;e3e, (6T,SY" ail ~. 15 March 2002 PRI NTHEAD COVPRI SI NG MULTI PLE TYPES OF
DROP CGENERATORS Cross- Ref erEnee To Rel ated Applications Rel ated subj ect
matter is disclosed in U S. Patent Application Serial No. 09/300,785 5
entitled | MPROVED PRINTER PRI NTHEAD filed on April 27, 1999 and assigned to
t he sane assignee as t nvention (docket nunber 270795 the
t eachi ngs of which ar @mmﬁw Wd herein by this referencé Maehad

Field 10 The present invention relates generally to inkjet printers and in
particular, to a printhead*®8fprising multiple types of aﬁop generators.
Background of The Invention Inkjet printdrs are well knowntin the art. A
typi cal inkjet printheammmﬁMH a silicon 15 substrate, structures built
on the substrate, and c m’mm@m»ﬂo the substrate to provide an array of
drop generators. Such a pridgfhpead typically uses liquid ink (i.e.,

di ssol ved col orants or pignments dispersed in a solvent). Each drop
generator conprises a precisely forned orifice or nozzle attached to the
substrate that incorporates an ink ejection chanber that receives liquid
ink froman ink reservoir. i s osite a nozzle so ink
can col | ect b&RINH E@&@M(WS%G%E’BT@P LEM%Q@ OBGENERATORSt s i s
typically under the control of a m croprocessor, the signals of which are

conveyed by electrical traces to |nk eJectors (typlcally, resi stor
el enments) on the substrat e.CdbeReft g abiohs €S actlvate the ink

ejectors (i.e re5|star ] ne | naf rt|o t he xt
to it vaporizes® g‘ Eéf‘@&?s‘“%ﬁ"&t‘%ﬁ‘ @?SC?H& qgoﬁﬁ“ﬁ"ﬁé“’gﬁ‘f%‘f’ﬁ ”75? ?ééﬁay&
arrangeg degiled BIPROVEISPRINTERRPRINTHEBAD iftedRAL AR D7, 1599)RRd wlga@&tawgaaﬁ the
operation of each 25 drop generator causes characters or inmages to be

printed upassignepas thespresent prventidreddcked namberak1970 RS- Patherteachings ofwhi¢h 2602 2

incorporated herein by this reference.

Technical Field

10 The present invention relates generally to inkjet printers and, in particular, to a

printhead comprising multiple types of drop generators.

Background of The Invention

Inkjet printers are well known in the art. A typical inkjet printhead comprises a silicon

15  substrate, structures built on the substrate, and connections to the substrate to provide an array of
drop generators. Such a printhead typically uses liquid ink (i.e., dissolved colorants or pigments
dispersed in a solvent). Each drop generator comprises a precisely formed orifice or nozzle
attached to the substrate that incorporates an ink ejection chamber that receives liquid ink from

an ink reservoir. Each chamber is located opposite a nozzle so ink can collect between it and the

20  nozzle. The ejection of ink droplets is typically under the control of a microprocessor, the signals
of which are conveyed by electrical traces to ink ejectors (typically, resistor elements) on the
substrate. When electric printing pulses activate the ink ejectors (i.e., heat a resistor element), a

small portion of the ink next to it vaporizes and ejects a drop of ink from the printhead. Properly
arranged drop generators form a dot matrix pattern. Properly sequencing the operation of each

25  drop generator causes characters or images to be printed upon paper as the printhead moves past

the paper.



G ven current manufacturing technol ogy, drop generators provided on
stlicon-based printheads of the type descri bed above are currently capable
of producing only a single drop weight. That is, the characteristics of
each drop generator (i.e., chanber volunme, orifice layer thickness, etc.)
on a printhead are essentially identical. As a result, the grgﬁ mgight or
drop S vol une provided by each drop generator will be subst AEYIEF 9 02
identical. Furthernore, different types Df inks have different dot gains,
i.e., the amobunt of coverage provided for an equivalent ink drop vol une.

For exanple, different ink colors typically required different drop weights
to produce equival ent anbunts of coverage. In particular, black inks

gener al | y requiGiecracurenp maeufybiuriad cchndlogy; @rdphpdneaators ptovided rdsSsilicort higéd t hey

have nmuch djffere spr eadi n aracteristics tp achieve 10 substantially
equal pi xenrmé*t?eér%tgtb? B deterrie va%me%e@g?leiff Produpigg oglyr# gingleyirop
possi bl e t@ei@lﬁﬂﬁhﬁkﬁs,%@%&[@isﬁ&'cf?rea&rd}t?f) F%ﬁ?&éﬁﬁc.?&aﬁb m&rﬁg%iﬁg% E‘S' rb

One possible solution to this problem wou be to provide equiva p
gener at or thicknass, ete)sorf @ pritithearkarawshentillyridéntikal. aAwda seselt, et dropheeighita idrajr op

gener ators re frequentl i.e., tw as.often) .t han the col or dr

gener atsgr s",c’%ee‘?rg &%'?yo?ﬁcﬁ fl‘('%’ gpngatgy chlﬁéer sup 6‘6%‘}338 é&en : €‘€?h,e“??ﬁeséi‘§oﬁ’%% ach
woul d ef f aghds beinks Rivle iETerdhe d6vgaRS tiR] tHeinloaRi dfichverdde pRIvRiel f6}aRRqEGAELt AOT S
relative to color. Thus, the current approach to conbi ne col or "and bl ack

i nks in a d&emyelemer Fort example, diffepms yikdeolons|typipally fequired differenti dfgp sveightetdf or

each col or i : , ' e . for. black. VWjle
this appr &éé%!%q%@ée%%‘angﬁg Ogﬁgckag%p@{b :aftg@lg‘r g%\gl])aﬁ?g%é’gr\)%uﬁeamﬁeea %P \%cl\é@d if
bl ack and aboltawicathabeficelk ke i thauties haee odiadifieeht isprealing charagibistios toruchiewd
and, 20 therefore, a si_nal e cartridge. Summary of The Invention The present
i nvent §0on sHbgantiglhy cquabpixehcA¥@BSavi ng mul tipl e types of drop generators,

whi ch types ar g.gdif ent. | CHAE AP HurktiFt nos €8S to LeBED j op
wei ghts provi dg}d%y&g%cﬂ?&%&g?% e?agll 5 urg 1’ ?r%tﬁ?yp% 01?‘ g]r%gﬂggﬁg(te%ﬁe/dre%?gr
conpri ses aathitectares o weinglezrind®ad. Wher Easible setiomth thisgpeotdém svoajd topetn ratider
conprises a single nozzle. For the first type of.dro ener at or t | east
one ink ej% BB gmas?é’ﬁﬁ,’?tﬁf SHuGhEH f?‘h@a%{‘t a&g&%’f’rf : aﬁg%ﬂ‘\é@? t%t”@ﬁ‘ gron east
one ink e€j é?t?érﬁ rsintor€ REGueRtly €., RVcPasINER) tBarf thé £t BéiRaAtmatol, BERbRBINidiach
L7EEk G e e o opcivodh o bR Pt |
ej ec . Is eowerage T, |

generators 15 rch, 2002 3. ejects,a first t of ink and th econd type
of ar op. g EPGPOrCie RS0 £OEL SRt 1 s Y oK P opltpi R0 pfBpE RS | 18
of ink is a¥irilprintdf isx8Grdvit HEIGHB Priktyalrides; dhé foreachdoldr (tyPikallys ufdh, fellody an,
yel l ow or magenta ink. Sets of drop generators are provided conprising both
the first angpagenie aad onefes blacke Witle dngiapnyensh wopksp? eqsbapd qompsHtivepdyrpgsg of
t he bl ack and,.col of. .| [ Jo gl I ' and
apart 11 o LE ot Bacidhngchh rbilel e clid B Gintlid O LAEK pRERELAE
respecioi veherefdef i fifiglalcattitdget a first set of drop generators of the first
type and at | east a second set of drop generators of the second type. In
this manner, a single printhead nay be used for the delivery of both black
and col or inks. The printhead Qg 3R Thvidiiegnt i on may be provided as
part of an inkjet cartridge and/or printing apparatus, thereby providing a
conpetitive 10 Thepeastrigeveotien provides a printhded/haveng mBitiplsf typrssafrdrep generaérst he

Drawi ngs FI.G, |I illustrates a perspective view (partial .cut-a of an
Thik et pr MBSt PSR AR ared o RE ot Al B PR o it YRk i pach

i nventison pRRerdbsy b iEQRRRIGEHRS geddratbt Somptiskd 4t Ueabitaib 252203, WH BB deConiditpye Of
an inkjet cartridge conponent of FIG 1. FIGS. 3 illustrates an enl ar ged
per spect i w dippeenapdtorcoprpriststacsingld nozale c berthe Best tipe of dropgaperatnsat laaphang tﬂﬁ‘o n.
FIG 4 illustrates a crass;sectional view of .th rinthead of Fl 3 ong
e AA et SSiachird T e S R okl gt e R ek e e oot Bl

si gnal patahygnpGOfiriSieiali Mefelly, @achhodz1e Bf G figst &lpe lof Bfop aet@RoNkastayiquely
accordance with the present invention. FIG 6 illustrates a top view of ink
ej ectors &ndesparding wgeuc@r-gnane erabadimerd of the prysationg thedird tyngrod grapeasasraiosy  of
a first type in accordance with the present invention. FIG 7 illustrates a
top view of ink ejectors and an alternative arrangenent of associ ated
signal paths corresponding to an drop generator of the first type in
accordance with the present 25 invention. Detail ed Description of the

| nventi on




The present invention may be nore filly described with reference to FIGS.
1-7. An exenplary inkjet printer 101 is shown in rudinentary formin FIG 1
A printer housing 103 15 March 2002 4 contains a platen 1 OS to which
input print media 107 is transported by mechani snms that are known in the
art. A carriage 109 holds a set of individual print cartridg;g4 'ﬁ¥P| I 1
In a preferred enbodinent, a single ink cartridge is capabl méh di ng
various colors of ink, e.g., cyan ink, quenta i nk, yellow ink, and bl ack
ink, it being recognized that other ink-colors are possible and S not
precluded fromuse by the present invention. Further alternative

enbodi ments can include sem -permanent printhead nechani sms having at |east
one snmall vyol ung, on-bga i nk chapber that is sporadically replenlshed

fromfl ui (ﬂ’&fl% rswaﬁpgwk %fifth%&chn fYee Pk drop\agngratos eients fhﬁeceac# EPE (i dik

havi ng t r [ I and
"ok of et v e SOL RS ofinl HadAl wdhPsctbid B 1R BEbE ik ThEh 0GR

i nvention ynlémappinawtﬂ iekt (Seisrmlf Pep gcaﬂratpls@gagowﬂed]@nmmnymgboﬁxhhe fist gpeatd ves.

The cartri 09 is .t nounted .on .a s 3, aII t he
carri age fg iheosgc"é‘g%e “E‘H’dvaf’gfimx‘%f’tg"g% aﬁg %4? QT RSP rsi@’gﬁ"e’The
scan axi s laye?(w prbﬁdéméyp%{c%d ar@ foRV% debénd A$fidel1Byep aTRAGER hAP s&x6AM Srifidenk
drops are selectively ejected fromthe set of print cartridges onto the

medi a 107 layersprespgetiveiinilefing ap ldasita Bushisch opdtop@engatofsmfrﬂmgrsit tm:gemd ot least a

S S R G e R R

and i nst r ged the aslivkFEofCleutl Btk andtdlyr ik MEHE frirdkall Of memr@gemhomﬁoﬁayb@s ed
el ectronic controller (not shown) within the printer 101. The ink drop

traj ect or Proyided as part of gndnkjef ¢arrdas angor printing,anprratusyihereby proyjding agjompetitite has
been npl is noved an appropriate distance along the
print qﬁedlag%gl%gew&ﬁgmgévg%tsed by arrow 119 in preparation for the
printing of the next swath. 20 An exenplary thermal inkjet cartridge 111 is
shown in FIG 2. A cartridge EOUZI ng,. or s II 212 contains at |east one
internal reservoir of ink (no ipti d enbodi nent, a single
cartri dge pe@MPiihtaR ik Vil aﬂal i Bl 3P B 3l StirkiRE aPAlhisRb et BHel
colors, e.g., cyan, sggﬁ%e\?vl rrége ta a%d b?)gck Thjg P;igirttgllg?&e IS preol\sl\!q%f.le

with a pr irede)ij&I}ﬁqh thiptesént dvantem may twrinddrp@atpd.at e 216, haV| ng a

pl ural.i ty of re nozzles construgcted i nation w 5 subj acent
firin chanbe%{%%HPﬂWteéf%WB}mﬁvr‘%P&"e@kjf CKH'FlgEﬁ\ ‘ifé”ﬂ%&‘ﬁé’é?ﬁ “drop
generators, angiey. aCllilitfatds afh QRladiet efsPEctivO Vit 6Xh printheal iR héddtdhcd Hith the

Rel ated sets of drop generators taken together forma printhead array. Note
that the presentirvgotioiray illustrated in FIG 2 is for the pur pose of
illustrating t L UG L & ¥

necessarily re|igf6"e2‘e‘¥11tes(E a|H"vecp°fss Q&tw%jv%& &%%&gdgpﬁq heacIng?nr@gb‘ AI n
accordance W t RIG.ISelpstags atop ivwof awink e}bcmr bund dmewiiatemslgmt pﬂtﬂ.ﬁﬂﬂ'ﬁespmidh)gt he
present invention is illustrated in FIG 3. Referrlgr}g now.to FIG 3, it can

be sedR t kR drAR BReratenpl agecsnd tmche@gm& vith the greseh ERtitle 302, with a
first orifice e

bl e L L bl L s N
and secondn dropfgeneratbryfar firs3Phs in30érdanse with tve presdntaneentionned to a support

| t sh h t des t tail
bel ow.  The subbldTilbsmiss BiSew At Bk eleelsPoAeH 20 ol FRstive Cuptseiient o4 Sel¥idust r y
st andar ds gjohMPpafiR L:Bﬂ‘esﬁgrﬁuﬁ:&)%ﬁ%ﬁdngﬂa% of B¥ First 3 in 3EBrdaficPWRh BieqRés¥nt

formed using a polynmer w a spinon, |amnated, or extruded polymer

t hi nf 26m prventéss havi ng a t hi ckness of about 10-30 um Any 10 suitable
phot oi magabl e pol yner filmmay be used, for exanple, polyam de,

pol ymet hyl net hacryl at e, pol ycarbonate, polyester, polyanm de,

pol yet hal ene-t er epht hal at e opetgiled pé@ﬁptibﬂbem‘e.lnﬂmﬁhnati vely, the orifice
layers may be forned of a netal - 'ated nmenber _or ceramcs such as the

oxi des of ~si ||Ebmprmmmemtmnemab e mort Bl dspaibed Matht refsarssn & FiGh 1-7. An

t echni queg, u it f.nel.eGt I n ads
308 are a segﬁ\)pl) &?&d’r%}fglg? o glﬂrhc%lﬁlg g&%%xﬁpéﬁogng’% ﬁgﬁpga in log
couple electrical signals from an electronic controller for control ling the
operation of individual drop generators.




A first set of drop generators 310 conprising a first type of drop
generator 320 is shown. The first set of drop generators 310 is defined in
part by the first orifice layer 304. In a simlar fashion, a second set of
drop generators 312, a third set of drop generators 314 and a fourth set 20
of drop generators 316 defined in part by the second orifi gmaﬁgé 0”??6 and
conprising a second type of drop generator 317 are al so sh 12kl £20% hat

t he nunber of drop generators illustrated in FIG 3 is not reflective of

t he actual nunber typically provided; for ease of illustration the nunber
of drop generators shown has been intentionally mnimzed. A so note that
the first and second orifice |ayers 304, 306 are preferably separate and
apart fraghaseh phidnaos aswidel inpaPritymati2 070§ 8aKp3Rd bP HleWRBRmS Bt 2 ¥E5vwh

Al t hough the first and second orifice |ayers 304, 306 nmay be fornmed froma
singl e, unitheagry: 4« cariagarl@) holds appebefkindyiduglepring sartridges,evge At 1.l apgeferdred

different_ ink.types articularly t 1 Xing. of cyan el l.qw or nmagenpt a
ks ot ¢ 5eSioie BRinghEk b e 2 eheble LMol yeld R Byrols i s ke

col ors. Ahddend @ik, 9elRusiak, Al bR kg BEh@icobghizsd thabbthérlitk £J1616 hretpsREbldatt and
three sets of drop generators 312-316 of the second type 317 are

i | 1 usthr atnegprepludgdsfrom pse ipthe Rresen snvsniion diustheiterstive sraodimentsieastie¢ludeof
arop 9eNLA Blufl? plfnl R hari GG wPleRF o REMIBN INRIOUL B0H 3 AhallBL 1 OF
desi gn choi ce. For exanple, 1n hexachfonme applications; siX drop generator
set's woultbht isesppradicallyereplerithed fremfimidicallplcbupbedgdif-txis itk fedeevoirs br prifp estridigesdr op

generators 317, 320 are shown, it i pssi pble that .a | arger nunber of drop
gener at or"@V g e Op MO galors rwéral.lab%egaﬁw print garyidgs apd fnkogieqiing pozzles
gener at or, : I t j ] o 1

dear cos. op* ALY dEglafla e AL ARG e RehMI P s SPPIRALIR Ik CBjdgests

pr actliOc e anp of the giernativies r Thf cadridge Y¥netypicely manstedjoroaigétd banl i3, phowinpéled t o

provide a prin th of reasonab si ze such tha th of t.exi, ot inmage
o be. o dpeet 408 s eedned BR0 T ot ot 6 Renete B Bl 5Pt mSCRE Fhsage
across t hgdigdidd By HHRW M3 Als@H Gpldg 109 fand nkHrdiRack seRbtivIjGectdd ffdif thedetSi z€
that a conplete page width of ink could 10 be deposited w thout reciprocal

scanni ng ofprintrartidges ohedbe mpdad(tin predstezmined pontsvathagtieras, ferming inkages or

printhead,iis on th rder .1 W 2 e [ g ] reci i on of
the pri ntaﬁ’ggwméeéjrcc? %Ig?t% u?r%%hggtr’nﬁ Jﬁmgg@g@?@%ns' t% |%es)l71’c§f1Elé &@;quomﬁgé{elﬁégr}é@%t}ogl 317,
320 ane ps ddt@mided byl asétéigal icompelediiiotishew) anpisthictiéns dfedonventigilly trafsadittddhey

are capabl e of deliverin For .the purposes of sinpplicity, the discussion

15 pr ovi dR@THEPEPSaSrBRS Sleciseic BRTBT YRt ) paBinghe BT 19knSheb Ao ¢ h
the underﬁie@{zﬁ, s, bhali Inhﬁaga%g%gbwl 17 EWed gbv??ﬂ)? rifEHE B dokmpididdifeed 1O
. n enono the di

thi s nunbe a preferre I ment, erent drop welghts of the
first andneslicH)7ds shooql apeapproptiate distagceaalorgsthe prird inetdaexisy i 8 indidataddy zmow
associ ateg wi th each t%/t%e. dn the enbodinent illustrated in FIG 3, drop
gener at orld? 8t Preparation fag the pripti G X B nozzl es, whereas drop generators

of thg second AnREmpRAPhHES®RI RikleY criigB I Bis2fo R A2t16. 2 HAVRWEge hdiBing! &Sent
invention is not limted in this regard; nufti-nozzle drop generators nay

conpr i se shelly 2hdiedptainsct leass op¢ indemdt mrsenveir abink (not phownd 71n aqefemedernlpdimentoz z| e
drop generator ar.e preferably, arr.a . cl > ossl bl e to each
ot her sué| hsulggea%a%t"ﬁ%p?oén UtSEan lt@¥e68{sé%%gf"ﬁ(qgsl§§’8§§ fozis“? ‘%ﬁ%g\?ﬁgcr?%d%ﬁ 7eFed to a
sui t abl e yarel,ufiageRRgRl BlRES ToE chfitdgeusprivided witizzprirgheag@th, watopclgéssamat or
of both types of drop generators 25 functions _to provide substantiall

i dent i calorifiey elatgy @16, haxingas plugadive af igialyre Rorales crnsyaicied ip Lapbingtion r‘iﬁlh)é dr op

firedcby _a.dro ener. | i | . s ialdy the
sanegéovgrd%%nggﬁ%; F%%gégﬁgﬁgt Fﬁﬁ§§@%g%%§ﬁﬁﬁﬁ %g%%¥gﬂgépﬁ¥ﬁ%%&|s’%@ssibIe
because, eiedtriRaltonthérs foe dowphing @b tie piintecbllh Retaredl sets ofidrop paresdtes! taken mgtther
present invention is assuned to be substantjally jdentical to all other
nozzl es iferm @piathepd amapp Nk thattheprissed pirgy hpstrated igdidQ; 2 is fortke Propese ¢that

the 15 iﬁ(ﬁ&ﬁ%?&l@%u&aﬁee ro%fan%asjetocfmﬂa%%rg}e 078 A ¥ SedElatif) lepresdtArRYrat es
twice the nu of nozzles as“the other sets of drop generators, the
resolution provided by the first set will be substantially identical to the
other sets. By treating groups of nozzles as a single drop generator, the
present invention thereby provides the ability to deliver drops having
different drop weights froma single printhead without 5 suffering the

limtations of prior art techniques. This is further illustrated with
regard to FIG 4. FIG 4 is a cross-sectional view of the printhead of FIG
3 taken along line A-A. Structural elenments illustrated in FIGS. 3 and 4

have li ke reference nunerals. Note that the di nensions of the structure
il!ustrated in FIG 4 are not to scale. As shown, the first and second

o o ~NIN A ~NNSS o, o o o v o o o, ~



di oxide, silicon nitride, silicon carbide, tantalum polysilicon glass or
ot her functionally equivalent material. The support |ayer 410 al so supports
ink ejectors 425. Generally, the ink ejectors 425 may conprise any
mechani sm suitable for ejecting ink froma firing chanber in which ink is
delivered to the firing chanber through the floor of the fi hﬂ%_ﬁﬁﬁﬁg

a preferred 15 enbodi nent, the ink ejectors 425 conpri se t i ater
resi stors using convent i onal deposition_.techniques as known in the art.
Firing chanbers 424-432 are substantiaIPy horizontally aligned with the ink
ejectors, e.g., the ink ejector having reference nuneral 425. Hori zontal
alignnment of the firing chanbers 424432 wth the ink ejectors is a matter
of desig esired.in all nown .in the

d 20
ar .t ho. TN SERAMEF BT R BreE Nt S PH s R he

char act er presentimvedtiohi€illufifasdd inMIGAs.0op generators. In the context of the
present invention, when an ink ejector 42S is activated to expel ink froma

firing chanberRQfgnnﬂ!my tot Gy 3.fitgambe peed rﬂmpthgemth@déﬁo cqmprsstmmllcodsdptrate
gener at or §,,0f. ..t.h f|r 20 ri,n

330 432 vPe Pk A Pl YRR R SRR B3 es ek i huapelRa e RS RERE o
gener a8 or gsrirdieat Beo &%ﬁﬂﬂ»\hﬁ@%a}@ 1§ practi&e thd Firdl afdsegeritedriice ﬂaybx%\BIOﬂI,%OBQéﬁr ence
nunmeral 317b, conprise a single firing chanber 426 vertically aligned with
an ink ej&engnd arenedfo s HpPPTt fayAp(ne 1> vhich/supopt laeriindescrabaddn greater

peri phery, o] ifice
havi ng reQeZdr?gtr;]eg%\Uné‘ﬁﬂ%%ﬁ%ﬁh&g&&em@y%ﬁattlpgcsnggsix? Ia\?&{r&a?x@{%%’th% wgﬁﬁoﬁ%h t he
nozzl e ortypicallys67snan.skaivorifise lager394 B0sinpreferabli thﬂﬁddarsm'rghépoly&ﬂw wWith a&pin-

peripheries faor each of the firi chanbers 424-432, the present i nyvention
is not 9P lapupatee, obpruded ol ad;l 3(9" ProRsst Reying fhiskuess etpbpet 100 KRS @AY bed

bel owjq t NeithBl& h%fbﬁxﬁ&g%b@sgﬁ&yﬁéredﬁ%t 'infyacfih f li§dang f&rhamaﬁ}&]ﬂeof polyantidd, St
0g

type of drop generators 320 are electrically coupled togethef so that a
coor di natpdyms¢tayimetuactylate, wolsicaibouate ppadyesteni palyaoudas rpoltetnlentréerephtimlage er at or

i tivated. h of, the f 424- 432 | d th
od cat odiees Aol vuleisivel, R sRRRTTRVER mé bp dotEsi e A re - PP AP Rbel o
respecti V&ra&xﬁ&esﬁasiasl thkoxi®8 8f SilieMGRantfinred®4 coteftiondtRectrd: odxﬁﬂﬁ tHdlﬁﬁ]uéle‘ 422

are enconpassed by the base peripheries so that the ink they supply is
excl usi veAyplurshy dfglecthigally conduativp sigdaliegnmmetiorgpadh é@ib@p glso grayided. Alknowmy

0t hr Py &0 5 el chel ApR 20F Pair€ HeSr G AEREH, 1, HBri St ot

the vies d@ﬂﬁ@ﬂ?ﬂ%hﬁd{bﬁﬁﬁéﬂ SMhBQC&aMroﬁQ&eMst rate. I\/UI tiple 10 vies are
shown for each tiring chanber; this provides_ redundant ink flow and

prevents ink 2 Brsh st Pf)ﬁlfoP S%F%t‘i’rﬁalq?W’&"’glarfﬁftéyﬁcﬂﬁﬁ%gﬁﬁeﬁ%mb%?@t‘ﬁ shown n t he
K. | ta, y 410
ink. I'n amp ﬁis?%gt sﬁdr‘agg&@rﬂﬁg 310 IR AHAPRpart ba&fmﬁ%@ ftcbﬁatyhe A01f o Lm{{ag y

is patterned and etch Pm the Vies 4122422 ore Ice ers
304, 306 faslﬁoxahtsaabhédetaxﬁ dropefeneratorshid 21 aphindesek af rdkopfgadatorse}idrmd a40&th kD4,

406, 408 agre etched he, subs as, k w in 15 The tapered
"ok’ 2oq G dErmerasinS 6 Asne PGS Sro PR L YOG caPerRRes seeany

wi der at 9&% d&wcenamér@waﬁfalmo%b%feahﬁ tRO%intRr SE&EH g&lefa%&s fine@aea i nk
reservoir, t'aper to a wd sufficient to enconpass the domain of the

i nk vies mﬂ’IGhbisamtmﬂeatl@cbfdh@pctgﬁmemétmslcgmmggﬁi, fotraase off ifnstrition, the
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9 312-316. In a preferred enbodi nent, each trench 402, 404, 406, 408
extends to connect to a separate ink storage reservoir for the storage of
different colors of ink, such as cyan, yellow, nagenta and bl ack,
respectively. The substrate 302 is bonded to a cartridge housing surface,
whi ch surface therefore defines | ower boundaries of the trﬁ §P6§b4 , 404,
406, 408. S Nozzle configurations and orientations are des'g et t hat
control droplet size, velocity and trajgctory of the droplets of ink in the
Z-axis (toward the nedium being printed upon). The conventional drop
generator configuration (i.e., the second type of drop generator) has one
orifice and is fired in either a single-drop per pixel or multi-drop per
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the ink ejectors are arranged into groups known as primtives. Each
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primtive selects and the primtive return, and activating the associ ated
gate of a selected transistor, multiple independently addressed ink )
ejectors may be fired sinultaneously. As an alternative approach, so-called
smart printheads, in which the printhead deci phers a signal sent froma
printer and activates the appropriate ink ejectors, nmay also be used for
this purpose. 20 The el ectrical connections descri bed above are further
illustrated with regard to FIGS. 5-7. FIG 5 illustrates a top-down view of
an ink ejector (heater resistor) 502 in accordance with the second type of
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25 of the ink ejector. An exenplary periphery base 405 is shown in dashed
lines toillustrate the manner in which the ink ejector 502 and vies 504,
506 are enconpassed by a firing chanber forned in an orifice layer. FIG 6
illustrates a top-down view of ink ejectors (heater resistors) 602, 604 in
accordance wth the first type of drop generators, i.e., a | tipl ozzl e
drop generator. As shown, each of 15 March 2002 the ink é?g§?3E38%82,
604, and its associated vias 606-612, respectively, is enconpassed by an
exenpl ary corresponding firing chanber Base periphery 407, 409. Series

el ectrical connections 614 are shown such the application of a firing
signal across the inputs 614a-b will cause the ink ejectors 602, 604 to be
activated substantially sinmultaneously. An alternative electrical 5
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conprising; 15 March 2002 at |le f.Lrst . erator,set conprising at
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Firing chambers 424-432 are substantially horizontally aligned with the ink ejectors, e.g.,

the ink ejector having reference numeral 425. Horizontal alignment of the firing chambers 424-
432 with the ink ejectors is a matter of design choice and may not be desired in all cases. As
20  known in the art, the firing chambers 424-432 define, in part, the drop weight characteristics of
the resulting drop generators. In the context of the present invention, when an ink ejector 425 is
activated to expel ink from a firing chamber 424-432, they form an drop generator. As shown,
drop generators of the first type 320 comprise at least two firing chambers 430-432 vertically
aligned with corresponding ink ejectors. Likewise, drop generators of the second type, e.g., the
25  drop generator having reference numeral 317b, comprise a single firing chamber 426 vertically
aligned with an ink ejector. Each of the firing chambers 424-432 defines a base periphery and a
nozzle orifice, e.g., the base periphery and nozzle orifice having reference numerals 405 and 411,
respectively. Note that although the nozzle orifices are shown as being a smaller diameter than

the base peripheries for each of the firing chambers 424-432, the present invention is not



of the at |east one drop generator of the first type. 2. The inkjet
printhead of claiml, wherein a first drop weight associated with drop
generators of the first type is unequal to a second drop wei ght associ ated
with drop generators of the second type. 3. The inkjet printhead of claim

2, wherein the first drop weight is a nultiple of the seco r | ght .
4. The inkjet printhead of claiml1, wherein the at |east tﬁgh??r&gg&@r op

generator set ej ects a first type of igk and the at | east the second drop
generator set ej ects a second type of ink. 5. An inkjet cartridge
conprising: a cartridge housing; at |east one internal reservoir of ink
within the cartridge housing; an inkjet printhead, supported by the

cartri dgenbRsaiRdindfed il Risfrgacd LOMBEMEE BEl6W/thdink BjebtbR adtiocihRd ith @R firftger nal
ink reservoir, conprising: at |least a first drop generator set conprising
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13 at |east a second drop generator set conprising at |east one drop

gener a? or Prvidg fRidceammyniqation withiaapsprtive apered indpleebtrench 40%406+ 406n408 dldsnd
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amount that may flow back through the vias below the upper surface of the substrate. Multiple
10  vias are shown for each firing chamber; this provides redundant ink flow and prevents ink
starvation resulting from a single contaminant particle in the ink. In a preferred embodiment, the
upper surface of the support layer 410 is patterned and etched to form the vias 412-422 before the
orifice layers 304, 306 are attached and before the tapered ink feed trenches 402, 404, 406, 408
are etched into the substrate, as know in the art.
15 The tapered ink feed trenches 402, 404, 406, 408 (shown in end view) are preferably wider
at the lower surface of the substrate 302 to receive ink from an ink reservoir, and taper to a width
sufficient to encompass the domain of the ink vias of the associated drop generators 317, 320.
Thus, for drop generators of the first type 320, the corresponding trench 408 encompasses the ink
vias 420, 422 corresponding to both firing chambers 430, 432. Conversely, for drop generators
20  of the second type 317, the corresponding trenches 402, 404, 406 encompass only the ink vias
corresponding to the associated firing chambers 424-428. In all instances, the cross-sectional area
of each trench 402, 404, 406, 408 is many times greater than the cross-sectional area of the ink
vias associated with the corresponding drop generators 317, 320 so that a plurality of drop
generators may be supplied without significant ink flow resistance in the trench.
25 Fluid ink stored in a reservoir of the cartridge housing 212 flows by capillary force
through each trench 402, 404, 406, 408 created in the substrate 302 and through the vias to fill the
firing chambers. Each trench is oriented to provide ink to a corresponding set of drop generators,

i.e., the first trench 408 provides ink to the first set of drop generators 310 and second through
fourth trenches 402, 404, 406 provide ink to the second through fourth sets of drop generators



7. The inkjet cartridge of claim®6, wherein the first drop weight is a

‘mul ti ple of the second drop weight. 8. A nethod of depositing ink drops on
a medi um enpl oyi ng drop generators, the nethod conprising steps of:
activating at least a first drop generator set conprising at |east one drop

generator of a first type to deposit a first plurality of i dr.o , each
drop generator of the first type conprising at |east two né%‘flaéghgﬁ%z at

| east two ink ejectors associated with §he at | east two nozzles, and
wherein the at least two ink ejectors are driven substantially

si mul taneously activating at | east a second drop generator set conprising
at | east one drop generator of a second type to deposit a second plurality

of K O 90Site, IWASHAkDeFARAOR ERETAAA 4! 4001900 S0BUHANG dofndl g

i ndependently o e east one ner at of
wher ei n aseparatsnnldstopgmsghbnr dersthe mtgd uﬁndtfferdrin eolbrsrcﬁ'tmlplsw}ﬂzisl dyyin, qfellbwk

drops is a rrultl a’? f a second dr @t associ ated with the second
pl ural i t ymegentafe aagsresmcn batralf 364 i opded iQieETifgehqusing sudacsy

wei ght - asgpieh §irBde Wetefork A&firek merlahwd%estaf@ueneﬂﬁs%@w'/msu qual to a
second drop wei ht associated wth the second plurality of drops. 10.
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a first type each of the at |east one drot~ generator of the first a
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of the at |east one drop generator of the second type is driven rode enn

dent | ~r dEenerAiarsakl 2346 provigh draplespofeyan yelisp 2 magents mksltesneytp*@ly, asargehpixehk; et
cartrid SHighCEart hélh%g ‘of yellow and magenta from separate nozzles and two drops of cyan from
another nozzle in successive scans of the carriage to achieve a desired color hue. In a multi-drop
mode, to improve saturation or resolution, two sequential droplets of each of yellow and magenta
15 and four of magenta might be used for a particular hue that might be done on one pass of the
carriage. For the purpose of this description, a target pixel is a pixel that a drop generator is
traversing as an inkjet printhead is scanned across an adjacent print medium, taking into
consideration the physics of directing a drop to a desired location, i.e., the pixel that at which
particular drop generator is aiming. The resulting dot on the print media is approximately the
20  same size and color as dots from the same and other nozzles on the same print carriage.

The discussion above regarding single- and multi-drop modes with regard to drop
generators of the second type is generally applicable to drop generators of the first type, that is,
drop generators having multiple nozzles. For multiple nozzle drop generators, the nozzles
preferably operate in a coordinated manner to provide single-pixel coverage at each instance of

25  activation, i.e., to target only a single pixel whenever activated. For example, it is know that black
inks typically require about twice the drop weight of colored inks (cyan, yellow and magenta) to
provide the same amount of pixel coverage. Thus, the first type of multi-nozzled drop generators
when ejecting black ink can provide substantially identical coverage as drop generators of the

second type that are ejecting color ink.



a cartridge housin;~~ at |east one internal reservoir of ink within the
‘cartridge housing an ink~jet printhead, supported by the cartridge housing
and in fluid communication with the at | east one internal ink reservoir.
conprising: at least a first drop generator set conprising at |east one
drop generator of a first type, each of the at |east one dﬁsag%sﬁﬁba or
the first type conprisin at | east two nozzles and at | east ectors
associated with the at | east two nozzles, wherein the at |east two ink gj
ectors are driven substantially sinmultaHeously; and at |east a second drop
generator set conprising at |east one drop generator of a second t Xpe,
wherein each of the at | east one drop generator of the second type is
driven independently of the at | east one drop generator of the first type.
13. An inkjet paprevimsiyQuergisarditths inkogjeatorsitragk the positioneof the)neizltgpriﬁcqsl aten

within th rinter..hoysi.ng and to an i nkj
et print hZ‘aY tWt‘)ﬁ b "ﬁ‘heéecg?rfF‘ﬁ%’?orﬂ%@?&thmughg%ﬂfsg nﬁgg‘#n‘f%ﬁg’}nea‘q“ﬁ fhat acky o
gener at or a§§l§nd¥ RHpRes] Thasd eRletr] BRShnQBBnHrO B/ ]pg:%n?{lﬂﬁ film RktaBizEd EtfdultyRqhateach
of the at |east one drop Qenerator of the first tXpe conprisin at |east two

nozzl es anbctasallbr@amecttthmmk ajectosamithy printhwed to contact mds, thendedo annth@dsmtenfam
e T R e T
set conpr infultipl@@npds torBftichaly ugane ralley el€dtrical n@ameétmaebetw@@mprm@%h of
the at | e?tg Exssc(;)crlaeteéj ;r?ne cacie;:r?degre?t 8)r(an?glcstortl?DIS—Ien?ﬁlee}n¥1g may be found in U.S. Patent No.
5,541,629. In an IDH design, the ink ejectors are arranged into groups known as primitives. Each
primitive has its own power supply interconnection (primitive select) and return interconnection
10  (primitive return or primitive common). In addition, a number of control lines (address lines) are
use to enable particular ink ejectors. These address lines are shared among all primitives. This
approach can be thought of as a matrix where the rows are the number of primitives and the
columns are the number of resistors per primitive. The energizing of each ink ejector is controlled
by a primitive select and by a transistor such as a MOSFET that acts as a switch connected in
15  series with each resistor. By applying a voltage across one or more primitive selects and the
primitive return, and activating the associated gate of a selected transistor, multiple independently
addressed ink ejectors may be fired simultaneously. As an alternative approach, so-called smart
printheads, in which the printhead deciphers a signal sent from a printer and activates the
appropriate ink ejectors, may also be used for this purpose.
20 The electrical connections described above are further illustrated with regard to FIGS. 5-7.
FIG. 5 illustrates a top-down view of an ink ejector (heater resistor) 502 in accordance with the
second type of drop generators, i.e., a single nozzle drop generator. The ink vias 504, 506
associated with the ink ejector 502 are also shown. The signal inputs 508 are coupled to the ink
ejector 502 such that a signal (voltage) applied across the ink ejector 502 will cause the activation
25  of the ink ejector. An exemplary periphery base 405 is shown in dashed lines to illustrate the
manner in which the ink ejector 502 and vias 504, 506 are encompassed by a firing chamber
formed in an orifice layer.
FIG. 6 illustrates a top-down view of ink ejcctors (heater resistors) 602, 604 in accordance

with the first type of drop generators, i.e., a multiple nozzle drop generator. As shown, each of



driven independently of the at |east one drop”"generator of the first type.
14. A nethod of depositing ink drops on a nedi um enpl oyi ~ drop generators,

t he net hod conprising steps of: activating at least a first drop generator
set conprising at | east one drou generator of a first type to deposit a
first plurality of ink drops, each drop Cenerator of the fi %S@*ﬁi@g’
comrisinG at |east two nozzles and at least two ink g ec @lated
with the at | east two nozzles, and mhereln the at least two ink ej ectors
are driven substantially S|nultaneously, and activating at |east a second
drop generator set conprisinG at |east one drop generator of a second tX, pe
to deposit a second plurality of ink drops wherein each drop Qenerator of

the second tyke is driven independent|ly of the at |east one drop generator
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which types are differentiated according to at least the respective drop weights provided by each.

15 As aresult, multiple color architectures may be incorporated within a single printhead, thereby
providing a competitive advantage. What has been described is merely illustrative of the
application of the principles of the present invention. Other arrangements and methods can be
implemented by those skilled in the art without departing from the spirit and scope of the present
invention.
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What is claimed is:

1. An inkjet printhead comprising:
at least a first drop generator set comprising at least one drop generator of a

first type;-and, each drop generator of the first type comprising at least two nozzles

and at least two ink ejectors associated with the at least two nozzles, and wherein the

at least two ink ejectors are driven substantially simultaneously:-end

second-type:, wherein each drop generator of the second type is driven independently

of the at least one drop generator of the first type.

2. The inkjet printhead of claim 1, wherein a first drop weight associated with
drop generators of the first type is unequal to a second drop weight associated with

drop generators of the second type.

3. The inkjet printhead of claim 2, wherein the first drop weight is a multiple of
the second drop weight.

4, The inkjet printhead of claim 1, wherein the at least the first drop generator set
ejects a first type of ink and the at least the second drop generator set ejects a second

type of ink.

5. An inkjet cartridge comprising:

a cartridge housing;

at least one internal reservoir of ink within the cartridge housing;

an inkjet printhead, supported by the cartridge housing and in fluid
communication with the at least one internal ink reservoir, comprising:

at least a first drop generator set comprising at least one drop generator of a

first typesand-, each drop generator of the first type comprising at least two nozzles

and at least two ink ejectors associated with the at least two nozzles, and wherein the

at least two ink ejectors are driven substantially simultaneously; and
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drop generators of the second type.

7. The inkjet cartridge of claim 6, wherein the first drop weight is a multiple of
the second drop weight.
8. A method of depositing ink drops on a medium employing drop generators,

the method comprising steps of:
activating at least a first drop generator set comprising at least one drop
generator of a first type to deposit a first plurality of ink drops;-end , each drop

generator of the first type comprising at least two nozzles and at least two ink ejectors

associated with the at least two nozzles, and wherein the at least two ink ejectors are

driven substantially simultaneously;

activating at least a second drop generator set comprising at least one drop

generator of a second type to deposit a second plurality of ink drops: , wherein each

drop generator of the second type is driven independently of the at least one drop

generator of the first type, and wherein a first drop weight associated with the first

lurality of ink drops is a multiple of a second drop weight associated with the second

plurality of ink drops.

9. The method of claim 8, wherein a first drop weight associated with the first
plurality of ink drops is unequal to a second drop weight associated with the second

plurality of ink drops.

10.  The method of claim 8, wherein the first plurality of ink drops comprise a first
type of ink and the second plurality of ink drops comprise a second type of ink.
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second type, wherein each of the at least one drop generator of the second type is

driven independently of the at least one drop generator of the first

12, An inkjet cartridge comprising:

a cartridge housing;

at least one internal reservoir of ink within the cartridge housing;

an _inkjet printhead, supported by the cartridge housing and in fluid
communication with the at least one internal ink reservoir, comprising:

at least a first drop generator set comprising at least one drop generator of a
first type, each of the at least one drop generator of the first type comprising at least
two nozzles and at least two ink ejectors associated with the at least two nozzles,
wherein the at least two ink ejectors are driven substantially simultaneously; and

at least a second drop generator set comprising at least one drop generator of a
second type, wherein each of the at least one drop generator of the second type is
driven independently of the at least one drop generator of the first type.

13.  Aninkjet printing apparatus comprising:

a printer housing;

a platen within the printer housing and to which an input medium is drawn;
an inkjet printhead, within the printer housing, comprising:

t least a first drop generator set comprising at least one enerator of a

first type. each of the at least one drop generator of the first type comprising at least
two nozzles and at least two ink ejectors associated with the at least two nozzles,

wherein the at least two ink ejectors are driven substantially simultaneously: and




10 10" : 10%&' ()-sL9S 10%&' ()-L&6- 10%&' () - L4z

109 () -zz{"{{| _| dEmMb! @ &10%&' ()- f 109 ()- Y f 10%& ()-&10%& () -

109%&' ()-Z109%&' ()-_||}Ptu}}}dEnDC{! @MLO% () - &S109%&' ()-L109%& ()- 109& () -
10%&' ()-&910%&' ()-}~] ~~ZdEnbC{! @ % 10%&' ()-L$g 10%& ()-L"g 109%& ()-

10%&' ()-L310%& ()-109%& ()-RfFdEmbC{! @/ 10%m& ()-f/109& ()-L: 0&'}1(7%605* 109%&' (
)-L(g 109& ()-L" 109 ()-fcxnbC{! @10%& ()- 10 10 10L&9' 109 g

10%&' ()-L5T 109 ()-f/109%& ()-|#odEnB3B{!' @ 10%& ()-S 10%& ()-1 109%& ()-S
10%& ()-L3 109& ()-GLO%&' ()-o<dEnbC{! @10%&' ()-s 10%& ()-sYS 10%& ()-sS
109%& ()-910%& ()-sy 10%& ()- Normal " " Head| ng 13] c" " Headi ng 23] c" "Heading
33] ¢" "Headi ng; B t‘&"sesdfﬁad ) G i 3o B3k » [PpTe

83] c" "Headi ng

CD) p
d" &+T15; second type, ihgrem each of the at least one drop generator of the second type is
'I[\'Q\Ilzvtilq(?:ng\cf 10 DGRt 5192 Fbdd dron 30SS mect)p%rstuvmo(yzﬂ} ~6Ti mes
" H#S0R () *+, - /0123456789

<= >’>@\BCDEFGHI J KLI\/NOD??STUVV\XYZ[ \] A
14. A method o

the method comprising steps of:
activating at least a first drop generator set comprising at least one drop

generator of a first type to deposit a first plurality of ink drops, each drop generator of
the first type comprising at least two nozzles and at least two ink ejectors associated
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depositing ink drops on a medium emploving drop generators,

with the at least two nozzles, and wherein the at least two ink ejectors are driven

substantially simultaneously; and

activating at least a second drop generator set comprising at least one drop
generator of a second type to deposit a second plurality of ink drops wherein each

drop generator of the second type is driven independently of the at least one drop

generator of the first type.




