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WO 2004/ 087423 PCT/ US2004/ 008852 | NKJET PRI NTHEAD
HAVI NG BUBBLE CHAMBER AND HEATER OFFSET FROM NOZZLE
wo-2@kasb3 t he | nvention 5 The present inventi OPCT/EB20€608852
to inkjet printheads. In particular, it relates to an
arrangenent of a bubbl e chanber and heater el enent in
a printhead having a substantial offset froman
orifice or nozzle of a nozzle plate. Background of the
NwgAt PMNT#@EKDQ{@VH\I@BUBMECHMER@Q\ID STRATER OFERSET
wel I known. In genera an |q%aﬁ% produced by
emtting ink drops frd ad at precise nonents
such that they inpact a prl nt nmedium at a desired
| ocation. The printhead is supported by a novable

print carriage wit hi Hichl aféhd Ingentionch as an i nkj et

and is.caused ta r.ecipr rel.ative,
D v ihechrisg b FaRt ot BBOE PR e ARERL T fdlo e
arraRPERRNE altRbBR HAPENGE HehteRelBinbitaR hosRarRed haVin®h bebstantial
controller. The tim ng of the i nk drop em ssions
offsebﬁomp@mﬁ@epbn@Zb@ffta@pﬁz ®Plai xel s of the inage being
printed. Gher than printers, famliar devices
i ncorporating inkjet technology include fax nachines,

al | -in-ones, phot mwmgmaphu cs pI otters,

PR Bl AoEO LN PRRITBMboEL Gy B B6RE:

pro&@lc@rby0 EmfBAG itk lropd fRR@besrittidag, at prévider néinehta)sath titat they
nozzle or orifice plate attached or faormed w E(igthe
impaetag SFNGCRPHITH aswirech Ingetiont Pha pribeid d syppoget Ry gqngyable

pm&acgﬁi &@%ﬁ{lﬁt eg RN QucghTﬁsB)m %ldj@c%rhrterf 2hd & &fbéd ERldcrocate

connecting the eafer chip to'the printer during use.
relafive themt edvanbing, primh rhediwm anglptoc amﬂtymknhbpﬂj efs tiges pursuant to

i.ty .of thin filmresistpors eat
corfidRiol e Cinpt bt i ik SRR T B8 A ik B Eissions
corfe8fdHdL GU &5 p@iferd oF Yedl¢ af @he ZbageUsdin@$rifietli COther Tin printers,
print or emt a single drop of . ink, an individual

fampldagtdevicps INGAPETAERY 1 rebadlaey el &xpnadéncer - #WeRpes, photo
pmﬂ%%ﬁ&?@hﬁ:&égﬁ&{&s tondnli dlyy heat a small vol ume of

ses the ink to vaporize in a | ocal
bubbl e@nvbiviel theedl viekiat printhbaiatnstudandcoesy id @ logil actrel)emote

supBPya?é C?lgg\ﬁf eo%tpﬁgk L{? l}xﬁ%{grhcﬁﬂda Rh2 (fayeg ab}{ozz?ee of! 81’1%106 plate

attached or formed with the heater chip, and an input/output connector, such as a tape

F.

automated bond (TAB) circuit, for electrically connecting the heater chip to the printer
during use. The heater chip, in tarn, typically includes a plurality of thin film resistors or
heater elements fabricated by deposition, masking and etching techniques on a substrate
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

medium.
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30 nedium 1 WD 2004/ 087423 PCT/ US2004/ 008852 W th
reference to Figures la and 1b, a typical geonetry of
w@2tveasrae3 el enent 10 and a bubbl e chanmber 12 rRCHUB2004/008852
to an orifice 14 in a nozzle plate 15 includes a
substantially centered and symmetrical rel ationship.
In particular, a plunb Iine 28 originating from an
orifice center 30 has no |ateral offset froma heater

CenySh rSRrenkdtPFRHML 1R 0Ad 16N8 tyiddl igeemeBNbEL heattrsdlement 10
substanti ally equi di st ant from each corner of the

andbﬁ boblle chambbed2 lstive tesn arifict y i At nqzei @ﬁ@ @z%ﬂdes a
t bpl e
L s e N T

orig’imiﬁg 6&0112 @Qn avpifick rkntet 30 hdBho taieralngffaes dronOe deates m,tel 32. In
trap ubbl es accu | ate_and enou t.0
addoRy DRt TRB AE T et B FPOHY CARSREE BPmaReRBRbes bl

chaldBkr. Wms GhreBWIE NdsabhiVreSIbAP32 P EHedbibBIb chhehbRE ¢ rséﬂv@ gb Yrap air
a need exists to prevent air bubble formation and

bublzs imialel st flaws intahebubHa chabsdironghikrchansel fihend ink via
18) dgﬁrggeée gi) dn%bgé% %ﬁ‘%ﬂé&%ﬁ&rﬁ?@te oL %{:QI\AP g%l e‘ﬁB%gh to prevent

heat gackr g ﬁlssxe@tmadlﬁdenmm the mﬂ:avlne]n evamafaﬂg Bto;ieepnrathmd

pri nt head having, a . bIe eater, e

o t Recordtigiic§ oact s Homsr et gt BREPH BEn it g5 REtiaton in
inkj&ﬁﬁﬁhea!dﬁl one enbodi ment, the invention teaches an

nkj et printhead with a substantially rectangul ar

heater elenent. By dividing a | ength di nension by a

wi dt h di nensi on, tho‘%nmf%)?&le? eNERL has an aspect

ratio of nore than apo 2. 0. \Wore preferably, it has
an Ti: abpesmentaned okl mhee prétdema beoeme . B]ved . By cpplyirg the

.or .greater.. A bubbl.e cha r substantj al | sur.rounds.
prighh 5] ki BReciet A BeURInT T e i e Boving o
bubbfsdhembetisitiRite abh¥nt@détdbistiab a dokfBoRoREde iR ﬁ&bﬁl@}f)late

the heater elenment. A nozzle plate covers the

St cahadioesb thiresprtion eachss ) inliebpinthendygth Eﬁl&a@ﬁﬁaﬂy
recﬁn%dgél‘:ﬂ@l‘c:e?%l E.ﬁ%fy ditd iR g Eﬁ%tﬁghﬁlg}fsldﬁrl#}t b Gfidth dimension, the

Inates a plu 1 ne an of t'set di stance
heagex iebdnsenf thesrem aspent @tio of nidre theeatbont 29. eVereepreferablya it has an

o0 R R PB4 DO BByl

surl\b@iédlssthB ?ﬂéat[?fl RérhER Rthd gle@tityT vadllsitibe rdsid@Wubstantially equidistant
substanti a
from a periphery of t}/xe 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
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
channel may exist in the nozzle plate, in a barrier layer or in a plurality of film layers that
define a heater chip. Inkjet printheads and inkjet printers for housing the printheads are

also disclosed.
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paral l eling a | ength di nension of the heater el enent.
The bubbl e chanber and ink flow channel nmay exist in
wo bw4ngazi e plate, in a barrier layer or in a pCT/DS1004/§08852
of filmlayers that define a heater chip. Inkjet
printheads and inkjet printers for housing the
printheads are 30 also disclosed. 2 WD 2004/087423
PCT/ US2004/ 008852 These and ot her enbodi nments,
asp , tAgRA u esent
E R R e K S e
invbntﬁdmwiil barset fqnthpmr ﬂlevdelsdnpben ovhich ﬁf@ba/lsemd troparh@slé bggome

ski int
soipi g i 1 5 b oy ERGRe 1o el Fiae dessotop of
thedﬂhaémtmsarﬂr refdterRed GlirawiggObr b quadaMe R | the invEhigora S TRE taspects,
5 advantages Qg features of th ]Z%ﬂ thn
t

advegigges dad feafures ql}gdnwtlﬂ% AT attamecfa {)y means of the
inshrRERHIRAL SlobddufS, all QEffhkiRRs pAftulaYTBbinRHI AP the appended
particularly p0|nied out in the appended clains.
claBpd.ef Description of the Drawings 10 Figure 1 a is a
di agrammatic top view in accordance with the teachings
of the prior art of an inkjet printhead bubble
chamber and heatEhuﬁvﬁnﬁﬁnmmahhytnmmmgged relative to
a ozzle re Ib.is a partial  side,view of . the )

i nkfBpla ihe ﬁ%g@%m tap WisBarcostion wiip dhe te%ﬁm}gﬁ ghithg prior
art 13@ ah SHER pRb@REI bivbge dndbBr anlihebied WimERichify @ntered relative to a
di agrammatic top view in accordance with the teachings

noggle;t he present invention of an inkjet printhead

b u b? ;?fecfbagggiartﬁaﬁ] %SIQ Q/%ng tﬁé ?ﬁ%fﬁ@ t;)1’18 feeic'cfslgubﬁ)fee %ta{négl ani%eater

Vi EW 0
ofF@kﬁﬂmtﬂ&mmkm@amchbubte chanber and heater elenent of

Figure 2a taken al on i ne .2b-2b; 2 gure 3 is

per ﬁ B4 2485 (AR t&@mﬁ% dn mcrxga&ﬁe Mt R degcpis of the
pre8EHR Weﬂﬁ‘é’ﬂ of%h intjBGBiHRIE Bﬁle@Mﬁ‘iH{b'epﬁxdl{eaﬁf‘ el'eﬁ%ht%tffset relative

pri nt head bubble chanmber and heater el enent of

togegzglei ve to a nozzle; Figure 4 is a perspectlve V|ew

in ﬁf\gﬁ&rﬁ)alg (a%aWiatl Q1d£ Q?EVJ gﬂﬁg 5&%‘? pﬁflth%ﬂieb&)rbﬁe eftlgltnber and heater

element of Figure 2a taken along line 2b-2b;

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
element offset relative to a nozzle; and

Figure 5 is a perspective view in accordance with the teachings of the present
invention 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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invention of an inkjet printhead with a heater chip
havi ng a bubbl e chanber and heater 25 el enent offset

WO ed0adMe3 t 0 a nozzle; and Figure 5 is a per spRCL/USm®04/008852
view i n accordance with the teachings of the present
invention of an inkjet printer for housing an inkjet
printhead with a bubbl e chanber and heater el enent
offset relative to a nozzle. 30 3 WD 2004/087423
PCT/ US2004/ 0083Bded Belciplistlof8s Pretddtdd Enkdithéifs
Preferred Enbodinents Tn the followng detailed )
deshr thptfolbcvwiog detréledp dedeaiptiend o th dastrierd embodimentsigkerenge is

to the acc [ I
maﬁa ? ac%%palnp{m%h ﬂi’ﬁ gg'gtﬂ goé}m %g&c hg‘%f Tal% FF} f&ﬁ % shown by
wa$ Flﬂ‘CﬁIﬁMfathﬂb@}ﬂcffEnérﬁbddimm& @ vitich th@vmnéntmns nyybd er actlced
practl ced. 5 These_ enbodi pents, are de

ThleremoneMatue AFripes Shanaen Hsey 18 RGOSt inthe art to
pra'éﬁ ¢ RE AReh&h, bhE it iDYERY 1RRRrstdAGhdt il eh@o&lﬁaeﬁ@ dedyBeantized

at ot her enbodi ments may be utilized and that
m@tlmtp@sese or othise phamlgamgles bermpdp avithaetedopprting dromy gseenersf the
prefs err]xﬁoﬁs Cgﬁg fﬁq a\; Qédetgiﬁ fe@%ﬂﬂtf&éq%] Lﬂé&‘g I?l%t to li)e ‘iaken ina
lnrbtﬁlgt ﬁneaj andl the sddptriof It]litgpﬁms @yvertiuh ishﬁﬁﬁetbpﬂydj‘y thé appended

present i.nvention is_defined on t he appended 1
CIaBRS ARG G caRER PGy b drEHEes it Ao PG PP, A8 inket

pnﬂt‘h@&p&ﬁoblerb\hﬁﬁbéloc{hd h%ﬁ‘tef 8kt hatihh Bh BB FHPPhezAl G BREke of

and heater el enent having an offset froma nozzle or
a ngralq plets iphereimatirdeswibsfat e i s herei nafter described.

Wit bVﬂhelfe %&% ﬁccé tF?%Eésgﬂ Sl ﬁ)a aq{égtelz Ql’em@?tﬂfﬁ)t deL hgeltﬁgqﬂl& n an

210 for n an = rnkj
inksat lpmhﬂmnd hbd y sulmmhaaigufeaﬂangﬂa@ap‘bedefmedi biy)a langtb th gnch width w

and. width w i mensi on. od| , .an .
dissigiopt ThrmecerdtodinEN B AttCU RO AL o gty fidichiag fo the width
dintindBASS Sfeated (HMOALE! 2.0NaR aARRe endbodimdrd, RO QEIRBS ratio is greater

enbodi nent, the aspect ratio is greater than about

thap aBoutrsh.af Bredeyably, thﬁéengéh] dinengipprisnaiiogh39-§ naibions wige ghe width
dnﬁ@ngfoﬁ N aﬁ%llg Ztlf‘lrcr(yﬂsdt Stlﬁ“ ﬁ@ﬂ%’ e%odﬁn?ﬁ,ocﬂé %c%ratlo t1s about

m Ccrons. anot I nent, e as
4.0. Spatifivdlly, thelengdHp dmle‘nlsroa Ilé ahout Hemiiceorgt whith the midth ld1m61510n is

e S o o L LTS0S 915,20

r at B@bstahtialP Wirrdindin@! th he@éredlement 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 to form a bubble as is well know in
the art. Each of the walls resides substantially equidistant from a periphery 216 of the
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 paralieling 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,
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.



10

15

20

25

30

Substantially surrounding the heater elenent is a
bubbl e chanber 212 having a plurality of walls 214.
WO 2008/08%=33 section, the walls 214 rise above theCTEst0e4/008852
el ement 210 to provide a chanber in which ink can
becone heated to forma bubble as is well knowin the
art. Each of the walls resides substantially
equi di stant froma periphery 216 of the 25 heater
el enmBie SGALEIBRhahhie iH2AsLTe (2418 e that SttaShddSyadpok bl the like
centered within the bubble chanber. The walls 214 of
or ishferedh i enecorampierofdy S@ngwfsncéﬁwdweys pethisHim dayersrofiacheater
n +
h! % ARAASH g/q?e%gt ehinf féﬁ{é gggtgglﬂéedé ) o SBRF itace
222 ihwe dsfirensthidkntdsehdreaft e4&x1eill}ea>m«mdmgl throogle tlendeadie rmm from the
the length distance is t 42 _.m crons .whil e
sedpP i i PS5 STHoe TAMATCH GG S PepiAg i thee through
duﬁ o BErabBR batot nS68¥Barly raglired) thel Sh8p& OF hE brifiEPYLaMSrises a
(two_of the four | abeled) of the bubble chanber
frun@mecc@l@hﬁr@p@ definpd byistopimhwollsap hevimiets lavgs digmstercapgaiag 228
I 4 14253 P,
ot ot o8 TRl TR sy xq.%q%sép%%n%z%ﬁe Aot AN o
sinatlicitg IneEigbge Zxp opsnings 22Bend RR@ arershown ﬁmz;remaﬁ)o@ai iaphagom.) As

a series of poJymer | ayers or n-filmlayers
a presenfatint exampl, preserh gt el fran omell e PaeoRieg op. the
ord¥BDf AbduitM19t orSHY fdGiEn22fh BB Futdres SR REp SIS Aathididehfiad will
define a_thickness thereof. Axi al | y extendi ng through

gradpallingyipkes priating fesetippreingrease st 60@ D ddqts-perinch) £ 900 or

1260 HbRGERSS. an orifice 224 for ejecting and projecting
?@E ﬁleme through during use. Preferably, but not

nec&ss alank yubs@qmaﬁys daralléi evithhthp dirgfsutfive 2320idfitenozzle plate, the

orifiSf P2 355 of, guitiet L EEE G hBitan, 8 prighadte Rl drifice
cer@trcthds harogRét dstdn@ G MM a dé:ﬁé‘iel?)@rfotﬁﬂ@l%m% s dfe Qg 8 lol€he heater
city in_Figure 2a,

ot her._end_t hereof. (For
clegjsgh e B amayrnndoneite teh ol e iBolsatbas 6 to bout 10
mlala_ﬁl@ieggg d"sﬁ’% %1/1@ lifle Eﬁfkh@é&ﬂh@%ﬁ%&e%@@lﬂfe hea{eg STl %1} g@¥1n the

print e smal [ di aneter openings on
perifheghdld. Il ampthet ratiodingams,. it fsrabohies.0 wir $remidrons. sln still another
emBSRRERRS: 1l IopoRE: RS afls thimioretiot Aaprales™t St prdfimed
embaditi®n ) e-rhxGHyml FF00 chlbulatd @&oﬁﬁhgﬂ@ﬁh&%@ula% gia— (d + 2t).

pl ane substantially parallel wth the first surface

220%tothopdenaye Ps | wpincrted, thisneifsel ssseptiafly deansltes rpgier g¢f orifices

froﬁf 4 Ednf§ H?(%feﬂoﬁrabg\’}@the’ﬁeﬁg%éﬁt B BtsiGl bR BLbRY Ade¥ in a

he OI'I
d1rect1on away from the ink via 240. In this manner, stagnant regions (element 22,

Figures 1a, 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 actual 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.

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
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center has an offset distance O froma center 236

formed on a surface 238 of the heater elenent 210. In
won®4eshaezii nent, the of fset distance 0 i s abouPCBUSIH04/008852

about 10 mcronmeters in a straight |ine distance on

the surface 238 of the heater and all within the

peri phery 216. In another enbodinent, it is about 8.0

or 8.5 mcrons. In still another 20 enbodi nent, it

227 AREGS Jnﬁom ahedhs, BrefiRc@RAMt THD Sitefahdly d&wnm 157, 259
one preferred enbodi nent,” the maxi num of f set

defind tholink Bowabawrcl prba parrmfyedlfesﬁ@mp%m&élow there(na ﬂaezwais exist
sul%sttan% ﬁ}lfl %grgnﬁ)d’vcﬁgr @ effo%gltl.?ﬁ € htsofotfhg SR v %%daslu{)éfantlally

prior ar Ices troma centr posi t
paalieie tlidlength dimns%mfﬂr&hehtar eletnantk $hatimg eie, tille? $8ufibddol sethrough

ch na .dre on a rom

the o SN G & PR ot 8 Bt S ToSinf At 1 of
thelideatet Blenfht b SheRiifRde ZB3tth B0 MEL Bf dj@%dd MRIugh the orifice 224 in a

elimnated. In turn, the formation and accunul ati on of

dirggtionhsHbstaatiallyn transyprsg It theiphimar: Biasion. oVertherj gpsration of the
pnﬁ&%&{@,ﬁl ﬂ;@%&qﬁb%[ el i m nat _ed I'n one act ual

exper | nventor first pass print tests of
an wppreetatm@ rthau tuh @aidlvitaay iheegert dhasent &f freatfsnang\heateeelements on

] bout 1 0.20% i n ul ati on i de .
« Bt et d et Regd toecpniph oF ke O Bbfigating the
hezﬁbkb@ﬂeﬁleﬁth HID@In filh a0 aVeiibktrdtd eheeh Qrkeﬁe§ bﬁi @rowth layers,
closest to the ink via 240, is an in | ow channel

degasgiqnaayises, ampking. apritesreg: tplentﬂﬁh@rmhyofanébm uetchigg gy other
p1&9&ﬂ{(%2§g1§32 I % e?%{&oéﬂfgo%ﬁéﬁ thé %h? t?lho[gie@rlg(flﬂ(?ﬁ but are not

res substan
hrmEﬂIte éZBeVsp sﬁﬁﬁlatad(erﬁdlmﬁng ey bask sérhlomdllh’am rs’ehctaﬁd;ueh as silicon-

fink fl ¢
on B (SDS) s asarese nlieSLPisrBioh (f Ghgrbaeioss sy g ramsisior
(TPF) tté&nd)lﬁgy,Vﬂ@pea"r@ncﬁrﬁlﬂd@éasieﬁﬁ&drﬂhétﬁls RpitatibelaybR bh8&ilicon

| engt h di nension of the heater elenment. During use,
SURINKCO B & basqusemisondnstor strusiare; Ak welh 4a ogier isemisopshicipa siyuctures
t I I
o 96 AR BRSO A€ ik, o s o
resisharleyst onlthkthiesnad jbewtee thytih ao:ugductdnéayn:r (Yifucent@idtd posiive and

subtantlall transy eto
nofivE e Bfiae BTERE 1op guides 10 SHEO0RL OF gbe et dRvgt 9 s the
1es¢b&&cmydaaﬁrdagh Qﬁénnépﬁd’@ﬁd:tﬂ/ﬁﬂyrtﬁmhﬁi afse;aphssifation Jea, such as SiC
heater el enent is one many heater elenments on 10 a
ang{erpidy apthp gavitglon Jayer O&rtkw eaéﬁgatméwqrm econony of

scalaRcAaioRY Gl adindr Wi At bf'@e ihRntion (Figure 3), the heater element

310 is formed on a substrate 360 in the manner described. The bubble chamber 312
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
through an ink channel 350 cut through one of the walls 314.



10

15

20

25

30

heater elenments as thin filmlayers on a substrate

through a series of growh |ayers, deposition |ayers,
wOora®kiosy23 pat t er ni ng, phot ol ithography, and/ orP&r/vkiong008852

or other processing steps. In a preferred enbodi nent,

the thin filmlayers include, but are not |imted to:

a base substrate (including any base sem conduct or

structure such as silicon 15 on-sapphire (SOS)

t ecRQBGYri Figuﬁéé%% Wik Blaatd3, th@PEkille€ GhelagdYtould further

thin f|In1tranS|stor TFTL technolog doped and
apprecieisctiatswthier onclac bethoof thppulble ghambey @ﬂé igl¢ flew| gherpel can be

forgx%%%g L8 8es n mg)tr %?1@181}% g%ig 5 bs p tl{ &%tﬂ{)rzgle pfhie. V\ﬂlekl should

er ‘'semco ures
alsbedppiaadiid efat disy aboheglhte Aselhemnd f(h'ﬁfedlasra bmeerofotmnt fikn or
bstrate a heater or resistor ﬁ the ther{‘;n:\lb I
oF jlayers QY @5 -2 SePaif HEtcHHe |1ase Ph ferpd; Aye the bubble

chzﬁ%ért Mﬁﬁ&ltﬁ&l@ﬁﬁl&biﬁﬁmﬁ'a@@%ﬁ&g&dﬁﬁ%ﬁ ons, i.e.,
anodes and cathodes) on the resistor |ayer to heat the

r es s vesous sphodimnuefithinn@lenaiocessinguie ilasiers begomp dgposited by

any! %‘ﬁnet? a(ﬁséh\éﬂﬁ%a? Qfafr)&yc?e'i)?ﬁu&ﬁcétﬁéihgswﬁ q%é(%{ (%S%o Hﬁo@sn ﬂJVD),

a cavitation laye e pa
epifxyoridhnybam  deposition,hevapdeyiont isputtaingt be othateninhibily known

tecafighet Shretesh D Eeigush Bl Postite W HiwEmec pressure
(Apjw aJrela &hdnced P;saglrmgy RdssityStadh@AtIEDP b oBBE. Ml etching
ural | t%égof wa 4. A nozzle plate 318 has an

techpiapesciachyde butiere 1ad disited 4o pnywariptyeof wehor dupeirkes, reactive ion
etcﬁﬁé?'apﬁf eaén%l 1Uﬁ'gtché§] €tcO rPrQPeH baﬂ’ﬁeg fa? fl%vecf 1%‘[61 feature
the o ]1; e hea e e ifent

Ice interseéts a surface o r
folatatian p@élntqugsn irfgBule potynarrlayer aleposititre rfolb3Gedoby phl@ohthographm
i s, af fset rom osit 334
and SRS o VeRbRBb Y EpRin br 1GTURET EEhigis kit to a polymer

ﬁhl’ﬂ Q’EﬁBY@écE lb‘ﬁotohﬂiéﬁﬁ By fstepyvsindlide) Buhear® Ul 1Bnieddat) &xposure to
during use 30 through an ink channel 350 cut through

ult’E?i’Y@l‘?ﬁfm &Hay Hight sourges; or sthoipmrgdwtargasking includes clear-field or dark-
ﬁeﬂ%és@gg%%éeﬂ@ﬁﬁ?ﬁ-ﬁ m%pegﬁ’éﬁ’c@&iqﬁgmg %Jgur es 2a, 2b with

Figure 3 ose s e art should further
appbegilhothert dmltodand:ﬂtss rtheosubsteate banprisef a tstiieob whaldr ef p-type, 100

onernatméls 518¥1ng Ri rﬁs1§t ‘1’1% og%h%dq P@\H@C ang§/ Ep%tf ar gglgclﬁlg§st 1s pyrefgrably,
butie Zkeeespdray esquirbd Yans ae bel 525a4ws QO&ﬂ:@fcﬁiﬁ | Gatser/t b@imérbﬁs or 625
+/ﬂoﬁzzle pl ate Itself can be fornmed as a series of t

PHEPnSSWISR KSpRestvE ke cliggpeters of 19@ g &b@ mper W2StUr 8|50 mm,

and @509;/_ alsogngd and fastened over the bubble chanber.
enbodi nents and vari ati ons are enbraced herein.
The thermal barrier layer overlying the substrate includes a silicon oxide layer

mixed with a glass such as BPSG, PSG or PSOG with an exemplary thickness of about
0.5 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 batrier layer is about a 50-50% tantalum-
alominum composition layer of about 900 or 1000 angstroms thick. In other
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,
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In various enbodi ments of thin film processing, the
| ayers becone deposited by any variety of chem cal

wo apansdeposi ti ons (CVD), physical vapor deposPCT/U8z04/008852
(PVD), epitaxy, ion beam deposition, evaporation,
sputtering or other simlarly known 10 techni ques.
Preferred CVD techni ques include | ow pressure (LP),
at nrospheric pressure (AP), plasma enhanced (PE), high

H%n%ﬁﬁﬂuﬂ{ Aiside, (140R) TeAl®tOR T2 RS RISI@ATHTEAN] NYered resistor,
techni ques include, but are not limted to, any

Ti(R) W1(6D apgthedikedr y et ches, reactive ion et ches,
d
deep, Eaffblol ?#gnneﬁ?%g?oﬂ@s%ff i Rl Iy Hd%& n L3 and a

oW C ormation ‘tec
cathodé¢.ude opeleprbedinay,ethe depdsiorilayer if abdudweed. 5))# 0 5% alumlnum-

hotolith i C e deve t techni :
coBpe SuiapiEes aF risit SH dECHERBTHRD 1 ot e, the
cohddcpor Bryetf 2ol Rlds PhRé Wri ¢M@ERBAY oFt ABRinuRLC e 2%PWbpper and
are not. limted to, exposure to wultraviolet or x-ray
ah}ni“ﬁﬁ@"%’@b?éé@w%r ot her and phot omaski ng i ncl udes
cl eletlfl fegen% ng nlégxﬁf heLadpﬁﬁﬁéﬁgtﬁs }feg?%gerntt QhP&Bh Ss shown

r st 0o
gemrbldml asrb@ﬂt sThe pentbeddsitOl dtae adonging $25 famsd lof @ bodywab eand a lid

f pr , 100 20 rlentatlon i.n resi i vit
168, RibURE:hpeR, el af A e Do e s Be chipesiiips and
depetids RPbdn EHRGR &S] idbyicd BEtiddiest or 2BNtaRE %eogmﬁ;’e'éd +The B8using has
aty%acrons 625 +/- 20 m.crons, or 625 +/- 15 m crons

tiipne cepRRTIe, iRkl threiorderdoldipg an gtial or regillgble saply of ink
ana-zé s'ﬁ/uctu% S5QicHMs 28Rl e/ -IUI% M SR mzﬁntgnlgrgmlappropnate

barrier |ayer overlying the substrate inc
baglipr¢ssee tbrieite dwalg@ use. 2 9n rangthgr \mtbhdlmegt atbs istenial @smpartment
h .an_exe hi ckness..of about
m%'? giﬂcl)lpgggu b%s rgnﬁcérlgo amm%gk% r%p?‘ysv ?L% g%, gspeciglly gyan, magenta
anMyeMm s$nk. Thi ethéregtatiodindntd) ehed@p@sithRet My cOiit®Wblack ink, photo-
accor {1 to manufacturing preference. The heater
P%Cﬁ%h uraly of cypn.iasenlernytlionaink eft Wil be aprreeinisdithat fluid

I f
AR AL LA (LA Al Ll e o

ink he resi st or | ayer incl udes essentially pure or

€O ngrtlbl? géFae {aﬁ% g\E.tgl’rI]lla%d %f 1# Ple 4]%)(” | o]‘é\d I%B%’%lheresnto one surface
18 h af thethousihp mhklel anothét paRica4/ QABHEB dﬂ@fﬂeﬁ&ﬁ@éé@p 885 ghown,
e, Taz2N, TaAl (N, O, TaA Si,

Hf B2, T I
thefeg/gl sg‘fae?%}l%&%?l E:Iéi;g@ ataptgé]iygypmendlculally 20 one another about an edge
231.

The TAB circuit 201 has a plurality of input/output (I/O) connectors 241
fabricated thereon for electrically connecting a heater chip 251 to an external device, such
as a printer, fax machine, copier, photo-printer, plotter, all-in-one, etc., during use.
Pluralities of electrical conductors 261 exist on the TAB circuit 201 to electrically
connect and short the I/O connectors 241 to the bond pads 281 of the heater chip 251
and various manufacturing techniques are known for facilitating such connections.
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
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Ti(NO, W5 (O and the like. A conductor |ayer
overlying portions of the heater |ayer includes an
wanmdesaesl a cathode. In one enbodi ment, the PONUSIIDO008852
| ayer is about a 99.5 - 0.5% al um num 5 copper
conposi tion of about 5000 +/- 10% angstrons thick. In
ot her enbodi nents, the conductor |ayer includes pure
or conpositions of alum numw th 2% copper and
inedntion Rubrastd bl 496 Li0pPeThe Méﬁioﬁ%ﬁ@r@m&ﬁk @mﬁb@ﬂfeﬁts‘l?&lle@e the
rinthead of the presenf invention is shown generally
nu, e&@‘flfqomr?féor&r@ﬁ@%écga ong pedsdeveriava onoanolifrned of
a bogy nkedr @ﬁ? 1 |cb9t_ag1l Qt 180: orfd! J}E%ﬁgﬁz 1SRN lgf?%gﬁﬁﬂlgi Extent
, t h I €5 an

as a rectangul ar soll he housing shape var .
(altrepasivaly: iplorvia RE0 evither angitidinak exteitain Emnresedn, @b) that fluidly
' the printhead. The, housi a at | east one
oo ebie” Ry B o2 Bk g R . B chewge T ithead
mamufacefrinig] @ Reasditiblpy 26f prdfirablgnaltashest toUhit Wolising Wath &Sy of a

a fo insert, lyng or other, nmintains an appropriate
Valaaté’@? Ve ERRNILS Sted Wﬁlﬂaw%lem the, agin ofARshown, the heater chip

coRTRE v RBlumnks B hbAM e tntCARME ﬁﬁ? b via 3? fe F@dﬁﬁpﬁa{fiﬂ this
cha of in

mbers for containing three supplies
craveded digarg, flotsyn amaliveigelest depica the heafier dwmentk in tha colvas. A nozzle

[ . t . cont ap.n bl.ack ink,
pLATEAR TE Sl 3PRT 3] RB oS O BB paBcy fst g heater
chipnduch Ithatwhé hotde apips aigatved thé h%atflﬁﬂﬂtﬁm%ﬂ?@? ﬂite?fﬂ))%zlte plate

h ist t nnec e conpartnent (s (0]
ol R BT QY 1Ph Bich e agbanes oamEB A, ¢ ap
aut o esteleand:o( H &idhCldinAYe RENE rtﬁeS &l Q5 mk_be{ frinter

surface 181 of the housing while another portion
copfatae thas pigheadol Heandsis shewe gemetallysss 4Howkhe piifter 400includes a

. eX| tiall ndi cul ar |
carfblis AEE R pREFIESY SnsSHTTOPOM Bhunk RERBSDIC Eipflog; The
catiage 42 Jplsioaaded iy reofprocafeulyiacit quiut 691 6 a cortdHet 715 aRAd a shaft

5. fabricated t on for electrically connecting a
43 3t Bfifh P NI Wan restver s Walideb et bals S8l o i well

kn@Wwih M e, arf. aRhdREHDIRBtiorE SPTHE rcanﬁgeh@r ﬁ_rﬂte?foﬁﬁe(} RIAEE RS w print
all-in-one, etc., during use. luralities o
megiugp suele a3 2 slhsstiocrapes 526 thassd advansedtih éheTBiteri 406 ulléng2Opaper

ro 3 SRR OROAESI AR ISR NI o 8L

var Iothe primtuoact the icagiape dRhirepigscaseinkhe Wecfppbcating Direction
gerfe?a fyl Ii)etrgetnid{]cgla‘;‘lg%g tlgeorglarfoglp kidx?ann%é 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
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

with a short pulse of current to rapidly heat a small volume of ink. This causes the ink to
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1/0 connectors 241, eight electrical conductors 261
w@nw4e8ybd bond pads 281 are shown, any nunberP@Er/ES2004/008852

possi ble and the 8 WD 2004/087423 PCT/ US2004/ 008852

i nvention enbraces all variations. The invention al so

enbraces enbodi nents where the nunber of connectors,

conductors and bond pads do not equal one another. The

fs@%% e bibbEddnatdet Md ' B ejbRaBthrQ}E dnlYfific df a%lnoﬂzrefplate

| ongi tudi nal extent (alternatively: ink via 240

towrdhtha Priphigedived nal extent in Figures 2a, 2b) that

fluid t IS p j

| nt o R SRR S8R bl Ss AR Elof Hidteb 681 54PN Hovidlfopur
62 reonthik @oiiteslien§71 tohematle additiorh pyintebdapplibifier abl y at t aches

to the _housi w t h, any of,. varlet of adhesi ve
epoxisedesc ‘3%,51 1 the, v | FOE ETfhga A&ayswﬁgﬂl% do thermal
tedABSILEY irfelHdR pict M A N@chiMPo g5 ObdtRG. of heater el ements
on either side of via 321. For sinplicity in this '
cr ovidle dorpgejug descripfion ip proseated fog pprosss ofé ﬁs@@thwd description
t S u 1
ofhtﬁé‘ (ko g %gpeg{g %faalezgseﬁ@ %eh@ésplquétﬁln? te&Q ﬂ% %&n&e% B be
exberwsﬁvec es tcaﬁimﬁrths imweation Ihcetllaepﬂeese fcorh1 piscogid. t”ﬂl&t ethb@liments
nozzl e, holes a n th t at er. Al ternativel
dot b Shoye, Farecioth, J bttt ind B R oo AR iniRcibles gt the
invditi6d akdigpracther 4plitRionhe theetyenaklbioRe thHﬁafyﬁ‘écl@lﬂ GEE art to
to Figure 5, an external device in the formof an
utifipgihe tm‘ﬁflil?ﬁ Brvaripgyemhadimenibanst with Meriays nopdifipationssas are suited
1.4, 01 4
to BEHIAERTEE bokea B L AT Ao i ML HGIR S wihih he
scamnofaithvi nyegive s dm@nmnpd |hyt ﬂma&tgaend’ddeclamy 'wagm id2dprétsd in

SRR SSHIGET SR T AN 4300 SRyt

461 by a notive force supplled to a drive belt 501 as
is well known in the art. The reciprocation of the
carriage 421 is perforned relative to a print nedium
such as a sheet of paper 521, that is advanced in the
printer 401 along a paper 20 path froman input tray
541, through the print zone 461, to an output tray
561. 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 fromthe printheads
(Figure 4) are caused to be ejected fromthe heater
chip at such tines pursuant to commands of a printer
m croprocessor or other controller 571. The

10
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25 timng of the ink drop emi ssions corresponds to a
pattern of pixels of the image being printed. Oten
WO Rove®s7483ich patterns are generated in devi cesPCT/US2004/008852
electrically connected to the controller (via Ext.
input) that are external to the printer such as a
conputer, a scanner, a canera, a visual display unit,
a personal data assistant, or other. To print or emt
WHAS ROCEAINPED: of ink, the heater elenent is uniquely
addresse with a short pulse of current to rapidly
heat a small volunme of ink. This causes the ink to 9

423 004/ 008852 vaporize in the
l'gﬁ%éﬁg%é angéfcéﬁ%%yggbe ej ected through an orifice of
t he anmbsthtiafly at@angutandredisr tlemeptr havingn® tingih andl Wil dhension
angl 581 having .user selection_.interface 601 may al so .
anfl A GoRE eI SR B SRS G PO ensi JimersiggbPcsaid widh

diekidd 19 BRbhtePtHa bBSut@apabi lities. 5 As descri bed
herein, the terminkjet printhead may in addition to

t hermrrabblechernbrsihegipe iamburality of Weloeibsentidlly sugommbhoend heater
t.her ' i nti i esen or. )
ol a3 gt BeRRGRAG HETEIRIY kb F SBEERN Rl tnamber
angar i ous aspects of the invention. The descriptions are
not i ntend to. be. exhaustive or to |lim e
v rRrOR PR Pl B U o R G g Hbble chamber has an
ori€io® edbileaitenditl BQa chidketbnaRONR UG 58 GROSEMcE Sallf Wi dGaving
the best illustratjon of the principles of the

anjopiEn eeree 1aAplanesubstatiolly anrallgprittessid Brst swface suchishat 2 plumb
1in€ BRR] &i PO RTcefbls RAEYantih ln%fﬂ Db&a A ek Ocenpld! 11 2€

£he inveniion in Various enbod nenta and vari ous

nodi fications as are suited to the particular use

nt | at ed. l, .such ,nodifi.cations.and variations

2. SRR RO O QoiBbE P wid e erisns e e tap g

by the appended clains when interpreted in 15

accordance with the breadth to which they are fairly,
3. |@§ igt Brfheaduaticlmy 2. ortarein seid leneth tiorepgion ipghne §5 microns
andSald WRAR A DOBE 3an o S mtcrorfs Al MEDL 1. An i nkj et

printhead, conprising: a substantially rectangul ar
heater el enment having a |l ength and wi dth di nmension

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 to about 10 micrometers.

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

heater surface.

11
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5 and a heater center such that an aspect ratio of
said length dinension to said width dinension is
w@e@angn23 han about 2.0; a bubbl e chanber haviPQI/ES2004/008852
plurality of walls substantially surrounding said
heater elenent, said heater el enent residing
substantially centered within said bubble chanber;
and 10 a nozzle plate with a first and second surface
above said bubble chanber has an orifice axially
extending fromsaid second surface to said first
8. sThef inkiet pridhend of clains é, whsteingaiddubbleichimleerdeformed imsaid nozzle
ldﬁgane substantially parallel with said first surface
such that a plunb line fromsaid orifice center is
substantially offset fromsaid heater center. 2. The

i.hkj.et. printhea f claim], erein_said aspect ratjo
9. ﬂ‘%‘:ﬂg’ﬁ{) @mtﬁwgw?&-ggath yh@@l@ﬁ%%lwmerﬂﬂsmqhé@&r% corner
re§ib®&li M 2, wherein said | ength dinension is about 35

mcrons and said width dinension is about 13 m crons.
4. The inkjet printhead of claim1, wherein said

sRect . L 1.0 1S 4.0. 5. The inkjet printhead of
logﬁg?%%ﬁfﬁ%ééﬁﬁgi%ﬁﬁé§§¥ﬁ'ength di mension i s about 40
m craogubstastindlysadtahguldtiea@dt slemsntoibving abadth & Widk @fSension

. The inkjet printhead of claiml1, wherein an offset
ang i% P eSB! st s 2 45PeAvizatq b said Jenily dimemsifnolo said width
dilﬁ@m&ﬁsgﬁeatem@n@m@,s‘;r om about 6 to about 10

m croneters. 7. The inkjet printhead of claim1,
wherdivhbls shembrs dewing el pdurelity ofi wellnsibetaniéallysuraabng said heater

' ' i nk_f | h l.th h f
ool 60tk 3R S R BB gt
andink flow substantially paralleling said | ength
di [ id .heat f . 11 VWO 2004/ 087423
PCTACRIB R BOBRES (18! Ao eoq g Bhos e ROUAUOPlcaaphyrdas an
orMiee keibly SabliREh 8aid RBEHAR Sudffee @SB Ut BurBRk allO&TAR having

plate. 9. The inkjet printhead of claim1, wher ei n
an osifige perse i aghnetsabstanislln pebiehve thertid Bishaurface sihghat a plumb

lind $ronf¥id &Jfﬂic?etceﬁ{ei' H&sl'h%aoqfsetccﬁé{g{cie %{loﬂgéaid heater center in a range from
about 6 to 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 about 40 microns

and said width dimension is about 10 microns.
13. The inkjet printhead of claim 10, wherein said offset distance is about 8 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.
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a substantially rectangul ar heater el enent having a
| ength and width dinension and a heater center such

w0 bai/osmzaspect ratio of said | ength di mensi onP€DUSENN4008852
width 5 dinension is greater than about 2.5; a bubble
chanber having a plurality of walls substantially
surroundi ng said heater elenent, said heater el enent
residing substantially centered within said bubble

| Y
et pAfthad dIOAARC) Rllfiitbdib oRifibk hed A FaCIMout 14

e chanber has an 10 orifice
nn@ﬁﬂﬁthdqmﬂmmdbm@ﬁmhppma&ﬂdﬁﬁﬁﬂdd&ﬁémﬂh%%e to said
first surface, said orifice having an orifice center
in a plane substantially parallel with said first

165 Utht 351G etSHfthdab &if ciaifdl M iwheteimenid brfiteskisth frusthmaenical shape
center has an offset dlstance fromsaid heater center

betgemsaidprgand anshhirsbEiaeess t o about 10 micrometers. 11.
The inkjet printhead of claim 10, wherein said aspect
ratio is about 4.0. 12. The inkjet printhead of claim

171$miMQaqmmﬂmmékﬂnméﬁggh di nension is about 40 mcrons

and sai d dih d mensd:.on i,s .about 10 m crons. 13. The
i nk]alélnhwr‘ar WG 08?1“1 Al eXt%E)t wherein sai d of f set

di shafssRantisll@ bédﬂztngﬁlamh%taﬂéemélﬁ willhe perifljeey hpvihgtaHemsuth and
ubbl e cha

widhh SGETSE B0 ST CHISTAILR B ST P ahoch H0h &S BReprato
of B ST AR 5 A e B o 07t

10, avlzhlébbl cdlasﬂvlenl having iacplutebity af gempaedielady appeged walls rising
Lron n said.plan t [
LR 380 2o R D) Sl MBSl 1P
ele\g&ﬁf, €4i0 hSz&élgél@ﬁd:Ift h&ﬁilﬂi@ﬁlfb@talﬁtialﬂytcmﬁte&d ithid sashiagbdle chamber

et ween sai d second an irst surfaces. .1 nkj
pri A% Aaladlowg %PFlsgﬁ‘Q}lggaWei ks 2 qﬁéwrpé ‘ﬁaﬂsAQavm b Grimary
dnje&f&' I)f'lgﬂpﬁt)we&éfﬁﬁﬁ by twd %Bs’%ﬁftﬂaﬁiflﬁérdll%ﬂlﬁ@ Gldlx@kvalls that are

heater element wth d periphery having a length and 5
subatmlhllsd panelieli torsaiingngthimersiorcemsaid hoafern suréageesaid parallel ink

flowy" Wa CeeXlts eé &8b stanlﬁl%ﬁy pl'éﬂ) enfiuId® Poe%(jiidrlal’lléialdinal extent to fluidly

connect said heater element to said ink via; and

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

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 channel is formed in said

nozzle plate.

13



of said length dinmension to said width dinension is

greater than about 2.5; a bubble chanber having a
w@banagisey of perpendicularly arranged wal | s rPGI/I§R004/008852

above said heater element to substantially surround

sai d heater surface of said heater elenment, said

heater el enent residing substantially centered wthin

sai d bubbl e chanber; 10 an ink flow channel through

205 Te B SRR bR B bR R S B 1

parallel ink flowwalls that are substantially
parallel to said | ength dinmension on said heater
surface, said parallel ink flow walls existing
substantial ly perpendicular to said | ongitudi na

extent to fluidly connect said heater elenent to said
ink via; and 15 a nozzle plate with a first and second
surface above said bubble chanber has an orifice
axially extending fromsaid second surface to said
first surface, said orifice having an orifice center
in a plane substantially parallel with said first
surface such that a plunb Iine fromsaid orifice
center intersects said heater surface and has an

of fset distance from said heater center in a range
fromabout 6 to about 10 microneters, said offset
distance 20 all on said heater surface and all within
said periphery. 18. The inkjet printhead of claim17,
wherei n said bubble chanber is fornmed in said nozzle
plate. 19. The inkjet printhead of claim 17, wherein
ink flow channel is fornmed in said nozzle plate. 13
WO 2004/ 087423 PCT/ US2004/ 008852 20. The inkj et
printhead of claim 17, further including a supply of
ink. 14
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