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tti on relates generally to inkjet printing
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devices. In pa invention relates t J K¢ [ r

thermal inkjet primnsdigey devi ces that incorporat é&ﬁgﬁ%%ﬁégt%jﬁ%cg@%&ﬁ%&@

denul tiplexing circuitry for driving thq drop ejector heater resistors. The

art of inkjet printing technonlgy i8 relatively well devel oped. Comerci al

products such as conputer printers, graphics plotters, copiers, and

facsi m | e machFhUIDHBEECEEON DEVEGE CONTROEBLEDR:BNBLBEGIRIGCALLYduci ng hard

copy printed output. The basi ASOMATED RPRIMIEDIVES have been di sclosed in

various articles in the Hewl ett-Packard Journal) Vol. 36, No. S (May 1985))

Vol. 39) No. 4 (August 1988), Vol. 39, No. 5 (Cctober 1988)) Vol. 43, No. 4

(August 1992)) Vol. 43) No. 6,([De 2 aand Vol . 45, No. 1 (February

1994) editions. |Inkjet devi ces ™ irwe ENYENIION i peq by WJ. LlIoyd and

H T. Taub in eRibh ' ; ﬁ%ﬁ, dicss. .

Academi c Pr esg,mepansDi Eego) 19@%))‘@%%2%1&@; {allgi)a.&A theg?&}fallc% nlé;bg{tbg%’n%eér for

i nkj et prinmentiop relptes daan inkjet printdesd fordhermahmkiet printing davicss that incorporates

reci procat.i rint cartri s .in whi.ch.qall .dr of .ink, e _ejected by

her o B St B el SR ey sty R Bk it B reBlo . s

desired to place al phanuneric characters, graphics) or inmages. Such

cartidges typically include a print head having an orifice menber or plate
AG I B J Qe i nk drops arc

that has a plurality of s## SAeEMENISHe MLY i
ej ected. Beneaffe dri\6f iAQeZprRRIng t6:hhblogy id lefafivell) WeMCdevelopbt. WorAmBreRiIC! OSUr es

in which ink resides prior to ejection th a nozzle. Ink_ is supplied to the
i nk firi rgodustminch s computesprinters,@rephics| plottans copiers, Bemgmm cation

and
or i it - carseh Rl Sipleh QLo Bload Tor RUFLE S Bofh bAREL AP Pl O, |
headi eIr n ilofdhmacleioeagy lowe béencdigilosed ivwvarions artieles\ir thel Hewlett-Packaed Jourkglet
prin

acconpl i shed ui ckly heating t vol ume_of _ink residin
B thi o A, 5 Va5 v caie Fol. 35, Koy (hnasit Loy ool Nons (Griobsig bbb e 1 cal
pul se to \Polf‘?.ﬁﬁ\ﬁ{. 4 %h&stt 9992)W?€l4ﬁ,01§lﬁ.r6 Lhb&1992) dhd g1, 49)INd 1T i g
chanber. At the co cenment” of the heat energy output fromthe heater
resi st or ,(Februanykd 994 peslitidnsb balgetdeviceshaye alkso been descobed byeWshi LloydandH.The
heater resisto r . kts, projectiv ers., T Pl d expansion, of the ink
vapor buf)‘%f’g 1q @PB’é’é Wﬂ Gﬁ\"&eﬁ (ﬁké‘f%f%ﬁﬂ%"{a%e sﬁ%‘f’z‘?@&%ﬂ%‘&“’&ﬁ@%%&t rical
pul se endriegd)d988, dhaptedIP is ejected, the ink firing chanber refills wth
ink fromthe ink channel and ink reservoir. Thermal inkjet ink can be

corrosive. Prd tsged inkigprinter for injep printingdypicallinelydereneios moref an i nk
trid . N ¢ . : fai

o the perhfladdiny Meiptbding prfiPliziidels Rahich sl BB BF AL BRcRABY 2, 1 €

ar e ef f etliermal gneegyt frothfa dropgerierator; tovmndsceemediumospen whick it tsrdesined to plapet r ol

signals. ] n sone.print head designs, the transistors.that fire the, heater
resi stor memaﬂb‘gmﬁo § ‘Tg‘éﬂﬁagefsr cgch?r%eégyg%gy chi"éde %W!ﬁéﬁ%dgr. f
t hi s one hg@RpP ek beificé MmeRbECSr PiRa kay hal Spiatatity mnllismzeles thiighoshicitiieack from

the ink and 1ts constituents, a large part _(or all) of an ink cartridge can
fail, aditydrepsargiejested; Reneath the nogalps ar inkrfidng,ehambers, adychiass enclgsuges in
convent i 4 ki | : i hip i of diaba i RIS ] terial
Geposi t cotich ink bestesipPlo REn ARGHEN £fodic, 1ok upPleD o kBl 7

conduct ockambers gaoughrink dhamnels that eredriflsiid ¢aamyrennicatibnpwithvardipk assesiodr; whichal

path to and,fromeagh thin film heat resi stor. Si.nce the nynber .of
T ect ri o A18Y B ARIEINGHAn & S5Tals OGR! Jhe BT FaU94s o7 dn A SHRAGHe HiK solziner
resi st or gnRES aSdTPi:OMAke printhelld gh density (high DPI - dots per inch) print
head, various nultiplexi n&; echni ques have been introduced to reduce the

number of contikedropsjenteritidoush ansazie emplayed freathermeldpkist minderti® circuitry
di d.in th i nter, f Iy < .St .
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despite its good conductivity, inparts an undesirabl e amount of resistance
in the path of the heater resistor. Individual transistors are typically
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applied to the drain, source and gate term nals. These conbi nati ons of

- signals can effectively control when individual transistors will be in
their "on" state, thereby allowing a droplet of ink to be ejected onto the
print medium Miltiplexing the function of the various lines through the
sem conductors allows a |arge nunber of individual transistors to be
addressed using a relatively small nunber of address |ine conductors.

Mul ti pl exi ng techni ques have hel ped reduze the total nunber of conductors
necessary to energize the heater resistors. Notw thstanding the

I mpr ovenenivith aRcleeliVeBS&richGzingBletritdTPuRY @R RéatérScAROEAR cjcdRWPYSTionddGn the
reliably address each transistor to avoid catastrophic failure of a print

head causetrkiifing chpmbere Atdha ¢onsnensement@f Eechegienergyrpuipid ifiombthe hegfer e i s a

need to pr r ent

i nput si gnlfalé ilsg’g’n#ilgﬁlﬁﬁl g;@gﬁl@%&%ﬁ@ %ffs E@%ﬁféﬁ?% g\gag?rﬁ%%lgheaﬁ{for an
i nkj et pri progctivelayerde$harapidosparasion qumnmmm Hubbldifquc&sﬂad liguidliok through of
heat er resj stor res st o ctrical I ordered into, a
frrst or ot afiate QafsEBteH PolR efihnd gk Fohid 8 4iRE e shirtnd
opposi Ng sicfls with iAOfrémaRgik @HarmePind(iArdsérvorper t ure) through which ink
flows froman ink reservoir to ink firing chanbers of the ink jet print

head. The resi stiimabinkiehiakcarbasoreosive Prcd(arpgeém@me afielactrical gi r ect ed by
swi t chi ng gleyi éctmg@mm e85 e Hrffeﬂﬂéntlg%%ﬁt%leeégﬂétgyﬁnﬁem

transi stors or ETs ect r| contro nal vari (whi ch
al | ow t he fadatearf theqmmhmcbbet:msbmeermslguomdat fae ¢hedwafer exdistons areteffifectwelnt head

[ t ct t h bst .__One. i cal
Connact or S bAGERA Tl ae? PepRER Rk FER B bl SR rEsopeing bed desfe
el ect ri cal thp aaRsstbe it €ife thb Geteteaabs a8f addh@ seROREIIRE) ﬂ&d atd’h@gl@albanbﬂpm S

of the VaI’IOUSfII’In transistors that are electrical] led to only a
first groujfnBectomut Fhilsr?f}?g’oé'llf‘é%r‘ﬁ%!“(“i*@é v sisgbleyl begpyse eff eul Rttagk from the
proxi mat € {hR afd ftb EststiRRhds! LBreRipaft fépﬁlﬁctc'é&ﬁd g tan TR0V GSET it Gl

connect or disposed on a second 5| e o t he substrate that is opposité the
first sidegrintqugitpvi ded with el ectrical paths between the second connector
and the gate i eco, t.ransi stors that sed.to fi

A econa ar oup T kel iishaE e o Rdlin A B ottt « T8 BTl

i nputs formibBRalsRpeyiRl oh bR BLIdE layesofal Rmidontddasr dubkteaté. \Blegirioaioniditese aRach
group is el ectrlcaIIK coupled to one of two edge connectors. A fault on one
T

of the addiddsdef pyyd ‘é’ﬁf"? lsyen and PeRvadeon qlesdrical pathite prst Bomjepseh dinfim e only
that tr ansﬂe%iepfes%'forms%E tihe” eisgperléctﬁ&‘l’%rﬁﬂcltops éalﬂ%tcco?ﬁérﬁrééd&gﬁéﬁsasl ene. The

control signals fromthe other connector, which are electrically |sol at ed
fromthe fiumher obheatsr resistoraars employef fies high d@pSlt}'r(blﬂthRIOT dads pesriiichf) pent s

adver sely ALLSGLNASI SN Clholdifs PRAGSLE GuaRINGH Rluck Bt 4 edoe

connectors to con ansu ors’sig PPEant I'ncreases the
print heaconghdtainkedey to ao:tnleatthé lwacetr re3isedrk to/cifhitat dxlspmsd nﬁhérprmﬁer t$ee, i Nk

ejectors retain en if a her ink ejectors_is disabled.
BRI EF DESCRT %ﬁnr& tapeAAaNERloF 4 1 £129 rat geagq%@iﬁaé H}Wfﬁ?mé?%?‘}snu ng

system errnbgwrﬂlgert* Bed MspREN gdd&‘é@ﬂ&dcﬂ@ﬂy,ﬂn rtslaxﬁjdc@sx?ab‘{i! Jﬂ%anft bpetsilanek
di agram of the functional organization of the elenents of a print head

enpl oyi ng ke patieebthe heaigraasistoh. FIG 2A is an isonetric drawi ng of an
exenpl ary pri ntlhﬂg/ cﬁxgpt?ﬁnilfsﬁs %rgﬂp‘r?r%é JSQd&@%eHB?ﬁE@meﬂXﬁms o‘?@leclz ik Oflgrﬁlé S an

isonetric drawin e carriage-apparatus enpl oye t he
printer ofapbliéd toﬁﬁe drain, source and gate terminals. These combinations of signals can

effectively control when individual transistors will be in their “on” state, thereby allowing a
droplet of ink to be ejected onto the print medium. Multiplexing the function of the various
lines through the semiconductors allows a large number of individual transistors to be

addressed using a relatively small number of address line conductors.



FIG 2Cis a schematic representation of the functional elenents of the

. printer of FIG 2A. FIG 3 is a magnified isonetric cross section of an ink
drop generator enployed in the print cartridge print head of the printer of
FIG 2A. FIG 4 is a schematic diagramof a single FET, heater resistor and
el ectrical connections of the FET enployed in a "primtive" swtching
device that can be enployed in the present invention. FIG H5Ais a

t opographic view of a print head of the present invention. FIG 5B is an
enl arged view of one ink aperture and the placenent of heater resistors
proxi mate to thdultigledpg tdchiniquesfate hépedsiedues the toddl agmbphofcondestoref a maj or

surface of a three-colqr nﬁ jet print h%%gi FIG @B illustrates the.
addr ess acPPEaTANLIP LEERiEHEe hedterrayitterd DebriRistnding th-imnipyespgnttirrddyessing,

EMBODI MENT pfeh Gimproferhéht _%Fshrglcﬁ'édf heWARE A8 Y Qfably 4t Ezgﬂ nsa}sﬁgt%md dVoRy porating

t he present invention. printing system 10 can be used for printing on
any sui t abkaasteopbicifailyre ofig printchepd paisedrbyia singlerfanlt 6an adsidéss bus.r bresiditioancy
medi a) pho i aper..and the lLike. |n-ge |, the.. Einti.ng ,system
Communi car SeR RHeEa ROBBIiG8 Bt el i 0GIBBIAL schif gieRerd oLt i

m cr opr ocesafigutdimins.pr oduces print data. The printing system 10 includes a
printer assenbly 14, which controls the printing system a print head
assenbly 16 that ejects ink and a print head assenbly transport device 18
that positions the print heagdusaaRy HEPHEINVEONTION. The printer assenbly
14 al so includes a controller 20, a print nmedia transport device 22 and a
print media 24. ATt pead-for aeinkiet pristesipeludesresubsteate ppgrowhich dvdispased pri nt
media 24 ( . ) or-i . o), ] i i from
the cont rof teitegit RARTT RS CKRL Ao PEIGAP bieRled MM SFad YR ERELURLy 11 2
transport deda seoR®groupahey amiphiwealy agasgedlapodiGhaoghdsing siyes of ahelangasiksenbl y

transport device 18 according to jnstructions received from.yvarious
m cr opr oceS8bt28 Il FAGTHF HEO'}'J&\ W’P’F#‘u@’?‘s@fg’fseém"i@’.‘ "ﬁ?feéfdﬂ‘?‘f fodRk firing cg%‘m’%l | er

20 recei vesf Bt pintddd THARRiSDR aRORdatcbY GeBirical BatfenP HAE BfRSl B Print
data into printer control information and inage data. This printer_control

i nf or mat i ofwisehdng drydess senhaasithreertasaningy curtant swiiehing field-effpct teansistors er FiETse
print medi n i 8 i . the print
head assentl§ERAEARES! HEHLER APl URERr HintF Ao RE ey el RuBER A 2 BT
transport eergieal)hte @uplediintoshd prent headisirnpaac (3Dcamedtoisivd gqpposites vBthea 24 and
the print h@zgd 30 is instructed to eject ink drops according to the printer
control i nfBPH&Ei on and i mge data. The print head assenbly 16 is

preferably suppoht ectidal@oRfidctr dikPastddnsaidl sidd 6ARS Pstratd @Vprefidédwithat can
position the print head assenbly 16 over the print nedia 24. Preferably,

the print ¢lesiicapethstheyvees thecontigisiof thepnesetariapd thy gats/inputs f Hie vareusr i nt
medi a 24 ugj; i pat i on. i devi ce
T8 andt ho HRE SRR R AR A Akl LORIAT B, DE AR, BRREOPh b e L 5
may be a r@etistogithat cahaddntadly papexinsateltotarsppaortion hethd idsapertbtey A s@osgor t

device 18 .pgsi tion the per in media transport direct.jaq }éalnil. t he
print head BEEEREPYRELEEEIE Shevieew e nifne bBRERE ot FRoppptiinih igyside
assenbl y 16 previasbwith eleP@ipSIrpatts batvibleh Gt se€dhdl doaRENE 8 thedgdtdpiRdifa
transport direction. . .

second group of transistors that are used to fire a second group of heater resistors.

Stated alternatively, the control inputs for the several transistors are divided into two

groups where each group is electrically coupled to one of two edge connectors. A fault on

one of the address lines controlling one of the transistors will disable only that transistor or

other transistors coupled to that same address line. The control signals from the other

connector, which are electrically isolated from the first connector, are not affected by

ground (or other) faults adversely affecting signals on the opposite connector. Using two



The print head assenbly 16 includes an ink supply device 26 that is

. fluidically coupled to the print head 30 for selectively providing ink to
the print head 30. The print head 30 includes a plurality of ink drop
delivery systens, such as an array of inkjet nozzles or drop generators.
The ink jet nozzles are conprised of orifices through an orifice plate

t hrough which ink is ejected when the ink is heated to boiling. As

di scussed further bel ow, 6 each ink drgp delivery systemforns a printed
i mage by ejecting droplets of ink onto the print nmedia 24 according to
instructi og$ef S n@ [ of the
top of a sﬁkggstcrroat e&(;?:r%&%yr%&r&vﬁ kﬁg (t)ljra:dr]re Ig ?gr ri et?y dgiegg%qusﬁ m)ht h%%
shaped t o cilinkitity inrtkattfondtiooatity bf attlgist npadsbgmk 3FLtarnisoetaimed, rdven ifra grgup
chanmber 301 t@ %e. "bot.tﬁm' of the ink firing chanmber 301 is a thin film
heater resPSeB BHEPRES fEabledered by a protective dielectric layer (not
shown). When current is forced through the heater resistor 309, ink in the
firing chanber 30l is boiled causrno the |nk to be ex-eIIed t hrough an
orifice 303 in the orifiBBIE AMINGS p| aced over the
barrier layer 3 I [¢
chanber 301 untlrsltﬁz3 %‘g% ?’lﬁ)dcglzli(ld%gr uar“?gﬁt Bﬁlgldtg%%@ae{n?l@}pgg o‘FSE gilés[ﬁlto e ink.
The el ectri caI El(fr nenis atsimpixfg:ﬂ bidek diageene of trhei;'mrxctlonaltor@mzhtimeoﬁmbeh:mentss
whenrnkrs ce??th Fig. 1Bis a sinplified block
di agr am depr Eletﬂffﬂ Ohlgﬁg’ecﬁresgﬂtb'gt’ '8 30 of the present invention in

greater detail. Fn@rzAttbanwém&a:Qﬁa\olflgbhen exdnsiary pindfg Wﬁ:ﬁemﬁloﬁh@hel B,
el enent 30 may be considered to be a sem conductor substrate such as a

silicon suﬂ’fgiernét"é(e'ﬁtﬁ’d‘t i ncorporates inkjet drop generators and associ ated
ciroul try. AlterRAbRUEhY isofBRRFAwIAR of APrifCRRARF Larflad:UtBhiRs b rigid
sem conduct or substrate and a fl exi ircult Tor carrylng si g s et ween
a pri nti ngths pnenp&RIG. 2he drop generators on prl nt head 30. Substrate 30 is
divided into t

i nvention di sc\lA@geg g ghr?mwgc fegregfrﬁgtoon%t%r uclf:tlodlgl elegluhtgffgteé)rﬁi% ged into
nor e than FIM® 2Regi ons. Each regl on shown in FIG 1 B contains a set of
primtives. Hereinafter, primtjve" is conprised of a collection of

transistors (FEIS 3tlﬁatnaaru§etl isPRsHicSFOSs amwmorf §n By dye sergeRiorgmRleXed ifo (or
removed frtﬂeqmﬁp&tﬁ,ag  blifiGRafoHAL gﬁmtpome fETs. ALl of the FETs in a
primtive typicall e their (or source) termnals coupled to a
conmon ground; Hﬁl"rofasdiesfetlFﬁisratrWacsafglqulﬁa\matehmsrstQ;@ud clestricalr dr ai ns)
coupledto [ I th hrnrvr [Ee n rIm
heat er resi gflgc%ﬁ%ﬂéﬁﬁgﬁ gur eeégo 4 remlsnﬂ'g'af mg vwe%ga\‘c/%ecrgn By ipﬁeé

sel ect" sithaatesan imvenpon.m tive sel ect l'ine d| scussed beI OW. AI ter nat e

enbodi nents wo | so include using.uni nds for the FETs. Each FET
Chen has i ts. gaI6- GISp aPoRPE P Eam T o RHE ot geBieR whi ch cont rol
the FET indivi dugd b®.is I0enlinEd®vieWRbRSE ink@phihre afd 8ladeindfSof HeRtePREisforoM
the FETs and external connection points (connectors) all are considered to
be fabri catreximagnto tht\mkspergureat e 30. The "lines" are typically conprised
of conductive t .

sem conduct or f@%ﬁ?ga%?g%ht%%ﬁg?ﬂgggmﬁmo'% b ?\%r?ac%?? élgg{snk?ét%{ lfrflte
primtive headconsidered to be a primtive control |ine not shown in FIG 1
B but shown in EILG i,mti eselect | ead 404. This primtive
control line (41'59 PR ‘E‘f‘% eﬁﬁhegﬁgﬂfcissegc VAI9RPIYSEnd) to the source or drain
termnals of the FETs in a primtive (through the heater resistor 400 in
FIG 4). The other contr ol I|ne of an FET in a rrmtrve |s an address |line
coupl ed to the EETAILEDDE ION QF, THE FREFERL BQDIMELINLr a1l 406.
The gate of ea [ e
permtting thecﬁlllc:# g%ﬁ%@tﬁﬁ%ﬁg@%ﬁﬁ ?rglut(lj%a rillltlmag(c:)(tH ?8%?%3?‘?‘%\#‘5% he
primtive Hmrnrimﬂnglsyslmttlﬁ canbcusafdtfonmmtxsg ao iy suifaplei mateiialesusblag paper i ne 404
in FIG 4) apd an ddr i ne te.inth

o m £ ve TERsEr Med, e e e eheioesaphiganps aar e lie dodensHy Sgh
the correspondi ng heater resistor (400 in FIG 4), causing ink to be
ejected fromthe print head. The sequence of turning "on" and "off ' the
transistors is inmportant. If a transistor is "on" and conducting current,
and thereafter the address line on the gate is turned "off ' prior to the
primtive control line being turned "off ' the transistor can be damaged by
aval anche breakdown, as well as other sem conductor failures. In the
preferred enbodi nent, the address Iine is turned "on" prior to the
primtive control line being turned "on." The address |line should stay "on
untrl after the prrmtrve control Irne has been turned off to avord
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| ead 404 through separate heater resistors 400 on the substrate, all of the
FETs have power applied to them sinmultaneously. The FETs in the group are
all connected to the conmon ground but each of the FETs in the group has
its gate 406 coupled to an address line. Individual FETs in a group or
"primtive" can be fired separately if the FET's primtive select |ead 404
and gate 40G are active at the sane tine. Accordingly, a conbination of a
primtive select |ead 404 and an addressisel ect |ead (gate) 406

i ndividually control each FET in a matrix fashion. An ink jet print head
can be nmadgrintiigesysteh cdhinfunidutss withea By §fseem p2,iwhith sehisbe@itoadpuldilog j et pri nt
head substrate (which surround or are_proximte to agn ink aperture) are

or gani zed THIOPIGFSEYLhProduset Rt dgﬁdTﬁmﬂnwe%te@r IfLipsluges qoprinisrasieanblyr e
addr essed : i &l r d P RVICE i . In
The. pr of er F i D P e A B PR
al ong a | ilradtassembletranspor deviee 1 ithatywsitions the peint héadiassesnbiy) 16 agregiiged. of t hi s
i ne are addresggd one ress. bus: L.t ive t r.Si are
addr eased by o T Pater oy 1€88 fichiasPk Lot o, Xbrirk el fpemid it

t her ef or e 2indad prixtitmaalid 24. The paintmedis ahhspart ldyvitd122 pbsitonsahieiprissndatis24

Al t hough the .depiction of, FIG 1 B _shows only.t rimtive r [ egion,
al t er nat e EHELR RABAR &cSEding _tl}e_r‘Fe_Ph é“WF‘c“BHS’I IF%"‘%CEE Fh?eEP“H?ﬁ‘Hr%n%mT{thes on a
substrat e. cdMabAGVRY pro{iiGé‘s &ntrd] tb'tH@ﬁrirmn%’ia @ﬁxsﬁdr@é@ié@ﬁ, e sieety (L1 S han two

groups. Three or nore groups mght be controlled by three electrically
separ at e aasserobly 101e0d the pripabeadmssemtly ransphdavice | §agordingstqipstiuctiops 1' )

includes a _pl.urality of heater resistaor.s, also kno i h .t as drop
gener at or S YR SR Blode SRR el gt 1D, yP R Bon

i ncl udi ng doeroferTX) e edsithestina dateron the hakd stybteed2l and peodesdes theypringdethves
signals froma, 9 plunakity_of power %% primtive select. or primtive
control | i AESPnigcOsHBMADIHatqRgnd fmage caty  Lhig pHRET eoniol nfprmpbion AN mage  The
primtive fenishikd B%fh@%pﬁ’tﬂqlefr he P8 he Ekiﬂﬁﬁedig%ﬁsﬂﬁ& RGicHaB atht PAndr Op
generators D or D firing the FETs, the current of which acts to eject
dropl et s dieatl assebly i‘lﬁgaﬂaﬂ the printihegd assemblyitensparrdeyiagds8. tior praspile. the printi vat e
a particular . i i AR : £ 5l pes and
2" addr css g AEoAbElsBhp e FORE 1l gl Sk Ik puiElnREh 28

acti vat ed.thé\pfint lsatl 30 és metnetdd tb iejeet ink drops tascording keths printee totiteo! infofmamah
transi stor by way of the drop generator within the primtive associated
with the pdiRegEatael ect ine. An address select line 32 or 32' connects
to the gate of PREid BERI A5Qhbly 16 RG5GbreRb] SiddByt 4 Y&t Hehd BdsBmbBQi on 30-1
or 30-2. It is mgﬁf ﬁnomn in t%e gﬁ? fhaﬁhgﬁg gatgxoy an FETScansgontro
when the deanspert doneruld that canpesirien the pnnbleiadestembby 1¢ peerithpriintinndiagiul d

i ncl ude usj ] 3 i ' : :

besi des Feretrityif bR BaPheckitbiFACR SRR of Hidiily S A0 BhRTRRIS2¢
t ransi st ornsing3GReombirbtidisofahelptittchedd dssembly ttahsportadericsf] 8zand itheyurird media

transi stor, for aml ontrolli the base, voltage woul d contrpl when the
devi ce. corATSPUT gt 32, A Sxrialeyprntmoiingd 1Ruof Arediinyfas She P hmpll of.

t hr ee- col GdndRhé thinthﬁa&iassérﬂbgnﬁhéﬁdrmbwic)éﬂh|n@dly, pﬁﬁﬁﬂﬂl&@pa}ﬁﬂin@@@dip alssporul d
flow upward, i.e. out of, the plane of the FI.G GA thraqugh the ink

apert ur es Bregtios whila e peipgheadiagsembly Hepsperd Asvdfs 1§ By RASIHAN the@ringhead
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of 24 primtjives on the_substrate. Each of the in% aqfrtu es therefore has
ei ght pri rArdroRgengmiers e Ahe ink jptnozgsare gemprsedaf QRfices thrgugn gagrifice piaepr i sed
of 18 trangi Sy dh A8 i : P ; {3} bdly®s 602,
004, 615 A e b D R o A b R,
primtive, 615, schematically depicts the several FETs and heater resistors
connected to them proximte to one end and adjacent to one side of the ink
aperture 670. 10 Each of the FETs of the primtive 61 Sis coupled to a
ground bus 630 represented by a heavy |ine that can be seen on each of the
primtive areas shown in the figure (602, G04, 606, 608, 610, G 12, 614, 61
S, 616, 618, 620, and 622). A first address bus 640 is conprised of several
conductors (individual conductors not shown), at |east one of which is
extended to each gate of each FET in the first set of primtives shown
(614, 61 S, 616, 618, &X0, and 622) in the upper or top portion of the
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As 'suggested earlier, one enbodi nent of print head 30 nay be a conbination
of a silicon substrate and a flexible substrate. In a first enbodi nent, the
address pads 32 represent flexible circuit connections that connect to
electronics in the printer assenbly 14 when the print head assenbly 16 is
installed into printer assenbly 14. Alternatively, in a second enbodi nent,
the address pads 32 represent the bond pads on a silicon substrate.
Intermediary circuitry such as a flexiblg circuit can be used to connect
the bond pads to circuitry in printer assenbly 14. One nethod for
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nicroprocessor based el ectronic controller mnthrn the printer 101. O her

t echni ques of dot natrix mani pul ati on are acconpli shed by the conputer's
rasterizing the data then sending the rasterized data as well as print
commands to the printer. The printer interprets the commands and rasteri zed
information to determ ne which drop generators to fire. 13 As can be seen
in FIG 2C, a single nmediumsheet is advanced froman input tray into a
printer print area beneath the print heads by a medi um advanci ng nmechani sm
including a roller 207, a platen notor 209, and traction devices (not
shomn) In a preferred enbodrnent the |nk1et prrnt cartrrdges 110 111 are

e S " L o o, e



A nore-reliable ink jet print head of the present invention includes a
substrate that supports heater resistors that provide heat pulses for

ej ecting droplets of ink onto a nedium As depicted schematically by Fig.
4, each heater resistor 400 is individually controlled by a separate

swi tching device 402, which is preferably a field effect transistor, or
FET. Each switching device 402 has a primtive select |ead 404 for
transmtting power, and an address selegt |ead 406 for opening and cl osing
the switching device 402 through the FET gate to allow current to flow
through t ié’a‘ﬁ?'c%}r@?isép&colmﬁ'ivc tricel Efeicatt® ol B4R suBstPAE ﬁéi%é’!l ropifd stor 400,
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address line (not shown). During a printing operation, the printer cycles

t hrough t ABCSRITFPOLAEYY ¥44§Epi cted in FIG 6B such that only a single one of
the 18 firing resistors within a particular primtive is operated at a
time, i.e. sequentially. However, resistors in different primtives nay be
operat ed simultaneously. For this reason, and to mnimze a nunber of
contacts required, primtives share address lines. Thus, for a given set of
primtives sharing address lines, there are 18 address lines to allow for

i ndependent operation of addresses for a particular primtive. To inprove
reliability and to allow rmultiple nodes of operation, the primtives of the
substrate are segregated into groups. One group of primtives is addressed
by a first set of address lines for the primtives in the group. A second
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17 'cycling through address lines as is indicated by Fig. 6B. By having
north and south primtives, the print head can be operated as having either
24 or having 12 primtives. Address pairs of the north and south groups can
be electrically or functionally "tied" together by appropriate circuitry so
that conbi nations of transistors in any conbination of groups can be fired
together. In one such enbodi nent, each tine a particular north address is
activated (for exanple ALN), the corresppnding south address is

si mul taneously activated (for exanple, A1 S). This can be done by naking A
1 Nelectricall C t S, etc.
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An ink jet print head can be made more reliable when the several primitives on an
ink jet print head substrate (which surround or are proximate to an ink aperture) are
organized into groups or clusters and when these groups of primitives are addressed by
electrically separate address and primitive control lines. In the preferred embodiment, the
primitives on a substrate are divided in half along a line transverse to the ink aperture.
Primitives on one side of this line are addressed by one address bus; primitives on the other
side are addressed by a different address bus. A fault on one address bus will therefore not
affect primitives controlled by the other address bus.

Although the depiction of FIG. 1B shows only two primitives per region, alternate
embodiments would include virtually any number of primitives on a substrate. Moreover,
the primitives might be organized into more than two groups. Three or more groups might
be controlled by three clectrically separate address busses.

Each primitive shown in FIG. 1B (P1 - P1’) includes a plurality of heater resistors,
also known in the art as drop generators D or D’, and associated multiplexing circuitry M or

M’, including the FETs described above. The multiplexing circuitry receives signals from a



a second primtive (5-8, 13-16, 21-24) 602, 604; 606, 608, 610, 612), said
second primtive being conprised of a second set of cuwent-controlling 20
transi stor devices, a first term nal of each transistor device of said
second set of current-controlling transistor devices being coupled to a
pradet ~n3ned address line of said second set of address liras (6~0), said
first sad second sets of address lines being electrically isolated from
each other; said controller being configurable to operate and control said
first and second 25 sets of address lines in a first node wherein
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ected by the resistors; and a first set of address conductors

el ectri Ca|t¢ryu@a§ Gpirent swﬁplymg olemeats besides FETs including, but not limited to dev1ces such
as bi-polar transistors, SCRs, TRIACs and the like. In the case of a bi-polar transistor for
example, controlling the base voltage would control when the device conducts.

FIG. 6A is a schematic plan view of a major surface of a three-color print head. In

operation, yellow, magenta and cyan inks would flow upward, i.e. out of, the plane of the
FIG. 6A through the ink apertures 670, 672 and 674 into firing chambers (shown in FIG. 3)
distributed along both sides of the ink apertures 670, 672 and 674. Shaded, rectangular
areas on opposite sides of the ink apertures (602, 604, 606, 608, 610, 612, 614, 615, 616,
618, 620, and 622) denote primitives. (Not shown in FIG. 6A, but existent in a preferred
embodiment are twelve (12) additional primitives, each of which is adjacent to the
enumerated primitives that are shown and the ink apertures, so as to provide a total of 24
primitives on the substrate. Each of the ink apertures therefore has eight primitives adjacent
to it. Each of the eight primitives is comprised of 18 transistors.) As shown, the ink
aperture 670 has four primitives 602, 604, 615 and 616 that are located about the ink
aperture 670. One primitive, 615, schematically depicts the several FETs and heater

resistors connected to them, proximate to one end and adjacent to one side of the ink

aperture 670.



mul'tiplexing circuitry in the first region and a second set of address
conductors (650) 15 electrically coupled only to the nultiplexing circuitry
in the second region, said first and second sets of address conductors
extending to first and second sets of contacts pads (32) on said substrate.
A fluid ejection device (16,30) conprising: 20 a substrate (30, 313, S00,
600) through which extends a fluid feed aperture (502, 670, 672, 674); a
first primtive ( 1-4, 9-12, 17-20, 614, 161 S, 616, 618, 620, 622) forned
onto the substrate, the first primtive having a first set of

current - cont 1ol IHa8g of @ FETS bPIR dritave 655 & cbdiied B2 BrB@d Kifs 6@_@?&ré§eﬁ‘@§.¥3?t or

of said first set being coupled 25 to at |l east one address Iine in a rst
set of addrdesvy lingthat @abp seen weeachdf theipnintiiivecar¢ss-sBown B the figne- (802, 6662,

604, 606, ggg’,6&)@;@%0,gi}g)élaogfgegégﬁgbéﬁre%%&@y ate, said second primtive

havi ng a secon ‘curtent nsistors (402), a first
term nal of eaclA firsaaddress bis 640 Babhpaisalofdesril chaduepre AhdivRidal @ndictdreast

of addr eas 1P} HOS e SRS GIEOt PG F SXFRbIAR S ERGALEATEP T Fobe 6t ST addr oo
e, oo e L 81 6 T4, hd o NS Y o
control si gukstratediPOzhown isFIG 6. ot decond address byt 65Giscomiprised efisdvesalcond set
of address c&%cﬂ;%?o‘rs 8r§divid§glbc%khﬁc%r§ n§th s%%gvnj at7lea|g? gneen&evShigholos %xtended to each gate
of each FET in the primitives shown (602, 604, 606, 608, 610, 612) of a second set of
primitives along the lower portion of the substrate 600 shown in FIG. 6A. The first and
second address busses 640 and 650 are electrically isolated from each other but are
accessible from the connectors 660 and 662 on the edges of the substrate 600.
In the preferred embodiment, each FET of a primitive has its gate terminal coupled
to an address line 642. There are therefore a number of address lines “N” in an address bus
640, 650 that is equal to the number of drop generators (and FETs) in each of the primitives
shown (602, 604, 606, 608, 610, 612, 614, 615, 616, 618, 620, and 622). The address lines
to the gates of the FETs of one set of primitives shown (602, 604, 606, 608, 610, 612) are
electrically isolated from the gates of the FETs of the other set of primitives shown (614,
615, 616, 618, 620, and 622). (In an alternate embodiment, the two sets of address lines
may be indirectly or directly coupled together.) The FETs in any set of primitives will not
fire if those FETs are deactivated by their corresponding primitive control lines, depicted in
FIG. 6A as the “P” lines 690. The address lines are therefore effectively multiplexed to
reduce the number of address lines needed to control numerous transistors in several
primitives while allowing for individual selectability (addressability) of the drop generators.
The only exception to this would be if one or more truncated primitives P (with less than N
drop generators) is utilized. During a printing operation, the printing system cycles through
the address lines such that only one of the address lines Al through AN is activated at a
time. (See FIG. 6B.) Thus, within a primitive, only one drop generator can be activated at a

time. However, all of the drop generators in the various primitives associated with a

particular address can be fired simultaneously.



18b 4. A print cartridge (16,110, 111) conprising: a fluid reservoir (2fi);
and a substrate (30, 313) S00, b00O) havlrtg: a fluid apartu~ (S02, 6"fO0,
672, 674) through which fluid fl~ fi~onn said S. fluid reservoir to a
plurality of fluid onergiael enents (L-S) 309, 400); a plurality of
primtives, each of which is physically adjacent to sand fluid aperture on
said substrate, said plurality of prir~tives being subdivided into: a first
aubskt of primtives (1-4, 9-12, 17-20, @14, 61S, 616, 618, 620, 622), each
primtive of said $rst subaat of primtives being 10 conpriscd of a set of
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connect to electronics in the printer assembly 14 when the print head assembly 16 is
installed into printer assembly 14. Alternatively, in a second embodiment, the address pads
32 represent the bond pads on a silicon substrate. Intermediary circuitry such as a flexible
circuit can be used to connect the bond pads to circuitry in printer assembly 14. One
method for connection to such bond pads is known in the art as TAB bonding, or tape
automated bonding.

In a third embodiment, the number of addresses A1,A2,...,AN in region 30-1 is
equal to the number of addresses A1°,A2’,...,AN’ in region 30-2 (although alternate
embodiments would include using different numbers of address lines in each region.) In the
third embodiment, jumpers or conductive traces on print head 30 or a flexible circuit
attached to the print head 30 electrically connect the address Al to address Al’, address A2
to address A2’,...,address AN to AN’, etc. Thus, whenever address A is activated in section
30-1, a corresponding address A’ is activated in section 30-2. By providing these separate
connections for each address pair A and A’, the crucial address connections are maintained
even if a connection to one of them is lost. This assures that the proper signals are provided
to print head 30 even if one of the address connections to print head 30 is lost.

In a fourth embodiment, the addresses in the sections 30-1 and 30-2 are electrically
isolated. This allows the printer assembly to operate the print head in two modes. The
printer can activate pairs of addresses A and A’ simultaneously, allowing for a higher

printer speed. One way to do this is might include having the printer assembly circuitry



30 a first set of primtives (1-4, 9-12, 17-20, 614, 615, 616, 618, 620,
622} within said first region and a second set of primtives (5-8, 13-16,
21-24, 602, 604, 606) 608, 610, 612) electrically isolated fromsaid first
Substitute Sheet -14 June 2002 19 set of primtives, within said second
region, each primtive of said first and second sets of primtives having a
plurality of electrically isolated resistors and associated multi pl exi ng
circuitry (M M), the multiplexing circigtry directing electrical current
t hrough the resistors, wherein fluid is elected by the resistors, and a
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permanent print head mechanism that is sporadically replenished from one or more
fluidically-coupled off-axis ink reservoirs, or a single print cartridge having two or more
colors of ink available within the print cartridge and ink ejecting nozzles designated for
cach color, or a single color print cartridge or print mechanism,; the present invention is
applicable to a print head employed by at least these alternatives. A carriage 109, which
may be employed in the present invention and mounts two print cartridges 110 and 111, is
illustrated in FIG. 2B. The carriage 109 is typically supported by a slide bar or similar
mechanism within the printer and physically p.ropcllcd along the slide bar to allow the
carriage 109 to be translationally reciprocated or scanned back and forth across the print
medium 105. The scan axis, X, is indicated by an arrow in FIG. 2A. As the carriage 109
scans, ink drops are selectively ejected from the print heads of the set of print cartridges 110
and 111 onto the medium 105 in predetermined print swatch patterns, forming images or
alphanumeric characters using dot matrix manipulation. Conventionally, the dot matrix
manipulation is determined by a user’s computer (not shown) and instructions are
transmitted to a microprocessor-based, electronic controller within the printer 101. Other
techniques of dot matrix manipulation are accomplished by the computer’s rasterizing the
data then sending the rasterized data as well as print commands to the printer. The printer
interprets the commands and rasterized information to determine which drop generators to

fire.



a print head assenbly (16) conprised of: a substrate (30, 313, 500, 600)

t hrough which extends a fluid aperture (502, 670, 672, 674) and on which is
formed: 30 a first primtive (1-4, 9-12, 17-20, 614, 615, 616, 618, 620,
622), said first primtive being conprised of a first set of
current-controlling transistors, a first termnal of each transistor of
said first set being coupled to at | east one address line in a first set of
address lines (640); a second primtive (%-8, 13-16, 21-24, 602, 604, 606,
608, 610, 612), 35 electrically isolated fromsaid first primtive, said
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Elements”. Thus, the medium 105 is positioned in a location so that the print cartridges 110
and 111 may eject drops of ink to place dots on the medium as required by the data that is
input to a drop firing controller 215 and power supply 2 17 of the printer. These dots of ink
are formed from the ink drops expelled from the selected orifices in the print head in a band
parallel to the scan direction as the print cartridges 110 and 111 are translated across the
medium by the carriage motor 211. When the print cartridges 110 and 111 reach the end of
their travel at an end of a print swath on the medium 105, the medium is conventionally
incrementally advanced by the position controller 213 and the platen motor 209. Once the
print cartridges have reached the end of their traverse in the X direction on the slide bar,
they are either returned back along the support mechanism while continuing to print or
returned without printing. The medium may be advanced by an incremental amount
equivalent to the width of the ink ejecting portion of the print head or some fraction thereof
related to the spacing between the nozzles. Control of the medium, positioning of the print
cartridge, and selection of the correct ink ejectors for creation of an ink image or character
is determined by the position controller 213. The controller may be implemented in a
conventional electronic hardware configuration and provided operating instructions from
conventional memory 216. Once printing of the medium is complete, the medium is ejected
into an output tray of the printer for user removal.

A single example of an ir}k drop generator found within a print head is illustrated in

the magnified isometric cross section of FIG. 3. As depicted, the drop generator comprises



each transistor of said third set of transistors being coupled to at | east
one address line of 20 either of said first or second sets of address
lines. 10. The apparatus of claim1l) 3 or 6 wherein a fast transistor in
said first set of current-controlling transistors and a second transi stor
In said second set of current controlling transistors are fired
substantially sinultaneously. 25 11. The apparatus of claim1l, 3 or 6
wherein a first transistor in said firstl4et of current-controlling
transistors and a second transistor in said second set of current
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is maintained in a position which is parallel to the plane of the external surface of the orifice
plate. The heater resistors are selected for activation in a process that involves the data
input from an external computer or other data source coupled to the printer in association
with the drop firing controller 215 and power supply 217. Ink is supplied to the firing
chamber 301 via opening 307 to replenish ink that has been expelled from orifice 303
following the creation of an ink vapor bubble by heat encrgy released from the segmented
heater resistor 309. The ink firing chamber 301 is bounded by walls created by the orifice
plate 305, a layered semiconductor substrate 313, and barrier layer 315. In a preferred
embodiment, fluid ink stored in a reservoir of the cartridge housing flows by capillary force
to fill the firing chamber 301.

A more-reliable ink jet print head of the present invention includes a substrate that
supports heater resistors that provide heat pulses for ejecting droplets of ink onto a medium.
As depicted schematically by Fig. 4, each heater resistor 400 is individually controlled by a
separate switching device 402, which is preferably a field effect transistor, or FET. Each
switching device 402 has a primitive select lead 404 for transmitting power, and an address
select lead 406 for opening and closing the switching device 402 through the FET gate to
allow current to flow through the resistor 400. Thus, in order to heat a particular resistor
400, the particular resistor’s associated switching device 402 must have its primitive lead
404 and address lead 406 active concurrently.

In the print head of the present invention, the resistors and associated FETs coupled
to the resistors are arranged into groupings called primitives. There are several primitives
on each substrate. Each primitive has a separate single primitive select lead that provides

power to all of the resistors in the primitive. Each primitive has a ground lead coupled to
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A schematic diagram of the present invention is illustrated in FIG. SA. A substrate

500 has three ink feed slots or ink apertures 502 through which ink from an ink reservoir

feeds to firing resistors adjacent to the feed slots. Alternate embodiments would include

substrates providing only a single-color aperture or other colors as well. There are three ink

feed slots, one slot 502Y providing yellow, one slot 502M providing magenta, and one slot

502C providing cyan ink to the resistors. (The yellow feed slot 502Y, shown greatly

enlarged along with a few firing resistors numbered 1-5, is depicted in FIG. 5B) The

resistors are arranged into 24 primitives along the feed slots 502, indicated in the figure by

the numbers 1-24. For example, along the ink feed slot providing yellow ink, primitives 2,

4, 6, and 8 are arranged along one side of the feed slot, and primitives 1, 3, 5, and 7 are

arranged along an opposing edge of the feed slot 502Y.

In the preferred embodiment, each primitive includes 18 firing resistors (with each

coupled to a separate current-controlling FET) with a single primitive select line shared

between the 18 resistors within each primitive. Alternate embodiments would of course

include larger as well as smaller numbers of firing resistors and transistors per primitive.

Thus, for the substrate of the present invention, there are 24 independent primitive select

lines PS1 to PS24 (only PS4 and PS2 shown) corresponding to the 24 primitives.
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Each primitive select line routes to a connector pad located along one of two outer
edges 504N or 504S of the substrate. In order for each resistor within a particular primitive
to'be separately energized, each resistor is connected to a current-controlling transistor, each
having a separate address line (not shown).

During a printing operation, the printer cycles through the addresses as depicted in
FIG. 6B such that only a single one of the 18 firing resistors within a particular primitive is
operated at a time, i.e. sequentially. However, resistors in different primitives may be
operated simultaneously. For this reason, and to minimize a number of contacts required,
primitives share address lines. Thus, for a given set of primitives sharing address lines,
there are 18 address lines to allow for independent operation of addresses for a particular
primitive.

To improve reliability and to allow multiple modes of operation, the primitives of
the substrate are segregated into groups. One group of primitives is addressed by a first set
of address lines for the primitives in the group. A second group of primitives is addressed
by a separate sct of address lines for the second group. The two groups of primitives are
divided into regions that are designated as north 500N and south 500S for purposes of
identification. In this example, half of the primitives are contained in region SOON closest
to substrate edge 504N. The other half of the primitives are contained in region 500S
closest to the substrate edge 504S. Alternate embodiments include dividing the primitives
in uneven groups spread across the substrate in any ratio.

One set of 18 address select lines, referred to as AIN, A2N,...,A18N, provide
address select signals to the switching devices in the region SOON. Another set of 18
address select lines, referred to as A1S, A2S, ... A18S provide address select signals to the
switching devices in the region 504S.

Providing separate north and south (or upper and lower) address leads to the
transistors in the primitives in the north and south regions provides several benefits. First,
the susceptibility to losing an address connection is reduced by one half. Second, by having
independent sets of address leads for the separate groups of primitives, multiple firing

modes are enabled for the same print head. As discussed before, print heads are operated by
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cycling through address lines as is indicated by Fig. 6B. By having north and south
primitives, the print head can be operated as having cither 24 or having 12 primitives.

Address pairs of the north and south groups can be electrically or functionally “tied”
together by appropriate circuitry so that combinations of transistors in any combination of
groups can be fired together. In one such embodiment, each time a particular north address
is activated (for example A 1N), the corresponding south address is simultaneously activated
(for example, A1S). This can be done by making A 1IN electrically common with A1S, A2N
electrically common with A2S, etc. using any appropriate circuitry. This allows for higher
speed or higher frequency printing, because it takes less time to cycle through the addresses
(again view FIG. 6B).

On the other hand, the print head can also be operated as having 12 primitives. This
can be done by serially cycling through all of the south addresses and then all of the north
addresses. Although slower, this provides the opportunity to make pairs of primitive select
lines electrically common but keeping the address lines electrically isolated. This reduces
the cost of the switching electronics required to energize the primitives, reducing the cost of

the printing system.
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5 1. A printer (14) comprising:

a controller (20), including first and second sets of electrically isolated .address
lines (640, 650) for controlling a print head (30), said first and second sets of electrically
isolated address lines each being comprised of a plurality of address lines; .

a print media transport (18); and

10 a print head assembly (16) including:
a substrate (30, 313, 500, 600) through which extends a fluid aperture

(502, 670, 672, 674) and on which is fofmed:

a first primitive (1-4, 9-12, 17-20, 614, 615, 616, 618, 620, 622), said
first primitive being comprised of a first set of current-controlling trensistor
15 devices (402), a first terminal (406) of each transistor device of said first set of
current-controlling transistor devices being coupled to a predetermined address
line of said first set of address lines (640); and
a second primitive (5-8, 13-16, 21-24, 602, 604, 606, 608, 610, 612), said
second primitive being comprised of a second set of current-controlling
20 transistor devices, a first terminal of each transistor device of said second set of
current-controlling transistor devices being coupled to a predetermined address
line of said second set of address lines (650), said first and second sets of address
lines being electrically isolated from each other;

said controller being configurable to operate and control said first and second

25  sets of address lines in a first mode wherein predetermined ones of said first set of
address lines are electrically coupled to corresponding predetermined ones of said
second set of address lines and in a second mode wherein predetermined ones of said
first set of address lines is electrically isolated from said second set of address lines,
whereby each transistor in said first primitive and each transistor in said second

30 primitive can be selectively activated by way of control signals on said first and second

sets of address lines in each of said first and second modes.
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a substrate (%i??,%%)&%(%; %Iﬂcluding a first region (500N) and a second region
(5008);

a first set of primitives (1-4, 9-12, 17-20, 614, 615, 616, 618, 620, 622) within
said first region and a second set of primitives (5-8, 13-16, 21-24, 602, 604, 606, 608,
610, 612) electrically isolated from said first set of primitives, within said second
region, each primitive of said first and second sets of primitives having a plurality of
electrically isolated resistors (1-5, 309, 400) and associated multiplexing circuitry (M,
M), the multiplexing circuitry directing electrical current through the resistors, wherein

fluid is ejected by the resistors; and

a first set of address conductors (640) electrically coupled only to the
multiplexing circuitry in the first region and a second set of address conductors (650)
electrically coupled only to the multiplexing circuitry in the second region, said first and
second sets of address conductors extending to first and second sets of contacts pads

(32) on said substrate.

3. A fluid ejection device (16,30) comprising:

a substrate (30, 313, 500, 600) through which extends a fluid feed
aperture (502, 670, 672, 674),

a first primitive (1-4, 9-12, 17-20, 614, 615, 616, 618, 620, 622) formed
onto the substrate, the first primitive having a first set of current-controlling
transistors (402), a first terminal of each transistor of said first set being coupled
to at least one address line in a first set of address lines (640);

a second primitive (5-8, 13-16, 21-24, 602, 604, 606, 608, 610, 612)
formed onto the substrate, said second primitive having a second set of current-
controlling transistors (402), a first terminal of each transistor of said second set
being coupled to at least one address line in a second set of address lines (650),
said second set of address lines being electrically isolated from said first set of
address lines;
whereby each transistor in said first primitive can be activated independently of

each transistor in that said second primitive by way of control signals on at least one

address line of said first and second set of address lines.
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a fluid reservoir (26); and
a substrate (30, 313, 500, 600) having:
a fluid aperture (502, 670, 672, 674) through which fluid flows from said
5. fluid reservoir to a plurality of fluid energizing elements (1-5, 309, 400);
a plurality of primitives, each of which is physically adjacent to said fluid
aperture on said substrate, said plurality of primitives being subdivided into:
a first subset of primitives (1-4, 9-12, 17-20, 614, 615, 616, 618,
620, 622), each primitive of said first subset of primitives being
10 comprised of a set of current-controlling transistors (402), a first terminal
of each current-controlling transistor being coupled to an associated fluid
energizing element (1-5, 309, 400), a second terminal of each transistor
being coupled to ground and the third terminal of each transistor being
coupled to a predetermined address line in a first set of address lines
15 (640);
a second subset of primitives (5-8, 13-16, 21-24, 602, 604, 606,
608, 610, 612), each primitive of said second subset of primitives being
comprised of a set of current-controlling &ansiétors (402), a first terminal
of each current-controlling transistor being coupled to an associated fluid
20 energizing element (1-5, 309, 400), a s;:cond terminal of each transistor
being coupled to ground and the third terminal of each transistor being
coupled to a predetermined address line in a second set of address lines
(650), said first set of address lines being electrically isolated from said
second set of address lines.
25 .
5. A printing system (10) comprising:
a fluid ejection device (16, 30) having:
a substrate (30, 313, 500, 600) including a first region (SO0N) and
a second region (500S),
30 a first set of primitives (1-4, 9-12, 17-20, 614, 615, 616, 618, 620,
622) within said first region and a second set of primitives (5-8, 13-16,
21-24, 602, 604, 606, 608, 610, 612) electrically isolated from said first
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5 resistors and associated multiplexing circuitry (M, M”), the multiplexing

circuitry directing electrical current through the resistors, wherein fluid is ejected

by the resistors, and

a first set of address conductors (640) electrically coupled only to
the multiplexing circuitry in the first region and a second set of address
10 conductors (650) electrically coupled only to the multiplexing circuitry in
the second region, said first and second sets of address conductors
extending to first and second sets of contacts pads (32) on said substrate;
and
a controller (20) operating the first and second set of address lines and having;:
15 a first mode wherein predetermined ones of said first set of address lines
are electrically coupled to corresponding predetermined ones of said second set
of address lines, and
a second mode wherein predetermined ones of said first set of address
lines is electrically isolated from said second set of address lines;
20 whereby each transistor in said first primitive and each transistor in said second
primitive can be selectively activated by way of control signals on said first and second

sets of address lines in each of said first and second modes.

6. A printer (101) comprising:
25 a controller (20);
a print media transport (18);
a print head assembly (16) comprised of:
a substrate (30, 313, 500, 600) through which extends a fluid aperture
(502, 670, 672, 674) and on which is formed:

30 a first primitive (1-4, 9-12, 17-20, 614, 615, 616, 618, 620, 622), said
first primitive being comprised of a first set of current-controlling transistors, a
first terminal of each transistor of said first set being coupled to at least one
address line in a first set of address lines (640);

a second primitive (5-8, 13-16, 21-24, 602, 604, 606, 608, 610, 612),

35 electrically isolated from said first primitive, said second primitive being
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electrically isolated from said first set of adrress lines;
5 whereby each transistor in said first primitive can be activated independently of
each transistor in that said second primitive by way of control signals on at least one
address line of said first and second set of address lines.

7. The apparatus of claims 1, 3 or 6 wherein a number of current-controlling
10 transistors of said first primitive and a number of current-controlling transistors of said

second primitive are different numbers.

8. The apparatus of claim 2, 4 or 5 wherein a number of primitives of said
first set of primitives is different from a number of primitives of said second set of

15  primitives.

9. The apparatus of claim 1, 3 or 6 further comprising at least a third
primitive, comprised of a third set of current-controlling transfstors, a first terminal of
each transistor of said third set of transistors being coupled to at least one address line of

20 either of said first or second sets of address lines.

10.  The apparatus of claim 1, 3 or 6 wherein a first transistor in said first set
of current-controlling transistors and a second transistor in said second set of current

controlling transistors are fired substantially simultaneously.

25
11.  The apparatus of claim 1, 3 or 6 wherein a first transistor in said first set

of current-controlling transistors and a second transistor in said second set of current

controlling transistors are fired sequentially.

30
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5 . of a first set of current controlling transistors (402) on said substrate;
coupling a first terminal (406) of each transistor of said first set to at least
one address line in a first sot of address lines (640);
forming a second primitive (5-8, 13-16, 21-24, 602, 604, 606, 608, 610,
612) of a second set of ourrent controlling transistors (402) on said substrate;
10 coupling a first terminal (406) of each transistor of said second set to at
least one address line in a second set of address lines (650);
electrically isolating said second set of address lines from said first set of
address lines such that each transistor in said first primitive can be activated with control
signals on at least one address line of said first and second sets of address lines.
15



