by which to construct the printheads. The consequent printhead is a
new type. The nmarriage with CMOS technology allows inclusion of logic in
the printhead chip. It is an ideal place to locate timng circuitry for
firing of nozzles. In a particular formthe invention resides in a nethod
of controlling a printhead including nozzle rows, successive rows of
nozzl es defining respective ink channgts wherein the nozzles in respective
channels are simlarly grouped and groups are fired successively. ldeally
respective rows of nozzles are organi zed in repeated pods of nozzles al ong
the |l ength of,each row of .ngzzles, .the nozz In Q Lng fi one
after theatl]%‘tghtg? oY 8?150 8 1 o ewggg%g?@emboﬁéc%fOf?:ggop]’lg%)t%?%/%I%c 3%2% s are
linked assa fireffoaprdedirvgiotsy firihdtgefher. aThehoiAe withiara dinglé sggnidnt agzzl es in
each channel is in step PECL6-SG 5 along . the row of nozzles in the

r espect i \@oynsdpivsiedbologetecednk sHpRIgpBaleXiy and yaripg sgmplexity. fTheygrooup, the
firegroups. firi ef. N0 Nl gl grentieRr

gr ouped ﬁlisfs?@gﬁ %iytl(?%&}r@d{?cg;mﬁu&séfz)%%flcecfzﬂospm [elglﬁtaéhgt%d&v?nﬁ %i ng cgﬁpﬁfexi ty.
They ar e priakia® spécds p@rdbggilloalihg speedowencassupption teadasiifsytd ibermadedirt o
enable a variety of printing speeds, thereby allow ng speed/ power

consunpt idsHerentpradugt canffgrionsade in  different product configurations.

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates an arrangenent of
nozzles in a four-color printhead segnent. FIG 2 is a closer view of the
nozzl e r RRIEF DESCRIRTFTON OFHHE DRAWINGSFI G 3 illustrates a single pod
and its fjring.order. FIG 4 illustrat.es singl e. chrqmapod., FIG 5

i |l ust ratﬂéé g iUpstrates an ragaement of negzle 1gﬁ5ﬁgr-chl|cgr Rf&?%“taﬁéﬁ@ﬂ?‘ﬁs bet ween
segment s, F1ehas84 cRbsvielioT 8 RIZBR régen of thePRMRRES of FIGZ 1.7 i1l ustrates the
enabling pulses for nozzle firing. FIG 8 sShows the manner of overlap of
segnent s HIG. 8 iHustratessesgimgle pop andhithBeigg order.

FIG. 4 illustrates a single chromapod.

FIG. 5 illustrates a single firegroup.

FIG. 6 shows the relationships between segments, phasegroups, firegroups and
chromapods.

FIG. 7 illustrates the enabling pulses for nozzle firing.

FIG. 8 shows the manner of overlap of segments in a multi-segment printhead.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In FIG. 1 is seen the arrangement of nozzles in a four color printhead segment
92. A single printhead segment in a multi-segment printhead is typically 21mm in
length (93). The width of the segment is typically 80pm for bond pads 94 and other
logic, plus 116um (95) per color contained within the segment (in high speed
applications an extra color channel may be required for fixative). Table 1 lists the

printhead segment widths for the most common printhead types.

Table 1. Printhead segment widths based on number of colors

#Colors [Color Application Segment
channels width (um)
3 CMY Photographic 484
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In FIG 1 is seen the
arrangenent of nozzles in a four color printhead segnent 92. A single
printhead segnment in a nulti-segnment printhead is typically 21lmmin |ength
(93). The width of the segnment is typically 80mfor bond pads 94 and ot her

| ogic, plus 116m (95) per color contained within the segnent (in high speed
applications an extra col or channel y be required for fixative). Table 1
lists the printhead segnent wi dths Pg% t he nost comon printhead types.
Table 1. Printhead segnent mndths based on nunber of colors Colors Col or

App| i cati on Se UIICIIL annets WEC16- SG 6
CMYK Desktop Printer CI% 5 U\W% enabl ed 7166 CWK-|R-F

Hi gh- speed Netpage—e =832+ Fhe—con tTomof—eac témrTotor band is
ideally two rpws of ng e<Ne{ as%f'eﬁlggl d96 97 for ti:]eﬁyel | ow nozzles, for
a total of 1280 Tmozz PET ——The mumber —_of _cof or s determ nes the
total nunber ¢f nozz IﬁﬁefbébﬁE??ﬂqutmﬁe@nzblﬁdsts 88me exanpl es. Table
2. Exanpl e nozzle counts Col or$ Exanpl e appl i cation Total nozzl es per
segnent 1 1286—3—CW—S388404CWK 51206 CWK-ITRF 768011 FI'G 2 is seen
a nore detailed view of the nozzle region of the printhead of FIG 1.

\3/)\72t hin a singlmelconipoéitiond2 b&h BBunt bdorigund|ie flealle twy piveadl G40sepaleat ed by
m

such as 96,97 for the yellow nozzles, for a total of 1280 nozzles per color. The number
of colors determines the total number of nozzles in the segment. Table 2 lists some

examples.

Table 2. Example nozzle counts

# Colors Example application Total nozzles per segment
1 K 1280
3 CMY 3840
4 CMYK 5120
g CMYK-IR-F 7680

In FIG. 2 is seen a more detailed view of the nozzle region of the printhead of
FIG. 1. Within a single row of nozzles 98, the nozzles are typically separated by 32um
(99), while the two rows 98,100 are offset by 16um (101). The distance from one 1600
dpi dot to the next is actually 15.875um, but the segment will be placed at 7.167
degrees relative to the paper such that the horizontal distance between printed dots is
15.875um. This nozzle placement gives rise to interleaved nozzles for a single line of

pixels - one row prints even dots and the other prints odd dots.

Looking at the nozzles in Figure 2, it is clear that if both rows 102,103 of cyan
nozzles were to fire simultaneously, the ink fired would end up on different physical
lines of the paper: the odd dots would end up on one line, and the even dots would end
up on another. Likewise, the dots printed by the magenta nozzles 98,100 would end up

on a completely different set of two dot lines. The physical distances between nozzles
PEC16-SG



(99), while the two rows 98,100 are offset by 16m (101). The distance from
one 1600 dpi dot to the next is actually 15.875pm but the segnent will be
pl aced at 7.167 degrees relative to the paper such that the horizontal

di stance between printed dots is 15.875m This nozzle placenent gives rise
to interleaved nozzles for a single line of pixels - one row prints even
dots and the other prints odd dots. LQ?king at the nozzles in Figure 2, it
is clear that if both rows 102, 103 of tyan nozzles were to fire

si mul taneously, the ink fired would end up on different physical |ines of
t he paper.; .t he. odd. dots, woul d _end up on.one. .l | an h e woul d
end up o ﬂbeﬁ%f’ﬁee&. "r&CEleWps?égn?%‘é‘ t&%’i’ss" ?r}sﬁ Ié%ﬁ%‘y ehcgrﬁ%rgaéﬁ%fqﬁgfz%% des

98, 100 wadkdfirldbylthe diFferént @0pRELER Yipdh sttt datposition \0a thkopadeiaselse The
physi cal di stances between nozzles PEC16-SG 7 is therefore of critical

i npor t andw@perPassssaderthe pentesdy Thedistenee kaseenthe tworars eidhe same colaks fired

by the di ig f3§ gﬁ% OE)OZHZ& ﬂﬁii %Qgs 'lfflri)st Qaﬁgﬁﬁaﬁﬁo@'&{jﬁﬁgt«evg{) Botg Qf e sgﬂleﬁ:glotr g page as

t he paper “passes “under e printhea tance between t two rows of
t he same miital twd ot 3@ws fddt) Thodis@ncobetwomsrowifonaealos ahd dte resticadmd even
dots of the sane colqr are printed t ot r .apart.. The distanc

bet ween oo (& -éﬂﬂt%FhaéHHSBWQS%@;woég‘Pﬁ?wg{y‘\’g lig%trﬁn(li’éﬁgﬂl & Phat this
gi ves 7. 2y #ks, | TRES Mo OF ohs cBBE cfpAred §PfiRIneRUiiRdrefole stéilierdd iASne The
printing%§¥ oﬁ% col or cgnpgreg to°§ﬂ8 next iéwtheref%régéﬁggéefed f% tinme

t 0 acconrodataninbdate ithretimakekenf for thehpapsapemoave anewmplete globp lenazztestior | f
nozzles for ne lLor's dot, line are fired at tinme T, then nozzl for the
cor r esporfi® rfﬁﬁﬁ(ﬁ ‘i‘g ih_rt?e e greiﬁle%{ttm&%?oﬁleﬂﬁ’é’?gs% _%(Fitbee & %%Spﬁliﬁgg Illoé % %%5

dot - | i neshext BSloF @it be B RS tikRS Weer . Ash@ot-IRE] Ot feRitfonsHipd1Bemlees tikan be
general ized by defining two variables: D, = distance between two rows of

t he same \@oibvs rows af mpzilpgean be geneplizedhysdedining thorvesiableshe same row of
nozzl es between two colors = 7.25 W can now say that if the first row of

nozzl es if5 LQWlnce baGAed R bvlofi @incedic il Abtrndsney L - (CG1) D2

D, = distance between the same row of nozzles between two colors = 7.25

We can now say that if the first row of nozzles is row L, then row 1 of color C is dot-

line:
L-(C-1)D;

and row 2 of color C is dot-line:

L - (C-1)D; - Dy

The relationship is shown in Table 3 for an example 6-color printhead. Note

that one of the 6 colors is fixative which must be applied first.

Table 3. Relationship between different rows of nozzles

When
Color Sense Dot Line
D=2, D,=7.25
1 row 1 L L
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and row 2 of color Cis dot-line: L - (G1)D2 - D, The relationship is
shown in Table 3 for an exanple 6-color printhead. Note that one of the 6
colors is fixative which nust be applied first. Table 3. Relationship
between different rows of nozzles Wen Color Sense Dot Line Dl1=2, D2=7.25

Il row |
(bl ack)

L L PECI6SG 8 (fixative) row2 L -D, L-2 2 rowW L-D2 L-7.25
row2 L-D2-D, L-9.25 3 rowl L-2D2 L-14.5 (yellow) row2 L-2D2-D,

L-16.5 4 rowl L - 3D2 L - 21.75 ( enta) row2 L-3D2-Di L-23.75 5 row |
L - 4D2 L-29 (cyan)

(fixative)
row 2 L -D; L-2
2
row 1 L-D, L-725
(black)
row 2 L-D,-Dy L-9.25
3
row 1 L-2D, L-14.5
(yellow)
row 2 L-2D,-Dy L-16.5
4
row 1 L-3D, L-21.75
(magenta)
row 2 L-3D,-Dy L -23.75
5
row 1 L-4D, L-29
(cyan)
row 2 L-4D,-D; L-31
6
row 1 L-5D; L-36.25
(infrared)
row 2 L-5D;-D; L -38.25

Each of the colored inks used in a printhead has different characteristics in
terms of viscosity, heat profile etc. Firing pulses are therefore generated independently

for each color. This are explained further below.

In addition, although coated paper may be used for printing, fixative is required
for high speed printing applications on plain paper. When fixative is used it should be
printed before any of the other inks are printed to that dot position. The fixative

represents an OR of the data for that dot position. Printing fixative first also
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row2 L-4D2-D1 L-31 6 rowl L - 5D2 L - 36.25 (infrared) row2 L-5D2-D
L-38. 25 Each of the colored inks used in a printhead has different
characteristics in terns of viscosity, heat profile etc. Firing pul ses are
t herefore generated i ndependently for each color. This are expl ai ned
further below. In addition, although coated paper may be used for printing,
fixative is required for high speed printing applications on plain paper.
When fixative is used it should be printed before any of the other inks
are printed to that dot position. The fixative represents an OR of the

data for S1LLOon. L0t i [ A I . 216-SG 9
pr econdi tér%%tsndﬂ ﬁ’ég pfpdea&)elg% @E%@Q%}%@ 1L gg‘é’&éﬁ?ﬁéér%ds%v&ﬁ%g@%%ad to the
right size. A single segnent contains a total of 1280C nozzles, where Cis

t he nunber of ' ' |l e, invely i.ring of

up to all of thebetSsftol SnEEETG of NGRS ST S oot bF: 08

| oad cyclmldrevokheesgieat. | aaghinrgydle iabolveethesgizest upmd 4l bheheserhozzlat i on to

be print %du@png t he subsequent print cycle. Each nozzle has an associ at ed
g

Nozzl eEn 50t On Higtinioeation focs mikehet legd arste mydleestbs aadingupiofithg ¢
during t%@%@ﬁﬁbﬁ%‘iﬁhﬁ?&%ﬁ%ﬁmﬁ 'tﬁésdbg&ﬁ]&ﬂgé#rp?%le?) are | oaded

via a set regi sters. ere are regi sters per
segnent (one per color), each 1280 deep. As bits are shifted into the
shift regi st erEdcbhmoazlgihasan associated észzkeFaablertitcthetdatenting whethwrorant upper

nozzl es altern | ses. | nternall C 280-deep shift reqister is
Corpr | sedboRoth Ve Breiuli e ptnf ey, She RegAEERie b ng ger osidiEs and
one for tbgledvoyesetdPEHIRGSgiss ernate bits are shifted into the alternate
internal registers. As far as the external interface is concerned however,
there is a single 1-bit by 1280 deep shift
Logically there are C shift registers per segment (one per color), each 1280

deep. As bits are shifted into the shift register for a given color they are directed to the

lower and upper nozzles on alternate pulses. Internally, each 1280-deep shift register is

comprised of two 640-deep shift registers: one for the upper nozzles, and one for the

lower nozzles. Alternate bits are shifted into the alternate internal registers. As far as

the external interface is concerned however, there is a single 1-bit by 1280 deep shift

register.

Once all the shift registers have been fully loaded (1280 load pulses), all of the
bits are transferred in parallel to the appropriate NozzleEnable bits. This equates to a
single parallel transfer of 1280C bits. Once the transfer has taken place, the print cycle
can begin. The print cycle and the load cycle can occur simultaneously as long as the

parallel load of all NozzleEnable bits occurs at the end of the print cycle.

The load cycle is concerned with loading the segment's shift registers with the

next print cycle's NozzleEnable bits.

Each segment has C 1-bit inputs directly related to the C shift registers (where C
is the number of colors in the segment). These inputs are named Dn, where nis 1 to C
(for example, a 4 color segment would have 4 inputs labeled D1, D2, D3 and D4). A
single pulse on the segment’s SCIk line transfers C bits into the appropriate shift
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register. Once all the shift registers have been fully | oaded (1280 | oad
pul ses), all of the bits are transferred in parallel to the appropriate
Nozzl eEnabl e bits. This equates to a single parallel transfer of 1280C
bits. Once the transfer has taken place, the print cycle can begin. The
print cycle and the | oad cycle can occur sinultaneously as |long as the
paral lel |oad of all Nozzl eEnable bits occurs at the end of the print
cycle. The load cycle is concerned wi tif | oadi ng the segnent's shift
registers with the next print cycle's NozzleEnable bits. Each segnment has
C 1-bit inpy djf.ect |l | at t,0. LN hift.reqister where .C s the
nunber - of Bgiely ARl Buils? St 3 ne T eho BPRL-ToRHEs toiPRI ey, 4% "3
to C (f aptabsAnpdepulgesbreqlired 8GR Compleledrdnafee ofidith P Unse kAheR@U bR, D2,

D3 and D4). A single pulse on the segnent’'s SClk |ine transfers C bits
i nto the laypbeet iranséersd; o singlopulw-andhe dEnling cppggsdhe paralel impsfepof data

t ransfer @érﬁ?heté?liﬁp@grigté}@?%teh%c%gﬁ%ﬁgﬁ{eMﬁ@ﬁbl&%ﬁ?@miVely' A total of 1280

pul ses are required Tor e transter data. Once all 1280C bits
have been transferred, a single pulse on the TEn |line causes the parall el
transfer of ddfle padralteintraisderstia hitpulse @nsEEr mustdakens acenyten phid @ie ciide hbheEnabl e

ori nt cydbetas Otberi il o hEpdh Lt Re TRy e e LD B0t | | no
t

being printed will be incorrect. It is inmportant to note that the odd and

even dot out pu s infottRUE Aok thitttREl o8 Ahd & entdd€oSPHB, aHHoEh Bkl duﬂl@% not
appear on_ the sane physical output |ine. The physical separation of odd

and Ieven t?@ﬁ;zme@rw pmlﬁl dhaopapneaneadhe a@nw@hysie?fi loyémérlmei ohheppltyreceh
nozzies q a%ltfictneéf&%%%n% %éeé él%gagsr &f%thltnhgi% ipbgﬁxéfuma wetl &dsl#ﬁ%f\&gﬁ BetWiden

. S€ S
di f ferent PI nes 1S Trée erence e account ed

f or when rogalds b diffeeend@blord eisurdshRat they wilhpaducd Béts datdifferedi fifssrafne i n
| i nes depends on the characteristics of the [nkjet mechanismused in the

pri nt head?a8Thd M relaiveriderenem mst bieArqoRategyfoy tiea dpakingiheadma intp thher e DL
I's the d'p’?ﬁlﬂ{éﬁﬁ. bR WAL RS B lirgésf({eﬁér?d'ét orf MleCtBiractitRtitPot ﬁletiﬁﬁjeg' stance

mechanism used in the printhead. The differences can be defined by variables Dy and
D, where D; is the distance between nozzles of different colors, and D, is the distance
between nozzles of the same color. Table 4 shows the dots transferred to a C color

segment on the first 4 pulses.

Table 4. Order of dots transferred to a segment

Pulse | Dot | Color1 Line | Color2 Line | Color3 Line ColorC Line
1 0 N N+D, " N+2D, N-+HC-1)D;
2 1 N+D,!! N+D+D, | N+2D;+D, N+(C-1)D;+D,
3 2 N N+D, N+2D, N+(C-1)D,
4 | 3 | NtD, | N+Di#D, | N#2Di#D, | N+(C-1)Dy+D,

10 D1 = number of lines between the nozzles of one color and the next (likely = 6-10)
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bet ween nozzl es of the sane color. Table 4 shows the dots transferred to a
C color segnent on the first 4 pulses. Table 4. Order of dots transferred
to a segnent Pulse Dot Colorl Line Color2 Line Color3 Line ColorCLine 10
N N+Dt N+2D1 N+(C-1)D1 2 1 N+D21li N+D1+D2 N+2D, +D2 N+(C-1)D1+D2 3 2 N
N+Di N+2D1 N+(C1)D 4 3 N+D2 N+D, +D2 N+2D1+D2 N+(C-1)D1+D2 to D, =
nunber of |ines between the nozzles of one color and the next (likely =

6- 10) PEC16-SG 11 And so on for all 1380 pul ses. For nore information
about line differences due to physical placenent of nozzles. Data can be

cl ocked into a nt. a X [ of ~80MHz, whiieh widl | t he
entire. 1280¢ HAESOPR forrit PRIVRAT GRS ERNEn st Fe MrkerenysR fe
cont ai ns tdpB0siof Hrdcementlsf nbiz¥les.t hem al | at  once woul d consune too nuch

power and has the potential for problens in terns of ink refill and nozzle

interference. This problemis nmade nore apparent when we consider . that a

typi cal Menj etD#RicAR Regtpcked gipngosament atra maxigiuen &g 0 8OMHZ% aduchwilh 1280
nozzl es. lwﬁk%ﬁti@ﬁ%&%ﬂ@fo?ﬁﬁa%‘P&';%ed logically within a segnent to enable
y o

. i - .
a vari et printing speeds. ese groupi ngs all ow speed/ power
consunption trade-offs to be nmade in different product configurations. In

the | oviest - Spegdinald Bkl #Rifead 10eAOH Ao 189Gz 0o i€ tlct 8 of O ¢ e

segnent at a tine” T nunbe nozzl es depends on how nany
col or s arance progkkbeunsume tdvempeh pivweadd hEothegotamphlefor problenss in terodsaf ifle. g.

CWK-I1R-F) . printing .environ t., 60.nozzles are fired, sinultaneously. To
FiTe all TR ahd popds et ProvISs Femhie For SRAErC SRS TESKRIS: be
fired.  that a typical Memjet printhead is composed of multiple segments, each with 1280

nozzles.

Nozzles are therefore grouped logically within a segment to enable a variety of
printing speeds. These groupings allow speed/power consumption trade-offs to be

made in different product configurations.

In the lowest-speed printing mode, 10 nozzles of each color are fired from the
segment at a time. The exact number of nozzles fired depends on how many colors are
present in the printhead. For example, in a six color (e.g. CMYK-IR-F) printing
environment, 60 nozzles are fired simultaneously. To fire all the nozzles in a segment,

128 different sets of nozzles must be fired.

In the highest-speed printing mode, 80 nozzles of each color are fired from the
segment at a time. The exact number of nozzles fired depends on how many colors are
present in the printhead. For example, in a six color (e.g. CMYK-IR-F) printing
environment, 480 nozzles are fired simultaneously. To fire all the nozzles in a

segment, 16 different sets of nozzles must be fired.

The power consumption in the lowest-speed mode is one eighth that of the

highest-speed mode. Note, however, that the energy consumed to print a page is the

n D2 = number of lines between two rows of nozzles of the same color (likely = 2)
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In the highest-speed printing node, 80 nozzles of each color are fired from
the segnent at a tine. The exact nunber of nozzles fired depends on how
many colors are present in the printhead. For exanple, in a six color
(e.g. COWK-IR-F) printing environment, 480 nozzles are fired

simul taneously. To fire all the nozzles in a segment, 16 different sets of
nozzl es nmust be fired. The power consTgEtion in the | owest-speed node is
one eighth that of the highest-speed de. Note, however, that the energy
consuned to print a page is the " D, = nunber of |ines between two rows of
nozzl es %&n%%?b&% S%olor (likely = 2) PEC16-SG 12 sane in both cases.
Nozzl es are groupe ogically into pods, chromapods, phasegroups,
firegroups, and finally the segnent itself. A single pod consists of 8

22 5min ai andt Rl Biald DMEUTAE o, frilln kR bl B, BEARIES (05

shows t henndfinaltg&aegmeit ikel) Ngl e pod, with the nozzles nunbered according
to the order in which they should be fired. Al though the nozzles are fired
in this order, the relationship of nozzles and physical placenent of dots

on the printed piagke dod @hfikte b€ BiconIfivub adzdlesfromtasinglé@pipwtcal asve Baclot s
apart, for the nmddle dot is printed by agot her row of nozzles. A single
row t hemOEdR #roduseedetn 22-56m Hediamgier spreed ongd, A3 84S 25id tg et 8t 16Qhe pod

of each afexl agi \ At Q. r nunber
of pods i i'glﬁl reo?ra%gh&\?tmh{ilar%g %ﬁﬁgoénfofgﬁﬁe&g%lﬂto ?’cﬁlluglr &lgpp |%g?fugir|ﬁé ?eidn a
nonoc hr ormecqrdingtté thy ayatie mhichutbby stoubhke fitedt prints only bl ack), there is

only a single color and hence a single pod. Photo printing application
print heads requi,re ol or cyan,. .magent yel | gw 0 int head segnents
Gsed for thesditisReR J6F pfdes, o) At 4R B Bt raionshi Bh MOS0l
each col ehysicd fieskiefPoPddtdbe l’thé){ﬂriﬁt@diﬂpbg’éis dTEf¥rent OTh@hézAesPOilisin a0f f or
each of cyan, magenta, yellow, black, infrared and fixative. A

are 2 dots apart, for the middle dot is printed by another row of nozzles. A single row

therefore represents either the odd or even dots of a color.

One pod of each color are logically grouped together into a chromapod. The
number of pods in a chromapod will depend on the particular application. In a
monochrome printing system (such as one that prints only black), there is only a single
color and hence a single pod. Photo printing application printheads require 3 colors
(cyan, magenta, yellow), so printhead segments used for these applications will have 3
pods per chromapod (one pod of each color). A desktop printer by contrast may
contain 6 pods, one for each of cyan, magenta, yellow, black, infrared and fixative. A
chromapod represents different color components of the same horizontal set of 8 dots
on different lines. The exact distance between different color pods depends on the
printhead operating parameters, and may vary from one printhead design to another.
The distance must be taken into account when printing: the dots printed by the cyan
nozzles for example, will be for different lines than those printed by the magenta,
yellow or black nozzles. Figure 4 illustrates a single chromapod for a 4 color CMYK

printing application.

8 chromapods are organized into a single firegroup. The firegroup is so named
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chromapod represents different col or conponents of the sane horizontal set
of 8 dots on different lines. The exact distance between different color
pods depends on the printhead operating paraneters, and may vary from one
printhead design to another. The distance nust be taken into account when
printing: the dots printed by the cyan nozzles for exanple, wll be for
different lines than those printed by ghe magenta, vyellow or bl ack
nozzles. Figure 4 illustrates a si nglel chromapod for a 4 col or CWK
printing application. 8 chromapods are organi zed into a single firegroup.
The firegr IS SO PEC16- C e |e ithin a
firegr ougoegéllgsefgfr (r“?epcf (;s}?nr?un%?ltezsir%%(g)ﬁﬁ% P?lcé S%Ir%}]%%? eaﬁge;%vsé%{lﬁg&r%}l%g dg‘ﬁgéé“ {His is
expl ai nedirin} piake (tHBtiaetpliigtdi) morthiRtdilel@di ). ofhedformation’«f@r firegrotip Giom 8
chromapods is entirely for the purposes_of nulti-speed printing. During

| ow speed clypmapedfgis BHIS)Y dereths purneseseplymultesnesdwpiptiae £ iDueneleyreed i n a

given fir QU i nd: hiah- LNt 11Rg: . f s fire
nozal cs. NARbrEfopobE RS snbCRINRERBAC Rk B o Al Rt pite DR &' &
hi gh- speddglpspartl, priitingeall leizhh I Chhorsgedd fipe inokzzles. r Eonsegugiltty thiertew-spsedrany
nozzl es at.once. A firegroup therefore caontains 64 _nozz]es for.each color.
The ar r arR§EHnHies i 4ehd Hmn FrfoRE g5 achigh-spgechprey Hﬁﬁepg‘&shl_ﬁ%'ﬁ%fie&]i%-aﬁ%e%nd
using a M AU QERRAY nBSILNR BEANR fReaDRY thetdtdie DRI cHRZERs RRIUGEN

adj acent <chronmapods is exaggerated for clarity. 10 firegroups are

or gani zeccolart oTke sirangemephis shpvoun Figurd 52 withagegmepgsls umbesed B-7sagghent .

The Even Phase ontains oply the. even nozzle rows, while the (dd
Phasegr odﬁm(,go*h?jmg ?C}ﬁ@nﬂws?ﬁo{j’fleé(a?lgb%. ﬁ%tggﬁ%légﬁq‘?e@fw ‘f:‘??e?fﬁ*?%?m e and
GddEnabl eshrdmgjpias Rdsabidtate@ fdr’cPrityhe firing of the two phasegroups as
different firing phases. Since all firegroups within a single phasegroup
share the sane firing pulse, the firegroups fire sinultaneously. The
arrangenent i s|0sfifgfoupd afd BtaRiz6d idtdea §ih§le6yﬂ£h®egrbﬁ?,\/\@ﬁﬁ zagha%eg@hpgﬁpupi ngs
i s exaggerated for clarity. Table 5 is a summary of the nozzle groupings
in a segriéph segment. The Even Phasegroup contains only the even nozzle rows, while the

Odd Phasegroup contains the odd nozzle rows. Two enable lines, EvenEnable and
OddEnable, independently control the firing of the two phasegroups as different firing
phases. Since all firegroups within a single phasegroup share the same firing pulse, the
firegroups fire simultaneously. The arrangement is shown in Figure 6. The distance
between adjacent groupings is exaggerated for clarity. Table 5 is a summary of the

nozzle groupings in a segment.

Table 5. Nozzle groupings for a single segment

Name of Replication| Nozzle
Grouping Composition Ratio Count
Nozzle Base unit 1:1 1
Pod Nozzles per pod 8:1 8
Chromapod | Pods per chromapod C:1 8C
Firegroup Chromapods per 8:1 64C
firegroup
Phasegroup Firegroups per 10:1 640C
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Tabl e 5. Nozzl e groupings for a single segnment
Conposition Gouping Rati o Count

Nanme of Replication Nozzle
Nozzl e Base unit 1:1 1 Pod Nozzl es per

pod 8:1 8 Chromapod Pods per chromapod C.1 8C Firegroup Chromapods per 8:1

64C

firegroup Phasegroup Firegroups per
Segnent Phasegroups per 2:1 1280C segnent The | ogical nozzl e groupings

support a nunber of printing speeds, 32 listed in Table 6. Table 6.

Printing speeds supported by printhea

10: 1 640C PEC16-SG 14 phasegroup

Speed # Phases # Nozzles fired per

phase 1 128 10C (C per flregroup) 2 64 20C (ZC per firegroup) 3 32 40C

(4C per firegroypy—4-16389C(8C
programmed into|the Menjet |pri ntpﬁgaémﬁl nmeaps of the iserial |interface.

firegrpup)—The pTIIIIL speed is

i nterpretation df [g‘l"g‘\ﬂ%" m—speed TetTesonanm undersranding] of the

printhead internals

| of 8 nozzles frorlna po

The logical nozzle groupings support a number of printing speeds, as listed in

Table 6.

Table 6. Printing speeds supported by printhead

Speed # Phases # Nozzles fired per phase
1 128 10C™ (C per firegroup)
2 64 20C (2C per firegroup)
3 32 40C (4C per firegroup)
4 16 80C (8C per firegroup)

The print speed is programmed into the Memjet printhead by means of the serial
interface. The interpretation of the print speed relies on an understanding of the

printhead internals, which are therefore described here.

The nozzles to be fired in a given firing pulse are determined by:

. 3 bits NozzleSelect (select 1 of 8 nozzles from a pod)

. 8 bits of ChromapodSelect (select 0-8 chromapods to fire)

When one of the ChromapodSelect bits is set, only the specified chromapod’s
nozzles will fire as determined by ChromapodSelect and NozzleSelect. When all eight
of the ChromapodSelect lines are set, all of the chromapods will fire their nozzles.
When told to start printing a line via a pulse on the NPSync line, the state machine

inside the printhead simply runs through NozzleSelect from 0 to 7 for each valid set of

12 C = number of colors

PEC16-SG
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8 bits of ChromapodSel ect (select 0-8 chromapods to fire) Wien one of the
Chr omapodSel ect bits is set, only the specified chromapod's nozzles wll
fire as determ ned by ChromapodSel ect and Nozzl eSel ect. Wen all eight of
t he ChromapodSel ect |ines are set, all of the chromapods will fire their
nozzles. Wen told to start printing a line via a pulse on the NPSync
line, the state machine inside the printhead sinply runs through

Nozzl eSel ect fromO to 7 for each valild set of 12 C=nunber of colors PEC t
6- SG 15 ChromapodSel ect val ues. To run through the valid set of

% nroug! set f
oi 1. vnerr P RePed e hatver AR RACARR ey B et bECo PR b I ! e
Nozz| eSel ElbmapbdSeldcs i$ Sdiftedranipecified hiumbehef pits.t Wi hecClirbmapaiSetecand heat

evenly across the printhead during the printing of a_  line. Table 7 lists
vari ous F}Pﬁtﬁﬁessﬁlselaglaé dgeemapodpetest tthe ﬁw&ﬁs@%é@w Ay dngrgzpented.  This

Chr omapo t i i E"ﬁ%s Ll tq al I

Chr omapodS SgtgtSp?%gggédﬁ < ér}oaﬁrlg[%%g%%eul%}eﬁgta S I?I%Jpriﬂt%a(‘siocgdw%Q&é b@%‘%‘boo 2 3
11110000 line. 4 Tabld 171 1iktsO (v8diowso prinh espbedghtoppthed with rthe nglatmidecttinge fot at e
machi ne qﬁgerate hpe nLni ﬂorder over 16 phases as listed in Table 8.
Tabl e 8. Bﬁlag?fgs& Chim ‘?lfg\ﬁ MR order Chromapod Nozzle Sel ect Phases
Select 11111111 O Even & Odd

Table 7. Initial settings for ChromapodSelect

Speed ChromapodSelect shift
1 10000000 1
2 11000000 2
3 11110000 4
4 11111111 0(8)

For the high-speed printing mode, the state machine generates the firing order

over 16 phases as listed in Table 8.

Table 8. High speed printing firing order

Chromapod
Nozzle Select Phases
Select
11111111 0 Even & Odd
11111111 1 Even & Odd
11111111 2 Even & Odd
11111111 3 Even & Odd
11111111 4 Even & Odd
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11111111 1 Even & Odd 11111111 2 Even & Odd 11111111 3 Even & (dd
11111111 4 Even & Odd PEC16-SG 16 11111111 5 Even & Odd 11111111 6 Even
& Odd 11111111 7 Even & Odd The firing order is simlar for slower
printing nodes. However, instead of setting all the bits of

Chr omapodSel ect, we sinply set 1, 2 or 4 of those bits. The fewer bits
that are set the fewer nozzles mAII flre When only 1 bit of

Chr omapodSel ect is set, it takes 8 tilfles as | ong as the high speed node to
fire all nozzles. The flrlng order for the slomest speed printing is shown

in Table 9. Table 9. Ll\ilglégglég SI IE{/IL nllgé ajl | ||% %M _\C/)I’errB].ngdOjNgzﬂ e

Sel ect Phases Sel ect

00100000 O Even & M O EBvenm & gdd—00651000 Even & Odd
1 o1 o then & Qdd EYS00408 of Even & oid

T t%en & CQad . etc

00000100 0 Even & (dd
10000000 1 Even & O
Even & Odd

The firing order is similar for slower printing modes. However, instead
of setting all the bits of ChromapodSelect, we simply set 1, 2 or 4 of those bits. The
fewer bits that are set the fewer nozzles will fire. When only 1 bit of ChromapodSelect
is set, it takes 8 times as long as the high speed mode to fire all nozzles. The firing

order for the slowest speed printing is shown in Table 9.

Table 9. Low speed printing firing order

Chromapod Nozzle Select | Phases

Select
10000000 0 Even & Odd
01000000 0 Even & Odd
00100000 0 Even & Odd
00010000 0 Even & Odd
00001000 0 Even & Odd
00000100 0 Even & Odd
00000010 0 Even & Odd
00000001 0 Even & Odd
10000000 1 Even & Odd
01000000 1 Even & Odd

.. etc ...

00000010 7 Even & Odd
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00000010 7 Even & Odd PEC16-SG 17 00000001 7 Even & Odd The EvenEnabl e
and OddEnabl e are separate generated signals for each color in order that
the firing pul ses can overlap. Thus the 128 phases of a | ow speed print
cycl e consist of 64 Even phases and 64 Odd phases. Likew se, the 16 phases
of a high- speed print cycle consist of 8 Even phases and 8 Odd phases.
There are consequently 2 separate tighgg generators for each color. Each
timng generator uses its own progra bl e 200-bit entry pulse profile. The
200 1-bit entries define a total of 2s where each entry defines a | Ons
time interval. Since—th ;: (W-lbai durat+onmoffa—firmgpylse is 1.3 - 1.8
gs a 2s duration is adeéﬁ@pg, Two | 200- bVt t dblEenak®ddngr ef ore required
for each color present on the printhead. The|tables are |progranmed via the
printhead' s serial interface—+t—s—qgu-tereasonable—for—the odd and even
pul se profiles to be the sane, but they will typically be offset from each
other by 1s to take account of the fact that the pul ses overlap. Figure 7

shows exanpl e ._EvenEnabl.e a Engbl e |ines for i.ngle.colagr during a
Cypical print TPeniart athQuale i sargieamari SRR i ettt | o or
a given GalRderdBREMEFirRiy fulls \tas @9&ldp! Phud e 128khascdedTandMNEpeed print

tenperature and ink characteristics) and the anount of power available to

t he pri ntdyekedcongibteof\G4sEvei nhpsesand 64 §3dd phas¢sn iLikewisb dho be phasesiof ¢ bight he i nk
supply's chi.p.  The l.i,ne td nes,then ~ihe various print speeds are

tw ce as SP%qpré&t C\X/%lﬁlcanm?tio s{gtévg%ﬁgésre?agé gcge&dtﬁilgsgm phases are overl appi ng.
The print speeds are therefore as |isted in Table 10. PECl16-SG 18 Table
10. Line timesTHep¢ avekcbmdquiitiyn? sspaedstiming gesergters for each color. Each

timing generator uses its own programmable 200-bit entry pulse profile. The 200 1-bit
entries define a total of 2us where each entry defines a 10ns time interval. Since the
typical duration of a firing pulse is 1.3 - 1.8 ps a 2ps duration is adequate. Two 200-bit
tables are therefore required for each color present on the printhead. The tables are
programmed via the printhead’s serial interface. It is quite reasonable for the odd and
even pulse profiles to be the same, but they will typically be offset from each other by
1us to take account of the fact that the pulses overlap. Figure 7 shows example
EvenEnable and OddEnable lines for a single color during a typical print cycle where

the pulse is very simple.

The pulse profile for a given color depends on the viscosity of the ink
(dependent on temperature and ink characteristics) and the amount of power available
to the printhead. The viscosity curve of the ink can be obtained from the ink supply’s
QA chip. The line times then for the various print speeds are twice as fast as would
first appear, since the two phases are overlapping. The print speeds are therefore as

listed in Table 10.
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Speed # Phases Line Tinme second

1 128 128 s 7812 2 64 64 is 15,625 2 32
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The firing of a nozzle also causes acoustic perturbations for a limited time
within the ink reservoir of that nozzle. The perturbations can interfere with the firing of
that nozzle for the next line. The shortest time between a single nozzles firing is 32pus
(the fastest print speed). As the ink channel is 300pum long and the velocity of sound in
the ink is around 1500mv/s, the resonant frequency of the ink channel is 2.5MHz. The

high-speed mode allows 80 resonant cycles, which gives minimal acoustic interference.

A segment produces several types of feedback, all of which can be used to
adjust the timing of the firing pulses. Since multiple segments are collected together
into a printhead, it is effective to share the feedback line as a tri-state bus, with only one

of the segments placing the feedback information on the feedback line.

A pulse on the segment’s CCEn line ANDed with data on DI selects if the
particular segment will provide the feedback. The feedback sense line will come from
that segment until the next CCEn pulse. The feedback is one of:

This allows the

Tsense informs the controller how hot the printhead is.
controller to adjust firing pulse profiles, since temperature affects the viscosity of the
ink.

Vsenseinforms the controller how much voltage is available to the actuator.

This allows the controller to compensate for a flat battery or high voltage source by
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heater. This allows the controller to adjust the pulse widths to maintain a
constant energy irrespective of the heater resistivity. Wense inforns
the controller of the width of the critical part of the heater, which may
vary up to 5%due to |ithographic and etching variations. This allows the
controller to adjust the pulse width appropriately. The printing process
has a strong tendency to stay at the ? uilibrium tenperature. To ensure
that the first section of the printed gage has a consistent dot size, the
equi libriumtenperature nust be net before printing any dots. This is
acconplished .vig a preheat cycle. The preheat cycle involves a single |oad
cycle to 1P““%§f§ﬂ%?‘@ﬁﬁh sggnent mﬁtﬁ i's (i.eY setting all nozzlgs to

fire), and a ?éinﬁij?m?ﬁ%éontrmléﬂ Jﬂh@wsﬁ?it}t& g%ﬁﬁ@perrsaazrlefof B gctdnbat i on of

t he pul se nust be iIns icient tofiret ps, but enough to heat up
t he i nk. hehtengeftienllabotite daroflat e sdjustr the guitsenwiithsetoamaintaie quéenstint cycl i ng
through in the sane.se nce as a standard print cycle. Feedback during
t he prehe"QFr%ESSHegnYﬁ%ﬁﬁgﬁatﬁfesfgévﬁge, and continues until equilibrium

temer aty e i st5a6hed (ahowt 30 @RI RT S of TS GHHER b P lné e

preheat node s around I secon epends on the

conposi t itRater, Awkidk ahay Sarpaipy & #1859, doeftonhaasphip andletchiy, vatfatisngd ogs not
affect performance as it is done while the data is being transferred to

t he pri ntadlowsthe eangretler tg adibgtidbe pulse WiARMPREOPHAtHG2 2| es beconi ng cl ogged, a
cl eaning cycle can be undertaken before each print job. Each nozzle is
fired a nunberThef ptintieg pmtess ahas abstome rtendspoyng®. sthe at Ithandguiibepol e

i nvol i ngl d || | f . t with.is (j.e.
Sotti ng APFDAIST od Srep st e ittsertinn of Tsbuited AR bRk Ebrstral dht  ©
nozzl e. TR RRZZ4ESbALR fdnfRAREeVnast BE M@&NBeBRZ Blifttidd hhHosLJURIEEs as a

standard print cycle. The nunber of tines that each nozzle is fired
depends wseemplished wie piehessicyélon Thamaehencyclmavelvas a singlegpadexdle toaall been

nglr 1‘66 r Arr; r{l\éc\)n FZIQ%)EE%QS_%%&e%‘Qﬁh Cllse(?.g.i & 111C§/ glll %ogﬁgs H)Oﬁre(if Im%cé nfholf bPEl?th
firing pulses to each nozzle. The duration of the pulse must be insufficient to fire the
drops, but enough to heat up the ink. Altogether about 200 pulses for each nozzle are
required, cycling through in the same sequence as a standard print cycle. Feedback
during the preheat mode is provided by Tsense, and continues until equilibrium
temperature is reached (about 30° C above ambient). The duration of the preheat mode
is around 50 milliseconds, and depends on the ink composition. Preheat is performed

before each print job. This does not affect performance as it is done while the data is

being transferred to the printer.

In order to reduce the chances of nozzles becoming clogged, a cleaning cycle
can be undertaken before each print job. Each nozzle is fired a number of times into an
absorbent sponge. The cleaning cycle involves a single load cycle to all nozzles of a
segment with 1s (i.e. setting all nozzles to fire), and a number of firing pulses to each
nozzle. The nozzles are cleaned via the same nozzle firing sequence as a standard print
cycle. The number of times that each nozzle is fired depends upon the ink composition
and the time that the printer has been idle. As with preheat, the cleaning cycle has no

effect on printer performance.
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The printhead segnent is programed via an 12C serial interface. This
includes setting the follow ng paraneters: 2 sets of 200-bit pul se
profiles for each col or Print speed Feedback data type (tenperature,
resistivity etc.) In addition, the conbined printhead' s characterization
vector is read back via the serial interface. The characterization vector
i ncl udes dead nozzle information as Il as relative segnent alignnment
data. Each printhead segnment can be qderied via its |ow speed serial bus
to return a characterization vector of the segment. The characterization

vectors from nﬂle rﬂltﬁeaarské{i%?cﬁ%fsw &4 9 Iz@q?rlt;lzﬁ 1&8&‘5{ o Ufiis ﬂlch{aggﬂ €

defect list for t entir ad and al e print engine
conpensatsettingrthe fhdloedig pamezst es during the print. As |long as the nunber
of defective nozzles is low, the conpensation can produce results

i ndi sti ngui sh e of rint d wth no defective nozzles.
Each seg?fent Ss%fr@%g]ql ﬁpreﬁg’ﬁg?:“teé?ﬁf‘glﬁon vector, conprised of: 64
bits of f| ags sy g | nthead segment information, including serial number
and nunber of cof r's represented in the segnent 16 bits of alignnent data

relative o pregioit d%ﬁgyﬁ‘@éterﬁﬁeratufé FSistVRGRNL ) a variabl e | engthed
defective nozzle list using up the remaining bits The defective nozzle |ist

is variable | goidirtdn, WMet dbnSicdd ﬁﬁﬁtheetd dehaelibNAHBAZELRS is RaMihagk e
following structure: "5 bits count (0 = end-of-list) 3 bits of color

count x ZXhe périad interfecee n’tf hg chamctditationi weeton omzlu@eSI dead mzlalmfoanatmomas

o the corIE BN SR PP PR e S han st ool s Phe bRt i 6 86 21
low speed serial bus to return a characterization vector of the segment. The
characterization vectors from multiple printheads can be combined to construct a
nozzle defect list for the entire printhead and allows the print engine to compensate for
defective nozzles during the print. As long as the number of defective nozzles is low,
the compensation can produce results indistinguishable from those of a printhead with

no defective nozzles.
Each segment has 384 bits for characterization vector, comprised of:

. 64 bits of flags and printhead segment information, including serial number and

number of colors represented in the segment
. 16 bits of alignment data relative to previous segment (0 = first segment)
. a variable lengthed defective nozzle list using up the remaining bits

The defective nozzle list is variable lengthed, with each set of defective nozzles

having the following structure:

. 5 bits count (0 = end-of-list)
. 3 bits of color
. count x 11 bits, one entry per defective nozzle

In general terms a printhead segment has connections as defined in Table 11.

Note that some of the connections are replicated when multiple colors present.
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Tabl e 11. Printhead segnent connections Repeat for nulti Name Function
col ored segnent D n] Yes Channel n of image data SC k No Serial data
transfer clock NPSync No Nozzl e Phase Synchronization PLL No Phase Locked
Loop clock TEn No Parallel transfer enable Reset No Control Reset SCI No
12C serial clock for control SD No 12C serial data for control CCEn[n] No
Control Chip Enable [n] Gid No Anal o% ground Sense No Anal og sense out put
V- Yes Negative actuator supply V+ Y & Positive actuator supply V55 Yes
Negative | ogic supply Vvdd Yes Positive |l ogic supply The 21nm | ong
printhead segment has 64 bgy eoﬁtdi’rm?ii‘ea%lods(ngx%ﬁ% feeti i6ds of  these bond pads
ua

are V- power supply to the ac ors are power supply to the

actuators. The remai nii ngRé¢jkac forn@alti-ons are CMOS | ogl c power, sfgnal, and
data connect] oiNamTalpl e 12 details these connediunstien PEC16-SGE 22 Tabl e
12. 6 col or segnent connePreshiegment Function 1-6 V- Negative Actuator
supply Di[n] Yes Channel n of image data

SClk No Serial data transfer clock

NPSync | No Nozzle Phase Synchronization

PLL No Phase Locked Loop clock

TEn No Parallel transfer enable

Reset No Control Reset

SCl1 No I°C serial clock for control

SD No I°C serial data for control

CCEn[n] | No Control Chip Enable [n]

Gnd No Analog ground

Sense No Analog sense output

V- Yes Negative actuator supply

V+ Yes Positive actuator supply

Vs Yes Negative logic supply

Vaa Yes Positive logic supply

The 21mm long printhead segment has 64 bond pads, on 300um centers. 24 of
these bond pads are V- power supply to the actuators, and 20 are V+ power supply to
the actuators. The remaining 20 connections are CMOS logic power, signal, and data

connections. Table 12 details these connections.

PEC16-SG



7 Vss Negative logic supply 8 D[n] Channel | of image data [n] (fixative

i n channel prnthead) 9 D2[n] Channel 2 of image data [n] (infrared in
channel printhead) 10 SC k Serial data transfer clock 11 Vdd Positive

| ogic supply 12-16 V+ Positive actuator supply 17-22 V- Negative actuator
supply 23 NPSync Nozzl e Phase Synchronization 24 D3[n] Channel 3 of inage
data [n] (black in 6 channel printhe%g) 25 D4[n] Channel 4 of imge data
[n] (yellowin 6 channel printhead) PLL Phase Locked Loop clock 27 TEn
Paral |l el transfer enable 28-32 V+ Positive actuator supply 33-38 V-
Negative actuator supply 3 r [n] Channel 5 of

I mage data [n]_(magenta in %“Egﬁﬁiﬁq%pﬁﬁgﬁ E%faﬁﬁég% n| Channel 6 of inmage
data [n] (cyan in# charNsme printhead) PECFanSGow3 42 Sc! 12C seri al
clock for contlrol 43/ SD 12C serial data for control 44-48 V+|Positive

actuat or suppl|yi-6 V- Negative actuator supply
7 Vs Negative logic supply
8 D1{[n] Channel 1 of image data [n] (fixative in 6

channel printhead)

9 D2[n] Channel 2 of image data [n] (infrared in 6
channel printhead)

10 SCik Serial data transfer clock

11 Vd Positive logic supply

12-16 V+ Positive actuator supply

17-22 V- Negative actuator supply

23 NPSync | Nozzle Phase Synchronization

24 D3[n] Channel 3 of image data [n] (black in 6 channel
printhead)

25 D4[n] Channel 4 of image data [n] (yellow in 6
channel printhead)

26 PLL Phase Locked Loop clock

27 TEn Parallel transfer enable

28-32 V+ Positive actuator supply

33-38 V- Negative actuator supply

39 Reset Control Reset

40 D5[n] Channel 5 of image data [n] (mégenta in 6

channel printhead)

41 D6[n] Channel 6 of image data [n] (cyan in 6 channel
printhead)

PEC16-SG



49-54 V- Negative actuator supply 55 Vvdd Positive |logic supply 56 God
Anal og ground 57 CCEn[n] Control Chip Enable [n] 58 Vss Negative |logic
supply 59 Sense Anal og sense output 60-64 V+ Positive actuator supply A
mul ti-segnent printhead is ideally conposed of a nunber of identical
printhead segnents. These are typically 21nmm segnents that are manufactured
together, or placed together after nmanufacture, to produce a printhead of
the desired |ength. The segnents nayzﬁe set with overlap, as desired, to
allow for snooth transitions between segnents. Each 21mminch segnents

prints 1600 dpt-br—tepel—dotsroaver—adi-fferent—part—of—the—page to produce
the final ima%é.z Al t hotfgh each! ?esﬁﬁéﬁ(ﬂoc}(pﬁoﬁ&?fé& 1280 dots of fhe final

i mge, each det;+s— sentegzhy—a nbrmati o of ——cotoured—iks. For
exanpl e, 15 ségfents [cHA be cahg%ﬁ38h§¥3‘¥89@¥#de to produce a| 12-inch

printhead. Ea¢h sggment canm bestopsid ' ave a tead-Tm area, a centra
area, and a Ieéé-‘%ut aYTaa. Th EP{SSé{é‘Zé%CS‘{la?%fShg%& segnent corresppnds to the

| ead-in of the grgxt{m FIG L5 ' €€ areas ol a segnment by
showi ng two o g?#%ppiﬁg segneﬁ?gﬁféggngggmkgge that the | eadjout area 108
of segnent S ( CO ESPONUS pL&tivd 166id &pply! N area 109 of segpent S+l
(107). The central ariea’of a ;egmé\r,]t glsc tﬁglly area that has no|overlap at
all (110 of 10ggand T1d,AT IO hnikial@h the figure shows the| PECL6-SG 24
segnents vertifcally sftaggered| the segnents are staggered at a|slight angle
so that they [ape al |gn€Enm | 08ni¢6r¢hip EnableMENsi on. A nunber of
consi deration$ nust ble made when wiring up a printhead. As thel wi dth of
the printhead|kBcreaseg, the hMehgtivedbgisegpint s i ncreases, and|the nunber
of

59 Sense Analog sense output

60-64 V+ Positive actuator supply

A multi-segment printhead is ideally composed of a number of identical
printhead segments. These are typically 2Ilmm segments that are manufactured
together, or placed together after manufacture, to produce a printhead of the desired
length. The segments may be set with overlap, as desired, to allow for smooth
transitions between segments. Each 21mm inch segments prints 1600 dpi bi-level dots
over a different part of the page to produce the final image. Although each segment
produces 1280 dots of the final image, each dot is represented by a combination of
coloured inks. For example, 15 segments can be combined side-by-side to produce a
12-inch printhead. Each segment can be considered to have a lead-in area, a central
area, and a lead-out area. The lead-out of one segment corresponds to the lead-in of the

next.

In FIG. 8 is seen the three areas of a segment by showing two overlapping
segments 106, 107. Note that the lead-out area 108 of segment S (110) corresponds to
the lead-in area 109 of segment S+1 (107). The central area of a segment is that area
that has no overlap at all (110 of 106 and 111 of 107). Although the figure shows the
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connections al so increases. Each segnent has its own Dn connections (C of
them, as well as SClk and ot her connections for |oading and printing.
When the nunber of segnments Sis snmall it is reasonable to |load all the
segnents simultaneously by using a common SClk |ine and placing C bits of
data on each of the Dn inputs for the segnents. In a 4-segnent 4 color
printer, the total nunber of bits to %ransfer to the printhead in a single
SClk pulse is 16. However for a six éfiannel enabl ed (C=6) 12-inch printer,
S=15, and it is unlikely to be reasonable to have 90 data |ines running

fromthe prin a r at o _the print | o i eni ent
o o oun o SBhBaBERERRREL (O cdeienl 4B LAERGe WDE A anbl sbinaliRLY T O

segment s drsalggrltlin ieoregivat dinkdsioaaded si nmul t aneously, and share an SCl k.
For example, a 12-inch printhead can have 2 segnment groups, each segment
group containing 8 segnents. 48 Dn |ines can be shared for both groups,
wth 2 SClk |i . b %1%%1 {S egnent
for the 2nd se‘?%gpbgpglgcgoﬁglgf %ﬁg&??ltulstg&gﬁlgﬁ @:{%Wgem e a:pgﬁglr%%(!j pAtQ (k?lhees
segnent s.widtinef the tpsinthiehd irichasef dreenuneben ofi seginénts inbeasdsasid he mumbeAst t he
nunber of segnment groups incregses, the tine tﬁken to.Ioa? tgehre r.int head
i ncr eas e<CONYHEANS AP dndreaseh| Fadmesgeiuins s PoLgnpntions (Gett gau?sr ed
(each pulgg astsaﬁ%k%ﬁlefic&la{eeﬁ&istﬁa1oaéﬁ¥agtana gﬁﬁt%g'elr e G groups, 1280G | oad
pul ses are required. The bandw dth of The connection between the data
generator and the printhead nust be able to cope and be within the

| | owabl e timi t for th ti lication.,|f is th
nunber of seqrufet hodptDes aq seendts He if spglelt A iRpenae Boiga alte 4"°
group, tsB@nerth Rinha@ademRBHbY @5inkG@ éRhMR6MPITK liheasd prding Sbltk of idBRSon

Regardless of G only a single TEn line is required - it can_be shared
across alepchsebive Rnsinpgs derehe segmpnintls 2 dhsegmeahd selgnerintey thriotah pembeaded
with a sipgl I i nti P - oduce
the dat a SreiE GebsPLLs e BNEL BLh phoRt SERCBURLE! 16 HiRerilnapa oK PO
and L=4, chivnel efighledO=6)) 1Puhcheprinitéd S+15aad éris uhkkdDntdbd adomablehe haext Pri nt

Cycle's dot 0, . . . . ., .
90 data lines running from the print data generator to the printhead. Instead, it is

convenient to group a number of segments together for loading purposes. Each group
of segments is small enough to be loaded simultaneously, and share an SClk. For
example, a 12-inch printhead can have 2 segment groups, each segment group
containing 8 segments. 48 Dn lines can be shared for both groups, with 2 SCIk lines,
one per segment group. Even though there is no segment for the 2nd set of 8 segments,
it is still convenient to group the segments. Some bits will therefore be unused in the
last group.

As the number of segment groups increases, the time taken to load the printhead
increases. When there is only one group, 1280 load pulses are required (each pulse
transfers C data bits). When there are G groups, 1280G load pulses are required. The
bandwidth of the connection between the data generator and the printhead must be able
to cope and be within the allowable timing parameters for the particular application. If
G is the number of segment groups, and L is the largest number of segments in a group,
the printhead requires LC ColorData lines and G SClk lines. Regardless of G, only a
single TEn line is required - it can be shared across all segments. Since L segments in
each segment group are loaded with a single SClk pulse, any printing process must
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1280, 2560 and 3840. The first SClk2 pulse will transfer the Dn bits for
the next Print Cycle's dot 5120, 6400, 7680, and 8960. The second SC k1l
pulse will transfer the Dn bits for the next Print Cycle's dot 1, 1281,
2561, and 3841. The second SC k2 pulse wll transfer the Dn bits for the
next Print Cycle's dot 5121, 6401, 7681 and 8961. After 1280G SO k pul ses
(1280 to each of SO kI and SO k2), ? entire line has been |oaded into
the printhead, and the common TEn puI 2 can be given. It is inportant to
note that the odd and even col or outputs al t hough printed during the sane

print CYyG r8d¥éé:c%995ta REPEorRlY § ?leﬁcae g Sldloﬁ d!angge lrptﬁ %%WSi cal

separ at i even nozz

separ at i cand Ibet, Weefirsn S 1 gsul af will trrirefee mlte Dalbits Soreths ltléﬁSPriﬂl&chId"s&ibt\M |

pr oduce dotg gn different ljines of the p ﬁqe This relative difference mnust
gng

be account’®l: 230 HNet400 ddierfyst Helkd pulse wi fee thelpm brie fa theped Pgigt i ng
only a si Tahl 3

ceghent - ronfS s SEETE, 640 1R80. 14 by 1AL (IRP pjee iR H3pEE eﬁ‘g?dp .
Tabl e 13.bitSrfdetheodext Priat Cyealesf drtrled28h Xedmant 38t1i. nThe secohd SCHPpul

t head . Pul t L] N NeDU 14
Rlil( & 1)e D il tiuaé’g%% %C%ﬁé’ ﬂl‘tj?el‘bénﬂh{z % éﬂﬂﬁ%k &01 5504 azldﬂé%%f N+( C- 1) DI
4 1280S+3 N+D2a he0bRbE Mk%uﬂskptlt@a to éé’ch%f’S(ﬁE‘g HSJ‘SCH&WEE eﬂt{’re 'Qne ﬁagtunber

of lines between the nozzl es of one color and the next (likely = 7-10) is
D2 = nunﬂ@pntﬁadbdmé@ﬂt@amn@mad,tmdth@@@nmbnﬂ“@mﬂn@oenbmeresarre color (likely

egent gr oup. 47 RPagR P doiec et Py i v o361 BERulse R R cach
segnent iduringethe same print cycle, do not appear on the same physical output line. The
physical separation of odd and even nozzles within the printhead, as well as separation
between nozzles of different colors ensures that they will produce dots on different
lines of the page. This relative difference must be accounted for when loading the data
into the printhead. Considering only a single segment group, Table 13 shows the dots
transferred to segment » of a printhead during the first 4 pulses of the shared SClk.

Table 13. Order of dots transferred to segment S in a multi-segment

printhead
Pulse Dot Colorl Color2 ColorC Line
Line Line
1 1280s” [N N+D;"* | N+(C-1)D,
2 1280S+1 |N+D,'* | N+D;+D, | N+(C-1)D;+D,
3 12808+2 |N N+D; N+(C-1)D,
4 1280S+3 | N+D, N+D+D, | N+(C-1)D;+D,

1 S = segment number
1 D1 = number of fines between the nozzles of one color and the next (likely = 7-10}

15 D2 = number of lines between two rows of nozzles of the same color (likely = 2)
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| owest speed printing node, and 80C nozzles from each segnent in the

hi ghest speed printing node. Wiile it is certainly possible to wire up
segnents in any way, this specification only considers the situation where
all segments fire sinultaneously. This is because the |ow speed printing
node all ows | ow power printing for small printheads (e.g. 2-inch and
4-inch), and the controller chip desi g assunes there is sufficient power
avai lable for the large print sizes % uch as 8-18 inches). It is a sinple
matter to alter the connections in the printhead to allow grouping of

firing shoul d I eyl ar i ' I j e | segnents are
fired at the S%lﬁ%’?t%%%ﬁ&f@é&%ﬁgzb#géﬂs%ﬂg ﬂﬁeie]‘r}déqd&?%ﬂs:eﬁrg%%%%peed printing
mode and 80CS Withziegardane printiag, 10C troezlbs gle- piisted frvm rbchn gegimede .in the nce al |
segnents print sijultaneously, the printing logic is the sane as defined
above ar}HWFﬁe?pF‘?‘ﬂgmﬂti%o g@ngd @QCS%‘F@P"Q? QR F?‘%‘e‘ifgﬁ?mr’é‘b‘lhé highestsspeedyrent
produces Iﬁ{hﬁﬁg%(%' i ne of feedback, as defined above. The feedback is
used to adjust the profile of the firing pulses. Since multiple segnents
are col | ect edWhidgéitikeertiintygoasiplei tntwisagh ségiments iafahgotdyy thig spestfmntion he

f eedback |ines tri- state b wi th onl ne of 't segnment s pl aci ng
the. T oed KSR e FSFRth Wit A seasnindiie lradeSisty. FaS SehhRwse e

sel ect i ono@fspubli pANGRIRRAE aVbivk 16k oW et Renfife dhagkall bRARER QN 29RcH he
shared sense |ine relies on D1, the groupingS of segnments for = | oading data
can be efanddringk), pnd shedednirolleathip diesign mprames dlare is sudficitrtapiivearlavailabde as

there ar in a sihngle Linpe, i hared between n t he
sanme seger;fglﬁtt ﬁsécé;alr%%% 8}1 ?f ts%gsr Zsué:geasGhégElr? Cﬁ?s 'esft JAdt 8131\'3“?% W%@egggr?@é&g@? When
the corr eohndsfibis In the priaithepd ks 8itbw ghdpsgaieiivingdéhoultpd partioular pdetdil bit is

set will start to place data on the shared feedback [ines. The segnent

pr evi ous|T§awEs ity Vhen albsegments are Sppshatkhersanpe imed 068 nogzlsasretiredyinihg/i ng a 0
on its D bi ' i [ hent Nt p.
Ther ef or VB S REy LY RodC BIF MC B8 S Bafn WAL oRB0 TERlg BIRUE. 1paci
segnent rSaupei allesegtentsgriap simuliasedusiyn thet prmtiag dogie ipha samaaddefirblaboge t he new

ST L S I el FEFE hag, e constructed froma
purposes, the A segment produces an analog line of feedback, as defined above. The
feedback is used to adjust the profile of the firing pulses. Since multiple segments are
collected together into a printhead, it is effective to share the feedback lines as a tri-
state bus, with only one of the segments placing the feedback information on the
feedback lines at a time. Since the selection of which segment will place the feedback
information on the shared sense line relies on D1, the groupings of segments for
loading data can be effectively used for selecting the segment for feedback. Just as
there are G SClk lines (a single line is shared between segments of the same segment
group), there are G CCEn lines shared in the same way. When the correct CCEn line is
pulsed, the segment of that group whose D1 bit is set will start to place data on the
shared feedback lines. The segment previously active in terms of feedback must also be
disabled by having a 0 on its D1 bit, and this segment may be in a different segment
group. Therefore when there is more than one segment group, changing the feedback
segment requires two steps: disabling the old segment, and enabling the new segment.
It is assumed below that a printhead has been constructed from a number of
segments as described above. It is assumed that for data loading purposes, the
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PEC16- SG 27 segnents have been grouped into G segnment groups, with L
segnents in the [argest segnent group. It is assuned there are C colors in
the printhead. It is assunmed that the firing nmechanismfor the printhead
is that all segnents fire sinultaneously, and only one segnent at a tine
pl aces feedback information on a common tri-state bus. Assum ng all these
things, Table 14 |lists the external ?gnectlons that are available froma
printhead: Table 14. Printhead connecti'ons Nane #Pins Description Dn CL
Inputs to C shift registers of segnments 0 to L-1 SCk G A pulse on SC k[ N|

(ShiftRe ' (the
Sognent s IEHEAS 1RCE vl AREP G SURRER el S E e ifife b 10
of a |i nesegfhent grbup. shgmumedﬂleteérem\aﬂershnawmtnmd dt saksuhoed thatrthe at i on o
timng signals in printhead Ten a transfer. of, data . fromthe shift
r egi ster sf9 g MepiantR A9 e m@%& étﬂ?%la Ssg@gmeajﬁs S%vlt%fz%bé)an? %t 1
Cont 1 1RClegiint k26 A Itk REdalRIinf RN onSR dorkBbmopLud BAL2, for

control CCEn pul se on d wmth data on D 1 sel ects the
sense | i nassumdng sk ghesatthings,nTade dnlists greoenserial Semsetiahs Ahatl og availabde out put

from a printhead:

Table 14. Printhead connections

Name #Pins Description

Dn CL Inputs to C shift registers of segments 0 to L-1

SClk G A pulse on SCIK[N] (ShiftRegisterClock N)
loads the current values from Dn lines into the L
segments in segment group N.

NPSync 1 A pulse on NPSync starts the printing of a line
for all segments.

PLL 1 Phase Locked Loop clock for generation of
timing signals in printhead

Ten 1 Parallel transfer of data from the shift registers
to the internal

NozzleEnable bits (one per nozzle).

Reset 1 Control reset

SCl1 1 I°C serial clock for control

SD 1 I°C serial data for control

CCEn G A pulse on CCEn N ANDed with data on D1[n]
selects the sense lines for segment n in segment
group N.

Sense 1 Analog sense output

Gnd 1 Analog sense ground

V- Many, Negative actuator supply
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Ghd 1 Anal og sense ground V- Many, Negative actuator supply PEC16-SG 28
depending o the nunber o colors V+ Positive actuator supply V. Negative

| ogic supply Vdd Positive |logic supply Throughout the specification the
ai m has been to describe the preferred enbodinents of the invention
without Iimting the invention to any one enbodi nent or specific
collection of features. Persons skilled in the art may realize variations
fromthe specific enbodi nents that wiZBl nonet hel ess fall within the scope
of the invention. PEC16- SG CLAINB 1. A pagew dth printhead which

i ncludes a H-Atheat—seghents—each—segrent—+nctudimg—an array of
nozzles, the array d ﬂﬂﬁmd&&a?qrst | evel grouping of a nunber of| nozzl es
that are configured toup hkba 6fpmmon ink colour, a second |evel |grouping
of a nunmben of first level groupings of each colour to be printedjby the
segnent, ajthird | evel cgiooupi ng ¢of a nunber of second Ievel gr oupi|ngs

i ncor por at irag—rezztes+——conttguret ta.fir?u stm-taneousty;—and—a—fqurth

| evel grou¢| g of a n¢nber of t hi PGSIfiESas @?Bﬁﬁ? gs, wherein thelfirst
l'evel groupikng Tncludes pods of ¢RRLALGHAYSICRAEAYES Th each row of |nozzles,
the secon Ievel groupi ng includes_a nunber of " chromapods, each gonpri sing
at |l east t Vae pods osi tioned oﬁomesghnaqsuppboms of the array, the third
| evel grou s—a—hurberof—FHregroups—each—H+regroup—ncl udi ng a
predet erm ned nunber of contiguous chromapods, the fourth [ evel grouping

i ncl udes a ”Umﬁ&&%{oup ki %)%E’iﬁgﬁlone"ﬂ@ RNABLRIHEUD th NGdstidbd G pRéfeAed er m ned
nunber of contigudus firegroups, and each segnment includes a pair of
phasegr oupshodiments bf thednyntise grithopslimiting the invention to any one embodiment or

specific collection of features. Persons skilled in the art may realize variations from the

specific embodiments that will nonetheless fall within the scope of the invention.
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conpri si ng- odd nunbered nozzl es and the other phasegroup conprising even
nunbered nozzles. 2. A pagewidth printhead as clainmed in claim1l, in which
each pod includes eight contiguous nozzles. 3. A pagew dth printhead as
claimed in claim1l, in which each firegroup includes eight contiguous
chromapods. 4. A pagewidth printhead as clainmed in claim1, in which each
phasegroup includes ten contiguous firegroups. 5. A new pagew dth
printhead, substantially as described herein, with reference to the

acconpanyi ng drawi ngs. 29 0

CLAIMS:

1. A pagewidth printhead which includes

a number of printhead segments, each segment including an array of nozzles, the array
defining a first level grouping of a number of nozzles that are configured to print a common ink
colour, a second level grouping of a number of first level groupings of each colour to be printed by
the segment, a third level grouping of a number of second level groupings incorporating nozzles
configured to fire simultaneously, and a fourth level grouping of a number of third level groupings,
wherein the first level grouping includes pods of contiguous nozzles in each row of nozzles, the
second level grouping includes a number of chromapods, each comprising at least three pods
positioned on respective rows of the array, the third level grouping includes a number of firegroups,
each firegroup including a predetermined number of contiguous chromapods, the fourth level
grouping includes a number of phasegroups, each phasegroup including a predetermined number of
contiguous firegroups, and each segment includes a pair of phasegroups, one of the phasegroups

comprising odd numbered nozzles and the other phasegroup comprising even numbered nozzles.

2. A pagewidth printhead as claimed in claim 1, in which each pod includes eight contiguous
nozzles.
3. A pagewidth printhead as claimed in claim 1, in which each firegroup includes eight

contiguous chromapods.

4, A pagewidth printhead as claimed in claim 1, in which each phasegroup includes ten

contiguous firegroups.

5. A new pagewidth printhead, substantially as described herein, with reference to the

accompanying drawings.
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