WO 2004/ 087423 PCT/ US2004/ 008852 | NKJET PRI NTHEAD HAVI NG BUBBLE CHAMBER AND
HEATER G:FSET FROM NOZZLE Field of the Invention 5 The present invention

rel at es to intheads. In particular, it relates enent

of a bubbM %@é’ﬁ%@% and heater element in a printhead ha%{l?Tnfggzao g%g@%}gnti al
offset froman orifice or nozzle of a nozzle plate. Background of the

I nvention 10 The art of inkjet printing is relatively well known. In

general, an image is produced by emtting ink drops froma printhead at

preci se nonents such that t he | ocat i on.
The pri nt heBdKIET BRBHHHE % %ﬁCME%ﬁ%ﬁ?%ﬁiew ce,

such as an inkjet pri nter and | FIGRUIROZIOEr eci procate relative to an
: advanci ng print medi um and to em't ink drops at tines pursuant to 15
commands of a m croprocessor or other controller. The timng of the ink drop

em ssions corresponds to a patte of the image being printed.
- Qther than printers, fan‘iliariz eﬁw)éﬁjmsn orating inkjet technol ogy
include fax mephi ﬁ'x%§ent %Nenhéh Res topihﬁjfeﬂﬁnmhéﬁtserlﬁ,paﬁtwlagrtapdhtefstophmt ters,
to name a few. A conventional thermnal rinthead incl udes access to a

| ocal or asreamgement2d asbnbblﬂ;ﬂh@lﬁlb@oﬂndrhﬂéﬁel ﬁlﬁtﬁ’émi 1|'l‘tl4'=1 pripthradhaying @ispbstaptighy i er
| ayer, he or fice %L 2 o zl@éfa?e(:hed or formed with the heater chip,
and an |n?J@T thp oty tHRTeE? SR a tape automated bond (TAB) circuit,
for electrically connecting the heater chip to the printer during use. The
heater chip, in turn, typically incluyde Iurallty of thin filmresistors
or heat er el enents fabr| cat eB2ggroyad of SFEULEB Ski ng and et chi ng techni ques
n & pyibstr at eﬁh@%ﬁswﬂd poin 111§(?§]'13Ht?ve[—y Wl Bfowll n BefdrRlglag iBHa00 i9f 1Nk,
an i ndi vidual heater 1s uni'que dressed wth a predeterm ned anount of
current t prodagddby etmitting dnls geips ﬁmhmpnmheadnkt prEgises mopzentsessich Hbati iy t o
vaporize in a | ocal bbl e chanb n th ater nozzl e | at e)
2nd Lo helByEEp it PG Sh BB R jRschat By PHESASL DI CP Ao o AT EE he

print 30paRdidfhge within a device, such as an inkjet printer, and is caused to reciprocate

relative to an advancing print medium and to emut ink drops at times pursuant to
15  commands of a microprocessor or other confroller. The timing of the ink drop emissions
corresponds to a pattern of pixels of the image being printed. Other than printers,
familiar devices incorporating inkjet technology include fax machines, all-in-ones, photo

printers, and graphics plotters, {0 name a few.
A conventional thermal inkjet printhead includes access to a local or remote
20 supply of color or mono ink, a heater chip, a barrier layer, a nozzle or orifice plate
( attached or formed with the heater chip, and an mput/oniput connector, such as a tape
automated bond (TAB) circuit, for electrically connecting the heater chip to the printer
during use. The heater chip, in turn, typically includes a plurality of thin film resistors or
heater elements fabricated by deposition, masking and etching techniques on a substrate

25  such as silicon.

. To print or emit a single drop of ink, an individual heater is uniquely addressed
with a predetermined amount of current to rapidly heat a small volume of ink. This
causes the ink to vaporize in a local bubble chamber (between the heater and nozzle
plate) and to be ejected through and projected by the nozzle plate towards the print

30  medivm.



1 WD 2004/ 087423 PCT/ US2004/ 008852 Wth reference to Figures la and Ib, a
typi cal geonetry of a heater elenent 10 and a bubble chanber 12 relative to
an orificeWDRWHIE4Rozzl e plate 15 includes a substanti AGWILEMWEBEF and
symetrical relationship. In particular, a plunb line 28 originating from
an orifice center 30 has no |lateral offset froma heater center 32. In 5
addition, the orifice center exists substantially equidistant from each

coi ner of the bubble chanber. As a result, stagnant regions 22 of the
bubbl e chanber Wigh sfereticd © Figaps ab knd bubbiypial pednmeyld 4 heaterfelemmt ilAt o t he
bubbl e chanber_ (through ink; channel 20 .and.ink via .18) durin se. Over
time, trappecd DUty chambeybdiraedveafaaty PHIFT 4798 &HoHR 1%"’56 B‘Fe&?gwaes freat
transfer fsﬁﬂsgan}_{my Qgﬁk%d 1 WiihetRalt Retibkhidhi BhyAManiual hMmSt BRS 28
operation. 1 ccordingly, a heed exists to prevent air bubble formation and
accumnul at iogiginating ifnokj et opificy térdard) hadureigteyal giffsehfromra bertar igntphé2. In

above- nenti,oned and.pt her , prob] e becone. s by appl vin

princi gF e§‘d§1q8n’t %Bﬂﬁﬁeg%enﬁ%]éjis %&Fﬁ%e uﬁ@%‘@&bﬁ%3?£1ecr0¥1(§%§££rbi@gjé18%%ri nt head
having a chabbd-e gharveail, sndndieadégsnselleneht tabbleahambtiald ywevd @ gapaizzl e or
orifice in a nozzle plate. In one enbodj nmen the invention teaches, an

d t,
i nkj et pr ibubblesin gk A thet Slowstinta thedtabyle chembey{Buirugh inle eheanrelelOcnd ink vigy

di vi di ng nat i j: ' i | ] t has an
aspect rattot Bt e (AL B p A et Ea} b bl acel BR0ER ShETRA. 120
rati o of nm@sErahkfeNfrafabt hiidr clefnet @rthGink whichgsveniuaity stépsaspbiatien.chanber
substantially surrounds the heater el eme,ni) i tg a plurality of walls that
resi dd¥subst anticaPidingy /i ed A HtS orBYRR2p P‘\;\g&ﬁ PuRAgPn RG AHIWRAL0B| Brent . A
nozzl e pl %lﬁct Mesqd he bubbl e chamber and has an orifice axially ext endi ng
t hrough a thickness thereof. A center of the orifice originates a plunb
line such that an offset distance exists froma center of the heater 25

el ement in a range from about g toaabof%eﬁg r’EiO rons, for exanple. An ink
fl ow channel through one of tf er- wal I's has a primary
direction of i rmkefiwesuddgibast iaad | dtherPpioBlehs] bt@ne kened hydepas omeof the
heat er el enment. The bubbl e chanber and ink flow channel nmay exist in the

nozzl é5pl #eciplen aadyigpohings assgeiatedomith they hpteinedier descgbeds printhéadylaving pat

bubble chamber and heater element offset relative to a nozzle or orifice in a nozzle plate.

In one cmbodiment, the invention teaches an inkjet printhead with a substantially
rectangular heater element. By dividing a 1engﬁh dimension by a width dimension, the
heater element has an aspect ratio of more than about 2.0. More preferably, it has an

20 aspect ratio of more than about 2.5, 4.0 or 5.0 or greater. A bubble chamber substantialiy
surrounds the heater element with a plurality of walls that reside substantially equidistant
from a periphery of the heater element. A nozzle plate covers the bubble chamber and
has an orifice axially extending through a thickness thereof. A center of the orifice
originates a plumb line such that an offset distance exists from a center of the heater

25  element in a range from about 6 to about 10 microns, for example. An ink flow channel
through one of the bubble chamber walls has a primary direction of ink flow substantially
paralleling a length dimension of the heater element. The bubble chamber and ink flow
chammel may exist in the nozzle plate, in a barrier layer or in a plurality of film layers that
define a heater chip. Inkjef printheads and inkjet printers for housing the printheads are

30  also disclosed.



define a heater chip. Inkget printheads and inkjet printers for housing the
printheads are 30 also disclosed. 2 WD 2004/ 087423 PCT/ US2004/ 008852 These
and ot her ts, aspects, advantages, and feature ent

i nventi onW%n%Qﬁg{)e ‘J‘s}'et forth in the description which fosfl’églf\//\gﬁag"‘r/l@giﬁ% part

wi || becone apparent to those of ordinary skill in the art by reference to
the followi ng description of the invention and referenced draw ngs or by
practice of the invention. The aspects, 5 advantages, and features of the

invention are realized and attai ned by me of the, . nstrugp}%tal i t‘lges
procedur es, anBhaserbi eiar sHPORERLSe G?l)&iﬂlsy 5&611948% apd,featiyes Rk e pessa

cl ai ns. Brlef Des t L0 f e i gmat i c
: top view Pﬁerglcogowgghges!atw trﬁ ltnhtjgg ﬁ%ﬁ’g?"}‘? fd#g%r?%% h gér&‘% %gl? bgﬁﬁll nk-j et
pri nt headggpdbht & mbﬁafrbﬂhdﬁ!aty ﬂ@]aﬁremea;ﬁrbya‘cfet anab Ito/thaéuﬂewme degshigtiovef t 0 a
nozzle; Figure Ibis art |€ i.de vi gw of .the._i 1r11 | nLFIEead eg%bbl e
chamber aH§ IHEHEP angfle dF%"”‘F*a?k%’n RIPEIYCT ohdhg

?gasre 2a is a
di agr agmal iGnf, gE’s \éhQWehtﬁle@(Ef%QQﬁﬁeﬁuw fafe fdaBzddeaeh bﬂ@ﬁecDBy th@ms pF elsent
invention of an 1nkjet printhead bubbl e chanber and heater el enent offset
rel ative instumeniaitisepropsdyiRseaheanpinatigns pardeulanlypoipied gubin tha arpsakpkt

print head bubbl e chanber and heater elenent of Figure 2a taken along line
2b- 2b; 2001#}%%re 3 is a perspective view in accordance with an alternative
enbodi ment of the present invention of an inkjet printhead bubbl e chanber
and heater elenment offset rel atlve to a nozzl e; Fi gure 4 is a perspective
view i n accordance wth the Bugaslss [heraviggent i nvention of an i nkj et
priothgad Wt heg.fepliet & @Mﬁy @gvmﬂgpdo?da%@mrm@fagcﬁ%oﬁhe pier €l ement
ff(set1 rel atlve 0 & ngz7 gure IS a perspective viewin

accor danc ertwif &h itk prieéehd hgtshlothaiber prideetet symmeirically centered relative to a

nozzle;

Figure 1b is a partial side view of the inkjet printhead bubble chamber and heater
of Figure 1a taken along line 1b-1b;

15 Figure 2a is a diagrammatic top view in accordance with the teachings of the
present invention of an inkjet printhead bubble chamber and heater element offset relative
to a nozzle;

Figure 2b is a partial side view of the inkjet printhead bubble chamber and heater
element of Figure 2a taken ajong line Zb-2b;

20 Figure 3 is a perspective view in accordance with an alternative embodiment of
the present invention of an inkjet printhead bubble chamber and heater element offset
relative to a nozzle; |

Figure 4 is a perspective view in accordance with the teachings of the present
invention of an inkjet printhead with a heater chip having a bubble chamber and heater

25  element offset relative to a nozzle; and

Figure 5 is a perspective view in accordance with the teachings of the present
mvention of an inkjet printer for housing an inkjet printhead with a bubble chamber and

heater element offset relative to a nozzle.
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i nvention of an inkjet printer for housing an inkjet printhead with a. bubble
chanber and heater elenent offset relative to a nozzle. %@X&@g@%lOSMB
PCT/ US2004M§bH8§987433et ai | ed Description of the Preferred | ?“ln the
foll owi ng detail ed description of the preferred enbodi nents, reference is
made to the acconpanying drawings that forma part hereof, and in which is
shown by way of illustration, specific enbodinents in which the inventions
may be practiced. 5 These embodi nents are descrl bed |n SUffICI ent detail to
enabl e those skilled in theafsd Désoriptment ed Pmbediniguts and it is to be

‘ crome BOR
under st ood t hat r enbodi be hat, pr r ot her
changes may be Iﬁ‘atii% Hties efggif;a‘?sf’ﬂél ?Jtunt&’? F?ee% %n qu?lF{}_}Ss lsféé@%é i
Lnvention. 1884 @k l0nGH: ﬁ%%%hivﬁﬁaéjﬁﬁ@fdﬁtdﬁdi*th@_eoﬂ her Bf Whigh iNgowtnobpe t aken
ina limting sense, an 3 e scope of the present invention is defined only

by the appwmziexﬂ mastuanam,nsyeaﬁd mlni@dnn@@mwaﬂ@ht the ipyensiopo PuinkeePWFESRdt he

Pt ng n' bFe oot Bitels 3t Bl Rl RRTan daR %o GBI LIRS afLETEE o,

descri bed. pdde thefReRime atdit i @lamdatoad tha? btheﬁelhbtﬁilﬁént@ hesyertutiZizéd f or
heat i ng |n}li in an inkj et printhead has a suostantlal lé angul r shape
defi ned byans thaiwyeersy onpdenwhangesmay be made wihew depgtipg &o ahﬁg\eé?%rﬂ

aspect ratja.of I&Ja i f”%@gﬁlﬁ@ﬁ%%&ﬂkﬁ%&%@n%‘iﬁ B LR SHOR Bestaﬂéneﬁlt@r t han

about 2.0. 1'n anot er e e as ratio is greater than about

2.5. Pref elimbing, sehdee ahd tigt svope nﬁﬁw p:esentsmaﬁﬁum 35lehnmi anlp by thheprentidde wi dt h
di rrensi n i.s. abo%} 13. 2 miﬁrotns n st er enb d| rrertll t he s ect
ratio abiginEs and ShenssauyeRiy | {P a?“ﬁ’é %n%‘hdt’l er’rB’E?§? NV 9, AP crops,

whil e the whighhatBBieShabdrend ReAROKmIR hiRikE AOSHsek Froft d hdzzRIR@Kifice of
enbodi nent's, the aspect ratio is about 5.0 or greater. Substantially

sur r oundi ngnomp‘l@‘aufehel@nﬁmd@scr@eth bubbl e chanmber 212 having a plurality
O N e Ty A
is well knhWet Brinthbal Rdsta subs@htily refigngi@h |shapeeddfided b uhsioiint bl Width w
equi di stant. from a_periphery, 216 of the i . .

15 dimension. In one embodiment, an aspect ratio of the length dimension to the width
dimension is greater than about 2.0. In another embodiment, the aspect ratio is greater
than about 2.5. Preferably, the length dimension is about 35.6 microns while the width
dimension is about 13.2 microns. In still another embodiment, the aspect ratio is about
4.0. Specifically, the length dimension is about 40 microns while the width dimension is

20 about 10 microns. In still other embodiments, the aspect ratio is about 5.0 or greater.

Substantially surrounding the heater element is a bubble chamber 212 having a
plurality of walls 214. In cross section, the walls 214 rise above the heater element 210
to provide a chamber in which ink can become heated o form a bubble as i1s well know in
the art. Each of the walls resides substantially equidistant from a periphery 216 of the

25  heater element such that the heater element is substantially centered within the bubble
chamber. The walls 214 of the bubble chamber are substantially perpendicular to one
another and define length L and width W distances substantially paralleling the length
and width dimensions of the heater element. In one embodiment, the length distance is
about 42 microns while the width distance is about 31 microns. In another embodiment,

30 any, some or all of the corner regions 215 (two of the four labeled) of the bubble chamber

have a chamfer cut 217. They may additionally include fillets or other.



25 heater elenment such that the heater elenment is substantially centered

Wi thin the bubble chanber. The walls 214 of the bubble chanber are

subst ant i glyl ok pandi cul ar to one another and define Iggnaidrods/agdzwi dth W
di stances substantially paralleling the length and w dth di nensi ons of the
heater elenment. In one enbodinent, the I ength distance is about 42 m crons
while the width distance is about 31 mcrons. |In another enbodi nent, 30 any,
sonme or all of the corner regions 215 (two of the four |abeled) of the

bubbl hanb h t lek b i{p&;

fiTers or of Mot e oD Bist s ey oot s s ™ Ko ha bbb e
chanber i g 8 fngzadl 8 opk at enctd 8f & vediesatf tpatyives liyprseprahip-fim layersiof kecater i s
heator —chiip. I ArbREbenBa: R RO e st Brreeral o Ferd Breie 220 ©
and a sec %ﬁyé:{fﬁ(é%thi%ﬁg?sg ket i N8 vAxidibimk M8 oaeH hemReile pXd AbnYhéext endi ng

» through thRé nozzle plate fromthe 5 sécond to the first surface is an

orifice 22dofibto thi dedtisngfacenid aprasifiee 24 fpriejricting endpiofactng ink deeithiguglse.

Preferably, .but nqot necessarily required,. the shape he orifi onpri ses
a frust UW%HSEa%gW&g@’ ﬁ‘é fﬂ’iﬁﬁ“ﬁ nb’l BSBHS: %ISﬁglpﬁcfgg%évﬁ%egcoﬁdn%%g%

di amet er  gREHNYnRAShapd dSMRABIEIdPRERY walls 226thaving MEbige diaeirabeing 02y 230 at
the other end thereof. (For sinplicity in Figure 2a, openings 228 and 230

are shown asoeeeidhfhistred and prmmi GrmetarPerng 238 it die nther ihe testetipl €07 present
d i nt heagds, | di anet i : , tadl 14
o ons. - PROPE AR pRlREE 208 AP0 ReRaeh ifrinfdein e A20 O )

shr(i"ntio as apeprodentugive esahpltj present day pastheddsdrve GhaDRlianictat spenirgsionchy t o 900
or ..1200 DP| or nore, In a plane substantially parallel wth the first
surface 2251‘3610_ flprat ﬂézOZI]é Prae; ﬁ’h‘ge%‘i leoﬁtilF‘ieE_Ee"?%4tlhﬂfa@sa mSR§eE #ill cent er
232. A pl yphudiiv@nidB4s Pringh S AlsbRgods i9MRehR & 660 ©P1 é&(ﬁél})&*linﬂﬁsto a0 f f set

di st ance froma centér 236 forned on a surface 238 of the heater el ement
210. I n odd0dhBbaimemt, the offset distance O is about 6 to about 10

m croneters inga straigh i j . r4~acC 3 t ater and
all within the® %Bfrail‘%ﬁ‘g?sgt/“‘g‘i‘@fp%ﬁﬁ%ﬁ@ﬁﬁgg @%%gglggc#ggp ,O%iﬂt%e ?%Z%%t}%%}?’ tgfgo or 8.5
mcrons. lofifisd P24 hanad keific? @etab @8l nBnplunibt linea bk srifinaingafomt thé orificabout 18
m crons. '?:\gnchrrlgalsgg ogff%etocﬂgta ({ee(g%r‘ormeg center 236 formed on a surface 238 of the heater

element 210. In one embodiment, the offset distance O is about 6 to about 10
micrometers in a straight line distance on the surface 238 of the heater and all within the
periphery 216. In another embodiment, it is about 8.0 or 8.5 microns. In still ancther
20  embodiment, it ranges from about 6 to about 18 microns. According to one preferred
embodiment, the maximum offset is calculated according to the formmia % (f - (d + 2t)).
It should now be appreciated this offset essentially translates prior art orifices
from a central position above the heater element to.a backside of the bubble chamber in a
direction away from the ink via 240. In this manner, stagnant regions (element 22,
25  Figures la, 1b) of the prior art become effectively eliminated. In turn, the formation and
accumulation of air bubbles in a single bubble chamber over time becomes lessened or
eliminated. In one actnal experiment by the inventor, first pass print tests of an inkjet
printhead having these offsets revealed an increase of about 10 to 20% in population-
wide functional test yields.
30 Further connected to the bubble chamber, through a wall thereof on a side closest

to the ink via 240, is an ink flow channel 250 having a long and short dimension of about



enbodi nent, the maxi numoffset is calculated according to the fornmula 1/2 «(f
- (d + 2t)). It should now be appreciated this offset essentiall -
translates&%kﬁmﬁm¥ﬂ¥‘orifices froma central position abgéinﬁﬁ®hﬁé§?ér

el ement to. a backside of the bubble chanmber in a direction away fromthe
ink via 240. In this manner, stagnant regions (element 22, 25 Figures |a,

| b) of the prior art becone effectively elimnated. In turn, the formation
and accunul ation of air bubbles in a single bubble chanber over tine becones
| essened 022 nsibions mad 68. mimomsn eespedtivally. eXpe rsubsantiay paredle] mals 287, 259 r st

i nt _test I nkj et | nt head [ t f.f d
et onse ofeb ot Pk gh wepuaralr AR ae (RRTiara esr Ty Rkfs. “30
Furt her cog{p,g{é{l@glyt&rﬁéiﬁi%}h@% Q 16RAMARE) el AFGR: Rlwad D40 had edisttialdy si de

closest to the 1nk via 240, is an ink flow channel 250 having a | ong and

short di mepatlish tofhedtnsth dngnsion oftha hemasdanpETP UL BY D38 Slowsshigngl ons and

18 microns, r.espectively. . [ ' [ I WA defi ne
Che i nic 11 S 2 Grnap %r%v%ﬁé?id%é@?&??“r’%%ﬁao% DRt Rneh dmensiorPor 05| 1S
exi st subgidnitendlbyepenphe dirfitk 288 theraf gk Ejedied diroegdt tntorifite Pbiniank vi a

240 and subst

antially parallel to the lLength di.mension of the heater
el enent . . fIRY sgg%?)./nt}aﬁpg AV i ehP%‘B@}% %retcﬂﬁn'i E&“@ﬁ’aﬁﬁ%ﬂau?% Ogt%ri mary
direction subsiAntiiaddspideabligli ng the length dinmension | of the heater
el ement on the surface 238 thereof. Ink is ejected through the orifice 224

in a directi onAppibsitting that dnyintivadvel/lesatee clementie ope bfravayy deaterciénenis Gur t her

operatipon of the . .pri,nthead w l.| be.described.bel ow,. reciating that an
Rl vi fha S hepeptil] SRGE sy Roogt Ry Rar s ol EHARD 5 eod g e B0 er |
chip, skil hegeradiéh&anss RAWilD Gy8& 00 MbubdiratC AhighCh s @UR ofbyrofv@bldyeal | ng t he
heater elenments as thin filmlayers on a substrate through a series of

growt h | ayeepesitiogeleyeist ineaskingy aregenings hetplithoarapby.nispg/or pHidies i arhe@eaphy,
and/ or etchi er [ : . . I m t he
fhin fi 1 m Pyl ReRidn RS Aok ARE md B GRS SLIGRTOR 473k

(i ncl udi nglimityd baxdase sibstrae (ichidinpt any biasy enderalduasr gilcteo suchbasatiliceapphi r e

{ransi L5 or o papbRre FRORHEHB)EYdD bt B HRGbSEl) SERTOHAALE S TBiPhxi a
llayers of gfpThCRBhnology, doped and undoped semiconductors, epitaxial layers of silicon
supported by a base semiconductor structure, as well as other semiconductor structures
known or hereinafter developed); a thermal barrier layer on the substrate; a heater or
resistor layer on the thermal barrier layer; a conductor layer (bifurcated into positive and
20 negative electrode sections, i.e., anodes and cathodes) on the resistor layer to heat the
resistor layer through thermal conductivity during use; passivation layers, such as SiC
and/or SiN; and a cavitation layer on the passivation layer(s).
Accordingly, in another depiction of the invention (Figure 3), the heater element
310 is formed on a substrate 360 in the manner described. The bubble chamber 312
25  surrounds the heater element with a plurality of walls 314. A nozzle plate 318 has an
orifice 334 cut therein and overlies the bubble chamber. A plumb line originating from a
center of the orifice intersects a surface of the heater element at a position 334. In turn, a
center 336 of the heater element is offset from position 334 in a straight line distance of
about 6 to about 10 micrometers. Ink 358 flows into the bubble chamber during use
30  through an ink channel 350 cut through one of the walls 314.



supported by a base sem conductor structure, as well as other sem conductor
structures known or hereinafter devel oped); a thermal barrier |ayer on the
substr at eyoaoh@Rbe3 Oor resistor layer on the thermal ba0TiEnRoliayess? a
conductor layer (bifurcated into positive and 20 negative el ectrode
sections, i.e., anodes and cathodes) on the resistor |ayer to heat the
resistor |ayer through thermal conductivity during use; passivation |ayers,
such as SIC and/or SiN, and a cavitation |layer on the passivation |ayer(s).
Accordi ngly, anot her e | iaN [ eat er
el enent 310 |§ Y FEPREY S0 gglegs;% 2t%rvglfh1§1g%83 M%g&%§ﬁ§g9§e§%§%£%ﬁe¢ he
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* center 33 er e I's offset fromposition 334 in a straight
line dfst gﬂl@ﬁxeﬂﬂayeﬁ:bmuhs @ teparatposituctie titar dimtédragd fas’iweQBWef Itawbubbdt o t he

bubbl e ch in 30 .t hr h_an ink annel 350 cut through one of
the wal l s%ﬂ GR&@%@%}Wfaﬁ%ﬁgﬁ%ﬁ%f%gggﬁm By comparing Figures 2a,
2b wi th Fi gur epByaddi@saibslintdnfthithintiie gotessiiguhe 1dverstitesmadpiceiédbe t hat
either one or both of the bubble chamber and jnk flow channel can he formed

as a seri ewy ofriathiof dheminabrvapss| denesitianayEVD)o physcab grporotepasiiensz it 1M at e.

They shoul d. al so_appr a z te. | I b med as a
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deposi ti Oreéchﬁlgh@ mclﬂt’lé/ Sdu@ ale ﬁcﬁ@ﬁﬁteﬂ@@%yt\ﬂaﬁﬂ@ deRMbor dr;e&bﬁéxbéacﬂv%ﬂoﬁ)eans
deposi tion aporation, sputteri ngw?r other simlarly known 10 techni gues.
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barrier | a er or_ink flow channel feature
. Preferred photolithography steps mclude, but are not limited to, exposure to

ultraviolet or x-ray light sources, or other and photomasking includes clear-field or dark-
field masks as those terms are well understood in the art. |
In still other embodiments, the substrate comiprises a silicon wafer of p-type, 100
20  orientation, having a resistivity of 5-20 ohm/cm. Ifs beginning thickness is preferably,
but not necessarily required, any one of 525 -+/- 20 microns, 625 +/- 20 microns, or 625
+/- 15 microns with respective wafer diameters of 100 +/- 0.50 mm, 125 4/~ 0.50 mm,
and 150 +/- 0.50 mm.
The thermal bamier layer overlying the substrate includes a silicon oxide layer
25 mixed with a glass such as BPSG, PSG or PSOG with an exemplary thickness of about
(.5 to about 3 microns, especially 1.82 +/- 0.15 microns. This layer can be deposited or
grown according to manufacturing preference.
The heater element layer on the thermal barrier layer is about a 50-50% tantalumn-
aluminum composition layer of about 900 or 1000 angstroms thick. In other
30  embodiments, the resistor layer includes essentially pure or composition layers of any of

the following: hafnium, Hf, tantalum, Ta, titanium, Ti, tungsten, W, hafnium-diboride,



formati on techni ques include polyner |ayer deposition, followed by

phot ol i t hographi ¢ 15 and i mage devel opnent techni ques; o i on

t echni quesVapr{8t2io a polymer film Preferred photolifﬁggsg%ﬁggéﬁgps

i nclude, but are not limted to, exposure to wultraviolet or x-ray |ight
sources, or other and photomaski ng includes clear-field or dark- field masks
as those terns are well understood in the art. In still other enbodinents,
the substrate conprises a silicon waf

er of p-type, 10 orientation,
havi ng a r¥f;stlamiatuym-pitride, ZBa:bh r'ﬁaé%ﬁN»@lasTaa’ggh ni(ﬁsri@ @ﬁ&éﬁﬁg%l‘?dslﬁﬂsé?rer ably,
but not n ri eqyi.r any one of 525 +/- 20 mcrons, 625 +/- 20
m crons, gfl?%;g’“}ﬁ%(-é)fggme?:ﬂ{oehs W th respective wafer dianmeters of 100 +/-
0.50 mMm 125 +/ A cBn&Rtdiyer anelyibdportiensofBie hwaterThger tilvdudealanlanodd @rd 4 ayer

overlying the substrate includes a silicon oxide |a 2 jxed wth a
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al um num caonposi ti ,og ([,e/agler of about 900 or 1000 angstroms thick. In other
30 enbodi nERRELUN WED AGOPE: | ayer incl udes essentially pure or conposition

| ayers of any OWiﬂlh%fél_QxngeOW Bpurdaf N gﬂhth!sﬁd of 3R hatent Tentidd &Nihidtn Ti
tungsten, W hafniumdiboride,” 7 WO 2004/ 087423 PCT/ US2004/ 008852 Hf B2,
Tant al um nigenefatle as TA2NThT prinfkad)) 01 WAl Busingd il dornmd) ofgdrodyalpérand arledi st or
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fornmed of bachpeysuld theaeid duriogduse. In another embodiment, the internal compartment
15  includes three chambers for containing three supplies of ink, especially cyan, magenta
and yellow ink. In other embodiments, the compartment may contain black ink, photo-
ink and/or plurals of cyan, magenta or yellow ink. It will be appreciated that fluid
connections {not shown) may exist to connect the compartment(s) to a remote source of
nk.
20 A portion 191 of a tape automated bond (TAB) circuit 201 adheres to one surface
181 of the housing while another portion 211 adheres to another surface 221. As shown,
the two surfaces 181, 221 exist substantially perpendicularly to one another about an edge
231.
The TAB circuit 201 has a plurality of input/output (I/O) connectors 241
25  fabricated thereon for electrically connecting a heater chip 251 to an external device, such
as a printer, fax machine, copier, photo-printer, plotter, ali-in-one, etc., during use.
Pluralities of electrical conductors 261 exist on the TAB circuit 201 to electrically
connect and short the /O comnectors 241 to the bond pads 281 of the heater chip 251
and various manufacturing techniques are known for facilitating such connections.
30  Skilled artisans should appreciate that while eight /O connectors 241, eight electrical

conductors 261 and eight bond pads 281 are shown, any number are possible and the



10 160. Al though shown generally as a rectangul ar solid, the housing shape
varies ahd depends upon the external device that carries or contains the
printhead. The housing has at |east one conpartnent, i pcgigahosddogyseto, for
hol di ng aW9iAPY184#>0or refillable supply of ink and a structure, such as a
foaminsert, lung or other, maintains an appropriate backpressure therein
during use. In another enbodinent, the internal conpartnent 15 includes

t hree chanbers for containing three supplies of ink, especially cyan,

magenta and yellow ink.. In. other_ enbodi.nents, th - ontain

bl ack i nkMVERBELEPPRIRES ALY BrRUMSy - 1%”‘6?”“8%%? eWLa"bagﬁic g{{g@g@gﬁp%@t&g It will
be appr ecialeg dfahndctdtt, dondRPAELIAIHOAS phdialo roheaa) omeanothxt.st to connect the
conpartnment (s) to a renote source of 1nk. 20 Aﬁort_i on 191 e
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connect ardntainsrttvo chiemins Of beaeredtens @vdthensidtef HeAadl pHassizghicisf intthis heat er

chip 251 and, variou nuf act ur.i ng techni que re known for facilitating
such conn&&Y g%%g%’laql s 81}?1Fss‘%ﬁé£§ﬁgﬁ% ! %B‘%‘F@E%@S C?lhlg S ‘F’é& % ght 1/0
conneqior A4 1158 MR Bheed 74, 08lor 35 it ibiralittes 26 brifioet Ahadt oenke hags 281 are
shawn, any nunber are possible and the 8 WD 2004/087423 PCT/ US2004/ 008852

i nvent i on chitbsusbetbataihp npzzlp aplesrbign Witk the heaiens o Aliaragivelvb thiceezzlenplalgi ment s

where the unber of . connectors, con tars, . agds do not equal one
anot her. 'Iaﬂgelﬁ%g)(ae DWey%’iﬁé%}'ﬁf gﬁﬁg%nﬁd %s%&ﬁgﬂ%ﬁi%&p a 321 with a
| ongi t udi nal exyantrefefadls &F FRutYS)| o erttakalvidewicd4 tht thmaof emdiltietdidtadr ext ent

in Figures 2a, 2b) that fluidly. connects the heater chip.to upply of
ink i gt er rFaptains @J%@nﬁgﬁgc} ,1,%1 i qi@wargeﬁ@r 8 2{)1. %Eae printer %01 1nc?udsés %p y

15  carriage 421 having a plurality of slots 441 for containing one or more printheads. The
carriage 421 is caused to reciprocate (via an output 591 of a controller 571) along a shaft
481 above a print zone 461 by a motive force supplied to a drive belt 501 as is well
known in the art. The reciprocation of the carriage 421 is performed relative to a print
medium, such as a sheet of paper 521, that is advanced in the printer 401 along a paper

20  path from an input tray 541, through the print zone 461, fo an output tray 361.
In the print zone, the carriage 421 reciprocates in the Reciprocating Direction
generally perpendicularly to the paper Advance Direction as shown by the arrows. Ink
drops from the printheads (Figure 4) are caused to be ejected from the heater chip at such
times pursuant to commands of a printer microprocessor or other controller 571. The
25  timing of the ink drop emissions corresponds to a pattern of pixels of the image being
printed. Often times, such patterns are generated in devices electrically connected to the
controller (via Ext. input) that are external to the printer such as a computer, a scanner, a

camera, a visual display unit, a personal data assistant, or other.

To print or emit a single drop of ink, the heater element is uniquely addressed

30 with a short pulse of current to rapidly heat a small volume of ink. This causes the ink to



manuf acturing, the heater chip 251 preferably attaches to the housi ng W th
any of a variety of adhesives, epoxies, etc. well known_in th t8

shown, t héVAeHH&E™3hip contains two col ums of heater eFEWﬁ?@*@% é%ther

si de of via 321. For sinplicity in this crowded figure, dots or snall
circles depict the heater elements in the colums. A nozzle 10 plate (218 or
318 Figures 2a, 2b or 3) with pluralities of orifices adheres over the
heater chip such that the nozzle holes ali with the heaters.
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t hen adheres t.0 the. hea er chlp Wth reference to Figure 5 an external
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shown general | yy @@ntfdilfanémm{akrmg%eﬂﬁecm@ lirtel€se 301 khacdts pagaled@duhavi ng a
plurality of slots 441 for containing one or nmore printheads. The carriage
421 is cau¥ddoths qoatwlﬁm6EhtOeen(ab1ﬁaddﬂﬁ0@ﬂl@§mel swebiifien control ler 571) along a
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A control panel 581 having user selection interface 601 may al so provide
input 621 to the controller 571 to enable additional printer capabilities.
5 As descrihed h in, the terminkjet printhead may in t her nmal
t echnol od’yo e Oﬁg‘é pi ezoel ectric technol ogy, or other. ?ﬁﬂ%‘#@gﬁ%
description is presented for purposes of illustration and description of
the various aspects of the invention. The descriptions are not intended to
be exhaustive or to limt the invention to the precise formdisclosed. The

enbodi ments 10 described above were chosen to provide the best illustration
of the prPEEABIRELAMERE jnvention and its practical application to thereby
enabl e one of ordinary skill in the art to wutilize the invention in various

enbodi ments and with various nodifications as are suited to the particular
use cont ertrpmuﬂcjetpﬁnthesmmlonmdsﬁhgi cations and variations are within the

SrOhE otcor darh SaRAh Eehredal HATE il T fBR SIFEM 2nf R Mg hatifh o BT St o
equi t abl y entifded 'centélosﬂéQ BO04 ASrRAB R2 QAE108RRBRion WATD Hidlh Al MED:

1. An 1nkjet printhead onprising: a substantially rectangul ar heater

el ement hdwengloalﬂ gmj@lﬁhandﬂowaﬂh dinmension 5 and a heater center such that
an aspect ratio : i h greater
t han about 2.0% b'gbb&u %H rpﬁ?{)ﬁéﬂg&g sﬁ?&é&ti’ﬁyg {ﬂm‘ﬂ{d@%u t{afltl ally
surroundi aBmeaAl, 6il @it cledbie TeYding Sabsthnfigidt esntepddewithin sarishidbblegchanbat anti al |y
centered within said bubble chanber; and 10 a nozzle plate with a first and
second suP®bce above said bubbl e chanber has an orifice axiall y extendi ng

f;%[ni $@i d secopdozyt %@&ewﬁpa%ﬁgtdanfd'seg»&nd%%%vé 24ifl DABLIE CAgnbA 0 an

fice center in a plane substantially parall sai Irst surface
such t hat ozfipd ariddly dxtandicfyrfomm said deunmi anﬁ@e tesuidfirst sarﬁ&gﬂaaimnfwelhyvmg f set

from sai d heater nt er r|n ereln sai d
aspect raff8™E° @q”geélné? pl ar’?gﬁ{ﬁé? p"gal #’ﬁggl%id%ﬁ{ 7“&#0?)%0#% PR cl ai m 2,
wher ei N s@hé fibengidorticaRBgtdn shtstaatigitt ofB5t frbarsaidicater center.

2. The inkjet printhead of ¢laim 1, wherein said aspect ratio is greater than about 2.5.

3. The inkjet printhead of claim 2, wherein said length dimension is about 35 microns

and said width dimension is about 13 microns.
4. The inkjet printhead of claim 1, wherein said aspect ratio is about 4.0.

5. The inkjet printhead of claim 3, wherein said length dimension is about 40 microns

and said width dimension is about 10 microns.

6. The inkjet printhead of claim 1, wherein an offset distance between said plumb line

and said heater center is in a range from about 6 fo about 10 micrometers.

7. The inkjet printhead of claim 1, wherein said heater element has a heater surface,
further including an ink flow chamnel through one of said plurality of walls having a
primary direction of ink flow substantially paralleling said length dimension on said

heater surface.

I1



and said width dinmension is about 13 mcrons. 4. The inkjet printhead of .
claim1, wherein said aspect ratio is about 4.0. 5. The head of
claim3, WHRIHASKE d | ength dinension is about 40 ni cro%@h% 568?-’82 wi dt h
di mension is about 10 m crons. 6. The inkjet printhead of claim1l, wherein
an of fset distance between said plunb Iine and said heater center is in a
range from about 6 to about 10 mcroneters. 7. The inlget printhead of claim
1, wherein said heater elenent has a heater surface, further including an
ink flow channel through one of sai d plurality of wal I s having a primry
direction of_.ink fl|ow sta paral l.e th dj mension on
said heat®r Wﬁ& tﬁqa% ?&5@@&#@%&8 %d% ed grs aﬁg %1k et
print head ,gf;eCl @i m 1, wher ei n sal d bubbl e chanber is forned in said nozzle

plate. 9. The inkjet printhead of claim1, wherein said bubble chanber has a
chanfered coner region. 10. An inkjet print head corrpri sing: a

and a heat er Voo BRI ST, SRRy Rk Mo b NGk SaRaabtbindl TFT "

sai d w dt hregibn.di mensi on is greater than about 2.5, a bubbl e chanber having a
plurality of walls substantially surrounding said heater elenent, said

heat er el enent resi di ng substantially centered within said bubble chanber;
and a nozzloefg* ,% {36&@; 1d second surface above said bubble chamber
has an 10 ori |ce f y e ng fromsaid second surface to said first
surface, said azrmfostaetldihzvnentgngﬁau loeief ietamenehtvdng hrher@ﬂphlahwitﬁhlln&rnamdnal |y

par al | el vmth aid first s ace such that .a ine.fr I rifice
conter hadirk Btettuit sudhcetiPorped ot hebeer Eon P PR TBm  abou
6 to algoutdlﬂqgngmpﬁ%t@rt@n abdut JT41e | I’lkj et printhead of claim 10 wherein

said aspect ratio is about 4.0.
a bubble chamber having a plurality of walls substantially swrrounding said heater

element, said heater element residing substantially centered within said bubble chamber;
and
a nozzle plate with a first and second surface above said bubble chamber has an
10 orifice axially extending from said second surface to said first surface, said orifice having
ah orifice center in a plane substantially parallel with said first surface such that a plumb
line from said orifice center has an offset distance from said heater center in a range from

about 6 fo about 10 micrometers.
11. The inkjet printhead of claim 10, wherein said aspect ratio is about 4.0,

12. The inkjet printhead of claim 11, wherein said length dimension is abont 40 microns

and said width dimension is about 10 microns.
13. The inkjet printhead of claim 10, wherein said offset distance is about § microns.
14. The inkjet printhead of claim 10, wherein said bubble chamber has a length

dimension of about 42 microns and a width dimension of about 31 microns.
15 |



* di nensi on

12. The inkjet printhead of claim 11, wherein said |ength dinmension is about
40 microns and said width dinmension is about 10 microns. 13. The inicjet

pri nt headw@f 206447713310, wherein said offset distance is aheytsBosmogsnans. 14.
The inkjet printhead of claim 10, wherein said bubble chanber has a |l ength
di mensi on of about 42 mcrons and a width di nension of about 31 microns. 15
12 WO 2004/ 087423 PCT/ U82004/ 008852 15. The inkjet printhead of claim 10,

wherein said orifice has a dianeter of about 14 mcrons in said plane

substanti gl | arallel wth.said first surt | Al.G riynt head of
claim 10, ﬂ/\hi}ﬂ%ﬂqﬁé}”ﬂf‘%ﬂéﬂf (9ganﬁa]sd’a Ifezns%a&%%gg%ellgaa Jgﬁgiﬁgé lcdgg%algein said
second anz?jcfréﬂs% s34 biaa6 SsbstahtfiallParkllek fneth siitifindtRediabe. conpri sing: an ink via

- having a Tongitudinal extent; a substantially rectangul ar heater el enment

with a periphery having a length and 5 width dinmension and a heater center

on a heat rfac f g h ol JRA G| hidall h

£ o THE BTG iR oL ST o ot BRP G hec itk Sl Sl 2B ¢
chanber hpativegh @iddeusmal dddyfirefsupfecgsendi cul arly arranged walls rising above
said heater elenent to substantially surround said heater surface of said
heater elenent, said heater elenent residing substantially centered wthin

sai d bubb%@_ &Qﬁﬂéﬁ&gﬁ&@a@%g@hg@ﬂ ow channel through one of said plurality

of walls having rimary r_ecflon of ink flow defined by two-
substanti al | y pamnkivisiavinga lohpindival exenthat are substantially parallel to

said length dinension_on_said he [ SUr i el i w wal |'s
exi sting subst LA qnf@%gcgaé%g}la%g%agg %ééngsngiqﬁthl %%ﬂgﬂ%@f ﬁg‘iln?%%tle ttmlgf)f | ui dly
connect saiidh ldeadneionené meihict ocerga wh 4 Iatey isafacanhkrddt sach thar 2t esppitatto with a
first and second surface abov_ﬁ sg%céﬁ bubbl e charrt_)&é%hl?s Zr% orifice axially
ext endi ng©f ahieagh duaesingo st MIEE drgensignds giepiey thap pht e said orifice
having —an ori{igtyeeihfbel Bafin® :OPGrBHP s BBhERlitaPP ekl Wikshrigas d first
surface such t (lljt al S‘{huﬁjbel P?ne“ farf(s)!n% sdaid g?@?i ce c{éﬁt er g|%nt er sseég?gg sai d
heat er sunbaeesaginbkdsslanemftb smbstalitzilssueodndosaid heater surface of said heater

element, said heater element residing substantially centered within said bubble chamber;
10 an ink flow channel through one of said plurality of walls having a primary

direction of ink flow defined by two substantially parallel ink flow walls that are

substantially parallel to said length dimension on said heater surface, said parallel ink

flow walls existing substantially perpendicular to said longitudinal extent to fluidly

connect said heater element to said ink via; and
15 a nozzle plate with a first and second surface above said bubble chamber has an

orifice axially extending from said second surface to said first surface, said orifice having

an orifice center in a plane substantially parallel with said first surface such that a plumb

line from said orifice center intersects said heater surface and has an offset distance from

said heater center in a range from about 6 to about 10 micrometers, said offset distance

20 all on said heater surface and all within said periphery,

18. The inkjet printhead of claim 17, wherein said bubble chamber is formed in said

nozzle plate.

19.  The inkjet printhead of claim 17, wherein ink flow chammel is formed in said

nozzle plate.
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said heater center in a range fromabout 6 to about 10 microneters, said

of fset distance 20 all on said heater surface and all wthin said

peri phery. 18. The inkjet printhead of claim17, wherein said bubble chanber
is formed in said nozzle plate. 19. The inkjet printhead of claim17,
wherein ink flow channel is fornmed in said nozzle plate. 13 20, The inkjet
printhead of claim 17, further including a supply of ink. 21. The inkjet
printhead of any of clains 1 to 9, wherein the orifice center is
substantially offset fromsaid heater center in a direction away froman ink
vi a t hat 20supphe éki¢tmkinthsad pleclaiobbl, &urdien ishdirfgraomwpply dfiik.r eservoir. 22. The
i nkj et printhead of any of clains 10 to 16, further conprising an ink via
that supplies ink to the bubble chanber froman ink reservoir, wherein the
of fset distance is in a direction away fromsaid ink via. 23. The inkjet
printheaciof amy igkje€ peiniad btay26F clliey @i B bhevherthn \hed ofifipPIck@sr ishk to

t he bubbl e chanber froman ink reservoir, and wherein the offset distance is

in a direghifiallf\Weked 10 AL etk cdth@- in1f direction away from an ink via that

supplies ink to the bubble chamber from an ink reservoir.

22.  The inkjet printhead of any of claims 10 to 16, further comprising an ink via that
supplies ink to the bubble chamber from an ink reservoir, wherein the offset distance is in

a direction away from said ink via.
23.  The inkjet printhead of any of claims 17 to 20, wherein the ink via supplies ink to

the bubble chamber from an ink reservoir, and wherein the offset distance is in a direction

away from said ink via.
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