10

15

20

25

30

METHODS OF FABRI CATI NG NOZZLE PLATES FI ELD OF THE

DI SCLOSURE The di sclosure relates to mcro-fluid
wejpemteens devi ce structures and in particul ar POT/US2005/030192

met hods of manufacturing inproved nozzle plates for

m cro-f R

o) cct: oMLELECHOS GF, FRBRFEA PISE 022 LA
of applications, incl ud| ng i nk jet pri nt ers, rredl cal
delivery devices, mcro-coolers and the like. OF the
EIELED ()'EWH]EeDI&(ELOSHI&provi de, by far, the nost

e.of mcro-fluid gj.ection devic
O S S Py e ST S8 S ek priuts
tB S8 D i BRARINERAbIRRY hoAde %)léfes fhenieaRabid diédtidn delices.
nk jet printers are increased to provide higher
qual ity images at increased printing rates, fluid

1%% é@ﬁlﬁ?@ds, whi ch are the primary printing
ﬁg{a t f ink jet printers, continue to evolve and .
beconwidrefid cgedtes. devipesoveftimfel 16 Salsed yinr @qwidesvariety of

that the ejection heads provide_an |ncreased nunber _ of
amkcaimp»l inelgdingrink jei @wingess, imedich deli Yare daviaese mug0-Goglers and the

O%F{ g \{SESO e t?hﬁ&:ﬂ gl%vpﬁa feﬁj ﬁlgtrh@s@ cgﬁ‘)?rgﬁl L?sre%f.mllgro -fluid
i nclude nore nozzles and corresponding in
@d:(ﬁl@hld@ﬂlcaa:tluhtjﬂrrﬁmtéfh Erertylmbailfy mﬁren&zsahk:sthamhhser printers for some
iéuators for ooter" ."roof shooter"

Eiogh Heads srPBlen et de ﬂn@@vwa&m&w& fenBipiyide higher
(%u%h{ f?ﬁ'ége§ st r{c?%séd}f)ﬁﬂt%g’@‘fattes Fald xam I?eadé nwﬁi@h are the primary

grated nozz ate containing nozzle hol es, 1nk
rlrhﬂlm@@ompomnds ofnikk g:d'tmntdrs chuatimre tabyavesnd became more complex.

o o pEte Begis? SRR e SRRt AETRET anyoreased
untek 8€ fikaoMletsh 98 8RR 18 fhciéaﬁa ‘th ku®edofShR Gropl¥ts Brom an ejection

| aser abl ated nozzl e plate containing ink charrbers and
hqaﬁ ejeatiore IhgadSaalm d¢mwdsﬁ@am0hgieb@pween27ém ae@ reortesgonding ink

%%Jtolga{c qrﬂr ul redun %f d%%ds gétﬁe'xtﬁfeef% aaggﬁgﬁ%oéc?r or “roof

nce

slh@étz.:k’EeJB&taineh@ﬂCbaﬁQferlﬁ&m@s"edl iNGesenl waydutival toSthosé sldtied in the
|s reqw red as the number of nozzles and actuators for

arheley @Rmnbn 1peadniearatadonezaleclate qenisining negede helehdnk ghambers,
AR RO AR SLORIRIES BAGIA0EROM Holfles and

aV| ng greater ction

croex@sminkimg urrk shamberesarbt typically mffseam pmed ardthenint iamdirection
ort %ggr?altt%l tran e%e 38 1thf g rlasselflca%la% %tolzzg P gt%dgontammg 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
longer nozzle plate and corresponding semiconductor substrate is required as the
number of nozzles and actuators for the ejection head is increased. However, the trend
is toward providing narrower substrates and corresponding nozzle plates having greater
functionality. A reduction in size results in increased production time due to tolerances
required for such ejection heads.

Accordingly, there continues to be a need for smaller ejection heads having
increased functionality and means for reducing production time for making such

ejection heads.



10

15

20

25

30

Accordingly, there continues to be a need for smaller

ej ection heads having increased functionality and
worers26x08 reduci ng production time for maki ngPewaIs2005/030192

ej ecti on heads. SUMWARY OF THE | NVENTION Wth regard to

the foregoing and ot her objects and advantages there

is provided a nethod of making flow feature structures

SOMMARY OF THE EINCENTIOOh head. The net hod i ncl udes

the s s of .l aser.ablatin nozzl late materjal .to .

or ovi BATREHA it e F o e TE AP G ST AVen BEare i provided
£HR_RMA of G ok Patge G IER Fort idrd-Hiusl GBaIREealM The method
a fluid supply. The fluid chanber has a first |ength

inplydes thierstaps wif daskr abdating @ ngaale phaty miateriabfcepriogideaeslongate fluid

bl ated i R t:he nozzle pl.ate terial.cosax al W .

St e P eoRR g B taR! iR uR ety $G o fuia
duppiynarie faaehitbérnak adtbtScalbtians hdistandita A R $0zzle hole
axi s dimension such that the_ |ongitudinal axis

igilapenablatied iin thernoarla minie mpterial go-ahisliwvith the flpigecbamher. The nozzle
RS MERSHADs B GRRNGS SHRAGLTEDN g1 RE e o
dimedsiod bechthzizhe Ipigttdinalxisudiarnsos Wéranbowl 1. i td abvaad.0 times

rray of nozzle holes in a nozzle plate. The nozzle

B raRsVAFSe axI WPFYSIeH-i gned with fluid chanbers for

ej ecty ' ﬂg;&l . NI
chanb%} °2§PSQP§§§?H§?ﬁ%R§En ad%v?%%ﬁﬁgﬁgﬁﬁngﬁgﬂgggﬁiqeamm
hread z [The mokzgle Ipdete aeleies ranbeattallyigear dronygeft nediziediol@xins nozzle

i rension and a.transverse axis di si.on. The - .
M!S HaRARe SIS oo AL Fouuly Romh digsterLfor ggeting fluid
BRAH the BotAldBSIel N Eabl AARY SR had a K BRRINP And aNhst RBgth and
| ongi tudi nal axis dinmension is |less than the first

qagh gorzle hpleduy anteagencsthaving adioggitudkingl @xisslimiension and a transverse

rovi des. ej eqti pn heads havi,ng i ncreased. functional,t

Wt RO - i gt 0% Seerkion "aRe rem el 1 to dbout 40
tGAEPHO efdhSwersENRisifeh a6l d ahs neitadihd xRy @eheadibO 10ds than the
ej ection heads having a nozzle pitch of greater than

fgsoleagh. wi t hout the need to provide adjacent nozzles

and c [ [ ; . .
o0 <R BRSO AL AT SR Bl bl g v
fahetionakityr withopo seseaing e sizevehtthorjectibe Head mompdnehts. The
s it is applied to nozzles or fluid ejection .
dealenroalso cgablg arduaior ofsishtion bexdiaving 2 8REds Ditch of greater

GHESHISREL M 0G0, UL Ryl ISkl i
chhinhrsdhatiatdoffiset from one another in a direction orthogonal to a fluid feed slot.
For purposes of this invention, the term “pitch” as it is applied to nozzles or fluid
gjection actuators is intended to mean a center to center spacing between adjacent
nozzles or fluid chambers in a direction substantially parallel with an axis aligned with a

columnar nozzle array disposed in a linear direction along a fluid feed slot.

BRIEF DESCRIPTION OF THE DRAWINGS
Further advantages of the disclosed embodiments will become apparent by
reference to the detailed description of exemplary embodiments when considered in

conjunction with the following drawings illustrating one or more non-limiting aspects of
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col umar nozzle array disposed in a |linear direction

along a fluid feed slot. BRI EF DESCRI PTI ON OF THE
wORAAIRE338 Fur t her advant ages of the di scl osed PCT/US2005/030192

enbodi nents will becone apparent by reference to the

&R ﬁgn%ﬁ‘ss; GriRlih QﬁkeC}.Efe?éﬁ%%hﬁ{a%tng?%gfgnﬁﬁqﬂ& W&hiilar elements

considered I’'n conjunction Wt oW ng draw ngs
thidughoutahé seyemh drasringsasdolhoms:| i m ti ng aspects ofthe

enmbod] ts, wherein Like refergenc har act.er s .. .
oot btk d if pipERBrehR ok Rl o 1 AHEUGRHTES goneining a micro-
sy efRliofiham ngs as follows: FIG 1 is a perspective

view, not to scale, of a fluid cartridge containing a

m cr ofIGH. & ejd3dtdresrdseaectiopplcgews, aetdio3scalee of portions of prior art
crcos_?l-us(fc%i %n?%agi,ev\s, not to scale, of portions of
rB}‘ TS UK YR 249 ui d ej ection heads; FIGS. 4 and 5

are pPrEgs. 6.5 d0plah &g alottodcale@fhbRides of pilddr #f ndzle plates;
nozzle plates; FIG 6 is a cross-sectional view not

to schliGe,6 isfa gropoactional gieva ot ite scae.toffoparfian gf gtnsior art nozzle

[ I ' process; FIG 7 is a plan
}s#trgv@gﬁgtal?%?é%gﬁ%eﬁ%?&g’ portion of a prior art nozzle

pl at eFitadeiskyplan piawgmhoatol scalep6£8 pprifon(af aSpric aat dzate plate made
view, not to scale, of a portion of a nozzle plate
WRYBIAHBPYCHS t o one enbodi ment of the disclosure;

FI GS. o5 and 5 aﬂi@w?ﬁ&scé 's?ﬁ@,td'f% i no ?E[pi:l%t%‘m%d_e according

scale, of the portion o e nozzle plate o

tBloBe efiibodsnant pf the diiclosprenot to scal e, of a nozzle hole

in a [ Or, ar ozzle plate; FIG 12 is a pla i ew, .

not bt 8nd 48, eePosfonabmidbrengot e Soalls St alip gpoion of the
zzfel fhate bEFIGI§2 13 is a cross-sectional view, not to
scale, of the nozzle hole of FIG 11; FIG 14 is a

pl an WiGw] inaplanyigsalobto sshleaof a nozdlesholpine pricrramialozaledlate;

0221 101 TR G Do B el gl B85 Bir AP Bne e bzl hole of

Ficsitd; supply channel by the prior art process of FIG
14; FIG 16 is a cross-sectional view, not to scale,
of a Wi&zAPds pripsesepiigaalpjew.mit to scale, of the nozzle hole of FIG. 11;

FIG. 14 is a plan view, not to scale, of a fluid supply channel and nozzle hole
made by a prior art process;

FIG. 15 is a plan view, not to scale, of a mask for making the fluid supply
channel by the prior art process of FIG. 14;

FIG. 16 is a cross-sectional view, not to scale, of a nozzle plate made by the
prior art process of FIGS. 14 and 15;

FIG. 17 is a plan view, not to scale, of a portion of a nozzle plate containing a
fluid supply channel and fluid chamber made according to an embodiment of the
disclosure;

FIG. 18 is a plan view, not to scale, of a mask for making the fluid supply
channel and fluid chamber of FIG. 17;

FIG. 19 is a cross-sectional view, not to scale of a portion of a nozzle plate made
using the mask of FIG. 18;
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prior art process of FIGS. 14 and 15; FIG 17 is a
plan view, not to scale, of a portion of a nozzle

wohedem2enat ai ning a fluid supply channel and f PQraS2005/030192

chanber made according to an enbodi nent of the

di scl ?ﬁy R i 0. aIrPg(gﬁl} ﬁgw' ﬁoﬁo RLA8 o‘f'a%zl@%lé for m&zlec}flat@ of FIG.

mask e tluid supp y channel and f
thanber of FIG 17; FIG 19 is a cross-secti onal VI ew,

not t cal e of partion of a.nozzle plate de usi
the nBiG 2t Trpcolia BipycRong s&if 6 amBIel Mgtingd: nose hole
%@}cﬁn ®fF1&.npzzl e hole for the nozzle plate of FIG

%3 2 1is aplan view, not to scale, of a nmask

for nﬁI@ nep & mzczsrséecﬁmnel siewondt tyseats, @ petion mf@ nozzle plate
GL 0SS ot to scale, of a portion

@fadeu%%%t}l ﬁ%ﬁﬁgggﬁ% 3 the masks of FIGS. 18 and

21; FF1G. B3siaplan mleaznnw t@WcalBQifaiﬂ)uiﬁG; apsly chinmel hhdiflgid chamber

suppl y channel and fluid chanber made y a prior art

PedeRY 8 pripy @t poKesss g plan view, not to scale, of a

k i :
ool S BT Sy 9 RALY0ERIORE TR, s sy
cimnacland $hHé eleinben bl the @iar artqirodess sCBIGE 23pf a porti on

of a ior. art nozzle plate contain the fluid
chanbE{G ZrdiSf SIPE-SSEYIA) VisRamRE o %FﬁieFPé? porioneafc priqy art nozzle

ff)l%teaboﬁjtaﬁﬁn% ﬁ%\,ﬂlh@ E% arhiGer %ﬁ@k‘lﬁld %pglg bf BRY Zf;|3e hol e

or the er a [ ul channel "of FIG
23; FFIG. 257s iaplan plewnnati tewscalect pric ask:laizele lofle fornisRuid chamber

%rfdro%@ﬁ§%%@y8ﬂ 8?@/\11% Eg’lt et EI chaIZg; ofl S pgﬁt : fmaof a

pri or FRY. 2 7Mig % éh@n Rlet, RofRORales bNY midiR fmﬁkﬁng&hﬁ@m hole FIG.
24 and 27; 29 iS a plan view, not to scale, of

26:ui d supply channel and fluid chanber according to

glngf,] h@f{(}e \;edﬂgb%gat g?%t-se%é?réali]e g sck Sgcra €9 l G%tﬁa (;tf%lepnor art nozzle
platgiradeupfigthe masks of FIGS. 24 and 27,

FIG. 29 is a plan view, not to scale, of a fluid supply channel and fluid chamber
according to another embodiment of the disclosure;

FIG. 30 is a plan view, not to scale, of a mask for making the fluid supply
channel and fluid chamber according to FIG. 29.

FIG. 31 is a cross-sectional view, not to scale, of a portion of a nozzle plate
made using the mask of FIG. 30;

FIG. 32 is a plan view, not to scale, of a nozzle hole in the fluid chamber of FIG.
29;

FIG. 33 is a plan view, not to scale, of a mask for making the nozzle hole of FIG.
32; and

FIG. 34 is a cross-sectional view, not to scale, of a portion of a nozzle plate
made using the masks of FIGS. 30 and 33.
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channel and fluid chanber according to FIG 29. FIG
31 is a cross-sectional view not to scale, of a
weanteioa6s28f a nozzl e plate nmade usi ng the maskPof/uSk@@s5/030192
30; FIG 32 is a plan view, not to scale, of a nozzle
. . | | ) 3 i
gﬁgﬁ‘ II\IﬁrEeﬁwﬁr%dt‘Mtlgr scal e, gggﬁﬁaﬁé’iﬂ‘&‘%‘?ﬁg Iit\/ETéI@TS
nozzl| Witholegerafce b Bigs3P, a mindo-Huld ej8etionscaetridge 10 containing a micro-
ross-sectional .view, nqQt to scale,  of ortion ,of . a
fsdopestion dead 16de Ttmed; e sagngss 8 mdudel arpaiifgle bday 14 for
A LRy RERCRIRT 'tgﬁeilj:ec'ﬁ'é'ﬁ_h%h/ﬂ—&'ﬁé’ BRI MeNbRtained in a

h reference to Figs. 1, a mcro-fluid ejection

starage iattgeintbe cartidgenbody b of tagfbewsugplegde froinom rdveetd sedrce to the

S, 1 Iﬁs%riied. The cartridge 10 includes a cartridge
88 R°¢Bt *supplying a fluid such as ink to the

ej ect TRO n1edcI il - cjebhidn fHebd d6 MROUARS £ 9hRbARRdrbuBstrate 18 and a
storage area in the cartrldgg body 14 or nma

b
sefsl bt PoospmiainBieonezAboBs To dtndedaior Hicdgestemy 18. In the
Mm%, TGEe bt Bl 5610310560, 163 FR) 48 Fray be atached to

sem conduc and a nozz

8 ditiaifiinnigy&odz ke hudlsesie 2 Fladttiod hedtde 14 arespidsidedton a flexible

18. .In the alternative, a nozzle plate_contalni ng

FE 2 1oi elestrigabicanmggliqnea e deice s consrolingaidwid @ qchon actuators on
e Il m layer u 3 p t C S

48 Gltlo M1 T B IDRLE BRARCHE in RS EIpaRta OB TS hat e

elmaetted cathe cobr@ct 1 ool thepanttlead e for control |ing

fluid ejection actuators on the ejection head 16. The |
1 exi DRETARE PSS EoRonal yeds nel e SelFcofi2 Retise of SBriphagt cjection

R 1609 nashedatie ride. %%%ﬁe{cﬁ&ﬁ hdf & cddpfnds H%%%ng%a%ﬁg element

An enl arged cross-sectional view, not to scale,
P fari heating a dlupd iroa flaid chajmbet 32 formeddyllating 4 posionaf ¢le nozzle

in, Fig. 2. The gjectjon head 16.contains a. thernsl ..
e 3 B EBP it B 85 J8 P mifSR To Pa Setighylia 6 containing a
theandl @katdk dlemeRBYOMRE! Mbill REcBoP BithdtoR, ffchtal ®id28&éttfc devices
pl ate 20. However, the disclosure is not limted to an

Bpeelsp ba upkskie previde an giepfiangead epcording ththgtdiselpseteenent

30. | Wi g e ' [ ch,a .

o7z EL b i BELLRRAGAL YEKE s 80 i pamber 2
raghisprpesiad cxdiod sipply tlot 34 e Sebsaaty B3 arfd stibdeduently through

ejection_through nozzle holes 22 is_provided to the ,

# g5y 31236 connecting the slot 34 w1tﬁ the fluid chamber 32. Like the
fluid chamber 32, the fluid supply channel 36 is laser ablated in the nozzle plate 20. The
nozzle plate 20 is preferably adhesively attached to the substrate 18 as by adhesive layer
38. In another prior art design of an ejection head 40 (FIG. 3), a fluid chamber 42 and
fluid supply channel 44 are provided by a combination of a thick film layer 46 and a
laser ablated nozzle plate 48.

As set forth above, at least a portion of the fluid chamber 32 or 42 and fluid
supply channel 36 or 44 are formed in the nozzle plate 20 or 48 as by laser ablation.
Laser ablation of the nozzle plate 20 or 48 is typically conducted from the fluid chamber
32 or 42 side of the nozzle plate 20 or 48. When the nozzle plate 20 or 48 is made of a
polyimide material, walls 50 or 52 of the fluid chamber 32 or 42 and walls 54 or 56 of

. the nozzle 22 or 58 have sloping or angled surfaces due to the laser ablation process.

5
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t hrough an opening or fluid supply slot 34 in the
substrate 18 and subsequently through a fluid supply

woheosreé3286 connecting the slot 34 with the fl BCTUS2005/030192
chanber 32. Like the fluid chanber 32, the fluid

b z e
e R
thicugh hlawiltﬁlﬂmbhwoﬁﬂlbsigzﬂbq)létSfZBSorb% adbmdmglyi gbedlt BBmicrons is
[ anot er prior art ign. ection head 40
regepiesd bepweey an gt tegnes aire fluitbehgAber PaPE+2 aﬁg Py exih gh Rgnozzle 22
jé gare provided by a conbination of a thick filmlayer

and a | aser ablated nozzle plate 48. As set forth
aboveA piin Viewsdf the fimid blunmhﬁ 32 hadfronzld holea?d ef efg2tia@r head 16 is

2 and. fl S cha 36 or 44 are he

g ite dbea S BP Bl 454 2EMRer BlsBios 4 B Pty bS il 67 41 shown.
BRERLsk Q%&Eletéﬂ%aﬂ&z&i %@h@b,@zl@@x@ "6643§e sovinY PRGE 1h laser ablated
conducted fromthe fluid chanmber 32 or 42 side of the

wozlel piatplhé)t@ 40illystratgd IVHEGS tihé, modpineurp camter ROcenterspacing Pl
de mat eri. al s .or, 52.0f t

b el B2, 20 45 R AP el groudeife fpaBtes' Howan o8

eov&dncadfdcent flofl Elavthesd PiMgrdef t@f@ﬁi\@&b 8 wHthie EuiditiSedl between

t he | aser abl ation process. Typi ca ,. chanmber wal |l s 54

aghjacset fhzid chambers 33t i 1w thigkesss afgiad o5 batween adagsal flaidschambers
t h QL L
LN, LB REHO%58: s AT i8Rl S Bl gpuscuing

#ighmencelaindebe Alccdrdmcglyamlmacerﬁé} torcedidr apatignP &detwerh adjacent
t he nozzle 22 O{M% pl.an view of the fluid ch? er
npz2lgh d0 e 2YRicH 02‘24%@1@]0%%% VR0 vige pitch of less than about

66d(())| dék% éﬁgtg ?%g %gfl Phe far géxnthg chh 4he "I'argé}at'ﬂp HozAB AL 99 O 48 and

r exit kewi se a‘'nozzl
selhstramd:&r@mirachtﬂoraﬂmd)zpb‘eoreaqmm@@ 3re shown. Wth the

::?éng@}b lﬁah‘és(%l}ﬁt ozﬁllhjiﬁﬁ &Qﬁ{oeqﬂ O(‘goa(r:@g%glg lPlgg)gf:\{/%él a%yacent nozzles 70.

TRahiWeake, a4 ASAI citPAet @Rd SRarhiSer lBAMdeeD HerePhO¥hHE Mowever, a
sufficient thickness of wall 68 between adjacent fluid

Ioheash dprsmBRingrsugh detozzls i and duidachasthes reduitgddi ongemprocessing

G543 RIRSSh b et PO e, ABE AR s of e

dozpigeslaterAseASIOUA séebnd ﬁbl@tﬂﬁﬂéte@@vamtﬁérpﬁérforﬁ{bﬂ&b%ﬂdt@ ghe fluid
manuf act ur| n% al i gnnent tol erances. Accordi ng
€

I

pplyethapeely & é’rccg{sia@glngt PROFe W@éﬁwn@?ﬁﬂéb@%mﬂ% ZZHUJ%S to ablate

I
ST a0 PR PR AR Tl i
mmegelrwzidrthempimhlly tibleted avithea frh&tmnnla,zafb@xﬂﬂea,t lec, B0proridé8he fluid
and s bstrat greqwredf%x fwdeectlé)n act yat ors
stigply annels . Thus a total of x + kx pulses was required to provide a completely
ablated nozzle plate.

An attempt to ablate the fluid supply channels first 74 for the nozzles 70 (FIG. 5)
produces undesirable results as shown in FIGS. 6 and 7. As shown in FIG. 6, an
incoming laser beam 76 will reflect off of chamber and nozzle wall 78 opposite a fluid
channel 80. However the incoming laser beam 76 has no such wall to reflect off of in
the fluid channel 80. The dotted lines 82 represent the laser beams that do not reflect off
of a wall in the fluid channel 80 area. Accordingly, fluid channel 80 and nozzle 84 are

ablated in the nozzle plate to produce a configuration illustrated in plan view in FIG. 7
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FIG 5 illustrates an attenpt to reduce a spacing P2

bet ween adj acent nozzles 70. In this case, the nozzle
wenvteaners and chanber entrance 72 were the sanBCT/US2005/030192

However, a process for making such a nozzle 70 and

wilish & Gha Q’ﬁe 'Js & 891% el?xSFI@ 7 Rr Ouh}}oz{zﬁﬁhole 84

process, e no wer e a Iate irst t
dabides Knebgeattd frbm the nz:tzdze hbolaBBé torbe ansdadected second
abl atjon ste

then forned bl.at e .t h
supply? f dnaing Ak Biteth gruped babise f g ﬁf sypply Shannel 100

HEE&@ ra'n%%zlé Go1L 1r09qs ﬁh@ﬁ'ﬁt@@ th FlQ}EfitSLﬁf eA&%[H-ih%%@ths embodlment the
t roug t he nozzl epate material to formthe nozzl es

fd ciireberolf# ie efsingnted mettiker aintaivisg & veidtipW2 ofthieychamber 104 the

bI t ed h f ul ,
s dertees Pt L BEE-ch s BRRE Rngd o per 44 cnables
a&aﬁn@% RIEbHESy déﬁ? ohewﬂh kRgk bPther in®er 04 Bh&VeiY FIG. 9. The
abl ated nozzl e ate. An attenpt to ablate the fluid

vsidgpy2 thﬁb%ﬁél@ef il p4 subpiantiglly mhisherorp9zale entrapey @dilsys shown in

esir e e uI t. n_Fl
BSTEERBARTR P 2 iR eBRoTg B b 1pEdR, 18 §RPjeced ater
abeftingahe Atifd @fantbleanpe ancaﬂdldmmpplyechaaﬂlél 108 vopels) the paocess only

fluid channel 80. However the Incom ng | aser beam 76
TREGETeS & LasRe fhepi nulses t@ dompall obthe few ifeptynge iy p gpgele plate material.

I r . . .
0005 0L 50y 02! GALEE Bl 1o
chhmbes|1080f kse manmcmrcd)m @ryyidihg aipdtch loé preater Bthnaabdut 600 dpi up

nozzle 84 are ablated in the nozzle plate to produce a
teaﬁ?"rtgluggfiplon illustrated in pl an view in FIG 7which

I's ungde I h :
MRS g TR iy i o
proezs forhleber Blating toezlwi dates écu”trattro-,ﬂu'rcbejhctiabnf dgvices. The process

.reducin t he. def.ects used b ing a.fluid.s Pl :
R R BORlERErEVE TROETE AT Oa Ailsen e eing an
anldeat oBwild angle ¢t b&g/ebR ah @h@arﬁ@’@@ﬂ'ﬂ'ﬁﬁﬁéharﬁﬁé@ aﬁdl h.“n@zzle exit, or

chanmber 104 is el ongated while maintainin

beth.t hﬁéfaﬂrﬁﬁaﬁiﬁeﬁapqrﬁﬁ pldneslagsea didterensh amivadth e@wwnvvn f:rrtrance of a
. 4
P Ran 0081 B8 b 088! aSLAED AR RIE Sy et

tdfed, de phehwori lindat Gacling Tdwasiy dfhINE eantbas @H(ﬂilﬁb@ﬁles may be
104 substantially matches a nozzle entrance width as

i8¢’ n cross-sectional viewin FIG 10. In this

o e O REEL g T ST, 0 i

préxeseb yrd filestpated asBIGNILY-16e uicoslngtol afiest pmeesm pubsdshole 110

to.formall of the fl atures in nozzJ
S TR PRSI b B G0 st fsfiaated in o

o9z16 P& 1 168k AR 1S mcﬁqmcgr&oésléébt%nal view of the nozzle hole
110 is illustrated in FIG. 13. The thickness of the nozzle plate is about 63 microns. At a
frequency of 250 Hz, it takes about 1.12 seconds to ablate through 63 microns thickness
of nozzle plate 116 to form the nozzle hole 110.

Next a fluid supply channel 120 (FIG. 14 is laser ablated in the nozzle plate 116
using a mask 122 (FIG. 15) to provide flow features in the nozzle plate 116 as shown in
FIG. 16. The fluid supply channel is ablated partially through the thickness of the
nozzle plate 116 to a depth of 26 microns at a frequency of 80 Hz. Accordingly, the
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chanbers 104 of less than 42 mcrons providing a pitch
of greater than about 600 dpi up to about 1200 dpi. In

wanaishes32enbodi ment, the di scl osure provi des aPaEtiS2@®5/030192

for inproving a process for | aser abl ating nozzle

Rox%tfgst%{rg :?fe Pbclgf%dflrlluk)gtg t Ic%ﬁgg hg 3l TI%E rQ(liuq 30 ablate the

I prov sel'8d

h@shy 1 10Wnddhid aegpply &ﬁlmnéla@o G4 fgHuan.2areeontls.of vval I
angl e_taper between an_entrance to a fluid chanber and

a nozH eneembodigreny gifrthe digglosugs g @utdaggrply @%{@ﬂ |1r3?é"dfmd fluid
?ﬁ@ggwé ﬁﬁg’: ‘f?n fi \Mt ‘%ﬁtelaqp Welb,18 la%]fi ng amask 130

cha an exit a cor es ond ng n
@Y Gd &é8Y). ebBsthigcdshethealokzlamidte 128 peagait hbom|GBCM1@ons thick, and the

TPl St prseClogcon i iten 42 vs ARalet oot of 26
dibk HRATRANS nBLAOLAND & DltklenBl bf BOAELSABRIIBH BF the nozzle

b
IlTustratéd i n Fl 1-16. Acc I'mg to a first
Mawdé§$oﬂasdqﬂhhﬁﬁhbﬂés@iﬁdhaV|ng an entrance

t 112.a r, 114 is, first | aser
D1 at Bih A napBop d3p Bk, i ee Bl didhghiing gt ERiiclaness of
thdhozAe plHS 525661, |3q Raicrofs ethE%a hfask 1oz gite;. hoj @ ;%Oldb $he nozzle
illustrated in FIG 13. The thickness of the nozzle

Phtet B28 shoamm cgs-pactippm sviewtinF IG: €gueldpkest atwBo OFEp, seconds to

it e o) abl thr h 63
o R AR 122 SO Rl Aol BB OFae e 120 st
fepzhey hﬁlﬂ) H2.0Achadinghy, tletothl ﬁﬁﬁﬂjeélfu@ﬂ%flﬁirrnlr@th@ 'ﬂo@ features
14 is | aser ablated in the nozzle te 116 usin
srelsnozalholer] 33 acegydingrtoghe disglesyre éﬁNF psaeardasr phput aé to 16 percent

t 16. The fluid supply
%ﬁgﬁﬁgl Rl tﬁ%?’ﬁ(tgeag{sm%&lt Il?y f]hr?%ugh t he thickness of
t he nlmzah(ﬁ;hq'.rl ambodlﬂrﬁ:nt of ahdehsdhomfehZz?lﬂm¢¥cmaﬁlbaﬁ i@ elongated as
fre cy of 80 AgcC thefl ow fe res. are
BTSS! b ERiong! A0 SBEOhIdetien s0 g e HIFCﬁé’%ﬁéﬁ‘hﬂ?@é@m can
BeoirRRladd® hhgn&oaﬁ% oo ckdO fR b |féﬂtﬁire§ ‘éﬁ@lrﬁﬁzﬂg Q{c}[b%lls 3R %trated in

i s about 2.27 seconds. I n one enbodi nent of
THIGSe 2898r eVith refenénge o FiGy 2% hafiwd| chi@bernlitd fllidi dhannel 138 (FIG.

EDE s 80 (B aah R Aotao AR 20 i o JERE N2 et 29
Which péiS&es 4 Msﬁﬁﬁﬂlﬁs@h&t Buid 28ahBerdid, nInaeﬁféLHascB 3he nozzle plate
m crons thick, and the flow features (f ply

1498 @l thickmess 9f abouti3§ raiseanse The Awyd ahaén’@blléﬁ @ad éluweghannel 138
L REL TGRS P DSE S o BRH ARBg: e sigion ot
flow fdahgedRpédutioak@ss secbadseconds.

Next, a nozzle hole 144 (FIG. 26) is laser ablated through the remaining
thickness of the nozzle plate 140 of 20 microns in about 0.4 seconds at a frequency of
250 Hz using mask 146 (FIG. 27). The resulting nozzle plate 140 is illustrated in FIG.
28. Using the foregoing process and chamber 136 design, the minimum chamber width
is about 31 microns.

However, according to another embodiment of the disclosure, the chamber width
may be reduced so that the pitch may be increased. FIGS. 29-34 illustrate a process
according to this embodiment of the disclosure. With reference to FIG. 29, an elongate

fluid chamber 148 and fluid supply channel 150 (FIG. 29) are first ablated in a nozzle
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Next, a nozzle hole 132 (FIG is |aser ablated through
the remai ning thickness of the nozzle plate 128, i.e.,
WQ@Zoes10e628s, using a mask 134 (FIG 21) to proprCuasSkdes/030192
nozzl e plate 128 shown in cross-sectional viewin FlIG
c1d k t g I
PR LG5 RDSRERY pld! B2 RIONE0 DB R bR IR of the
fipldadhamb28148 isgréatedhanc widih o2 8@ fHdd chooloerdi4BglAs, befdre, the fluid

I T A T R f N
iﬁggggﬁe?fat@mgt 15 to 16 percent faster than with the

prior art method FIGS. 11-16. In another enbodi nent of
t he tlesthowarle hok 156us ablated irbthe nogzleiptatg hted16s32) using a mask

i qnal 1 uid. char i
SRR S B B R B BB 7 L0LR st o
196 {sQub @bkt QbRsE soQhatithOMoA8e1E €56 Bah Ragithdindlkslimension

Is illustrated in FIGS. 23-28. Wth reference to FIG
Logyd a frinsverse arsbdimensiont T uvkereiRahiel sradg thepd. oBypically, the

are first .laser abl in 34 ho I 4 :
Sl E Bl PR SPGB E RS wus. s
sEabs ARGl 2yarsigyias evifithud fdhe handie holk3B6 dnrahdd is sobsgaytially the
the nozzle plate 140 has a thickness of

. abou 8 .

sgrne eo s Width o f theiflyids Ragmpsr 1f§6@%dAFPQndaﬂggh h ngeg%@g process

S : n t t
Bl AL o, SLEBE S of B 8 SR s
illakeedah61GS.@36MW.seconds. Next, a nozzle hole 144
(FI i s. laser abl ated through the . .remainin
{ i GRRBLA RO AR STPETBLR e FTLAeSBOT B g nozzle plate
oﬁg%%zlg giaté e6@ sk ﬁ'imalaferr,efﬂ NRNDBE Phredpfed That'BleNdk FRskbers and
146 (FI 27). The resulting nozzle plate 140 is

il chasnelatmeny Herforn@ exxBsivghy meeithier teqoagleiptaie pr thicksElm layer, or
and chanber .136.desi gn he m ni mym.chanber width is
n'éﬁ?glﬁfgg&e‘ﬁ]i“a”ghg’.e n%%&@@?‘? arﬁi{:%bc:kgﬂﬂbla}’e& anot her
enbodi fEaénté@hplid, dhéHinskY eppardie 6 hBedeskined ih theyrt fom the
reduced so that the pitch may be increased. FlI

! FI GS.
prgedingideswiptiontand dhep pesortpsnyas sraings, tthattmpedjfications and changes

i ment . of, t i W th refe : Rl G
ST T Bl T AEDERL {8, cxny
iibadudeathatlhe fofepéing A3cription fahd she addbaipenlying deawings are illustrative
nozzl epl ate 154 (FI G 312 .using a mask 152 (FI G 302.
of exeyAB/ateembeciments paly. #0f Bmgng Bereih end that dieagrarit and scope

e pr

chanber 148 are abl ated before ablating a nozzle hole
156 in the nozzle plate 154.
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Next, a nozzle hole 156 is ablated in the nozzle plate
154 (FIG 32) using a mask 158 (FIG 33). Wile the

wouasle/0268381 s substantially circul ar, the resul PCIgS2005/030192

nozzl e hole 156 is substantially oblong so that the

@Eﬁﬁghol e 156 has a longitudinal axis dimension L

ansverse axis dinension T wherein L is greater

tWihat idclathygi igal | y, the longitudinal axis L is ranges
from about 1.1 to about 4.0 tines the transverse axi s

. l.
ot £ PR8N Baho? SRS Wit R BumbrIBud BRGiGR fhoad. the
of taethokll conpricingnhestegAdt: exit. Accordingly, the

foregoin rocess enables a greater pitch of fluid
chanbdtse 1HaInE s ag#fla Pl mgiaabk Brovide apelongnts fluid chamber and

i Il ustrat efuignsubb n
enbodi nent sulh a\l/lgﬂ) % I%%}egf% F?%%(}J C%nh%}g %gﬁeeﬁ&d c%ambf:r with a fluid
pl ate or asupobz It}@ fhuid charabat hahing ke first lemgthyied a firdt wititht and
be applLgc the i S an i.nk channel s

may bgdrs oébﬁe&l %e u]§$a\1}%f1§’/quf%ﬁ&ietlﬂ 3‘?6 Reré en]blitfl rgatgfiali Go-axial with
or thick fthlenﬂlhldyﬁ{ambéf WareRe tHeo bR IHAIL AL ehﬂ&nce d mensions
nozzl e plate, and th| ck fil mlayer. It is contenpl at

and wil | Vi arlengitudina Hsise disnansiogderidna ttaeswarse am rdimension
the precedipg t%% gﬁtﬁ&ngin&ﬁ gﬁnﬁlgfo%wg%%@n out 1.1,t0 about 4.0

drawi ngs, that m) trons an nges
in the enbtmdemténtmnmgeraxtseﬁmhm@t n. Accordingly, it
is expressly intended that the foregoing description

t he dravmngs are illustrative of
jﬁﬁ Ir%ﬁt@“"ﬁﬁﬁ@ f%iﬂ ithe nezate haleristablried subpequent taralating the
ﬂﬁﬂtchh&%eltéﬂaeﬂtﬁ@ls Igﬁ élgope of the present
m ne

enbodi nents be det y reference to the appended
clains. CLAIMS What is clained is: 1. Amethod of

feture tructures for 0f|UId
gel'}i:Il quﬁthﬂ%/ 88 Clajp L, eﬁfa]a a ar of H@se{ H S?Ft eguyirgd for making the
hewefeatalt shidiGred iNRZLk
el onggt e flui decna%ir&gﬁ%ﬁ?&a?gpg Iegﬁg%cgﬁrdﬁaﬁﬂg the flow
ferr e strurdresc shee cihie nfuidh ehdonber darsh at}mxia rsuppliyh claanhibluiace ablated

cha e haV|ng a first length and a
%ﬂ@%%%mt%@ﬁhﬁ gg% ating an el ongate nozzle
hole in the nozzle pI ate material co-axial with the
%I % ﬂé wherein the nozzle hole has entrance
i f‘ébfg riny Lawherst tha dengiiuding] exigidiraensiconranges faiom about
o ABIBEESEK AfrSnNNTRESIAN the first length of the fluid chamber.

5. The method of claim 1, wherein the transverse axis dimension ranges from about 0 to

about 7 microns less than the first width of the fluid chamber.
6. The method of claim 1, wherein the nozzle hole has a bicircular exit shape.

7. A nozzle plate for a micro-fluid ejection head, the nozzle plate comprising a
substantially linear array of nozzle holes in a nozzle plate, the nozzle holes being
axially aligned with fluid chambers for ejecting fluid through the nozzle holes,

wherein each fluid chamber has a first width and a first length and each nozzle hole
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such that the longitudinal axis dinension is from

about 1.1 to about 4.0 tines the transverse axis
wdaiomneéns. 2. The method of claim1l, wherein PO®US2005/030192

nozzl e hole is abl ated subsequent to ablating the

fluid chanmber and fluid supply. channel. 3. The net hod

of has aanmemtraWeh@flﬁg A Amﬁa'@fhr@% XIS mfﬂﬂ%éﬂ& eqigosyerse axis

for r

SRS SRR U Ch RIS oSl (RIS pinkel A5 AOREIT to about

st Mﬁmeemewtmswdrmam mmnmbmmd rwhenein thedbuigitudpnsil yxis dimension

chan ed subsequent to ablating the nozzle
holl&l® S%thaﬁﬁbeafﬁ%ﬁﬁ B&lof claim 1, wherein the

| ongi tudi nal axi s dinension ranges from about two to
about six mcrons shorter than the first |ength of the
8. (ibd nohzlmiplate ofclailthd wieréin theofozglediots has afheir@ilar exifehape.
transverse axi s di mension ranges from about 0 to about
7 mcrons less than the first width of the fluid

S eRd 862218 platdrof BRIEMAOY veréih ahénidngitwbi@akhxis tdlilﬁemsxi)dnz t@ges from
hole has a bicircular exit shape, 7. A nozzle

shwrut twortacabeut siyingicrons sharts thﬁ‘éé]éﬁ‘ ﬁltshksna@ﬁ [the %Wllét%lambef
conprising a substantially linear array of nozzle
holes in a nozzle plate, the nozzle hol es being

a1 ahb Yodtle PIRE oM didinl ¥ UwHerehatiigarfsi@te exie aimogsidd tinges from
t hrough t he nozzle hol €s, wherein each fluid chanber

hamit § 16 Rbaytt 7winigramsdesd thenfthe Srst wegthoh therdfdié seambrsz 2| e
hol ehas an entrance having a | ongitudinal axis
di nrensi on and a transverse axi s di nmension, wherein the

i pn@irhideh-Aald d&dtiontieid eghirikingihg @szle pniteatfoﬂmnm 1to
about 4.0 tinmes the transverse axi s di nension, and

wherein the |ongitudinal axis dinmension is | ess than

V\z A'ﬂflgt%ﬂh %ggaugi?hﬁ oﬂljé@%sgﬂéztli e Bb2 @J]af?lfn Q! I?dzgle late material to

erein icircular’exit sh pe
Brovideeflow Leare piradteres thecdinj the Hetholdeosipnisinggehe steps of:

[ ongi tudi nal . axi s me on rapges from abo t .t.o .
abogt @foahlﬁtt"r%);%’smglﬁéﬁmg% Wﬁqﬁg’ﬁé@wg‘aﬁ“&m&fﬁﬂgfﬂi fhamber in
fluid chamgr o8 ?i‘sﬁe NRAGHA Phails ﬂfroﬁélﬁ'an%zﬁ'tlal\/\/ﬂﬁﬂ@ieéh of the

the transverse axi s dinension ranges from about O to

about 7 m nomis plats snatérah thténk chappbenihgvingot firsidengtiyjagd a first
chanber . mcro-fluid ejection head conpri sing

t he nozzl e“fdii e of claim7. 12. A method for reducing

pr ocegghsRgudntfE1ak&r abddinatd AcyzR WelE akRllplatipeedraith rtheaink chamber
to provide flow feature structures therejn, the met
conpri si ng thiegh papmaiping thickness of the nozzle plate material, t e nozzle
hole having a nozzle hole entrance having a longitudinal axis dimension
and a transverse axis dimension,
wherein the transverse axis dimension is less than or equal to the first width and

wherein the longitudinal axis dimension is less than the first length.

13. The method of claim 12, wherein a number of laser pulses required for making the
flow feature structures is less than a number of pulses required for making the flow

feature structures when the fluid chamber and fluid supply channel are ablated
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| aser ablating an ink chanber and a fluid supply
channel for the ink chanber in the nozzle plate

wortmroeed2s partial ly through a partial thi cknesBcofustine/ 030192

nozzle plate material, the ink chanber having a first

length and a first wdth; subsequently, |aser ablating
whbprspentdosblaing heqazgledolegned with the ink chanber

through a remai ni ng thickness of the nozzle plate

material, the nozzle hole having a nozzle hole

Bht Tlenoethbd vt nigin 12 owlgreindha bingamndisal dixisshsiennomragges from about

transyerse axi s dinmensjon erein, t tyansyverse axis
BRBP T BB TOE g et v op e PP G ang
wherein the |ongitudinal axis dinmension is |ess than
the first Iength. 13. The nethod of claim 12, wherein
B5. nidbmethofl of akén 18uwhesinrtbe transydrst exis gk emsgprnt tangds| foamn about 0
feature structures is |ess. th asn er .of pul ses

o apt cEqgRs M%t}lelfgs'ﬂfwlg{b qidhe ﬂP@r@f@B@r ures when
the fluid chanber and fluid supply channel are

abl at edsubsequent to ablating the nozzle hole. 14. The
het Hezimethod lofickain 22, whereieithe noveld sghasabigiaeulangxét shape.
di mensi on ranges from about two to about six mcrons
shorter than the first length of the fluid chanber.

1P ThRGnémbd e cRimCliwheledn thhaFfseiwidthhie dnr éigmes sadth of the ink
axi s di nension ranges fromabout 0 to about 7 mcrons

theswet hadhtheHfstlpngsh isndeit leagte pbtheligh ehagrerber . 16.
The nethod of claim 12, wherein the nozzle hole has a
bicircular exit shape. 17. The nethod of claim 12,
yé1en ehird-flgidf djscsion Weslt fonhysrisaiy ehozdie plavd aftdninf 12 he
i nk chanber and the first length is an exit Iength of
the ink chanber. 18. A mcro-fluid ejection head

[ g { NoZZ | j in adjacent
0okl SO ARl BLAAE ot BF Bl dhar 00 AP, wherein adjo
HOD] @pindniretespendanl akecitantberszire snoamdifsetoinr & dpestitinnerthagknal to a
chanbers are not offset in a direction orthogonal to a

flpdifged gl sl ot .
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