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BACKGROUND OF THE INVENTION 1. Field of the Invention. 5 The present

i nvention | printhead fire signals in ink jet printers,. and nor e
particul ar y,ﬁ{)%ﬂ%g%‘%posi te printhead fire signals. 2. Des'lc&i’ﬁzlo%"ﬁ““b'f‘ﬂt he
related art. A printhead in an ink jet "printer can include an array of

nozzl es, and associated actuators, that expel ink onto a printing nedium
according to an image to coRPOSPIRSrand AN PIEBIGNAG gredi um Signal s ar e
provi ded to the printhea rs and nozzles, including
fire signals that energize the actuators for a sequence of durations. The

array of nozzles can be di BACKCGROUNDOBHTHLINVENIIMN of nozzles that are
addressed separately and driven by separate fire signals. The separate fire
signal s can &ach diof thednve: to the printhead, and printhead 15
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manut act ufi ng.  viipe Pre At RERI0 prfehd S ieh8L i lel BARRS
conbi nes pri ﬁbb@ﬁﬂﬁf;,{n , 18 IcOmPbSit adffiré fignglame tine mnim zes printhead
|/Orequirements. 20 S RY THE | NVENTI ON The invention conprises, in

one form t heReof , Deseripthartiofihe relatedarti or  providing a plurality of fire

pul ses in an ink jet pninter, | I nel.ydes  a. uct i Of ¢ rality of
fire signals. Eacﬁ‘ ﬁ@%@dﬁawpﬁ%%ﬁpﬁ?a‘%ﬁ yﬁ%?i.gf'iﬁrea?fsﬁyg%% g?‘iﬁés#aaglgerted
at a differg@abeihicd dthatdrsharexpthiok odfo & heintihg fidlliviny acdordihg €o b gnsdesto The
plurality of fire 25 signals are conbined to forma conposite fire _signal

t hat nai H ai he preducgd fanethsnprintingnngdivm. n Signsisate provided Hertherprinthead ithafent i on
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plurality of akédiensé 8fdlratiodsadthefatag oS heaids cah bl Aevidéding fwd/orchoreigr@uri gnal s
30 is asserted at a different timng than other of the plurality of fire
si gnal s. Theof noralesthabare addressed separatglyuand driyeroby fseparatsi Greasignaly fidem a

conposite fi Eeepa%a{tg ni%'le .;L,igr?atls can each require an input to the printhead, and printhead

15 inputoutput (/O) are relatively expensive in ink jet printhead design and
manufacturing,
What is needed in the art is a method and device that combines printhead fire

signals while at the same time minimizes printhead I/O requirements,

20 . SUMMARY OF THE INVENTION
The invention comprises, in one form thereof, a method and device for
providing a plurality of fire pulses in an ink jet printer, which includes a production of
a plurality of fire signals. Each fire signal of the plurality of fire signals is asserted at
a different timing than an other of the plurality of fire signals. The plurality of fire
25  signals are combined to form a composite fire signal that maintains the different
timing.
In anoﬂier form thereof, the invention is directed to an ink jet printer including
a printhead carrier and a controller communicatively coupled to the printhead carrier
for producing a plurality of fire signals. Each fire signal of the plurality of fire signals
30 is asserted at a different timing than other of the plurality of fire signals. The
controller combines the plurality of fire signals to form a composite fire signal that
maintains the different timing,

In another form thereof, the invention is directed to a printhead cartridge for



maintains the different timng. In another formthereof, the invention is
directed to a printhead cartridge for WO 2005/ 058602 PCT/ US2004/ 041741 2 an

ink jet pry ' uding at | east one ink reservoir and rinthead fluidly
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coupled to east one ink reserxéoi r. The printhea
plurality of nozzles for ejecting ink,” a plurality of actuators associ ated
with the plurality of nozzles, an actuator firing logic circuit connected

to the pl uragﬁh&@ip@&m&%ﬁ; £ leaSEdRGAL ¥BbVoR 200 QNEintead fluftty pdupled fot y of
actuators and a deco er circurt connected to the actuator firing |logic
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| east one conposite fire.signal,. I.n another. farm reQf . .1heqi tion is
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nozzles for gifabht Widg'logi@ citbuf dbanettedf toahkUsth@lity of GersrRs fer sdectively t he
plurality of nozzles, "an actuator firing logic circuit connected to the

pl ural i ty5of esergizitigothe jiloralitie b ettiatetsyand riedesiodemejreuifecqningeted it theodciuateruat or s
and a decoder, ciircuit, connected to t.he.actuator firing. ogic circuit. The
decoder ci r c&iiRg IPRHC| GiF 'gﬁ’q g%{:’é’beroﬂ’éf’uftﬂﬁf}{"&ffso?t lf’%%é’lngi"ﬂ@'gaff’r Feesuingte
conposite fi ' : ther formthereof, the invention is
directed to g&ﬁt;(%r%or%hpgrkﬁ%ﬁg‘%ﬁl ing 15 a plurality of fire pulses in an ink
jet printer incl udhagothlefsmetheredf, thobiventrog ia diected té & \printfead iforeansingnet] s
specific to a.part,cular color. Eagh fire_.signal of .the plurali of, fire
signals are RESEF tlééug‘lngaa d?l?qa]éfyeﬂf _np?ﬂf'gh&’r_t g’ﬁ%“!ﬁ ks %ﬁ’?‘i"ﬁ]étyp?{%‘_g}‘?tﬂ? of
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can include a reduction |ﬁ the” nunber Of inputs requifed in an ink jet
print head. 2theAplurdlity oddetuatarg dor seledtivellyumergizing due ptiralitytofodctiatits jasd a
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DA noals' "B phiralies B e pulsein'abnk Jet printe? Mcluding the step O prosucing a plurality
of fire signals specific to a particular color. Each fire signal of the plurality of fire
signals are asserted at a different timing than other of the plurality of fire signals.
An advantage of certain embodiments of the present invention can include a
reduction in the number of inputs required in an ink jet printhead.
20 Another advantage can include a reduced cost of ink jet printheads due to the
lower number of printhead inputs.
Yet another advantage might include the ability to make fire signals specific to
.a particular color and concurrently maintain the number of printhead inputs low,
A further advantage could include that other functionality requiring printhead
25  1/O can be added to the printhead design due to the reduced printhead inputs required

by the fire signals.

BRIEF DESCRIPTION OF THE DRAWINGS
The above-mentioned and other features and advantages, and the manner of
30  attaining them, will become more apparent and the invention will be better understood
by reference to the following description of embodiments of the invention taken in

conjunction with the accompanying drawings, wherein:



The above-nentioned and ot her features and advantages, and the manner of 30
attaining them wll becone nore apparent and the invention will be better
understood by reference to the follow ng description of enbodi nents of the
i nvent i on wakes/asss02conj uncti on with the acconpanyi ng dr aernge04waemei n: WO
2005/ 058602 PCT/ US2004/ 041741 3 Fig. 3 is a diagranmmtic representation of
an enbodi nent of an imaging systemincorporating the present invention.

Fig. 2 is a diagrammatic representation in a sinplified block_ diagramform
showi ng a control Fig: kliset diagrammyaticorgpresentatipng op an fepqdiment aban i1Hegieal

with a 5 printhead cartri t, kpRgi ng systemof Fig. 1. Fig. 3 is a
timng di agr%%%?qm&%%@gﬂgﬁpgﬁ%?t%ghg?'esent I nvention with forward
address interl acegid inishg ddgridimatio igredchiation iimtatsimglified dleokodiagram forng., 4 is
a timng diagramfor enbodiments of the present inventjon wth everse
addr ess i nt eshowsiog a iconivllest clepsicalbmsoupled tora flopaed jiptggrat Witth apj g, 5

Is atimpg diagramfor, e L rent. egent invention wwth forward
addr ess non- PHP@P?@%%E‘%GWGﬁaglﬁ%&%getrn%ggﬁé‘eﬁpri nthead fire signals. Fig.
6 is a tining di agi@am {9 @akpdiiabahs faf edibuiness oftthe presehi diventisth withever se
address non-interlaced timng of the conposite printhead fire signals. Fig.

7 is a di agr &muard eddressrintedaceditiningiofithe comppsiter pravhesd ek signglgr am form 15

how mbodi f a.d i BCUi i yi ire mde.and.
compostt o pri nt hed 4 it & PG pagen 3 BPokBRbh P nrkier R i
circuit schep@ersg ddafesdint@iieed tifitng ofthe dorfifesitd pintesd fitd sighald.he  present

invention. Fig. 9 is a circuit schematic for an enbodi ment of a conposite
fire stal® 20 colfig.et ivk timingodiegum fornembadimants mfgthe myesest invgatien Hith

fl owchart of enbodi ment . ' int head. fi thod i
acoor dance wittVerBF e IHpeh FBE o fig Copopte Brivthid A f or an
embodi ment of a ceYPASid @ Whidpt BRARAN FireemBddiahts RFVIhE prédene itRAMGNVith fire

signals. 25 Corresponding reference characters indicate corresponding parts
t hr oughout  reverse address non-interlaced timing of the composite printhead fire signals.

Fig. 7 is a diagrammatic representation in a simplified block diagram form
15 showing an embodiment of a decoder circuit receiving a fire mode and a composite
printhead fire signal of the present invention.
- Fig. 8 is a circuit schematic for an embodiment of & decoder circuit of the
present invention.
Fig. 9 is a circuit schematic for an embodiment of a composite fire state
20  counter of the present invention. |
Fig. 10 is a general flowchart of an embodiment of a composite printhead fire
method in accordance with the present invention.
Fig. 11 is a timing diagram for an embodiment of a composite printhead fire
signal having five component fire signals.
25 Corresponding reference characters indicate corresponding parts throughout
the several views. The exemplifications set out herein illustrate embodiments of the
invention and such exemplifications are not to be construed as limiting the scope of

the invention in any manner.

30 DETAILED DESCRIPTION OF THE INVENTION
Referring now to the drawings, and particularly to Fig. 1, there is shown an
imaging system 20 embodying the present invention. Imaging system 20 includes a

host 22 and an ink jet printer 24 as shown. Host 22 is communicatively coupled to



the several views. The exenplifications set out herein illustrate

enbodi nents of the invention and such exenplifications are not to be
construed as limting the scope of the invention in any manner. 30 DETAI LED
DESCRI PTI ONO@#051088502 NVENTI ON Ref erring now to the drawi nRET/G2004(0at it cul ar | y
to Fig. 1, there is shown an inmaging dystem 20 enbodyi ng the present

I nvention. Inmaging system 20 includes a host 22 and an ink jet printer 24
as shown. Host 22 is communicatively, coupl gl &o WO 2005/ 058602
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Host 22 is typical of that known in the art, and includes a display, an

| nput  devi c&*}PPéY@.k; a keyboard or touchpad, a processor, and associ ated
nmenory. sident 4 | r At | ; The
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Print nedia sheet 36 can be, for exanple, coated paper, plain paper, photo
paper ani0 1Bediasgagessne jonteadien32.mmid-fiune 3¢ and & Blediasonss 396 i ncl udes a

printhead carrier £ i i | ef I tri @E@F . As
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cartridges agafdpamcy Sledia.
Printhead carrier system 26 includes a printhead carrier38 for carrying ink jet
printhead cartridges 27a, 27b. As shown, ink jet printhead cartridge 27a may include

a monochrome printhead 40 and/or a monochrome ink reservoir 44 provided in fluid
communication with monochrome printhead 40. Ink jet printhead ca;tridge 27b may

20 include a color printhead 42 and/or a color ink reservoir 46 provided in fluid
communication with color printhead 42. Monochrome printhead 40 and monochrome
ink reservoir 44 may be combined as an integral printhead cartridge, as shown, or
remotely coupled via a fluid conduit. Likewise, color printhead 42 and color ink
reservoir 46 may be combined as an integral printhead cartridge, as shown, or

25 remotely coupled via a fluid conduit. Printhead carrier system 26 and printheads 40,
42 may be configured for unidirectional printing or bi-directional printing.

Mounted to printhead carrier 38 is media sensor 30. Media sensor 30 may be
used to perform sensing functions, such as for example, printhead alignment and
media sheet 36 type sensing.

30 Printhead carrier 38 is guided by a pair of guide members 48. Each of guide
members 48 may be, for example, a guide rod or a gnide rail. The axes 48a of guide
members 48 define a bi-directional scanning path for printhead carrier 38, including

media sensor 30, and thus, for convenience the bi-directional scanning path will be



renotely coupled via a fluid conduit. Likew se, color printhead 42 and col or
ink reservoir 46 nmay be conbined as an integral printhead cartridge, as
shown, or 25 renotely coupled via a fluid conduit. Printhead carrier system
26 and priwiOhemsdsssd®, 42 nmay be configured for unidirecticaraog@misrmi ng or
bi -directional printing. Mounted to prénthead carrier 38 is nedia sensor 30.
Medi a sensor 30 may be used to perform sensing functions such as for
exanpl e, prlnthead allgnnent and nedia sheet
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toward the rdadgion 64 e@rsQSQntasdﬂmnd@@n ahetig) smude f3Sanmd Idwatdpite sader
direction 62, which is comonly referred to as the horjzontal direction, is
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roller unit 28.
is commonly referred to as the vertical direction. During each printing or optical

sensing scan of printhead carrier 38, the print media sheet 36 is held stationary by
feed roller unit 28. {
Mid-frame 34 provides support for the print media sheet 36 when the print
20 media sheet 36 is in print zope 60, and in part, defines a portion of a print media path
66 of ink jet printer 24. Mid-frame 34 may include, for example, a plurality of
horizontally spaced support ribs (not shown).
Feed roller unit 28 includes a feed roller 70 and corresponding pinch rollers
(not shown). Feed roller 70 is driven by a drive unit 72 (Fig. 1). The pinch rollers
25  apply a biasing force to hold the print media sheet 36 in contact with respective driven
feed roller 70. Drive unit 72 includes a drive source, such as a stepper motor, and an
associated drive mechanism, such as a gear train or belt/pulley arrangement. Feed
roller unit 28 feeds the print media sheet 36 in the sheet feed direction 64.
Controller 32 is electrically connected and communicatively coupled fo
30  printheads 40 and 42 via a printhead interface cable 74. Controller 32 is electrically
connected and cornmunicatively ceupled to carrier motor 54 via an interface cable 76.

Controller 32 is electrically connected and communicatively coupled to drive unit 72



M d-franme 34 provides support for the print nedia sheet 36 when the print

20 media sheet 36 is in print zone 60, and in part, defines a portion of a
print nmedia path 66 of ink jet printer 24. Md-frane 34 may include, for
exanpl e, WVORMSAE8409 of horizontally spaced support rib®CIriszomeeim). Feed
roller unit 28 includes a feed roller %0 and correspondi ng pinch rollers
(not shown). Feed roller 70 is driven by a drive unit 72 (Fig. 1). The pinch
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sheet 36 by a predeterm ned anmount in sheet feed direction 64, after which

t he next print swath is printed. This process repeats unit all print data to be printed on print

" media sheet 36 is printed.
Fig. 2 is a simplified block diagram showing controller 32 electrically coupled
to color printhead 42 via printhead interface cable 741 Controller 32 includeé
20  composite fire generator 84, Composite fire generator 84 can include circuitry and/or
firmware (or other stored instructions) within controller 32, an ASIC or single state
machine or some combination thereof,
Printhead 42 can include a plurality of nozzles 86, depicted as circles, for
gjecting ink. Each of a plurality of individually selectable actuators 88 is respectively
25  associated with one of nozzles 86, and six exemplary actuators 88 are shown in Fig. 2
in block diagram form. Actuators 88 can be, for example, a resistive heater element
or a piezoelectric element. An actvator firing logic circuit 90, shown in Fig. 2 in
block diagram form, is connected to actuators 88 for selectively energizing actuators
88. A decoder circuit 92 is connected to actuator firing logic circuit 90. Decoder
30  circuit 92 includes, for example inputs 94, 96, 98 for receiving respective composite
fire signals 100, 102, 104.
Composite fire generator 84 produces a plurality of fire signals 106, 108, 110,
112, 114, 116, individually labeled F2_CO0, F1_C0, F2_Cl1, F1_Cl, F2_C2, and



print swath is printed. This process repeats unit all print data to be
printed on print mnedia sheet 36 is printed. Fig. 2 is a sinplified block

di agram showi ng controller 32 electrically coupled to color printhead 42
vi a print headogsessint ace cable 74i Controller 32 includespc2iscamporite fire
generator 84. Conposite fire generator784 can include circuitry and/or
firmvare (or other stored instructions) within controller 32, an ASIC or
single state machine or sone conbination thereof. Printhead 42 can include
a plurality Bi_Chzedpesti®dy. ThpitetsdFA8 apd /EL'euefer torfirskinssaconyd firsksigmdsh of a
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COLORO), "d ™" corresponds tqg.a second or i.e., COORlL),.and "C2"
corr esi)onds combines, p‘HSlSB@lér”fﬁi g &Zﬂv&zﬂﬁﬁ%@r@}‘%&qmp‘f?&)ﬁ@%?‘%%f, for
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(F2 Q2. h_CoedrQaliREPGiSe G2VBRBThE f frhé. OTHS BB ont? domponent of each waveform
represents time with wider (horizontally) pulses indicating a longer (in time) duration
" relative to a narrower pulse. The vertical component of each waveform represents a
magnitude of the pulse, such as a voltage, current and/or energy value.
Fire signals 106, 108, 110, 112, 114, 116 can include a prefire pulse PREI, for
20  example, and a mainfire pulse MAIN1, each having a width according to the desired
- energy to be delivered to an associated actuator. The prefire pulse is typically used to
warm the printhead and the mainfire pulse fires ink from the nozzles. Both prefire
pulse widths and mainfire pulse widths can be varied as a function of printhead
temperature to maintain a constant drop mass aﬂd size of the expelled ink thereby
25 ensuring consistent image quality. A prefire pulse width is typically less than a
mainfire pulse width and the prefire pulse width can be reduced to zero.
Referring again to Fig. 2, nozzles 86, and associated actuators 88, can be
separated into individually addressable groups. Each group of nozzles and actuators
can be further divided into two fire groups, such as, for example, FIRE1 fire group
30 118 and FIRE2 fire group 120. The three arrays of nozzles at 86 can be associated
with, for example, cyan, magenta and yellow inks respectively. In such an example
there is at least one first fire signal (F1_C0, F1_C1 and F1_C2) associated with



(COVPCSI TE FIRE COLOR2) . Exanples of fire signal timng for an arbitrary
color are given in Figs. 3-6. In each of Figs. 3-6 the solid lines
represent a pul se waveform and the dashed lines 15 interrelate the pul se
wavef or ns w0 2005r088603he hori zontal conponent of each wavefromrus2emanesents tine
with wider (horizontally) pulses indic&ting a longer (in tine) duration
relative to a narrower pulse. The vertical conponent of each waveform
represents a magnitude of the pul se, such_as a vaoltage, current and/or

ener gy val ueFIREY firesgrgupll 8 and at leas one serond fiye sigpal (F2160.8% Glnandfite )
prefire pul se PREIl . for X and a mainfire pulse MAINI, each having
a width acco?ﬁﬁ?ﬁgregylwgp‘égﬁF%?‘lpag& gy to be delivered to an associ at ed
actuator. The prefkfontlis @aétsof FipiscR6| Fire sigaal (RIREaS Mot hssefted ot theadmand t he
mai nfire pulse fires ink fromthe nozzles. Both prefire pulse wdths and

mai nfire pul tming 8k firs sigmal FIREArsignal i order tmmbimitpeak prigthead waaent. (RasBdfat ur e

t I nt al . t ant d, si L ' : 25
ensuri ng. boniESt 0P S Rren ryeiticsplfieds, s \Pufbifiion ot A S TIRE B0
than a mai nkid ¢IRED Ko dbRpaditt Fhesipnalthitempitkdies Weldifferan theing efufired to

zero. Referring again to Fig. 2, nozzles 86, and associ ated actuators 88,
can be sepasighas FIREDba Xual | y addressabl e groups. Each group of
nozzl es and actuat,or can,be further diyvided.i ' ch as,
for exanple, FIRET'S érs OFs KB oﬁwn%@%&agﬂk%]ﬁ%eﬁlé@g#pﬁi58_ iﬁ%dqr ree
arrays of nozglesedtinfify 684 iFtRd FIREL Fofvaird @ddveRy dhpliey #hen thegent a

and yell ow i nks respectively. Tn such an exaggl e there is at |east one

first fit@ sPBEApulyel ofde signabiFIREY preceads thy pleg ofifire sigml XIBEZ 068602
PCT/ US2004/ 041741 8 FIREl fi 11 d at I east £ .

S gnal (P2 offidects b siebsedh KRR G Protiils BRfSHBR it o
shown in eacmeaac%a%mnggﬁ, thesd Sml%ﬁiﬁfbhtsﬁhdiﬂheim?uﬁé&ﬁﬁﬁdsigﬁaltmaaﬁe

timng as fire signal FIRE2 signal in order to |im '{)eak pri nfhead current.

Each of 5 FinysiteBb@wdepihet PRED andrbbsNiepulsestaf firasignak BIREL, laad denMiABRi on of
i frerent ti AR ObrtF i@l ETRFa I REMan: B kebfte Righe st RIRE| o " 11
enbodi neps s @hraaRiMAdCEE iffefifoddtiRs of Mgl or vAr dirfle RS EOMPOSITE FIRE
Method 1 or COMPOSITE FIRE Method 2 where COMPOSITE FIRE Method 1
maintains the prefire and mainfire pulse widths whereas COMPOSITE FIRE Method
2 constructs the prefire and mainfire pulse widths with two respective short pulses at
the leading and falling edges of each of the original pulses.
20 Fig. 4 shows two embodiments of composite fire methods for reverse address
:mterlaced timing of fire signals F[R‘{é",l and FIRE2. Reverse address applies when the
PRE2 pulse of fire signal FIRE2 preceeds the PRE] pulse of fire signal FIRE], for
example, as can be the case in a reverse scan direction for bi-directional printir'ig‘
Interlaced timing in these embodiments has the PRE! pulse of fire signal FIREI]
25  inserted between the PRE2 and MAIN2 pulses of fire signal FIRE2, and the MAIN]
pulse of fire signal FIRE! following the MAIN2 pulse of fire signal FIRE2. The
reverse address interlaced timing of Fig. 4 can further be COMPOSITE FIRE Method
I or COMPOSITE FIRE Method 2 where COMPOSITE FIRE Method 1 maintains
the prefire and mainfire pulse widths whereas COMPOSITE FIRE Method 2
30  constructs the prefire and mainfire pulse widths with two respective short pulses at the
leading and falling edges of each of the original pulses.
Fig. 5 shows two embodiments of composite fire methods for forward address
non-interlaced timing of fire signals FIRE1 and FIRE2. Forward address applies



interlaced timng of fire signals FIREL and FIRE2. Forward address applies
when the 10 PRElI pulse of fire signal FIREl preceeds the PRE2 pulse of fire
signal FIRE2, for exanple, as can be the case in a forward scan direction
for bi-di rWO6WE603rinting. Interlaced tining in these PTSOIDMN4BINaAs t he
PRE2 pul se of fire signal FIRE2 inserfed between the PREI and MAI NZ pul ses
of fire signal FIREL, and the MAIN2 pulse of fire signal FIRE2 foll ow ng

Lo G oF P phen thia RRE] PHEh ob Sresnepticl KE I prepsii i, BRYA SRS ok BRLpRRsE) re

imng o i ¥ r

Met hod 2 “he%%%%gsﬁ% ¢ chse B FRASChD 8irBétRfi fof bRAGedRhAf i re
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pul se w dt hs RE Method 2 constructs the prefire and
mai nfire pul penthhglt MNonkintdrlaced tinsng dén tthese enttmdiments des bath of e PREdiang and

falling edges of each of_ the, orjgi ul ses. 20_Fi g. h t Wo

enbodi ment s MABbhPYses @f Pﬁ%gmpﬁweﬁ@géﬁ%Bﬁﬁgﬂé@mﬁwﬁ%ﬁmi m ng
of fire sign F a K i : rfﬁrﬂig

pul se of #i r? ?lgir?liai&”?Fl gﬂ%%&ﬁ%é@%ﬁé%gé%{%ﬁ;r@[ﬂg%g;lghg&g%a lr%ﬁ for
exanpl e, as COMPOSITE FIRE ¢Méthod 1 loe COMBOSTHOFIRE Mrth fudueredCOMBQRITEONal
prim)i ng. Interlaced tim'ng,i?\_ t hese egodi nts, gas t he PRI% #pul e of fire
si gnal FI REl FBRE; Methed gl bg’ﬁ@é@ﬁstﬁ’é eaﬁg BuPYEs Widthy rwhereasn,
FIRE2, and t [ f(,l.g&@ I ' “N@h pul se
of fire si gn%WEW%%ﬁ%&gﬁ resg}m::é{t@gllrel %@e@gl}fﬂlﬁm R%lggf |€l.%n can
further:be COWMPCESpetiive shortMpillezdat the deadis@MiddStalling-edgies Mftdacld of thdheriginal

COWOsSI TE FIRE Method | maintains the prefire and mainfire pul se w dths
wher eas EOVPERISTE FI RE Met hod 2 30 constructs the prefire and mainfire pul se

i dt h i th | sl ' | f
Sach of the or i gi Al GUPYROHRHLERE of ol (RE IR, IR MEROTT C

met hods for hofdsedaceddirais ohdife sighels| FIRE] addFIRED! Hdvemesdddrab aipphiddEl and
FI RE2. Forward address applies WO 2005/058602 PCT/ US2004/ 041741 @9 when the
PREI pul se ofvheprte PREZapulss pEfirg signale FREX prepegds the PRE1opulss pE fise gigap!

FIRE2, for e S8sd ’ il J
bi -directi ongﬁ%ﬁoﬁ? ?aﬁﬁgﬂ @k%ﬁ?#rrﬁeeﬁ%ac%%%ﬂ{ ?ﬁ%x%s i ﬁg? egééloen%ggli ﬁgﬁcﬁégéilas
bot h of t1he PBREtingnNoMtdlaced hipting dh théseeensbogiraentt hakbof of @i 8RAY ddde PRE2
and MAI NZ pul ses_of fire ) .
MAIN2 pulses of fire signal FIRE2 preceeeding the PRE1 and MAIN1 puises of fire
signal FIRE1l. The reverse address non-interlaced timing of Fig. 6 can further be
COMPOSITE FIRE Method 1 or COMPOSITE FIRE Method 2 where COMPOSITE
FIRE Method. 1 maintains the prefire and mainfire pulse widths whereas
20 COMPOSITE FIRE Method 2 constructs the prefire and mainfire pulse widths with

two respective short pulses at the leading and falling edges of each of the original

pulses,
In the eight composite fire methods of Figs. 3-6, the original signal timing of
each of the fire signals FIRE1 and FIRE2 are maintained.

25 Referring now to Figs. 2 and 7, signals on signal line 122, which may include
multiple conductors, can include fire mode (forward, reverse, interlaced, non-
interlaced), primitive (print data) and address information. Address information can
be used by actuator firing logic circuit 90 to address groups of nozzles 86. Primitive
information (print data) can be used by actuator firing logic circuit 90 to provide print

30  data to addressed nozzles 86.

Fig. 7 illustrates how fire mode data from signal line 122 can be used by
decoder circuit 92 to identify one of the four main composite fire methods (forward,

reverse, interlaced, non-interlaced) of Figs. 3-6. Fig. 7 shows the transfer of nozzle



5 signal FIRE2. The forward address non-interlaced timng of Fig. 5 can
further be COVMPCSI TE FIRE Method | or COVWPOSI TE FI RE Met hod 2 where

COMPCSI TE FIRE Method 1 nmaintains the prefire and nainfire pul se w dths
whereas COVREBIFHEI RE Met hod 2 constructs the prefire agd/usadoaiosrrel pul se
widths with two respective short pul si8s at the | eading and falling edges of
each of the original 10 pulses. Fig. 6 shows tw enbodi nents of conposite

fire methods for reverse address. non-inter]laced tinjng, of _tgi S| a,Es
FIREl and FIpit aneadsressingdSFRIAL DA AERANSERR; h@ﬁg&E%%m é{[gﬁ—% si gnal
Fl RE2 preceedsPt %158 'gllﬁh%ﬁa"eig ’_ffohg‘?gc?bgiq_%ldﬁeﬁlgéc{?@ FIRRinRYAME. TheCan be

the case in &% i'on ctional 15 printing.

Non- i nt er | acgfli frn¥ketintl Firk Raaeictomde siows hathisexamptd, FIRE_MEEE mstowAl NZ
pul ses of fire signal FIRE2 preceeeding_the PREl and Igrzn_pul sﬁs of  fire
si gnal FI RE1as Phbity ef dnfoematinn sdichninsytHEigny t: Epreseny % BOgsIolg s
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whereas 20 OghRibridcel) RomNE s 36.2Howesdr] this santHecanymadnibee ofibits repiesériting pul se
widths with two respective short pulses at the | eading and falling edges of

each of the 8aldrgenmuimbesef pessiblg pequencedi ght conposite fire methods of Figs.
3-6, the original ,si L : : ' S gna| Sk FI RE2
are mai nt ai ned. 2@“&@#4@"&@ %ﬁ%{)%er%@.t 92 1%5:%) ﬁ‘?f‘ghg'| ?%%ﬁél gng i ne

122, whi ch maympoditeUile stdidibéindrel 2aafdiecoder sircwian? isshowgeinfRig.e9. nOdmpéditer war d,
reverse, interlaced, non- interlaced) imtive (print data) and address
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data to addr gipsgld F10TDItBoubR F2FCY carf bé bbddSbrentRize@natdrs 88 MRREFiga)astugom
signal line 122 can be usegﬁby decoder ci rcui%&QZ to iden{qﬁéy %ﬂge) of gft)he

four main coepustor fird sigralsrbthoWhile the daseder circwiy 82 sshowniin Eig. fcisdlesigned to
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15  circuit may be provided to decode each composite fire signal, without departing from

XD

the spirit of the present invention.

Composite fire state counter 124, for example, is a 2 bit counter and whenever
all three input composite fire signals (COMPOSITE FIRE COLORO through
COLOR?) are inactive the counter increments so that composite fire state counter 124

20  isincremented and si:able before the composite fire signals become active again and to
prevent a race condition since the state bits are “ANDED” with the input composite
fire signals. Counter 124 is cleared by either a LOAD pulse, which occurs between
each FIRE period, or the CLEAR_N signal.

The six individual fire signals (F1_CO0 through F2_C2) outputted by decoder

25  circuit 92 are derived from the three input composite fire signals and composite fire
state counter 124. The outputs of composite fire state counter 124 are decoded into
six internal fire signals. Additional inputs to decoder circuit 92 are FIRE_MODE
signals INTERLACED and REVERSE. For example, COMPOSITE FIRE COLORO0
is decoded in time into two separate signals, F1_C0 and F2_C0. If REVERSE is

30 inactive then the F1_CO occurs before F2_C0. If REVERSE is active than F2_C0
occurs before F1_C0. If INTERLACED is active then the signals can be interlaced as
shown in Figs. 3 and 4, for example.



print and addressing (SERI AL DATA TRANSFER 1, 2, 3,4) data wth FI RE MODE
enbedded in this information, followed by its respective FIRE information.
Three full transfer and fire transactions are shown. In this exanple, FIRE
MODE i s sheoroossssézbi ts of information which is suffici aT/USRMWEEIBEsent t he
four possible timng 5 sequences (forward interlaced, reverse interlaced,
forward non-interlaced, reversed non- interlaced) from Figs. 3-6. However,

this can be any nunber of bits representi 4g a |l arger naer of ossi bl e
sequences. An enbdﬁrmagnalsﬂOG,eHBdéiO,clllﬂclll ig6 qa@@ﬂﬁﬂﬂil spelytha theg\r@re

Shoon ir i o spebifigny s sariculer Sator FEr SR Bt Sknils 8 “RKESED AN ol ®
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detail in Fi fire signals oD t hrough F2 can be used to
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may be provi d;ﬁﬂ% d RidIRIOHE P8R Wﬁ&ﬁaﬂ‘nﬁf@pﬁk@ﬁl Figdl B1§)Warideqacdd bg from

the spirit of e present I nvention. Conposite fire state counter 124 for
exampl e, i s am2defar andndividuabnolonhBilerent color|inkshhavs difforent fumylations

[ I COMPOSI TE F hr oyugh
horement 5. G HENCSRTISTRADRRRS . Lo St a1et5 Fris & r%ttﬁ%i%mﬁtﬁrz
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a race condition since the state bits are the | nput conposite
fire sigrid s. mﬁmﬁm nlst 2wridtls cale@pbleszyc@staherdﬂa) D@&Dapdl sz fotheash edetur s
bet ween each_ FlI erjod, ar, the CLEAR]. T signal. The six individual fire

signal s (FI - cHete YG Fopostepf REE Aty decoder 25 circuit 92 are

derived fromthe t p | SiciiR! B RSSO RS kioRall IchR
state counter 124. m‘lﬁs%gt ggt%eo cgﬁgglfth? f%grgg[ stﬁ)at eggounter %ﬁ4 (grer

decoded i nt o disériminatien hak the rpeteahglndissdvamge tqfaneﬂeasmg)lprmthead depwitatput
circuit 92 ar gnal ERLACED and e |l e
COVPOS| TE FI @%@Wmﬁ SHERTVRIY | GRS Pk dfia PripIBCed ‘ﬁeé@

and F2 gﬁ}{g&ﬁ% . I
REVERSE |s act.l ve than Ed?a%voésq%g%gﬁge%&w rl g“%h CO. ?%I‘I’@Rﬁ%% |s actlve
then the si gnpirtersarHdweevent the leapanded siumber of fire s1gna1s for individual colors can be

reduced by the composite fire method of certain embodiments of the present

invention, thereby improving ink jet printhead performance while maintaining cost
objectives.

20 Fig. 10 shows a flowchart for a process for practicing one embodiment of the
present invention in conjunction with the circuitry and timing diagrams described
above and in Figs. 1-9. In step S100, fire signals FIRE] and FIRE2 are generated for
each respective color. Fire signals FIRE1 (F1_C0, F1_C1, F1_C2) and FIRE2
(F2_C0, F2_C1, F2_C2) are generated, for example, in composite fire generator 84 of

25 Fig. 2. Bach fire signal can have a waveform, for example, as shown by the FIRE1
and FIRE2 waveforms of Figs. 3-6.

In step S102, fire signals FIRE! and FIRE2 are combined to form composite
fire signals. Fire signals FIRE1 (F1_C0, F1_C1, F1_C2) and FIRE2 (F2_C0, F2_C1,
F2_C2) are combined, for example, in composite fire generator 84 to form composite

30 fire signals COMPOSITE FIRE COLORO (F1_C0 + F2_C0), COMPOSITE FIRE
COLORI1 (F1_C1 + F2_C1) and COMPOSITE FIRE COLOR2 (F1_C2 + F2_C2).

Each composite fire signal can have a waveform, for example, as shown by the



shown in Figs. 3 and 4, for exanple. WO 2005/058602 PCTI US2004/ 041741 11
Fire signals 106, 108, 110, 112, 114, 116 can be produced such that they are
specific to a particular color. For exanple, fire signals 106, 108 (FZ-CQ,

- Co) canwOReoges8eiiced for the cyan color; fire signal s PCIBUS2004040732 Cl | FI
d) can be produced for the magenta c® or; and fire signals 114, 116 (F2
C2, FI-C2) can be produced for 5 the yellow color. An advantage of such an
arrangenent mght include that fire signal ul.se wi dth gfuch as the. prefire
and mainfire @DNHMITEIHR@&MGM) mﬁr@g I%Erﬂgg Mgthad 2rwpveforms difigsdual
color. D ffeggt color inks have different formulations, fluid dynam cs and
t her nodynami Due to such variation anong different color inks, in

addition to vari atjnofeg Sl@‘@'tﬁé cb&ﬁ?osﬁ!éeﬁrémgnble drerdemded. [@ongositel fiedlsignads yi ng
prefire and 10 mainfi reﬁ&gse wi dths can optin ze constant drIB% ss_and
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signals, whicfy, ﬂécoﬂ@nl éi}du‘ftew fBX RRAAPIY Sintd fite Wgratd Fprmtmm gesCyrFRm, 15

nanufacturlng, and was heret’of ore prohlblted gi ven The conpetltlve pricing
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for a process for practicing one enbodi nent of the present i nvention in
conj unctih W2ICk Fé_C2endFer§2.and tin ng diagrams described above and in

Fi . 1-9. | t 5100 I Fl REI d El. f
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o F2 4, FZSQa)sta;rmm@st@&zle&% t@éﬁﬁ&)hﬁcresﬂltlﬁg)ﬁﬂ%bhﬁnﬁg bpmgm%e@&or 84

of 25 Fig. 2. Eachfire signal can have 'a waveform for exanple, as shown by
the FIREL anindseRe@newtyef or ns of Figs. 3-6. In step 5102, fire signals

FIRE] and FIREZ g conbined 10 Lo SOrBOsiee of LS 51 Alaks oF oS

15 are asserted at a different timing, Fig. 11 illustrates an embodiment of five signals
S1-85 all of which are asserted at a different timing. As with Figs. 3-6, in Fig. 11 the
solid lines repfesent a pulse waveform and the dashed lines interrelate the pulse
waveforms in time. The horizontal component of each waveform represents time
with wider (horizontally) pulses indicating a longer (in time) duration relative to a

20 narrower pulse. The vertical component of each waveform represents a magnitude of
the pulse, such as a voltage, current and/or energy value.

As can be understood by one skilled in the art, the composite printhead fire
signals can also be used in monochrome printhead 40. Monochrome printhead 40 can
have a group of nozzies with two arrays, one with a fire signal FIRE] and the second

25  array with a fire signal FIRE2 which are not asserted at the same time to limit the
peak current in monochrome printhead 40. The monochrome printhead 40 fire signals
FIRE1 and FIRE2 can be combined and decoded in a manner similar to the color fire
signals described above to reduce the monochrome printhead 40 fire signal inputs
from two to one, for example,

30 While this invention has been described with respect to embodiments of the
invention, the present invention can be further modified within the spirit and scope of
this disclosure. This application is therefore intended to cover any variations, uses, or

adaptations of the invention using its general principles. Further, this application is



F2 C2) are conbined, for exanple, in conposite fire generator 84 to form
conposite 30 fire signals COMPOSI TE FIRE COLORO (FI _CO + F2 CO, COWPOSI TE
FIRE COLORI (FI _d + F2 d) and COWCSI TE FIRE COLOR2 (FI C2 + F2 C2).

Each conpodYQ008f0Fes0%i gnal can have a waveform for exanpPET/US2N0sMENM by t he
WO 2005/ 058602 PCT/ US2004/ 041741 12 CO®¥PCSI TE FI RE Met hod | and COVPCSI TE
FI RE Met hod 2 waveforns of Figs. 3-6. in step 5104, the conposite fire
signal s are decoded. Conposite fire sjgnals COWOS|TE FIRE COLORO (FI C0 +
F2 C0), covPoEitemder|treoyssy surh deparfurgs fram the-preggnf disglpsaromaoprewithiRkng@InoR?

(FI-C2 + F2 { L0 LId fﬁé? : ' Jire
signal s Fl _E%%c@%ﬁgﬁ?ﬁﬁﬁﬁ%f?ﬂE%ﬁﬁfﬂ@&@@ﬁ@@ygﬁ’ ;%ggnﬁéggggﬁf%gﬁggﬁﬁﬁ step
S 106, act uat dreslimiteofthe appenddd dlaimg t he decoded fire signals. Actuators 88
are energi zed, for exanple, using decoded fire signals F} _CO, F2_CO, Fl _d,
10 172C 1, FI _C2 and F2 C2. In step 5108, an inmage or inage segnent is
printed. The energized actuators 88 in step 5106 causes nozzles 86 to expel
ink resulting in the printing of an image or inage segnent. The conposite
fire method can be expanded into any nunber of signals that 15 are asserted
at a different timng. Fig. 11 illustrates an enbodi nent of five signals
SI-S5 all of which are asserted at a different timng. As with Figs. 3-6, in
Fig. 11 the solid lines represent a pul se waveform and the dashed |ines
interrelate the pul se waveforns in time. The horizontal component of each
waveformrepresents time wth wider (horizontally) pulses indicating a

|l onger (in tinme) duration relative to a 20 narrower pul se. The vertical
conponent of each waveformrepresents a magnitude of the pulse, such as a
vol tage, current and/or energy value. As can be understood by one skilled in
the art, the conposite printhead fire signals can also be used in
nonochronme printhead 40. Monochrone printhead 40 can have a group of
nozzles with two arrays, one with a fire signal FIRE | and the second 25
array with a fire signal FIRE2 which are not asserted at the sane tine to
limt the



peak current in nonochrome printhead 40. The nonochrone printhead 40 fire
signals FIRElI and FI RE2 can be conbi ned and decoded in a nanner simlar to
the color fire signals described above to reduce the nonochrone printhead
40 fire signal inputs fromtwo to one, for exanple. 30 Wiile this invention
has been described with respect to enbodi nents of the invention, the
present invention can be further nodified within the spirit and scope of
this disclosure. This application is therefore intended to cover any

vari ations, uses, or adaptations of the invention using its general
principles. Further, this application is WO 2005/ 058602 PCTI US2004/ 041741

13 i nt endddLAM8Bover such departures fromthe present disclosure as cone

Wi thin known or custonmary practice in the art to which this invention
pertains and which fall within the limts of the appended clains. 14

CLAI M5 1. 1An i i inRjet priheet,@ompEGARr i Sing: a printhead carrier; and a
controller communj catively coupled to said printhead carrier for producing a
plurality of f amaintieathedrscr aadh fire signal of said plurality of fire
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of fire signals, sal contro er Ining s |re signal s
t o f or m a phonalityoif fiee igmads, saayrﬁrle sighdtofwad phailitg oéﬁrecklghatsf‘terrgmsserttedaimg and

wherein e flre .Si naI of fire si |s is. used.to

separ at el yiterniude Bon suss of fube Bihet it sty g BB Tossobist e e n
sai d cont rghirhKy o?ﬂfé‘ﬁ%x?al%%ﬁﬁ b tdmpdsite FRPAZAA that hafidhOBa &ffeRACh 1 ncl uding
a correspondlng plurality of fire signals; and wherein said plurality of

conposi t e tiing agd mresn gashdise @tgnfdtoéemd\phlmhéy pf fieaidoply ippsed tnsepemtclr s. 2. A
pri nt head Nl n [ conprising: at |east one ink
aﬁareg gpecI T cf’s?? %}'o%)poofn qo%:ale% . )

reservoir; n o0 said at |east one ink
reservoir, Sal lelﬁfduﬂ&d‘l@aﬁltrdllﬁﬂfouds aglurality of composite fire signals, each including
a corresponding plurality of fire signals; and
wherein said plurality of composite fire signals is associated with a plurality of

ink colors.

2. A printhead cartridge for an ink jet printer, comprising:
at least one ink reservoir; and
a printhead fluidly coupled to said at least one ink reservoir, said printhead
including;
a plurality of nozzles for gjecting ink;
a plurality of actuators associated with said plurality of nozzles;
an actuator firing logic circuit in communication with said plurality of
actuators for selectively energizing said plurality of actuators; and
a decoder circuit in communication with said actuator firing logic circuit,
said decoder circuit including at least one input for receiving at least one
composite fire signal, wherein said at least one composite fire signal represents a
plurality of fire signals, wherein each fire signal of the plurality of fire signals is
used to separately address a respective corresponding group of the plurality of
nozzles;
wherein said at least one composite fire signal includes a plurality of color

composite fire signals; and



a plurality of nozzles for ejecting ink; a plurality of actuators associ ated
with said plurality of nozzles; an actuator firing logic circuit in

comuni cation with said plurality of actuators for selectively energizing
said plurality of actuators; and a decoder circuit in comrunication with
said actuator firing logic circuit, said decoder circuit including at |east
one input for receiving at |east one nposite fire signal, wherein said at
| east one conposite fire signal represents a plurality of fire signals,
wherein each fire signal of the plurality of fire signals is wused to
separately address a respective correspondi ng group of the plurality of

nozzl es; wher eiwhemedn shidpluradisy of @he cooppowifire sighale issisgpradted with a dhisalidy
plurality aqf cohor conposite fire signals; and 15 wherein said plurality
of col or é@H%H@”F% fire signals is associated with a plurality of ink
colors. 3. The printhead cartridge of claim2, wherein said decoder circuit
decodes each said conposite fire signal into a plurality of actuator fire
signal s. #. Thdhpprinthhedhenricidee pf daim gfwl@rm paid decpierr @ichit daeddesedcl sednposi t e
fire signal__incl .pl ural ji. f aor. fire signals, each actuator
fire si gnchomgf)ﬁféhdggg’%ﬂfﬁa{ﬁﬁotaﬁ%’jfahglioggctﬁgtl})gﬁgflSégnlair?tl uding a prefire signal and
mai nfire signal. 5. The printhead cartridge of claim2, wherein each said
conposite fire _signal jncludes_ a plurality of actuator fire signals, and at
| east one %aid @Pa‘}hiﬂ%‘{ﬁ 46 pCElpiE 2 ryiieEein e3edsaISOmeorifs WerigBe wi th an
other of sahthdlaWidhlity¥%r W6t HRLsYnals! &a8h aé1gaa ﬁre?sﬁg[nfapéﬂﬁé Prdfty of (R@St One
conposite fire signal. 6. Aprinthead for an ink jet printer, conprising:. a
pl ural ity signalyourchiding & prefie Bgnat agd malofiresigialir al i ty of actuators associ at ed
with said plurality of nozzles; an actuator firing logic circuit in

comuni cation with said plurality of actuators for selectively energizing
said pluraity Tok pAaihdat QdreidgablclaintBcatedin 6ddhGridicohipoSifidRignalt i on Wi t h
sai d actuat or firlng,lo%ic circuit, said decoder circuit including at |east
one i nput iRQdudesapdirglity gt aetuptentine signalscundpb tgastong ssid plurality of actuator fire

signals is interlaced with an other of said plurality of actuator fire signals to form the at

least one composite fire signal.

6. A printhead for an ink jet printer, comprising:

a plurality of nozzles for gjecting ink;

a plurality of actuators associated with said plurality of nozzles;

an actuator firing logic circuit in communication with said plurality of actuators
for selectively energizing said plurality of actuators; and

a decoder circuit in communication with said actuator firing logic circuit, said
decoder circuit including at least one input for receiving at least one composite fire
signal, wherein said at least one composite fire signal represents a plurality of fire signals,
and wherein each fire signal of the plurality of fire signals is used to separately address a
respective corresponding group of the plurality of nozzles;

wherein said at least one composite fire signal includes a plurality of color
composite fire signals; and

wherein said plurality of color composite fire signals is associated with a plurality

of ink colors.



o

signal, wherein said at | east one conposite fire signal represents a
plurality of fire signals, and wherein each fire signal of the plurality of
fire signals is used to separately address a respective correspondi ng group
of the plurality of nozzles; wherein said at |east one conposite fire signal
includes a plurality of color conposite fire signals; and wherein said
plurality of color conposite fire signalgs is associated with a plurality of
ink colors. 16 7. The printhead of claim®6, wherein said decoder circuit
decodes each said conposite fire signal into a plurality of actuator fire
signals. 8. The printhead of claim®6, wherein each said conposite fire
signal i chudesT& printhead|of elpira 6, wheraiatsaid depoder sirgpitadesodes gath saik uator fire

si gnal of i i i | including a prefire signal and

mai nfire s%gﬁ%ﬁhggﬁg#%%ﬂgﬁ?%kh@%gygfﬁgﬁgFéﬂg?%%ﬂgrein each said conposite
fire signal includes a plurality of actuator fire signals, and at |east one
of said pluyrali of actuator fire signals. is interlaced w an ot her of
said pluraPity iﬁewtwﬁ chimg, w 6ﬁ‘&|°§31%?@‘Eﬂ‘?ﬁctsﬁ“éﬁ&’cswgég‘tc}“gﬁ“ea conposi t e

fire signalprality of actuator fire signals, each actuator fire signal of the plurality of fire signals

including a prefire signal and mainfire signal.

9. The printhead of claim 6, wherein each said composite fire signal includes a
plurality of actuator fire signals, and at least one of said plurality of actuator fire signals
is interlaced with an other of said plurality of actuator fire signals to form the at least one

composite fire signal.



