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‘ELECTRI CALLY 1H~L, A. TE1~ ~~'~'~ The present invention ralaies pensrally to
Tt~jt pri In particular, the invasu~n nfates to an ittlcjet
print heagmmm [Hmmm ir,~jet printing devices that incozporates
~rru~lciple aggdress us de ~lti~ples~~ circuitry for drivinggh t 2002
ej ect or heater resr stors. The a~t~t of lLet psg for is ~r wall devel eped.
Co~erci a! pr~adroa~ aueh as cc~pntsr ~) gra' pl iics pI et~rs) oapiers, end
8~si n~l e MalFPUIDRIMCTIONDEVICECO! mtz@nm{ﬂ. CTHICAELYY herd onpy
sal osed i n various

prir~td out. The basics of tyﬂi QIWW
articlnms in tl~ea Hawal | aCt Pa~ar ouna 3rd, h(o. 5 (ltr~ay 19%5))

Vol . 39, No. 4 (August 193%%), Vol. 39) 1% o. 5 (act ober 1 g88)) Vol . 43,
| ~0. 4 (Muguat 1992)) VoI 43) No. 6 (Decerrber 1992) srrd Vol. 45, hfo. 1
(Febr~ry 1994) editions. ZELDOR TE B been described by WJ.

Ll oyd and H. T, Taut |n OJt putHarrde w' R. Dur_beck d S Sherr,
ed.) Acadeni clisRresen 95“‘!5;? @“W““(’\grdét"cﬁ'l P@%@FQ‘?
pFir~ti ﬂﬁ%ﬁl mg? shﬁ'ﬂf g
p~rir~t n@é?@?‘ g*sdltdn ~ c?l?tnsrra F& ropﬁuﬁﬁg@@e‘gk%‘j‘g@?s& %8
therrtt amulﬂmadgm busdemuitiplexipg giccuitey foralrivingthe detp mcmmereapm w ~i eh
it is deaia~ed eo pi ~see ~orri~c charac~Bsrs, ~pltics, or inmges. Such

oaxttidgss tylaieaCty include a print head ha ~r~g an orifice rnnrnber or
pI ate that has a plural i BACKGRM TR BEYENTIONNI ch the ink drops are

ej ected. Benegth t nozz nk i chanber i ch are encl osur es
|Jn which ir-~ e@‘ qﬁ@'ﬁ e m&?@aﬁdﬁiﬂgﬁﬂ&w&b M frcjad suppl i ed
to the igNduels'sublded W%n&aw&eﬁe&ﬁwh@m )

communi cation with an’ink reservoir, whic be cont al ne a reservoir

por t i on Sseeasafally,employ daigettsahgelogy fonprod @Hmnwmempa&i@d apart
ther ol oF S @Sl hatd Soek dbichoc il Yabidul BRIy Qo iRAYEPESR IR ¢ |
51 0Tl 8o, 0y 180 Vol 39/ e A BBy ek 57638 Qeihi 98
posi i ok 43 Nord (Apgust 19920 Vel A dia 6mpcmer 81%»@&% Bo-lhe heat
gpfegyoﬁ%urwﬁ 'tﬁ%(ﬁtte ‘ﬁééﬁ{ragéls or or ] ot e(t:)t" %%ﬁgs '?'the

rapi d edpalnin OmpanMmﬂyrmewequlembb&kfdeeShéthedl \Agadetnic Pyess/Sanugh t he
nozzle. Once %h* ctr cal pulse ends and an ink drop is ejected, the ink
firing Oie8fpl

ith ink fromthe i nk channel and ink reservoir.

Ther mal i nkj %W%Bﬁnﬁ?ﬁfr@ﬂt ¥ prinBing iB4A0S\$hE oPhnofd ect I cal

I nterconnections of an I nk cartrrdge tothe ink, will frequently result in

a_degr atfnslasionatiyiresiproogting printcagriggesie whichsmalldrapeofiinke are eipetedbyr s t hat

f th t I , f

pover ool shbagh ueE A Bop gihiinis, (5biak S oledhih upon which TS Blifed i HEF °

transi ISW %maeﬁhm?ﬂ.ermssmmﬂgﬁ?pnﬂgedcﬂmeawm) from
ectrigcal connec is one gonnector is electr

i Sabi RRYBRSCAT Qs mEmRrT OF istebrthag 2 PPusAI 98 SAL Darles rodgb B Bt 5) o

| ar ge prkidrdgdlarebjedted | Bétizathithe Re¥AdsiaftOik TRihg chlmberd WWIRER freendlobiiies inng Pri nt

quality. The heat'er resistors of a conventronal i nkj et print head conprise

a t hi n whichinksresides priorteeiection thebagh ainogzle.olnkan supplidd td thy ink fting,

ayer - (G RpRE Pl Bhrart t AR SO ARl Bl i ARk e, 7
resi st ahay 6¢ Editaihétbina t8evoiPportib® 6f the paiht mﬁﬂgsbﬁnﬁa sépmmﬁlamtmerge when a

| ar ge nurrber of heater resistors are enployed in a high density (high DPlI -
dots pespacedapprt fionnthe pantbeadar i ous nul ti pl exr ng t echni ques have been

I ntroduced t ect the heater
resistors t df@%ﬁfw&ﬁ@@%@ggg«a et%ﬁﬂg%ﬁr nter ﬁﬂjeﬁ grrl&ggg’rrpl e, United
St at es aedrplishb®by quickly Heatthg'the ivﬂlhni&&ﬁ@hkﬁte"silﬂndﬂﬂdiﬂﬁﬁd\dmk firiagrhanabsrons to a
Printer" and despite its good conductivity, inparts an undesirabl e anount
of resistance in the path of the heater resistor. Individual transistors
are typically addressed using conbinations of electrical signals applied to
the drain, source and gate term nals. These c f si gnal s can
effectively control when individual transist o@W‘\“‘ﬂﬂmmﬁ their

state) thereby allowing a droplet of ink to be e ecﬁt d onto the pr|

medi um Ml tiplexing the function of the various i nes t hrough the

sem conductors allows a |arge nunber of individual transistors to be

addressed using a relatively small nunber of address |ine conductors. 16
August 2002 NUItlpIeX|ng technlques have helped reduce the total nuhber of
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SUMMARY COF THF | NVENT><ON A print head for an inkjet printer includes a
"substrate upon which is disposed a plurality of heater resistors. The
«heater resistors are electrically ordered into a first group and a second
group; they are physically arranged about the opposing sides of an

el ongated sl ot (an inh aperture) through which ink flows fr an ggﬁ
reservoir to ink firing chanbers of the ink jet print head. gtors
are heated by electrical current that i3 directed by sw tching devices such
as three-termnal current switching field-effect transistors or FETs.

El ect ri cawithantlectivedy greagising eletthieal\pmise oois hedidisresisthr ink efdcton positienddda tiey

resistors ized) are coupled_into the print head. u two (2)
connectorgﬁ((fﬁwgﬁg’ii’ esf“d%e?%ém%‘lﬁ’ﬁg’??té’tféh“ﬁ%e@r c‘f“}tP‘Eg B’ﬁﬁ'\?ﬁ‘gbr di sposed
on a fir SFesfstdﬂean%k Vior SHbsIE Bfi’él@atés%t Bt \hdBSsuiatd o £the hbdteGabistBabligs bet ween
the contacts of the connector and the gate inputs of the various firing

transi st oprotectiue laawre &herapid wms;ormfukm ialt vapordiubbleforces the lignigiipk dfroughk
firing el t,ha nC|dentaII i rst
portion o g%%e i'n ap%?%a?%‘calgugss Saa“gla‘gé?]ﬁl Ils %géﬁéﬁeo‘gﬁﬁ'“% °§%‘Bg‘3n a
second si cfillefwithligk fomsthe Bﬂc&hirbatandanbma&bﬁe the first side, is provided
wth electric at bet yeen the secodcon ect or the gate inputs of a
second group gkhﬁe?laﬂ@m{&?ﬁﬂ%hwww jongs fef‘P‘eS“EF&g&S’H&Fagroup of heater
resi st or sintepécine&lionk beimkicMidge tb bR ifle Wl[l%eqhﬂﬁlytrﬁsﬂﬂh ald3BradSNEH &ld

transistors are divided into two groups where each group is el ectrically

coupl ed t Bilsrecof ghe prind headhecausa ﬂ@dmsxgtorsathataﬁ;ptthqua@neesmors aee effgatieeds | i nes
control 1igg, Worf?{heﬁﬁ‘a}ntcégfgéﬁ%{%% Frol thir gb il 919' }hép tprh{t? 4&&‘ n?fal

ot her transistors cou sane a e e ‘con
fromthe thelransistonsniea 1ﬁ®d§ thc\hbatelhcﬂstersakeﬂidrd:seai dcyntrcﬂlbkl)ifreﬁl o single elgetritalr st

connector, are n affected b round r S ers |y affecting
signal s o?f’"f‘ﬁcém EB&% Qi COBRFLR d ?le"t{fsqlléfé{ qa&igg% %"6‘5% pu 6‘2“ f{qﬁ

connect or giklafd {9 BdrstluchtdPfapelpart (&l bRASInkicaftSdgd GRifhil, a8Wrkely hffedthgses the
print head reliability in that functionality of at | east sone of the ink

ej ect ors Printguelfyned, even if a group of ether ink ejectors is disabled.

BRI EF DESCRI PTHN. W | S I nting
syst em enpl oyi ng % pr esen |Jr§\€§§%{|°§%l 1111@'3@111}‘%4&)&‘&1 isé‘g @H]frﬁ%'c{gsoﬁwe

di agr am ahatelis deposited onah opidg aayez@ﬁa smi@hdtdter sibsteaat Bleahcal qondundtore ased

enpl oyi ng the prese ntio FI, 2A 1S an [ sonefric dra of an
exenp] ar sPAIFTISR OKG ARG RIE DA A e Bt R eePURTurE 28 i s an
i sometri Che‘ifc%&‘!sfb%r()fSuﬁe el dlﬁntfé%itélédﬁ%l EGHdubREEcaR HRESAS 4SSNV REpel N the
printer of FIG 2A. FIG 2Cis a schematic representation of the functional

el ement s myfmbenef keataaresistess arle@playad inrp lghalensity(highd Tl dads peydre) priat cr oss

section g, gbra!ngﬁs @P@Qlé}%&qmﬁ{u SHRe BYGH| n'u% 1%&1,8 t@Fddile ﬁ@ﬁp{n'g & np“ nt head

oftheprln IS a sc Ic diagramo gl e FET,
heat er r ecsmduamors aaeﬂed Itcecdrlmcxahe lomaten egsistars @fcuttj)edlﬁﬁiccbnnhmpanter rSew,

"primti Vf%r examp e nitdd g(taa\t/és atent ﬁt é: 54 9299 %t Rga% with Reduced Interconnections

to a Printer” and despite its good conductivity, imparts an undesirable amount of resistance

in the path of the lieater resistor.

Individual transistors are typically addressed using combinations of electrical signals
applied to the 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.



the present invention. FIG SA is a topographic view of a print head of the
‘present invention. FIG SB is an enlarged view of one ink aperture and the
pl acenent of heater resistors proximate to the ink aperture. FIG GA shows
~a topographic view of a major surface of a three-color ink jet print head.
FIG GBillustrates the address activation sequence. DETAI Lﬂg%@ opTI ON
OF THE PREFERRED EMBODI MENT FIG 1 Ais_a block diagramof ap ng
system i ncorporating the present invent Bon. The printing system 10 can be
used for printing on any suitable material, such as paper nedia, transfer
medi a, transpaMwltiplesiagitechnighes haye helhedregugscthe total number pieonduetorsener al ) t he
16 August i ch
can be a C%Qe@?a[rg tooédcpén%gtrggw%%:rg; s'ét;tér? t awﬂﬁs‘? gtstﬁe ?‘P%%%m?r}{? n%?e}%?lf@r{] i ng
syst em 10 nidtre imipteseraerqiis tliHcéde hewevep)| ty rél{hblw\ifddedss emhttrankxstot beaywid nt i ng
system a print he ssenmbly 1 ej ect k and rint assenbl y
transport cgwméwfgﬂ'e a.sa&? liqagﬁ%‘lSF%BYBFinﬂfc fﬁ@aanagg S>P%Pfh§d%e Q% r ed.
The pri nt efer@aSaidRl Yo ;;rﬂv.als ﬁanﬂhegdsmga@e £AGLbIB Bacédbt dfTRédt MpulBigha
transport device 22 and a print nedia 24. The print nedia transport device
22 positi Gh@ﬁgmlqnm nt nmedia 24 (such as paper) according the control
instructions received fromthe controller 20. The controller 20 provides
control to the print nedia transport device 22, the print head assenbly 16

and the print head assenbl ySUMMARN ORIEHECKNVIENTTON: di ng to instructi ons

received fromvari croprocessors w.thin_the fer nt i ,ste I n

s
addi tion, the éd?ﬂng‘F? I3 WBFV&%‘“PWQC%??W“%% BO% Wi t‘?] syst em 12

and pr oceprRAity BEhddtdrMésisters AThOhéhtd? rést6ts afc¥lédirbally Vr bR ink @A figdd @rduﬁﬁge
data. This (Erlnter control information and image data i s used b

cont r ol | eAnd@second groupithey tre physically amdngediabavidbe pppasingisides pan ¢ egqswd nt

head asse

exanpl e, gB ea/a|zr)lrj'h|%‘n?&gl wj%gé@%‘ugﬁ a@f)o eli/'l{kg% &%ogﬂél ongjc? %mgp“ nt
head 30 ométhehdﬂejeppmmthemedna: rzéistarsdué heatedrbyndlednéenl| ciderit shat isdirestetidg t 0

ej ect ink dr ccording to t he nter contr.ol formati on and

Gata. ThespHsiRe dodrs sudchnshige-Kampel Bireing FRBHYG AR ie Bt s B Thoad
assenbl y t[e%ﬂfcﬁpééntr@?éig t%fihé Jih?fou@FBTP(WﬁlElh ﬂ%&hﬁlﬂﬁ!ef‘%esﬂ&ﬁ‘ﬂtoﬂ:%?e”m y 16
over the print nedia 2 Preferably, the print head assenbly 16 is capable
of over | yeprygiaed) azg equplstl mthéhqopnmheaﬂewrm tM @ tongeetnes cncnpppsitesiobtheof t he
print heagutgﬁgtgnbl y transport device 18 and the print nedia transport

devi ce 22 or ‘exanple, the print nmedia 24 may be a rectangul ar sheet of

paper and the Qak slectiiesicoasseridisposedanpiinst sideof the sdtram)is provided ovitht he
paper in rredla t ransport dlrectlﬁglv\,hlle the print head g serr‘nlés
t he

transport© %WF?:lé’aﬁ‘g °B&°| GoniAts of the fopRgetgrand SgPyts c1H8
paper in frifly (RO thak ARYRERALY Solpdl R ﬁfs@%ﬁﬂﬁ lof irld fireee dl@Hentd NE print

head assenbly 16 includes an ink supply device 2 is fluidicall
coupl ed t Gegistershthiaheoipridantatly afr@promaé%tq a/frsypostien phithe gnk FMETE- tArgecond nt

head 30. %_IE&H%I c'a}m&?oq‘% ggse'fd Lég@o%d%uﬂcl tﬁé éoutrb¥ dﬁ&% tHap'l§ o%?g%ithﬁé m’ﬁ]‘?EMe,

syst ens) as an arra | et nozz es p gen ors e I'nk j
nozzl es arsq»rc\odq:ﬂwsbdlcahcaimafhscbeMebmtlmxgbmuimooncdtwmdplhaaga&e inpuswdl whi ch

ink is ej ectg{ﬂ when_ the.ink s heat dd%o boi li,n di scussed further
bel ow,  TEONGQUP obBRRsiskers tehare e °5§?§°\9g|g§9f’@3t}’5ﬁﬁ°‘f O™ printed
i mage by ej ect s@agddeRh®lely, Ahe dodlroPinp@ts foieh®Edvetal Fraskiford Aradiviied img twe
instructions fromthe controller
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



FIG 3 shows an isonetric view of the top of a substrate 313 on which is
“formed a barrier layer 315 that is shaped to direct ink to flow through a
- passage 307 into an ink firing chanber 301. At the "bottont of the ink
firing chanber 301 is a thin filmheater resistor 309 that is covered by a
protective dielectric layer (not shown). When current is forc gh the
heater resistor 309, ink in the firing chanber 301 is boilgglgg%éﬁﬁg%the
ink to be expelled through an orifice 383 in the orifice plate or top plate
30S that is placed over the barrier |ayer 315. By capillary action, ink is

retai ned edgdddanédtors fgcdhbrdNRpits 8the tahdibto! sififida@fY itweak&the pAntHead heat er
resistor heats the ink. The electrical current through the heater resistor

t her ef or e relisbidityrintbat fupctionalifk of at legskeamejofithe pkiejretess isfrptainedoxven if ggroup B | s
a sinplifecnb fckiediordt auglepi cting print head or substrate 30 of the
present invention 1% greater detail. For the purposes of the illustrative
exanple in FIG 1 B, elenent 30 nay be considered to be a sem conduct or

substrate such as a silj St NCor i nkj et drop
generators and associ athg?f. ﬁ.‘:‘.ﬂ?ﬁﬁg’.&% = v%ﬂgﬁﬁéﬁrent 30 can _
represent a CORIG.NM is@blétk dagidmbfla pRMIKEOIYSEET éMiplSyiRp theireseanimventioneXi bl e
circuit for carwlﬂn signal s between a printing systemand the drop

generators on B i§ aampiified Slackdiagram gfthe Jungtionglauganizagion ghtheslpments, 30- 1
and 30- 2. [ ; -Lnvention di scl osed herein woul d of
course |n8ﬁ%®tgéé€%§?@gﬁg%?s gélm?%itﬁc?hhore than two regions. Each region
shown in FI G K@ 2oistanisometricadrawing of an pxemplary. pridting epperates ¢employingitid t i ve"
is conprised of a collection of transistors (FETs) that are turned on (and
of f) by vBﬁefeé'ggkveﬁtb%‘i ed to (or renoved from control lines coupled to the
FETs. Al of tpgs. BBl ah BomefHc diawing of h pHhCdaitridgd sarfiagd Wiphratlisainipldy@d isour ce)
termnals coupled_ to a cormon ground; all of these FETs typically have
their soug’éé’SmFéPfEIrCaizﬁs) coupled to a power source through individual and
cor respondi ng it} B ik b R{UGAE Fepr&ShtlicH of (RO AilnlBoril bfepfeftsOF ld)intdtagt r at e.
The power is a "primtive select” signal on a "primtive select” |ine

di scussedFKBl2éw. Al ternate enbodi nents woul d al so include using uni que

grounds for th Ts. Fach EFET then has its gate,coupled to an addr.ess

7 bey “Ehe vol (EIg53 ¢ MRRRERY oM Eereacqoh oF B iR ety ARRR RE2 o,
resi st or sthapeint darthidge plist iradlof the prifeeof G 2and ext ernal connection points
(connectors) all are considered to be fabricated "on" the substrate 30. The

"lines" are HIE. Aigasehepghodingrappfasingle EEhpheates sesistorapd glsstricge traces
fabri cat eggpc TnfbIgieh W, RRLAREY STl filcah bk 3Rbidyed i PN

t echni queg).nﬂ' ‘ gog#'gt ec rllatj&r%olrl][g?i esﬁ% thec pr'nciwt?%\olkg is con@?ﬂ?%gpto be
a primntithe pegsentintentibome not shown in FIG 1B but shown in FIG 4 as the
primtive sel leead_ 404. This.primitiv |.1.Nne€ 4 in FIG 4)
Bopl 1 es v (ort 15 Stiay eoephie it of8 optheaf Bl i prestlinetfopie Fers i o
primtive (threl@bBtifen fidaped vieesif sheinkuperture ahd €he placemEheofiticher resiturs ol
line of an FET in ﬁl B%im'tive is an address |line coupled to the FET's gate,
i dentifi eEF_"?“I‘f‘aF-?'Gt il ﬁ‘p?‘@fr%_rence numeral 406. The gate of each FET of a
primtive is copbRGhbRs 8 10HoEAPRIcIHW S5 mhjol SurbRE B¥ h thrBdcélbLinkEdipriat
primtive to be individual 'y activated. Wien the primtive control line to
aprimtiheadis active (primtive select line 404 in FIG 4) and an address
line (406 in K )k T e_in. the primtive is active, that
FET (402 in Fllhgggé ‘Wﬁ?rlagég}}%ragg%ésrarcé&?tt“{}hsregﬁgﬁe't he correspondi ng heater
resistor (400 in FIG 4), causing ink to be ejected fromthe print head.

The sequence of_.turni ' | [, ] ant. If a
transistor is %T—AM&&M[ ﬁé“ﬁﬁm re—address |ine
on the gate ispigiiRg€a bRk diaghir &fa %rﬁnﬁ@%yaémmd Stai¥he PleskhtigvelgbMY

turned "off' the transistor can be damaged by aval anche breakdown) as wel |
as ot her Bergprintindsgstem 19 san b wsed forprintiog pn enyepuitablenagoialnsush as paRer addr ess

The addr dOES B ER BT LR Rl hotFreBReioaBen st I G, 10 gl 00

has been tanmed off to avoid sem conductor failures. FIG 4 shows a single
FET switching device 402 of a "primtive" and which acts to control current
flow through a heater resistor 400 used to eject ink onto a print medium
The FET 402 of FIG 4 is but one transistor of several such devices that
make up a "primtive." Several such FETs woul d be coupl ed together sharing
a common ground and having their source coupled to V+ through a
correspondi ng heater resistor. The relative direction and/ or source of
current through an FET is a design choice. Alternate enbodi nents woul d of
course include coupling the FET source directly to V+ with the FET drain

. o, - N Y L




16 August 2002 9 plurality of power or primtive select or primtive
“control lines (not shown in FIG 1 B) and address select lines A or A . The
- primtive control lines and the address |ines together actuate the drop
_generators Dor D by firing the FETs, the current of which acts to eject
droplets of ink during a printing operation. In order to prgp rlg ﬁﬁ%ivate
a particular drop generator, a conbination of a primtive § s and
an address select lines that is unique $o that drop generator rnust be
activated. A primtive select |line connects to the source/drain of each
t ransi st opribingsygtest canrpunicates widhne hest systeon tl B whith earpbed atammeerassoci at ed
with the primtive select.line. An address.select line, 32 or .32' connects
Yo the galitprogiBor Bariipaies{ it Bt i nsproas o 19 FELaGs £Rrintr BBy ao: 1
or 30-2. 04, wihichebdtrolheprihting dystea; b ptiticall Bssemblye] GthabéjedtEihkGad apeifi I Ol
when the device conducts. Alternate enbodi nents of the invention would

i ncl ude ubtadpseamply tragspert deyice b3 that pesifions thecnrint bead assgmblyi 1A s ssquiredht s
e nee dere ) =t . ¢ :
Prans: stors. st Pt0arsbbly @blsh 1Bl o Ol 365 Gt ddf PhrsPllt Bvice

t ransi st 022 amd a pristpediy 24 Atk paht madja tdaespoetsievice R2 agsitioms thel printmedia 24hen t he
devi ce copducts. FI.G 6A IS a schemati | an .vi of, a j Qr surface of a
b eos cor BRTE oo dseptaing te ontoliBRrchof Bisved iR tacamrolbe A RS woul o

f1 ow upwagdhtrolle£20 pravides contldCtoth@pentahedid@arlshbrt d&icé 22, ahprintiRad Nk

apertures 670, 672 and 674 into firing chanbers éshown_ in FIG 3)
di st ri but a¥emblyn§ a9dithe rring beadpssemply franspapdevige 48 agspeding toingieetisns,.  Shaded,

rect angul : : i i st i I , 606,
608, 6. 10‘,%%‘%‘??'2’?3{&“2@%%?&%%?“‘6“2:"8,&??1’13“@5%? RE 0P In %?iﬂ%p?lqeeis ( Not
shown i n ¢inBoller0 teativesths punttdatarfram thedfost systimel v precesseartke privgida ( 12)

addi ti onal ri.mtives,. each.of ich i jacent to .the enumnerated

T t v atoe b dobi3t infRaidh andinaes adbn e TS Egter tdhted Tt and fmagey, o
of 24 pri ddtd isuged by teltOn@slles R0 & eontroPGB poiht inBia itralispdpeichiveds, thegriaf or e has
eight primtives adjacent to it. Each of the eight primtives is cqonprised

of 18 tr arpedasssmbly 1andthe print hepd assprblyjeansparbdeyiw 18ad or sxample; the privtes 602,
604, 615 . t ' K

primti vemgfgéﬁ?sbgﬂganlgﬁsrgghqgéﬁ%sgggy%}ﬁ sé\l}gegraal Flgfrg{ej)rrlglz eeg?g? aPcelsi stors
connect edthe prinhlesajl 3frivinstmedte to ¢jeshink dnapsancbrdidg & thetprinter cortraliinfermdtianhe i nk
aperture 6?10. éGt August 2002 10 Each of the FETs of the primtive 615 is
coupl ed tg a{mﬁgﬁ #& bus 630 represented by a heavy line that can be seen on
each of the Prrig print@edf SEMEIP OGS profetdbey §dg)§b'1&&i tyo& Brint@edd af6@b1y608, 610,
Gl2, 614, 615, 616) 618, 620) and 622). A first address bus 640 is

conpr i sedraEpEdevies 1 hatranpasition the@ript hrad aseabl Lo oyes thiopritpstid 24.at | east

one of g i 3 i i . :
oo ookl L G800 163 Boabis SRGILTRR A S1PTIE ldhbnghy
portion ofsingthe sombinatioreof R prittdinad asserbl@ traggporiddeyiwedi§ding dhaky pring niedia G50 i s

conprised of s . al duct or,s (1 ndi.vi canduct or. t { | east

o’ of “wrrp e USIR 2 I RS, hi Al eheiEos RRPBUEL R IR SRARK B! | OO0

(602) 604andGREprifttBad &skbmbly krdhspokt devived@mikySeisitioh thy papet inemedih aagspohte

| ower portion of the substrate 600 shown in FIG 6A. The first gr}ﬂ second

addr ess Lflitesten ghte Higpristheadassegbleranspant Agvice H mpy gositonthe ARt Biader but

are accesa%s%%ﬁyfme?osmeg §Ch e{r&tiéﬁﬁamm@@@thennéd?@t&égsa dftbctidhe
.I'nth e d FET of

substrate 6 e pr rred enbodi ment, each F primtive has its
gate term nal Teupintleddassambdyl 6 inshudes ainksapplydeyice 26 that Isdiuidiogllty a nunber

of address ljnes. "N'. i dres us 64 6 hat.i s e | et O e nunber
of drop. ganeleavohe rrigh e o Buelh Br o Mt Wi ReER el 04
606, 608,hcad 80 ifchides @ furaltd of ik Hrép ddhives, sybtéfhs, suohl a2 yrraylbfinkjdriiczsles | i nes
to the gates of the FEIs of .one set of primtives shown (602, 604, 606,

608, 610,0r619n eeneraters.c £he inkdetnpzzlesire cemprised of eriicgsdhwoush an PHECERIFE of t he
other s el flgRUHI ihk R &Mt inkd ReatdalB bofid: AGARcuROR fbAE) beléd1 an
alternate enbo Iment, the two sets of aéhress Ines may be indirectly or
directly coupled together.) The FETs in any set of primtives will not fire
if those FETs are deactivated by their corresponding primtive control
lines, depicted in FIG 6A as the "P'" lines 690. The address lines are
therefore effectively nmultiplexed to reduce the nunber of address lines
needed to control nunerous transistors in several primtives while allow ng
for individual selectability (addressability) of the drop generators. The
only exception to this would be if one or nore truncated primtives P (with
| ess than N drop generators) is utilized. During a printing operation, the
printing systemcycles through the address |lines such that only one of the

o o - ] o, . ~ 1 o~




In a fourth enbodi nent, the addresses in the sections 30-1 and 30-2 are
"electrically isolated. This allows the printer assenbly to operate the

. print head in two nodes. The printer can activate pairs of addresses A and
A" simultaneously, allowing for a higher printer speed. One way to do this
is mght include having the printer assenbly circuitry 1 02 12
electrically couple the address lines in pairs. Alternati vgpﬁﬂgtgo@?i nt er
can operate the addresses A and A" inde@endently while conbining primtives
bet ween region 30-1 and 302 in pairs. This lowers printer cost, but

sacri fi cegachRfiedrop Bl vk 5steri Yorins laipRintedliindgd by epRAAE alrdiSiets df RIK dhtethe 101,
that may enpl oy_tﬁe present invention is shown in outline formin the

i somet ri cPERtangdiz2baceprdmg tonstmetions; frn thecorwalles 20h as graphics plotters,
copiers, and f i~ i i : nt
invention. A p?ﬁit:;(ragrh Lﬁ%%?ﬁﬁg‘%%ﬁﬁﬁ&?ﬁ%%%ﬁ%ﬁ‘%g p g%h&h? gfom%gﬁ an

i nput pri berrieeldyerd] § @At isshapedas djreqtank toi ffow thameghar passhge\3 0firth an irdafiririghat

are known .in th r{. Acarri, W thin the printer 1. hol ds one or a set
o i ncl vt chbep a9yt v ittt o ok el efigbesBh & o i i BesterSatk o
col or i nk3ggAhhElk Be¥eratEbye RO tbiciPe diSleBia lAyRE (ot Shawr) EWHReR cURER 3 fopéednt head
mechani smthat is sporadically replenished fromone or nore

f1 ui di cal thyougbiths kedtentdsistori399i ink in e diripgichambes 303 isbeilpdeapsing thedel tortiedge
havi ng t . i } it hi i rtLi.fAge and
o 00 L BBy L1 o AL b SO B BRI 0°
cart ri dgebavrierdayert3 1 SieBp aapilany actien, puleis eethinedinethe fidng ickaralpp |30t abtie to a

print hea l,oyed at | east. these alternatiyes. carri,age 109, which
My be orFOYRA e g heuEREsisht Berts B il insiiracd SRt HROSERE 1 | dges
110 and Iyehter irdsistdr!thidrbford @ferinings vihen 24k is EjeRted From BHeriHe? 308, typical ly
supported by a slide bar or simlar nmechanismwthin the grl nt er and

physi cal Iy profigl 1Ris agimplifiedloek diagramepicing prinfhead er subsirated@ of 88 t o be

transl ati i . . i nt
e a1 oo ihvERioRh 9fter (o GRS BEpBRsor b BEliie id BR.AR "
carri age dl@flertGanmsay berdonsidapd teclieca seatiemidustet subsfrate sech dsramitiddnesubstratt  heads
of the set of print cartridges 110 and 111 ont.o the medi um 105 .in

or edet er rinAdACOPemtes Tkt AFPR BRI Anhasi At FIHUBE AieraKeli . Flema 30
char act erganyspra@nti®torBihation IR bethitSductop SutBithte AR b flexibld@rdidtfomat r i X
mani pul ation is determ ned by a user's conputer (not shown) and

i nst r uct i cYingrsignatshetwieenadquinting aystere prrbthe deapsganersiors an pentehkaad 34 ¢
controller wtd] {:Diek € | {HI§S t i

mani pul ati on aérué’ g%%tg g%gﬁ‘%‘%%"%@%%%@%%& gmsﬂjg's f\qe&%fngl&neﬁﬁ?ghﬁﬁ %f t hen
sendi ng ttheinvestiar dizgdcked he@irawoula of casseinclinde g substatslivided into porethar . The

printer interprets.the co nds ster.ized infarmation, to term ne

B chdr degeRens el fedon mpam in 1. (5 THing Etes of hRERYehy Fiskehndlh ¥ ' P
2C, a si NgignitPsl i BOHH@RE of & callbLHbS BEtrdrsROra(FETH that hfedimied b (&xduti)iyer
print area beneath the print heads by a nedium advanmEtri;qf nechani sm_ .

i ncl udi ngvodtagen apgledigfor remeved pmypenitrol lines coypled to tetFEN s fdleftae FERyin
shown) . | . j Neldl i rtdd . 4111 are
ncr ement FTHE SCeRY HEUORL BRER (or o inEhalp bl Y d B et ol o
211 in t hoef thesdiFEds typica)ly heveptheid sourtesr(ot drainscovipltidite atpower sifureathropgbf t he
medi um The. p] af en notor 209 and.the carr. age tor 211 .are i.call y under
The. cont rBfiviaLaTedmesPaRdng R0 Firh dEmBEicH s P ort B st of Biegbkiyee Snar 10 CE
such posigovanidwpmiticOsldce! siguubah at'pamiriy stlrctdinedisdassed bélod. i Alterhate
Patent No. 5,070,410 "Apparatus and Method Usi ng a_Conbj n%ﬁe d/yl,te Head
for Procesehodimentsiworldalsadnghedeisinggpuque gaonnds &orthe EGT s Reehd; ﬂﬁ“ Al s to
Thermal |y, L 2G| i . I$
posi ti one%i‘ﬁ\iC %&ﬁgteﬁg%gxglg%cﬁésgg&%ﬁg% E{)lﬁdggﬁﬂ?m%—gﬁﬁlgﬁﬁgﬁ?g{(ﬂﬁ%&?ﬂ ?ray ej ect
drops of HEiks, heatgrlresistord@hd “linrest tocanddthinu thedE Tseqd iextechab gonricetiotapeintshat i s

input to ,a drop fiping cantroller 215 and power . su 14.0f.the printer.
These dot(§°‘HF°{%FFQ a[[;ltaée CPBF‘H@&&? @%agﬂ‘éat?‘{h?“d?}bep%’b&%gb%‘eih? mhah ré1 sel ect ed
orifices in the print head in a band parallel to the scan direction as the
print cartridges 110 and 111 are transl ated across the nedium by the
carriage notor 211. Wien the print cartridges 110 and 111 reach the end of
their travel at an end of a print swath on the medium 105, the nediumis
conventionally incrementally advanced by the position controller 213 and
the platen notor 209. Once the print cam dges have reached the end of their
traverse in the X direction on the slide bar, they are either returned back
al ong the support nechanismwhile continuing to print or returned w thout
printing. The nmedi um may be advanced by an increnental anount equivalent to

Y b1 - o - o o - Y b1 o - r o,




pattern on the orifice Generally) the nediumexternal surface of the
‘orifice that involves the data to the printer in association with the drop

- firing controller 215 and power supply 217. | is supplied to the firing
.chaJnber 301 via opening 307 to replenish ink that has been expelled from
orifice 303 follow ng the creation of an ink vapor bubble

rel eased fromthe segnented heater resistor 309. The ink flrrkgﬁkﬁﬁgg 301

i s bounded ~by walls created by the ori’/fice plate 30S, a |ayered

sem conductor substrate 313, and barri enbodinent, fluid ink stored in a

reser voi nypgitallyhenpaiséd ofigadiaive trades fiteichied onghcivbstpate ustg appropiate- r el i abl e

ink jet print head 61,of t he resent | w supports heater resistors that provide

heat pul Se@icegductordabrication eﬂ’é’ﬂﬂ'teﬁed schematically by Fig. 4, each heater

resistor 4( seRRAF R OHrbFited % ﬁl@ﬁhﬁﬁuﬁqgcome?éﬂ tb%cl%ﬁfn’i‘i’i@@h&ntﬁ)l fineld E
swi tching device 402 has a primtive select |ead 404 for tra select |ead

406 for @pbsiong naerGclﬁ)butrsgownm Elfi. dasithegpritaisive selectdeedcA®dr This pnmztﬂ\reow
through S‘u&ﬁ‘%‘ E(PJ mgga %) ﬁ?esdx)-ﬁ(ogﬁgmgnggto &1@? QuIE d“fff? o 15%1&8{?8{

associ at e SWI I ng Vi ress
concurreFETgin & pnhiitever(ﬂuaﬁghhﬁaﬂeaw‘r résistor004e BIG. 4)VEind other contrel ligsif aho t he

resi stor e arranged int roupins cal l rimdt strate.
Each pri ¥t ip e mpt egﬂ@a&ﬁg&e% Heggrted F%gI%g% éfnﬂw '5&1% g flows by
capi | lar Yeff:@ﬁ@@ndxﬁér@lm%nﬁéjﬁéopeaélﬁ‘pﬁﬂo?h‘imhﬂﬁ{'e dlceriled & %xﬁﬁ@‘adﬂﬂ%@ a

medi um i s individual Eg con by a :ect transistor, ET. Each
emi t t i ng lise pesmittingdhe:FE Beofraprimitivoto berindiyiduatp agtivatedaWien therprimitiveat  a

part i cul

ol od o e A4 piRlyeEuiut R E ikl ok BOE1HG, B RAGLAAECS RS |,
to a: I dot4(16ha HIGs«ﬂ)stbarFsETI gnté iﬂ&h@fama primviéive FseaactivgthaviFETW402 isFEG. ¢) o4ltd | ead
coupled to 16 A 002 15 the ground, co ctiqgns of ever t chi ng
devi ce i RADHEMF he GyTespOfIding ll°ﬁ@’ F‘éb‘fﬁﬂ’?@@ l ef‘)’ﬁ?“sé‘%%&%%ns
requirede gtcg%ﬁf,-gﬁ, },Qtﬁégg substrate, the same ground | ead can be cbupl ed

to mul ti p e pri mtlves Each swi tchi n%dew ce (FET or other transistor
devi ce) wit hi Ahesespendefiterningy pry andyeff” the transistors is important. If a transistor is

“on” and conducting current, and thereafter the address line on the gate is turned “off” prior

O

to the primitive control line being turned “off” the transistor can be damaged by avalanche
breakdown, as well as other semiconductor failures. In the preferred embodiment, the
address line is turned “on” prior to the primitive control line being turned “on.” The address
line should stay “on” until after the primitive control line has been turned off to avoid
semiconductor failures.

FIG 4 shows a single FET switching device 402 of a “primitive” and which acts to
control current flow through a heater resistor 400 used to eject ink onto a print medium.
The FET 402 of FIG. 4 is but one transistor of several such devices that make up a
“primitive.” Several such FETs would be coupled together sharing a common ground and
having their source coupled to V+ through a corresponding heater resistor. The relative
direction and/or source of current through an FET is a design choice. Alternate
embodiments would of course include coupling the FET source directly to V+ with the FET
drain coupled to ground through the heater resistor. Still other embodiments would include
coupling the FET source to ground through the heater resistor and coupling the FET drain to

a negative-polarity voltage.



is coupled to an i ndependent or separately energi zabl e address sel ect |ead.
"During operation, the address | eads are actuated one at atine in a

. sequence such that only a single switching device in a primtive is
_actuated at a tine. To reduce the required nunber of connections to the
substrate, address lines are shared between primtives. Th%%%?}étr?)bﬁ of
the present invention is divided into various topographic regiohs that each
contain at |least one primtive. Wthin &ach region, the address lines are
shared; each primtive has its own unique primtive select line. Alternate
enbodi ment s hoTgvRidress Had 406 eottedforRis €6(an@ ¢ URnedted 10§ A FE T4t Irf he OWN
separate set of address lines. A schematic diagramof the present invention
is il ustemRodiment skpwn, power i applin to she IEH primytiversalegtdedd k04 adiichsin durg ivr i nk
aperture : i j i ! L

resi stor :coa ché%d;t;c])? H???ﬁgsﬁgetggg%%%? g%?lltgjrﬁhgﬁggg %gl?gr?gﬁt?@ V\(gtﬁrg‘r"?g\%l ude
subst r at ¢he patamipdithnfgr curtent thraughgheFETHUO2 sunhahatiwhendhe gathisractivd andsposaerwel | .

5020 pr o BPRIGA R R teTeh lead A, B s e Reyplostor e g °
resi st or FEX t@ol. | Oy Wik tolttPthe PRdTtiveSeRoNarll théhddieBMnd bl Re gtoRg Wi th a
few firing resistors nunbered 1-5, is depicted in FIG SB) The resistors

are ar r arkgétiagtiye avill sheprurment flame Shrenghihe rasistor hrpugh gieFEO® grovafl.cat ed in t he
figure by the = O e e i . vidin

vellow 17tk ARURES feedpimigia GHEAR Foro O FETS RN LORHANGE sBEQ 1 0
f eed sl otleadedd through sépaeate Heates reststora A0 In theasubstragn gkt df the BT sdavoppesi ng

d f the,.f |l ot 502Y. In.th f d enmbadi ment , h priniti
ol udes 2084 P G P RS el e RE S o PGP fbeSpnetisa o g cbmmibn | V©
cur rent - Geedndut eath Jfitle FETY it thefgroiipBdsatsipate 06! c\s%ua@ tead addrere linbar ed

between the 18 resistors within each primtive. t ernat e _enbodi nents woul d

of cour sdndixidualdZETsip gegroypsoryprimitive” sambe Bred sapasetely ibtheRET siprimitiviest or s and

transi st I St : to
i nventi o%?ég géde%réydgﬂﬁﬁ?gg%ye%g%? {%% ?%ncﬂi'@é g‘g%%g?lfg}}{’gggﬂhgéﬁgﬁ 8f:13824
(only PSégrimntvéslecs lradrd4 and arexidoassiselert lead ((pate ) 2D6ndinidunayesontrol eEhAugust
2002 16 . prim.tive select line routes to a connector pad |ocated al ong
one of t o'ﬂ}tae‘f‘atélﬁé?g‘%‘MN or 504S of the substrate. In order for each
resistor wthign ﬁ\k@étgiihﬁhﬂaaﬁzapré a8 MBrel relidtfle HAPRIMRBVAtalGiRfibivesh arcach
resistor is connected to a current-controlling transistor, each having a
separ at e igkiigt paat hepghsubstiete (Whishayrroundor A REORMate tp 3y IKkpRACAMTIATE t he pri nt er
cycles t . I i : a single
ohe. of 1 LEEAIERANE gRGE B°BERCA S RRLE LR kBl dhorbifusual LlRtesllby B B 0t
a tinme, ielestricaly sepatataaddyess bodprimitivercestratlines Inrthelpfefaredrembodimdnt,ithes may

be operated.sinultaneqgusly. ,For t.his .reaso nd to mnimze a number of
cont it s PRBYRY SR 2 BPFiac 1t d0idadin alfaleng & e Banrerseriy dhe WEFPInE. Ve set of
primti vV @sinsitiaés diﬂqn%@ﬂfe%?ﬂﬁé lifesre aldyeésed By Qnéﬁicﬁ&dlbﬁ@iqrﬂmiﬂ@@s drﬂhabi_hew for

i ndependent operation of addresses for a particular primtjve. To inprove

! . p |
reliabi| istdg aggefldressed bycnliffgrent arldeessdue sA dauligponetaddress brewilk therefarg Bt of t he
substr at i %Qh roup of primtives is addressed
by a fi rgtf@éstz)trﬁlggca &ggﬁé&q I negsggf%dﬁ%g??mti ves in the group. A second
group of pri nAltheegh the depidtiasefddGhyB shewpenlytwo prmitpfes geichegion, dliemate f or t he
second group.. The t r s.of .primtives_are.divided into regions that
are desi SREPUmeD oYY rebBNiRlY 2bl pHmBEOSPHEV s opacublsye | BB Brcari on.
In this ehepiithRivedmight Bé ofghRized intd ibiaharbtned groupsaiThest drindre groups hiIgY
cl osest to substrate edge 504N. The other half of the primtives are
cont ai ned@econtralled by oo Sleetrigal bsteparateraddresyssesat e edge 504S. Al ternate
enbodi nent s i iMidlng: t iyt i : across
t he substrateliglﬁlr:lrl{j nr;r/lmrvétsﬁ%‘p[g&@%s'gP (g} fg%zﬁ%}?%éé?ﬁg@%@{&#ﬁ%g%‘?? érred to
as ALN, ARbknown Adthblartps duopignerdthrebor £8) andtassiciptad multiplexiheg @auityhvireg

devices in the regio . .Anpt her t of. 18.address sel.ect .l .

ot e oMot digEine R 55 aescripgBibes. o e mCliplis et B G rigre i e

swi tching devices in the region 504S. Providing separate north and south
(or upper and lower) address leads to the transistors in the primtives in
the north and south regions provides several benefits. First, the
susceptibility to |l osing an address connection is reduced by one hal f.
Second, by having i ndependent sets of address |eads for the separate groups
of primtives, nmultiple firing nodes are enabled for the sane print head.
As di scussed before, print heads are operated by 16 August 2002 17
cycling tluough 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

o Y b1 e o oy




16 August 2002 g 18 5 1. A~ (1~ a ~~r (~A-, ~la; i~t and smaond sets O

‘ol ea~l ~ly ~Sv~at~d.a~s 1~~.(a~a~, ~v3 err ~~ a haaa (~4)) said ~t and

- s~co~aa of al~_ guy isoa~~ras odd of a plurality of adds |h~;, a pit ~. ~ (1
~ amd to a r~aal ~,u(1~ ~: a e~, Q3) 510) due) t~~h w ~i ah axe a.fl ul cl
(5, Ef'91i) ~ d ~) osaal ea wm-fe at v (1-4) 9-1~) 17-~D, 36d)
6'1~, 61~, f~0, 8,~ sadd i: ~ oonpn~e~t nf a | ~c sst of e?lﬁélagih)sﬁ ees f, a

fist ndm-l (4dDl ~ of eaiah for davi~ cr§ sit set of ~-all3 tra~iabor
devi ces being coupled to a pted~ adds line of said first sot of address

| i nes ( 64tlyralignef ppvwseocprimiive seladtior pamitiveonBolllthes Priot 2HQwis HRFIGGAB) atd 6,

6U8, 610, 612 sai,d sad psitiv berg conpri,sed of ,a cond sot qf

cur T eat - AT 8P yRoOR RER w Th PR VeEanBy 1S top 4RSS Rrther _ of sai
sai d set Rtuatdithe Hmp%eﬁéxﬁtcﬁ@@%r@‘bg&'ﬁmg&hé BETS tite qiirreht 6Flsich adtd Yo | djéte

of 'soid seeencl set of all~ea (6d0, said ilr$t aad s~oa~d s~ of addt~ |ynsa

he~~g a~|drgpless of ink duripg|a printing gperatigne rln ogder tp propenly actiyateipagticulas AR t o
oprata a r e ENA ~ RS

Frr ot - oSl Peontfihdioh'df  prfilly GO0 Hnct Il Sh SUBLARREORES i BPuidh?
el ect ri cablthat doupdeacraton nust bestivated.i ASrimitide kedent iine domneets tothesaumde/dedmnd

set of adg~re~ lines.and i econd de. wherein predterinind.opnes of said
First setotaRchmpsistar by Wyt B drppgeneralay visindhs parmive aoorialad MtbtE o set of
addr ess |driiitive ¥41&t BRY. RAGHdresPEiest Brie 320rS2P dordnet@ito Meigatdi dfione trandsteach

tr~tsistoc in said second 30 primtive can be selectively activated by way

of cont r dn eaghopfaheprimitiyas withinregionAB-1s838r%d sets of address lines in each

of 5218 1Lt (PR ARERIR RS tar Ot B AHBHTcalORRcof whth bletics] ot = on

device (16, 30) col ning:
conducts. Alternate embodiments of the invention would include using other types of three-

terminal current switching elements besides FETs inc'luding, but not limited to devices 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 oppeosite 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.



a s~~xlast~ate (313, S00, 600) including a first regiop (SOCON and a scond
regin 5 (5000; a flit 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 set of primtives, wthin said second regio oucE
primtive of said first and second sets of primtives having a"8PFLf%3 ty of
10 electrically isolated resistors (1-510309, 400) and associ at ed
multiplexing circuitry (M M), the multiplexing circuitry directing

el ectrical cur riach of thediijls of itlee prasitive 61 $is coupled fd a-gmund bissi30acprosentedeby

istors; and a first set of add duct 640). electrigcall | ed
oty to ¢ ety B e angecertor bty S eiariies Sess Bgvoin Hediaire 602 804cer o
addr ess ccgwyg@ggmo,((ﬁspam,lglglﬁg’tmiggeid,xn@mj ed only to the nmultipl exing
X . . )

circuitry in the second region, said first and second sets of address
conduct ors ext ehdirstgddressitus 6§40 sempsiserhef seeersl condesions fodiyidyuatieondsetyrson sai d

substrate. | yi ' i ' o) LS bRe: rate
(30 515, e IE R R Ut faceB eahye UL R T in B AW %
672, 674) ;pramitivesssthopni(6i4, 6V& q18; 618, 620, 2nd 632)20 theGibper @dp paition obth8, 620,
622) formed, onto_the subs te, the fir rimitjive havin first set of
cur r ent - cGHPBS ?‘i?g’%f’?”&r\%%g@(ﬁ?% %‘Afﬁ%“d aaétr:?sr‘%’ﬁ G%Qfsrﬁ%rlsﬁ °€§¥(V,ﬁ"a ransi st or
of said fidofiluciétt (iRGVREaCRBLAErs Aot §HOwR) al IBRS bndEBwREH [sktended'® dabh gatb i I St
set of address lines (640); a second primtive (5-8, 13-16, 21-24, 602,

604, 606, ofesch BEDIn the primitivesshiovn(a2: $04, 6Qf: 608,418, 6123 jofia secopdeetofi niti ve
havi ng a . ' | St 02 [ ISt

form nal oraver fongthe R B0liofi 3P bl SGrABUANOF, B St olddd? .,
one addr esscdndraddiess busses@dicng 650 ade efedttticeHp isblaredfrdrb pach othé bmaard second set

of address, 1isibfe mom B confcctdrs 680 arld b2 0rthe Suages OFte Bbsurate' 6tl, 5t ©F

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 FETSs 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.
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In a first embodiment, the address pads 32 represent flexible circuit connections that
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 Al1’,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
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ejecting ink drops of black or color ink. Alternative embodiments can include a semi-

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
each 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.ropclled 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 pattemns, 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.



sets of address lines in each of said first and second nodes. 6. A printer
(101) conprising: 25 a controller (20); a print nmedia transport (18); a
print head assenbly ( 16) conprised of a substrate (30, 313, 500, 600)
.through which extends a fluid aperture (502, 670, 672, 674) and on which is
foamed: 30 a first primtive (1-4, 9-12, 17-20, 614, 615, 6 A ?20&20
622), said first primtive being conprised of a first set o ugus
current-controlling transistors, a firstl3term nal of each transistor of
said first set being coupled to at | east one address line in a first set of
address |ines (446an bessesreoFif. AC| asingle encdin® shekBis hdyanedd f4m am(Rputdg, 606,

608, 610, 612 35 electrically isolate aid first primtive, said
second pri WH‘)W’émﬁ'é‘? iy areapgn %%H@tp 2&5”23&{&“?3 R Hyapcips E‘QF hanism o° v ef
sand t sl s~igfuding ﬁoﬂﬁ%?tapﬁt‘én mdtbx’ﬁﬁ hﬂ@acﬁ@ﬁid&flc@t(h& showA) Hn a%rcf@ﬁ‘gd pct

crg~s 1l ~ a~~ | ~ab ~ a a~ r ~said lit ws r~ be acted
~den~y of ewbasiment] theurﬁvetavamdcam@@eml l|9r Ltﬁ aue nm;emyaltyfdrewatast@lss thes on at

| eapt one e lift aad s ress |i.t Ths
app of ot JenacigS gnthe BRlch iy a o BB IR AT i i KlicBEPh Bibpenilenfiriq g ane)
a t~unb~ odirectiomaf erdguf theamediudl SThe platedatiotor 209/ﬂxdetﬁ6camage Botof RI Bare

apparrat us_of te~in a _nunsp p~d~iws of said it set

lai~a 2, 4 or 5 v
of pr~ig~¥ E‘C?l? Qﬂﬂg‘eﬁﬁﬁtﬁ@rofé‘fm?d‘w t‘?‘ﬂﬁd%ﬁl"?&l% cgetr%!&r 2i3.ofAnexample of o
appar at us Qth Ebﬁhéﬂl%g andl &fnn@lzi perat 3 maBEIO IR dcrRbed iR TS, I%tén& Nof d pi cas)

conprised of a set of Gur~contrr ling transistors, a first tenoinal of
r of md t5070%:410sApparatusrand Methest Using p Cgmbined| Redd/WritetHdad fer Progessingdnd: | s

line of Storing Read Signals and for Providing Firing Signals to Thermally Actuated Ink Ejection

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
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smaond sudMany indeptndent npzzles are typically arranged in a predetermined pattern on the orifice
plate 305 so that the ink drops are expelled in a controlled pattern. Generally, the medium

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 energy 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

droplets of ink onto a medium.

supports heater resistors that provide heat pulses for ¢jectin,
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 tragsmitting 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 lecad that provides

power to all of the resistors in the primitive. Each primitive has a ground lead coupled to
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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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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 set 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 S00N closest
to substrate edge 504N. The other half of the primitives are contained in region 5005
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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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 A1N), the corresponding south address is simultaneously activated
(for example, A1S). This can be done by making AIN 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 printur (14) comprising:

a cotirolier (20), including first and second sets of eleotrically isolated address
lines (640, 680) for controlling a print head (30), said first and second sets of electrically
isolatad addness laes eash boing comprised of a plurality of athivess lines; '

a print media transport (18); and

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

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

a first pehmitive (1-4, 9-12, 17-29, 614, 615, 616, 618, 620, 623), said
flvst primitive balng comprised of a firut sst of cwrent-contralling transistor
15 devices (402), a first tarminal (408) of each transistor device of sald Brst set of
curtent-controlliing 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
sscond primitive being comprised of a second set of current-controlling
20 transistor deviees, a first terminal of eash transistor device of said second sst of
current~-contreliing transistor devioes baing coupled to a predetermined adiress
line of said second set of addeess lines (650), said first and sscond sets of address
lines being elsctrically 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 predeterinined 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 selsctively 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 subatrate (313, 500, 600) including a first region (S00N) and a second region
5 (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
10 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)
15  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:
20 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

25 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),

30 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.

35
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5. fluid reservoir to a pluratity of fluid enscvgizing elements (1-5, 309, 400);
a phurality 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, 618, 616, 618,
620, 622), each primitive of said first subset of primitives being
10 comyrised of a set of cumrent-cantroliing transistors (482), a first teyminal. .,
of each enrrent-controlling transistor baing coupled to an assoclated fluid
enevgizing elemant (1-5, 369, 409), a sccond termina! of each rangistor
being coupled to ground and the third terminal of each transistor being
coupled to a predetermined addiress line in a first sst of addyess 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 mﬁmm (402), a first terminal
of each current-controlling transistor being coupled to an associated fluid

20 enavglzing element (1-5, 309, 400), a second terminal of each transistar
being coupled to ground and the third tarminal 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 (S00N) 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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set of primitives, within said second region, each primitive of said first
and second sets of primitives having a plurality of elsctrically isolated
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 tc;
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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5 wharely 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. Ths apparatus of claims 1, 3 or 6 wherein a number of currant-contrelling
10  transistors of said first primitive and a number of current-controlling transistors of said
second primitive are different mumbers.

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 miﬁm:a, a first terminal of
cach 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 tramsistor 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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forming b first primitive (1-4, 9-12, 1720, 614, 6185, 616, 618, 620, §22)
5 . of a first set bf curvent controlling transistors (402) on said substrate;
cwpﬁngaﬂrsttcmﬂml(@ﬁ)ofmhﬂmsistorofsﬁdﬂmmwaﬂmst
one address line in a Hrst set of address linas (640);
forming a sevond primitive (5-8, 13-16, 21-24, 602, 604, 608, 608, 610,
612) of a ssoond set of current controlling transistors (402) on sald substrate;
10 coupling a first terminal (406) of each transistor of sald second set to at
least one address lins in a second sot of address lines (650);
electrically isolating said second set of address lines from said first set of
address lines such that eash transistor in sald first primitive can be activated with control
signals on at least one address line of said first and sesond ssts of address lines.
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