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The Field of the Invention The present invention relates generally to

i nkj et printheads, and nore particularly to a wide-array inkjet printhead
assenbly. Backgronnd of Invention 18 A conventional imkjuaé Fooknti ng system
I ncludes a printhead, an ink supply which supplies liquid ink to the
printhead, and an el ectronic controller which controls the printhead. The
printhead ejects ink drops through a plurality of  orifices or nozzles and
toward a print nedium such as a sheet of paper, so as to print onto the
print medium Typically, the orifices are arranged in one or nore 15 arrays
such that properly sequenced ejection of ink fromthe orifices causes
characters or othey AGER FORWIDEARRAYANKJET®di um as the
printhead and the prlnt medi um are noved relative to each other. In one
arrangement, conmonly referrEEHHﬂMiEﬁIhAﬁSﬂBﬂBLYay inkjet printing system
a plurality of individual printheads, also referred to as printhead dies,
are 20 nounted on a single carrier. As such a nunber of nozzles and,
thereforse, an overal |l nunber Tgfe Fj8ld DRvedig can be ejected per second
I's increased. Since the overa nu drops whi ch can be ejected per
second is i ncr edepreseptrinventiog @p@&@nﬂaﬂlmlﬂmmﬂﬁmchﬂ@ﬁ‘e wi de-array

i nkj et print stem,,T | ead ejects the ink drops

t hr ough thep"'mfg%ﬂéé"ﬁy" ég?%'ﬂh#?nﬂ@&?‘f 5&2‘;&@“ vol ume of ink located in
vapori zation chanbers with small electric heaters, such as thin film
resisters. Heating the ink causes the |nk to vaporize and be ejected from
the nozzles. Typically, for 't ‘L'- NGO eption enot e printhead control |l er
typi cal | ocat ed as part S i nter,
activat¥s an el EFPTVERR ‘?&P}‘% """ )§§ch£§\1qu é)’ﬁr&ﬂéeax aer}{r?llg(lsaP@ the 30
print Peadt whiéh Sipp&es HiGad 1mrmpnnmeaaaam eldsmumommrmad thin film
resister to

controls the printhead. The printhead ejects ink drops through a plurality of

orifices or nozzles and toward a print medium, such as a sheet of paper, so as to

print onto the print medium. Typically, the orifices are arranged in one or more
15 arrays such that properly sequenced ejection of ink from the orifices causes
characters or other images te be printed upon the print medium as the printhead
' and the print medium are moved relative to each other.
In one arrangement, commenly referred to as a wide-array inkjet printing
system, a plurality of individual printheads, also referred to as printhead dies, are
20 mounted on a single carrier. As such, a number of nozzles and, therefore, an
overall number of ink drops which can be ejected per second is increased. Since
the overall number of drops which can be ejected per second is increased,
printing speed can be increased with the wide-array inkjet printing system.
Typically, the printhead ejects the ink drops through the nozzles by
25  rapidly heating a small volume of ink located in vaporization chambers with
small electric heaters, such as thin ﬁim resisters. Heating the ink causes the ink
to vaporize and be ejected from the nozzles. Typically, for one dot of ink, a
remote printhead controller typically located as part of the processing electronics
of a printer, activates an electrical current from a power supply external to the

30 printhead. The electrical current is passed through a selected thin film resister to

heat the ink in a corresponding selected vaporization chamber.



heat the ink in a correspondi ng sel ected vaporization chanber. 2 10 June
2004 One problemwi th wde-array inkjet printing systens, is that the
nunber of nozzles on a single carrier is quite large, and the nunber of
corresponding thin filmresisters #hich need to be elieciurnecaddsy coupled to
the renote printhead controller results in a correspondingly |arge nunber
of conductive paths carrying 5 nozzle firing and other data signals to the
pri nt heads. The interconnect count and printer overhead for managi ng such
| arge nunbers of nozzle firing and other data signals significantly

Feasons st at ed_ AgtoniPPHS Wisk: Sralifigetiriitite sOuBL, is ARt (iR Gor a1 10
in the Descdfindbiledloni sthfR cRfrit & quite 1&rpd adi mun&st%f@@r@{mm? (fesent

specification, a wide-array inkjet printing systemis desired which
m ni ni zes tfhlen resigtetsewhioh neesitabe electicpliy énupledito yhewgmbie printhepdal s t o -and from

the printheads., Su ry of the lnvention 15 One aspect of the present

| nvent i on RBTPURESRS R FerresBordRETE 2cEe g O GORMER (it EYEr s o1 N
print heas fz5RFHMG anA otHe dfta kighk to B PrifitheBdly The iNRRBAR:t Bbgposed on the
carrier. The nodul e rrag&ger receives a serial input data streamand a

cor r espondi 3¢ printen overheadddos mgnaging sushlaggprumbess ot nerziedfiting and afkest ed
t | f . | Dkl. Is 4 T | 20
Gorm ¢ 1 pl oy g S8 Bbarly hirelB8 B 56 08 bigaudilE s R BRI RS o s, The

modul e manggintingsemes the N serial output data streans and N

correspondi ng output clock, signals based on the input clock signal to the
N print heads. | fFosmasenfissaiediehove apdifor other reasens presented in gsater detall pri nt

data, sgch ; 4 Plefe | o |t heads each

I ncl udeﬂg pl??}ea %?:é{)tg?ﬂj@i‘z@e nozzrfgés .W%\%{?g‘%memﬁ%%n?ol s the printheads
to eject | mpedﬁmnfawm&hﬁyimgwﬂrmﬁng bysten & dugirediwhRAiminihiges®elul e manager
is inplemented in an integrated circuit. In one enbodinent, the integrated
circuit is Hwnbepef Gangductiyg paths camryipg data signals to and from the printheads.
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u of the Inv.

15 One aspect of the present invention provides an inkjet printhead
assembly including a carrier, N printheads disposed on the carrier, and a module
manager disposed on the carrier. The module manager receives a serial input
data stream and a corresponding input clock signal from a printer controller

N located external from the inkjet printhead assembly. The module manager

20  demultiplexes the serial data stream into N serial output data streams. The
module manager provides the N serial output data streams and N corresponding
output clock signals based on the input clock signal to the N printheads.

In one embodiment, the input data stream comprises print data, such as
nozzle data. In one embodiment, the N printheads each include a plurality of

25 nozzles. The nozzle data controls the printheads to eject ink drops from the
nozzles. '

In one embodiment, the module manager is implemented in an integrated
circuit. In one embodiment, the integrated circuit is an application specific
integrated circuit (ASIC).

30 In one embodiment, the module manager includes a clock generator

which receives the input clock signal which has active edges at a defined



integrated circuit (ASIC). 30 In one enbodi nent, the nodul e manager

i ncl udes a cl ock generator which receives the input clock signal which has
active edges at a defined 3 10 June _ 2004 frequency and provides the N
output clock signals which each havé active edges at ¥ freq€Aty N tinmes
sl ower than the defined frequency. In one enbodi nent, the nodul e manager

I ncl udes N registers which each receive the serial input data stream and
each provide one of the N serial output data streams to a 5 correspondi ng
one of the N printheads. In one enbodinent, where the N registers are
correspondi ngly clocked by the N output clock signals, the nodule nmanager
recei ves t HEequency and pravides e Nioutpupclockisignals whishreach hdvetactiessedgle speed t hat

one ot hdt RSGenRy NHhEH e Ryt GRRe el To0ns SpbeGmgRt | nip o
printhead 3shbmokge Hahagsy itlude8DiegRterd Whith eiéh k&ib@&e\%ﬁz{g?ﬁn@wsseml y.

The inkjet printhead nodul es each™ include a carrier carries a

plurality otregm and ¢achgrovideione ofdbieNeseriairoutpnt datseeampto of the present
i nventi@gn provides a widg-acray jnkje rinting system.including a printer
cont r ol Per CP’E&‘QP@HQOQ%@&F‘BF&@@“%@-&@&C@& ntovherethes printer froma
host syst cRgiad aff Aleshdidiritly iibéed BN o%ﬂuf‘tcllﬁ% sigfyﬁsjg,'zﬂc fgangspondi ng

first clock signal. The w de-array inkjet prin emincludes a
i nkj et pri manages repctvestheydatainitheysesiabinput data stidapr at N timesithe dpeedalszd on t he

carrier, a .8 - Fiagdl n. arrier. The nodyl e manager
recei ves t%gchfa?f?ﬁs) Ssngul iaEi ?@gtd% Ssﬁ-?ag%ﬁggﬁodnic%h cwdﬂggq?épyf romthe
printer 20 teoNprinthesds. The nodul e manager denul tipl exes the first serial
data streaminto N serial output data streanms. The nodul e manager provides

the N d8rial oufthene emkadiment; » plwsalisyof inkisbprinsheas subragsemblipsior cl ock si gnal s

b d t i . S] t i nt . n { f th
Do " e Honf b Bl ety MR BB ep RS BRRGER O
recei ving, imfude avaisr i agies LplaRLGASE pitttkadodnd Hhoddle ffahaget, | Nput  data

stream and a coryrespondi ng input clock signal froma printer controller
ne aspect of the present invention provides a wide-array inkjet printing

system including a printer controller receiving and processing data related to the

15  printer from a host system, and providing a first serial data stream and
corresponding first clock signal. The wide-array inkjet printing system includes
an inkjet printhead assembly having a carrier, N printheads disposed on the
carrier, and a module manager disposed on the carrier. The module manager

. receives the first serial data stream and a first clock signal from the printer

20 controller. The module manager demultiplexes the first serial data stream into N
serial output data streams. The module manager provides the N serial output
data streams and N corresponding output clock signals based on the first clock
signal to the N printheads.

One aspect of the present invention provides a method of inkjet printing

25  including receiving, at 2 module manager disposed on a carrier, a serial input
data stream and a corresponding inpﬁt clock signal from a printer controller
located external from the carrier. The method also includes demultiplexing, at
the module manager, the serial data stream into N serial output data streams.
The method also includes providing, from the module manager, the N serial

30 output data streams and N corresponding output clock signals based on the input

clock signal to N printheads disposed on the carrier.



| ocated external fromthe carrier. The nmethod al so includes demnul tipl exing,
at the nodul e manager, the serial data streaminto N serial output data
streanms. The nethod al so includes providing, fromthe nodul e manager, the
N serial 30 output data streams and“N correspondi ng odfplinec?@k signal s
based on the input clock signal to N printheads di sposed on the carrier. 4
10 June 2004 The present invention can provide an inkjet printhead assenbly
that can be incorporated into wide-array inkjet printing systemwhere the
nunber of conductive paths in the print data interconnect between the

printer controller and inkjef printhead assenbly is significantly reduced,
because t he nodul EeRIpssgbinvention cap prgynde agrinkjgtprintheadassemblythateass” t han dat a

rates provi or | fniﬂ-f . Thi ] ' i n_the nunber of

conducti ve g%ﬁﬂ%ﬁu@ﬁgﬁ%ﬁl% hﬁg{]a .HPQ‘EH‘:%SHF%&%@#%% " ?(; reduces

costs and i ngonductive pethis abibeipriit ddta irltercgiiniett bebaékn tRE FMtBY donBoleridnd

W de- array Lgﬁ_} et printing ?y,stem_ 10 Brief Description of the Draw ngs
Figure 1 is 855\ Rintheadasseinhly is significantly sedyped. beqsusn the modyle managerj et

printingssys slich Bfraf ig%g ' igure 2 is a diagram
of one enboé%ﬁ@r?ts&go? an ?n Je&ta pri %\taﬁgaq%msu -B%dsvgdémfg%ﬁmdul e according
to the presenintieadse Thisredudtfonringhe runiber f oohdabtivy [aetes ifi Ciecpriit data
cross-sectiqnal view il]ustrating portions of a one enbodi nent of a

print head dilBtefcqnpect sigpificantlyredyces epstoand impgones reliabitityof the printhead bl ock

diagramill -!ﬁ?@r‘ Wfl b K] et printhead assenbly having a
nodul e manaéggre [ n*ggir%fgg&%:lr §i Je“af&dh?csgar ing to the 20 present
invention. Figure 5 is a block diagramof a portion of a nodule manager |IC
accordigg to the present inyvention. Figure 6 is a timng diagram

i I'lustrating the operation 3% phen ol theDrawiigsydul e manager | C of
Figure 5. 25 Figure 1 is a block diagram illustrating one embodiment of an inkjet

printing system according to the present invention.
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Figure 2 is a diagram of one embodiment of an inkijet printhead sub-
assembly or module according to the present invention.

15 Figure 3 is an enlarged schematic cross-sectional view illustrating
portions of a one embodiment of a printhead die in the printing system of
Figure 1.

Figure 4 is a block diagram illustrating a portion of an inkjet printhead
assembly having a module manager integrated circuit (IC) according to the

20  present invention. _

Figure 5 is a block diagram of a portion of 2 module manager IC
according to the present invention.

Figure 6 is a timing diagram illustrating the operation of the porﬁon of
the module manager IC of Figure 5.

25
Description of the Preferred Embodiments

In the following detailed description of the preferred embodiments,
reference is made to the accompanying drawings which form a part hereof, and
in which is shown by way of illustration specific embodiments in which the

30  invention may be practiced. In this regard, directional terminology, such as

“top,” “bottom,” “front,” “back,” “leading,” “trailing,” etc., is used with



Description of the Preferred Enbodi nents In the follow ng detail ed
description of the preferred enbodi nents, reference is made to the
acconpanyi ng drawi ngs which forma part hereof, and in which is shown by

way of illustration specific enbodingnts in which the 3014 dueatZoon nmay be
practiced. In this regard, directional term nology, such as "top,"
"bottom" "front," "back," "leading," "trailing," etc., is used wwth 5 10

June 2004 reference to the orientation of the Figure(s) being described.
The inkjet printhead assenbly and rel ated conponents of the present

i nvention ca@ef@@ncdqgs[hg6&%&&fﬁmﬁgﬁg§§ng§g¢§ég£g§%h _n% ations. As

such, the directional. termnol ogy Il lustration

and i s i n nopuiathedd asserably and felited tSmporefis e R PrERACknk IonRBARE €TDOCI reNt s
may be utilized and structural or |ogical changes nay be made w t hout

departing fr8ATEPReddR 3 pumber ofidifferentanientationse rAs such, thd Hiredtiohhlowi ng det ai | ed

descri ption, i I | ﬂﬂfrpﬁ . in.alimti ..sense, and the

scope of the pregggn ‘f‘r’ﬁ?gﬁ?u on Isgs g@#'?‘%tgagﬂgfgqﬁemé‘ﬁﬁggﬂmegaﬁﬁ%tp Figure 1

i1l ustrat®s bhundgnstent thatratherferodinntsrhaybe Mmilized aﬁd’%ﬂ:’iﬂr&lﬁbﬂ@?@ﬂcor ding to
n

the present i,nvention. Inkjet printing system 10 includes an ] et
pri nt head asg@qgtfss;ni)gl?e ‘aﬁg‘% w@@néﬁmﬂ%%@mhq/scm ofthepresentimyveatisenbl y 16, a

nmedi a trans . . tronic.control)er_ 20. At |east one
power supp%ﬁégﬂ%r o{g gesl%ggev\%?gfl gﬁttﬁéég@‘é‘ﬂsdl?gt%g%@hq oA lUimgRgonent s of
i nkj et pri nt$enge, asd teaoogkbf thaygesnt m&mdaquem%aa@%nm figs 2
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plurality of pri nl%.hea s.or 15 printhead dies 40 which ect drops of ink
through a pl ural i {84! iYpitratesone smbodiment efantinkjghprintingsystera 10r i nt nedi um 19

SO astolqoriau;@mgq ' ' 9 gt Rrint. Lum.19.1s, any. e of
sui tabl e sheetomat e??ﬁﬁ ﬂ}ass?g}é H’giao;])’épl)%krj;& ﬂé@baggﬁge&,l&‘qch%ﬁ% ies, Wlar,
and the | i keprintiysad assemply 1 an indssupBlyassentbly 84)@aflourtingassefibly [§€ COl uMs or

oS e R} BB BN LTS S e . Avhmsone i pr -t o
are moved r orar g Froyide BiVeFlo BE VHAIR T RRa Canongiy Sl inpmning | nk (o
printhead asysemlly. Iikjepdinthead assembly 12 includes a plurality of printheads or
15  printhead dies 40 which eject drops of ink through a plurality of orifices or
nozzles 13 and toward a print medium 19 so as to print onto print medium 19.
Print medium 19 is any type of suitable sheet material, such as paper, card stock,
transparencies, Mylar, and the like. Typically, nozzles 13 are arranged in one or
more columns or arrays such that properly sequenced ejection of ink from
20 nozzles 13 causes characters, symbols, and/or other graphics or images to be

printed upon print medium 19 as inkjet printhead assembly 12 and print medium
19 are moved relative to each other.

Ink supply assembly 14 supplies ink to printhead assembly 12 and
includes a reservoir 15 for storing ink. As such, ink flows from reservoir 15 to
25  inkjet printhead assembly 12. Ink supply assembly 14 and inkjet printhead
assembly 12 can form either a ong-Way ink delivery system or a recirculating ink
delivery system. In a one-way ink delivery system, substantially all of the ink
supplied to inkjet printhead assembly 12 is consumed during printing. In a
recirculating ink delivery system, however, only a portion of the ink supplied to
30  printhead assembly 12 is consumed during printing. As such, ink not consumed

during printing is returned to ink supply assembly 14.



i ncludes a reservoir 15 for storing tnk. As such, ink flows fromreservoir
15 to 25 inkjet printhead assenbly 12. Ink supply assenbly 14 and inkjet
printhead assenbly 12 can formeither a one-way ink delivery systemor a
recirculating ink delivery system 9n a one-way ink del io/dnye 2988 em
substantially all of the ink supplied to inkjet printhead assenbly 12 is
consuned during printing. In a recirculating ink delivery system however,
only a portion of the ink supplied to 30 printhead assenbly 12 is consuned
during printing. As such, ink not consumed during printing is returned to

I nk supply asse nkJet print head
assenbly 12 andnﬁJﬁénéLilfBbf?dl&Bnégﬁﬁbﬁgg%ﬁ@?%&ﬁgﬁr@ﬁflg@% ‘{1?8 in an inkjet
cartridge Oraspgibly i4amhehitd togethe? | etchx@ﬂfd ghxy BSmgtery 14 1s
separate fromi I’lkj et print head asserrbl y 12 an plies i nk to i nkj et

print head awénﬂin;enl,ﬁnk kupqnl;gdssblyrmes iepamtéﬁcmnﬂqeﬂpMeadmnMy a supply

tube. In eit enbod r.eservoir K pply assenbly 14 may be
r enoved, p‘lg d supplL t°|"é‘$’? mr@gxeaqlﬁssa ] %ﬂ!ﬂgﬁéﬂt‘ nterfacsr e i nkj et
print head asfiEetion, %&mou 1y S5 14 cheSeHRbodirhent :ege?v&%sfrﬂcoget her in an

I nkj et cartridge, reservoir I ncl udes l'ocal reservolr ocated within
t he cartri dgupplyassemblyaisd raaybngmovcd;sreplmd: anderatﬁHEChdpanat ely from10 the

cartridge. e se er 0|r s rves fill the
| ocal r eserAg‘%)gflj "n’lifzc“’g}‘&’r W&%E P“‘?‘Hé‘@"ég'é?%‘?'? PR ¥ i‘gnd/ or the
| ocal reser uad oussthtpgétRer ift AR isiget c&ﬁﬂhg&e&ewaﬂqlscaﬂclﬁ&%lallb@ﬂ resbit | NY
assenbly 16 positions inkjet printhead assenbly 12 relative to .nedia

transport adecated withimthecartridgn as welbassplerger reservpislocated sgnmwiycfrmn print 15
di T t 17
1o ot 0 thebaitBe Ot Bith the RESUE ABeePRSETGN Yordeno KiP e Bodi T 00

assenbl y 12 resarvdirpAcaordirglly, tire seParater langer reseivoiti and/ot theilodgl edsepvoirnt head
assenbly 12 is a scannin pe . pri ad assenbly. As such, nounting
assenbl y 16 mayde 6?@2"‘5' M Q)O Bﬁ%&ggw ng i nkjet printhead asserrbl y 12

ey o or Mduhg! egﬁm@@m@m&épmmamsaﬁb@tlz@@ﬂwm "
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anot her enbodi nen |
media transport assembly 18 and media transport assembly 18 positions print

15 medium 19 relative to inkjet printhead assembly 12. Thus, a print zone 17 is
defined adjacent to nozzles 13 in an area between inkjet printhead assembly 12
and print medium 19. In one embodiment, inkjet printhead assembly 12 is a
scanning type printhead assembly. As such, mounting assembly 16 includes a

~ carriage for moving inkjet printhead assembly 12 relative to media transport

20  assembly 18 to scan print medium 19. In another embodiment, inkjet printhead
assembly 12 is a non-scanning type printhead assembly. As such, mounting
assembly 16 fixes inkjet printhead assembly 12 at a prescribed position relative
to media transport assembly 18. Thus, media transport assembly 18 positions
print medium 19 relative to inkjet printhead assembly 12.

25 Electronic controller or printer controller 20 typically includes a
processor, firmware, and other printer electronics for communicating with and
controlling inkjet printhead assembly 12, mounting assembly 16, and media
transport assembly 18. Electronic controller 20 receives data 21 from a host
system, such as a computer, and includes memory for temporarily storing data

30 21. Typically, data 21 is sent to inkjet printing system 10 along an electronic,

infrared, optical, or other information transfer path. Data 21 represents, for



assenbly 12 is a non-scanning type printhead assenbly. As such, nounting
assenbly 16 fixes inkjet printhead assenbly 12 at a prescribed position
relative to nedia transport assenbly 18. Thus, nedia transport assenbly 18
positions print medium 19 relative %o inkjet printhead assambl yoak2. 25

El ectronic controller or printer controller 20 typically includes a
processor, firmvare, and other printer electronics for comunicating with
and controlling inkjet printhead assenbly 12, nounting assenbly 16, and
media transport assenbly 18. Electronic controller 20 receives data 21
froma host system such as a conputer, and includes nenory for

t enpor ari | y exempleng decumengand/or fileyp be printgd. Aasuch2data 21 Semis a print joy et

printing system 10 al on n_electroni ¢, infrared, qptical, or other
i nf or mat i onsftf’ﬂi’ W%ﬁﬁﬁ%ﬂé@“&@éﬁe@éﬁf&@@?w epmmards2004 exanpl e,

a docunent aa%ﬁ/o?&orﬁb'aﬁdt;ﬂ-a}ﬁtpsr.i nted. As such, data 21 forms a print job
for inkjet printing system (5 and includes one or nore print’ job conmands

and/ or comand pdn ane¢tmbaediment, togic andudriliercirotitrylatgincorpotedihde circuitry are
i ncorporated in,a 5 nodul e mapager. integrated circuit (1 C) 50 according to
t he presgnt ’P%@‘é%‘f‘?’&ﬂ&efﬂ“w%ﬂ@%“ﬁ(ﬁfg]ﬁlga%?qdm&%eémmmmtm El ectronic
control | er Z&awaCbnrr?gui Printheudas@imtl{-1 20ERER6ME BorfthRlet I ind Bo@ARt F Ol 1 nkj et

pri nt head assenbl Including timng control for ejection of ink drops
from nozzl ednanggerAc 59 aperate togesher tosontralankjetpirinthead @ssemblyniiul e nanager |1 C

50 define a,; .ern of ejected 10.ink,.d S i ch formcharacters, synbols,
and/ or ot he?’?cg‘ﬁéé u@é"&ﬁ"hﬁﬂ'{a@ég’%‘.’“ &‘Piﬁ%ﬁ’é%&ﬂ%‘s ﬁ-nﬁﬁé“%nt rol and,
therefore, teheudat tartiolRf 26hes iddule an gﬁ}ﬂ@so@ﬁ%@h&%t&%} the print

j ob commands and/or conmmand paraneters. In one e I'ment, "I nkj et printhead
assenbl Y012 inkdrapswhish fermughamactersy symbolseand/qrother geaphlics osimmdgeson | n one

enbodi nment, .okl et. Ord 15 12.includes a carrier 30, which
carries pri R?‘ﬁ?é‘ga‘ﬁﬁ?’els?p?gwmd%ﬁg  the gaticin 6 ﬁe‘&ﬁ‘g‘ " rent
carrier 30 pvdesriieddyahé primgbb coifiandsaidc?toMfiang piramefers) head di es 40,

modul e manager |1 C 50, and el ectronic controller 20, and fluidic
conmuni cati on belt@neerghadiment siakiet printheadasserably 12 igpowideeasmypobl y 14.

multi-head printhead assembly. In one embodiment, inkjet printhead assembly
15 12 includes a carrier 30, which carries printhead dies 40 and module manager IC

50. In one embodiment carrier 30 provides electrical communication between
printhead dies 40, module manager IC 50, and electronic controller 20, and
fluidic communication between printhead dies 40 and ink supply assembly 14.
In one embodiment, printhead dies 40 are spaced apart and staggered

20 such that printhead dies 40 in one raw overlap at least one printhead die 40 in
another row. Thus, inkjet printhead assembly 12 may span a nominal page width
or a width shorter or longer than nominal page width. In one embodiment, a
plurality of inkjet printhead sub-assemblies or modules 12’ (illustrated in Figure
2) form one inkjet printhead assembly 12. The inkjet printhead modules 12’ are

25  substantially similar to the above described printhead assembly 12 and each have
a carrier 30 which carries a plurality. of printhead dies 40 and a module manager
IC 50. In one embodiment, the printhead assembly 12 is formed of multiple
inkjet printhead modules 12 ' which are mounted in an end-to-end manner and
each carrier 30 has a staggered or stair-step profile. As a result, at least one

30  printhead die 40 of one inkjet printhcad module 12’ overlaps at least one

printhead die 40 of an adjacent inkjet printhead module 12'.



I n one enbodi nent, printhead dies 40 are spaced apart and staggered 20
such that printhead dies 40 in one row overlap at |east one printhead die
40 in another row. Thus, inkjet printhead assenbly 12 may span a nom nal
page width or a width shorter or |cdhger than nom nal pageijwied2tos | n one
enbodi ment, a plurality of inkjet printhead sub-assenblies or nodules 12
(illustrated in Figure 2) formone inkjet printhead assenbly 12. The

i nkj et printhead nodul es 12' are 25 substantially simlar to the above
descri bed printhead assenbly 12 and each have a carrier 30 which carries a
plurality of printhead dies 40 and a nodul e manager |1C 50. In one

\ ) ager
embodi ment, the phipgrtiaa:af one smbpdimentof a;printhead died0 isullustiated i nkj et
pri nt head nmodul es,. 12 “whi ch are.nmpunted in end-t o- end pannetr _and each
carrier 30 h ge a%qaﬁ&&mf%m IS'?'é ?a[a ee‘bd‘ﬂf: @‘.W"SW@E’&??’, | east one
30 print headgigl t<4% Pritlin Infst _ ' at | east
one print hgegétgpgﬁgéﬁnof an adj Tgée;ﬁgdnlfkn | et fdpﬁ@ﬁbﬁé&ébsnu%ﬁe@@h. 8 10 June
2004 A port i hes anfinkofeed slobé4li foemed thierein. pAs sucheinit febdslet@4i providesss r at ed

chematical ly in Eiqure 3. Printhead di [ ncl ydes an array Qf printin
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substrate 44hifikdstitase a6, dnruﬁffce%yfeﬁllmtan&ghri‘ngrr&?ﬁo&ts‘?r'ﬂ{iﬂﬁl such, ink
in

feed slot 441 provides a 5 supply O i qui to printing el enents 42.
Each pri nti nrusuenéhhassan ink feed ghanngl 4G1Hformed therein which somma@icates orifice

channel 461 VB ot S aiiarale artiticand 47 has e Tresdt? 13008 41 of °°°
substrate 44nozkelobérifig 472 firméd iﬂ‘ﬁﬁntefaéelrm? drﬁfc@hf%%fﬁmoﬁas fe¢_openi ng

472 forned in front face 471. Oifice layer.47 al's as a nozzle 10 chanber
473 fornkd tchembenddforned:tbeneinwhish esmmiunicates withmorzzle npening¥2 andd i nk f eed

channel 461 .of .t Qin-fi cture 46 Firifg resistor, 48 i.s sitioned

wi thin noz_zllg‘ﬂgﬁgﬁﬁ ell%féi{ﬁgmi'% tepstore éé(dgglﬁgmtﬁr_c ‘épgﬁ??‘fe al |y couple
firing resi sitin A8zzl®ckantbiet 473 aidincludéy16add 481 WhichdléctAcIy coaplend. | nk flows
fromink feed slot 441 to nozzle chanber 473 15 via ink"feed channel 461.

Nozzl e openififipgaesistprdios drivesignal andsground- ed wi t h
During printing, ink flows from ink feed slot 441 to nozzle chamber 473
15  viaink feed channel 461. Nozzle opening 472 is operatively associated with
firing resistor 48 such that droplets of ink within nozzle chamber 473 are ejected’
through nozzle opening 472 (e.g., normal to the plane of firing resistor 48) and

toward a print medium upon energization of firing resistor 48.
Example embodiments of printhead dies 40 include a thermal printhead,
20  a piezoelectric printhead, a flex-tensional printhead, or any other type of inkjet
ejection device known in the art. In one embodiment, printhead dies 40 are fully
integrated thermal inkjet printheads. As such, substrate 44 is formed, for
example, of silicon, glass, or a stable polymer and thin-film structure 46 is
formed by one or more passivation or insulation layers of silicon dioxide, silicon
25  carbide, silicon nitride, tantalum, poly-silicon glass, or other suitable material.
Thin-film structure 46 also includes a conductive layer which defines firing
- resistor 48 and leads 481. The conductive layer is formed, for example, by
aluminum, gold, tantalum, tantalum-aluminum, or other metal or metal alloy.
A portion of inkjet printhead assembly 12 is illustrated generally in
30  Figure 4. Inkjet printhead assembly 12 includes complex analog and di gital'

electronic components. Thus, inkjet printhead assembly 12 includes printhead



firing resistor 48 such that droplets of ink within nozzle chanber 473 are
ej ected" through nozzle opening 472 (e.g., normal to the plane of firing
resistor 48) and toward a print nedium upon energization of firing
resistor 48. Exanpl e embodi nents of Printhead di es 40 i ncod udee adoker ma
printhead, 20 a piezoelectric printhead, a flex-tensional printhead, or
any other type of inkjet ejection device known in the art. In one

enbodi ment, printhead dies 40 are fully integrated thermal inkjet
printheads. As such, substrate 44 is fornmed, for exanple, of silicon,

I : in-fi t 1 46 is _f, db
mor e passi vatous pBlea G broPRing Srob e deckblis tompmIenamitinl | con 5
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material. Thin-filmstrdcture 46 also | ctive whi ch
defines firi powergroumnd B4 supplyspoover eathe fisthi resthers pprinthéady@0] awer is for ned,
for exanpl e, b@lal um'l nu g’ol d, taﬂ'r% um tantal umal um num or ot her
metal or net SF2ERIE gyvo %HE’]SS PYAT $IPPIYE and corresnondiag anajeg groupd 58 | s

i [lustrated gepspRy pover té i : ] or .0t |y, .12

I ncl udes conpl ex g‘lna‘?fé%ﬂ’gn%ﬁé’g&ﬁégﬁ’“éé?ﬂé‘?ﬁ%’%ﬁ 1@ p(L:lc mggﬁ%ﬁ@.g@;iﬁuén I nkj et
printhead asSxamplySveltilogit suppdy 60 amd dearrksgoridingllogie gdithd G2awpplysuppl i es for

provi di ng power to,the.el.ectronic c nents within printhead assenbly 12.
For - exanpl o, POVe733 198G dsvices sequiringa sutflt doss Bewesanme, Asbdwplt iogitind 54

suppl y powerpb»OertshﬁplgBaiaﬂaﬂ{eqsgig?g&c)ﬁgisa s 'lg d &t @%c@g@%ﬁ%ml e 5-volt

anal og power supply 56 and cor ndi ng g gro pply power to
t he anal og efequiningni33-voltringieepawerisourpe,isatingsatoduls aahigér 36. Inféhe exanpl e

5-volt |egic |y .60 d a correspondi | ogi ¢ ground 62 supply power to
| ogi ¢ de\i/)(?ce?%bl‘g‘gﬂﬁtr Wﬁ@@%ﬁf 5565%“&@%@1‘“&?&?‘8@ integrated cireitit | ogi c

power suppl y(ﬁstcafﬁéu{d}@ajgggjvgkwﬁéjw&?sowgpl y power to |ogic conponents
requiring a 3.3-volt |0gic power source, such as nodul e manager 50. In one

10 enbodi ment, nolheexampieyembadtimest illusteated in Figuro, primisdatiiagseble gr at ed
oo vt e e S s ™

number (N) of printheads. Before a print operation can be performed, data must

15 be sent to printheads 40. Data includes, for example, print data and non-print

data for printheads 40. Print data includes, for example, nozzle data containing

pixel information, such as bitmap print data. Non-print data includes, for

example, command/status (CS) data, clock data, and/or synchronization data.

Status data of CS data includes, for example, printhead temperature or position,

20  printhead resolution, and/or error notification.

Module manager IC 50 according to the present invention receives data
from electronic controller 20 and provides both print data and non-print data to
the printheads 40. For each printing operation, electronic controller sends nozzle
data to module manager IC 50 on a print data line 66 in a serial format. The

25 nozzle data provided on print data line 66 may be divided into two or more
sections, such as even and odd nozzle data. In the example embodiment
illustrated in Figure 4, serial print data is received on print data line 66 which is
6 bits wide. The print data line 66 can be any suitable number of bits wide.

Independent of nozzle data, command data from electronic controller 20

30 may be provided to and status data read from printhead assembly 12 over a serial
bi-directional non-print data serial bus 68.



12 includes eight printheads 40. Printhead assenbly 12 can include any
suitable nunber (N) of printheads. Before a print operation can be
performed, data nust 15 be sent to printheads 40. Data includes, for
exanpl e, print data and non-print dfta for printheads 4Q0 Rmkentoodat a

I ncl udes, for exanple, nozzle data containing pixel information, such as
bitmap print data. Non-print data includes, for exanple, comand/ st atus
(CS) data, clock data, and/or synchronization data. Status data of CS data
i ncludes, for exanple, printhead tenperature or position, 20 printhead

| ution, d/ i ficatian. Nodqul | C 50 di t
he present | nverih ek sigaal e orZiramc poler 40 Frigaridec msdil or 20 and
provi des bOtllﬂaxFHngfCe @a@mk595'7@1\0'11“[%23&1?&19%@0%@?%%%5&@5'5 40. For each

printing operation, ectronic contr resen to nodul e

manager | C Sflamageri(§0 totelebronicl coniolfe? 200na liRe2al format. The 25 nozzle
data provided on print data |Line 66 may be divided into two or nore

sections, such adMaduemanagesdd SAseceives thetnsint dataondine 66apd distributesi nent

66 whi cn s MEpbtHiothe afodad brdthest B0 Jark BEE T B8RS . 551 S nunber
of bits w demboditageiltistatedin Fignrd 4, ddatline 7¢as13Rbits Wikedo pfoyidegbCt I ONi C

controller 20 30 be provided.to and status data read from printhead
assembly 12 d%’?s r@é‘?‘?é‘rgachfﬁPr*‘é&!}tiPBﬁ a5 9. Datyelogk signalebased omys 68. 10

10 June ZOO%ﬁ@bm&mmgﬂmﬂﬁgb%mcﬁogﬁg/&q;nk%tg&&fuﬁr ovided to

nodul e manager 1 C 50 on a clock |ine signal s provided from

nodul e  nmanagaal dat@ fidin datadine G4 intoithe Erimheads 46:r Indfe 1é efBodisientVDdul e
manager J.C 5 istributes 5 the

recei.ves th ring ta on |line 66 and |
print ddPa t‘ﬁ“ﬁ%@gé’bgf&?ﬁ? J@%ﬁ?n&a&h&mtswae tapravide glock signalsita he exanpl e
enbodi ment iehélSith@bight prhthdads'4@ 4. data line 74 is 32 bits wide to provide
four bits of serial %gtal%‘g,to each of the eight printheads 40. Data clock

si gnal s based onMaduie mapager KT 5@ Writescomnemd datal to and fadsstauptadi ded on cl ock
T S s ) SIS . WSl P 40
provided on CS clock line 80 to clock the CS data from CS data line 78 to
15  printheads 40 and to module manager 50.

In the example embodiment of inkjet printhead assembly 12 illustrated in
Figure 4, the number of conductive paths in the print data interconnect between
electronic controller 20 and inkjet printhead assembly 12 is significantly
reduced, because an example module manager IC (e.g., ASIC) 50 is capable of

20  much faster data rates than data rates provided by current printheads. For one
example printhead design and example module manager ASIC 50 design, the
print data interconnect is reduced from 32 pins to six lines to achieve the same
printing speed, such as in the example embodiment of inkjet printhead assembly
12 illustrated in Figure 4. This reduction in the number of conductive paths in

25  the print data interconnect significantly reduces costs and improves reliability of
the printhead assembly and the printing system.

In addition, module manager IC 50 can provide certain functions that can
be shared across all the printheads 40. In this embodiment, the printhead 40 can
be designed without certain functions, such as memory and/or processor

30 intensive functions, which are instead performed in module manager IC 50. In

addition, functions performed by module manager IC 50 are more easily updated



10 illustrated in Figure 4, clock line 76 is eight bits wide to provide
clock signals to each of the eight printheads 40. Mdul e manager |1 C 50
wites command data to and reads status data from printheads 40 over

serial bi-directional CS data line 7B. A CS clock is prowilded 2m04CS cl ock
line 80 to clock the CS data fromCS data |line 78 to 15 printheads 40 and
to nodul e manager 50. In the exanpl e- enbodi nent of inkjet printhead
assenbly 12 illustrated in Figure 4, the nunber of conductive paths in the
print data interconnect between electronic controller 20 and inkj et

printhead ashgmhesting, g og;pg,gg ' xanpl e nodul e
manager 1C (e.qg. ,%Rgg' )r§t5 i ’%g%%ﬁgkgj&%gwgn@g%%@ﬁsﬁi&?ﬁ%s t han
dat a rates pnountheads®0.c' rrent printheads. For one exanpl e printhead design

and exanpl e nodul.e manager ASIC 50 desjign, the rint data interconnect is
reduced from 32 pYIPRSOYES, cgriain fupetions Sypisaliy:neasf by electrgni¢ camitmofespeed, such

as in the expgh ﬁw D'Hﬂﬁjﬁ% i e ssenbl 12 illustrated
in Figure 4. Thi gere ctrlg%ﬁgnltﬁhit e nu g%“@%c%ﬁﬁ%ﬁﬂ% Sths in 25 the
print data iembedinent of modilgmdnageriC|50 mermoesthe csdaive stk of the oves

reliability of . the printhead assenbly and the printing system In
addi ti on, nﬁﬂﬂ?@leﬂgﬁéwww W‘Eﬂ%%%%ﬂ@#*@m&lﬁl%wwt can be

shared acr ogslagid toleBéh othir Whid ical ' | t printhead 40
can be desi gined \?vithout éertaﬁhﬁﬁgtc%@gbﬁsﬁgﬂggtsd@mng‘hd/ or processor
30 i nt ensi véelativespieactsothetoft thexamrier with dheieleatrohiv cvattoller 200dul e nanager |1 C

50. In addition, functjops perfqrned bé%_gedule manager |1 C 50 are nore

easi |y updated 11n 9%¢ o ?58‘4“’88\“FH&“P 'ég,mmwong, and | ater

product 106"bﬁh%ﬁstﬁ%ﬁé%ﬂﬁh'ﬂﬂﬁg?ﬁﬂﬁ%gﬁﬂpe%%ﬁm'TE%H&.O 0. Moreover,
rme e

certain functions typically perf ectronic’controller 20 can be
i ncor por at e&adificgtieR il standalong printhéad56 a phinthesdkwhigh és capable bf bethgdi ment  of

nodul e mana hiors the relative status of the nmultiple
pri nt heads % gﬁ‘i@%%#dg%{]%ﬁ’ %'Cﬁle‘%ﬁ‘?ﬂmc?Bﬂ?‘i’lgqrs&PﬁéxﬁFPlﬁt heads 40
embodiment of printhead assembly 12 includes standalone printheads 40 which
are directly coupled to module manger IC 50.

15 A block diagram of a portion of a module manager IC 150 according to
the present invention is illustrated generally in Figure 5. The portion of module
manager IC 150 illustrated in Figure 5 illustrates a serial-to-serial demultiplexing
function of module manager IC 150. Nozzle print data from an electronic
controller 20 is provided to module manager 150 on differential DATA_IN lines

20 166 in a serial format. A differential receiver 167 receives the nozzle print data
on DATA_IN lines 166 and provides nozzle print data to a clock generator 175
and to D FLIP-FLOPS registers 173a -173d. A differential clock signal from
electronic controller 20 is provided to module manager IC 150 on differential
CLK_IN lines 170. A differential receiver 171 receives the differential clock

25  signal on differential CLK_IN lines 170 and provides a clock signal to clock
generator 175. Clock generator 175 'accordingly provides a CLK_1 signal on a
clock line 176a, a CLK_2 signal on a clock line 176b, a CLK_3 signal on a clock
line 176¢, and a CLK _ 4 signal on a clock line 176d. The clock signals CLK_1
through CLK _ 4 are respectively provided to the clock inputs of D FLIP-FLOPS

30 173a-173d.



relative to each other, which otherw se could only be nonitored/controlled
relative to each other off the carrier with the electronic controller 20.

I n one enbodi nent, nodul e nanager 1 C 50 permts standal one 10 printheads
to operate in a multi-printhead prinhead assenbly 12 wi tthaliine 2004

nodi fication. A standalone printhead is a printhead which is capabl e of
being independently coupled directly to an electronic controller. One
exanpl e enbodi ment of printhead assenbly 12 includes standal one print heads
40 which are directly coupled to nodul e manger I C 50. 15 A bl ock di agram

of a portion of a ‘ r&ll . I I nvention
Is illustrated genera |§"‘P§qz§’ﬁ’9{éﬁ§g%§ﬁr%%ghﬂézﬁ?a§ lszﬁgﬂsziger | C 150
i I lustrated iFLOR [i3berévidds! aBATI‘At_G‘ZSSI{%nﬁ@ﬁ adihe 174153 €D FRIP-HEOP! 1t7i319| exi ng
function of nodul e manager | C 150. Nozzle print data froman electronic
control | er 20r9WdesadIATAL3 signahomd linentideg BYFLIBFLOP Mixkdfprowidésal DATA- I N

lines 20 16644 | f.or diff Lal. recej\e 67 receives the
nozzl e print %d%?%‘% %ﬁﬁ Jbﬁ#ﬁ%ﬁ?ﬁ%ﬁ%é‘%ﬁ%%@&h@?@%@%‘z PRt data to a
cl ock genér afiaes I72a-17ddind cloék §ighdPs ELRPH tir8GhSCER S4 & ifes 15639764
differential clock ,sjgnal from electronic controller 20 is provided to

nodul e nanagéf® Ryt purformegpanding printheads 40\eaniraled yrmodule sanagarent i al
receiver 171yeqegi ves the differential clock 25 signal on differenti al
CLK_ IN I'ines 170 and provides a clock signal to clock generator 175. C ock

generator 175 acc®helopeyationwfthe steial-w-dekil] denfulliplétin@fundtiofbPmbddie ne 176a, a
CLK 2 signal on a fégg& line 176b, a CLK 3 signal on a clock |ine 176c,
and a CLK 4™aPgssn 1§ repreteRtatively iHustrated jm imingsliagramdomm forthe 1 t hr ough

CLA 21007 TRt INBDATR (il G e MU PRaeR GBS %0,
line 174a. DOFin Figurel6Othe (730 Ik signiali rcleck yfierato? 195 (windicasd By tragee 174b. D
orovi des a r AR BonY sclel e st ioock sepereor 47 Red SATHFLIRL b oLgh
DATA-4_on 5 F1.0pS 1}3#73Hi¢ tiiched ttace 8924 he LK Tsiphl e Trtia s On 11 nes
indicated by trace 204. The DATA_1 signal on line 174a is indicated by trace
15  206. The CLK_4 signal on line 176d is indicated by trace 208. The DATA_4
signal on line 174d is indicated by trace 210. .
The rising edges of the CLK_IN signal in trace 200 are indicated at times
TO, T1,T2, T3, T4, TS, T6, and T7. The serial data stream in the DATA_IN
signal to D FLIP-FLOPS 173a-173d'in trace 202 is indicated as D1, D2, D3, D4,
20 D5, D6, D7, and D8. |
As indicated by trace 204, the CLK _1 sigﬁal has a rising edge at time TO'
and another rising edge at T4'. Accordingly, as indicated by trace 206, the
DATA_1 signal on line 174a provides the input data D1 on line 174a from time
TO' to time T4' and provides the input data D5 on line 174a beginning at time
25 T4
As indicated by trace 208, the CLK _4 has rising edges at times T3' and
T7'. Accordingly, as indicated by trace 210, input data D4 is provided as
DATA_4 on line 174d between times T3’ and T7' and input data D8 is provided
as DATA_4 on line 174d beginning at time T7".
30 For clarity, only the DATA _1 and DATA_4 serial data streams to the

printheads 40 are illustrated in Figure 6, but the clock and data timin g for the




are provided to four corresponding printheads 40 controlled by nodul e
manager | C 150. The operation of the serial-to-serial denultiplexing
function of nodule rmanager |IC 150 |s representatively illustrated in
tining diagramformfor the 10 DATA!31 and DATA 4 out put 1Gemnnal 20dat a
streams to the printheads 40 in Figure 6. In Figure 6, the CLK_IN signal
to clock generator 175 is indicated by trace 200. The DATAJN serial data
streamto clock generator 175 and the D FLIP- FLOPS 173a-173d is indicated
by trace 202. The CLK 1 signal on line 176a is indicated by trace 204. The

on | e 1764 Tam A embtifos e DATA 3980 DATA chwanalsyalla ipfemn fervalne 174d i s
i ndi cated by Bew&su%l&gesm@dm&@ms@ paq%ﬁx;gt S Onih $itel |0 trace 200

are indicated at tines™ TO T1 e serial data
., streamin thegefnsatar 175 msclgesahecm.mmlhhﬂngmeﬂ 2 Gefinddfrdqueicy 202 is

I ndi cat ed as D2 20 As indicateéed by trace
204, the QK%&P%R}%@#M@@@%WQJM@MMhmaanmmsr| si ng

i he 1742 pr oy h HEQRARN i G B ind et TRothmy, R reatficmode' 007 ?nQ
T4' and prowmtmagarmelsamcmvdamm mmddxﬁaeﬂ:?aﬂanﬂueuwmmmahﬁmm 25 T4

As i ndi cated ‘ﬁ&%the K4hasr|5|lir11qgi 318%{6“ times T3' and

77" . Accor di ﬁ'bﬁy atl % ed fogagh individ 40 forthes provided as
DATA 4 on Iuezmﬁaéembswﬁﬁfbﬂmme Eﬁnaq@ggbgomgtga@;@@@g Safibg) = Provi ded

as DATA -4 on [i ginning at t nly the
DATA-1 and DATA_4Akbou@|spdmﬁaembodamtsthavebeen ilustratedend destBibad € i1 1 ustrated

data ot 8us WP T BboRs Of S5ERTPnEof the o s smbosiament, &willieor m | nt or val S
bet ween the ggistedatedby %&%ﬁdﬂﬁ%k@ﬁm art Bfht PRI Vhrietd) BiSnesbRSK
and/or equivalent implementations calculated to-achieve the same purposes may
be substituted for the specific embodiments shown and described without
departing from the scope of the present invention. Those with skill in the
15  chemical, mechanical, electro-mechanical, electrical, and computer arts will

readily appreciate that the present invention may be implemented in a very wide
variety of embodiments. This application is intended to cover any adaptations or
variations of the preferred embodiments discussed herein. Therefore, it is
- manifestly intended that this invention be limited only by the claims and the
20  equivalents thereof.



generator 175 receives the CLKIN having active edges at a defined frequency
and provides the CLK 1 through CLK 4 signals, which each have active edges
5 at a frequency N tines slower than the defined frequency. As a result,
nodul e nanager |1 C 150 receives DATA IN on differential inf/uneef@d 166 at
four times the speed that the data is provided to each individual
printhead 40 for the exanple enbodi nept of nodul e manager | C 150
illustrated in Figures 5 and 6. Although specific enbodi mrents have been
illustrated and described 10 herein for purposes of description of the
preferred, enbogj v i | jated by those of ordinary skill in
the art that am\}\,ir@@ét\%{rnlihg ya%)sfglgm’g&ﬁgﬁ%hgand/or equi val ent i npl enentati ons
cal cul ated to gpeditieye the sane purposes may be substituted for the

speci fic enbodi nents shown and descri bed without departing fromthe scope
of thé presentNiprntheadodispospdertheicarriesiand in the 15 chemical, nechanical,
el ectro-nechanj cal.., el ectrigal nd | 1 . Y preci ate
that the pres e%{nop%\%x}'afnfi%?{ (frirse{’f S%dgor} tr?%?é%%%{edﬂaqt%g%éércﬁl‘;\?\n%gc‘ghh\}g ety of
enbodi Nendafa stidahBarfidiriesiindaip ihputicldcRRESE], txhichhi8 active/edpdapt Addfaes or
variations of the preferred enbodi nents di scussed herein. Therefore, it is
mani f est | ffequenen i ¢ peRter eerirolleslogatpd pxtermal fromtheyinkiet priptheadie ¢l ai ms and
the 20 equi .2004 14 1. An inkjet printhead

assenbl y,£g%ﬂr{r%&ie@%%&dn%ﬁg%aﬁsﬁ%?gﬁ{aﬁN pri nt heads di sposed on the carrier;
and alOnodul e manages cldels paredoromiapted te rceive theanputattaftsephal andtecei ve a

serial input data stream and correspondi hg input, clock_signal, which has
active edges al?m&l%_ﬂé\%?‘ﬁé@ C??“fcl]‘ééﬂk@ %cgf YHERCHYS sess at(?oﬁ?‘l‘%fl?%lr\] | ocat ed
external from &g, §igkbShaPitkbRfar ot ia RldbeildifolRldlP, manager incl uding:

10 a clock generator adapted to recelve the 1np clock signal and to
provi de N out perrespaclngsorprditiss Neainthehdsyiamd) acti ve edges at a frequency N

times slover than the deflned, LSS AAhELIRRI K80t Our o

15 corresponding one of the N output clock signals and to provide one of N serial

output data streams to a corresponding one of the N printheads.

2. The inkjet printhead assembly of claim 1, wherein the print data comprises
nozzle data, the N printheads each include a plurality of nozzles, and the nozzle data

20  controls the printheads to eject ink drops from the nozzles.

3. The inkjet printhead assembly of claim 1, wherein the module manager is

implemented in an integrated circuit.

25 4. The printhead assembly of claim 1, wherein the module manager receives the
data in the serial input data stream at N times the speed that each of the N serial

output data streams is provided to the corresponding one of the N printheads.

5. An inkjet printhead assembly, comprising:
30 multiple inkjet printhead modules, each inkjet printhead module including:
a carrier;
N printheads disposed on the carrier; and
a module manager disposed on the carrier and adapted to receive a

serial input data stream and corresponding input clock signal, which has active



correspondi ng one of the N printheads; and N registers each adapted to
receive the serial input data streamand a 15 correspondi ng one of the N
out put clock signals and to provide one of N serial output data streanms to
a corresponding one of the N printheads. 2. The inkjet prilQt/HBad0Ussenbly
of claim1l, wherein the print data conprises nozzle data, the N printheads
each include a plurality of nozzles, gnd the nozzle data 20 controls the
printheads to eject ink drops fromthe nozzles. 3. The inkjet printhead
assenbly of claim1, wherein the nodule manager is inplenented in an

e aled ol Sl SR P TR SR e MO . e

nodul e managere Pt pu Stream at N

times the speeatle inkjdt peiatieadhsstibly)iafiodile mandgetincllmigg: St reans is provided
to the correspondi ng one of the N printheads. 5. An inkjet printhead

asseml y, conpri si rigelodoganstatorpidapted kg wseeipe thetinpud ¢lask gignakanddach i nkj et
ri nt head nod i 1. N0 . rper; [ i n the
(I? arrier; and rrgr%lggﬁea%%ﬁr}%aoec}( (’as(l)gt(il gfpsbés%h h&ﬁln ﬁé{&:egeﬁfglg%?tdda%%%%‘g’pﬁed to

recei ve a sertirats siowetithsiotha dsfificipfiequenk ycadrbeaipaprdvided tayput cl ock signal
whi ch has active 10 June 2004 15 5 10 @dges at a defined frequency, froma
printer cont r dorgsPqngingang of thed¥ paintheadsyang he i nkj et print head assenbly,

t he nodul e manager including: a clock generator adapted to receive the

i nput,ncl ock signal %J oV ] C . S havi ng

acti vlg edges at a flﬁg 1%%8;?9% y({as%gs%gﬁ%%&grthet eﬁ% Pﬁ%ﬂ%g%sﬁrﬁe aa?ﬁlraeaquency and
bei ng provi deccor@spondiigrdnef eirdN pgtpanelock sighdts Mdotoiprdvidedss ofiNdeddlr egi st ers
each adapted to receive the serial input data streamand a correspondi ng

one of the N cutpHidata sgenms fayheareespondingonsraf¥hel pomtheads. N seri al

6. A method of operating an inkjet printhead assembly comprising:
15 receiving, at a module manager disposed on a carrier, a serial input data
stream and a corresponding input clock signal, which has active edges at a defined

frequency, from a printer controller located external from the carrier;

providing, from the module manager, N output clock signals based on the
20  input clock signal, wherein each output clock signal has active edges at a frequency N
times slower than the defined frequency and is provided to a corresponding one of N
printheads disposed on the carrier;
receiving at the module manager, the serial input data stream into N registers;
controlling each of the N registers with a corresponding one of the N output
25  clock-signals; and
providing, from each of the N registers, one of the N serial output data streams

to a corresponding one of the N printheads.

7. The method of claim 6, wherein the print data comprises nozzle data, the N
30  printheads each include a plurality of nozzles, and the method further comprises:

ejecting ink drops from the nozzles based on the nozzle data.

8. The method of claim 6, wherein the module manager is implemented in an

integrated circuit.



out put data streans to a correspondi ng one of the N printheads. 6. A nethod
of operating an inkjet printhead assenbly conprising: 15 receiving, at a
nodul e manager di sposed on a carrier, a serial input data streamand a
correspondi ng i nput clock signal, which has active edges ak0Jmegéfdhed
frequency, froma printer controller |located external fromthe carrier;
providing, fromthe nodul e manager, Ng@utput clock signals based on the 20
i nput clock signal, wherein each output clock signal has active edges at a
frequency N tines slower than the defined frequency and is provided to a
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control | i Rgeieardt thé mbbiele Mhanagérst B timyd the speed dlidt @8¢tostthe N serie]l @itpithe N
out put. 25 cl ock-signals; and providing, fromeach of the N registers, one

of the N dass stegamsus pievided te thetcogsaending one ebthedy pantheads- one of the N
printheads. 7. The nethod of claim6, wherein the print data conprises
nozzle data, the N 30 printheads each include a plurality of nozzles, and
t he met hotD.f ur AlfRid gjectvn Besnble] @eiprisingt nk drops from the nozzl es based on
the nozzle data. 8. The nethod of claim6, wherein the nodul e nanager is

i npl enented i &S ntegrated circuit. 10 June 2004 16 9. The met hod of

claim6, wher eliqqluq&lgfg%eiv&eg ﬁggéﬁaioﬁghéﬁ#&;e%ﬁa streamis received at

t he nodul e manager nmes the spee of the N serial output 5
dat a KX r eans i ampduleingmdgeralisposedomr the sprmiedambadapted 6 rachive M sprialnopeads. 10.

A fluid ejection assenbly, conprising:. carrier; N fluid e] i on devi ces
di sposed A LTS oEPSBAIETEBPY ST aiagelos ap ey de o defetar i er
and adapt ﬁéﬁufeﬁci, SR ¥ PrifteP Sdrtdllet 1oRAEd edlEfndl ﬁéﬂﬁﬁéﬂlﬁ’iﬁ@j defibh ﬁ&@ﬁBﬁJ, ng 1 nput
clock signal, vwhich has active edges at a defined freguency, froma
printer cthanroguleomanageminelddmgt ernal fromthe fluid ej ecti on assenbly,
a clock generator adapted to receive the input clock signal and to
15 provide and to demultiplex the serial data stream into N serial output data
streams and to provide the N serial output data streams and N corresponding
output clock signals, each having active edges at a frequency N times slower
than the defined frequency and being provided based on the input clock signal
to a corresponding one of the N fluid ejection devices; and
20 N registers each adapted to receive the serial input data stream and a

corresponding one of the N output clock signals and to provide one of N serial

output data streams to a corresponding one of the N fluid ejection devices.

11. The fluid ejection assembly of claim 10, wherein the input data stream

25  comprises ejection data.

12. The fluid ejection assembly of claim 11, wherein the ejection data comprises

nozzle data, the N fluid ejection devices each include a plurality of nozzles, and the

nozzle data controls the fluid ejection devices to eject fluid drops from the nozzles.
30

13. The fluid ejection assembly of claim 10, wherein the module manager is

implemented in an integrated circuit.



t he nodul e manager including: a clock generator adapted to receive the

i nput clock signal and to 15 provide and to denultiplex the serial data
streaminto N serial output data streanms and to provide the N serial

output data streams and N corresponding output clock sign®¥megdeh having
active edges at a frequency N tines slower than the defined frequency and
bei ng provi ded based on the input clqgk signal to a corresponding one of
the N fluid ejection devices; and 20 N regi sters each adapted to receive
the serial input data streamand a corresponding one of the N output clock
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assenbl y M_Pl&hﬁ{téﬁﬁloanéyﬁﬁéaﬁioﬂsbét@ﬁé ngrate@&i@aﬁtt(rmc). 25 conprises ejection
y

data. 12. The fluid ejéection assenbly of claim1l, wherein the ejection
data donprises nozzle data, the N fluid ejection devices each include a

plurality, of zz|les, .and the 0 e ta.controls the fluid ej.ection

devi ces t©0ej et?® }Il'iuaieﬂic ?%ﬁ%gelflpg'rﬁztfch?émg@zypgr&nf%‘ﬁnlogppefﬁ%llalgFﬁrleaélgfgsecti on
assenbl y @f dgladh MelLriaMhipiitiath mﬁn@mﬁlﬁeﬂﬁea@@a_m eadH Gt tREBI¥eidll | N an
integrated circuit. 10 June 2004 16a 14. The fluid ejection assenbly of

cl ai m 10, owipetrdatastienas ifoRrqyidedrionthg eprresponding pahefthe X flwdLiecHp®| i cat i on
specific &%ﬁggrated circuit (ASIC). 5 15. The fluid ejection assenbly of
claim 10, erein the nodul e manager receives the data in the serial input
data streamat N tines the speed that each of the N serial output data
streans is provided to the corresponding one of the Nfluid ejection

devi ces.



