1 A PAGEW DTH PRI NTHEAD DEFI NIl NG AN ARRAY OF NOZZLES 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 method. BACKGROUND OF
THE | NVENTI ON Vari ous net hods, systens and apparatus relating to the
present invention are disclosed in the foll ow ng co-pending applications
filed by the applicant or assignee of the present invention on 24 May 2000:
PCT/ AUO0/ 00518, PCT/ AU0O/ 00519, PCT/ AUOO 00520, PCT/ AU00/ 00521,

PCT/ AUCO' 00523, PCT/ Al 0, Q0 ’ 0526,

PCT/ AUOQY 00527, PCT/ A%‘%ﬂ%@@% e g%ig?)ﬁg% 0530,

PCT/ AU00/ 0053 1 ARRAXUWENIYA2 2 ERGVIAHORPR BDF IR RUTAABCOROBINGS

PCT/ AUOO/ 00535, PCT/ AU0O0/ 00536, PCT/ AUOO/ 00537, PCT/ AUOO/ 0053 8,

PCT/ AUO0/ 00539, PCT/ AUCO 00540, PCT/ AUOQ 00541, PCT/ AUCO 00542,

PCT/ AUOO’IQ% CT/ AUOQ 00545, PCT/ AUOCQO 00547,

PCT/ AUCO 0 ilg(gg‘ﬁmggﬁ? CT/ AUOQ 00556, PCT/ AUOCO 00557,

PCT/ AUOO/ iS58 ¢S AUES 1005 betHad v fAIJBEh g 6B Bﬁfﬁgﬁﬁ%%{wﬁﬁﬁglof printhead

PCT/ AUCQ 00562, PCT/ A 00563, PCT/ AUOO/ 00564, PCT/.Al 00566,

PCT/ AUCQ/ 55518 ?%fg%/ %ﬁ@i@ggg@ SOTRIBOPIIE5s agserdingtaihe otstiend.

PCT/ AUCQO' 00571, PCT/ AUOCO 00572, PCT/ AUOCO' 00573, PCT/ AUOCO 00574,

PCT/ AU00/ 00575, PCT/ AUCO 00576, PCT/ AUOO/ 00577, PCT/ AUOCQO 00578,

PCTI AUOO/BASKGROTINGHY §8HBIN VENTA0MD/ 00580, PCT/ AUOO/ 00582,

PCT/ AU00/00587, PCT/ AUQYY 00588, PCT/ 0589, PCT/ AUOQ 00583, ..

T A0/ DORSS TR 001 050, Pt AP E 61 e BrIATI Y T8 e disclosed

in the following co-pending applications filed by the applicant or assignee of the

it

present invention on 24 May 2000:

PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AUQ0/00521,
PCT/AU00/00523,  PCT/AU00/00524,  PCT/AU00/00525, PCT/AU00/00526,
PCT/AUG0/00527,  PCT/AU00/00528, PCT/AU00/00529, PCT/AU00/00530,
PCT/AUO00/00531,  PCT/AU00/00532, PCT/AU00/00533, PCT/AU00/00534,
PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AU00/00538,
PCT/AU00/00539,  PCT/AU00/00540, PCT/AU00/00541, PCT/AU00/00542,
PCT/AU00/00543, PCT/AU00/00544, PCT/AU00/00545, PCT/AU00/00547,
PCT/AU00/00546, PCT/AU00/00554, PCT/AU00/00556, PCT/AU00/00557,
PCT/AUQ0/00558,  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/AUQ0/00587,  PCT/AU00/00588, PCT/AU00/00589, PCT/AUN0/00583,
PCT/AU00/00593,  PCT/AU00/00590, PCT/AUO00/00591, 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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PCTI AUO0/ 00594, PCT/ AUCO 00595, PCT/ AUOQ 00596, PCT/ AUCO 00597,

PCT/ AUCO' 00598, PCT/ AU0O0/ 00516, PCT/ AU0O/ 00517 and PCT/ AUOO/ 00511 PEC16-5G 2
The di scl osures of these co-pending applications are incorporated herein by
cross-reference. In addition, various nethods, systens and apparat us
relating to the present invention are disclosed in the follow ng

co-pendi ng PCT applications filed simultaneously by the applicant or

assi gnee of the present invention: PCT/ AUOO 00754, PCT/ AUOOY 00756 and
PCT/ AUOQ' 00757. The di scl osures of these co-pending applications are

i ncor por at ed rein b cr refere articul.ar note endi ng
PCT appl i cat | oh' HEEFYeR of diise sramaine epplicRliiar e joyeapeaipd horein by

PCT/ AUCO' @& iferdtfed/ AUCO 00579, PCT/ AUOCO 00592 and  PCT/ AUOQ 00590, whi ch
descri be a m croel ectomechani cal drop on demand printhead hereafter
referred to aslnaammlbtvaﬁlﬁllﬁmﬁé‘mﬂs Fyréerah oue apparples tplating He dlie ipsesgnt

mul ti- seg H@é]ﬁmgr |apé h(?g(goge exarrp de%qé%%%d C‘Of relgapln rlpr&headh(sse[g) ﬁﬁdt hat are

capable o roducl ng, vel i nk

acr oss tf&mﬁlldiﬂeomlsﬂt fbyof tie pagidicamiot 6r amlgﬁsl lof pihedugi@gent n Ih\%?ﬂtlah'l on,
al l owi ng di s/persed dot_ditherin ited to its fullest. Col our

pl anes milght AﬂE)O/Qﬂ%%{%@TI‘M%QQq@é@n@Eg]TéAgUQQ/pB?ﬁ? al | owi ng i deal dot-on-dot
printing. The gfd Hfsbl%gl.ﬁe E%lgésgscome% 1n§p%);b%cﬁ dn@tzl QQH&%&&% herenc'jil

m cro- el ectronechani c rop tec dai'ts co- brY PCT
appl i cat i oss-PET¢n&kI00/ 00516, PCT/ AU0O/ 00517, PCT/ AUO00/ 005i i, and

PCT/ AUOCO 00754, .. PCT/ AUOCO' 00756 0757 escri be a pri.nt
engi ne/ cont r ol PEPArEERIpTEPtE are pq- 9‘?”%&‘&%(5%% IPEF’EFgﬁ’ééH‘ o5k gepligatigns
print heaohcﬂmdovoossqagnp@r/pmm@m@d ptmt@o@b@m kp@qm@wbwjzd 480

nozzles. Firi all  the nozzles together would consume too much power. It
coul d gi ECF/ Mg)O(QQSQBO\mh@hﬁemmbe amlcroelectomechamcal 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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terns of ink refill and nozzle interference. Firing logic controls the
firing of nozzles. Normally the timng of firing of 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 terns of viscosity, heat profile etc. Firing pul ses
shoul d therefore be generated i ndependently PEC16-5G 3 for each col or.
SUMVARY OF THE | NVENTI ON According to the invention there is provided a
pagew dt h Erig}h ad which includes a nunber of printhead segnents, each
segnent | Fﬁ:‘ﬁgﬂan array of nozzles, the array defining a first |eve
groupi ng of a nunber of nozzles that are configured to print a comon ink
col our, a second |evel groupin of a number of first |evel groupings of

each col oYWMMARY G NYENREODegment, a third |evel grouping of a
b : y : . . ‘ . dto fi
et 2RO, SEHRASS BOSCLEREALTS AR AR, SRRV LC,)

si mul t aneousl y, an gr ou evel

gr oupi ngsinclities 4 huaber d\teintigad ypimentsTayich Bepniaie ibdbn®in 606t bOteHtfesnozzl es
in each éngOf nozzl es, Each pod may .incl ude gight contiguous nozzles. The

second | dbeprrgy deining an%f {ene! sraeping pf ARMbSE o RPEHTBYAC sarffgurebifpr i si ng
at | east g e oRRGH RREH hea%@c@,g 166 g&f&ﬁnggoﬁa%b%; Ofﬁfs% VLT glﬁpgﬂgs third

| evel grouping may I nclude a nunmber o roups, eac Ire
i ncl udi ngfaeaph edbue toribeadimedrbye tho fegnomt,i g tious lavbl groapindsof Eacinbén ofegr oup

ey, L ncl e o 0L colcueus, Shiorpode, Mo Lou i ohek srateig Y
nunber offogARtdvelaYEpihE bEIhOMBE: offERiedIRBRSEEH ALY My include ten contiguous
firegroups. Each segnent may include a pair of phasegroups, one of the
phasegroups  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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conpri sing odd nunbered nozzles and the other phasegroup conprising even
nunbered 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 |oaded 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 independenflnanner usi ng separate timng
generators in each channel. Mwving the timng nechanisnms onto the

print head | ps_reduce, copplexity. I.n PEC16-SG.4 additipn, as each col or
Channer 1 S0 0E A" LU Glah e v Db s Ao vy B PRERFD e
started de amyed ity tinte. "B @ded bt Heanadkabxathber Widet-lieds fah ahbthes K& fom
another. It is possible to print dot on dot via appropriate staggering of
t he st ar tPaspikieng nrint detprdey via appiopHAE| stazgrrind olgetsHirstiming ingespeci

adopt ed i8,.5hg r ' t I . i dt hs
and profi?%s 0 Q?ﬁ%ﬁﬁﬁﬁgdﬁgggggfgﬂﬁggg%gfggﬁgQF%%%%*%?B?%H?ﬁ%Hm%Qﬁ% head.
In the priefl@wr ed enbodi ment bel ow the pul se widths of electrical pulses by

which to fire the nozzles, js ogr le. Wth the above in mnd, the
nozzl es are f1 @arlaélyzt wéfith%fﬁ RRFIS G Sei o ei)ﬁr@faep%rateéﬁxiwﬂm & is
pr ogr anegidiReaaUirh tﬁéwfrerémdaénﬂohﬁna%ao% thbqﬁ?ée}vyidm%frarecgleégfﬁﬂ dsigy) udes

: 8
ink nozzl'es in multiple rows, successive rows of nozzles I ng
r espect i vahichko fitthe nedzéesasprogranghalderi cal pul se train fires the nozzles.

p
Pul se profil es,i. h ul.se.train are programed.to.suit t I nk . n
respective chzwlﬁtglté? gt_fdg'gé? Wnéﬁ%%#ﬁﬁ% %’%{@Yﬂ}‘f&%ﬁ“ﬁ%‘flﬁe't _ Wﬁﬁl‘fener at or
adj ust t hef taelpsiee iy @bidatmdddealit Yhd AR P BRATZARE dd&illy Sheigtheddinclualy €s
| oaded to the printhead, one for each channel, the tables being programed

via the ipkinazaeadns@pitiple roiver ugessiveewioel hezalesndetinies praketiveoink in
of f set padhﬁﬁnglé)ﬁnc?%?ae%tﬁbﬁﬁﬁ@e tfaa%jﬁf'és rthé-'goﬁies.t I}%lsgfpfréfﬁgs PALE f)ufsg tr?linf ect ed
by out of phase pulse tralris.

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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Wth the above nulti-segnent printhead (Menjet) technology (outlined in the
referred-to docunents) the mcro-electronmechanical process is added to a
CMOS process by which to construct the printheads. The consequent
printhead is a new type. The marriage with CMOS technol ogy all ows
inclusion of logic in the printhead chip. It is an ideal place to |ocate
timng circuitry for firing of nozzles. In a particular formthe invention
resides in a nethod of controlling a p@inthead i ncl udi ng nozzl e rows,
successive rows of nozzles defining respective ink channels wherein the

nozzles ip respective channels are.simlarl r,ou and groups are, fired
et boei vAplEBREEY of Soral8 BT EaTk Pt g bBES Fr el SRR poit o
pods of moz@tepfoud| dlRdirtROupLAdhE tapktRACThE Q¥eAMs Withial:08nglé Bt 2kes 1N a
pod being fired one after the other along the row, successive pods of

respect i VEEORIME{EPISalAt © Tedpreciak a4PRLy compbirtydad wHERsicAmplesitndhay eer t he
Fow of nuaf glpBe iy b RGE ARG chiubpudh I S bl LoduBinge 1N
oper at ed prixsing spocdagtinthy dlwify sp@gquﬁm bonsungtivagalbafts Gfte nadeiies
within a e segnent _are, grouped physically to reduce ink supply
conplexiHﬁhgﬁﬂtmpggﬁﬁo%%ﬂﬁW§¥gty. They are also grouped logically to

m nimze power consunption and to enable a variety of printing speeds,
thereby al |l owi ng speed/ power consunption trade-offs to be nade in

di f f er ent BRIDE DHESRIATIHN &F THE. DRAWENGSSCRI PTI ON OF THE DRAWNGS FI G |

illustrat n.arrangenent of nozzles i.n four-col or printhead segnent.
FG 2 115 Besrete S rerne ob borden it gtaw-eHonnmtisal seemell of Fra 1.
FIG 3 ilH1gsty 8tasoser SieRdfehdmd RAdgibh of fHeprinthe@d dEFIG. £1 G 4 illustrates a
single chromapod. FIG 5 illustrates a single firegroup. FIG 6 shows the

rel ati ondips ustisesp Yegapad and phEsegpeiehs, firegroups and chromapods.
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 80um for bond pads 94 and other
logic, plus 116pm (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

#HColors |Color Application Segment
channels width (um)
3 CMY Photographic 484
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FIG 7 illustrates the enabling pulses for nozzle firing. FIG 8 shows the
manner of overlap of segnents in a nmulti-segnent printhead. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS In FIG 1 is seen the arrangenent
of nozzles in a four color printhead segnment 92. A single printhead
segnent in a nulti-segnent printhead is typically 21lmmin Ilength (93). The
wi dth of the segnent is typically 80m for bond pads 94 and other | ogic,
plus 116m (95) per color contained w thin the segnent (in high speed
applications an extra col or channel may be requi red for fixative). Table 1

lists the prl nthead frt—w ot—t e st—commy “i’i Atheqd types.
Table 1. Print/head segn nt vm'dtfﬁ f‘%’s@?ﬁﬁ nunber of c@ ors Col grsCol or

ppl i cati onSegnermt L,ilc utl t” AR It oy aphtc84PRECI6-5667] CMYKDeskt op
printers600 SCih(K-I Re pag% enak % CWYK- | R- FHi gh-sgl ed Net page

enabl ed832 Thggcompogitiom of —gach J.J.bm coforband TS {Tdeatty two rows of
640 nozzles, [such adCM KR (Highespyed Netmagroenabled, f ¢¥32a total jof 1280
nozzl es per cqlor. The nunber |[of colors deternmi nes the total ndnber of
nozzl es in thesegnment—Tabte 2 tTsts sone—exanptes.  rabte2—Exanpl e
nozzl e counts Col orsExanpl e applicationTotal nozzles per segnent 11280
3CWY3 840 CMYKRikZédmposition of each 116um color band is ideally two rows of 640 nozzles,

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
6 CMYK-IR-F 7630

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




6CWYK- I R-F7680 In FIG 2 is seen a nore detailed view of the nozzle region
of the printhead of FIG 1. Wthin a single row of nozzles 98, the nozzles
are typically separated by 32m (99), while the two rows 98, 100 are offset
by 16pm (101). The distance fromone 1600 dpi dot to the next is actually
15.875m but the segnent will be placed at 7.167 degrees relative to the
paper such that the horizontal distance between printed dots is 15.875m
This nozzle placenent gives rise to i nferl eaved nozzles for a single line
of pixels - one row prints even dots and the other prints odd dots.

Looking a Z n 2, 1t s clea th ro 2,103
of cyan ﬁgég'ﬁﬂegé?%p¥%n?9?§m§?Hhepgﬁg ﬂ?PVnng% nﬂ??@ m@’@ﬂd up on
di f f er ent ingb Yisddosy thelditigsntQfozElbe eBRSNin tﬁ&&rméﬂd&qrosltm%dh@? ghellR R one
line, and the even dots would end up on another. Likew se he dots

printed bRAPERBAsSEENERhEPFiathead. 9§hq@@tamwwe<mjthg WO gewsoTbapiTae edlyr

di ff t I t I
PEC16. 56 7 Lk T HOHEPr P IOAE Thid ARl KR anfl SLFRGE D ERRGRERES U

t he conbi praited twootaoive mpatt. T['hekﬂlsfahl‘:@ﬂetbyeﬂ foavsti ffdne reelukr and 7 et €6166 Up i N

t he correct ition on the page as the a er passes under t he
pri nt head I%gﬁmdﬁgghﬂggfﬁgﬁﬁﬁéﬁ’eﬁg t Higs watchiip golategsl sumbeg 082 m

(104), orqgk1ges. Tﬂé’\?nntﬂé' o?dﬁ%%ﬁ;r%ﬁﬁbzg@&’@o araqlegrﬁnh&ero& agggte@ fdfe col or

are printed two d rows apart stance between rows ot one col or and
t he next f@dicevmm@a@mﬂtl(lmﬁﬁlfcn fNottlee pirat t¢ hicyegi conspldte Tot.dof ncbzrzhaesfomhl chis
not an inte of . dot lin The pri of one..col.or ared to
t he next ?%eg‘fqﬁ%rr e#%qglesﬁr%&é%‘f%t&lmﬁ e nolzgle%gg 5%%?380?41’@ fif"ﬁén en for
t he paperndx® coRYamast GRMkete el T +f7 T0daliafkesf orhe RNRICBMHINY bewdet thd ne are
fired at time T, then nozzles for the corresponding dots in the next color

must be fY4HOHs EWs 9iraezales.can bpscaeralipedasdefining tel vriableshi ps bet ween t he
vari ous rows of nozzles can be generalized by defining two variables: Dl =

di stance ]??LWCEW?M\@V&I \xtskfﬂ"tﬁ%ec&ll&rm'dgﬁ HI%SJQ nes = 2 D2 = distance

bet ween the same row o nozz es between two col ors 7.25
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, - D,

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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We can now say that if the first row of nozzles is rowlL, then row 1 of
color Cis dot- line: L - (G1) D2 and row 2 of color Cis dot-line:

L-(CG 1)D2-D1 The rel ationship is shown in Table 3 for an exanple 6-col or
printhead. Note that one of the 6 colors is fixative which nust be applied
first. Table 3. Relationship between different rows of nozzles Wen

Col or SenseDot Line D1=2, D2=7.25 1lrow | LL PEC9 6-SG 8 (fixative)
row2L-D1L-2 2 yow L-D2L-7.25 (bl ack) row2L- D2- DIL-9.25 3 row 1L - 2D2L -
14.5 (yell ow) row2L-2D2-D1L- 16.5 4 yow L-3D2L-21.75 (nmagenta)

row2l- 3D2- D1L- 23 (f?xative)
row 2 L -Dy L-2
2
row 1 L-D, L-725
(black)
row 2 L-D,-Dy L-925
3
row 1 L-2D, L-14.5
(vellow)
row 2 L-2D2-D1 L-16.5
4
row 1 L-3D, L-2175
(magenta)
row 2 L-3D,-Dy L-2375
5
row 1 L-4D, L-29
(cyan)
row 2 L-4D,;-Dy 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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5 row 1L - 4D2L-29 (cyan) row2L-4D2-D1L-31 6 row 1L - 5D2L - 36.25
(infrared) row2L-5D2-D1L-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 therefore generated i ndependently 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
pl ai n paper. Wen fixative is used it Should be printed before any of the
other inks are printed to that dot position. The fixative represents an OR

'. | SG 9
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right size. A single segnent contalns a total of 128OC nozzles mhere Cis
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up to all of th ted. A

| oad CyC|¢&)lcbr§\11®|th£8§3ghhﬁt I Aagﬁhzmyutla 1ﬁfrolt/ébethe5fﬁﬁﬁg&iﬂup/\aotdll bhehebeh@zI@] | ON to
be printe i ng the subsequent print ycle Each nozzl e has an associ at ed

Nozzl eEn t O Figrintoanation 19 RuAsdy &t lasid ayele inyaheesitbe lordingjuplof the e
during the %hmlftwﬁhﬁfm{fs@od\l%% P u?mg thSsudbORAGPoedLe) are | oaded

via a set of shi registers ere are régi sters per
segnent (one per color), each 1280 deep As bits are shifted into the
shift regi st erEdcbmoazlg ihae An eﬁbdatetlﬁﬁgzzwieawerbétdhaoﬂdtamﬁm whethee or aod upper

nozzl es O e %L%Z c Waﬁ %ré)gllxr?negsthe Ip?ltn?cyc ¥he ﬁ%zzrleé'na%?e g?s ong g{ﬂf IFIOZZFG | St er1s

loaded via a set of shift registers.

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 SClk line transfers C bits into the appropriate shift
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conprised 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
regi sters have been fully | oaded (1280 | oad pulses), all of the bits are
transferred in parallel to the appropriate Nozzl eEnable bits. This equates
to a single parallel transfer of 12808 bits. Once the transfer has taken
pl ace, the print cycle can begin. The print cycle and the | oad cycle can

occur si o] I of all Nozzl eEngble bits

oot s at ERRE pARbhabl el IR o B and B8Ry Bordetrsheindi i ¢

| oadi ng tioel o€ gR&NpUlsessiné fFdquired) fatiee Soritpleta tianefer BLALta. PONGE alC YEEE Bits

Nozzl eEnabl e bits. Each segnent has C 1-bit inputs directly related to the
riéf"d

C shift edeg} way a ginglegpulggeonthedEn st @psestke paalle) danefgnefiiafa These

i nput's _ar goaREhiRRegiWBSHE R dpProbrib@ plE¥agPl e, a 4 color segment
woul d have 4 | npdt se%IabeI eg{é[%:l),ﬁm%%, I%Bzgfrfgﬂw). single pulse on the
segnent's SClk line transfers C bits into the appropriate shift PEC16-SG

10 regi sters. Thaparalil erapifbrses apubaohdiEnbnng take plive diewedre ind cygdpbas nozzl es
respectivel.y. A~ total of 12 e re required for, the conplete
transfer @#&}%th aqthf('ﬁ"lvéseet t o %g%%%lﬁs?lgs fgﬁ&\%m%g)gwgtppg%gf\gﬂr E

AU ngl e
pul se on the TEn line causes the parallel transfer of data fromthe shift

regi sters to tings iappeentb abe thigzké ekhakl @vehidbs@urfﬁht@, mr)aéﬁﬁlintédaﬁi%{ rvia a
pul se on TEn nust take place after the print cycle has  finished. Qherw se
the Nozzl®BEFaBFPTHE C¥clEofo npkanneak ondhe e physies] wutmut baei idsrphysical 1t s

: : | ' d
G or 8t scbBallol 6t beind e 385 8GN b Qi AL RLDRMAR Bl BBCD

during t sanme print cyc 0 no ar on‘'the sane
| i ne. Thenqzhlgs io€ differge paloat ewnresfthadbeyawd! prodncandas be sliffértit linek lo€ the
f different, colors

print head, as |1 .85 s rati on between 0zzl es
bnsur os (HEE (HBY "SiftTe GHEHTRL Mot B° rropied dPEHOR Itdeome i iRgE Thi s
rel ative @idfi@uentr 506ed dEerefeOMMiRY depindthenNieQdineritha stedhe ihigto the
mechanism used in the printhead. The differences can be defined by variables D, and
D, where D, is the distance between nozzles of different colors, and D; is the distance

between nozzles of the same color. 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 | Colorl Line | Color2 Line | Color3 Line ColorC Line
1 0 N N+D; " N+2D, N+(C-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,
* 1 3| MNiD, | N#D#D, | N#2D1HD, | N+HC-1)Di+D;

1
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printhead. The actual difference in |lines depends on the characteristics of
the inkjet nmechanismused in the printhead. The differences can be defined
by variables D1 and D2 where Dl is the di stance between nozzl es of
different colors, and D2 is the distance between nozzles of the sane
color. Table 4 shows the dots transferred to a C color segnment on the
first 4 pulses. Table 4. Order of dots . transferred to a segnent

Pul seDot Col or| . Li neCol or2 Li neCol or 3 !li neCol or C Li ne

10NN+DIIN+2DIN+( C-1) D1 21N+D211N+D1+D2N+2D1+D2N+( C- 1) D, +D2

PPN DL 2D ) o RGN G B e ™

PEC16- SG tolphAsidalgtacemehosf milzkled. 280 pul ses. For nore information about |ine
di fferences due to physical placenent of nozzles. Data can be clocked into
a segnent at maxi mymrate of 80MHz, which will |oad the entire 1280C
bits of data iHagen ﬁ%‘?%@ ntRrsegent gty magarues fve At SOz whichiwdh

nozzl es. l'ggd{ﬂere%ﬁ{,éﬁpmgglgits%rfdaﬁqﬁ?my@ul d consunme too nmuch 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 typical Men et

printhead is cpg @Mﬂje%&h%s%glgtﬁ%hﬁinﬁ?@@h 83185 188 %re %lgﬁ‘%‘

Nozzl es are therefore grouped | ogi y within a segnent to ena
vari ety ofnceprduid congump éedwuciipeze agd bapihegeteatibldnr pobldisjowemsedidunpt i on

trade-of f 51,0 _he de i.n different .product configurations. In th
| onest - sprgfeig aB?i“ﬁFﬁ%é‘%ﬁfé%fsf}"elo D PRI 5y MAdC OB, FhpATSR 3’[}1’1"? PEFOPPISH t he
that a typical Memyjet 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

" Dz = number of lines batween two rows of nozzles of the same color (likely = 2)
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segnent at a tinme. The exact nunber of nozzles fired depends on how many
colors are present in the printhead. For exanple, in a six color (e.g.
CWK-IR-F) printing environment, 60 nozzles are fired simultaneously. To
fire all the nozzles in a segnent, 128 different sets of nozzles nust be
fired. In the highest-speed printing node, 80 nozzles of each color are
fired fromthe segnent at a tine. Thﬁ exact nunber of nozzles fired
depends on how many col ors are prese £ in the pri nthead. For exanple, in a
six color (e.g. CWK-1R-F) printing environment, 480 nozzles are fired

Si rrultaneggﬁ%%.boﬁpcafsg e all the nozzles in a segnent, 16 different sets of
nozzl es nmust be Tired. The power consunption in the | owest-speed node is
one eighth that of the highest-speed node. Note, however, that the energy

consuned to prjy i = 1 e line tween two rows of
nozzl es of theNQ%Zrlrés %gl%g? p??ltlﬁ?a;%:m%ﬁ%cilggég % é%a%g WP S PRI

Nozzl es aael fiypadlypeelsdgagncidelfy i nt o pods, chromapods, phasegroups,
firegroups, and finally the segnent itself A single pod consists of 8
contiguous nozzles froma single physical row Each nozzle produces dots
22.5m i n di anreAesmgippebcnsistsa! Bocodi Buowg modzlEofrpimi adinglé pAvd@il rélpi Ead gure 3
shows the ar ang&wr%ent of ..a singl od, with the_nozzl es nunbered according

to the or &S ROHER HoBHR MR Fie risppcsd. onag B Sdrmianid taayiat @5 160G £ red
in thi i f i i | i f dot
in this Q:_[Iﬂ.eFlfuiﬂé"@ §iRNA! iRNStinRe@EntNOZ 2 éz?l;%lg \Slvi smhﬁ{}%a%%zgiegg‘rﬁgﬁ% f(:?o ots

on the printed page is different. The no ots
apart, foccemigtoda erdgoin whiclpthenskehiléhpe Sk her row of nozzles. A single
row therefore represents either the odd or even dots of a color. One pod

of each col or pcal rou {oget her into _a.chromapod. . The . nunber
of pods in a cﬁ?lgorgégg%g\;qﬁoﬁﬁeﬁg%eﬁ%%olﬁl Sem% II:’ttIH (Fi4po Eﬂﬂ Pgﬁ?’fzé‘?‘?. ad,
nmonochr onghypicilnglacegnesy f dons (chLthé pristedpagt hadifferendt ThORbzIdl wlih.a pdere is
only a single

y ard E dots apart, for the middle dot is printed by another row of nozzles. A single row

therefore represents cither 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 § 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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col or and hence a single pod. Photo printing application printheads require
3 colors (cyan, nmagenta, yellow), so printhead segnents 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 col or conponents of the sang hori zontal set of 8 dots on
different lines. The exact distance bétween different col or pods depends on
the printhead operating paraneters, and nay vary fromone printhead design

to anoth count wh r|nt|n t he
dots pri ﬁ%egu%hy‘& t ﬁ%&%@@cﬁﬁle%iﬁﬁ?% él%él% ﬂIA) a?é readcwuﬂarbeém?g uB‘ngaeglg?ﬂ l'i nes
t han t hosBripg p]msedjthisyls Ek[ﬁallﬂﬁ@lﬁnhare deygl lbe@MNprTHH faffattmzat a6fregiouf Wogh 4
illustratgs, a single chr for a 4 color CMWK _printing application. 8

chr omapod® “HPRDABPERH; kige qY Plothg PYTRAgEROf FTI“EQFRF‘@S PITPHBgf iDus@edop-ipseko naned
PECI 6-SG H{ﬁlﬂ%e&ﬁy%ﬁe g ﬁ@%?gh?th%ﬂ?%zlﬁsjﬁ)g§ g#stnlab%lt 12&% g lge fﬂ) [gr%)r o

si mul t aneousl y dufing a given ase
det ai | belughispecihpriftogal mght @fhr@mﬁpddegﬁrempzﬂe@rrCoBsefqhélﬂr_f,ﬁm@dSWI-@e@i’ltI rely

for the pur es of It| eed pr ., Duri w-speed prlntlng, only
one of th%“gqélfﬁs e@ﬁt HBFo s0 g fﬂf@é %éi Friptast 3%&%‘ 1?1&? PRI direDyr i ng
hi gh- speeaglﬂrﬂrmsla@gmangxldozﬁbgﬂton@rm&e@éﬁp ‘Eﬂe&%f&%ﬁiaﬁﬁ 64‘?@9%1@9?6%5&&’ the
| ow-speed print takes eight tinmes as Tong as a high-speed print, since the

hi gh- speet!9yr i hbe prrapgemest dthshavinrins Fﬁlrfrrény\/lﬁhodzbmspcals omderedA047 arglgr oup

t heref or Qr_.eac rra rrent S shown in
Fi gure 5eu ﬁ%@bﬁ?&(ﬁ@@ sﬁén(ﬁ éireee(glm’(:.'slpt)Ia aﬁoe tlrt}g 11; dés ‘?‘e&ﬁf&ﬁ? s the
exanpl e. dlodreapddats é)dagge:fmﬂ&mﬂarhgt ween adj acent chromapods i s exaggerated

for clarity. 10 firegroups are organi zed into a single phasegroup, with 2
phasegroups in each segnent. The Even Phasegroup contains only the even

nozzl e rows, Wi ﬁBagtch@s amdrgahﬁ'sd&gmmmsmg]l&tﬁms@rbbp, wiid ZHﬁIZa%EQOﬁ;%'V%
enabl e lines, EvenE ? OddEnabl e, i ndePendentI contro firing
of the tW3° ﬁ%@’éﬂ%[ﬁ%&g hasggrame cpptajusgnly 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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phases. Since all firegroups within a single phasegroup share the same
firing pulse, the firegroups fire simultaneously. The arrangenent 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
S. Nozzle groupings for a single segnent Nane of ConpositionReplication
Nozzl e G oupi ngRati oCount Nozzl eBase g it1:11 PodNozzl es per pod8:18

Chr omapodPods per chromapodC. 18C Fir groupChronapods per 8:164C firegroup
Phasegr oupFi r egr oups per 10: 1640C PEC 16- SG 14 Segnent phasegroup t
Phasegroups per [Segment 271 12 ogreat—mozzteygroupirngs support a
nunbe? ofpprPntlng speeds, [as Iﬁﬁ? é%ﬁw Tabl e 6. Table 6: Printing speeds

supported b riptn €qd# Phases# Nozzies fired pgr pha
PP Y P Sétmenp Phasegroups per 2:1 1280C

1Y%

segment

The logical nozzle groupings support a number of printing speeds, as listed in
Table 6.

Table 6. Prinﬁng 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
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1128l OC12 (C per firegroup) 26420C (2C per firegroup) 33240C (4C per
firegroup) 41680C (8C per firegroup) The print speed is progranmed into the
Menj et printhead by neans of the serial interface. The interpretation of
the print speed relies on an understanding of the printhead internals,

whi ch are therefore described here. The nozzles to be fired in a given
firing pul se are determ ned by: 3 bits Nozzl eSel ect (select 1 of 8
nozzles froma pod) 8 bits of Chrona& dSel ect (select 0-8 chromapods to
fire) When one of the ChromapodSel ect bits is set, only the specified

chr omapodcgy 53¢ 885:t W fi r i k%ﬂﬁ lect and

Nozzl eSel ecto. en gﬁ I ag%ea'htﬂ’egﬁ%hgg&%]ﬁg%gg%&ﬁgct Rgﬁ%?@gr%ét ‘éag “ all of
t he chr on@hwdmpnd$dledtiis ehiftaeiar specifizt emmbey\bE bits. 0 VdhdnothstGlirbmppddBeleag a | i ne
via a pul se, pn t.he. NPSync |ine he state pachi ne  inside the printhead

i oty T eBe g eaapatselort ofe O\ GlBeiest valug i asrrroeed. glisto ¢ =
nunber of héipd @ prealiEhed Hovnle aha Hell QRROLRSL 88d pitidth i ifith the
valid set_J% Cﬁ?ona odSel ect val ues, ChrSnapgﬁge#gi?wﬁgtéﬁ??%@%ﬂggp

speci fi ediffunbEablef7 Hists vaxien prine sphedsrpothSe | with therarebiels sethiegd rfot i al
ChronapoQ% e h l.esel ect . value is incremented. This helps to
spread the p%ﬁééd%%%fﬁggﬁ%gWﬁﬁﬂymﬁﬁross the printhead during the printing
of a line. Table 7 lists various print speeds together with the rel ated
settings for ChromapodSel ect and bit shift anount. Table 7. Initial

settings for ChromapodSelEadile Spimitdalisetiings daiSEhaohspidSelet 00000001
2110000002 -

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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3111100004 4111111110(8) For the high-speed printing node, the state
machi ne generates the firing order over 16 phases as |listed in Table 8.
Tabl e 8. High speed printing firing order Chromapod Nozzl e Sel ect Phases
Select 111111110Even & Odd 111111111Even & Odd 111111112Even & Odd
111111113Even & Odd 111111114Even & Odd PEC16-SG 16 111111115Even & Qdd
111111116Even & Odd 111111117Even & Cﬂ The firing order is simlar for

sl ower printing nodes. However, inste of setting all the bits of

Chr omapodSel ect, we sinply set 1, 2 or 4 of those b|ts ~The fewer bits
that are set the few EST Wt Tre—vwe of

Chr omapodSel ect is ]ﬂ?}ffl kes 8‘%|nes as ond&§%ﬁ¥ el hi gh speed node to
fire all nozzles. The I or der g or ti gefl printing i s shown
in Table 9. Table 9. %ﬂﬂggged prinf%ng f|r|ng OF%RJEP rpomapod Nozzl e

Sel ect Phases Sel ect [100Q99PO0Bven &ﬁpUd

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
01600000 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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010000000Even & Odd 001000000Even & Odd 000100000Even & Odd 000010000Even &
Odd 000001000Even & Odd 000000100Even & Odd 000000010Even & Odd
100000001Even & Odd 010000001Even & Odd etc ... 000000107Even & Odd PEC1

6- 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 Iomfgpeed print cycle consist of 64 Even
phases and 64 Odd phases. Likew se, He 16 phases of a high- speed print
cycl e consist of 8 Even phases and 8 Odd phases. There are consequently 2
separate timng gen ldL%k@ P eagh—cotor—Egch—timing—generator uses its
own progranmabl e 200- bi t R gy'pulse profil e.| Then20@db- it entries define
a total of 2s where |each entry deflines a 10ng tinme interyal. Since the

typi cal duration of T firmg—putse—+s—31-3 +8sa2sduration is
adequate. Two 200-bit tables are therefore required for each color present
on the printhead. The tables are programred via t he prlnthead's seri al

interface. It aso r the od ven pu ofllesto

be the sane, bJIﬁ gﬁeﬁ'ﬁb 9 "“{CCQP%@I"F”? ¢ B BPg getn%‘ﬁ‘i eael % ‘E}bﬁo o s to

take accomndrdef thiheffatig pieds dah@vBlds eThavee! 128 phis@Wre 1HwSHRES pRYANP! e
cycle consist of 64 Even phases and 64 Odd phases. Likewise, the 16 phases of a high-

speed print cycle consist of 8 Even phases and 8 Odd phases.

There are consequently 2 separate timing generators 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 intervél. Since the
typical duration of a firing pulse is 1.3 - 1.8 ps a 2pus 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
lps to take account of the fact that the pulses overlap. Figure 7 shows example
EvenEnable and OddEnable lines for a single color durmg 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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EvenEnabl e and OddEnable lines for a single color during a typical print
cycle where the pulse is very sinple. The pulse profile for a given col or
depends on the viscosity of the ink (dependent on tenperature and ink
characteristics) and the amount of power available to the printhead. The
viscosity curve of the ink can be obtained fromthe ink supply's QA chip.
The line tines then for the various prlnt speeds are twice as fast as would
first appear, since the two phases ard?® overl apping. The print speeds are
therefore as listed in Table 10. 18 Table 10. Line tines for various print

speeds Speed# PhaseslLi ne secand 1128128 s7812 26464 s15, 625
23232 s31, 250 1616 362,50-1?“'{#?;%]:‘H‘%St 'Rgsff"”ﬁ%?'ﬂB‘%F%Pc?eﬂ%uses acousti ¢
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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 32ps
(the fastest print speed). As the ink channel is 300um long and the velocity of sound in
the ink is around 1500my/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 D1 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:

Tsenseinforms the controller how hot the printhead is. This allows the

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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that segnent until the next CCEn pul se. The feedback is one of: Tsense
informs the controller how hot the printhead is. This allows the
controller to adjust firing pulse profiles, since tenmperature affects the
viscosity of the ink. Vsense inforns the controller how nmuch voltage is
available to the actuator. This allows the controller to conpensate for a
flat battery or high voltage source bﬁ PEC16- SG 19 adjusting the pul se
width. Rsenseinfornms the controller of the resistivity (Ohns per square)
of the actuator heater. This allows the controller to adjust the pul se

wi dt hs todj@gt'g by i ant energy irrespective of the heater
resistivi?y. : %tllaér:%esé:ﬁ ornms the controller of the width of the critical

part of the hRedmséinforiisele somYroMar of tHErdsRiiviIdY IOk p& shbdrBPSH 1BORitGateNd
etching variations. This allows the controller to adjust the pulse width

appr opr i i@l Hhe afewnthagonsroblee & adiast theqrulssnyidtmivemeintaio aseagtaat the
equi l i briéﬂg}c%;i Cﬂ&éj%ﬁ%ieﬂgat%éigt -fhat the first section of the printed
nsi 0

page has a ent Sl Ze, e-équilibriumtenperature nust be net

before prd nti ngsamy dot Sinfobs Sthi Son@6HQTH iLSh@fiy i the %ﬁ@ﬂaéarﬂﬂf"t}?e The
preheat cycle involves a single load cycle to all nozzles of a segnent

with 1 s Kaates, whishthagg varyl umbz 21586 due t6 ilitle)zrapsixd amd atehingr vasfatisioThis firing
pul ses to,gach, noz Iﬁ. The. duration q htheq;l)guls must be insufficient to
fire the? d’?”&Bé‘?c u 8%&34?3?{?%83?% I ARBIGPHREIYA| t 0get her about 200 pul ses
for each nozzle are required, cycling through in the same sequence as a
standard pri ntTRSy Prigtingcapwe khasg@r siieng Hendspehelat stapdet itke pquilibden by

Tsense, SARkE NYGS | thatCHY I L 00k er e IS re Chegea bout 300
[oeTse, ARPEIRL e by S of SN LRy Ly o
m | |'i secomas tharduilibpemd engrerdtive okt bonpasbdbenpriftighest doss. pahioisred
bef ore each IBr i nt jvob. Tpi S daes ot affect performance as it is done while
Uhe dat a TRl Vi darehes cutics 3 he Resispt gylssmvolves a single load cycle to all

nozzles of a segment with 1s (i.e. setting all nozzles to fire), and a number of short

firing pulses to each nozzle. The duration of the pulse must be insufficient to fire the

drops, but enough to heat up the ink. Altogether about 200 pulses for each nozzle are

required, cycling through in the same 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 cach 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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In order to reduce the chances of nozzles becom ng cl ogged, a cl eaning
cycle can be undertaken before each print job. Each nozzle is fired a
nunber of times into an absorbent sponge. The cl eaning cycle invol ves a
single load cycle to all nozzles of a segnment with Is (i.e. setting al
nozzles to fire), and a nunber of firing pulses to each nozzle. The
nozzl es are cleaned via the same nozzlg firing sequence as a standard print
cycle. The nunber of tines that each Qzzle is fired depends upon the ink
conposition and the tine that the printer has been idle. As wi th preheat,
the cleaning c e I C16 20 The
print head segng%%ﬁ?lgﬁ%rdg% g[fltf }Og%}m%qg% ZJéneﬂraléa{er(i)éln aCe ISI'lﬁ]iC Phel udes
setting thﬂmﬁﬂhbﬁMﬁngnggmane&zms. 2 sets of 200-bit pulse proflles for
each col or Print speed Feedback data type (tenperature, resistivity
etc.) In addit ned thead' s characterization vector is read
back via the %5&?gfﬂﬁ%?ggqﬁ%@@ﬁ%ﬁéqﬁﬁﬁgﬁggérization vector includes dead
nozzl e informepiign.ag well as relative segnent alignment data. Each

print head segnent 8an be queried via its |ow speed serial bus to return a

char act erd zat | Bedvgkidita §be (tBRpEOEIE Msisttt§ ctcOhar act eri zati on vectors from
mul tiple printheads can be conglned to construct a nozzle defect list for

the entire priltdRiatbnaick alrhigned bABHBA] O eh&RGERRHLA v%@t%p‘i"‘sn?e%ﬁg) Wia
defective nozzles durln&ﬁthe print. As long as the nunber of defective

nozzl es i8¢ seupl interi@ce orpe wharertsnizasion yectsd dedudessdsad saozzidueffonngtmmdmbl e
fromtho ti.y zzZl es nt. has 3 84
. 5\9%1953 I%Ia?irvbgégﬁ%ﬂ Y{‘g&{{em'&% eéa%ﬁ o ﬁw &) S¢ HBF Ociuelngge

bits for aracteri

pri nt headowegpet sériul ohiumtd earr nc lchﬂhcﬁemﬁaﬁbha{/ecmtnbﬂrth@rﬂég&%‘fberﬂ&f C0| ors

r epr esent d in the se 16 bits of allgnnent data relative to previous
segment ( aracieyizationg i t:§rom 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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a variable | engthed defective nozzle Iist using up the remaining bits The
defective nozzle list is variable I engthed, with each set of defective
nozzles having the following structure: 5 bits count (0 = end-of-1list)

3 bits of color count x 11 bits, one entry per defective nozzle In general
terms a printhead segnent has connections as defined in Table 11. Note
that sonme of the connections are repliGated when nmultiple colors present.
PEC16- SG 21 Table 11. Printhead segne@t connecti ons NaneRepeat for nulti-
Function col ored segnent D[ n] YesChannel n of inage data SClkNoSerial data

transfer clock NPSyncNoNozqﬁgkﬁgﬁﬁghigggﬂ%gﬁ%ﬁF&%&QHQEENOPhase Locked Loop

cl ock TEnNoParallel transfer en ner set SCI Nol12C seri al
clock for conirol SDNol Repeatf@ mdhi-a|for control CCEn[n] NoContfol Chip
Enabl e [n] GhdNM®akog ground, SenseNoAnal og senddingtioput V- YesNegati ve
actuat or supp|y V+YesPosFelpresd segmseat on supply V. YesNegative |ogjc supply

D[n] Yes Channel n of image data

SCIk 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.
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VddYesPositive logic supply The 21mm | ong printhead segnment has 64 bond
pads, on 300m centers. 24 of these bond pads are V- power supply to the
actuators, and 20 are V+ power supply to the actuators. The remai ning 20
connections are CMOS | ogi ¢ power, signal, and data connections. Table 12
details these connections. PECL16-SG 22 Table 12. 6 col or segnent
connecti ons #NanmeFuncti on 1-6V—Negati& actuator supply 7VSSNegative | ogic
supply 8D [n] Channel 1 of imge data ?n] (fixative in channel printhead)
9D2[ n] Channel 2 of image data [n] (infrared in channel printhead)
10SClkSeri al data transfer Positive |ogic supply 12-16V+Positive
actuator supply 17- 22V—Neqaﬁh§§“§%$dgg se@ﬂ 'i ncNozzl e Phase
Synchroni zati dqn 24D3 | n]]haenel 3 of inage damau$ﬂﬂ (black 1n 6 channe
printhead) 25[M4[n] Chahnel 4 off image data [n] (yellow in 6 chanpnel
printhead) 26RUkfPhase} Vocked LU dtmgativeakualof Bipdtar al | el transfer |enabl e

28- 32V+Posi ti e _actuator supplly 33-38V- Negative actuator supp
7 Vs Negative logic supply

8 D1[n] Channel 1 of image data [n] (fixative in §

channel printhead)

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

10 SClk Serial data transfer clock

11 Vg 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 channell
printhead)

25 D4[n] Channel 4 of image data [n] (vellow 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)
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39Reset Control Reset 40D5[n] Channel 5 of image data [n] (rmagenta in 6
channel printhead) 41D6[n] Channel 6 of inage data [n] (cyan in 6 channel
printhead) PECO9 6-SG 23 42SCI| 2C serial clock for control 43SDI C serial
data for control 44-48V+Positive actuator supply 49-54V-Negative actuator
supply 55VddPositive |ogic supply 56GhdAnal og ground 57CCEn[ n] Control Chip
Enabl e [n] 58V. Negative | ogic supply SenseAnal og sense out put
60- 64V+Posi tive actuator supply A mul t7-segment printhead is ideally
conposed of a nunber of identical printhead segnents. These aLe tyflcally
21mm segnent s [Cat—ar nufagtred togethet r—ptaced—together after
manuf act ur e, téﬁproduzgag prir?ﬁ%gﬁm%ﬂoﬁﬁg“&ggpﬁed Iength. The segments
may be set w t[iyz0vert as dgsd . 2 1 for—smooth—transi tions
bet ween segner??. Each 1nn1in2ﬁf§%8h%n?§h6§ﬁ%?g 1600 dpi b|-|ireL doLs ]
over a differdniypgart} ol the p iepy el he fTnmat T1age. t hough eac
b PR P At gy

segnent prodyces 1280 dots of I na each dot is represented by

a combi nati on |afg.54col pyted T NKgyeo em@lsgpp%b Segments can pe conbi ned
si de- by-si de tjo produge a 124inch printhead.” Each segnent can|be

considered to{lsgve a |ggd-in apgﬁﬁv@k%ﬁﬂﬁ@ﬁh; area, and a Teadjout area.
The | ead-out qf one sggnent corresponds to the |ead-in of the |[next.

56 Gnd Analog ground

57 CCEn[n] | Control Chip Enable [n]
58 Vs Negative logic supply
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 21lmm 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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In FIG 8 is seen the three areas of a segnent by showi ng two overl appi ng
segnents 106, 107. Note that the | ead-out area 108 of segnent S (110)
corresponds to the lead-in area 109 of segnent S+l (107). The central area
of a segnent is that area that has no overlap at all (110 of 106 and 111
of 107). Although the figure shows the PEC16-SG 24 segnents vertically
staggered, the segnents are staggered gt a slight angle so that they are
aligned in the vertical dimension. A rfUnmber of considerations nust be nade
when wiring up a printhead As the wdth of the printhead |ncreases, t he

ermrof%%gﬁ - tio
increases? ac n\!;seztglgér?g S |1ﬁgq#&p%§%§?€egﬁgg§%&ftf% Sr% aJ['[Eeywell as
SC k and athbgnaidnnbkectdrocd dimensiomadi ng and printing. Wien the nunber of

segnents S is small it is reasonable to load all the segnents
si mul t aneously by using a common SClk line and placing C bits of data on

each of the Dnaigipites of @6ns§d%?at§)ﬁ9 BRI ﬁ%maﬂe @hé%%gﬁ?ﬁﬁ aﬂ‘:rﬁfﬂeﬁ& % E the

total nunber of bits to transfer to the printhea a‘single pulse

is 16. Howililepf therprintlsiad inarérandhe euralxred s(e@;ﬁ')ts ihlzfeasnshaqni thratmmbeSeﬂt ﬁ and
t | K .r easona 0 da i nes. run romthe

Iprl IntS ggt ‘%’“%8%%?5?@‘? PEeERE EP&HW&" ﬁ"?srfgst %‘ﬁ‘ﬂbnl (ionpgcno%ﬁeégi%ﬁﬂ)’ # group

a nunber Wl seYORMNY dilgebieictibey fol RAINGGNA YHA Each group of segnents
is small enough to be | oaded sinultaneously, an share an SC k. For

exanple, a 12-inch printhead can have 2 segment groups, each segnent group

com a1 ing 8 SEATENLS o PR LIGREE0 Syalited Lol RN SLooRy 1P 2

SA Kk lines, one per segment

2nd set (ﬁeg&eﬁmg;[mm]m],eously bysxsmtgld bormﬁaﬂtsmlleﬂlhetaﬁdgta@mg ¢ vixs SEAFRNYS. Sone
bits wll E %e be ed in the 1last group. As the nunber of segnent
groups i n@f 8£§’§ ‘%H’é‘u"ts ﬂ’et £ SRERCHD @@aﬁsﬁwnﬁf‘lcﬁloﬁéaﬁtefnﬂﬂﬁ:‘ioéaé@é@ emhen

e 2 STON e SRRSES, g sepueo 7 oge 15,
r equi r ed. chithiel enabled (C=6) 12-inch printer, S=15, and it is unlikely to be reasonable to have
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 SClk lines,
one per segment group. Even though there is no segment for the 2nd set of § 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 SCIk 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 SCIk pulse, any printing process must
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bandw dt h of the connection between the data generator and the printhead
must be able to cope and be within the allowable timng paraneters for the
particular application. If Gis the nunber of segment groups, and L is the
| ar gest nunber of segnments in a group, the printhead requires LC Col orData
lines and G SClk lines. Regardless of G only a single TEn line is
required - it can be shared across all,_.segnents. Since L segnents in each
segnent group are | oaded with a singl@SSG k pul se, any printing process
must PEC16- SG 25 produce the data in the correct sequence for the

pri nt hea rst SCl kIl pul se wll
transfer d?rﬁe cﬁn%%?tﬁ‘gﬂ?é%% ﬂ%%( ug relafé t@ﬁntﬁggd(ﬁ* "ﬂl oxd g‘b ,"&fgﬁ_%\:nd
3840. Thearfd =4, t]&?ﬁii@?smklsmﬂw Will trarsfes fries Dhfbéts Doy the hextffaint yeleRapk oPr i nt
Cycle's d 5 6400, 7 960. The second SO kl pulse w ||
transfer f#é) %%690 Hid gg@orﬁierfgsﬁ%& plfssvithfrapgies thedon bits @28113 next S1int and
3841. ThecsgeQ I I r f Print
Cycle's do%Sl%t §g%d(§%4@(§7jg§§0aa\#g ggggqu%fsggornhwggpgf&givl (PrlrarslgefgletP %%ﬁ)

each of Jetsfor drinsCPk2y Cycless @tth, r1é81 i 2561 hasl 3BHenThosdond SO piise

prlnthea h TEn c he ,qgi Vv rtant to note
that the oﬁﬁr@ﬁtﬁ g‘i‘f’gﬁ% Borr%&‘? tgyctlﬁ%ﬂ%ﬁlg?a%@gdjiggdtﬂgﬁ%a‘sflhe sane

print cycle, dafiaol2s8orsaEk ket b@SSW@a&hﬁ%@ﬁi aRHS OIkD) 'thélsnnr'ef Iﬁﬁe nRhysi cal
separation of odd and even nozzles within the printhead, as

separ at i difen radge o Hepringcads andithe eorampn denguisesns be esrenhat they will

produce dots This rel fference nust
be accounted forgvé}é&%q%gg%lnﬁ){e ﬁlﬁt {’H(fa{)cpde“nli)dgl o oﬁ)P\nﬁPﬁ u& i ng
only a sidging &eg;amletprgitmyp],e Habice appeshevthet inedplysical roﬁ@ﬁf &k e AT

ul ses of the shared SO k.

segnent n  of rinthea t he flrst 4

Tabl e 13. Ph@jglﬁg‘rsga?fa%ﬁ eg?fgd;%réf S dgzeles %’Hb‘ﬁég? printhgady aprinetl;as seppretian

pri nt heathelgeckndsles 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 12808 [N N+D,* | NHC-1)D;
2 1280S+1 |N+D,"” | N+D+D, [ NHC-1)Dy+D,
3 12808+2 | N N+D;, N+(C-1)D,
4 1280S+3 | N+D, N+Dy+D; | NHC-1)D+D,

1 5 = segment number

" D1 = number of lines between the nozzles of one color and the next (likely = 7-10)

= Dz = number of lines between twe rows of nozzles of the same color (likely = 2)
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Pul seDot Col or| Col or 2Col or C Li ne Li neLi ne 112805NN\+D, N+( C- 1) D1
21280S+1N+D215N+D1+D2N+( C- 1) D, +D2 312805+2NN+D1N+( C- 1) D, _
41280S+3N+D2N+D, +D2N+( C-1) D, +D2 S = segnent nunber D, = nunber of |ines
bet ween the nozzles of one color and the next (likely = 7-10) D2 = nunber
of lines between two rows of nozzles of the sanme color (likely = 2)

PEC16- SG 26 And so on for all 1280 SC.k pul ses to the particul ar segnent
group. Wth regards to printing, 10C 18zzl es are printed fromeach segment
in the |owest speed printing node, and 80C nozzles fromeach segnent in

the hi ghest spggdls, B k _tailﬂ@SU%gﬁlltggi?%sLtﬁ tﬁ%%rﬁcqu'rs%%glﬁté/gnﬁ)osm ble to wire up

segnents in any way, this spec y cons e situation where
all segnents fWith sigandk ttampemtialy 100 hogzles apr@lﬁs@c?‘dﬁ? eaélpg\éz@meﬁn Fhd gtl ng
node al l ows | ow power printing for small printheads (e.g. 2-inch an

4~ inchy , avest et Breids hene. did SUgcatrglss fios e et indhe ligheeened pover
avai | abl epridtRl hdie. | arge print sizes (such as 8-18 inches). It is a sinple
matter to alter the connections in the printhead to allow grouping of
firing shoul d Whiait is cettzinlygmpsibledo ivdre upr sguients inwﬁmeFnﬂm stpesg'gﬁﬁcm ts are
fired at ape tinme. 10CS nozzles are fired i.n the W speed printing
node and nr%!@ﬁ %‘S Sy lofliquE’BG "iﬂﬁs‘?gmaenfﬁ %ﬁ-s%lg.@&e‘.ﬁﬂs%tﬁﬂ@l gase thy nce all
segnent s lpwkdpeed pittit AARAY S 1¥ws 1E-pRHen pHAGnS A s@ndllspxtilﬁﬁclaa?i@r@.g?@-ig&fc i ned

above and the line tinmes are the sane as defined by Table 10 A segnent
produces 3 4inghbgnd ithrecastrofleein drsigm essyarch thede sbofcietmwer eeallabbk i s

4520 0 o0k VB ABE PREIAE Byt HEslif WAL 95 T WPt T
f eedback donnesioas iratherprinthead to allow grouping of firing should a particular application
require it. When all segments are fired at the same time 10CS nozzles are fired in the
low-speed printing mode and 80CS nozzles are fired in the high-speed printing mode.
Since all segments print simultaneously, the printing logic is the same as defined above
and the line times are the same as defined by Table 10.

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 sensc 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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in segnent group N NPSynciA pul se arts tm

SCIk 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 internall
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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for all segments. PLLIPhase Locked Loop clock for generation o timng
signals in printhead Parallel transfer of data fromthe shift registers
Tenlto the interns Nozzl eEnabl e bits (one per nozzle). Resetl1lControl reset
SC 112C serial clock for control SD112C serial data for control A pulse on
CCEn N ANDed with data on D1 [n] CCEnGsel ects the sense lines for segnent n
in segnent group N. SenselAnal og sense out put Gndl Anal og sense ground

V- Many, Negat i ve actuator supply PEC16- G 28 depending o the nunber o
colors V+Positive actuator supply VSSNegatlve Ioglc supply VaaPosi tive

| ogi ¢ suppl[y_Throughot ecficatiom the armhas—been—to—desqgri be the
preferred ent)odlmant<[c‘le}]f'&l;a'}'fggp éﬁentlon without limting the invention to
any one enfodi ment or |tlspacmbecofol | ecti on of features. Persons skilled in
the art nmay realize variations ffomthe

colors
V+ Positive actuator supply
Vis Negative logic supply
Vaa Positive logic supply

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

specific embodiments that will nonetheless fall within the scope of the invention.
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specific enbodi nents that wll nonetheless fall within the scope of the
invention. 29 CLAIMS 1. A pagewi dth printhead which includes a nunber of
pri nt head segnments, each segnent including an array of nozzles, the array
defining a first |level grouping of a nunber of nozzles that are configured
to print a comon ink colour, a second |level grouping of a nunber of first
| evel groupings of each colour to be_printed by the segnent, a third | evel
groupi ng of a nunber of second Ievelzgroupings i ncor porating nozzl es
configured to fire sinultaneously, and a fourth |evel grouping of a nunber

of third roupi ngs. 2. A pagewidth printhead as clainmed in claiml in
whi ch th ¢ yﬁM@l evel grouping includes pods of contiguous nozzles in each

row of nozzles. 3. A pagewidth printhead as clained in claim2, in which

each pod j nclu es eight  contigquous nozzles. 4. A pagew dth printhead as
cl ai med i ﬁ?@mmﬁa”%HF@W d%%@%ﬁﬂslevel groupi ng i ncl udes a nunber

of chromﬁaﬁber infRAR Sl Shdi %acﬂﬁggig R r%?z%saﬁr ol O hray

respective rows of the array. ead as cldine
4, in whidsgfinitgea tﬂnastrldvetl@elhplgg ofipi mynbeir nd Inmdalss thah andbesnfafurdd toegimups, each

firegrou |nclud|n r edet ed nunber. of _cont.i chromapods. 6. A

page\gl]m dt E g"lg"érpélsﬁf:?@dfnvﬂ FPUPIRE T & Hpmgher Of fgﬁtclﬁ"?ll Fravt ?ncl udes

ei ght Corﬁabﬁl@@lkiﬁr fau@%fme by By the scAmPRg 8 \Whiel f@:v@lrgrﬂﬁﬁlﬁ@@f Afufbdl fRdchdy cl aim
v

5, in which the four groupi ng includes a nunber of phasegroups,
each phad&y auprnings wepmgrating megees eonfimednioniiesr simghtansonsly.gansus fhurthegr oups.

PEC16- SG é@el%‘roxélr%a&eavﬂﬂﬁ'érBf{h?}dngx%‘i]g%%pfdg%' med in claim7, in which each

phasegrou

2. A pagewidth printhead as claimed in claim 1 in which the first level grouping

includes pods of contiguous nozzles in each row of nozzles.

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

contiguous nozzles.

4. A pagewidth printhead as claimed in claim 2, in which the second level
grouping includes a number of chromapods, each comprising at least three pods

positioned on respective rows of the array.

5. A pagewidth printhead as claimed in claim 4, in which the third level grouping
includes a number of firegroups, each firegroup including a predetermined number of

contiguous chromapods.

6. A pagewidth printhead as claimed in claim 5, in which each firegroup includes

eight contiguous chromapods.

7. A pagewidth printhead as claimed in claim 5, in which the fourth level grouping
includes a number of phasegroups, cach phasegroup including a predetermined number
of contiguous firegroups.
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i ncludes ten contiguous firegroups. 9. A pagewidth printhead as clainmed in
claim7, in which each segnent includes a pair of phasegroups, one of the
phasegroups conpr ising odd numbered nozzles and the other phasegroup
conpri sing even nunbered nozzles. 10. A new pagew dth printhead,
substantially as described herein, wwth reference to the acconpanying

dr awi ngs. 30

8. A pagewidth printhead as claimed in claim 7, in which each phasegroup
includes ten contiguous firegroups.

9. A pagewidth printhead as claimed in claim 7, in which each segment includes a
pair of phasegroups, one of the phasegroups comprising odd numbered nozzles and the

other phasegroup comprising even numbered nozzles.

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

the accompanying drawings.
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