;edeff, Xn6TQAD 02/ 1072 -1 COVPACT HI GH PERFORMANCE, HI GH DENSI TY | NK JET
PRINTHEAD 5 BACKGROUND OF THE 'WWWWE el d of the Invention PCT/USO1
125911 The ¢Agent invention rel ral to therr’rq;lcwlljslf,l,ha)t“(TlJ)
printheads and 10 nore specifically taome*system and net hod for
hi gh- performance printing that uses a conpact nonochrone printhead having
staggered, high-density arrangenment of ink drop generators. 2. Related Art
Thermal ink jet (TIJ) printers are populgr and widely used in the conputer
15 field. These printers ar and HT. Taub in "Ink
Jet Devices," Chapter 13 of *@ﬁé&ﬁﬂ WPE& ﬁ?@%ﬁi’ﬁd R C. Durbeck and
S. Sherr, San Di ego: Academ ress atents Nos. 4,490, 728
" and 4, 313, &84. Ink jet printers produce h| gh quallty print, ﬂm@mmﬂ w nd
portabl e, and 1& I(¥ | ecause only ink str mﬂ
medi um (such r produces a printed inaggsby
printing5a patt. ernRi)éldoﬂ’tHeMVetuaah 20 dots (or pixel s) at speci fic defined
| ocations of an arr . |.ocat i ons C ni ent |
Vi sual | 2ed s bei nd T Goed an e es anik b b e AR SRR iy ¢ ne
pattern being rﬂém@p@ﬁicaﬁﬁ@ AWy tahian@ memod ﬁirlhighrpeffbﬁﬁdﬁf:@ﬁnﬁmtmgﬂ&t bes pi ct ur ed
as the filling of a pattern of dot |ocations with dots of ink. Ink je

printers printoaped nppoghreme prigghepdhiaying staggersdehigh-density HrANGCPSHE opiiknt 25
medi um  An i nkyrgypiledatdi€Vi ce, such as an ink reservoir, supplies ink to the
I nk drop generators. The ink drop generators are controlled by a

m cropr d@essor2-or &eked Antrol | er and ej ect ink drops at appropriate tines
upon conmand by t herginGyi fir H&‘(‘Pﬁ?ﬁr‘inter?% g%b&ﬁ%d%délﬁfseéﬁxpﬂﬂe% 4rons
e pi xel rn of being printed. In

general ly corrgmkg)onds to t
general , the ififd. dFtiepe préniess are dessribgdelot WiJnklopld anssH ThTaibgh “bak Jeirpevices” ( such

3: pgr I”g; tz : ga} bdha%%?ﬁ?hﬁ’ofiﬁﬁrtﬂdﬁgcoiy PRkds KO HEEDRbediiid SOSRLE Sakbicd:n 2
Academlc Press, 1988) and U.S. Patents Nos. 4,490,728 and 4,313,684. Ink jet
15 printers produce high-quality print, are compact and portable, and print quickly and
quietly because only ink strikes a print medium (such as paper).

An ink jet printer produces a printed image by printing a pattern of individual
dots (or pixels) at specific defined locations of an array. These dot locations, which
are conveniently visualized as being small dots in a rectilinear array, are defined by

20 the pattern being printed. The printing operation, therefore, can be pictured as the
filling of a pattern of dot locations with dots of ink.

Ink jet printers print dots by ejecting a small volume of ink onto the print
medium. An ink supply device, such as an ink reservoir, supplies ink to the ink drop
generators. The ink drop generators are controlled by a microprocessor or other

25 controller and eject ink drops at appropriate times upon command by
the microprocessor. The timing of ink drop ejections generally corresponds to the
pixel pattern of the image being printed.

In general, the ink drop generators eject ink drops through an orifice (such as a
nozzle) by rapidly heating a small volume of ink located within a vaporization or

30 firing chamber. The vaporization of the ink drops typically is accomplished using an
electric heater, such as a small thin-film (or firing) resistor. Ejection of an ink drop is

achieved by passing an electric current through a selected firing resistor to superheat a



30 firing chanber. The vaporization of the ink drops typically is

acconpl i shed using an electric heater, such as a small thin-film (or
firing) r@g &iQh= E ection of an ink drop is achieved by pagrisif2aM

el ectric current through a selected firing resistor to superheat a

(12/ 1072 PCT/US01/ 25911 thin layer of ink |ocated wwthin a selected firing
chanber. This superheating causes an expl osive vaporization of the thin

| ayer of ink and an ink drop ejection thyough an associated nozzle of the
printhead. Inlg: j ' Lbyie0 DL [ y a

novi ng carri ag‘é‘q?9%*503%%??@3’21%?%3%{?{"?9 12@81;%&:{12%&?%!32%1%%& g c%‘%}ﬁ ai ni ng

. the ink drop geseiaesiverveporivh@oncdithe thigdayasefbnbingd anrislvdop efscttonghrotgleanpr i nt
medi um surfacgssanldt (E)osziz io(%ﬁ,lse trig{%egc{i nt head assenbly dependi ng on the
pattern being p??ﬁfeﬁ? he caPrrlagé assenbly inparts relative notion

bet ween t he pri nt hekdrasgetitdsyarapditionel qrtheprinradctidium &l omgviag ¢adage axi s". I n
general ,.the scan isis in a.direction parallel t. he width of the print
0 e fin and 5eBpR el slaBetts Siihde B Ry RN BT e Bk OFoF e PRa ™S ne

carri age asseugitiygeissspibdcesetsbeover the pHiftankdass surfakby andiifoeitiany & printhead
approximately the w dth of tt};&e Jil n\i} ,me*di,ugae et ween scanles)l, .the print

medi um i s typPSEPPY d5panding on thedptFrp being prigt ﬁfeicﬁ?ﬁﬁ%ﬁfs?ﬂ‘ KYRE nedi a (or

paper) advanceelsive motibh Bétweéh tREpIRRRAL ﬁé&%ﬁb%’fsaﬂd tHR Prif GRS lafong aPstagener al |y
along the length of the print nedium. 15 the printhead assenbly is
noved al ong t BES'sdagengkaldhgscanginisdn 2 disgelipnparelishio the width pkthepringr at ed. The

SUPer PO {1 0N uRliuhI1GRS srleoGaht bERE olrifiR%RBRN RS IR APBRRRANCE as text or

i mge of a printe |na?e. Print resolution along e nmedi a advance axis is
of ten ref err edssewblyslisplagesiths printhend agserslely oneecacrass appraximately sheavidiipftee nedi a

advance axis. pm‘{ﬁeduhlge}%%lug&e{ca&shﬁe BERThddlon?ls oy BEGRBA RN blghes 1N Lhe

medi a advance axi s t reater the print ution along that axis. The
density of t herinth¢adrabingtad'mediai(oreper) alvgnaehisirthdi ia perdenslinubar &xthe sqaand t hus
the print resgl.ut.i iNGF - 1.0Cr ing the nunmber of ink drop
generators on%t“ggang%%%egﬁfgﬁgo%g?%ﬁgfﬁ%ﬂﬁéﬁtnﬂ%g@@'er print resolution and
i ncreastsl print spAethe phithemhassembiiuie nfoseddorey the schaatioa swathbof inerdentr abl e t o

i ncrease the nunmher of ink drop 25.ge ators without increasing the size
of “the: pri nt hOl PRy heaRRs R aiEr Mmilsh{ i e RE SRR aior at or
OR an exi rs]ti ggs ki dr i gRbI g heiated ﬁndgﬁﬁPﬂﬂ&ﬁfsldtibﬂal@ﬂpthﬂﬁneﬁfa ddeaice atissi pated in
the printhea urin rint operations. This increase eat di ssipation can
cause unwant eﬂgﬁ}‘ieﬁg‘ﬁgéﬂ)asta E%IO%&?WP@P’&‘HEQH gt ‘?’&E‘?‘?ﬁ‘g"raﬂ%ﬂae‘ﬁxcursi ons
on the print hgags, afwashsehy désiteét thPmtefhiRradirePRIES medla adnéARtisGRISe pri nt

20 greater the print resolution along that axis.

The density of the intermittent lines along the media advance axis (and thus
the print resolution) can be increased by increasing the number of ink drop generators
on the printhead. This results in better print resolution and increased print speed.
Moreover, due to several factors, it is desirable to increase the number of ink drop

25 generators without increasing the size of the printhead. However, merely increasing
the number of drop generators on an existing printhead greatly increases the amount
of heat dissipated in the printhead during print operations. This increased heat
dissipation can cause unwanted printhead thermal excursions. These large thermal
excursions on the printhead adversely affect printhead operation and can cause print

30 quality defects, printhead thermal shutdown and even failure of the entire printhead.

One technique that may be used to avoid large thermal excursions is to slow

down the speed of the printhead. This technique, however, negates the positive effect



30 quality defects, printhead thermal shutdown and even failure of the
entire printhead. One technique that nay be used to avoid | arge thermal
excur si ong/d ¢3/14@2s! ow down the speed of the printhead. Thipgrigeidotre,
however, negates the positive effect WO 02/ 1072 PCT/US01125911 - 3of
providing nore ink drop generators on the printhead. Another technique that
may be used to avoid a large thernmal excursion is to increase the size of
the printhead. A prinmary disadvantage ofzthis technique, however, is that
i ncreasing pr t Thi s
i S unaccept abFft}S Eeca ?e&%rn?(?ﬁfp%ﬁﬁagsg %éﬁnipsrglrﬂ{e&? anﬁ(ﬁ?grlt‘%yé@gea@%{ﬁﬁg%r]n price
., and a printi nbe used teeavolbalargy thempalzdaesion sge ingfease thesizreof tyy privtteedidAwi | | not
be conpetitive.in the, A i r a way of
ont ity df&%%x{dx Jé@BPt'hﬁ‘Ee‘%g%lﬁﬁcf}fho\g%v&ﬂﬁsﬁgﬁtqgcerﬁagﬁlg‘;?am{h%ad dit

provi di ng a conpact “hozz nce printhead that

. does not suf f arrchses thedbobtaif ¢rei ppinting s*.yeﬂemalThsxsunaséaptable hSthmﬁt@ Tl 3E

| NVENTI 10 T d
Lboun | hd t o BraF i aPEb dRrertitR i BPEHE ARl e B i RS Bk oo

readi ng and UIthege‘sbﬂﬁtﬂba’dlgvfﬂlhl@tW@&@Bﬂitw&ﬁ@ﬂkﬁﬁa@]ﬁ&plm WHaelsmeaﬁent i nvention
i s enbodi ed igﬁa co act nocgrone i nk ] rlnthead hi gh-density
of ink drop g Feef%{‘? & WayrQEPIRYIdIng gcomparkt by Zﬁ?ﬁ%“&é@ gﬂqorﬁ'é’i‘qeorrmnce
desi gn that epalhedihdodseRodufter ﬂ&n@@l@teﬂb@hh&&ep&cﬂ#&oﬁgl ntl ng while

reduci ng cost due to an effl ci ent use of printhead space. In particular,

the conpact, BUAEMAL plcbhlE IN X BNad of the present invention includes
several-](performanc?o b&&’éo%@tﬁcgluﬂﬁﬁ%ﬁﬁﬁltﬁé"ﬁ%or%'a?&ésénﬁeﬁrag«?venmér of ink drop
generators to be placed on a conpact printhead while m nimzing problens
such as t her nfyereogeathgr dinytation thawﬂ&bm@e@ppan@hwaeq@gi il upderstandingt head of
the present 0

hi gh-resol uti g’%%géﬁgﬂ%&?&peeﬁ&g&%@?‘%e l&ﬁgglglr)ﬂlg} g;&gmg%gh{)lé%" que used
to increase pinkijet pristheddhaving advigh- @nelecbfnsk drop generatas eThetigesautriventiaf i nk
drop gener at or, I [ i,nk drop
generators anal%glgggr a?igﬁtp ﬁ}f&%%é’@d& es'ﬁl[‘ ﬁlséiﬁ%%glte%?%lgr %“R%H%%ﬁ’?% eegncy Thi s

st aggertd, 25pfutipg vdnlnscctuymgmoslidgﬂnmntefﬁwlnp&eloﬂpmmheaé spaweehf;mcﬁaulae,

resol ution of ,the t head .esent .i.nventi on |nc u a _high-density
St agger eq ar r HraemBiee Mar PR oG PHEREH or HPERA: ek hflies Sl

print head sub pérfcﬁfnence Eaptoving lasptio thag alitvev alacge riuﬁlber dfrinkrﬁrﬁp gmﬁ:tdr.umtber e
formed in prin ad substrate that .is fluidica pl aninl: suppl y
devi ce and |nE]It ff@é’g aaFOH’(H?%tIpEmhFaﬁﬁW}?l ”%‘H%F‘P%Bmk’{?yﬁs l]I’l p generators
and at 30 theeappigppri ate tinme heated and ej ected fromthe associ at ed

nozzle._In a preferred enbodi nent, t nk dr enerator density on the
compact?br i nt head QB&P@@’(E’%"‘&‘BOWQ‘M"H}%IQ‘Jﬁ'eﬂgm}??gg%tgf)aﬁeseé‘&%{?‘émmemﬁ%t er and
the conpact hi¥NR2érkfhRdPprittns WaCGhtiadd hiph-redolutionahd hidRagbea PRhMIgNIn at | east
350 nozzles. The ink drop generators (and corresponding nozzles) are
arranged in aPartigda: onedpchpioye pesh tinciepsgrintrasqiutiogand spesd isdoincesaseth of f set)
relative to apyge éﬁﬁﬁfdrdﬁlg@nérgtoﬁr QXQg@Pth@m%ﬁ%s?Ect% £86hs of Rt} inklardphat a
non- st agger ed arrangenent The present invention al so reduces costs
associ at ed wi B¢nCEtqsy ilfkdtqvé@é? theipk fEpPLenerafRrscé a Bigh Jregyency, KThis $peegeder at or s by
pl acin he g t I te a

hi gh dgzr?tm ty gilréﬁ %ﬂg?gg&ge@ﬁera o?l{scr%%é%ég%@n%gé%ﬂslﬁggﬁ irctga grlﬁtﬁgdp:rggent

i nvention i nchuerasingentionancludeshhighdessity stapgeprdarmengementeflinledopci ency. One
techni que for r ef ficient
ink drop 10 g gﬁnglr% Eﬁt%c/)érhs %@%Mn@éhﬁcﬂr& h%F&%b t?aﬁégtlﬁa\éh ﬂ?{b@?ﬁgﬁg@%%

hi gh-resi st anthin- ﬁmssts.tctursfoamcﬁm wmhnaqmbmamhatomﬂlhldmdty coiipledtu aglhnlden5| ty
_arrangenent of erat ors o ead

1 g per f or naRDSirice PRERRAd s Pag IR RERRG o 6 4 FELRTBRREERH (1 car1 .
by usi &P t her tielapprogidte ﬁmehéatedrdnddfeapd ﬁemetheazts@crcsatainmzné.ow di ng excepti onal

. ther mal

In a preferred embodiment, the ink drop generator density on the compact

printhead exceeds 10 ink drop generators per square millimeter and the compact



15 control of the conpact printhead, the present invention can provide

hi gh- speed, hi ghresol ution and high-quality printing. The present invention
al so i ncl weap/@eet hod of hi gh-perforniance printing usingcrigofgwpact i nk
jet printhead of the present invention. Qher aspects and advantages of the
present invention as well as a nore 20 conpl ete understandi ng thereof wl|
become apparent fromthe follow ng detailed description, taken in
conjunction wth the acconpanying draw ngs, illustrating by way of exanple
the principle OVRL 4 scope of
the inventi ongbl%?ad%?{a@ggﬂg ﬁ .1}42%1%5"131” nogt)Is %ene{a#?p@f?&ejgée notfjlh{s;5 nary or
the foll ow ng noedea) airedrrdgsctmqniaamﬂneezlﬁraﬁl fovs DESERbWTY mgﬁdTMBfﬁRﬁW NGS

The present ntion rt her, under st rence 1o he
Tol | but ng. deseHrREI O EieRion ey ARFREE Bt Hieh fef¥ SPE kel ot er e
enbodi nent . O‘ahargeﬁleﬁttur es and advantages will be apparent fromthe
fol | ow det ail ed_description of th referred. e I ment aken in
conj unctd on with t he HEERH %ﬁ’i‘??‘hﬂs%ﬁg’ﬁ%ﬁ&?m %CW‘FHBW Iamn@gl}e?i‘lgaé(mg@y way of

exanpl e, the Rightiehddy@s idkf dré@enPa®sEiyplaciipand sedBratoReded EdniBictipRivthesd. t he
drawings in which like reference nunbers represent corresponding parts

t hroughout :  Invgsdarito faciiate phighdessity otk dropgepetptors ong CamBP‘iSé‘N’SEWta&Fam of an
overal | printinger ¥ieiBnliRGRIcP Svalal Rehnidies RNif Er‘%’% tHch(ﬁ@fﬁc@é?lcy Fbge 2 is an
exemplary printing systemthat incorporates the conpact hig nEerfor mance,
hi gh- densi ty itasknifes opmmeﬁ@a@e@?al eﬂﬁélemyegermndma\vl@ﬁﬂalbfrﬁf%%@t| dgipown for 5
illustrative rla:age
nssonbl 10 of -t RETeRRRERayi ofbin Tty I Rk RURTRRidks SRR

hi gh- per f or mapesivatiindtyedensi ty ink jet printhead of the present inventi on.

FIG 4 is a perspe en

i nvention 10pandp| gﬂé ]ﬁghv\#]?w# Qlfm[n% I ve%g%re%eg%g%%h% cg%pw@&é%ﬁ is a plan
yl ew repr _esentpaivndemhxgh panfommecq;irmtlyg mra potthlda dndlpwtdost gacle!genﬁpemfmdlw on

por £ on-of | Chiy R RBSR SRR Eiralohng PR B Siuprflefintls “ang.
illustreging b&erot;bagge@ﬁphca}srtrﬂmgdmmﬁre@ﬁt mvﬂnudfmphﬁmgﬂﬂgr -gfeed, hightl G SC

LZr Iaoﬁgt | 2‘;\/2?/ gésgl?lg?r%%{ o ewggld)rmpmg plr'he present mventlon a?o mcluc&es Ia lflnse'%hr % kng the

hlgh-performancc printing using the compact ink jet printhead of the present

CD—:)

invention.
Other aspects and advantages of the present invention as well as a more
20 complete understanding thereof will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way
of example the principles of the invention. Moreover, it is intended that the scope of
the invention be limited by the claims and not by the preceding summary or the
following detailed description.
25 BRIEF DESCRIPTION OF THE DRAWINGS
The present invention can be further understood by reference to the following
description and attached drawings that illustrate the preferred embodiment. Other
features and advantages will be apparent from the following detailed description of
the preferred embodiment, taken in conjunction with the accompanying drawings,
30 which illustrate, by way of example, the principles of the present invention.
Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:



FIG 6 is a plan view representation of the exenplary printhead of FIG 5
with the nozzle |layer of the printhead renoved and revealing the pattern of

resi st or syigwiyg@ underlie the nozzles. FIG 7 is an exengplcgipkogsdedi ment
of primtive power routing for the printhead 500 shown in FIG 5A. FIG 8A

is one exenplary enbodinent illustrating a single ground connection |ead
for the printhead shown in FIG 5A. 25 FIG 8B is another exenplary
embodi ment illustrating two ground connegtion |eads for the printhead shown

in FIG 5A FIG ' YM?M’ I ' Vi f. : [ nk drop
generator of the glilg}zé?lstacﬁ%\lf?n .?ﬁﬁaﬁpﬁ%ﬁpﬁt"?@s&%‘%{|‘%ﬁ&’3. e ok B#e%(el’nlt ng
resi stor showmvemiodrl G 9. 30 FIG 10B is a side view of the firing resistor

of FIG 10A ill ust hng the thin.filmstructure of the firi resistor.
WO 02/ 1- 41172 PCTI %?og}s%%ﬁnﬁl iz Y ?ﬂﬂi‘“ﬁ‘iﬂ"&ﬁ?“‘&i‘f PSR ERRED
EMBODI MENTS | perfdmaarfce) Highwdensjtydsisjer printheadofalie présentiimaéativni aad js sh@frefoence i s
made toéhe \zm otg%xan in% drawi ngs, which forma part thereof, and in which
i s showt by 6‘5 v 5%t on a specific exanpl e whereby the invention
mayI be gr acéI i ced. lFIG.B;ﬂlutstﬁatésanExdm‘pMybednﬁngdasts&_alblﬁ@fmegrh&m@@j_zﬁtdffﬁdsﬂmeK be
utilized and structural, changes. e made W t hout departing fromthe
scope of the 2#@%%‘HPO‘TS&%‘}?PHP%%.ﬁlgﬂ%gf&ﬂ‘é?fﬁﬂ“@iéwwwﬁh&%@eéégﬁ&ei nventi on
i s enbodi ed i BregenCRUEGH. MONOChr ome print head having a hi gh-density

arrangenment of staggered ink drop generators. This 10 arrangenent provides
the present i nvent§En4iiansspechve Yiek of the prémheahassemipn okthe prgsent invention

10 and is shown for illustrative purposes only.

FIG. 5A is a plan view representation of an exemplary printhead of the present
invention illustrating the arrangement of nozzles.
FIG. 5B depicts a plan view of a portion of the printhead of FIG. 5A with the
orifice layer removed and illustrating the staggered arrangement of ink drop
15 generators.
FIG. 5C is a cut-away isometric view of the printhead of FIG. 5A illustrating the
various layers of the printhead.
FIG. 6 is a plan view representation of the exemplary printhead of FIG. 5 with
the nozzle layer of the printhead removed and revealing the pattern of resistors that
20 underlie the nozzles.
FIG. 7 is an exemplary embodiment of primitive power routing for the printhead
500 shown in FIG. 5A.
FIG. 8A is one exemplary embodiment illustrating a single ground connection
lead for the printhead shown in FIG. 5A.
25 FIG. 8B is another exemplary embodiment illustrating two ground connection
leads for the printhead shown in FIG. 5A.
FIG. 9 is a cut-away perspective view of an exemplary ink drop generator of the
present invention.
FIG. 10A is a plan view of firing resistor shown in FIG. 9.
30 FIG. 10B is a side view of the firing resistor of FIG. 10A illustrating the thin-
film structure of the firing resistor.



printing. In order to achieve optimmprinting system perfornmance, a nunber
of aspects of the present invention are inportant. One aspect of the
present i pMeayien concerns the use of a high-resolution pradgiiix@iddsdiavi ng a
hi gh nozzl e count that operates at high frequency. Resolution of a 15
printhead (as opposed to a printed docunent) is nmeasured according to a
nunber of nozzles per linear inch. This is neasured in a direction that is
aligned with the nedia advance axis, andg. in the case of scanning
printheads, tpSMEEDEDESCRIETIONOFIE PREFF eMPODYMERagRdi ment, the
print head of the present rnventiron has a nozzle array Size of one- third of
an inch and a conblnrtb@lfqlle‘ymg@ﬁcantl@fofilmqum@ms refetengeqie madeiisithe 20 neasur ed
al ong the ned of the
orinthead i (ReRRiRRaLabngs A6 | elinak bR SR

. printhead of ulhstr;troaaespcclﬁmmpieovhembgsheanwnaggtea)ebb Iaacrtamyelmm@ bof i nk dr op
gener at s b0 phAE SR Ey RISty B R AN SR RBies il BRI LT CUlar

a plurality of "5k enerators ar s 0se b8 fne axes and are
posi ti oned t oniBe wuhmutdepm ﬂdnethsampepﬁthbpmsemfnvmtmnt medi a in the nedia
advance axi s gi rec |on ach ‘QI urality of ink drop generators along an axis
(or axis groups) h nes and the centerlines of all axis groups
are parallel to th’éherméseat iathnaoic 8 embbdiedind o’@nﬂaaamedmraﬁapxﬁntﬁeradm each ot her
in a directiop transverse.to the nedi e, axis. The szles of each

axis group ar a‘@’t‘%ﬁ@‘é‘? -depsity papnsgment o %ﬁ%@’fa drop RSO Ut t hat at | east

three 3{p axi s aghfpeRsntpeREded PR G ehBSON M mFmre(smaﬁ&uﬁrﬂdngaL@e@ the medi a
advance axis) of greater than double the resolution of a single axis group.

St aggering pr 89Es IhPRRRP arhiSts| ORHMR BE{IRE DA™ RETiPBIRECe. 3 & And provides
high print spgedc@brdie g}ésé‘rﬁﬁgkdﬁohg{k ,p,%gmany\o 02/ 1072 PCT/ US01125911
increasing the effective nozzle density in the media advance axis. Further
details of the prifRdhesaectof the peesgnt Eyentionjcanesmsithaiisg pba igheeselyden i n

co- pendi ng pa Pog seri al
nunber entitl gﬁﬁhea@%“l fg %&gﬁglgce%@%thggﬁgegat quu%lgr i}l{%t&)ﬁé%é%aéw ng

Mul ti - Mfde qOerletheadr{as dpposeddo &prigeddacymentpis wsur@dmccprdinedo ppumbps ofane dat e
Ot P eSCnhoARR LR iR nEXGHN 4 Vir DO R Bhendi 15 ALl 2
contai ns four axis groups having centerlines tua paral | el and
are spaced apadvanéeaxis, et i the bmc of smatam(g prmdteadmtransamwtemmcmmmmdn
centerlines. Each ax IS l%oaulg ehsl 12 Rlltghe AL ytl OzQ%e A

approxi mately %Wnﬁ)pqrye ? %P (5 fjlpg Sgrﬁgrﬂm ot daBQ/ Ke2io pr esent
i nvention pr oyizeleSonanhied 6Hntxnohanpabmhbméd @bdlutfonwf 1200nduitsyed insk (dpi)gr oups of
1200 dpi, (nmeasur ed al on ends t he four
axi s gr%(hps a2 sé’l‘"?dgahfg’é%ﬁ%ms\ﬁl? ﬁ(g’ﬁn?/%ﬁolrha‘ﬁfuoant%? ﬂ%%ét%r}feﬂ':ﬁ"qf ﬂgﬁi‘éf fective
pitch of the pﬂﬂbeaﬂaﬁt}ﬁsmmfnpaﬂylerﬁhwrm@xisat BaDUPRiloHetth (W#2).1200 dpi from end
to end for the swa,&h cover e tgurl ng rint scan. 15 Anot her aﬁ ct of the
present invention I?FCHTH’H?% AN E‘;% loﬁf‘?eiséls%‘ﬁgeerane“&q"t? | ar ge
nunmber of nozatpgehdatbisio Mcrk@selphiat Gialhiy, Peed A ridolutfoRCRLbartidifir,@nabl e the use
of the printhead In a relative | ow cost pri ntlrrglg system _ Thi s, space

ef ficient | ay8ifalitned pdop gencraiers aredisppsed along muliipls axss @ldw&quﬁwp%mcent ral
i nk feegk sl ot geahRadosstAY Sanfe PoRich oF PHINAEdiAih HRNAEHEMvaRRAxR dirBdtioh v B8crOf 1 nk
drop generators havi ng conmon ground 20 |l eads. Still another aspect of the
present i nvenPlusity ofcnk dep seneraiors plgpe af axiclormtis greunsy havesentertines 3 ther op
generat ors. Bodigiid of oh Blil ylok & GRaPRIRL ABEEd GRS R bR padiRV ©
relatively | ow thermal | npedance protection |ayers, e anount of thermal
ener gy transf éparifiom eachipghes intasdivegiion tweﬁveme@thgmémﬂmw axisri Hierfozdes | | .
. Structural nting
ystem | noor por SEf Bae Bielb e shakRedtebhiafi o BioRos A BUEL Bt BT 20 be
used f o030 pri nexisgroops lmveredmabmsimdmha;@n|(mkasomdalopg thvtmthdaarib@zm@M ch can
. be paper). The_printi 00 IS host S 5 (such as
a conputer or r%gtgrr{(l}%?g%gzés/%ﬂe lonOrfo té #ﬁélsﬁo‘lﬁt {fgegne °e‘m|ci§er§r|h |ng system
| 00 i ncl udes eesclation wirtiag i fe@er Iasmmprsumllygm;&m spieedd at High resedateon D9
transport device 125, a carriage assenbly 130 and a plurality of swtching
devices 135. An ink supply device 115 is fluidically coupled to a printhead
assenbly 150 for selectively providing ink to the printhead assenbly 150.
The print nedia transport WO 02/1(172 PCT/USO01/ 25911 g device 125
provi des a nmeans to nove a print media 102 (such as paper) relative to the
printing system|00. Simlarly, the carriage assenbly 130 supports the
pri nt head assenbly |50 and provides a neans to nove the printhead assenbly
150 to a specific location over the print nedia 102 as instructed by the
control l er 110.




5 The printhead assenbly 150 includes a conpact printhead structure 160. As
described in detail below, the printhead structure 160 of the present
i nventi onwgpab@hBs a plurality of various |ayers includi ngcgnsgapsiosate (not
shown}. The printhead substrate may be a single nonolithic substrate that
is made of any suitable material (preferably having a | ow coefficient of
t hermal expansion), such as, for exanple, 10 silicon. The printhead
structure 160 al so includes a high-density, staggered arrangement of ink
drop gener at ofRrehéing e eifBdivi Aozt deRditynh MR Ak dRHASIHcahEs. FilbhePddiaRgemENt Of
ink drop generators 165 includes a thernally-efficient design that permts
a | ar ge nunbethegrinthasd efrtlpproenidnvantpn are dispessedl is porpendlingpatent aipliedtipa| y
conmpact print S i [fleT=00 excur gj p _addition,
each one of tﬁg@% argéé%?garr%e%&g‘w |§2njk1§ r%grﬁélggﬁg‘?] m%@ﬁpﬁcf{@es a
, plurality of 8tuormancs, High-Rensiti Inly JetPrintheadiHaying MultieMefeQparaticht’ bynache

print he ass I 0] h C r.n truct. | 60 al so i ncl udes
an el ecﬁi cal %l&%?peé?]%%c% a{%(gle?%g{a%ﬁ%%lgfﬁ gépﬁggrregeﬁﬂ ?pc?thf%{gm'svm t chi ng devi ces
| 35 that in turn phauviedenpiawembbddimichipthiaipghthelelnentins fai axjg eroeps lavingngenment
of ink drop generators. 165. 20 Dur | eration of. the prjnting system 100
t he power supﬁff’\?erfil% tl&;8r\7inggga?l§pggh@%g&?rgapqygﬁpggé‘r © ﬁ8{h851ﬂtarol | er 110,
the print nmeddiedibRbamoene Behd @atedldbs. EdeR akia proup s aaaxBpitkly (0130 and t he
print head assenb| 5Q. In addition, the controller 110 recejves the print
data fromt hereﬁﬁl_é‘%{o'éfg?@’i?xi@@e‘liﬁgt?BP‘OE@‘%§t§§gef"rﬁlé‘“6’é$°§‘°f‘?ﬂr8‘”g?‘{ Bte¢ control
i nformefg on apfsdniBEEntAtpRovidel en BIFRESSSHIGH oflall four tdEReddRisraupd opfdver static
25 and dynam cally generated data are_provided tq the g)rl nt, medi a transport

.a 3 p
devi ce 125, t AR (Bapsredgiongdheanpstiaaxinio Piefrgahin dhsninefi{balpueddssrorns 2150 f or
efficiently comnegld \dn 136006t lihdhGotas RN e pltedMhAbitlatiot b, S
system FIG 2 is an exenplary g(l?’l nting systemthat incorporates the
hi gh- per f or nl & axis gEupg WAL bedAq dni fiomkendde erskforthp swath eeveradeduppe 8 print
invention andgi,§ shown for illustrative purposes only. As shown in FIG 2,
the printing system 200 includes a tray 222 for holding print nedia. Wen a
printintp oper at i onAnsthérspectafdt predent ipyenfion melddes usiog a siiCe efficieat Apout
PCT/ US01/ 2591 hot.o the.prd ng.l e tray
222 prof or abl 3¢ Hel s HRERE SRR B el R AR RR S BRA S L5
axi s 227. Theuggrdfitiie prindiead ins relative lowans pantirgbystama Thisdpace efficent layduhi n t he

printing syste 00 exits.in the opposite directi of try toward an
but put 1 oy 298 R oo Al AREE Sig GnraliRE ke NoR e P sbR0S! |
may 5 al so becosedt arkdgpgemenn andepringitivestod inkhieogenertiiorschasing cemimaf @rouhd@ pri nt
medi a i,s, paused Wt hin rin ne 230. and the carriage assenbly. 130,
Which Sbbort Ea SllsSeRefrpdt ofifBeittdiion Jone oty SiREEEIden
i nvention, i s fdrfienkee gedepitors.CBRNEHY rofaifvely highhesigdncdiesiHMEN thatihdved Scan axi s
234 direction for printing a swath of ink drops thereo The 10 pri nt head
assenmbly 150 ER{IVE 1?%%98%‘6‘[“ ESECLiOR layers ﬁ%‘ﬁ?‘f’&‘roﬁﬁbﬁfm D t he
carriage asseftbnsye the Bubafréte bérQite eraRllidthirRi@geSSenol y I'S couple

i fisYerred @o the ButRgste bérQitop gdh ligthinfig nbly 150 i | ed

to the ink supply device 115. The ink supply device 115 may be a self
cont ai ned i nklsuppPlueiual Oyenviewech as a sel f contained ink reservoir).

Alternagg vel y, therses i hsiad i in SSRIERSGREbkMALhRringaRupl ed. via a

flexible conduit, to the ink supply device s a further

al ternative, preeent iverdigppThe prénging systens 10fgan he uspddorringng en p prdiaolelni ner s
separate or senak ahl Briht ALid 1 RhidRhrad Q”FFFH infinf ;AR [RTOVEARLY
mounted to the carrlhgae asslenbl(y fgo F é@; [ I%fgltrgf‘}gs an ex_e%féary
carri age assetfs Bosbystemel 05 (sugh psaycompattes ar wicrgpragessor) for producing print data.

The printing system 100 includes a controller 110, a power supply 120, a print media
30 transport device 125, a carriage assembly 130 and a plurality of switching devices

135. An ink supply device 115 is fluidically coupled to a printhead assembly 150 for

selectively providing ink to the printhead assembly 150. The print media transport



2 that supports the high-performance, high-density ink jet printhead of the
present 20 invention. The carriage assenbly 130 includes a scanning

carri age wdpih@t supports the printhead assenbly 150, V\hlp@h,lrgay,z.@@l
removabl e or pernenently nounted to the scanning carriage 320. The
controller 110, is coupled to the scanning carriage 320 and provi des
control information to the printhead assenbly | 50. The scanning carriage
320 is noveabl e along a straight path digection in the 25 scan axis 234. A
carriage noto H&vhd : carriage
320 al ong thea?s\g(%gugg gégl ngeté‘%g?gl{or\{g%gﬁtc%éggm QQM‘ §Sfﬁg g?)?)"g?tﬂl:alctﬂ&e
controll er 35{1r11QtW3ISE$temsl0‘i) nslwnﬂmmhmmaﬁﬁawmﬁﬁlh@stmpmtbt peirtherd0) . The
posi tion cont osition
controller 35%3%%?1&%%@3'?49} Oplgés?sl ﬁ%ﬂsaéﬁﬁwﬁﬁ%@g%&&@gsﬁ aﬁ%g&%‘gm tion

. controller 351bchtiaonmwmpﬂhednmton®ha3m2pbaismmntenthydheGﬁﬂolﬁeﬂ]c’t@l as a stepper

notor) that transpgrts. 02 incr r|nt medi a

102 is rf‘%ved by ap[f)}} sls“&hreéadgsﬁe‘f‘]‘?lﬁgﬁg “fﬂu& e Che*GrPT t%‘ef’r’ﬂas %ngggana a platen
370. El ectri cdéscriladdn déteil bﬂawlthethmﬁmrmlre Mmzpfoli@"ré@nnhvénhm contfrs02/ 14072
PCT/ US01/ 25911 1§®gtlnt| n%jfzoo such t he carriag tor 350 and
the platen o BT 9 Vé‘§'° Ff’( %’QCB B 4 sUhsEate 1o ﬂ“’f”ﬁb ﬁ?eiﬂﬁ{npé assenmbly 150

to eject ink glieRge ingypé @ymgle%dayhmmum’ﬂ@rthamnmz ot &0 sultiblgmmeridl , a print
operation occurs bg]iyf eedi n e print _nedia 102 fromthe 5 tra 222 and

transporting {mee ﬁlav‘ﬁéa iqient of thefmabexpagsiongfuchaspfopgxammieat i ng t he
pl aten 1t or gﬁﬁ@orﬁ"[‘l‘xe%ﬂHﬁei&l@m&h@"l@O aﬁgﬁxcldae§Mngis$¥]%ﬁ§§é?€@ axis 227.

When the print nedia 102 is positioned correctl rint zone 230, the
carri age not oRTIBEMeEHL tﬁk&ﬁ@ geaprat9Esakes formmed ns@aamth@déawrﬁ@géhezo and

pri nthead ass gihieknd Q¢ ¥ hod fcrtfold s TRilidts Brmldly it aightha 234 T or
prlntlng Af ter single scan or tiple 10 scans; the print nedia 102 is
t hen i ncr enenpehity adaige mémbebyfmqér%lgamﬁombﬂd@@sedmm arpletivebritampadivance
axis 227 ther i h in the
print zone 23@8%%3%%%1%%&%%0@%?g{gegﬁ%%wpsfl%r{sn&s%hg}la%ragg% Ot]fﬁ% print

medi a 12 to pmrangememtof ndrdrepigentraofs 166 linadirdeps plublity qfrelmwsts fo@aummlt ed

until the desir ripnt. da N Rrint 102 at
whi ch point o 1 R Pl o 3e DR EIRaR R L 180, IcBobeniFead ) 225,
[11. Print hea@m&mmdo[ammne{u&dsen ekactpaaitntﬁfacall’i‘mtaat ;mcﬁvxddsen@gﬁ&em i nvention

i ncl udes a hi red arra erren J rop ators t hat
provi des hi ghg?”é‘g' ﬂf{ev%éﬁs ﬁsqﬁﬁ?ﬂ%‘a“h&mﬂaeg h*gﬁée?ﬁ‘téj’hq ty
arr angenent oﬁnaugkm&rt@plrg@wg?ehaﬁﬁarmms a ther rral ly efficient deS| gn to 20

permt hi gh- dens]j i nk ener at o be dis corrpact
print he@d subst ratfg Xﬂ%""&”ﬂ?‘é?’éﬁ?%‘g‘“ r?r\i.(?ﬂtge P‘P]‘%eréﬁﬁ’g’é&% RS?Y‘ Thead
substrat e has cairolletkvifa@Prod R ehebiter lqieﬁﬁdﬁriﬁtﬁ%@i@ﬂﬂi\s@&“ta&ﬂémsnmém y ten ink
drop generators per squ?re m |l |imet re vi in a preferred errbodl ment
the ink drop §BHeseAEwIdIL}I and ey eiquaswhib 50 Tp Adlitin. fhegeptrqlist L 0ax es
(each known agecgifesilfé Prird'datd Blom'thé Hose ffstenft05and bR sk d\@Yd b prinRkrur al i ty of
nozzl es. The plurality of nozzles for_each axis group is approxi mately
one-third of &entichigfergtioneangtimagesdata {The grocessedyiptan imagsdatayind oibersiatifozz| es
per squgye m bid Erﬁfcally-'r E&elta'bﬁrdmla@’pr@\fnﬁédctb% ri'npllfletfjlﬁ gﬁhsg@r@ﬁév%eqr% of the
pr esent |nvent|o I's a I'mstructure that 1 ncludes a

thermal | y- ef f ﬂmcem@ger@smhlwl3%andubqmrrréheh@waswgbla L5 tom effisisndly eongrellimad a t hin

passi vati on. ct of the present invention is having a reduced
HR ol S0

nunber of inpu e printhead relative to the number of ink drop
gener at or s | oEx¢raglary Printieg Systepnct pri nt head substrate. In particular, ink

drop generators arfcas candsy il SEANRS e RORMRI BSTLLRAMZSRL - 11

called primtives, and N nventi on e nu round
connect3®ns f highadedsiy pﬂmeﬂpantheasl off the presenhimvértiion mmbﬂrownfforphmslmtmeves In a

MO M O T

holding print media. When a printing operation is initiated, the print media is




drops being ejected with a | ow drop weight at a high ejection frequency.
For exanple, in 5 a preferred enbodi ment the ink drops have an ink drop

wei ght of wabgutA> nanograns and are ejected at an ejecti %ﬁﬁ@g}éaﬂ?y of
greater than 12 kilohertz (kHz). FIG 4 is a perspective view of the
printhead assenbly of the present invention and is shown for illustrative
pur poses only. A detailed description of the present invention follows with
reference to a typical printhead assenbly used with a typical 10 printing

be- i nobr por at S preARES ueih s i ﬁ&ﬁ@%ﬁ’&ﬁ#’%r LREE = YT (o

~ FIGS. 1 and 2224 mmglrwlomoiﬁl mgdiadadvarigeais 227t Heaprind swdiptd thenltBDspodedinmpr i sed of

a thermal inkj.e ead 402 ri.nt head bod 404. The thernal
i nkj et head g%ﬁ%\” WA@?%Egﬁ)ﬁj%mg %Ystreﬁgﬁf)%?do "r%’tnq}% 9PPOsLy gm’f Bférred to as

. a Tape Aut orratoedrdamodnpmgra@‘EEB)Oth& pristeedid pattadiclcara strmghtq:laperlpﬂth,aﬁ@onnect
pads 413_) The 1| nnect pads 412 are suitably secured to the printhead
assenbl y 150 *(%ﬂ IIed a print cartridge), for exanple, by an adhesive
rr}at eri alj T?e conthwfﬁm eﬂﬁﬁiﬁ:eﬁﬁ@tl’@ph@ﬂmg\’ﬁyﬁt&naﬂdﬂﬁ|pﬁﬁﬁrﬁé<ﬁﬁisEﬁu@@?ﬁitﬁﬁiia

el ectrodes (not s the carri 130 Per nce

Nozzl e Arr ang%‘%ﬁ?n%%@‘& he gotripge %seﬁf@h g})*‘é‘ﬁﬂp@’g%ﬁt ﬁ%ﬁpﬁﬁtgﬁ?néaexenpl ary
printhead of id&ntly eSEMithd preeat inGhtiba, |1éJt$1E1{ ﬁbv goﬁgama)ra%ftg@fm@hnpf nozzl es.
It should be noted that FIG HA is a sinp | ustration. For exanpl e,
the nunber of Mp2 iy dsean F’Pﬂ%%“rch’teéfépnkfa”sprﬁ’é@&a@w@hpf ik decge Eseeopr RS t he

exenpl afy or bithAd §eeRORTISD ehrile ERBRAbITtuntcAl: SXBHRAY hoBfbANIRAd 500

i ncludes a conpact substrate 510 having a I ura i t 1 nk 25

generators t hearddgs aSSiembl}’tUBaB?sadQE@ndh@lpth@ﬂ|a$SPI®bIYI1é9érCOBL219d toTtheinsri fi ce

| ayer 520 con r e
plurality of é@k@?e\g‘iﬁpgﬁz@gﬁ%{r% P 1%@%%&@;3%3 &g;&g?}@gﬁgﬁ% E@P }}Jlgl G b5A

t he pri nt headddvis (suck enbsohfeapntaoed ink reseswirhit Albemasivelypthe pvimthmdebspmblaoo dot s
per inch (dp| i . (or ti,ve) pitch of
t he printhead S|Os %’%fggﬁé}gﬁlg? ggplwﬁiaadr%glb%ucrog%ggtogﬁgm%%?ﬁ Q%ﬁcgeﬁgm s L. The
nozzl estbof t has pfurththa@chates meoqﬂe:m@plg dewitd! dmayeroat bngorfermlqmtmnerst hat can

exceed 12 kHz, VVO 02 72 01/ 259 0 achl h print
ool ut i on ¢ iTRaS SrEPAPYIE S B Reng el sl and BB Satud! €homn 1
FIG 5A has t the carfidgtl Bsenidily BB0ged i nto four axis groups (shown as G oups 1-4
in FIG 5A). Each i s.group has a centerline as dashe es in
FlG o that 1o oo WS ot Sl Qs e aHRE e Eins S QSR ax s
groups and top ﬂulﬁﬁhufépdirl@ﬁ@ﬂ@h%r%aﬁcd—hlgh-ﬂcr@@ﬁmﬁﬁdtpﬁhthdab@fﬂléf)ﬂﬁdﬁﬂce axis L is
aligned with the nedia advance axis_227. Each axis group has a axis pitch P

measur & r el alVeAEoR. oTherarriage assembly 130 ingludes apganniig carriage $30 ARt SURRP A X S gr oup
are stagger edmwptiRthéRA%RRAbIY B0} \bﬁ”ldﬂ‘ﬂﬁ?b@n%nﬁfvaﬁl@& (géﬁﬁﬁ'émﬁxﬂn&lﬂé&ld% and
relative to the reference axis L. shown in FI 5A, €ach axi s group has
an axis pitchscamning cagiiage SR BherC@erlﬁélkﬂ tsaqupled torthascaning GRRia8A20f all four
10 axi's gr oUpgdpto el ot i alioh oG SHfRAY %&ﬁm@é@r one-fourth of the
pitch of any single axis group). Nbreover, G oup 3 nmay be

combi ned to provi d&ea‘wnemg@@mg@%@us ’@th@blePIOBg asrmhtmqh;dlrecyoaurpﬂxz and G oup
4 may conby r ff enpl ary
enbodi %e%nt %]cgfr‘ %Q% %ﬁlfc%]rg% qﬁtgréggcsg&]?/% Sgrp g‘ﬁ’g" c?ér %%%%r}'hé %&éﬁgl nch, but
this techni quenrnidge S2Giglgng the geaniaxie @3Haccawling taxersmerds Glom Asitionpr ovi de an

i ncreased res [ ey j nozzl es of
each axis gr o(goﬁlgéfrlegalsigﬁm%p{eéﬁ}g%@rgﬂbéégg@g}sﬁf gfr%tc?% qllePhOP\AHmé OSRJ:‘Blgt shoul d be
not ed t hat socmtroﬂlerBh@1srpnmdedsv1m‘mmmm>3B&togmahl@thﬂpysxm cmhtrglllﬁrB§4 wf f the
centerline of, the axi

h
" need to conpeff¥HE Y ‘?‘0‘??1?’3%88 acgpggjlgay‘& &Yl sitidnYon SIRIDA L SR b Rere 1s a

30 platen motor 362 (such as a stepper motor) that transports the print media 102

incrementally. The print media 102 is moved by a pressure applied between the print

media 102 and a platen 370. Electrical power to run the electrical components of the



FIG 5B depicts a plan view of a portion of the printhead of FIG 5A with
the orifice layer renoved and illustrating the staggered arrangenent of ink
drop genewdt @nge72Speci fically, the printhead 500 i ncl udes picilysdi P11
generators 540 di sposed on the conpact substrate 510. The nozzles 530
overlying the ink drop generators 540 25 are arranged into axis groups,
including Goup 1, Goup 2, Goup 3 and G oup 4. The axis groups of ink
drop generators are spaced apart fromeggh other transversely relative to
the ref er enceyanhssystent zmoqs&hag ik b&ifta zgermaéﬂ $5602h tHely ?atén%@cb?i&?a@%&lﬁ L is
aligned with'the neédi a advance axi s . singl e axis group of ink drop
~ generators has eaergetorcanss tbmrgltheeééﬁsmblbjrﬁ@@fqm@@kdmpalsmrwd@d:yttbe an axis
pitch (1/P) 30 pass of the printhead 500 over the print nedia.
In an exenpl A%e@s#?ggg?gm the axis resolution ( 1 /P) is approximtely
, 300 dpi. By usingln mmr@maagkgeq)mtlan pemipeyderdingftheyping ngdiad 02 fromithe ef f ect i ve
resol ut on of n u LNGr 21 1072
PCT! U 250 12 2 T3 SRR il 102 D BleBRRCA ) 230 o B LT, ¢
groups, and aghmmomsﬁﬁmdmxﬁtwmmmmmthen@dmddhamepxmp%?IWhaetIhect ed pair

of the four axi axi s pi ticul ar of articul ar
axi's group ecﬁﬂ‘&?’é’g‘i[ﬁi ‘éﬁf’g&m{e € %%fléfn tgé)gl) ?tﬁﬁn%e;{avégﬁarf‘%e fﬁ%talfgﬂ i nk drop
generators prpmsleisﬁse(dr @aﬁsqt}@rscma@wmdg&mopﬂnth@dta@setrm@z rafeeehee axis L.
In a preferred. enb 5gent is.ap rt?)m mat el e ual to 1/300' h of an inch.
Goups I, 2, %‘nt’éi‘ﬁ@ a} F‘éh%icéﬁﬁ’ﬁ?eﬁ‘ BPing.e e emer mukigley ref erence

axis Liby P/ ‘Ecﬁt@ﬂhébﬂn&%dla 1 igfhen eRRmehtally stﬁﬁeﬂm@rtﬁ)é(plﬁf% flo¥or 862!l thé O
11300  h of an inpnch) for ang_étwo axi s groups_ that are nearest nei hbors As

i | lustrated imeds advaneg axisgPE theregy peritioningapaterect of disensint mgdia 403 iyth Spaci ng
(agai n measUre: AhnGD fhd Qs GFARES2 N sk SR nd pilPhaly 16249 200" of

an inch in an exenplary enbod |m°,nt)l_ this arrangenent, the conbi ned
cent er - t 0- cerfrat anoghee pwiagh of inlcdeppp s lleRimSSSlS tepesiest il the desired pyinedateal s P/ 2,
or 1 /600 h £L0 Ny oups 2
and 4 (denot o Bmghta o 0% sAPRLAFHYERNR dof BB mEREEUTE Rl
arrangédfent patorthe antpubgap?i®t head of t he present invention to provide high
15 perfornman pripnt | i act printhead design. FIG 5Cis a

cut - anay iSO?I’lEi{I‘I Finilda Ale eg&g?l nt head 500 of FIG b5A illustrating the
various |ayers of Théeonyactyirinteatl G preSbe ipventivh rehdeSiligh-dalsindesgebied conpact
print head substrate 5 uch as S|I|con nd ha in £io evi ces and
Phin 11 m | ayEratptl R aafiodina BRPe R R M et el S e
orifice | ayerma(ghzﬁnﬁhyanageﬂemmfmkldaiprgmmratd)raysra tﬁéiﬂallyﬁﬁclem désignitoover | ays
t he sug trate 510. hi Eﬁ ubstt é{ 510 |ncl§ ?‘Fr op cenergt rs that are
arrangé in FeFnighhighdensiy of ink drop generptor; i ﬁ@%"é ° am WAt r st
plurality of wﬁd&atérnpaﬂeﬂaﬁé@éxﬁuoau@ﬁﬂwcbxhpa&tﬁrrﬂwd aubm}@sa@mmbppl urality

of ink drop generators 565 wlthln Groug; Ig%c[fan ged around a first ink feed
slot S70. In &eﬂ‘?r%“’ BHEY| SXPeF IR G BRIBTXRAIELY o IO BFFTRIOTSIRSEI& ot 572 is 25

provi ded whergiynd@rONdredvaii a@&mdfém&ﬁm&&w&l@&ogg&eﬁ%ﬁ Heas@gand i nk
feed slot 572. Nozzles 530 are fornmed into the orifjce |ayer 520 and
arranged sucHn giEps Aengist lees Ausaws(rapidnoyn ayadisijauRyVithtech agpegERer at or .
I nk i soguppl '}ﬁdmé QPME 6f%zzflésr§’ﬁe ﬁlﬁ%ht?%%z%ll:@for é@ﬁ’aﬁ@gl%ﬁi?ls' nk drop

generators where'|i heat ed and ‘ej ect ed through the
approximately one-third of an inch i m length resulting in approxunate]y twelve nozzles

-

per square millimeter. The thermally-efficient ink drop generator of the present
invention is a thin-film structure that includes a thermally-efficient resistor structure
having a high resistance and a thin passivation.

30 Another aspect of the present invention is having a reduced number of input
leads to the printhead relative to the number of ink drop generators located on the

compact printhead substrate. In particular, ink drop generators are arranged in groups



nozzles 530. 30 A lamnation process is typically used to attach the
orifice layer 520 to the barrier layer 550. Al though FIG SC depicts the
barrier | eueé2abR and orifice |layer 520 as bei ng separ at e pitTseogbo1h ayers,
they can also be fornmed in an alternative enbodi nent as one WO 112/1072
PCT/ USO1/ 25911 -14integral barrier and orifice layer. A firing chanber 575
is defined by both the orifice |ayer 520 and the barrier |ayer 550
together. The firing chanmber 575 is whene. ink is heated by a resistor 580
until the dr oellbégﬁmeésl &1 ih HeQHadht InhEnt0PEE hEmB3 Bt g&;ﬁam%ﬁﬁecﬁ&ﬁ RYAL €

Printhead Substrate 5 The present invention includes hi gh-density

_arrangenent othe priterp leps ther{be WEOWT%@@edm@rPfﬁe@dm@deﬁ therh ed
substrate. ( nd, in a
preferred enbodpérﬂgmdrb%algeca%%rﬁ%}gggeg &ﬁes &ﬁ 4?“31‘%“3* %@%‘ﬁ@@?gh’% e havi ng

. a width of apgiropsdicingteiscted Yvithiallew dnep eaeghtahdhlah kieetipn iregdeney groogiampleginy 12
mllinmeters. t 0 | east
350 nos3 s v phieged il inerllod piERREh b S0 BF I ( ol
enbodi nment tﬁtelar@egcdtetdatm@eouomﬁexm'emprof gn:zlwahhnha\luld@rtaﬂd{zf)X| mately 12

nozzl es per squar i meter at or tal ned on .t

print head subst ra'?FéEIe%l 5&*’6{5%7?“??‘8??4’ ﬂ%@%ﬂﬂﬁhe (?1 ?%rﬁi;eggm\’eﬂ"%ﬂ | east
four st aggere%drm%whamlmg;trétﬁé plupaseh eﬂyeaeibtallw debcrib‘ﬁoﬁaﬁﬂie pewnof nozzles
about 1/3 of an mc% P The f ourlrowF; (()i fl es are arrapged in
pai rs around FWEeR ?'}Lféﬁsé”‘ PTRICREG O thpIea! PHRtPRd 3se ¢ with2 Hipie! havi ng a
wi dth ofp appr gpitigk tem 206h e RA300 dreGer. aldwever, ﬂr’é sertknVeffish @ah®t | S

| ocat ed approxi mate 680 mjcrons fromthe center of the 1glrl nt head. FIG 6

is a plan vi eWC?‘EHP@Qé‘h%%’tHr@FP%‘? andrpsinge eopdiswiationy rReferrpaty S ad Xl with 20
the nozzl e | aygkg Rfih FIte 4th¥: thmed a%&%WOQMn{p?’!&%ﬂaﬁﬂerﬁﬁﬁnE@ttﬁe@& n of

resi stors 580 that under he nozzl es. nozzl e of pr esent

i nventi on hasasaeBRly ﬁ@%ﬁtﬁrﬁﬂrﬁ’&leaﬁbodyr@éf Wﬁ thmb@mbh@dra&sgmblycﬂﬁ”sareo The
nunber of resh f)?blkl‘lal:é?&f c’z‘»hﬁﬁ’on'x efeh 1A% Pﬁﬁt’&n{aéﬁ%ﬁﬂm%?fm)}” poses of
simplifying t ustration. resi stors 580 are arranged-on ‘a highly
conpact!dpri nt#ﬁe@mbls a&@am@p@taﬁlme@mmdiﬁét The teerednnget padsrdd@iast ors is at

| east 10 resi r ate 510.
Thi s hi gh-den%@él?g%?ger‘?s[gun%ﬁtln +d ASE@% elég)r)(g]{sglgaflgghgh%re(?ﬂ{ ﬁ%z’j{"{o be | ower
than many ot hexampid, by freadbssivomatagalf Fwecontrotgrlde408 dlign snithexd rlpbteically

enbodi nent, there matel 12 resisto r square mllinmeter of
the print head® su%%%?%i ggsgdllﬁtxslh sor?dtﬁ %?%%eﬁssflggﬁltlggt the area of any ink
feed slots isHZD Pleffo1}ntuamle<f.1INb1rzletaA1rrﬁﬂoe= mb@t i on of the resistor density. The
printhead substrate 5 in an el o rmfactor

B th a&tbngt b of (HE" SRUCE IR Lo ereseaionat g Sy P DO e Pk Btence
axis L. In a invdiod j1fRistrating Re Hahsddd 62Ads. -1t ﬁo@lﬂ(b%ﬁbtreedqaemaAﬁemt at

| east 350 ink .dr nerators are an he, subs e 510 having a
wi dth of | ess“f"ﬂﬁﬁ “%ﬁb%??‘haﬁoéley’%“ qurﬁiwgf ?f‘gusltrérﬁé%‘i‘? | ess t han
appr oxi mat el ygrk@lyfedilcedBbfithe e)deﬂlpm)pmﬁterﬁdeedmﬁﬂib&dn a&sﬁdlmérhemaubst rate 510
contains 416 resistors and has a wd B_roxwra ely 2.9 mllimeters and

a length 5 of SXspplakpithey0 W%ld?ﬁqu‘ftév@ atg L0 Baving 1laliy &k at e 510
has twpsel Ong%ﬁgé&l‘atdr@ﬁﬁreﬂ %p%tbd@l@kl‘ﬁéd&gmbhﬁcé we?tszo e d e Byais270 and
the second ink Teed slot 2. "Each of the ink feed slots 570 72 provides
ink froman i fRetangamiyralinef Bezzies S3Qeareeeropding uthe pluralily ehinksdrgp oups. For
exanpl e, as s%gl tde) FIG 6, the first ink feed slot 570 provides ink to

resistors in G oups 1 and 2 and the second ink feed slot 572 provides
ink to resistors ilnaGexampars eahadimentRdEHS. 91, theerintikadhaed combined B2gle 572 has
A centerlfne ks dapgRhaty 18690k Belihli B $0RN ngBRGTAL| Y Parallel
to the reference axi s ano proxi mat el ‘des eac he ink feed
sl ots S0, S?@l@an@ll(blyefﬁlcovegpttﬁmfrtherwsm& 15\1é12D@?1qﬁdnsnchmsme¢wlenga nes of
the ink feed s S70 ced and sver om each 15
other in a di xfege?%nce aXISL %g?%‘% eePPt%egrmtﬁ? ea%h Opflﬁiee VF'le & %gaé“‘%m s L. Each
of the ink feﬁehwh@tthatﬁimexcsaﬂlm two | ongi tudi nal edges that generally
are the length of the slot. In particular, the first ink feed slot 570
includes a first |ongitudi nal edge 610 adjacent which are arranged Goup 1
resistors and a second | ongitudi nal edge 620 adjacent which are arranged
Goup 2 resistors. Simlarly, the second ink feed slot 572 includes 20 a
third | ongi tudi nal edge 630 and a fourth | ongitudi nal edge 640 havi ng
G oups 3 and 4 adjacent the respective edge. At opposite ends of the length
of the printhead substrate 510 are end portions having input pads 515 that
provi de energy for the resistors of each axis group. Switching circuitry
(such as a plurallty of tran5|stors) couples S|gnals belng dellvered 25

— o T B T o o, o - v o




Each of the resistors 580 is coupled to a swtching circuit (such as a
field effect transistor (FET)) that provides current pulses to the resistor
580. Thes¢yeyd/is6¥ Ng circuits are discussed in detail bel g Jdag2£851 Stors
580, along with their 30 respective switching circuits, are arranged into
groupings called primtives (as showmn in FIG 6 as by the nunerals 1-16).
In an exenpl ary enbodi nent shown in FIG 6, each of the axis groups is
divided into 4 primtives. Preferably, gqach of the primtives WO
02/1-1L072 PCT/ USO1t 2R lete aix@h ﬁﬁﬂe%mgGCh@% Fa%ypxﬁrﬁﬁea@o?@lteﬂes&ft 104
nozzl es per axis group. Ath oug purpose of sinplicity F 6
illustrat es omlvyntfou@s shyoaa mf&ﬁé«@ﬁﬂlmzzl@saﬁr@nmdn@toﬁ‘m amgmugee(ﬁbqvat ors) per
primtive, o have
O cat er " than TLoiolRr 243 ERE shy ol ol gD} 0k USBRGARSLAN M datreh FRE O D
. I'nk Drop Vi ghIG.BAgthet algeneraliymerabielgh tieensted mesafitieangarexis goupd ank tathep
generatgfs us | ow wel OW- YWej r.Q smal |l er and
provi de;ga flﬁezefrenrcg%lfut tfn ﬂpeﬂhm tR?’heferéce amp'e ggaed VQlﬁhﬁ] “peﬁlél ad‘\?\?élf:eght i nk
drops. Using h)ﬂmm/\‘leiﬁgblh axmgrodphqsa\mtslpnteh hrrghsuchelnslaﬁge tatlreayfemﬁca axks Idr op
generators priw desl E_ present invention ttﬁ 903 tg ﬁ ,1 é sol ution at
hi gh print sp&Beozzles,framspelats eronp ang HaaBrreH tVith respedt jole Roz2es OERE | on uses
bl ack i nk dr opdertdxatgroviis ghd ﬁmwmm@teﬁlrmcaamnnag@m i FOG., 5AWezidh apisef err ed
range of from 14 o 16 n% {),fg’ on Fre%ten%/ I% ener a preferred
embodi nent of 8¥°HR ﬁr@%ﬁt itehh Ok A7 eB eIge RLC FMOFEALGR g l ©Her at or s at
a hi gh g ecti ofis floBsUS PQrelafivedb eTbrenc@ akid @) (of bRt Buki6r thSFtchlof it ght i nl :
drops and still nai ntaln a hlé;h print speed. Preferably, this ejection

frequency is PHS gREPk MR SToupHInd A myy, becombipeddp Brovids AR f r equency
conbi ned wi t hei‘fé%ﬁvé‘bﬂ:'ﬂ - RS iISiMil ATy @You9f2 an@ Grolp AP YL RIbRIE] tdBrBVibd es

hi gh-speed printing with high resolution. 20 I'n a‘preferred enbodi nent, the
ink drop gene?TanfﬁCQVQﬁltcb EPBr dwtistexpmplenytambadimeat, dw asis@beh Baf eeelegiency in

excess of 12 g‘lgﬁmg/mﬁf B f20h § ﬁﬂﬂgg&gxgq@ﬁgﬁg i RRE d@gﬂaiesi.y 15 to

18 kHz, with as t e pré erre rcurtr e pr esent
i nvent i'h i nctoydeddeaarhinghasperesantinnmen by applied torpopriasia pitghr. i Whitesheing2Bles hat uses

2 compact deshaoh R0ERLF SRRk AN LA Bkt (G ARl ! O the

hi gh- per f or mance desi used e. In
particul ar, t mnddfelenezklgs ﬁfahlamsgrmlpamslbgahgmlytoffethqawmtetlhmwﬂtmla&ﬂsl es a high
density of ink drop.generator 0 9 act ghead

substr xt o whi B8R THRFSY REPIE: HirPE iR IS, 8% o€ B B BorsE i 2R
invention enatdl®s. a hi gh-perfornmance yet conpact 30 design i nvoI ves
printhegd circuitry. Specifically, the printhead circuitry is designed such
t hat | power is required to operate each ink drop generator and a m ni nrum
of FIG. 5B depicts a plan view of a portion of the printhead of FIG. SA with the

orifice layer removed and illustrating the staggered arrangement of ink drop
generators. Specifically, the printhead 500 includes ink drop generators 540 disposed
on the compact substrate 510. The nozzles 530 overlying the ink drop generators 540

25 are arranged into axis groups, including Group 1, Group 2, Group 3 and Group 4. The
axis groups of ink drop generators are spaced apart from each other transversely
relative to the reference axis L. In a preferred embodiment, the reference axis L is
aligned with the media advance axis 227. A single axis group of ink drop generators
has a certain axis resolution defined as 1 divided by an axis pitch (1/P) for a single

30 pass of'the printhead 500 over the print media. In an exemplary embodiment, the axis
resolution (1/P) is approximately 300 dpi. By using this staggered arrangement of

axis groups, the effective resolution of the combined axis groups is increased to



thermal energy is produced. WO 1) 2/1-1072 PCT/US0112s911 -170ne techni que
i ncludes providing a particular primtive with a primtive power |ead (that
provi des {2 the particular primtive) that is separaicglpsogpr®igi zabl e
fromeach of the primtive power |eads for each of the remaining
primtives. Thus, a particular primtive power |lead is coupled to all of
the primtive power |eads 5 associated with each of the switching circuits
within a particular primtive. In a preffgrred enbodi ment where the

sWi tching ci r gtk d:$mALI9 4l5dBen Jpgﬁti?‘ﬁlftlﬁ SR axiif krBlbsl R PBloRlatdI GBS 1S
coupled to each of thé source or drain connections for each FET within the
particul ar prWhengpgrating\yik pgropeibicseleced @aip Pl hp four axie BN concer ns

separ atel y ener gi zghl.eis$atiep Sﬂgﬁafﬂ& Iof to a
singl e sw tching d?vgiaglesgg% (egc 0 a1%10u?g§?t&§ar%?{s§ﬁu§?g\fa\q/§e@%quer nunber of
. gate | eads i stoicentgr spaging betwedy tivg nedvest micrdoen genfratoessprejeesedornita ot heashizgd gest

primtiwe). | rr i LMt ves . e 26

resi st o\rs(sa (N:%gédg{ﬁgé ?ﬁﬁ%g&eﬁ@gge{“pgﬁ%greté‘%}%g%beb%é‘{e}{%ésnﬁﬁ ﬂoé(nlza\\/{mgl?'chi ng

devi ces are Fé&sl tod8OD™ BER inch. GHrpursri, 2y endvhare staggendd relatveyateachl alaal s
connected to j;ts te. W a i&ul.ar. swi tching devigce i g,activated a
current pul seal?[f%% 3 F%%’S:DB?'Fmi?ﬁp@?d&\%?n 1“8155, 't ﬁ‘?pg%%at?ﬁ’eeq%?aﬁt?chi ng
circuit, throwgoo'dfen ey for anyersio akie groupnthate Keatd3r suighbos. natiliustated gr ound

| ead. I n order r articular sw tching device to pe .activated, the gate
| ad and the. Bt T8-S BRI Fiartb b SO P oM A SR PO ey co
must bejosi mul thaRdereidexiB ¢) eyinl RP/O(1/200" 6f ZEdch id An BnpMy Bhbsdilesyl
operation, the tgat,e | eads are activated one at a tine _and in sequence. As a

result, only OWE HRisAEaeementdhs sapbineq canterioreptsy spacipg phFiorRel 393 be

activated at @ehdtétas PTIQYWBYALS P/S QR E/606™ 6¥ah ith. {TIR Bhbiied Lo iwethtepe oper at ed
si mul t aneously since each gate lead is connected to one sw tching device of

a plurality ofpaping af goypss2 andt (denptesras PRplsorpuals Bgn{his dightdepsityni ti ve has at
nost one 25 j ; : e e hhe
S gﬁ%ﬁagg;eg :afggrﬁ’%ﬁrgrg} Lﬁsf?ﬁlts?ﬁé’};}rrﬁﬁea& Bgtl}}rg ?regé?ltt vt o proviae Righ!

printi n%esyste through gate |eads during operation, only one ink
drop gd¥er at operfoamarse puiptingan e dompactprinithpad dgsigni n a primiti ve. However, since

nost gate | eads ar}ﬁG.Sft?E]s%g:ug?w ?Oﬁ{sgiéﬁgﬁ%ﬁ’?%ﬁfmﬁd%ﬁi’ﬁ@ ives can be

fired sinultaneously. eferre ere are 'at |east three
and pr ef er abl luteating fheivaticuis Vaysrstoff the pointhedda§d0i The hentbend30@uikichidésthat i s 30

Lransver se t o S AaRBladth Sl lof CARSY SIS hor AR ok 1811e 34 By Oper ated

{.
si mul t aneousl V. OWs T or ch nore conp €°an &7 resof uti on
cover age i n afiki lagére femadthereoW IR rihthkhd SOORGDH/ ihihhded i weifide la3d SEOG 7 is an

exenpl enbodi nent of primti ower routi for th p'nt‘%’e 500 shown
T G205 bR i ettt s30T i (iR Wt ol g Sl 7 e
that is coupl & iadludes inkrdebdp generatots thatQey dren paiifl b highpdehstiyl stagre@dnt act pad
that is one of the inpu ads. 515 (.sho s P1-P I in, Fl 7 d
coupl ed_ al ongNgRgE reldlEa TestartiEnphgk deviestaes SPesPundhg | 0% hat
particul ar pri gecbddiSuid BRI inkQiesh gefierhtofXSEMifhin Gdup D Qitthged afolifal a fixst primtive
12 has a primtiyve ]Dower | ead 700 coupled at a first end as _a primtive 12
contact pad 78 egs'of - flafbis PXGRplas] erbadiminte seespd insieestsiotmdats pads 515)
and al @ag an gE@ifed whereURoS3 b GREp a\Meté%ﬁh%& Rl eRSe@nd ik fedd diste 1 |
(not shown). 1n an exenpl ar%/ enbodi nent, eac rimtive power lead is
connect ed to 572. Nozzles 530 are formed into the orifice layer 520 and arranged such that each

nozzle 530 has an underlying ink drop generator. Ink is supplied through the first ink

feed slot 570 to the ink drop generators where it is heated and ejected through the

nozzles 530.

30 A lamination process is typically used to attach the orifice layer 520 to the barrier
layer 550. Although FIG. 5C depicts the barrier layer 550 and orifice layer 520 as being

separate discrete layers, they can also be formed in an alternative embodiment as one



10 either the source or drain connection for each FET within that
primtive. These contact pads (P 1-P 16) are used to input the energy

requi red g ,$hfKH9i ze each of the primtives on the printhgefus@Rsofl GS. 8A
and 8B illustrate two enbodi nents of ground connection | eads for of the
printhead 500 of the present invention. As discussed previously, each of
the 15 ink feed slots 570, 572 has two | ongitudi nal edges. Adjacent to each
| ongi tudi nal edge is one of the four axjs groups of resistors. To reduce

t he nunber of, ] r | I d A | sane
ground conneé?tk%ﬁ%%%%ggﬁloﬁhgeol? ﬁ'tﬁg&g% [ rgrr\s‘f‘r?[5 152%&1%%/@0 . g{Atﬁi%%ﬁ.&gB, the two
ends of each layei $20gnd the barier leyhifHogethennHleedfiring chambee §{icie where infibund | ead

Conpact  pri niFGEBGUISoH D AT fr oS B h bRl e Bha0330. | 1€ TECt Face 510
FI G 8A i s oraneeenploagate Pridtixeld Sebsfrafel | ustrati ng a single ground connection
| ead for the printhead 500 shown in Fl A .ln this i%pt,asingle
ground tonnect i Ontrpggﬁs%xggw?rgmagghﬁg%a@g%—ﬁgg{tyfl %‘Imﬁrfe’%?? g‘% m'tives to
ground. Thuls ,gegérhtormus%%sseﬁroh Ecbﬂnyﬁs pﬁxﬁtHTad@ﬁbfs&éltee Thbprirhei :hﬁd an egcmgamld
connection lead to gro . ternative Fl i s _anot her, exenpl ary
enbodi nment i I(P{&aﬁo&’t‘?"ﬂg‘?f °EﬂdoWrﬁ%ﬁﬁ%ﬁ?%“?@g%cqwc&%@{%?crnt head 500
shown i n Fl GgySfyatelifia tddiafiglp @hvihgcanviith eippdiimitdly B ReNitetess andfailémgth ¢ ound
connection | ead 820 and a second ground cqonnection | glggqﬁ%go. Each of the

two ground comREEEARLY | 2B limoErs: §3ptamsHh AR EYS corPatpEm M 8% ar ound
particypar 3QesisoffetesSkith a %@feﬁ@@ﬂuﬂﬂber 5041 PARARY. n agPeferhmbblinfeh. 8B,

the first ground connection lead 820 connects the primtives around the
first ink fedheshutissrompast priviyad havig spppexmaldy 12 7927les PR SYPEUNd and t he
second gr oun%@%{{&cti on | ead 830 connects the primtives surrounding the
second ink feed slof 572 to ground. Thermally-Efficient Thin Film Resistor
Structure Each of hikhérop gnethtarpcaptainedandhesprinthead subsirate eifet ikt j on i s
thermal ly effici 5 ' £ 0% nh2 ke aeAkad onto

t he conpact pl}olg‘ﬁl?ﬁr}é%tgrés%ﬁag?%gbgtlg%?gduﬁlg%%egagr{g\??y&qgﬂ ornder tg achieve this
t her mal5ef f i cdaeinmy, oferedies abkutdyogf agamhrimiengthi Tbe frgewoves of hpzzles atem r esi st or
structure that decr.eases th ower reqyi.r of . . ' [

particul ar, t4EnEHIIE RATS ‘1"?{{}@,5& P \é\ﬁn%aéee@}é ﬁ?‘*g%‘-"%e@.“@? %ﬂé%lg@g%@thg‘rqgg? o reduce
t he power reqwiditest apgrogineartely 209 rhibens. eRxicfetabty ,aach iak fdeil slopmderatedt i on | ayer to

reduce the 10 i nput po di ssipat ed due parasitic energy dissipation.
Both resi storapgquﬂmtﬁyggéf'%?‘]si oft eﬁeﬂ'{‘ﬁ@%ﬁ\eé’ﬁpﬁfaed;uency printing bursts in
the printing syst by isaqMnciicvgrepRecntmior bf the @kiniparp ptisthedd dfFEG frwitt head and
elimnating a major | ncrftgse ,iB t her mal egerg%. d?’% t& an.i ner eﬁﬁd power
requi r @Rent . thanegziedayenat B Printacrd rmeyer ARd Iy Galing feaite B REIFE 8RB es | ess
power to be ugedinByiit bR nBEile! EaatheeMe RS th Prigtnt inverittondiaga d&rrespundingesi st or s,
thereby allowi ng the printhead to gperate at a_ |l qwer ,Eerrgtg‘%at e6and

reduci ng t her Fnsiundselyinesqnsrable resisigs AP Ehg mypmbep-pigesigors lustragd m Kb

perspective ViRWQfre@ite@ KR FRipBeY of finpHfyRRY Bemasation. of the present
i nvention. The ink drop generator 548 i's di sposed on a conpact ég&l nt head

substrate 510 and Theepsisias 580 arppranged o ¢ bighly compagt pirtheruBER© 260 (shown in
great erygdet ai guc‘n that @g%ygfnrg{iaor}%%} iea@’i@rrés‘i/s'td}ggcgg@ud}@ﬁﬁﬁﬁx%r sithgIct ure 580

is the barrier |ayer an orif ce layer bot h di scussed further
bel ow. The t oprinslicad ebstrafe §19.i This higk-densiy asangeweniabowge soiofthe barri er and
orifice layerg. Id ; Bm;%e Srel szIeS MaRori zed by the
resistor stru ?%Eegdgé%eolgﬁg{tg%@g%dgddtﬁpgﬂtg gnaor. {ei ge (guch as a nozzle
530). Pref er ablemplarhemioodithéentghete amaperoxiimately t2viesistars per square millimeter of

the printhead substrate 510. It should be noted that the area of any ink feed slots is

30 included in a calculation of the resistor density.
The printhead substrate 510 as shown in FIG. 6 has an elongate form factor,

with a length of the substrate 510 generally aligned with the reference axisL. Ina



25 range of between about 10 to 20 mcrons, with an exenplary val ue of
approximately 16 m crons. Each conponent and | ayer of the ink drop
gener at or w6/ f¥8% be formed separately or integrally and v@hi,@es2581 hods
for forn~ing these conponents and | ayers are known in the art. For exanple,
the barrier and orifice |layers 550, 520 can be applied separately or forned
integrally and then applied to the underlying conpact 30 printhead
substrate 510. One techni que used by thﬂspresent invention to reduce

t hermal excursiens,is.to decreas h ower reqguired to.fire a resistor 580
by 1 ner east ngPEREes abifmbch S8t 1. iy SensifoRart S s iS o1 5 20
firing resi st atsurf89] Glavingatwitthef tedd than sfprexdmninely Biniginictas end Lengh afce (or
parasitic resjstance) to tot resi stance ig decreased. This resistance
P Te 16 al T ol 5o atbupami s T3 stilcle Of & ardre pmPRUT B Me SIS ST hane. . and
, 1's known as t btai18Sédistérs ROVIRE a WOGE of &ppedxithadly 2(9qhilliSdlerbasd £ieAgIRCt | Ng
traces that connect the resistor 580 to various 5 electrical connections.

I n convent i ond 2raeximaely L{failligetest ance of the connecting traces may be up

to one-third or grepi@miehd sbsrdtd 5 10Mds RSdISHAl: iRSRed 88t HIcRIARR thelfsS
parasitic power |oss can cause up to one-third of the input energy to be

di ssi pat ed wi i¥ifeedisins SEQansabe seaendripkgfeed sloty2a Faeh of theonle feed slots SBQC%%BS even
nore signific b 1 i . e | i.gh resistor
densi £y (1 he. Promiocrins feRiniae Apph IASE LoAeietss S0 gl T O ot head)
and there is peswle avshoorn Fie 6¢tba fitst inkdepdistod § éspravidesankyfogesisiors irot al  power
requir nt . i I r.asit.dl l.0ss by

| nor casing i ho ey S8R knd BY GOl WA REPERT A A AR Ao £33

t he power di sandratEadhwf thhink feddslaosifde 612 mg atcerertise (sRovef asrdakliey lingshe

resi stance of flring resistor 580 is at least 15 70 ohns with a
preferred val E?%P thStllé 56%636]?'%??@& t?—ﬁjﬁ ﬁ%lereP%esﬁxésﬁ“a g@"%ﬂ?‘"ﬁgel}g@ﬁw%ed by
reduci ng the tdthoRthesisk foéd dldte 570 SVBéqmullpdOngtheibiespesiivegerptisssihet or mat eri al
of higher resistivit I n ferre nbodi nent, however he t hi ckness of
the resistor & rlr”?§|\é§?‘ﬁ‘flktaf§7‘?‘%s‘f?°tﬁ 5173)’ g@i‘?”%fﬁ??%ﬁ‘é??‘g‘ira”ﬂeéémﬁged and the
reﬁ i st 01dr5 Eat hot:h_aﬂﬁffafdir'bﬁir(])hlﬁp[ﬁreﬁﬁﬁdlﬁ@rdml sgglﬁb_ nafeﬁin@élﬁdl’ls m.els@&toaméenk This is
achi eved by splitting the resistor hody into a plur ty of segnents
that are conngeﬁ‘é‘ﬂtsisao’éggihé%“’”l?ﬁo%“&gﬂgleﬁ% ﬂ&?ég?“r?@“éjrareég%fdﬁébf’%@eﬁ hk. This
split resi stofn papfduRR IS idshitk FRE kBt SGRcIAes b Midst Idnginiinal 8festi Phdjacar because
t he resistance of each segnent is added to the previous segmant in the
series. An i n¥hishge Fmngddipun] weistorsrand psecand tongitudinal eige 638 adiacente t ot al
resistance (whinle otCRRARR b, SRARGAL A ARE sLB74 Rk ASINSH hugaNSt ant )

and thereby decreases the parasitic 25 power loss (the ratio of trace
resi st dfce t oatltid lengityflingledpese3rand p fourthdpngitodingl edge G0having Spups 380d | ng

resistor showy jif.ebl e redpectife dd3bs exenpl ary enbodi ment, the firing resistor
580 conpri ses g’??rst §e%er?ént %%04 and a second segnent 1008 that are

connected in seri et appositecodyxifithrgerpivoicthe printioesd dubstrate 5 1Marg endporionsut pad

| 016 for recejy: rd I l.s..1 } . first segnent
30 2004 and. ol O o A Blag BlodlR eeri ek B RPN ABPRYS b, LIS S

| ocat ed adj ac8witctitpcizeitnyr(sich egapmtalify0dfdrandistos hiosples @fmisitethgalelicakédrent , a
current,contr gl vice 1 i,s,used to. reduce current crowding that woul d
ot herviZe. occaPmitie RS g P REhrEi G sl 75 SR M) 25011
-211012. Thi sredudertherividiioot thoprimiesad ewbsttl2b10.nt err upt s an ot herw se strai ght
current path through.t coupl i devi 1012. .1 n the ex I enbodi nment
chown i i1 G 10 Ether s FRtis S9f Fobfeaq f itehinheitd GichRertekoo1 f or g
in the coupli a@eodemisﬁ;&)rmm) fhletmneﬂﬂestcb&elftipms&s tSﬁ@Eediﬁtorls@O.%m the second
segnent 1008. 5 In this exe ary.enbodi pent, each segment 1004, 1008 is
appr oxi mat el ys‘ﬁlﬁclhiﬁgccl‘rﬁ‘h‘és FoteFusT “ig?%%s"r%rﬁfésﬁm? &éa@%w& T3 total of
appr oxigmet el yrespudfiveHBhRE cirtils Nar@ Aedh g SOMBY fo s 108lled pFifhiHtiviel pRGRovaf about

29 ohns, resulting in a total resistance of 130 ohns (including the
connecti ng t r 2d86) 6 aphiethe pumerygls 11 I5ap s3smenlery cabpdimgpiebowvr inddr Oxi nat el v
in the range bghWeee afRQHupsisliRidtdRRb APRmiARE. Prfetdbe tachQF thkQrititivegk drop
wei ght of about 5 nanograns (ng). Alternatively, a réesistancé of at |east
80 ohns would result in a parasitic resistance of approximtely 12 percent.
The width of a gap Z022 between the opposing segnent is approxinmately 3

m crons. Anot her techni que used by the present invention to inprove therna
efficiency is to reduce the thermal resistance of a passivation |ayer on
the thin-filmresistor '! 5 structure 580. A thinner passivation |ayer
means that |ess energy is required to energize the resistor. This neans
that | ess thermal energy needs to be dissipated fromthe ink drop generator
and results in better thermal efficiency. The present invention
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FIG 10Bis a side viewof the firing resistor of FIG 10A show ng the
thinfilmstructure of the firing resistor 580. FIG 1 OB is a cross-section
al ong AA wig@mugd the resistor 580 shown in FIG 10A. In tprsusexesmml ary
enbodi ment, the resistor |ayer 1023 is made of Ta Al and overlies a |ayer
of PSG 1024 and FOX 1026 di sposed on the conpact printhead substrate 510
(preferably made of silicon). In a preferred WO 02/1072 PCT/USII1/2~911
-22 enbodi nent the resistor |ayer 1023 ijg- approxi nately 900 angstrons

thick. Overlyiesli has PORdZzIRE 6 a thfAFofl 198 n&iz0% pbrok®erbifp? Alindugh BPMEUCt or | ayer
1032 conprised of AISiCu., 'The resistor |ayer 1023 is protected from damage

by a first pa§§ﬁp95§tqféWHllﬁ%FIGlé:&'@sgé)tﬁﬁﬁqhé@@f pistaysinpd coprgspanding Bikd

passi vation |%Vo§ gfehé}e?t@rsymﬁhﬁtﬁfé ms uﬁa&stomha réosp Gitsdal AcsigRaMiaENt, the

t hi ckness of th Irst passivation |layer 570 angstrons and the

. thickness of @m@vgg@@wuthp@é%remmdmdlayéﬁoplgmwrgm@zenmawgstroms The
combi natg on of LK HldpSWeBassi vation layer 1034 and the second passivation

| ayer 1036 co passivation |layer. Preferably, the total

passivation |ayer Psfdmhbt thedigh-desigkamasgenteht dfgsle dioh genepdvaraiseSBBG angst r ons

with a prefer ity apag 0ehtsen. ARetk o i8i0ct (0% ANIRE QB! thi s

passi vation Iay Rrieds T he ner gy reqU|re 0 energ resistor

| ayer 1023 i sphmshartlblasme:krcdwuthhrghpmudngﬁ ink@rers| Yising lcsMe@kadrqpamﬂi vati on

| ayer 1036 is ﬁgﬁa tion %%;ytgr 1040 t hat hﬁcts tthe rteS| s Qr& | ayer 1023

and passi vat i 8HMEEBIY AERA! M98 FPIHPHERY TR IChigh ¢ ati on

and cFI 1(;1?? e) pRﬁt&fszlhﬁbhmh hlglhkﬁ‘lrﬁ@pﬁegﬁggggrdfml’embﬁeﬂlﬂle{ll_?]t}ﬁ(gm@ént&ﬁzdrlltﬁfn 9 250

tantal um (Ta i ckness. 0 strons e rrier |ayer

(prefer ably aH BerRikalps oot e Gpror mpteR) SHACERRS GEF MEaTiee 220

(preferably appposffidhelyo Bngli crons thick) overlie the cavitation |ayer

1040. The cavitation |ayer 1040, barrier | ayer 550 and orifice |layer 520
create the flﬁﬁ@éﬂ@ﬁéﬂm where ink is vaporized by the resistor |ayer
1023 and ejected framhihea B&?&Je@eﬁgghn%gnt%'fﬁ@tp?égedﬂhv%ﬂ%n fpblfa{eﬁhe iayer 520.
The forgm ng description of the preferred enbodi ments of the invention has

been pr¥sent edropgenarifersgtiz behe@ctwm freanensy rrmrdqsrﬁo Baditatebe pseafiloyr. 1t is not
i ntended to b‘é‘ve%ﬁh@k??d ¥§ué)§t1lltn9a1 bifiathighMeint i‘b\é&f‘tl*r%rala& fhﬁeer]é?:ﬁ?&' se form

di scl osed. Many ho ations an variations are possib 1 ght of the
above t eachi nérequency is it Wt sitehsdz (kiin) range Bgohigh %Ctmh freneency gemhinesih be

the clai me. aprenas R aply e G P 03elopt e iR mfith yth er O

PCT/ USUL/ 2511]11g]|1resA1utmmk jet printhead (1S0) including an ink supply device
(115) f providing jink.of a ol rtal c tinthead
Hl Cprgfcrrcd lr?%r%%efl %?p §eiis O”Rors o{“ g reserﬁ) (nfgtgbon

substrale ( 160); P genera ors
fluidically cmemneegiectlm frb@en@hn&mpﬂqﬁﬂkﬁmﬁp&éﬂ@d feera[derfcyn'mgeck in the

pri nt head substrat.e 6 Si t reater proxi mately ten
Pkt op. generarangalshridm SRy wils BB B Bepied PHBEG oubstrat s (
1:30) thg pl yPahﬂaéaﬂ@lf-culmqk drop gene[ators ( 169) a:rfanged ilnI at Iegst fou(rj
staggered axis groups al ong axes, re approxi mate e] and space
transverse to 7 0 t‘g"cﬂ{ei‘?f‘t}f&‘em‘?’ aﬂwﬁ] %"tER’HP?W’?F H%‘&BXT’%B@’? L??aal m 1,
wher ei 8 he deasidey a Bdmpadkdedic o GRFAASAIN aRd isshdrRiaEemicRiib aldwiilee! y el even

and thirteen |nk drop generators per square m|linmeter of the printhead
substrate ( 1% -pe grmance design to be used on a compact printhead substrate. In particular,

the thermally-efficient design of the printhead enables a high density of ink drop
generators to be placed on a compact printhead substrate while minimizing thermal
excursions. One way the present invention enables a high-performance yet compact
30 design involves printhead circuitry. Specifically, the printhead circuitry is designed
such that low power is required to operate each ink drop generator and a minimum of

thermal energy is produced.



3. The ink j et printhead ( 1 S 0) of claim1, wherein each of the
plurality of ink drop generators (16S) includes a thin-filmresistor
struct ur ewoIBAoRavi ng a resistance of at |east seventy olpggusg2shir The ink
jet printhead (150) of claiml, wherein the plurality of ink drop
generators (165) arranged along the axes are staggered with respect to each
of the axes to decrease an effective printhead pitch to approxi mately
one-fourth that of a plurality of ink dnymp generators arranged al ong a
single axis. 25 S.ofy (cHRRAE incRRBAGHGHE a biicul&prindidiv¥ WResl phirkiede power _
conprising: a printhead substrate (,166);.at | east three-ﬁundred fifty ink
drop gener at olead (t provisies peyees do tha pertieulydripitive) thakis separaiely exergizableand

di sposed W t hfr&n%a&,q;m?egﬁ-nﬁﬁ@@pw%meﬁ?]s 306k Bkné Rlmabfid dWrdiiRYesO TGl 81 M S,
wherein the conpact are as a length of |less than approxi mately twel ve
mllimeters apattilagipdmitivsfpowessisad is aonpiadide alkpithe plimitivh pewerritdds i met er s. WO
U2/ 11172 - 24 . ] et ari of,_¢l aim 5,

furt her%conprigggrll%e:%p‘é lf?ar%isllg)ftéfSggﬁldéyfrgifuﬁi%l%ﬁ%gg%ﬁggﬁﬁgﬁ%?é I?gGO) arranged
al ong a fi r st prafirsed erobddiment avhirerthe svdtching gironitp preFEd's gbe partcyldrprisditivey of i nk

d 65, d.al d i S. f d '
ot oup and ot atsyet B P FRERRrAR ofe® FrOLY EbeiasR s RIA ) 0L 1y

of ink drop gteesdtdlarprimitienged along a third axis to forma third axis
group and staggere ith respect to the first and second, axi s oyps;
Wher 6i n the f1rst ARUies FShALE ofhe iveahancoppans Eparaie i FREBIZAPIE & A < paced
10 aparfg tr anguRE&R ghe l@deoaet tbalsingl. swiclif@aide ofB4tA O & pEalihys | et

ri nthead (150),. conprising: , ) ,
P ( pr)lmitivestTpThe numger of gate leads is 1 to N (where N is the number of resistors in

the largest primitive). In a preferred embodiment, the primitives each have 26
resistors (N=26) and thus there are 26 gate leads. When the switching devices are
FETs, each FET in a primitive has one of the gate leads connected to its gate. When a

15 particular switching device is activated a current pulse flows from a primitive power
lead, through the switching circuit, through the heater resistor, and back through a
return or ground lead. In order for a particular switching device to be activated, the
gate lead and the primitive power lead associated with that switching device must be
simultaneously activated or energized.

20 During printhead operation, the gate leads are activated one at a time and in
sequence. As a result, only one switching device in a particular primitive can be
activated at a time. However, some or all of the primitives can be operated
simultaneously since each gate lead is connected to one switching device of a
plurality of primitives. In a preferred embodiment, each primitive has at most one

25 gate connection for each of the 26 gate leads. Since the printing system cycles
through gate leads during operation, only one ink drop generator can be operated at a
time within a primitive. However, since most gate leads are shared by the primitives,
multiple primitives can be fired simultaneously. In a preferred embodiment, there are
at least three and preferably four primitives that overlap in the scan axis (that is

30 transverse to the paper axis and transverse to axis L) that can be operated
simultaneously. This allows for much more complete and higher resolution coverage

in a single scan.



a printhead substrate (160); ink drop generators (l65) disposed on the
printhead substrate (160) and 15 di sposed within a conpact area, the ink

drop genewat®@nisoe 165) further conprising:. a first pluralpcteysef2dopk drop
generators ai Tanged along a first axis to forma first axis group; a second

plurality of ink drop generators (565) arranged along a second axis to form
a second axis group and staggered with respect to the first axis 20 group;
athird plurality of ink drop generatorggarranged along a third axis to

forma third axis Iq@pylﬁseﬁﬁqe S%I%ngggﬁﬁ(gpgi%%“&pmw& fot st and second

axi s groups; wherein t rst, “secon . rd axes are nutually parallel
and spaced appuinthaad §AQ shomaign FIG.dde RonepirtieularasingtiveT Hiers ipR piimitivp ppwiethead

(10) of L2 mapstREAE U0 RS At R 2T,
three m || i neoahsinpBipad®s15Theownds P16 ipFith Thasicopiled)lond arcddge to tBe
comPr 19, ot s PSPt b bk BRSSP o e v P
printhead (I 5&)shokn il BIGT Bprimvities ED liws @ peimithfe potver leank70drooppledaarfasiend
s R PEL R SR oY R e P TS S gl
515) and along an edge 720 coupled to the switching devices of primitive 11 (not
shown). In an exemplary embodiment, each primitive power lead is connected to
10 either the source or drain connection for each FET within that primitive. These
contact pads (P1-P16) are used to input the energy required to energize each of the
primitives on the printhead 500.
FIGS. 8A and 8B illustrate two embodiments of ground connection leads for
of the printhead 500 of the present invention. As discussed previously, each of the
15 ink feed slots 570, 572 has two longitudinal edges. Adjacent to each longitudinal
edge is one of the four axis groups of resistors. To reduce the number of input pads
515, more than one primitive shares the same ground connection lead. In both the
embodiment of FIGS. 8A and 8B, the two ends of each axis group are commonly
connected to reduce the ground lead parasitic resistance difference between resistors
20 near the center of the compact printhead substrate 510 relative to the ends of the
substrate 510.
FIG. 8A is one exemplary embodiment illustrating a single ground connection
lead for the printhead 500 shown in FIG. 5A. In this embodiment, a single ground
connection lead 810 is used to connect to all 16 primitives to ground. Thus, all 16
25 primitives are connected by a single ground connection lead to ground. Alternatively,
FIG. 8B is another exemplary embodiment illustrating two ground connection leads
for the printhead 500 shown in FIG. 5A. In this particular embodiment there is a first
ground connection lead 820 and a second ground connection lead 830. Each of the
two ground connection lead 820, 830 connect all the primitives of around particular
30 ink feed slot to ground. For example, as shown in FIG. 8B, the first ground

connection lead 820 connects the primitives around the first ink feed slot 570 to
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fG s10%%' () - more re31stors thereby allowing the printhead to operate at a lower temperature and
MLOY%H & () M 109 g) f109& ()-f10%& ()-10%& ()-LhdELOY%& ()-L10%& ()-9$, 1
0%8& () - " 1098 u&n lgrmal excursions.

10‘1/88;@&&) 1{)%&)& (12)1}30 1&%@?8(%3@5?-?%&&%:3@1@2’?? dflan @&y (k-drapl 09D & () -
0 0 0 Z

V006 () 5 10BSRRIPEOL (b4 prosentigueriiof oTheyin diok Bermsaion 0 ¢ digpoted on

2&10%& ()-yL3 Je&&%fﬁb&pﬁﬁméam%&a(e)ﬁohﬂ@ﬂ@&de(s)nhmmm@km@smcmre 580

10%v& (%- 10%v& ? 3- 10b 10bh 10bF710%& Q L
(shown in greater detail in FIGS 10A and 10B). Overlying the resistor structure 580

is the barrier layer 550 and an orifice layer 520, both discussed further below. The
top of the thin-film resistor structure 580 and the barrier and orifice layers 550, 520
form a firing chamber where ink is vaporized by the resistor structure 580 and ejected
through an orifice (such as a nozzle 530). Preferably, the orifice diameter is within a
25 range of between about 10 to 20 microns, with an exemplary value of approximately
16 microns. Each component and layer of the ink drop generator 540 may be formed
separately or integrally and various methods for forming these components and layers
are known in the art. For example, the barrier and orifice layers 550, 520 can be
applied separately or formed integrally and then applied to the underlying compact
30 printhead substrate 510,
One technique used by the present invention to reduce thermal excursions is to

decrease the power required to fire a resistor 580 by increasing the resistance of the
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10 per unit area of the compact printhead) and there is less room for the connecting
traces and a greater total power requirement.

The present invention decreases the parasitic power loss by increasing the
resistance of each firing resistor 580 thereby decreasing the power dissipated within
the connecting traces. Preferably, the resistance of each firing resistor 580 is at least

15 70 ohms with a preferred value of over 100 ohms. Higher resistance may be achieved
by reducing the thickness of the resistor 580 or by using a resistor material of higher
resistivity. In a preferred embodiment, however, the thickness of the resistor and
resistivity of the resistor material are unchanged and the resistor path length is
increased to obtain a higher resistance. This is achieved by splitting the resistor body

20 into a plurality of segments that are connected in series by a coupling device or
conducting link. This split resistor increases the resistance of the firing resistor 580
because the resistance of each segment is added to the previous segment in the series.
An increase in the resistor resistance also increases the total resistance (while keeping
the connecting trace resistance nearly constant) and thereby decreases the parasitic

25 power loss (the ratio of trace resistance to the total resistance).

FIG. 10A is a plan view of firing resistor shown in FIG. 9. In this exemplary
embodiment, the firing resistor 580 comprises a first segment 1004 and a second
segment 1008 that are connected in series by a coupling device or conductor 1012.
An input pad 1016 for receiving electrical signals is located adjacent the first segment

30 1004 and an output pad 1020 for transmitting electrical signals is located adjacent the
second segment 1008. In this preferred embodiment, a current control device 1021 is

used to reduce current crowding that would otherwise occur in the coupling device
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microns long and 13 microns wide. This provides a total of approximately four
squares, with each square having a resistance of about 29 ohms, resulting in a total
resistance of 130 ohms (including the connecting traces). Preferably, the parasitic
resistance is approximately in the range between about 7 to 8 percent and is tuned for
10 an ink drop weight of about 5 nanograms (ng). Alternatively, a resistance of at least
80 ohms would result in a parasitic resistance of approximately 12 percent. The width
of a gap 1022 between the opposing segment is approximately 3 microns.
Another technique used by the present invention to improve thermal efficiency
is to reduce the thermal resistance of a passivation layer on the thin-film resistor
15 structure 580. A thinner passivation layer means that less energy is required to
energize the resistor. This means that less thermal energy needs to be dissipated from
the ink drop generator and results in better thermal efficiency. The present invention
accomplishes this by reducing the thickness of the passivation layer to allow a
minimum amount of energy to energize the resistor 580 and cause an ink drop to be
20 gjected. Preferably, with the thinner passivation layer, energies of less than 1.4
microjoules are required to energize the resistor 580, with a preferred energy range
being between about 0.8 to 1.0 microjoules. The power required to energize the
resistor 580 is also affected by ratio of trace resistance to total resistance (parasitic
power loss), with a lower parasitic power loss generally meaning that less power is
25 required. The present invention preferably reduces thermal excursions on the
printhead by using both a low ratio of trace resistance to total resistance (alow
parasitic power loss) and a thinner passivation layer.
FIG. 10B is a side view of the firing resistor of FIG. 10A showing the thin-
film structure of the firing resistor 580. FIG. 10B is a cross~section along AA’ from
30 the resistor 580 shown in FIG. 10A. In this exemplary embodiment, the resistor layer
1023 is made of Ta Al and overlies a layer of PSG 1024 and FOX 1026 disposed on

the compact printhead substrate 510 (preferably made of silicon). In a preferred
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ink drop cavitation and collapse. Preferably, the cavitation layer 1040 is comprised of
15 tantalum (Ta) having a thickness of 3000 angstroms. The barrier layer 550
(preferably approximately 14 microns thick) and the orifice layer 520 (preferably
approximately 25 microns thick) overlie the cavitation layer 1040. The cavitation
layer 1040, barrier layer 550 and orifice layer 520 create the firing chamber 575
where ink is vaporized by the resistor layer 1023 and ejected from the nozzle 530
20 created in the orifice layer 520.

The foregoing description of the preferred embodiments of the invention has
been presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Many modifications
and variations are possible in light of the above teaching. It is intended that the scope

25 of the invention be limited not by this detailed description of the invention, but rather

by the claims appended hereto.
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2. The ink jet printhead (150) of claim 1, wherein the density of ink drop
generators is between approximately eleven and thirteen ink drop generators per square
millimeter of the printhead substrate (160).

15

3. The ink jet printhead (150) of claim 1, wherein each of the plurality of

ink drop generators (165) includes a thin-film resistor structure (580) having a resistance

of at least seventy ohms.

20 4. The ink jet printhead (150) of claim 1, wherein the plurality of ink drop
generators (165) arranged along the axes are staggered with respect to each of the axes to
decrease an effective printhead pitch to approximately one-fourth that of a plurality of

ink drop generators arranged along a single axis.

25 5. A compact monochrome ink jet printhead (150), comprising:
a printhead substrate (160);
at least three-hundred fifty ink drop generators (560) disposed on the

printhead substrate (160) and disposed within a compact area.

30 6. The ink jet printhead of claim 5, wherein the compact area has a length of
less than approximately twelve millimeters and a width of less than approximately three

millimeters.
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axis to form a second axis group and staggered with respect to the first axis group;
a third plurality of ink drop generators arranged along a third axis to form
a third axis group and staggered with respect to the first and second axis groups;
wherein the first, second and third axes are mutually parallel and spaced

10 apart transverse to one another.

8. A compact monochrome ink jet printhead (150), comprising:
a printhead substrate (160);
ink drop generators (165) disposed on the printhead substrate (160) and
15 disposed within a compact area, the ink drop generators (165) further comprising:.
a first plurality of ink drop generators arranged along a first axis
to form a first axis group;
a second plurality of ink drop generators (565) arranged along a
second axis to form a second axis group and staggered with respect to the first axis
20 group;
a third plurality of ink drop generators arranged along a third axis
to form a third axis group and staggered with respect to the first and second axis groups;
wherein the first, second and third axes are mutually parallel and

spaced apart transverse to one another.

25
9. The ink jet printhead (150) of claim 8, wherein the compact area has a
length of less than approximately twelve millimeters and a width of less than
approximately three millimeters.
30 10.  The ink jet printhead (150) of claim 8, comprising at least three-hundred

fifty ink drop generators disposed within the compact area.
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