20

25

30

WD 2005/ 077027 PCT/ US2005/ 003953 HI GH RESOLUTI ON | NK
JET PRI NTHEAD FIELD OF THE I NVENTION 5 The i nventi on
WO edoabe®2t1 0 i nk jet printheads and in parti cul BET/US20051603953
jet printheads having increased resolution and
nmet hods for making the printheads. BACKGROUND OF THE
I NVENTION I nk jet printers continue to experience w de
acceptance as econom cal 10 replacenents for |aser
printers. Such ink jet printers are typically nore
versati | HIGH RESOIUTTON dNKTHE TSPRINDHEAB i ons.
As the capabilities of Ink jet printers are increased
to provide higher quality imges at increased printing
[ ich are the primary printing
FJ%‘Bzagﬁﬁgﬁgg%ﬁﬁir¥gﬁhprinters, continue to evolve and
becomge veticIORRt@ o inkSjel phXitheadsl apd inpartigiddritd ynk jet
requires that the printheads provigs an.increased
pivnfheasts haying prcrepsgdrasplation Angmgidods rim?éﬁ@a@% Pripieads.
nunber of ink droplets froma printhead, printheads
are designed to include nore nozzl es and correspondi ng

BAGK GRGUGNDOOF XHBANMENTION nunber of nozzles and
actuators faqr a "top shooter" or "rpof shooter”

pri niedd BHRCHe CPHENELLE*PHITET VK JREFRIARTOM fgnomical
re&)th?érﬁeﬁtg 'f{)jyl l%%r'é)?’l fRe GUdh: ink Skt HRhteRX AERY eally &R ve_rsaf(ile than

in
integrated nozzle plate containing nozzle holes, in
las¢rapiietes, foarndme applchtionsel sAb abercapaliibitiasdofl imkajet printers are

kel Bih ea lghes ALY FoERST Scierert GGk R PP eads.

whicHiar€ el RIn&Y PRRERD BbmphehRe iRk jet hERRTsS LOtinus4s Bvélve and
design results in adjacent nozzles having different

bédouiediere complexct eri stics such as refill tines which

can result.in qualij.ty defects and can, limt 25 high

{r ooy gEPD Bl FOBHES dPat S SATpiril ra g noreased
n@hb&redf ink @opleed. i Iy ofde® tboint@aRS theaklnMer T @k drblets from a

nozzle plate material to formthe ink chanbers. Wth a

prinibead, apintheads agodesigacs tatiecledmmern nagzlemand: pemespprding ink
iffor FeBle S T Bl DO 308 QR BTRITC o, FORETBLrroor

shoater” piinithieddican BeOihcriehsed ih Béveedl avdye kaowited thdse skilled gethe art.
nozzl e plate, and correspondi ng sem con?uct or .

0 :
Ferprampl &n 1 Inteegfee BeFZsPIRITeORaRg NeAZihiRl5s, &%« diambers, and
inRChatHefY 18sdr QblatddGn BHbRiRRIdtSrial ! REILASSKSA zled and corresponding

ink chambers are typically offset from one another in a direction orthogonal to the ink

feed slot. Such a design results in adjacent nozzles having different fluidic
characteristics such as refill times which can result in quality defects and can limit
high frequency operation of the ejector actuators. The offset is primarily due to laser
ablation of the nozzle plate material to form the ink chambers. With a laser ablated
nozzle plate containing ink chambers and ink channels, a minimum spacing between
adjacent ink chambers is required to provide sufficient chamber wall structure for the
ink chambers. Hence, a larger nozzle plate and corresponding semiconductor
substrate is required as the number of nozzles and actuators for the printhead is

increased.
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WD 2005/ 077027 PCT/ US2005/ 003953 Despite the advances
made in the art of ink jet printheads, there remains a

woemwd/ofoe7 pri nt heads havi ng hi gher resol uti on PECEUSIAFI003953

operate at higher ejection frequencies w thout
substantially increasing the cost for produci ng such
printheads. 5 SUVMMARY OF THE | NVENTION Wth regard to

t he Desgigothepdamatestnhade iolbthe artsofamil jadprantheaglss thehe remains a

nph £ Pipbpads Thab ik HhFRE atpol s il <37 el R hidt ciection
frRHRSHC IR WA tHe NGBS dlyAhcreSAed theRBst fkprb@RinE4l@R paiftheads.

plurality of ink ejéction actuators spaced a di stance
fromthe ink feed edge. Each of the ink ejection 10

a atio ranging fromabout 1.5:1
SW@%?%Fﬁﬁmgmate is attached to the
seni opdueiRl BUthst foré®illy aHé eothdr abjeadhedi ¥dvalfages there is
preferably an adhesive and an internediate polyneric

prayyded. a ligh reseiution grindkead doneminksicappntar: ail he pripthead includes a
nozz| I I nk e ' h . .
<BRPEh 7B SRR o0 ol i BREA0RLSyd 238ty or i
ejettisrahdtiato8fsphdeld aedistahdeofiorahelmkoesd edid] dtaehtof Mezink ejection

hol es are 15 spaced apart, with a pitch rang.i ng fr

ag{BRQES lee g @sPesh e ranging dom abeyk | dt lstoabent 04 r Infee plate s
aftt ed ecE he AQfidohdadBs sabdaf b%‘ sB eoisﬁﬁe"r%dfel%[i;vee 8F br&trably an

e 1nk ejection actuators. n anot odi nent
adliesive and ap imerntbdiht@pplymetib égyelr. f Dhie ravzzienitatg edontping atphurality of

Th rinthead.incl udes, a,sem conduct or, suhsirate
gtk Moln e hiBRet Sie M EhiBen o RbIaka -l Dlel pagals plate

c&fresipB&iifg& @&%@ﬁlu?élﬁ%%? QRIS cRPAGE SetRatSisS t ABAGert TRTIE MR les are
Ink feed edge. 20 Each of” the ink ejection actuators

sprsed aparasyitica piteh rapgimgngompbonoddivoatout 1300 dpio Fbodistance

6:1. Athick fi.lm,|l [ ttached t h .

i IRATES Becdt ArsTRETALY e R enct Bf e ok iperigg getuators.
f or mad ahdtBErcémbaiiRkht tktet ¥ Sbvidek af RehdadafgPanSnR{ét printer.
i nk feed channels corresponding to the plurality of

The lpriathsed ileudast ai agroicendustacubsteatp cantaining at leaghent ink feed
[ Ny . . 1h 0zzl | at e cont ai .
el bl 8B REPE ShaBl B BBOBLR 5 e coe.

Enciz 8l ehePinkt ectionr Raeorslihag ah Qispdee rtidd Famlgirdgy from abdkat 1.5:1 to
f eed chanbers, Adjacent nozzle holes are spaced apart .
aRgut 16:1a A theak filan kv isratigshedoiethe sonicopdusts subsizate dpe thick
[ . [ 2k ' b ical d
AL ShePERCLRR Rty AR SRR ld g
carchsporidige toothe tpheralitywdrink epecticn ddnadtonst Apnanziedplate is attached to

rin ads hayjng increased .30 pript resolution
bk AT dBteF o LLF Ao Ao mco s erBYaBhcY Tagel wpieh g ablated
insthi@Mdzz 3R hteYcorresponding to the plurality of ink feed chambers. Adjacent
nozzle holes are spaced apart with a pitch ranging from about 600 to about 2400 dpi.

The distance from the ink feed edge is substantially the same for each of the ink
ejection actuators.

An advantage of the invention is that it provides printheads having increased
print resolution without decreasing the firing frequency and without significantly
increasing the size of the printhead components. The invention also enables

production of printheads having a nozzle pitch of greater than 600 dpi without the

2
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i ncreasing the size of the printhead conponents. The
i nvention al so enabl es production of printheads

whansnogroar nozzl e pitch of greater than 600 dpi Peu/UKNOS/003953

the 2 WD 2005/077027 PCT/ US2005/ 003953 need to

provi de adj acent nozzles and correspondi ng ink

chanbers that are offset from one another in a
nebdrteqirbdde adjudemg oozdlestand tcherespokdihg énk shantbers that are offset from

Accordingly,.the flyidic, characterisiics, of each of . ...
oo a0 B & UiceSn AogPY 6 et Gheed sl AR ofe uidic
cﬂ:ﬂh&fﬂiﬁﬁégﬁf Eé%ﬂ:oftrklbfz_lése%fr&ﬁlﬂlahﬁﬁllfy e shihel S applied to

nozzles or 5 ink ejection actuators is intended to
mean Far pemposas dfdhisanventiosptheitern tritohd @n itaidjappkedt to nozzles or

.nozzles o jection.actuators i direction .

ik E55RACleS BaP A foVr SobETa Cof R fegen adiacent

n6 21 Gr e ZcRiafdis fya difb@iohubstardihe Pardliel vith adsaxid aligned
applies to the ink ejection actuators is the ratio of

wither ¢adwigndr norzle wranc Thatesms agrect Fréiogag itrpplies;tdhe ink ejection

SBEHHELl  FE PRI DR v

apparent by reference to the detailed description of
preferred enbodi nents when considered in conjunction

BRIEK DERERIBTIQN @ THERRYYWINGSst rating one or nore
non- ke, Mhdy 9a1’ﬂ§§:‘§ JrShlnvERfor \Wfﬁc'oﬁ{é' apgic{‘t%ﬁ{ g)'; Refbrefi& to the

ref erence charatters designate e or
deth#ed déssription uf) petidrrddhembodimensty evheh cdnsidernd $n @asnjunction with

follows: Fig, l.is a.ink jet printer cartridge,. hot to,
t@fallgwfr@dﬁ?\g{mﬁ H&saaﬁmg ?ﬂ%@aagrea@egmwﬁg agRoPHRe the invention,
wheNEikORefefenBe cRarhGe? RELAREAIKEVS MW Qlfenéﬂtsgtmé)lugﬁ(gut the

printer according to the invention; Fig. 3 1s
seMemldravongs a fellave, of a printhead cont ai ni ng

according.to the. 20.invention; Fig. 4.is a, .. .
crossiSs gct‘? 8n5‘§1 It KRN farriges e BYte o pale. jeidigRe o3 pginthead
adtotdihPaAde iBEA6KI Ng to one enbodi nent of the

invention; Fig. 5 is a plan view, not to scale, of a

por t Fign2 6§ a perppactive siew qfraninkisharinter gpcoglingtoghginyantion;
Vi ew.. ngt. cad f riion .of rinthead .
aCC\é)VF ig. g) ng :a(gpl%rhglesfz g&i tr(])\e/ls(:)cﬁlt%i éf;] 2;1 Bln_llgtél.eg%Q(i)ngalémgaaccordlng to the
indeds@r, sectional view, not to scale of a portion of a
printhead, according to another enbodi pent of the .
i nvehi& dlh’;s arfdoss-sectional view, not to scale of a portion of a printhead
according to one embodiment of the invention;
Fig. 5 is a plan view, not to scale, of a portion of a prior art printhead;
Fig. 6 is a plan view, not to scale, of a portion of a printhead according to the
invention;
Fig. 7 is a cross-sectional view, not to scale of a portion of a printhead
according to another embodiment of the invention; and
Fig. 8 is a schematic illustration of a nozzle hole entrance or exit according to

an embodiment of the invention.
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Fig. 8 is a schematic illustration of a nozzle hole
entrance or exit according to an enbodi nent of the

wo pwsotioon. 30 3 WO 2005/ 077027 PCT/ US2005/ 00386BUS2005/003953

DETAI LED DESCRI PTI ON OF THE I NVENTION Wth reference

to Figs. 1-3, an ink jet printer cartridge 10

containing a printhead 16 for an ink jet printer 12
DETAILEBtDESERIPTIGNQF THEIGSVENTION udes a cartri dge
body 14 for suppl yi fluid such as ink t

pri nt%@%de%éemgﬁ@ hggl g Sl BKpIET LS ?f’éﬁdlgﬁ ];b containing a

ﬁhﬂfe?@q gafo?aan' Mkt 1€ phidfel NRdgegeied 4 10 HRYidoe 10 mcludes a
froma Tenote source to the cartridge

cﬂrzﬁndg‘éﬁmdprlﬁrfbh spolyite a floldsiel aalﬁemﬂmwdub@adrw The ﬁ/md may
bstrate 18 d I ntain no
Rt e S BEDE BB B B G Fom o

1&AbRAbER o theRhfAGISbdYQ4a thick filmlayer on the
substrate. It is preferred that the cartridge 10 be 10

r erm\Ialnblpymatetaédﬁemblu®5tarﬁemlmdp@or pibsiaterl 8apd a nozzle plate 20

Accordi n | e contact,s, 24 r ovij,ded
oo %4 bt 23 AP ahe ShiuRt B hudRitineE pRfahent
attidhell €6 aRRicREBH 1dver ohhBe siidsa¥teblILisqiréfertbd thio therualrtuldge 10 be

electrical traces 28 that are connected to th

reyppbhaettached &7 thetiple jgmrintaidad fi@ordmglénrlartgéd contacts 24 are
p?d’v?éeﬁiifﬁlee? h%‘l}ggl%l g\ﬂu?% R WectiPeab et anlf t8Qh@ﬁ¥<5%t$}1tnﬁefer 12. The

ead according to one e
ﬂlemb&rmranrt 269n¢lhdeslecaticatitrades B8 ghat 4re damnédiedsto the substrate 18 of
enbodj ment the printhead 16 contains a thernal
t}r?el%ﬂr}te‘@ dfenent 30 for heati ng the fI uid inafluid

chanbgy erﬂﬁrgbﬂ Krosd) g{;@ﬁ%ﬁal?&ge& Of TR skdle e e ngtﬁ’ﬁ&#l ‘31[’ R lpﬁ%ﬁlead 16

20 between~t trate 18 and t
atdondingrto ome embodintanorofi the nioventioni isedlustoated ipriigt Heath this

ont ai mal heat | ement 30.
oA el PG T & EaTEHs SghTTIET SFBEH SHmaK oG heating the
flRlCH Afuill BEABLEGTIk ShaEer 88 ForfRed il RO n@f—‘zlé»'?lﬁﬁel Zt(Poetween the
provide a printhead according to the invention.

srﬁhstraej b&tanérthtbylozlie lplq A2.hddevarer.t the dnyéntioozis | ret Hmlne@l to a
anber

abl
P, P EiviaiBiie s 55 bPGine it o bl RREC ST dsyiees or
ifkhéjesteth acthdtdnsdshaddnsibzo3fctRNNGGdes HBayt BiSo f’oleQIsecﬂo Wdvide a
the fluid chanber 32. The 25 nozzle plate

ppnréeed adspydingitedhe Uaentian t ached to the subst r at e 18 as
by aﬁﬂﬁé 'Y ejection by the printhead 16 through nozzle holes 22 is preferably

provided to the fluid chamber 32 through an opening or slot 34 in the substrate 18 and
through a fluid channel 36 connecting the slot 34 with the fluid chamber 32. The
nozzle plate 20 is preferably adhesively attached to the substrate 18 as by adhesive
layer 38. In a particularly preferred embodiment, the printhead is a thermal or
piezoelectric ink jet printhead. However, the invention is not intended to be limited to
ink jet printheads as other fluids may be ejected with a micro-fluid ejecting device
according to the invention.

Also the invention is not limited to a printhead having a fluid feed slot 34 in
the substrate 18. A fluid may also be caused to flow around opposed outer edges of

the substrate 18 and into the fluid channel 36 and fluid chamber 32. Accordingly, a

4
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| ayer 38. In a particularly preferred enbodi nent, the
printhead is a thermal or piezoelectric ink jet

w@eooshrmward. However, the invention is not i ntepcEtdsS1005/003953

be limted to ink jet printheads as other fluids may

be ejected with a micro-fluid ejecting device

according to the invention. 30 Also the invention is

flnat febd rilgeedd tspraviged whick athytewanreggaof thaifebdf sbetB4s boin tBetcase

i.n he. substrate. 18. A fluid | so be caused to

of R iiek l6EH cP Y iSHERISE BLAST 9y BNl Bunat rate 18

and AN dfModiherdlshanash F% 424hd ihit Bhath e 3P RRA inkZhannel 36

Accordingly, a 4 WO 2005/077027 PCT/ US2005/ 003953

afd formed ém theenlyyaledplates2Opasoly theet alitatioin. nleasebeblatioreothe gfozzle
he .feed. sl 34, 0or in t cas f an, ed f eed

ol b g ey, atigee dforh dBs 55 Sharies S Pafhg' ke plate 20.

Wihe eHEbashizieeplatd RO US tihadecdf apotyithided matdiiil,i Whil€ Bandfethe ink
32 and ink channel 36 are fornmed in the nozzle plate

chanbey Byandaeals Hpofathe aazzle 33 baveaypring on angled perfacsy dueto the

iS.typically conducted fromthe i nk chanber
lagf:%lebq%tgmtzqggéeﬁ%zzl e plate 20. Wen the nozzle plate 20

I's mada prfor artpddsipnnafae primthedd, allystrarldlisa Fg Rfthé bentemdo center

chanber 32 and walls 44 of the nozzle 22 have sl oping
distange gn gtusrnradiacenigarezles 4ormd thuer tumsallyi doupfoceisons or
o BOURE 3 BE AR o000 R o WEHEAER, om0
pad]lelcendn imbiziebd sdgbS54andn 48 per ary dedgn ljusaledtin F2g. 5, nozzle

] vid [ f ol h b .
5 35 Bhor e B B s PP K

cl?)@éxaéph&h% 'S0 bRfvdeR lgdjza%@rﬁ_n%gﬂgs. 58y “blgddarpit iisoﬁleﬁ{tttlaat A?Scente'r

desi iTlustrated 1Tn Fig. 5 nozzle holes 46 an

ofinezzit Hyiyer didtapeaoli Bianig less dlopyer didtanek T bbarbenter GGoazid 48 to

52 ravi cl oser spaci hg Si between adjacent .

Riob fesl'eft S8 1 BRS EoMRRFoRL ot T O, BaSiR D atipgLy W)
oPink RfeEEbE adtfatofs 56 idityiii@Ng est thanbui S5i1ess than a

di stance T2 of a center of nozzle 48 to the ink feed

edgelsgrder o rpgayide gn fleiti¢ Gerdl bepeenr adingentidal ghambarhisuch as

j 04 L,/ ink. ej [ tors 58 i
offREt SOt s libneg 3 MBI G MBS R Ry aigrons
béthvettl idjacmainkodiambers igatiqaired foriarlksee hblated mozAe phat@sonsidering

chgtn’oer,s 50 and 52, a distance F, ranging from about
manwfactyrigg Alienmgntpiolsranrss. 20sp et dislenceak 4arging ifrpm about 0 to

sl \EGUELSR [l L Scshe dlaters
typicatlgmepi@d foam isagptlatedmadzbeupla®. tAccordingly, the pitch S| between
adjacent nozzles is a function of F| and G, and the aspect ratio of the ink ejection
devices.

It will be appreciated that the fluidic characteristics of nozzle 46 differ from
the fluidic characteristics of nozzle 48 because nozzle 48 is farther from ink feed edge
54 than.nozzle 46. It will also be appreciated that providing a substantially non-
staggered array of nozzles in a laser ablated nozzle plate with a pitch of greater than
600 dpi or a spacing of less than 42 microns between adjacent nozzles 46 and 48 is

desirable in order to increase print resolution and print quality with a higher ink

gjection rate or firing frequency. With the design illustrated in Fig. 5, the firing

5
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about 10 microns between an inside chanber wall 58 and

the ink ejector 56 is typically required for a |aser
wa@abkloabem2nozzl e plate. Accordingly, the pitch BT/US2005/003953

bet ween adjacent nozzles is a function of F, and Gl

and the aspect ratio of the ink ejection 25 devices.

It will be appreciated that the fluidic

frehaemg tof theshozzkes af limaed by theGTudd filleatefafoie inkhammberis $2 spaced

terlstl of, zl e 48 because nozzle 48 is
f?%fef e &K §e ﬁﬂeﬁd%eeg“zedge 54 than. nozzle 46. It
will A@b%xoh%f%%rﬁl@éa@t 180accBrfingPloHedinitbd@nent of the invention is
substantially non- staggered array of nozzles in a

llll@@@tedabll plaadviewz 2ok tplsetle, wi Fig. 20.pi Aedording goethe dnvention, a

00 d o) ess, t han 42
Rty Hafarin 40,50 PREGA RS P S iy ETRE e prior
aﬁrdllﬁ"fgntxﬂusltﬂ%%'dqaﬂli‘g 19, ity ink @B@hbérk GD a2d1§haREd Bibsthrahily the same
with a higher ink ejection rate or firing frequency.

dwmie tTh éroaieﬂlegnk fdeld $9ge 49 etuthahthsufbndlg charh@terﬂsttcs ng eadh nozzle

2 /.U 005/ OQ3 uen
2000 PRAPUARY gy, B Sty RE; ot o e
dislt‘tﬁﬁ’@ @If$he5£1k5dhaﬁ?1©érs ﬁaﬁr&h&he tdg@tdR thatkhé aeftkrent@an Wstance

A portion of a .printhead 16 according to one
fronbhigichambers £ 2tin ashkpdymp ghchagmbers $3 istlesstban oreqypkte a length

Vi [ 6
LY 78 ok i L3, i ERSSEALL Bt RO T, ettty
rajges frommboar 20 esabdit 9($mm‘rom dt&ldo uhliltd the ptibeanp design, alid center
desi gn |Ilus§arated [ g gglnk ch rrbers 322

tQ FERtEr SPEEIRE ¢ F‘ﬁ?qnya fs%les ¥ RFeferaly Jessoihh g microns

p%d’i}fdlfxg %%néﬁgﬁ g?’&tecr(}hﬁm%ou& 1860 4 f"h 'td:a&hu@rlm 8pi ﬁ) la6Bited ink
e

each nozzl are substan l'y the sane.
Chaenlmrs mt}sumnolﬁouy 240@ dparfet plwtddev@smalctnlq oha:dli&rs along a

RN Reobing dPetcarin o G Adrs10° 1 Gnpiele" EnepRTment S;

p&zeramf/e@cé&s ELLREs Bhn 47 aIBBhStoIBoliSI 0. ?ﬁ&rbﬁ@n or equal
to a length L2 (Fi 6) of the ink ejection devices
30. Py desprikedeatoxg, gmocﬂ areminimmgn gligamoealy Yetweamgdjocent ink

cl];e[n?tge?rréag)?;ét %s%g aﬁgl%teg %ﬁ%le Q%tte tlo pr?wa% %‘.ﬁ% &entg(gmgm%ﬁbwgg structures

fdieﬂmﬁfénseaﬁh@@em‘aeﬁ%ﬁceﬁt AR dhampeRf eDatdnde /8 efeﬂﬂﬂ‘y 44nges
rons provid gdﬂaq pitch of greater than about
fram abgpt ¢ & %h%la@ 1240, alignnteyt tokizpracs Betwern 28 nt,sm@rﬁbember wall

6%%&%&@} é}gctfrﬁloagvlgezl%pre B rF gnli)gggé) tof g;e VFHI (%g §l%f Ql':fl ra%g(?s from
atafut foa abasg 10! ﬂ"hm ippafienladd traefadinmtighmat tolRraice (th Petween
th:?]acgggﬁgg {zvg{P& d t Q%Qk %jzec{f?nf Elquge _ti(()) o?ggg&t 919n105rons In a laser
ablated nozzle plate containing laser ablated ink chambers 32 and ink channels, G, =
Gy and Fy =F,. In another embodiment, described below, G, > G; and F, > F,.

In order to provide a closer spacing between adjacent nozzles 22 sufficient to
increase the pitch to greater than about 600 dpi, the aspect ratio of the ink ejection
devices 30 is selected such that the aspect ratio (Lo/W>) ranges from about 1.5:1 to
about 6:1, preferably from about 2:1 to about 4.5:1. Such aspect ratio enables use of a

heater resistor as the ink ejection device having a resistance ranging from about 80 to
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As described above, there is a m nimum di stance F2
bet ween adj acent ink chanbers for a | aser abl ated
woewzlgropt ate to provide sufficient chanmber waP¢T/US2005/003953
structures 20 for fluidic sealing between adjacent
i nk chanbers. Distance F2 preferably ranges from about
6 to about 30. Also, alignnent tol erances between an
abhous 2de ohimardp enoraadith cdRentivthal daterjresistbomatbeial. cb Bk case, the

requwe ng. of & i ch ferabl r.anges from
“?‘6“@5‘&% %wme?hfog?ﬁ@eﬁﬁs iahogt W'W’E% for an

al i gﬁﬁxeytlastspbﬁﬁéﬂ%zﬁl atDSOWREL rink 6 FriladlR giahd f(ﬁ}%wmg

and the ink ejection dévice 30 of about” 9 m crons.

redaticmsleips &5 eblsad culsalert tHeeepleatoecentenspaciigSy: | aser

abl at ed i nk chanbers, 3 | nk_channels, G & and

F, = F2. In anot her?%ﬁﬁzbgiﬁe%? =dscribed below, G > (I

wireqBflishhe disfrtice bOwRES fe BottoRT Othe @h@nbdrASAT 45 BT Aéntrance

bet ween adj acent nozzles 22 sufficient to increase

64 é thei nazhlet 2, @rﬂamtbﬁ entrange dwwer@@@mwran@m 64 af gecnozzie 22,
|o of the Vi 30 is selected such
al%(ﬂaztmﬂhe Spﬁ%IB et &e%{]gga% f@befg%es fromabout 1.5:1

t 0 3@h@bﬁtﬂ§mc€ diampiee {EDRBE Yhd hemlabD uiredtlyl affoctahbeidrop size
1. Such aspect ratio enables use of a heater
ejﬁ@téd dyothe a@zzlﬁ@% and 15 bexefors %Pém'fﬂé)é fipgd jbpy gprgduct requirements.

THERIFRERE AVATLEO AT A0t M0 250 R CHRRLIART: i

funotivre of ithemakzlh amt:lwmbeeahgﬁment neltenta(NC) andt the svatlamgle of the
h nozzl e 22 to cha er 32 a nt tole ance (\NC)
chagibgp 3l 42 aiited ddascegplation a@&d St @acqq@% praven Lsiteéop and

bgtg)m befhe'd hhtﬁgert@alf:' §&ringt g?e‘?Qbﬁtl & ke (&ﬁil LAY '39 }hetcgamber wall

relationships can be used to el ect
typaatle ramgea diony a&mt &8 10 Zbayt+ED+ FRecs2difdly, thmhstmc(ea()a) aist be

t he t en th bott om of t h r wall 42
elsfigr i Fozabeto SBamb Nigamsiiiplcess (NEBARS (Prascording 1 the

f&@%%ﬁ@q@h@fl‘eter at the entrance 64 of the nozzle 22,
and i S the spaci ng between adjacent chanbers 32.

The entrance di aneter (E@)>N§f+t0he nozzle 22 directly (2)

affegcts th Qp. Size e nozzle d.
"L TR Pk o 8ol S 221l e SRR sl 20rie Flshsfing TRE ink
eﬂétﬁmddi@&@em (the distmae t(Ge) B@W@aﬂ@& ik gJbctioneddVzZB® and the
to the charrber wall 42 is a function of the nozzle to

chaphiep evallaft? gnwpb e grenter Hisaethe N@ﬂn@ﬁ@ tohsangg| (NAhbetaveer the
cﬁaprﬁ)er ggﬂ@eclh \ﬂ?el ﬂlk %ﬁcﬁ&f&%e% Ac@? gtqg lt}?et foggwbn& 1{1ec}Hallty

provi ding a |stance
of the charrber wal Ia>M&r\§2/Ea®D/2abl atl on, the wall (3)

ngl th
wﬁere \ﬁz 1s the w?dtﬁ O?rgo ink ejectlon device 30. The foregoing equations assume

that the wall angle for the nozzle 22 is about 7° between the entrance and exit of the
nozzle 22. For a center to center spacing S, between adjacent nozzles 22 of less than
600 dpi up to about 1200 dpi, the heater width W, preferably ranges from about 7 to
about 15 microns.

In order to reduce the alignment tolerances and further decrease the nozzle to
nozzle spacing, a printhead 66 according to another embodiment of the invention is
illustrated in Fig. 7. In this embodiment, a nozzle plate 68 is formed separate from a

thick film layer 70. The thick film layer 70 is preferably provided by a photoresist
7
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15 typically ranges from about 6 to about 18.
Accordingly, the distance (a) nust be greater than

wo bmsnomwzt e to chanber alignment tol erance ( NQyCPUSZE05/003953

(c) according to the following inequality: a > NC +

c. (2) In order for the nozzles 22 of the nozzle

plate 20 to be aligned to the ink 20 ejection devices
nBfgrial et ¢ spiramaeed(c@zambmtedﬂe sulisiratei 72k Hijeabick ditmdeyer 36 has a

30 and the c anber st be greater than th
PR AR SR B GBS HU OhETRBRY lptpaessioped

t@ B%ﬁ&beldk%aﬁib@%t 14 Qndj ?ﬂk Ql?anggs %Cﬁéz‘éim g Atsode%a‘?oed above, the
| owi ng inequality: NA + 2 (3) where

swstras: Thiaciwdes an ok ft:ddeedgn IZSe]la;cnayobv prevudcfé bg@n inkhfeed slot 80

f 5.1 l e, for
oty Ife SRe DR JBR e Rub Yot oo ot D Sbsiate 72
afd afeh@ignd®szthe &%zle@'pr@vn@@d‘hﬂhetn@zﬂ@ Eta@‘é' 68 pEFEé R8zzR% 84 are

bet ween adj acent nozzles 22 of less t 600 dpi up

pteﬁerabladasemld@tedim thetnhéllh platao8 a5 deseribed apo‘eef erably

rang f.rom about 15 . m c

o fE i TR G S SR ng P RS 7 B Elh ess of
afh BRglo o the tshle V34l AD 32 R 18RAGbRAGEd bz pl'atté" eed ARordingly, the

according to another enbodi nent of the invention is
centeryty FYYgsnaging; Bp. betweem adjgeent cipsalgs fdnean be feducpd and the

f(gjé)%% p&atkcﬁ‘lsltlkﬁ %e IS8R a<§7e erh{u?mh@ cefltla (J(cefnltcj,r\%%ﬁ%f Eetween

n1|ayer I'S prefera pro
adjaqenohanzbsi8dt 7 WO 2005/ 077027 PCT/ U82005/ 003953
material that is spLn ¢oated ar Iam'natedto substrate
72. The thick film ﬁ%\ygy k&8) 52t hi ckness rangi ng

sihEOfRe %?f@é’tts of tﬂeq aPabihied Qgﬁﬂlﬁc{r%‘a’? v'esbe% Fécd%&péryehmlnated

phot odevel oped to provide 1Ink ers
fromathedesigi6 Inhtbrseémbodimente ther hdateal \alkidez mhp range from 5.5 to
g rate 72 includes an ink feed edge 78 that nay be
a%¥12 FBEOBY an ink feed slot 80 5 provided in the

subsiy aider 702 provite £]s61€4610 kd§¥étfoRSdd2ceas® of 80NBM a@,Bect ratio
the substrate 72 and are aligned with a nozzle 84

(Ipé\b’w) aedhg miectien dovige S0ppaded peferabhe ranges|feem8USdr o 6:1 as

e r.. abl at d in.th 0z a 6
ST FRY SRR R sl BRETOE B T P 4% ppociata
ndzzte 2Nk ShaReRebly'’ atlfusfeﬁ It ﬂ)v etahsuht6§1§ vefumedT iRl Bebted from
than the side wall 42 of t | aser | ated nozzl e
thg|nggde 28 or fde ofr direfgirgd nezede dqsagrb&ﬁteérbOﬂmlm@%ﬂw invention is

illzlglgé‘t{afgl Fglﬁ ?%ngﬁpﬁgés%cs%ggta&%@l 0%?ong hoz21e. tEpre(?~ Tred cgblong

nozzle 88 has an entrance and exit shape that is referred to herein as “bicircular.” A
bicircular nozzle 88 is composed of two semicircular segments 90 and 92 having a
diameter D3 and a rectangular segment 94 having a width W3 and length L; equal to
the diameter D3;. With respect to the exit dimensions of the nozzle 88, D; preferably
ranges from about 5 to about 30 microns. The width W; preferably ranges from about
1 to about 25 microns, and L3 has preferably the same dimension as D;. The entrance
dimensions of the nozzles 88 are similar to the exit dimensions of the nozzles 88,
however the exit diameter D; is smaller than the corresponding entrance diameter,
while the width W; is the same for the entrance and the exit of the nozzle 88. The

long axis L4 of the nozzle 88 is preferably aligned with the length L, of the ink
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W®E2005/0Y®27+ (2 x Q) + F2 (4)

followi ng rel ationship can be used to determ ne the
center to center spacing between adjacent nozzles 84:
since the effectBCDUS100&003953
| aser abl ated chanber wall 42 have been reduced or
elimnated 15 fromthe design. In this enbodi nent,
the heater wwdth W2 nmay range from5.5 to about 25
gjedtionalesice BR. dodgnxis d.4 preferiably rangeniftoabateut hk teegbeat S@microns

dev 3 82 th 2/ h
fog?lee'c%ﬁbﬂp H@fﬁoeéleﬁ gﬂ%%“é?réﬁl‘@&‘% (rﬁ%vﬂvs?f%h? %rﬂs"tte{ than
atodt 613, ﬂqfﬁla19§g{%%rpé?ﬂhﬁtiﬂé’%uo@f!%‘mtﬂé'g?ea?e?ﬁﬁﬂ abodt | 5.

the i nk he associ ated 20 nozzl e
22 oTheBdmpmﬁf(rfrlabldySChsrgadi jluslsed fuoctpmoofi dhe chst&metléﬁ‘rcnn the

suff BF o 5o TRty RO RERY G T M distance H

prefeYAN irftie From hbsitTRtesbdul 551 dicréhsandivefthé ind£8e @enter to
substantially obl ong nozzle. A preferred obl on

g
centsz spasi@pShalsis arefered tat teanacies St be lrspthantibe distance H. It is
pa&?éu?{rgfegrgke%eﬁgﬁeﬁ'tﬂe %o o? /‘H ﬁeuiegg than'gb IR 1‘:‘34 \&/ﬁéjn §% is l% than
nozz i s conpose SEM CrT eul ar segient s
42amibr®B. havi ng a 25 di amater D3 and a rectangul ar
segnent 94 having a wdth WB and length L3 equal to
the Wh&ﬁéhf‘eforfg)mwmﬁow&eﬂ@clﬂawcbetﬂhée%bﬁ in ﬁﬁéﬁlgmfr?snozzle
8 r r.ang o
it 408 (ROZE' GaRPancd Wik AT BBEY. 1y NANIEE abpRRRE M e ink
chimmbersadnduink chaﬁmlsahna)atbe%nmcbém;ve@ndl tithelnalse nozzle plate or

nythesmedl nsi o D3.. The entrance
il FBi0 TR Geriomar e SO e WAl BiRer B %&ﬁ%ﬁlm layer.
Fdi{hﬂﬁ&% bPg iR cﬁéh%e? A rﬁéctﬁﬁnﬂ?ff? bBRARY ‘ﬁBzztlé‘Ela?exdntd thick film
dianeter D3 1s smaller than the correspondi hg entrance
laytiraamables a grestet degrh@ ofivdtiftionBini thetdistarcanid thdre adhéeved while
entranc ng the .exit. of the nozzle 88. The |ong axis
PO TR oA aEk Fie S RBraR SIS | gned i t bt he
| engt s beht@hplaia, bk will HARppRenR! Q>7t¥1gge75kllled in the art from the

PCT/ US2005/ 003953 ej ection device 82. Long axis L4
prmeéfn@r dedoyiptiamgang ftheoracedyopanyin@ dovedbgait the0 medifications and

r the g% f.t e erred t
chpifss iFy Foopadts iodfedipainalt ohihe TuBBlvt0 Akotdiy, i i
expressly priteddxirtRat thé &refdige d@ctipti® adddhB3cdyenin b irawings are

about 1.15. The amount of ink discharged is also a

IHP%WGW ehprsferted emiod tmagnisonly £ as himitieg theresy raflééleat gie trueespirit
ang @kop?h gcage @@se%@mvgﬁm%?bé &t&@IﬁedGJg Jel%?e QFF G ggﬁ?{dgg@ ajms.

tance refer rom a
about 55 m crons. leen t he nozzI e center to




center spacing S2, it is preferred that the spacing S2
be I ess than the distance H It is particularly
w@emseried that the ratio of S2/H be | ess thanPebus005/003953
1.5 when S2 is less than 42 mcrons. 10 Wiile the
f oregoi ng enbodi nents have been described in terns of
a nozzle plate or a nozzle plate and thick film
CLAYMS, it will be appreciated that the ink chanbers
nd [ (Eannels may be formed exclusively in either
ﬂésﬁ EE? Splate or thick filmlayer, or may be
1. fgrfm?ﬁlhéaa f&qﬁnklj@ p?iﬂ?e?ltﬁe PliAthacPdbinprlRingk film layer.
Formation of the chanber and ink channel in both
t he awsmicandptat wbamtett:hnt@innfg ¢td¢ar§50mcay18rfe@lﬁgle @sd g plurality

reater degree of variation a
gchi eved ({%ﬁ?l? geCtbqno%?F‘@ S%aﬁf‘?%g}sganf?g mgﬁg lrfkntffgd efge each
ej ecti on ¢fhiRe ﬂ&tfé’ ckidh |a61%atoH hdvengCAispBa rafi® eangipCfroth labout
be apparent to those skilled in the art fromthe
precedi ngd-déseabpt bda and the acconpanyi ng drawi ngs,
t hat i . 0 e
e dﬁpﬁg filh’l ﬁ%ér ;ﬁtsécl‘?ér?]i\(jtg r¥ ?%F}l%@ cd(l:.%%)(rj Qﬁbﬁféz t er}hfcﬂgﬂm layer
expr essl yhavingefodael tHeadin tah;ﬁufadlt}Elerfkgfed@&hambérs and arnid feed

t he acconpanying drawings are illustratjve o

preferr egﬁm&q%’m@dm tg theRjurality,efiink gieg st %ctﬂeﬁtoraf@d

t hat t

e o P REAC (o ONRE 20, Ber, B RIRR e containing 2
clai ns. pPurdiDy200 5691F 0DTesPOT HHISAMY PREO $BrrePoAding to the

What is clai di.: 1 rinthead for an ink jet
printer, Ryal ﬁyrqfﬁ'fﬁ%@ﬁ%l @cf'%f?’si ng: a sem conduct or
SubSieRdiR AP BhaToRihd 8a8he ORI Bk HERY 896€ vAHa dicch

plurality of ection actuators spaced a di stance
fromthe ramgmg én@m egztg@ 6080 abouf 24Medpindndejvbertinothe distance

15 1t ot e SEE b amf P et ARl b e ink

the sem epreugh&tatsybstrate, the thick filmlayer

having forned therein a plurality of ink feed chanbers

and ink feed channels corresponding to the plurality

0 t t;u e h

frh{a ﬂ&? n?l#%@ kdf?él @hﬂla%\g&é g ﬁnka Z{%%%{ gftﬁllt?rgsn rﬁri"f‘s%gﬁ%ter
mﬁ&@mallty of nozzle holes in the nozzle pl ate

corresponding to the

3. The printhead of claim 2, wherein the heater resistors have a width of less than or

equal to 15 microns.

4. The printhead of claim 2, wherein the heater resistors have a resistance ranging

from about 80 to about 200 ohms.

5. The printhead of claim I, wherein the nozzle holes comprise oblong nozzle holes

having a long axis to diameter ratio greater than about 1.15.

10



plurality of ink feed chanbers, wherein adjacent ones
of the nozzle holes are spaced apart with a pitch
wo 200giormy2f r om about 600 to about 2400 dpi and PEEUS1005/003953
the distance fromthe ink feed edge is substantially
the sane for each of the ink ejection actuators. 2.
The printhead of claiml, wherein the ink ejection
6. aktteyainthiend o6 njaim § ewheraingthe inkefsed ¢dgesomPrischlam ipk feudiséaidand

of et PGB S S S pE APosTET b dsdaene
of ghrRrddd3lotWherein the heater resistors have a

resi stance ranging fromabout 80 to about 200 ohns.
5. The printhead of claim1, wherein the nozzle holes

7 O e B R PGP AL BB BB s, an
2005/KfdiA A RinlédAIAP4HIRAL BontBins THE oPmbrd iRk dekdadlots.

claim1l1l, wherein the ink feed edge conprises an ink
feed slot, and wherein the plurality of ink ejection
a r .

5. G DR R i e TGS pE I, Rl B R o
f eedlisgpdgel @dyphn oaesidant éaek of dednls feetl slodand  wherein the
sem conductor substrate contains two or nore ink feed
slots. 8. The printhead of claim?7, wherein the

9. PHY 'rithé/aggéfod}z{i& £l ‘ﬁfeﬁ-éi% cﬁ&%rhi%}ffgjéng thfe! fhk ejﬁcé&&%ﬁgat‘a&l t6 an

on one Ssi each of the i sl ot s

pri rexhedtheafozelediotes 15 grebter tham the pdicht ance from t he ink
ej ection actuators to an exit of the nozzle holes is
greater than the pitch. 10. The printhead of claim 1,

10M B eShrihtRead @i cPaiff 1, R r&h aGHiid Bf theiRhah a i fthRD 418 the ink
ink ‘ejection actuators to an exit of the nozzle holes

r angésstipn aetuatbtsup ap eBitiof thebwarle holes ranges fram aholat P Stto about
pri rltier cartridge containing the printhead of claim8.

12 ‘printhead for an ink jet printer conprising: a
sem conduct or substrate containing at | east one ink

feed edge and a plurality ) )
11. An ink jet printer cartridge containing the printhead of claim 8.

12. A printhead for an ink jet printer comprising:

a semiconductor substrate containing at least one ink feed edge and a plurality
of ink ejection actuators spaced a distance from the ink feed edge, each
of the ink ejection actuators having an aspect ratio ranging from about
1.5:1 to about 6:1; and

a nozzle plate attached to the semiconductor substrate, the nozzle plate
containing a plurality of nozzle holes, ink chambers and ink channels
laser ablated in the nozzle plate corresponding to the plurality of ink
ejection actuators,

wherein adjacent nozzle holes are spaced apart with a pitch ranging from
about 600 to about 1200 dpi and wherein the distance from the ink feed

edge is substantially the same for each of the ink ejection actuators.

11



of ink ejection actuators spaced a di stance fromthe
ink feed edge, each of the ink ejection actuators
whansngroan aspect ratio ranging from about 1. BCT/USH05/003953
about 6:1; and a nozzle plate attached to the
sem conduct or substrate, the nozzle plate containing
a plurality of nozzle holes, ink chanbers and ink
1 haheerinthchdo€claahl 1t edieten tjeetionoacthaons|catnprise heater resistors

corresponding to . the plurality of ink .ejecti

ot bR Mo el sch rsisialos e fsh Gl toabout 200
aparfgpwéth a pitch ranging from about 600 to about

1200 dpi and wherein the distance fromthe ink feed

edge is substantially the sanme for each of the ink

TR RIS 308 13:37rRa i FRCA 201 ComPip Pifircular nozzle
hodxerein ej ection actuators conprise heater resi stors

and the heater resistors have a resistance ranging
from about 80 to about 200 ohns. 14. The printhead of

| & I: hol ' iCl r

IR 4R 15,000¢ U 858 SAMRORSAH G Ao,
t he amkwheeiad tad prirglppifiigesieation akudi@e dresdioposed dRcboth sides
wherein the plurality of ink ejection actuators are
di spfdBeinkfeebsiot si des of the ink feed slot. 16. The
printhead of claim 12, wherein the ink feed edge
conprises an ink feed slot, and wherein the

16 ehhe pmttheadoof cdaitnst2, atheraio tieank seadvanige comprisesianknk éed slot,
slots., 17.. The printhead of claim16, wherein the
pl urdid ¥R thesemigQnduptghsupsirals Copiaing fwo gy @a&@[ﬂ e gots.
on one side of each of the ink feed slots. 18. An ink
jet printer cartridge containing the printhead of

17| dhenptthead ®f chaimi hk Widreiprthe tpduralstar afr ind gegection tagtuatarg) are

the printhead of claim.16 0.. ri nthead for a

¢ herSROSPRY 80 opF e & Sl T kR Sompr i o ng: 2
sem conduct or substrate containing at | east one ink
feed edge and a plurality of heater resistors spaced
185 An bkdpiguimteraartiifge ¢onkeiniag theeptipshead afplagh 16he  heat er
resistors having a resistance ranging fromabout 80 to
about 200

19. An ink jet printer cartridge containing the printhead of claim 16.

20. A printhead for a thermal ink jet printer, the printhead comprising:

a semiconductor substrate containing at least one ink feed edge and a plurality
of heater resistors spaced a distance from the ink feed edge, each of the
heater resistors having a resistance ranging from about 80 to about 200
ohms;

a thick film layer attached to the semiconductor substrate, the thick film layer
having formed therein a plurality of ink feed chambers énd ink feed
channels corresponding to the plurality of ink ejection actuators; and

a nozzle plate attached to the thick film layer, the nozzle plate containing a
plurality of nozzle holes in the nozzle plate corresponding to the

plurality of ink feed chambers,

12



ohnms; a thick filmlayer attached to the sem conduct or

substrate, the thick filmlayer having fornmed therein
wa@2@sorakity of ink feed chanmbers and i nk feedPCT/US2005/003953

channel s corresponding to the plurality of ink

ej ection actuators; and a nozzle plate attached to the

thick filmlayer, the nozzle plate containing a

pl ur whérein adjacemr zoezlbdloks arn stphkmdnamzﬂ withl apéch ranging from

correspondi n t he ralit feed chanbers,

19 W0 200wy b %@Wf@o@s ‘6%‘5’8@3 %QP@PW’E’ g%mk feed
nozzl e h O&fg% i85hsBRANRShARANE fd’i"eﬁéh é‘f R héder x@ﬁ&bf&g

from about 600 to about 2400 dpi and wherein the

dlstance fromthe ink feed edge is substantlally t he

25 % RO SRESh i A wheinrach ST RAR T refiStare kg aspect ratio

resi ghping fRas abdut ASPE®aboat 6:0. rangi ng from about
1.5:1 to about 6:1. 22. The printhead of claim 20,

wher ei n the I nk feed edge conprises an ink feed slot,

22 IRELEL NGB U Abiclotn Ble MEHEN e SPANS Bk fied sl

di spose fdes o

pri nadaeaﬁerefn thé @lmla9 ,of\heaeleteelstdﬂeaﬂerms;foe@ﬂore ﬂgm sides of the

conprises an ink feed slot, and wherein the

sem @bARdHYr substrate contalns two or- nore ink feed

slots. 24. The printhead of claim 23, wherein the

plurality of heater resistors are disposed only on one
2% Tiee pfinthehofadlaitnh20, iwherdig etk iak déesl. edgb coMprisaslanjigk feed slot,

prisnt er cartr dge .containing the prjnthead of ¢

20. & %elardlen%%a@dvs&or st HE camtain kWP &F M9 wk?s%ed slots.

t he prlnthead conprising: a sem conductor substrate

containing at |east one ink feed edge and a plurality
240f The ptintheadeef daior 33 swhareid the dlusalin o€ heatemmesisers ade disposed

f eed h of th he S|stors havi ng a
resﬁgﬁ%ﬁﬂgl ﬁ@?ﬁ@acilro‘gmedﬂgh‘? dé[?%o about 200 ohns; a
nozzl e plate attached to the sem conductor substrate,
the nozzle plate containing a plurality of nozzle
2hohe ik jerminieraatadge eantaining theprmikdad of cleére20abl at ed i n
the nozzle plate corresponding to the plurality of ink

26. A printhead for a thermal ink jet printer, the printhead comprising:

a semiconductor substrate containing at least one ink feed edge and a plurality
of heater resistors spaced a distance from the ink feed edge, each of the
heater resistors having a resistance ranging from about 80 to about 200
ohms;

a nozzle plate attached to the semiconductor substrate, the nozzle plate
containing a plurality of nozzle holes, ink chambers and ink channels
laser ablated in the nozzle plate corresponding to the plurality of ink
ejection actuators,

wherein adjacent nozzle holes are spaced apart with a pitch ranging from
about 600 to about 1200 dpi and wherein the distance from the ink feed

edge is substantially the same for each of the heater resistors.

13



ej ection actuators, wherein adjacent nozzle holes are
spaced apart with a pitch ranging from about 600 to
w@bwan7h200 dpi and wherein the distance from p¢EUSIRS/003953
feed edge is substantially the same for each of the
heater resistors. 13 WO 2005/077027 PCT/ US2005/ 003953
27. The printhead of claim26 wherein each of the
2’ hebeeprimtberdsifal @ mhizts where msqaele bf thathieater rearsgprsaibasf ancaspect ratio
about 1.5:1 to abg t 6;@. 28, The printhead of claim
26, Wﬂ@PEﬁW“fﬂ§“¢ %'#@ 0@585 conprises an ink feed
slot, and wherein the plurality of heater resistors

are dlsposed on both sides of the ink feed slot. 29.
28rhEhepriinthéesioef ddimc?@iwherdn twhisk dead adge compriseseaa ink dred slot,

S o iterfl, he eI of e reBory BE Birosdsl & pasp e pf the

sl otigk feedQlotThe printhead of claim 29, wherein the
plurality of heater resistors are disposed only on one
side of each of the ink feed slots. 31. An ink jet

262”6"1"1% ;ilﬁlntﬁ&{dt Jf c(iiaqg‘l f()?%hae} 1’1 e 1“(] Fedd'e dgg @&%gné’es a%l 1§f( ed slot,

and wherein the semiconductor substrate contains two or more ink feed slots.

30. The printhead of claim 29, wherein the plurality of heater resistors are disposed

only on one side of each of the ink feed slots.

31. Anink jet printer cartridge containing the printhead of claim 26.
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