WD 2005/ 077027 PCT/ US2005/ 003953 HI GH RESOLUTI ON | NK JET PRI NTHEAD FI ELD OF
THE I NVENTION 5 The invention relates to ink jet printheads and in
particular to ink jet printheads having increased resolution and nethods
for making {Reopidibeads. BACKGROUND OF THE | NVENTI ON 1,6%[]%2(355"}3545 ters
continue to experience wi de acceptance as econom cal 10 Feplacenents for

| aser printers. Such ink jet printers are typically nore versatile than

| aser printers for some applications. As the capabilities of ink jet
printers are increased to provide higher quality inages at increased
printing rates, printheads, which are the primary printing conponents of

ink jet printers, conyif RESOIUTIONINKIETPRINEHIAD ex. 15 | nproved
print quality requi rwﬁmﬂﬂmeased nunber of
ink droplets. In order to increase the nunber of ink droplets froma

pri nt head, L nth r | d to include nore nozzl es and correspondi ng
i nk ejecti §m@.lﬁ@h@%er of nozzles and actuators for a "top
shooter" r "roofTheShRptieH reldids b idkgachringRadiant e pRaAGAS tb inksever al  ways known
to those skilled in the art. 20 For exanple, in an . integrated nozzle plate

cont ai ni ng risintheadsiaving ingregsed FRspiytionsand pethods der making e Sriptheads: apl ated in a
polyi m de material, adjacent nozzles and corresponding ink chanbers are
typically offset fromone another in a direction orthogonal to the ink feed
sl ot. Such BACKGROUMUOFSTHE INVENBEQN nozzl es having different fluidic
characteristics ﬁhll?h as refill tti rreg) which can.result in g{sjalitg def ects and
can limt 25 hig rJE'qlPélﬁﬁe{/S SPUMEE; B GeTENE &% ABTPRBYLAL oF 8 R of f set
i's primag | Yrepldéenicats fof Rker priatedd. | SUEh @Ak fehpriniers atetypicallyemoRtversatile thad for m t he
i nk chanbers. Wth a | aser ablated nozzle plate containing ink chanbers and

i nk channel dasea RERKATiR Sqseec PPRJCAEtNRee s 2 enpabilitithRT étkaifb AINSters afequi r ed
G
as t he nunbewhicl areahe priparyrplintiog cerhpoments of inkljet printans, lventthueso evoter @rised. 1
become more complex.
15 Improved print quality requires that the printheads provide an increased
number of ink droplets. In order to increase the number of ink droplets from a
printhead, printheads are designed to include more nozzles and corresponding ink
gjection actuators. The number of nozzles and actuators for a “top shooter” or “roof
shooter” printhead can be increased in several ways known to those skilled in the art.
20  For example, in an integrated nozzle plate containing nozzle holes, ink chambers, and
ink channels laser ablated in a polyimide material, adjacent nozzles 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
25 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
30 substrate is required as the number of nozzles and actuators for the printhead is

increased.



WO 2005/ 077027 PCT/ US2005/ 003953 Despite the advances made in the art of
ink jet printheads, there remains a need for printheads having higher
resolution that can operate at higher ejection frequencies wthout
substantially increasing the cost for producing such printheads. 5 SUMVARY
OF THE | NVENDR2OW/OY2h regard to the foregoi ng and ot her miy/esbes/oarvds
advantages there is provided a high resolution printhead for an ink jet
printer. The printhead includes a sem conductor substrate containing at

| east one ink feed edge and a plurality of ink  ejection actuators spaced a
di stance from t hdsspile thecagdvansge mage im thsr art pk inkpjkt pliibeadsnthers rsmeinataor s has

an aspect 1 afb® thARHhMGads" BARP Aigher  resoldtidr AP dperhte Bt R Gebliddl © 1S
% su% es%le

attached to the sem conductor strate by use o n ad r preferably
an adhesi vdramehcias withoer substaatiadly proirgasing ithe dostyfer prodimingwueh panthéait.e cont ai ns
a plurality of nozzle holes, ink chanbers and ink channels |aser ablated in
the nozzle plate corresponding to the plurality of ink ejection actuators.

Adj acent snOZIMIMARYORTHE INVENT@ONpart with a pitch rangi ng from about
600 to about 1200 dpi. The distance, fromthe jnk feed edge is substantially

the same for eachVish regsd jtaithe)foreepiss aid: etheropliects |andapyariagesctiBtsdisment
there is pr }\fbwq&&i %h@ 'r?stolﬂﬁi%q prifthedd) ¢de K i€ fer BFibtRE. ?Tﬁe gﬂ%&@'@&@&@q I ncl udes
substrate nk YTeed e

a sem conduct or containing at | east "one i ge and a
plurality ofsemidondyotortsubsiragectangdining a6 frast exte anidfesd @dgeardd o plurdiy bhlakf eed

dge. 20 Each .of the ink ejecti tuat ors. h ati. i
From about DSHEn FUSIBS PRt 7 OHERTER FFIH () 6155 L0k PLRdEK et

sem conduyct Qictuatebshds ah @spebhRutib Rarfifing frérh Ab&RY S 1 Rabolios: NEA AdXBkYlde &
plurality of ink feed chanbers and 1nk feed channels corresponding to the

plurality ofattached cipelbe ssmicondumierosubstrate hyzysceofppmtadhgsiveapn arstsebly o t he
L) e SR AR TN e RIS I,
feed chanbermmzzlddjcdeseritk chambdre dndl ek chamnelyp &aserd abiped tinwihe hnezlei plate r angi ng
L1 om 2out 000k anghe S B A0al o et aEGe, | BT htl [SENEITC 1 o
of the invenbiRkd apart Widta bacrpfaaﬁiing%npaﬁdm oG €S atbaY i1 DG HRCI BRSEGance0 pri nt
resol ution w thout decreasing the firing frequency and wthout significantly
from the ink feed edge is substantially the same for each 0\¥ the ink ejection actuators.
In another embodiment there is provided a printhead for an ink jet printer.
The printhead includes 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.
20 Each of the ink ejection actuators has an aspect ratio ranging from about 1.5:] to
about 6:1. A thick film layer is attached to the semiconductor substrate. The thick
film layer has formed therein a plurality of ink feed chambers and ink feed channels
corresponding to the plurality of ink ejection actuators. A nozzle plate is attached to
the thick film layer. The nozzle plate contains a plurality of nozzle holes laser ablated
25 in the nozzle plate corresponding 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
gjection actuators.
An advantage of the invention is that it provides printheads having increased
30 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
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i ncreasing the size of the printhead conponents. The invention also enabl es
production of printheads having a nozzle pitch of greater than 600 dpi

wi thout the 2 WD 2005/077027 PCTI US2005/ 003953 need to provi de adjacent
nozzl es and correspondi ng i nk chanbers that are offset from one another in
a directi onWor¥dgenal to the ink feed slot. Accordi ngl yPCH/t%200500595% C
characteristics of each of nozzles are substantially the sane. For purposes
of this invention, the term"pitch" as it is applied to nozzles or 5 ink
ejection actuators is intended to mean a center to center spacing between
adj acent  nodeed tsprovide pdiaeand pozzies gad eereespendipedpk ehambsts thafipse affset g’PF‘y

paral l el wth an.gxt f Qldir?éggqtogwﬂ?%&aﬁtcﬁfﬁwm‘%ed N4 2| Aochidh y,.tf@ﬂhitd?cr m

"aspect ratio’ as It app e Ink ejection actuators’is the ratio of
t he | engt h aothataberistics wltahof hozAdldsaradubstintafly thesamet uat ors. is BRI EF

DESCRI PTI ON OF THE DRAW N ur,.t her. advant ages ,qf the invention w || becone
apparent by referlig’ﬁ@érﬂoﬁestﬁéﬁsd‘é‘fcﬁf‘?rb&hedggﬁrP%‘Ehi & 0¥ BBPUsloeAElE o di nent s

when consy depRdjebtorCaRiatis is ifnd¥ditd meb 8 cbidbd 18\0kriter Gacing Besvebn Adjsdenat i ng one
or nore non-limting aspects of the invention, wherein |ike reterence
charact ers d®Zzighar eiestionachiatoss ii4 direcipn fbstastially Raralisbwith ap axis pligagd, er al
drawi ngs as - LSy aTi j e .0t er, . . | 0ot scal e,
cont ai ni ng a&%l}%igt gg? r%az%l%glr-rg?'.n‘éh%n{l héeSp?{E\I/{e{%Ot |agﬁt%h{légsqg§‘% 1Esm%t‘e{:)tgornspecti ve
vi ew of an iackjagirs jsrtharaeo ofithe dangdibmd theoactuars tovhawiddnof théaguat@si s a pl an
view, not to scale, of a printhead containing according to the 20
invention; Fig. 4 is a cross-sectional view, not to scale of a portion of a

printheay BREEEDESCRAPTIONOPIHEPRAWINGBe i nvention; 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 scalfartheradyaagesiodtheonvention iwill heentneaanpanicai bigrefasencado trs
YT Lo Selged oSyl B O Aok BeRR) g o7 1 @
the following drawings illustrating one or more non-limiting aspects of the invention,
wherein like reference characters designate like or similar elements throughout the
15 several drawings as follows:
Fig. 1 is a ink jet printer cartridge, not to scale, containing a printhead
according to the invention;
Fig. 2 is a perspective view of an ink jet printer according to the invention;
Fig. 3 is a plan view, not to scale, of a printhead containing according to the
20  invention;
Fig. 4 is a cross-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
25  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 invention. 30 3 WD 2005/ 077027
PCTI US2005/ 003953 DETAI LED DESCRI PTI ON OF THE | NVENTION Wth reference to

Figs. 1-3, "%pezb&@%% printer cartridge 10 containi ng apcgzgéﬁg&ﬁ)ags 6 for an

ink jet prin I's illustrated. The cartridge 10 inclu cartridge
body 14 for supplying a fluid such as ink to the printhead 16. The fluid may
5 be contained in a storage area in the cartridge body 14 or may be supplied

froma re ' RGN ErON The printhead 16 includes a
”%Eg%ﬁ%ﬁﬁ%ﬁ@gmfgﬁgtﬁ‘o’ggﬁg pl ate 2% p

sem conduct or trate . ple _ cont ai ni ng nozzl e holes 22
attached to the SWishtreferancd8¢ Kigs.i h3.aamtitie jetcprintefi enstiidge 18t eentsiving t2o a t hi ck

filml . th b o f. h '
emovanl y atPAUREN Rorta k] bRer S PERGE bk HanfRe TR A 1O

contacts 24 @uedgdbsdyi defdr QippBidg £Mbib kechais itk toltthefrirftivad dbe The fla@d myonnect i on
to the ink jet printer 12. The flexible circuit 26 includes_ e|lectrical

traces 28 t hes comainedon o stoEAge @patin dhe castides pady 4 6F mayrhe YPPYRdEOM #16. An
enl arged cr %&b&%ﬁ@cgﬁ@h&\’:&%gc%&% ?{p. scale, of a portion of a printhead 16
0 0

15 according to one e I ment e invention is illustrated in Fig. 4. In
this enbodi nent , Thehpringvead il b emdudes a somiconduston sutistratad B ahé atmionge planddnt 30 for

heating the flui.d in |.ui 4. chanber qr i h er. 32 for L.n the nozzle

bl at e 30 betshelaion a0z, btk % NAFRS o, e Pl P i n ahobél AtRdiBett s ne

i nvention i satfaehed tb ¥ithRE fllM layer Bh ithet subsifhtel Ot GOpERrBd G thetdamridgl 10MgAat | ng

el ement 30. O her fluid ejection devices or 20 ink glj ection actuators, such
€

as pi ezoHl ecerpoyablpgitached tpthe dnksist pantgs By Ascasdingly gelegiricad cppfaste 4d ac cor di ng

to the invent] AR E el W-TE | . s : zl e

hol es 22 i snﬁ;odr){;e)i %dr‘l’;'ﬁl*ylg’“%l?c?\‘% dgcfjé {ogglteﬁécéjlraﬁ?@% atﬁglzegmégetﬁ)ﬂpgﬂg ) g%zopeni ng
or slot 34 |flexilecisaiistrintledes@leatrigal tracesdthatard tamnectedhiariheiubState bhefect i ng
the slot 34 [)qn th téh%ltlfl uid chanber 32. The 25 nozzle plate 20 is preferably
adhesi vel y ant BIMAE41S t he substrate 18 as by adhesive

An enlarged cross-sectional view, not to scale, of a portion of a printhead 16

I5 according to one embodiment of the invention is illustrated in Fig. 4. In this

embodiment, the printhead 16 contains a thermal heating element 30 for heating the

fluid in a fluid chamber or ink chamber 32 formed in the nozzle plate 20 between the

substrate 18 and the nozzle hole 22. However, the invention is not limited to a

printhead 16 containing a thermal heating element 30. Other fluid ejection devices or

20  ink ejection actuators, such as piezoelectric devices may also be used fo provide a
printhead according to the invention.

Fluid for gjection 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

25 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,

30 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. Accbrdingly, a

4



| ayer 38. In a particularly preferred enbodi nent, the printhead is a thernal
or piezoelectric ink jet printhead. However, the invention is not intended
to belimted to ink jet printheads as other fluids may be ejected with a

m cro-fl ui dwﬁ’zﬁ{so‘% 7d6VI ce according to the invention. e@‘g"ﬂ"%@“%gf. T the

I nvention is ted to a printhead having a fluid %
substrate 18. A fluid nmay al so be caused to fl ow around opposed outer edges
of the substrate 18 and into the fluid channel 36 and fluid chanber 32.

Accordi ngly, %@geo I f 40 is
provi ded V\:hl% fe‘éd%@ (jgg%e of tﬁ% eed %Qgp{hgf%érdswrﬁq?h(gqgggg%of an
edge feed cmffangdgaﬂecd)mnﬁgnrauun,em oetdtgedggfofthwe‘ummbmlrsate IS. In the

enbodi nent il lustr n 2 | 36 are
formed in the nof? bgpgnefgllggt%tgﬂnalé%rfl Q‘S‘%‘f e’baﬁ".?‘”[gﬁ;g?d gEFﬁaP‘,n@n%of t he
nozz: e I5 plﬁ&ﬁe@nﬁ tlieyhllibzﬁwﬂlzlue Q0 1ag bg tleser ﬁmamng hleas?n’l%lﬁth?rﬂfahe aoxtie of tlhe
nozzl e plate 20 n the nozzle ate 20 i s nmade pol yi m teria

wal | s 42 %of Ripe 200 ty@ﬁ%lhb%ﬂ“dgﬁe%%&“'\/\ki‘lel‘gk ﬁsmﬁki’ertsﬁg ?1@'2‘ %‘2 qﬂaéc;,gg sl opi ng
or angled SUWB@:?% Hoiid ?laiehQO is fi\-?aﬁé d?th! E«Slyﬁrﬂd@%’a@é’fﬁﬁ whlls & RFit jrik’ t design
of a printhead, illustra center to center 10 distance S,

bet ween adj anhemberrﬁizmdesamamalfdhﬂmmé&hﬂpe slaping oapugled arfagescdugrie ther  nor e

to provide f t han about 600 dpi (dots per inch) along a
direction (21\51&% ?‘écf%pr%’ ?) an ink feed edge 54. In the prior art design

illustrated in Filg.a grior@zddsign dial @intkkad alidstddanigt Kapeceater 6 Qvtel ng
st aggered I nk chanbers 50 and 52 to provide closer spacing S, between
adj acent hoZastace %We“g?e&g"d'&c%“noiz%leﬁ 46 apchA¥ vean dypiga 'é’eﬁ’i’f’é‘r BUGPIQzz| e 46

is a di stangRordto f)lt&@fde a%x&ﬁ%?legm& ﬁmmm ?io??pe?fnc )Q&%@H!r&flﬁfﬂ@@)ﬂ e 48 to

the ink feed edge . I'n many conventi onal art des e aspect
ratio (L, /WQaralbf tq mkltéq feed ﬁdgc %&:thathorpsmBGltldsSngypihGaatboj’ u’l Eigs St hemleabout

L o B8 SRl o SR APPSR £ RREST 307
m crons 20 db@btl\q:ﬁﬁmgﬁlébe&f&n ladjscenb asdfs s ByS staggeted eidl isf eand tHat s eénétbl at ed
nozzl e plate co (i n manuf act yring_al i gnment _t ol erances. Al so a distance
G rangi H’g quélﬁf_égggfs gpdigtgnce T) that 1s less'than a distance T; of a center of nozzle 48 to
the ink feed edge 54. In many conventional prior art designs, the aspect ratio (L;/W,)
of ink ejection actuators 56 is typically less than about 1.5:1.
In order to provide a fluidic seal between adjacent ink chambers such as
chambers 50 and 52, a distance F ranging from about 7.5 to about 30 microns
20 between adjacent ink chambers is required for a laser ablated nozzle plate considering
manufacturing alignment tolerances. Also a distance G; ranging from about 0 to
about 10 microns between an inside chamber wall 58 and the ink ejector 56 is
typically required for a laser ablated nozzle plate. Accordingly, the pitch S; between
adjacent nozzles is a function of F) and G, and the aspect ratio of the ink ejection
25  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 nozzies in a laser ablated nozzle plate with a pitch of greater than
30 600 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

ejection rate or firing frequency. With the design illustrated in Fig. 5, the firing
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about 10 m crons between an inside chanber wall 58 and the ink ejector 56 is
typically required for a | aser ablated nozzle plate. Accordingly, the pitch
S, between adjacent nozzles is a function of F, and G and the aspect ratio
of the ink 25 devices. It will be appreciated % i dic
characteri s@b?g&sm?ﬂ]ﬁozzl e 46 differ from the fluidic chlgra eJrgl 5{9%%5

nozzl e 48 because nozzle 48 is farther fromink feed edge 54 than nozzI e

46. It will also be appreciated that providing a substantiall y non-
staggered ar Rl tch of
greater thanﬁ%e'g%od}gggh%r%eg%s@gﬁ g th?hi“gtsfgprt gcf\fzdélémmcc%rg?\égé

adj acent nozaitbe frtn thednkifsed edgeddsi rabl e in order to increase pr| nt
resol ution and prj

frequency. Wth té\g’oﬁ u%’glr?tﬁ/q"l\#ﬁfgf?rlgta&?gﬁ?ﬂg K %"e %ne&i% é’?%?o t%tmvor“\%fbl‘“ "

2005/ 077027 fiGustt4esd? B0 plaB 038 3 nof teeeafe)ay Mg, 6heAcidihgdoithe |m\Féht1@d by the
fluid fill rate of the ink chanmbers 52 spaced fartherg{momt I nk feed
edge 54. A pabsipgipliydingaramay69fdnk siestiongioarley2: & RpWdehhURikRRE PHPT ¢ he

i nvention is, naéskgﬁ%imgi?e%lhm 152 hethiPhanibRls 3200 SEHcEd s@gmﬁ«kagj e sfifecor di ng

to the invention subs trally near array ecti1on nozzl es
22 is provi ddistandgrilsifkeen tHeanlpfded edger40 sutehatghm fllidiosharattemkticn of¢agh ndzzle he i nk

chanbers 32 e s ecl uhst ant i di,stance T3 fromt e, i nk feed
o0 o B e SRS AR e Bty e derie o BT bRl AES 1 rep Sy afe

subst anti al | §istafR FaREink ITh@mbers T "fEokb Hieddpé iﬂehﬁé thiethe Aifterendt i disagect to
the distance of the ink chanbers 32 fromthe edge neans that the difference

in di staMte fromtheothambersdgdnseshcobonn of chambers 82 imfassdhancorpapelie adoneths | ess
than or equ of 0. In a
pr ef erredqeﬁiﬁ m%to?[ﬁ%t pre?%tl&gpgmeggg elgtapﬁ eﬂeH&Lout&%g‘g@oﬂa rEféFa%S«3

m crons. Al smangas/fickeabicee2(td aboue?d motemis.gAlsotuntike thatpeor art desigmthercestpaci ng S2
bet ween adj acent, nozzl e 2. is preferabl 0 roviding a
i ton ot oy cobpel Rifng b derse e SO R oBE e Fo AENGPRY | nk 15
chanbers andpidfiding pleutof 246 rdRin Rt S0 dp 6 bBRrd 20Mlpiclopahgkd id Ong a

direction B of the |inear arraé 60 of nozzles. In a preferred enbodi nent S2

pref erably re&WEberstandnip ¢ sabonb R40D dri érophotedsvelppnd 1@00@%3& alesg a

direction B of the linear array 60 of nozzles. In a preferred embodiment S;
preferably ranges from less than 42 microns to about 10.5 microns.

As described above, there is a minimum distance F; between adjacent ink
chambers for a laser ablated nozzle plate to provide sufficient chamber wall structures

20  for fluidic sealing between adjacent ink chambers. Distance F, preferably ranges
from about 6 to about 30. Also, alignment tolerances between an inside chamber wall
62 and ink ejection device 30 require a spacing of G, which preferably ranges from
about 0 to about 10. This is particularly true for an alignment tolerance (NA) between
the chamber wall 62 and the ink ejection device 30 of about 9 microns. In a laser
25  ablated nozzle plate containing laser ablated ink chambers 32 and ink channels, G, = '
Gz and Fy =F2. In another embodiment, described below, G, > G, and Fy > Fs.

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 (L,/W;) ranges from about 1.5:1 to

30  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



As described above, there is a m ninmum di stance F2 between adj acent ink
chanbers for a | aser ablated nozzle plate to provide sufficient chanber wall
structures 20 for fluidic sealing between adjacent ink chanbers. D stance
F2 preferably r s_fromabout 6 to about 30. Also, ali ances
bet ween an Wﬁ?f’%@gﬁ‘ﬁénber wal |l 62 and ink ejection devi@r@%&fﬁ}&%? e a
spaci ng of & which preferably ranges from about O to about 10. This is
particularly true for an alignnment tol erance (NA) between the chanber wall
62 and the ink ej.ectiqn V] 3 . L: . abl at ed
nozzl e pl at eagglggogiotrl\lw(r%gm?’i‘gésﬁ%‘bﬁ%ﬁ%’gg&gllz%%t%a%%gt?gn%ylgphdﬁ i thﬁ%gﬁéﬁﬁel s, G _
Q& and F, = riozzlé D2 andianber 3diigdinerttbleraes@C)hieabooe? migro®. > G and F, > F2.

In order to provi de cl oser ,spaci ng. bet ween. adj acent, n les. 22 sufficient
to increase the Fgr e pret Bbl@'re@é‘f’ézﬁe P%&Fn%aﬁ‘t’)fg?mg%%c 'rfat"ﬁéf’%él%epfé’ﬁf’wf"&t i o of

the ink e] eGhhabhle¥hfBussdid Riceheckich obaerspind e aspect ratio (L2/ W)
ranges fromabout 1.5:1 to 30 about 6:1, preferably fromabout 2:1 to about

4.5:1. Sdch aspect ratio enabl e@ *®e P +d2Bat er resistor as t hd1) nk

ej ection deyj ' | f ' r

2005/ 077027 BT (ESLBE 1BEE P RRERe oBFh Bf ' AR Bocton Gkl
heat er resi S4af thaheszledd2, Fnistthe entasediaméter atrthe entemn264 of theanoise 232

al i gnnent tol eranc %NC s about, 2 mi.crons, For a |aser ablated nozzle
plate 20, ré‘ngF PSH-SB RGCIpg fetwegn adjacept ¢ Ber]sah owing relationships can be

used to sel ect thBeCathRe difmSE@NIED) SPAEIMREzIS22 direcdy alfefttiezdop stzk) Where
(a) is the distance between the bottom of the chanber wall 42 and an

ent r ancel? e&jested: betheowzele 22pandmiy thereforronermaby fixed by apredust reguirementent r ance

64 of the n I 2.1 | t ',?]ﬁ)ee hers 32.
The entrance iagsrtre gr(a)?ig%}" tgef‘ Eﬁéélgﬁgggﬁg{%g)zglﬁr%@tg%@% ecfémfl@qg?op Si ze
to ej ected Hyndtoe ofdezaioezi2 20 ebrthties alignareaf wlceance (NE) and the natl abgle pf tduct
requirenents

The di st anc frgmthe entrance 64 ‘the nozzle 22 to the
chanber wal Ichﬁ'?b?rswagf&f‘ifﬂ i%ﬂz’sﬁf a@ﬁép“ri’é‘i‘ﬂﬁ“ag ?Blsﬁar‘?ﬁ?r@gﬁ’etﬁcfﬂbﬁ’ﬁé‘?ﬂmpol erance
(NC) and t heyopdinl of MeHh8mBEr WAIE DGIRTRRF abMtlon, thé wahUsgld oPihelcBsBber 1At | ON
providing a distance (c) between the top and  bottom of the chanber wall.

Duri ng | Hisertypipallyttanges fram abeut|6° dmgbeut dB°.t Recariastye thevdistince (a) must be
greater than the nozzle to chamber alignment tolerance (NC) plus (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 30, the distance (G;) between the ink ejection device 30 and the
chamber wall 42 must be greater than the alignment tolerance (NA) between the
chamber wall 62 and the ink ejection device 30 according to the following inequality:
a>NA + W,2 -ED/2 (3)
where W is the width of the ink ejection device 30. The foregoing equations assume
25  that the wall angle for the nozzie 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
30 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



15 typically ranges from about 6 to about 18. Accordingly, the distance (a)
must be greater than the nozzle to chanber alignnment tol erance (NC plus
(c) according to the following inequality: a > NC + c. (2) 1In order for
the nozzles 22 of the nozzle plate 20 to be aligned to the ink 20 ejection
devi ces 30,woheosdrmtance (&) between the ink ejection dsmgseiBd00xs t he
chanber wall 42 nmust be greater than the alignnment tol erance (NA) between
the chanber wall 62 and the ink ejection device 30 according to the
following inequality: a > NA + W/2 - ED2 (3) where W is the width of the
i nk ej ect i ormatenil tleat S0spinTé¢vatedor daguinated wopubstiaten®. ddwthigk fif lavien{0 hase wal |

angle for the pozzle 22 4s abo 7.be n e ' t he
nozzl e 22. Igglrcpléesﬁéaﬁlg‘e"% ftoén g"é’r‘i‘%I érto %%’g&)i’\ﬁgu sbaé]? %@%ﬁgﬁlggﬁﬁfékggg{%s 22 of
| ess than GOGreNdde ik dhambbeuls AndOik chhannelsh® themier Asiddtdribé® apoef dreabl vy
ranges from aqjcr)ut e7 fo .about i‘? m.cr n.e I n order, t redlu e, tcﬂ I gnment
tol erances aM@Sfalf ?%@Flue%qne‘alé efiﬁgg%'ggiil%m'ﬂbbe ?@VWS‘EEY@M? i §?t

print head CGrBagal gl 189 sttdraRoon ek SRBRA J&Rks 82 aﬁe"t@nﬁ&f&l\/&{‘fhggﬂbétﬁte 72

illustrated 1n Fig. In this enmbaodi ment, a nozzle plate Is fornmed
separ at e fr cmdare aligned withlamdzaly 84 providetlrie thehiogkle friatgrb8. aY ks nazales 84 preef er abl y

provi ded by a ph resist, .7 2005/,07¢027 . PCLI 05/ 003953 material that
s spin coatpé‘(‘lfgE?Sfylolgﬁ“ﬁI ﬁ@f‘tg‘%“{@Qg%&?lgfégﬁqesﬁrﬁ@gt%ﬁg‘& filmlayer 70 has a
t hi ckness rangi ngn tiosmbédimenttsiiowal 85 f &R ink eaaiher ANtk fornddr witleleadbdsy

phot odevel oped to, provide ink chanbﬁarés 74 and ink channels 76 {herei n. As
descri bed alfhARglerthen the siderwalt 82 obthe fasen phlatedppzziguplate 2l dwgerdinglss st nay be

provi dedify et B cbtedssilofil SOpatwiiPudifiRth h8iAldd RSB dficd? and e 1 eCt! on

devices 82 are torne ubstrate”/2 and are aligned with a nozzle 84
provi ded i n follewing zelationshiptcan &8 usetite detsrmine shegeenter &0 cqntazfspaciitg hetwveaner
ablated in taﬁe nrﬁzzléﬁ 4at e 68 as described above. In this enbodi nent, side
wal | 86 of tHEFTHIMHEber 74 is formed with less of an angl e than the side
wal | 42 of the | aser ablated noggz+&v,pl @x¥G34G-F,Accordingly, the @) center to
center spacing S2 between adjacent nozzles 84 can be reduced and the
since the effects of the laser ablated chamber wall 42 have been reduced or eliminated
15 from the design. In this embodiment, the heater width W; may range from 5.5 to
about 25 microns.
In order to provide a suitable ink ejection device 30 or 82, the aspect ratio
(Ly/W3) of the ejection device 30 or 82 preferably ranges from 1.5:1 to 6:1 as
described above. Given this aspect ratio, the ink chamber 32 or 74 and the associated
20  nozzle 22 or 84 preferably is adjusted to provide a suitable volume of ink ejected from
the nozzle 22 or 84. A preferred nozzle design for embodiments of the invention is
illustrated in Fig. 8 and comprises a substantially oblong nozzle. A preferred oblong
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
25  diameter D; and a rectangular segment 94 having a width W5 and length L3 equal to
the diameter D;. With respect to the exit dimensions of the nozzle 88, D; preferably
ranges from about 5 to about 30 microns. The width W5 preferably ranges from about
I 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,
30  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
8



followi ng relationship can be used to determine the center to center spacing
bet ween adjacent nozzles 84: S2 = W + (2 x Q) + F2 (4) since the effects
of the | aser abl ated chanber wall 42 have been reduced or elimnated 15

fromthe degian..| hi s enbodi ment, the heater width I rom5.5
to about 2\3’0%?%"("8@%; In order to provide a suitable |\r?%(g59%5c29q%@ﬁ55§evi ce 30
or 82, the aspect ratio (L2/W2) of the ejection device 30 or 82 preferably
ranges from1.5:1 to 6:1 as described above. Gven this aspect ratio, the

I nk chamber e%ala%{d the%adﬁ) e 6?113%%% f@%§%M2 Plo a%%ulpj[]o%ﬁﬁﬁ:@' yis

adj usted to provi de"5 *Sui ej ected Trom e nozzle 22 or
84. A pr ef eforatle axiz of ehedmzlg r88f dit rsapfefad‘bdrﬂmt shecrhtm: o Wylebd gmater than

or e er 1 cd. oBPRE 13 s A peTareg ot sl AR R TS Tt e

to herein as bI Thé ambat of ink Risehdredd @rddachzﬁin@tuﬁﬁoﬂ the @RS 94 frofn theo
sem circular segnents 90 and 92 having a 25 dianeter D3 and a rectangul ar

segment 94 Karfaca@f theinkieigctig device 182 ig exit ef3he aerzle %(Fla He dhedistesse 3. wWth
respect to r, es from
Lbout 5 1o Bl isaflcl T QB s b WBORCEhferbit, GRS REAR, demer3PORD 1)
about 25 mi ccmsspatanngL?ot 1Is@sefpr®lfthatab¢ ypacing Ss@néessllthmrthe dnntatm B3It ishe
entrance d| n z].es re sim t di nen3|ons of
The. nove oo pRBeRADY Rrsfioe R AR Br S 3k Feod W aPlur b S s

correspondi ngnﬁmﬁﬁnce dianeter, while the w dth WB is the sane for t he
entrance and the_exit of the nozzI e 88. The long axis La of the nozzle 88
is prefdPably al Pwedh wctrr»gmmﬁeemb@fbmﬁmwawrbqenélemﬁubed31mngoﬁs/rw%z?

PCTI US2005/ QR983 a 56! billd ARV Ik fiftn IkAPTiAiEbL SphieehRl ARyt agges from

about 10 to a ons for t 1ct)f the n is preferred
t hat the rachanhefs M8/ DB chmngtsema)ebe forened eatlosively ir Bither tthei mozales;datp oef er r ed

that the rat 4/ D3 be out 1. 15  Th u i nk
di schar ged ?@%?L’BHQE’PU‘?{C?’P g[tf’"??‘ile %@?2‘* pozZle ?’35?\ ?rﬁ r% @ﬂ'}?agﬁre of the
i nk ej ect i oFomeatiofi @f & ihio ckamber Bid IR hAREFinbofifthe Nbsrle Fihte ahBehidk ffrance H
preferably ranges from about 25 to about 55 m crons. ven the nozzle center
to 157 layer enables a greater degree of variation in the distance H to be achieved while
providing suitable flow and ink ejection characteristics.
It is contemplated, and will be apparent to those skilled in the art from the
preceding description and the accompanying drawings, that modifications and
changes may be made in the embodiments of the invention. Accordingly, it is
20  expressly intended that the foregoing description and the accompanying drawings are

illustrative of preferred embodiments only, not limiting thereto, and that the true spirit

and scope of the present invention be determined by reference to the appended claims.



center spacing S2, it is preferred that the spacing S2 be | ess than the
distance H It is particularly preferred that the ratio of S2/H be |ess
than about 1.5 when S2 is less than 42 microns. 10 Wile the foregoing
enbodi nents have been described in terns of a nozzle plate or a nozzle
plate and thick filmlayer, it wll be appreciated that the ink chanbers
and i nk channels may be fornmed exclusively in either the nozzle plate or
thick filmlayer, or nmay be formed in both the nozzle plate and thick film
| ayer. F%ﬁ @éign of the ink chanber and ink channel in both the nozzle

pl ate and film15 | ayer enables a greater degree of variation in the
di stance H to be achieved while providing suitable flow and ink ejection
characteristics. It is contenplated, and will be apparent to those skilled
in the artl frodnrringheag faraadikist pester, thstarigtheatgomprésieg conpanyi ng dr awi ngs,
that nodificati - . be 0. i

i nventi on. Acc%(rgéc}ﬁlﬁglp&;{c t#%@%@%@@ég&’n&% %gﬁdrﬁgé%ﬁt;%agf%ﬁ%?a n?ﬁg’t@%r &é’glnl%g
descri pti ectivithctlaeoragmoedadigiang: tlom\haigh fededgd, lehahsifithd ink @jcafiopacedasirs ed
enbodi ments .only, not limting theretpo, and that the true spirit and scope
of the pr §‘€ﬁ$al?Wéﬁtrf‘téﬂfaB%‘n&g’loéﬂhoH%HSHWP‘%‘f‘\é%é‘hce to the appended cl ai ns.
O GLAING 1. AqBbGRERAGerl Rfackid ib Bie defffcoBiciBbstialle yRihilk BEA%EPARELS N0 8
sem conductor substrate“containing at | east one 1 nk feed edge and a

pl ur al i t y famei tijereinjppbirality of otkfatdbrhambpaced ink fdédsthantds (ormaspartdang tnkthef eed
edge, each1 ofl.th{e. 'knk ﬁ ection actuators having an aspect ratio ranging
fr om abouP U2IEY 9T clesHON aguafors, andpi e £i 1 m | ayer attached to the

sem conduct or subsid AhR atthdiRd thihekhitl Fin 13¥€ thehvz1b @latd @nbd@eing Bpnhedlity a
plurality of ink feed chanbers and ink feed channels corresponding to the

pl ur al i t y obpozzigholgsdp thediozale plag erespaadingdo thsPiyraligy ofink fsed ehombars o t he

thick filmlay T NE; LN A - Qf hol es
in the nozzle g}[hgl:tee c&#?@gg%g{%gﬁ?%?t e Sp rﬂ%’a ?‘f%#gtﬁb llkl{rliplgcglgaﬁ%ﬁ%%gfgrs,
wher ei n adpac 666 tooabest DF00tdpeambwhdrein ticd distamredrap teank fepdedgeis sibsanpaliych

rangi ng fr,om abqut Oogtﬁ?g_i bout. 2400 dESie and wherein the distance fromthe
[

ink feed SFFaMELOTIELP PFUopREuEge for each of the ink ejection
actuators.
2. The printhead of claim 1, wherein the ink ¢jection actuators comprise heater resistors.
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 1, wherein the nozzle holes comprise oblong nozzle holes

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

6. The printhead of claim 1, wherein the ink feed edge comprises an ink feed slot, and

wherein the plurality of ink ejection actuators are disposed on both sides of the ink feed slot.

7. The printhead of claim 1, wherein the ink feed edge comprises an ink feed slot, and

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

10



2. The printhead of claim1l, wherein the ink ejection actuators conprise
heater resistors. 3. The printhead of claim2, 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 ohns. 5. The printhead of claim1l, wherein the nozzle holes
conpri se oblong nozzle holes having a long axis to dianeter ratio greater
than about 1.15. 6. The printhead of claiml, wherein the ink feed edge
conprises an ink feed sl ot wherein the plurality of ink ejectiaon

~and ( .
act uat or s8are dhspaatberds climi. whersin the plurality aidnk gisptien asfuatoryarefipossdi nt head
of clainl%mngg&ggﬂﬁgp@mhqkﬂkgﬁgﬁﬁggﬁﬁgonprises an ink feed slot, and

wherein the’sem conductor substrate contains two or nore ink feed slots. 10
8. The printhead of claim7, wherein the plurality of ink ejection actuators

are di sposed ly.o n .de of each.of t inpk.feed slots., 9. The .

o Pt henddor citBf MR hesig e i 3, Shp St tandz it RS i Saaiodt Risierste et s 10
an exit of theMezAOBRALEIs R0 thap tBE gaher than the pitch. 10. The printhead of
claiml1l, wherein aratio of the pitch to a distance fromthe ink ejection

actuators to an exit of the nozzle holes ranges fromabout 0.5 to about 1.5.
L1 An I nkpet il BhBhe @l dAC w8 AlioGr bR GHRL I dSatkedfont bR 8. 12. A
printhead for an"ink Jet printér conprising: sem conductor substrate
cont ai ni ngjeation &astorotoean axlit df elethozdig doks eingepirermn abinity). ofo abokt 1.8j ecti on
actuators spaced a distance fromthe ink feed edge, each of the ink ejection
actuators having an aspect ratio ranging fromabout 1.5:1 to about 6:1; and

a nozzl e Riat eAdlingellifiud aitlie o RRIERNONE bREMSNS I, Lhe nozzle plate

containing a plurality of nozzle holes, ink chanbers and i nk channels | aser
ablated in the nozzle plate corresponding to the plurality of ink ejection
actuat ors, ,wherei n adg§cent no%zLe hol es. are spaced apart with a pitch

rangi ng f#%h1aéﬂﬁpﬂ§a ?3m‘g55hP”TﬁﬁﬁmﬂﬁF“§hd wherein the distance fromthe
ink feed edge bsSerfidbsduafr satstritetcbgtamaimeat 16kt oneagihfeed cddeaint nlplehiag of aik

actuators. 13. The printhead of claim 12, wherein ejection actuators
conpri se BiEsiQty actuatqrs ppsced g gdigtance from the ink feed edge, each of the ink ¢jection 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.

13.  The printhead of claim 12, wherein gjection actuators comprise heater resistors and

the heater resistors have a resistance ranging from about 80 to about 200 ochms.
14.  The printhead of claim 12, wherein the nozzle holes comprise bicircular nozzle holes.

15.  The printhead of claim 12, wherein the ink feed edge comprises an ink feed slot, and

wherein the plurality of ink ejection actuators are disposed on both sides of the ink feed slot.

16.  The printhead of claim 12, wherein the ink feed edge comprises an ink feed slot, and

11



the heater resistors have a resistance ranging fromabout 80 to about 200
ohns. 14. The printhead of claim 12, wherein the nozzle holes conprise
bicircular nozzle holes. 15. The printhead of claim 12, wherein the ink
feed edge conprises an ink feed slot, and wherein the plurality of ink

ej ection actuators are disposed on both sides of the ink feed slot. 16. The
printhead of claim 12, wherein the ink feed edge conprises an ink feed slot,
and 11 wherein the sem conductor substrate contains two or nore ink feed
slots. 17. The printhead of claim 16, wherein the plurality of ink ejection
act uat or s VApEhe sERisen %W?“‘?fﬁa’&ﬁén%inaéw‘bf’rQB@H“]E)EW?HE’Wnk feed slots. 18.
An ink jet printer cartridge containing the printhead of claim15. 19. An
ink jet printer cartridge containing the printhead of claim16. 20. A

pri nt head1for %h¢ pemthedd df glaithd 6, whéreinahe plotabtypfiink tiectbncotwatorsiradispesed

sem conduct or subsira&e ﬁgggnggfg a%tleast one ink feed edge and a

ol ural i tySBY onpasside of g “d g d819%, "di st ance fromthe ink feed edge,
each of the heater resistors having a resistance ranging fromabout 80 to
about 200 ohns, and each of the heater resistors havin an aspect ratio
rangi ng fA&m apauiek jet printer Gartgidag songaining thermsinghead hWmﬁ%r attached to the
sem conduct or substrate, the thick filmlayer having fornmed therein a
plurality of ink feed chanbers and ink feed channels corresponding to the
pluralityl8f i Ak iskecpiiger actidgt comsginiag thegprindead ef @ghiat €6.at t ached to t he
thick filmlayer, the nozzle plate containing a plurality of nozzle holes
in the nozzle plate corresponding to the plurality of ink feed chanbers,
wher ei n adpace Rty Ml forlith&snal ik jSRRHRS, RO BfikthWddondrRingCh ranging from
about 600 to about 2400 dpi and wherein the distance fromthe ink feed edge
i s substanti al hyemigendiigins sflsirategquthingte at rastmagtink feed edgetand 9 plyrality Phe

print head, of claj.m 20 erein the ink,.fee dae copprises an ink feed slot,
" wher Rt Pl Aoty B b PRl RE G £ ORE b A 0NoR e HRE R gos o
the ink festtdmbotangidg frohhgbdue 8Mtdubad: 200 dhhixi Md2Qch vhide GedetbsstbRhatiagd edge
conprises an ink feed slot, and wherein the sem conductor substrate
cont ai ns PHBSPEFL TAYY Enging fraspebayt Od toabBoutPpla print head of clai m 22, wherein

: Eg P 'n lli r ?'eieéy . ?E}%iél_?ﬂﬁﬁ faybEtaShediS th emftloRMAGLubHate, tRMRR G 1ARr Rivigach of

formed therein a plurality of ink feed chambers and 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,
wherein adjacent nozzle holes are spaced apart with a pitch ranging from about 600 to
about 2400 dpi and wherein the distance from the ink feed edge is substantially the same for

cach of the heater resistors.

21.  The printhead of claim 20, wherein the ink feed edge comprises an ink feed slot, and

wherein the plurality of heater resistors are disposed on both sides of the ink feed slot.

22.  The printhead of claim 20, wherein the ink feed edge comprises an ink feed slot, and

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

23.  The printhead of claim 22, wherein the plurality of heater resistors are disposed only

on one side of each of the ink feed slots.

12



12 24. An inkjet printer cartridge containing the printhead of claim 20.

25. A printhead for a thermal inkjet printer, the printhead conprising: a
sem conductor substrate containing at |east one ink feed edge and a
plurality of heater resistors spaced a distance fromthe ink feed edge,
each of the heater resistors having a resistance ranging fromabout 80 to
about 200 ohns, and each of the heater resistors having an aspect ratio
rangi ng fromabout 1.5:1 to about 6:1; a nozzle plate attached to the

sem conduct or substrate, the nozzle plate containing a plurality of nozzle

hol es, i nkachambankjeegithtértirtadg dontsnih@s@prialhead ettldim e nozzle plate

correspondl ng to the plurality of ink ejection actuators, wherein adjacent
nozzl e hol es are spaced apart with a pitch ranging from about 600 to about

1200 dpi ard meﬁrﬁ‘ltﬁl?ahqﬁr P%éﬁff‘ﬂ%ﬁ( cftgﬂme} hee ﬁr%héa@ mgggg%l s substantially

the sane for eac eater I 'stars. rinthead of claim 25,
wher ei n t he feedemidgedicanpubssat cantainmihg £t dedt (siedhk featd ddgondndragiluratityeofpl ural ity

of heater ,resistors are ose bot.h.s s of t ink feed slot. 27. The
i e head MO A SRR B Drods hp ik iR ek B heser BRPTbarBEd o1 of

and  wher @{diidrRe ra@HodRA HEGR 8O St @Gcﬁomnsﬁd &%h B%e(h'éat@io{eﬁst'oﬁl‘hatfﬁgd
slots. 28. The printhead of claim27, wherein the plurality of heater

r esi st or s an@spedi rBpo sangingrfkam alowt difel wiabeutdt Lt he i nk feed sI ot. 29. An ink
Jet printer car tn%'zzqgglaf; Ort]t%c?tleglt(r)] %etsgr%m%nduct(or su stra( fhe nozzle plate clt)%tammg 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.

26.  The printhead of claim 25, wherein the feed edge comprises an ink feed slot, and

wherein the plurality of heater resistors are disposed on both sides of the ink feed slot.

27.  The printhead of claim 25, wherein the ink feed edge comprises an ink feed slot, and

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

28.  The printhead of claim 27, wherein the plurality of heater resistors are disposed only

on one side of the ink feed slot.

29.  Anink jet printer cartridge containing the printhead of claim 25.
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