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printers, and, nore particularly, to conposite
printhead fire signals. 2. Description of the rel ated
art. Aprinthead in an ink jet printer | n¢l ude an

array of nozzGOMPOSITERRINTHEAD FIRESIGNALB ¢ oxpel
ink onto a printing medium according to an image to be

produced on thegg{(#g{;hwo' Fmﬂéilﬁwﬁl‘lﬁﬁ provi ded

to the printhea C € actuators and

NOzzl egeld s¥ahe fiveatibhy € signals that energize the
actuators for a sequence of durations. The arra
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nozzl es.t ha r SERRIA S and driven by
s%?)rgrpﬁftéc“i] t e?os(feoéﬂ%g{§§ eeseparbIW ‘gis%/i re signals can
ench rPesetiptionnsitprdated arhe printhead, and printhead

et o L S e,
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fz?rgoec‘ﬁi%%% ngrflgto%}mg Iﬁ'{ég g)é}?él‘ ?rﬁég&’{tb GeprdiftRl HQTHRL NRSorBIncth RAafhage to

same tinme mnimnzes .
e piddeed bh Ghe eouting mesdivn. SHgMARWrOProMiied NvETprhead that
The ipvention conprises,. inh one.formdthereof, . a netho
Rt SEEES SR v E g e SEpe o e B A fors fo
a{séqﬂ%ndeec;f d?{:dti'&h@r ThS of REF16 85 B BKRIME Gith 8o Of nRdre groups
plurality of fire signal’'s. Each fire signal of the,
pdfunadziesythat arki addressagnsdperatey aod edrived ot sepatité flise signals. The

timn han. an. ot her qof the plur.alit f fi.re sjgnals..
ﬂ‘?@arﬁ&y&%? isﬁ@iab“‘f “th reéab T HEiCs ?%rlgl_’%o ia}?eaf‘lfl@e?‘iar%%apnnthead
cappasihe f1/0p skanahtivdigt exprhdival s ihibejedi pi@heat design and
timng.” I n another formthereof, the invention is
dinpmufaeiring an ink jet printer including a printhead

Car Tt B0 il bl AL R M RO B

;éigﬁﬂﬁvﬁﬂa}aﬁhe Easdtifnk heinBhigeadrirdfieat O flquiréhéndty, of
Ire signals

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
signals are combined to form a composite fire signal that maintains the different
timing,.

In anotﬁer 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
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



Is asserted at a different timng than other of the
plurality of fire signals. The controller conbines the
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signal that maintains the ddfferent timng. In another

formthereof, the inventi on is directed to a printhead
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cfinigildgié niztuitieThatdetastes cirghkirnchidas af knast enseinppinfpr geceiving at

| east one co ite fire signal. In another form
t l§&tt ap¢ compest n‘??ﬂsfgﬁ’lg%ln is directed to a printhead for

an i nkpy Slothy ifHne hekrddE] e iimenBoP isdisdctddytof privalieadefdr an ink jet

for ejecting ink, a plurality of actuators associ ated

viprirdert tm:h;dmg al phoyalsy afonoezles fon jesting dplsr afplpsafigy of actuators
ic C t h

fabsgocg%tp ﬁ\/éﬂe >pq Fﬁlggidnozgle% $h Q&JI t&{ fn{ﬁf ?L{gi@ﬁfr&{ﬁ{ Hmected to

i'Zzing t’he actuators
afg udREOEL hctGatbBUior selottivaly eﬁlergmﬁgl&leqﬂmtaht}oof ﬁd:tuatng; and a

logic circuit. The decoder circuit jncludes a
oqir@Od?rp@rcmfoeomé@féii VP ribe aetupien ringnlogicomHud ih? @F%Odef circuit
is
e
pul seslu yet aﬂomaidonﬁthqweofnﬁle nnven’ad)md;l digctetigo strmthcmtffm providing
produ0|ng plurality, of fir | s s ecif
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er o uraI| y of fire signals advant age
oélgnzés t@iasseetel atla dﬁ”fﬁrent dlfmngl'élap Dé@e nf thie pheality od ﬁcafngnals

i nclude a reducti t
1 an fpdvaRties pb sy ehRadi M%sm%é@e%% s ductude o
areﬁﬁ&itﬁﬁﬁ tﬁ@ﬁﬁmﬁ?ér of %dt@&qﬁfédﬂhf&ﬁ 1'? penthead he | oner

mber of printhead inputs. Yet another advantage

m ght Anothededvantagalshn incjudeq nedkesdfdosteofsinly petipsintheads due to the
ecific to rti,cul ar color and concurrently
nﬁ%“fﬁf&}l??- %ﬁﬂﬁﬁlﬁ fl Ipguts, uf brinthead inputs low. A further
advant ggeaflidrddiafdgedaighhiatlugé BRrabllied marefitd signals specific to
requiring printhead
a particular color and concurrently maintain the number of printhead inputs low.
A further advantage could include that other functionality requiring printhead
I/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
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:



I/ O can be added to the printhead design due to the
reduced printhead inputs required by the fire signals.

WBRIERSIBESCRI PTI ONOF THE DRAW NGS The above- mePCT/08md4/041741

10

15

20

25

30

and ot her features and advahtages, and the manner of
attaining them w !l becone nore apparent and the
invention will be better underst,oodq}tg%reference t.0

the foFigovi g2 dHagAMmalie TERESHNGR Hefft STodipgnt of an imaging
I nvent | ' [ i wi th the acconpanyi ng

dsryg% n{ g,grp&ﬁélr gldrllé]ﬁ?%géﬂt [ %ﬁ(gndi agrammatic

r epr espigt atisandiafranmativhegievenistior inam simplifiedgbloyls diagram form |
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? Agham & igg%@gﬁgn%ﬁ@gt@&:dm%q[ect rically coupl ed ‘

a print gral with a printhead . _
cartri Hge3 Bf a thengnbagrag By simbedisents gf the prisent iBvéntion with

a.timng diagramfor, enbodinments of th sent

| FRPBARS BHTGH HeH 5P PEnE AE Cempoisrithend il

the coppRosi {sea Rihink A ah! fof epit@ABhéhts bF Ghe Prdséntdinvention with
timng diagramfor enbodi nents of the present

i reverse inddress interlaesdetiningad direecosnpiositeprintbend firesignglsof

the copposite printhead fire si,gnals. FL.g. 5 isS .a . .
timng ?gfa%qwge(ﬁ%a@n@ﬁteglbg’anﬁ%s BF glgee ersgr.lt 1.nvent10n with
| fyeeatd QIdredk hbnfieeMaved tiﬂqgg 65ihe ROMposHedringaad firé Sibids.

of the cogosne printhead fire signals. Fig. 6 is a

ti mi ngFigh fgisamntiningedibgramniontembopingenis of dlse present invention with

AR LR SYAERE A0 RPN S50 BEbBER i a

di agr apigt7 & 4 dicesenbiad repleskiftatiors inmplsithpleledblock diagram form
di agram form show ng an enbodi nent of a decoder .
cPhaing ap eariogiment T1a desodes Farcuih deceivdrgp dip mpode and a composite
PLLLBSPE S i . .present invention. Fig. 8
iéhgtthm rcSiSﬁ@%ﬁ%%ﬁ?#é%%é@ﬁgénbodi ment of a decoder

ci r cui Figof8 ishe civewds ectieniativ ot awrembbdignend of & decoderceircuit of the
schemati ¢ for an enbodi nent of a conposite fire state
cBFRTRIVERlPhe present invention. Fig. 10 is a general

]]: : ?‘é\‘:h?{gt. s anigiRodhomMc & & Eﬁﬁpﬁﬁ{ehﬁ oPrd BéRfRSe fire state

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.

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.

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
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fire signals. Correspondingtreference characters
i ndi cate correspondi ng parts throughout the several

views. The exenplifications set out herein.illustrate
dnb gelipripter 24 via 3 penmypisationsHinkrd. SRmmBKSHHANSLink 25 Basde, for

are not to b nsty I 1Lk .

OB aroree s eRAn e o AR R ok A PR pqtngl . 1ok et

| AENTIAONcIRaeinki jegprivateddacaitid gelr 2fai ang<) 7baeabh of which include a

particularly to Fig. 1, there is shown an inmagi ng

syePTiR0 enbodyi ng the present invention. |naging

syst emysQ %R‘é‘t&@?ﬁ. & QS knRdn BNMhedRt, AN ih@bdRTd MsBlay.24h input

as shown. St i's communi catively coupled toink jet

Pddvideg . g24 kdyhoalﬁdmrtmnhpa«atd poseském knd Bssociated memory. Resident

Conmmuni cations |ink 25 . be, for e l .direct

endbe FICErY o hashe? SISt Safiyvare,, 106 Branitpftier soffware places
i i ' ih At ' Reogriked 8L ink jet printer 24.

S D A O o ot printer

i ncl udinkdetguimpdr24iintludedosprirdiiead satrigp sységm 36, & fead relleswpit 28, a

AR CASTR o P e R B AT L S AR
associ B8 JABARMYS, siR@Sddemedianrdyn & doRRRINd Qb réRsle Zglurality of

is printer driver software. The printer driver

sointwaedia gHeatsdonp which ajerning negdie Fheehlo is supnlieddo fepdgoller unit 28,

B BB EF ADLA ot A e M g 7o
2B edia dheed3s Qah He, Yo bxatBpledcomsll PaseeNplain BiberAphoto paper and

controller 32, a md-frame 34 and a nedia source 35.
Meatisparsnel wedid5, such as a nmedia tray, is configured

to recgi I ' o j S
Lo e Sl ] o DR PR i
r plihtBéadliaktiidgdh 27ah T AB shewm ifluidt peintheadoafrafgeS 7pmaytinclude
medi a sheet 36 duri ng 3 printing operation. Print . . .
nedioaogewe pithead 4fendfos 2 BRIATRTOgIe 1@@&?@&%&% provided in fluid
p S . i .

L S8, 0 sLRREE A0SR ARl it 27 may
cichiderd 38l oprintheady #2 ganidfde § eplqor inkt feeersioic ad6 praigésl in fluid
Z?ng@nmﬁgquééls w1st{11 g(\ﬁgi p}ilrrlltifle&de 452. pl{/[loplgc egrge %ﬁrrlt realtcfl 9(? ar%dl%onochrome

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
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.

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 guide 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
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27b may include a color prifthead 42 and/or a col or
ink reservoir 46 provided in fluid cormuni cati on wth
col or printhead 42. l\/bnochr prl nt

gﬁg 2 agg i cted t
RS ERStr 0176 bi-AiECot 088k SFARHNg Ralfd {Pap ETOBYRRT fadrendd L connected to a
| &Sﬁ%re glmsﬁf)ft e eﬂ?g&@ﬁé gw i {i‘?&scaﬁ*ﬁ&*’ﬂoto? r54r ﬁﬁtﬁaﬁﬁéf pulley 56.

coup l'urd con kew se, col or Erl nt head
4QargiRe nodrB4 has ke miating vairicr d®tarshalb 68 dluatid attad qlstoatamer pulley

B g Risestive: o cpo Bl prishient Hatf: GBI GPEL] sbasgy 30 are
ﬁ%@?gﬂ&f {0y RRRHESafRs nﬁ%né%)lo@edgtﬁ@é‘fn'e&%@dﬁ Qarrier motor 54 can

rectional “printfng or ectional printing.
M) fibresk atrple mdn’ebteaute%(ﬂ)@)emm@son &stepgt moternsor 30.

Medi a nsor 30 may to. rforms ns

Funct i SRS Tecuniorniag ot grietichihsrdicf 38| FERRSIE Bk ghppiipeads 40, 42
apdodiRfl driafeedia 3Red: BBEsIRR '31§ |pBl§Jer HohgbhgiasttioAdl st &inidBpath 48a
is guided by a pair of guid nenbers 48. Each of gquide

n@nﬂdﬁme 48wosdimieasionaby e.gx amﬁw@gula, grint@or @0 oyl prige d&  This

The axes 48a_of 48
oot ok ral AR CRRRSh XA ABE S fed e 36 e
i ﬁ*@ﬂsgdtt&g "B @héct FerisditecBon 6andntthe Sriefitatior oNFRNiledeesheet feed
the bi-directjonal scanni E path will bereferred to

bilirefitionce4 éhahovst ahrflaTynS AU Biediaphquiech ddd e oW e tﬁ% reader
déé gl%}‘by 89 2{11056 £18h Irﬁfd %%‘ﬁvsﬁortl\/laﬁl §Ca§0 1{4&@16%'@ which is

a-carrirer tOT la carrier

Cedininenlympdferied4o liasthe harizshtah ghreanasn efs paihld)atl thhfth dfectional
56. At

that s attached to _carr.i

dsgeggingpethytSaadis é‘FhS@nﬁSgY pgpﬁrtfie %Jéafctocsh?qi .f%qd digpctiop 64, which

”I%d&cﬂmﬁgﬂgqrefe?&%dztbeastﬂﬁg%ﬁfﬁai 8ffedilbnd Dﬁﬁh eQ&ﬁghﬂt@n or optical
ng gul &ar 15

manner a ers 48. rrier
bsensingrscax afipriathead danriec 8 8¢ thermntt njddi) slmmt 86 iphekl stationary by

st.epp not qr.. The reciprocation of printhead carrier

3% 5@&% t&§ ink jet printheads 40, 42 across the

print Nﬁ@lﬂaan@?@%r(ﬁz@desséﬁﬁﬁoﬁ%tp@ﬁeﬂnm &I sheet 36 when the print
bi - di recti onal anni ng path 48a to define a

t modidi sheetsioan &l priet. 29ne 6P suidan gattadefings annt)rtmnﬁ ag@inpfmedia path

(b6 Bl 2t VL Rl & sRicHoRet & Kinblom Bty of

| Rorfzonb?Blsph@@du ?;hdrﬁ‘ﬁﬁd @6t §bwnhn the orientation of
Fig. 1, the sheet feed direction 64 is shown as

f1 owi n§eefovotlertnit 285oeindes BEed aplert Yhandicarrrsperdiag pinch rollers
(not shown). Feed roller 70 is driven by a drive unit 72 (Fig. 1). The pinch rollers

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 to
printheads 40 and 42 via a printhead interface cable 74. Controller 32 is electrically
connected and communicatively ct)upled to carrier motor 54 via an interface cable 76.

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



(represented by an X) along mid-frane 34. Miin scan
direction 62, which is commonly referred to as the
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scanning path 48a and is substantially perpendicul ar
to sheet feed direction 64, which is comonly referred

to as the vertical direction. During . each printing or
o‘mal cal issresngeablan’/df pEPritdiead 33ar1$| éllect@saﬂx heonnected  and

int ned.a.she roller
Pl Rt PRl 8 i Snthr 30 ARRARRE cufiefol O
medi a Sbﬁ@élle%@zwhaﬂdédﬂaanmmpﬁocmsdn hax&ﬂngan a%ciaﬁedi mndom access
es. a p on o

m&%ﬁkﬁ g*ati Egag’fj;rgy ?I}%H{QTY &6WI rﬁ%ﬁo QI gy ?DP Zlhgle form of
h ltltti]ﬁ %i)%&ﬁ(:l gﬁf%ﬂ'ﬁljcﬁitg S phurality of
or on S

space support (not shown). Feed
rol | er Conirdllez32i dxed:uiehelﬂograhemdtrmﬁolne to effech ok printing of an image

BT 3, o ebHE Bl SR i
%a{l%lé]%) ?Pﬂhtym@de sRsk B8, naife id c?eé?@d Ffoﬁﬂﬁle gl JF;ﬁ}irﬁheads 40
sheet 38

n contact W th respective rlven
7énd IR ko ering respectiveqirintiewath. drlievterrs é‘pnnteswaihf(:ts @wsd do define a

SLEPReL. gt on. and an assoctalsd i e vechan o pugh .
ﬂJ ﬂlgirn st i g%%oﬁt% dfedilf 62rdnflexiBRES B 5O SRkt ?e%d '(%rﬁ&@% direction

f eed rection 64. Controller 32 is electric
coh rbe'c& dubigiv ccocsspamdingatol thel kengibupl 8w pnntbcadnnb@é@grm}a of the

Sorrisbendife Priblerd "Bt b S0 SRt anAE R By Bt swah,

CE3HMtoBer B2 c6RANTan@E AW Biit 7 t ttateTeddioblef a@ & @cwah@e Fat media
Controller 32 is electrically connected and

ceheetipb bata peflgiemwing] smows inshes feed direetion §4anfter which the next

BT SR B ot R0 o ) BB U PP L o prim

SQleuiaaghaagmgpﬁﬁta@e cable 80. Controller 32 |ncI udes a
m croprocessor havi ngl an associ ated random acce

menor y {ERZM a gimplitied dagranshomippongiroliss A2 uebrstr@aﬂre goupled
Ry 91% df 2 '01% Rg?x&e@ﬁ’ %lg’ce?ﬁ&% Q:le%pgéﬁ' ftgntroller 32 includes

i nt egrat e circurt l'er "32 lexecut e
peagpesiteifirs geneitonds Compbdiieciiretgererptor 8& Icmtg inefuda n;lrcultry and/or

i mage on the print media, sheet 36. Du
pFITAYASA@T Ot isisred gsiruct] i ol gété‘ 8? siggle state

”Eﬂbﬁ F%@Qomﬁﬁgldnqhege&ej ected fromone or both of
pri nt eads 0

Printhead 42 can include a plurality of nozzles 86, depicted as circles, for
ejecting ink. Each of a plurality of individually selectable actuators 88 is respectively
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
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_C1, F1_C1, F2_C2, and



and 42 to print a respective print swath. The term
"print swath" is used to define a region traced by the
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of the page in main scan (hbrizontal) direction 62 and
extends in the sheet feed (vertical) direction 64 by a
hei ght corresponding to the length of the printhead

Bk 1% respectively. The tevws rBEpandiiThy jsfar ie Asdand seeandviiggignals,

t he | et t he [ ntA § iy »S 5y

coht f@ﬁie?n R&%P\%Mviéﬂ]egtﬁg{‘ls %@t’ o@rlot AT "2 rofer to three
r 1681 (e.£0 ciyan, aAyFAELardr yellowekddainsdodtpriddinpywherein, for example,
predeterm ned amount in sheet feed direction 64, after

P sopteapareieto Baircolds b SO UK Sol Sieghagils a6 sécond color
RS UL By G S gLO) i s
bhatko i AQIA farsdxamipig signiftcs BIREY fBZQL@RLY | cal | y

Pt o P Pt Wl B U6 1 c
IR co %gf%ﬂ%%?%fﬁg}go {@M@W@E ‘F‘IRE‘CCI@%RO)"‘ CEsHBosite fire

circuirtry a or other store
i pateraiot 84 nsbisies Hire sigoals ridD) €12 &2,_CAn FASCO tar proidngd eomposite

bt aietih s CRMERE HRET b DX Gemoonil: Bl ifgrtor 84

CdrabiRSs fifed g@d'lsleﬁd;, Ng6 (AKX -cEFhcof tggg)rﬁhweadoh{ﬂési@é fire signal 104

1
i ndividual |l y sel ectabl e actuators is respéctively

aCOMPRASITERIRE PEOBL).nozzl es 86, and six exenpl ary
actuators 88 are shown.n Fi.g. 2..n block diagram ..

form BEamREs P mchiga, tiins [ m afapetie; e SR bies. 36 In
heahesf Bilo8NBIat thesofid MirRE @hrecht b GublceWBiforf\And Ghdl@hdled lines
firing logic circuit 90, shown in Fig. 2 in block

dinft@r ﬂlmpﬁlsq' wavesermsdan digne: ledtomia@nialsg@&)qg@nt of each waveform
' L zing. 88... A. i [.CU .
SBRRSbL Sk PR 4 B AP BB P LG o Y b

' Dagatlerto @l dagtdvter PdlseN dthd defiical @msoneiipdPedch RitivefoRdh, represents a

96, 98 for receiving respective conposite fire signals
1wegnifule of figypulss stagvoltpge ciEent aad/oF emagyvdBeices a

pl ural . [ <0 .

116, °1 b oBipiar PG TEBIRL] 1ol Hrencfondd rotipfeg PR, fr
Féxaiihle,andfalmeinfire pelpe VAN yachThuwirigea width fakcCording t6 B2’ desired
e o 0B SR et ke ety s o

P lnnd ORI, (g ETon PSR o ot
pulse widths and mainfire pulse widths can be varied as a function of printhead
temperature to maintain a constant drop mass aﬁd size of the expelled ink thereby
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
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_CO0, F1_C1 and F1_C2) associated with



"CO' corresponds to a first color (i.e., COLORO, "O*"
corresponds to a second color (i.e., COLORI), and "C2"

wa@erosesgonds to a third color (i.e., COLOR2). HGIBUS2004/041741
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signal name of F1_C2, for ekanple, signifies FIREl for
CO_(PZ Con'posite fi re generator 84 conbines fire

nals 106, 108 , S
IefgpoL U6 TeHBes! es PR B DR (b9, o and F2_C2)
f|re fire signals 110, 112
(aéﬁo &ggﬁfgéﬁE?%&%hggécomom t g fire signal 102
( COVPQS} Slovim REc40BLERMYs. 1oonfresiigral FIRB! generasatedsy the same
SR ot 1, il . s
C%I 8d o co ExbQdindehfsGo %&H@{e thé %ﬁglnfaﬁén 8p ﬁre signals FIRE]

or are given in Figs. 3-6. each of
FrgsSFIRES irtthen s@hpasitei ﬁxemgrmprd@semmtmrpuhs glifferent tming of fire

andthedsh es interrelate the pul se waveforns

i FERalHEl E?lhf’é‘d%&ﬁg'?ont al conponent of each waveform

repr esp@t 5 shdw®rwWid thbYMifRhts OR ebhpSsiedirt Yoetldds F6Sforward address
indicating a longer (in tinme) duration relative to a

niatarbed tipingse fird lvignels MR Bhland BIRIGh eFﬂl'W(afd wlleess applies when the

V%EF Hi5E oef%g rségg%%ls gm %g%eglls Sl};e %gﬁz é)u? Sieﬁre sg#%} FIRE2, for

188mpldSs chhbe thdZasd ifta fSiarg &Bar BiRédR far bi-dfrbdtﬁnal printing.

pul se PRE for exanple, and a mainfire pul se

ehxtdﬂah@d/ itimjng inithess englasimenty hey tho ERESsPylagy of rﬁéf? @wmb FIRE2

be d ver ed Q Pk

R DA RN BBt AL s SIRES) i wano
npmlﬁé bf Eirduighsl FIRFSS follokvihg cie MpgNlogbest fiBokignal FIREL. The
prefire pulse widths and mainfire pul se w dths

v a rgssf interiaced tHRingr ¢ihFiteall coR ryehek ?eC@@IPOSITE FIRE
TR, of, CONPRITER MRS ke AVPERETEAARE! Fflthod 1

y énsuring consi stent

pafntdifs {helpeefiraiadd Imalﬁﬁm)mil%ahﬂms |vﬂ&$eak ICOMBOSHETBFIRE Method
pul se wi dth and the preflref;ulsgwldhcan be .r equced :
t% coRstiictste Brefirg, @ncba@mﬁr@ gulse gdths wiihAwodespsetivesigrt pulses at

d
R aCl Aot aaiiaLaEs HRaifGnbEiaRRRRLE] | N 0

I'e groups. Ea group of nozzles
and acFigatt (shsws:tmo Iembbdmtelntsrofohompdswb firet oethods for reverse address

DeaEchd R e sl i BT i FIER o eV Gpe Bl 2851 When the
8PREAPURE FHEGIGPHIRE? preceeds the PRE1 pulse of fire signal FIREI, for
example, as can be the case in a reverse scan direction for bi-directional pnntlng.
Interlaced timing in these embodiments has the PRE] pulse of fire signal FIRE1
inserted between the PRE2 and MAIN2 pulses of fire signal FIRE2, and the MAIN1
pulse of fire signal FIRE1 following the MAIN2 pulse of fire signal FIRE2. The
reverse address interlaced timing of Fig. 4 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 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.
Fig. 5 shows two embodiments of composite fire methods for forward address

non-interlaced timing of fire signals FIRE1 and FIRE2. Forward address applies



with, for exanple, cyan, nmagenta and yel |l ow i nks
respectively, hi such an exanple there is at |east one

wo poossdfedz e signal (F1_CO F1_Cl and F1_C2) asBODUSt0e¢041741
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withFIRElI fire group 118 ard at | east one second fire
signal (F2__C0,F2_ Cl and F2_ C2) associ at ed Wi th

FIRE2 fire group 120. As shown in eahof s 02

fWwhen meng pRE1of  fire fignah SUBEL aWecsdS Plsgiof fire signal

gﬁ%g X%nar % REE H%n%s?:ﬁrpa %rgfégd Ed%B: dél‘&ﬁmpﬁﬁ%l-dlrectlonal

epiis e Nos-ihterlidi tithing! @ thlase embbdinehisamsofoth iafethe PRE1 and
naI s FIREl and FIRE2 into a nal
MeN R enbscaiof 6% Fighali NIRE ghtcepsingregiiass sl SN tses of fir
F| - fs rther b
c&w%ésﬁ?‘ng |ﬁ?%@ﬁd$@%%f%ﬁ%&ﬂ§@ gltggr I ?él efu o be
tC(DMM)S)IfTEf FIRE Nietnd! 1sorFCGHPQSIdEHIRE2V ethiod \R/ambre COMPOSITE

addr ess appl i es when t PREl. pul se of fire
FF Me@wéeds BRI he, T o rghiggite s Adgths  whereas

[\E%@ Meglﬁb ® cbh8rRSiBe phefe Rl ‘ﬁ?&ﬁl‘}ﬁr% se widths with
d| rection Hﬁ d?ectﬂ onal errI?tl na Interl a%

tiwd regpeative isher peldendt thentesding sind HellippRAgguoBeqchodf the original
fi re signal FIRE2 inserted between the PREI and MAI N
pPJ"F%eéS of fire signal FIREI, and the MAIN2 pul se of

fire sg %"@lshg\kfgﬁwao E&Bb&lﬂéﬂ& SMRndokitd firuhs@o®d for |ré\%rse address

si gnal The forward address interlaced tim n(?
Frep-iBerbmed ftimtingenf five mm&l RRREIRERHoBeversg address applies

%@%@Ek Ev%r})spe/g(ﬁq ﬁlg Genal %gﬁﬁ i;}rgcelggTEleFﬂ'}E%] %%fse Ot flve signal

WREFEIR SolCEMRR, e dah BE thethedn £oast seiet dirdchien [fsretitdifctional
and nainfire pul se widths with two respective short

pnm@tersg aNontaterlaead; Hainghin these |eﬁ@ diapats bas b@bwfoﬁletlﬂ?eEZ and

conp05| UI&g!O?Zﬁe SllghgaFIﬁsz%r evers ﬁ{%)%?%ss |§/{@Nla%ulsdes of fire

t bighdlFIRELL | The $év@nel sldidsRionantdrkéddHmingeseFige 6 can further be
addr ess g&gl i es when the PRE2 gﬁ“ se of fir

FERRAP QS BcB Medhoenr GONRORH ETRE et 812 FFRECOMPOSITE
RLQXMO lasmﬁlg&n%e th@ eg{eﬁ & érf(l %ﬁlﬁﬁf tj)ﬁs%g gvgdths whereas

dlrectlon Irection printing
t COMBOBITH EHEEE Muthatl 2 reenstauctsathe tphhefirPREH npm]hfme pfisef widths with
signal FIREl inserted n th E2
pm% SRspesthve N SR Rt FleiSs eading ifd AR %@P@Nfé ¢ the original
?ﬁgesy gnal FIREl follow ng t he MAI N2 puI se of fire
ghal FIRE2. The
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.

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
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



reverse address interlaced timng of Fig. 4 can
further be COVWPCSI TE FIRE Method 1 or COWPGOSI TE FI RE

wokab088682 wher e COVPOSI TE FI RE Met hod 1 mai nt aP@EUS19e4/041741
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prefire and mainfire pul seli dt hs whereas COVWPOSI TE
FI RE Method 2 constructs the prefire and mainfire
pul se widths with two resﬂPectlve short

| prindiang asideessiag (PRRLAN AT A TRANRAFER LR %%géi a@i‘ ¥ii€s MoDE
Pyl ﬁ odglsd fn&gh %nf%%%ﬁ" g’&lcﬁmgﬂf E‘E%sé)r Pﬁvecmﬁiﬁﬁnzfufohe Three

rforwar ess nonh-1nt aced timng o
f fulllar&is@nahs fird Risaetivchs Rt dREDWnEdnwhis @xadpleeBRRE_MODE is shown

o2 deisof RlopRtmnoUPER 5 sof et D A AR, ofropossible fiming
des (?(ﬁ'\xfi?cg 1rR§rl 14cB, &@5@6 1ﬁ‘teﬁacfe9r V&Hdr GBflinterlaced, reversed

dlrecélon rectional printing. Non- i nterlaced

tmﬁ-ngerlzrced)hﬁé«sm Fegh 8¢fi. nidow evenetbistoan e ahy niveabeRE bitgvepresenting

I\/A N pul f e signal FIREl preceeeding the PRE2
er’l‘&i’ﬁﬂf’g}é‘? CFAPLCES gnal FIRE2. The forward

addr €S A nNAbddith&dt! Feeebdet GirAdt 93 iFiBwnIin TR %/98( UAhRetbo@Bnent of
COVWPCSI TE FIRE Met hod 1 or COVMPOSI TE FI RE t hod 2

wbeEmpostOMPOsiakEcdRRE 1/ 0f decolentirwitiZhis showen i Efg Pe Composite

VBt oreeaisc GRTP g kR IR S RRLRIC) i docoded. into

VWi&HoRsd thd HghalOFT EXPREdugh F2S 00k sids BiSdepdil fhBigl samea@ded fire
and fallin edges of each of the original pulses. Fig

Gsighaad 11 tlemgldFM& eandte essf o shargize iaetuator &%ésse thr 2) using

rever.se.addre ntgrl fire

SR RS A0 B B brllioh Shodp il £18 Rsdened to
P& ae FhultipleCedih ]]ﬁﬁtﬁb firk Rigghaly ﬁcﬁeﬂﬁltdnﬁﬂataﬂ?ﬂlatmlké@ralé decoder
fire S|gna FIREl, for exanple, as can be the case in

aciFaiemay be parvidadrie dereste ReR compenitedue smal withpwt depatting from
T p RS R e BN ORionl 07T Te ai gnal FiRes

pr eceedinpysitd@relRtdtd cauntkr VR Nor pransds, ioh Zfohircmuﬁﬂegﬁral whenever
305 L g e N B T

I t x § Le p\Lr\éB[PQ Qe tRGES NG HRL Iﬁnﬁésﬁgiﬁ@gﬁf%%oﬁnter 124

efire and mainfire pulse w
V\tsanaamemlaﬁidsbﬁﬂe feefeEe tHetdonghoditeciiressignalsttecome aqir\&fagam and to

and infire lsevvl t wo, ect 0
oo G Sl Bt e AR S ARGt ameosic
ofitelifdlls. 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

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 COLORO
is decoded in time into two separate signals, F1_CO0 and F2_C0. If REVERSE is
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.



pul ses. In the eight conposite fire nethods of Figs.
3-6, the original signal timng of each of the fire

wer@saks0Fl REI and FI RE2 are nmaintai ned. Ref erPCTySI00%041741

10

15

20

25

30

to Figs. 2 and 7, signals dh signal line 122, which
may include nmultiple conductors, can include fire node
(forward, reverse, interlaced, non interlace

. d),,
pri mi t Fire signaisnt06¢20%)! 18nklZaddtekio cansbsy PFQ@P‘E??4. such that they are

Addr i nf or. i c . 0 it

SRR T A S IE A o 1209 1) o
Pbé moﬁhé!&lf fiold fwa*ylaﬁ color; (fize bighald 31@)1 1242 _@1& 1] gdfl})dyandbe produced
actuator firin ogic circuit 90 to provide prin at a

¢ Brabumesenta coldzAnddire glengs d 147118 (PSP ok b2 G by pepduced for

d i IN .
RS Bk A P s
f ptilee atitho@ac ko tvapifire emenminfire putses &c &igs. 3-6) variation can be

e fl Ao ARG Splor o DR LEIEEkS AV SERTOAL fosmplations, fuid
TRANSEERu) dhoftnddyrlAfa, iRtk @iaciftrehiicolor nks, in
s I nfor ol o FRE

mat | on, wed by its respective FIR
i ndditiomtd oariati®h ire eolbriide duedm fedmagetb H¢ prducednsayingguefire and

. In.thi l.e, FIRE [ 2
DFRETER HFoMAIER AT WRPETES COURF (RTRARES (Y o dainpach color
t h:%réb?%sﬁ%gs&o@lkﬁtem mdpe qssmyences (forward

interlaced, Teverse interlaced, forward _

non- i nEspansinsd ofr thee nsmbiem o - firet signalsed) inelode Hirgs signal color
346, .However,, this can .a unber. of hits . .
SR iog e ngt el B an e oS inerea i hrioihead inpyroutpu
e(oyi si@ials, OWwhRBIC &l @Elativdlg Ubdpefdvé SinS el Hrinttead 8design and
An enbodi rent of conposite fire state counter 124 of .
dewsdactugngcand waphqretoime rohititegigivenghe compeiiivedricingeof ink jet

SyBE RGO A R e cn

agedabaiMbyi thed@bmbbsiten fitd gnetBod DECedRth fonitRdih@italof the present
F1__COthrough F2_C2 can_ be used to energize actuators
guiveRtian, thereby ympkavig wktighponthead: peréqraigase; whils mapfajning cost
tg% gtg;‘egder circuit 92, showmn in Fig. 8, is designed

t 6 decode multi ple conposite fire signals it is

cont enpigatiédhowwat fhwhpa fat epeewsder pratticdhg bnérenyibddiment of the

provi ded to, decode, each cq site fire signal,, w thout
RIS TR TRGEHH0G Nt SR ESHAR Wit aleh%lf%lit@é and tTRYE Hamms described

above and in Figs. 1-9. In step S100, fire signals FIRE1 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
Fig. 2. Each fire signal can have a waveform, for example, as shown by the FIRE1
and FIRE2 waveforms of Figs. 3-6.

In step 5102, fire signals FIRE1 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
fire signals COMPOSITE FIRE COLORO (F1_CO0 + F2_C0), COMPOSITE FIRE
COLOR1 (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



Conposite fire state counter 124, for exanple, is a 2
bit counter and whenever all three input conposite

wo 200s/0586gnal s ( COVPOSI TE FI RE COLORO t hr ough QORLTIBR3004/041741
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are inactive the counter in2renents so that conposite
fire state counter 124 is increnented and stable
before the conposite fire signals beconme active again )
A SONIBOBTIGYIRE Mstknt] oo GOMIURS BFROEA Metsrid Bapitesis of Figs.
Og "ANDED' with the input conposite fire signals.

Uhter 124 is cleared by either a LOAD pul se, which

0 C curs hJP Sbp88 04,66 ofmipbEitePRrel sighalsOdre tdba)cﬁﬂmﬁiﬁosﬂe fire signals
gnal. The six individual fire S|(8nal s (F1 COth

F@cmyosm FIRBICHY Qe dabeC 1 B €00 L aMB IR e Bt COLORI

cBrpba g FEal BRMEQERREPREL LIS IELS, 75 ) e deoed

copResdde cirbuie 93] Rk @xa@pR] Bito Tiddsighals ¢ CO0ER? iCU, F1sCX, F2_C1,
internal fire signals. Additional inputs to decoder

cFi.ce? andB2 4% respRetVAODE si gnal s | NTERLACED and

VSt 751080 AR B T g

REW%Ene@zxeaaﬁirl as@aniphe rusingeddeoded €f2 sigasls Flbehpie_COo, F1_CI,
%b | f REVERSE j s active than F2_CO occur's before
F1 £2omeERPACED i s active then the si gnal s can be

t |
|_n er ﬁ‘?%g%&ﬁO%,%"‘%d o‘f'nﬂégell Eﬂﬂ:ﬂt pgferlln e Al u%%%{ &tuators

signal s 112

s@8m sthpS16kheguses aozztns &6fto iepdl inkarepdting outha rpncntnhg) pf an image or
For exanple, fire signals 106, 108 (F2_ C0, FI_ Q0)
cHﬂagf’eseg‘S’&tuced for the cyan color; fire signals 110,

112 (FZhe edmpbdite ﬁ—i@m%ﬁd lR&n BE ‘é%'eﬁﬁgd fnﬁb ah?%u?ﬁ%@? B §1§nals that

color; and fire signals 114, can
P Axscassetbdf dra difsrent [tinging.c dlig r1 1 lblnsteaﬂmm algbmilfnesu ohfize signals

S A orb O R R o el i Pl e ogingye 11 the

Vaslicetih@N réppetehte a MR Hvavefod iandi the Qiéﬁiedcﬁﬁé%r interrelate the pulse
Different color inks have different fornmul ati ons,

f waveforyh initime. adbie theairemsaly ermpanent ofieachowsyefprm represents time
V%ﬂl%idgp (Iﬁ)'i(&gg aﬂyj blglsg&ndfcg 619% A é&g’% é]é’l {1a%g g,ura?lon rglatlve to a

tionsin co due

phﬁﬁbWﬁq)uISéa IBheR@rtidat béBpdiRet ibdath inwaQefdtth $6proseitd wmagiitude of
OE_@I m ze constant drop mass and size for each col or,

by, Bie8 a5 Pgltag sTent rRd/phengeetAve- t y. - Expansi on
of 1 heA@%p%re ﬁ{deffs'tc[o% b%} gﬁ@glﬁllé&)lr{ H]%la%?%hg c&rﬁpésﬂ%%%lnthead fire

col or
signals can also be used in monochrome printhead 40. Monochrome printhead 40 can

have a group of nozzles with two arrays, one with a fire signal FIRE1 and the second
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.

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



di scrimnation has the potential disadvantage of
i ncreasing printhead input/output (1/0 signals, which
WO 2005058802 vel y expensive in ink jet printhead PEFU§IV04/041741
and manufacturing, and was 1Beretof ore prohibited given
the conpetitive pricing of ink jet printers. However,
the expanded nunber of fire signals for individua
c oitendeddamonk sueld depsatubss frome thaophseasit disclosye agwomsdvigiin known

certain enbodiments of, t he. i.aventi aon, ther.eb I
i %F‘&R‘}?Iﬂ@r ¥i pﬁ%ctﬁc&m g}ei gt e‘/glal% §§$ gl&rerﬂghoél e&édglllﬁ}s gnd Wili&P¥all within
Mg TdithbMNble epsndebtlaihd. ves. Fig. 10 shows a flowchart

for a process for practicing one enbodi nent of the

present invention in conjunction with the circuitry
and timng diagrans descri bed above and in Figs. 1-9.
In step SIOCO fire signals FIRElI and FIRE2 are
generated for each respective color. Fire signals
FIRElI (FI _CO, FIjd, F1_C2) and FIRE2 (F2_CQ0, F2_CI1,
F2_C2) are generated, for exanple, in conposite fire
generator 84 of Fig. 2. Each fire signal can have a
waveform for exanple, as shown by the FIREl and FlI RE2
wavefornms of Figs. 3-6. In step S102, fire signals
FIREl and FIRE2 are conbined to formconposite fire
signals. Fire signals FIREl (FIjCO F1_Cl, F1 C2) and
FIRE2 (F2_C0, F2_Cl, F2_ C2) are conbined, for
exanple, in conposite fire generator 84 to form
conposite fire signals COVWOSI TE FIRE COLORO (FI _CO +
F2_C0), COWGOSITE FIRE COLOR (F1_ C1 + F2_ Cl1) and
COWCOSI TE FIRE COLOR2 (F1_C2 + F2_C2). Each conposite
fire signal can have a waveform for exanple, as shown
by theCOWGOSI TE FI RE Met hod 1 and COWCSI TE FI RE

Met hod 2 wavefornms of Figs. 3-6. In step S104, the
conposite fire signals are decoded. Conposite fire
signals COWOSI TE FIRE COLORO (F1_CO + F2_ QO),

i COMPCSI TE FIRE COLORI (F1_C1 + F2_Cl1) and COWPCSI TE
FIRE COLOR2 (F1_C2 + F2_ C2) are decoded by decoder
circuit 92, for exanple, into fire signals F1_ CO, F2_
Co, F1_C1, F2_Cl1, F1_C2 and F2__C2,respectively. In
step S106, actuators are energi zed using the decoded
fire signals. Actuators



88 are energi zed, for exanple, using decoded fire

signals F1 CO, F2_ C0, F1_C1, F2 C1 , F1_C2 and
wWGo-200885860n step S108, an i nage or inmage segnenPCT/BS2004/041741

printed. The energi zed actuators 88 in step S106

causes nozzles 86 to expel ink resulting in the

printing of an inmage or inmage segnent. The conposite

f WHARINCHLAIMEDRdSexpanded i nto any number of signals

f??hs?ﬁif*@s g df il e o e i by
{jnﬁﬁgt Rsseilogd at a different timng. Asthh

Flgs in"Fig. 11 the solid lines represent
puI se meadueingrn nlverlity of dise pigaals; eash frawsignebphsad ﬁ)ﬂi@ahty of fire

pggﬁw g%;ai% rlgfgpa? gtsdé Enttﬁglnléwﬁ%rﬁgtﬂ&a& é%?m&?ﬁ 09 Ere signals;
5 (badizontally) pulses indicating a |longer (in tinme)

duration relative to a narrower pul se. The vertica

conponé&pmbing sith Dy piniiieengnalein form megmpetitgelitsr signal that

t ol tage, current and/or energy
n%lln%galcan %elﬁiln?egst ood by one skilled in the art,

the conp05|te prlnthead fire S|gnals can al so be used

can hads AGrBRORIoGRsH ds BFER HRPERY 455 Seone! deeading sid
8 cbinpfsife {483kl tﬁélebﬁmdhaﬁgggggta@gwﬁeaod\éﬁ i Bghdié.C

si gnal FI RE2 "whi ch are not he sane
tolimt the peak current in nonochronme print head 40.

The nonochrone I pt.hea O.fire signals Fl and .
I RED. S Hsaeie, oR LTS e UM TE o Rish, il engibiping,p plurality
t QctbiBra i) safd plBraditPsRdeodiRsikisRadisabove to reduce

t he nmonochrone printhead 40 fire signal inputs from

two to one, for exanple While this invention has been
deSCFIQedTMAth

vent Ronrid ndusfsBeidin 9, EARRE SRE hiudity o figpded fre signals is

magkotiard With %ﬁrﬂﬁﬁoﬁﬁk&bhr@nd scope of this
di scl osure. is application is therefore intended to

cover any variations, uses, or adaptations of t he

i nvent isonysi ral C e

appl i cgt [ oﬁg |ngeglrll(%&e§g%§1n1§o?c‘g§£eﬂ? ﬂls%c‘%l %Ifesal %fyf ?thﬁfe signals
t hehplee a rifire sigahlosd meaidlreiumal. Wi t hi n knovvn or

customary practice in the art to which this invention
pertains and which fall within the [imts of the

appendgd §leah o b\ iatnr 1 ShbMEPsdiPrombining step includes at least one
of said plurality of fire signals interlaced with another of said plurality of fire signals.

7. An ink jet printer, comprising:
a printhead carrier; and
a controller communicatively coupled to said printhead carrier for producing a
plurality of fire signals, each fire signal of said plurality of fire signals being asserted
5 at a different timing than other of said plurality of fire signals, said controller
combining said plurality of fire signals to form a composite fire signal that maintains

said different timing.

8. The ink jet printer of claim 7, further including a printhead mounted to
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13. The ink jet printer of claim 7, wherein each of said plurality of fire signals

includes a prefire signal and mainfire signal.

14. The ink jet printer of claim 7, wherein said composite fire signal includes
a plurality of actuator fire signals, at least one said plurality of actuator fire signals

interlaced with an other said plurality of actuator fire signals.

15. The ink jet printer of claim 7, wherein said composite fire signal includes

a plurality of actuator fire signals.

16. The ink jet printer of claim 7, wherein said plurality of fire signals is

specific to a particular color.



said plurality of actuators for selectively energizing
said plurality of actuators, and a decoder circuit

weomsesteezrl t o said actuator firing | ogic circuPCT/USB0H041741
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decoder circuit including a6 |east one input for

receiving said conposite fire signal. 9. The ink jet
printer of claim8, wherein said decoder circuit, . .
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reservoir, said printhead including: a plurality of
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fire signal includes a plurality of color composite fire signals.

21. The printhead cartridge of claim 20, wherein said plurality of color

composite fire signals is associated with a plurality of ink colors.

22. The printhead cartridge of claim 18, wherein each said composite fire
signal includes a plurality of actuator fire signals, each actuator fire signal including a

prefire signal and mainfire signal.
23. The printhead cartridge of claim 18, wherein each said composite fire
signal includes a plurality of actuator fire signals, at least one said plurality of actuator

fire signals interlaced with an other said plurality of actuator fire signals.

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



a plurality of actuators associated with said
plurality of nozzles; an actuator firing logic circuit
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sel ectively energizing said7plurality of actuators;

and a decoder circuit in conmunication with said

actuator firing logic circuit, said decoder circuit
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signal and mainfire signal.

29. The printhead of claim 24, wherein each said composite fire signal
includes a plurality of actuator fire signals, at least one said plurality of actuator fire

signals interlaced with an other said plurality of actuator fire signals.

30. A method for providing a plurality of fire pulses in an ink jet printer,
comprising the step of producing a plurality of fire signals specific to a particular
color, each fire signal of said plurality of fire signals being asserted at a different

timing than other of said plurality of fire signals.

31. The method of claim 30, further including the step of combining said

plurality of fire signals to form a composite fire signal that maintains said different

timing.



26. The printhead of claim 24, wherein said at |east
one conposite fire signal includes a plurality of

wa@ elossssonposite fire signals. 27. The pri nt heRdr/v$2004/041741
claim 26, wherein said plunélity of color conposite
fire signals is associated with a plurality of ink
colors. 28. The printhead of claim 24, wherein each
said conposite fire signal includes a plurality of
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fire signal includes a plurality of actuator fire
signals, at |east one said plurality of actuator fire
signals interlaced with an other said plurality of
actuator fire signals. 30. A nethod for providing a
plurality of fire pulses in an ink jet printer,
conprising the step of producing a plurality of fire
signals specific to a particular color, each fire
signal of said plurality of fire signals being
asserted at a different timng than other of said
plurality of fire signals. 31. The nethod of claim 30,
further including the step of conmbining said plurality
of fire signals to forma conposite fire signal that
mai ntai ns said different timng.32. The net hod of
clai m 31, wherein said conposite fire signal is
specific to a particular color.



