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bead, ejection heads are designed to include more nozzles and corresponding ink

ejection actuators. The number of nozzles and actuators for a *4op shooter” or “roof
shooter” ejection head can be increased in several ways known to those skilled in the
20 art. For example, in an integrated nozzle plate containing nozzle holes, ink chambers,
and ink channels laser ablated in a polyimide material, adjacent nozzles and
comresponding ink chambers are typically offset from one another in a direction
‘ orthogonal to the ink feed slot. With a laser ablated nozzle plate containing ink
chambers and ink channpels, a minimum spacing between adjacent ink chambers is
25  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

30  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.
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axis dimension. The longltudmal axis dimension ranges from about 1.1 to about 4.0

times the transverse axis dimension, and the longitudinal axis dimension is less than the
first length.

20 An advantage of the disclosure is that it provides ejection heads having increased
functionality without increasing the size of the ejection head components. The
disclosure also enables production of ejection heads having a nozzle pitch of greater
than 600 dpi without the need to provide adjacent nozzles and corresponding ink
chambers that are offset from one another in a direction orthogonal to a fluid feed slot.

25 For purposes of this invention, the term “pitch” as it is applied to nozzles or fluid
ejection 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.

30  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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Furt her advantages of the disclosed enbodi nents w il beconme apparent by
reference'to the detail ed description of exenplary enbodi nents when

consi der ' junction with the followi ng drawings ilJustrating one or
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process; Ihigro-fuidsejéctiohdady; €W, not to scale, of a portion of a nozzle plate
made according to one enbodi ment of the disclosure; . FIGS. 9 and 10 are
cross- sect i onalFIGiSedand dare plen yicaw, got torscaleof portions of prior arbnozede plates] e pl at e
of FIG 8; FIG IS a plan view, .not scal e.. of nozzle.hole in,a prior
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abl ati ng thise ABAAS 8 143et Mision febéass;11; FIG 13 is a cross-sectional view not
to scale, 'of the nozzle hole of FIG 11; 20 FIG 14 is a plan view, not to
scal e,100f a f| (FIG. Juipal plan Migmn abt trstalepof a pottinneof anpdier 1y nezzle plate made
process; FlG_15 is a plan view, not to scale, of a mask for naking the
fluid suppﬂy p‘&?ﬁ’ﬁﬁ%’ °%§’the prior art process of FIG 14; FIG 16 is a
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. FIGS. 9 and 10 are cross-sectional views, not to scale, of the portion of the

15 nozzle plate of FIG. 8;

FIG. 11 is a plan view, not to scale, of a nozzle hole in a prior art nozzle plate;

FIG. 12 is a plan view, not to scale, of a mask for ablating the nozzle hole of
FiG. 11;

FIG. 13 is a cross-sectional view, not to scale, of the nozzle hole of FIG. 11;

20 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
25  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

30 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;



fluid supply channel and fluid chanber nmade according to an enbodi nent of
the dis re. G 18 is a plan view, not to scale, r nmaki ng
the fl ui@@%ﬁﬁ%ﬁsﬁao channel and fluid chanber of FIG %‘W&%ﬁl s a
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process of mideasirgdthe Medsks S6FIGS. 38 @ad@3p sectional view, not to scale, of a
portion of a prior art nozzle plate containing the fluid chanber and fluid

suppl y channel BIG.RBds apisn vew, natdo isealey oflacfiuid sepply ghannebansd:-Hyid chamber or art
nozzl e hol e éo&F the fluid chamber and fluid supply channel of FIG 23; 15
FIG 27 i STADIHRRPUPH PSSt 0 scale, of a mask for making the nozzle hole

FIG 26, FIG R2%i% & Erpl’ﬁﬁvi%@?tdo%@'scﬂé,edﬁ a Medskt for ey e Auidosip of a
prior art nozzle plate nmade using the masks of FIGS. 24 ‘and 27; FI 29 is
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scale, of a portion of a nozzle plate
FIG. 26 is a plan view, not to scale, a prior art nozzle hole for the fluid chamber
and fluid supply channel of FIG. 23;
15 FIG. 27 is a plan view, not fo scale, of a mask for making the nozzle hole FIG.
26,
FIG. 28 is a cross-sectional view, not to scale of a portion of a prior art nozzle
plate made usihg the masks of FIGS. 24 and 27;
FIG. 29 is a plan view, not to scale, of a fluid supply channel and fluid chamber
20 according to another embodiment of the disclosure;
FIG. 30 is a plan view, not to soale, of 2 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 nozzie plate
made using the mask of FIG. 30;
25 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
30 made using the masks of FIGS. 30 and 33. | |



made using the mask of FIG 30; 25 FIG 32 is a plan view, not to scale, of
a nozzle hole in the fluid chanber of FIG 29; FIG 33 is a plan view, not
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such as piezoel ectric devices y al so used to provide an ejection head
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34 in the subst qu&eeerﬁ%gé&allﬁ%g%u sEencl]aE?Fﬁ ’Q{O?E?oug OPg‘f’? ul ﬂa&r%#yaﬁcﬂ%bﬁﬁél 36
connectif ng hedtel Gisaltusirhted inlFig. % Thegjectivhdrehed 16 d3ntalnslacthésneal heating element

30 for heating a fluid in a fluid chamber 32 formed by ablating a portion of the nozzle

plate 20. However, the disclosure is not limited to an ejection head 16 containing a

thermal heating element 30. Other fluid ejection actuators, such as piezoelectric devices
may also be used to provide an ejection head according to the disclosure.
20 Fluid for ejection through nozzle holes 22 is provided to the fluid chamber 32
through an opening or fluid supply slot 34 in the substrate 18 and subsequently through
a fluid supply channel 36 connecting the slot 34 with 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
25 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.
30  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.
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fluid chanber 32, the fluid supply channel 36 is |aser ablated in the nozzle
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t hi ckness we | 1.GC : Rl cal ged
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t ol er ancesnozies A0 dvasgipicallysboue4? aficrions oembey togpavideg pitth lof lese dmnaabjoac ent
r nmore to provide a pitch of |ess

nozzl es 20 was ,typically, about 42 m crons

t han a’éouthS%Bd%otﬁ;ﬂ“ pisbi-s Tgeﬂarsﬁcqhy pitehethe Jargen themozelemlate 20 4880br t he
nozzl e pl r%%ir?? feﬁﬁﬁ ired for fluid ejection
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72 were the sane. wever, a
hIn s case, the nozzle entrance and chamber entrance 72 were the same. However, a

process for making such a nozzle 70 and fluid chamber required a longer processing

20 time. In the process, the nozzles 70 were ablated first through the thickness of the
nozzle plate material. A second ablation step was then performed to ablate the fluid
supply channels 74. Accordingly, the nozzle plate material required x pulses to ablate
completely through the nozzle plate material to form the nozzles 70. The nozzle plate
material was then partially ablated with a fraction, %, of x pulses, kx, to provide the fluid

25  supply channels 74. Thus a total of x + Ax 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

30  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 2 configuration illustrated in plan view in FIG. 7
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f or egoi ng [Pesss der laseroablating nepzle plates dor micredfhud ejection ideyicost Wbe proggsicent
;lbch){J? ggg%ﬁ%e%r? tgs]: sé%gcae?d ﬁ-g@greé%ﬁuﬂé Gl 0P Yol Pieds Rlphirla, Orfed\ﬂzﬁnegagne r than
amount of wall angle taper between an entrance to a fluid chamber and a nozzle exit, or
both. “Wall angle taper” is defined as a difference in width between an entrance of a
20  fluid chamber and an exit of a corresponding nozzle. By decreasing the wall angle
taper, the pitch or linear packing density of fluid chambers and nozzles may be

increased.
{ Processes for ablating nozzles and fluid chambers according to prior art
processes are illustrated in FIGS. 11-16. According to a first process, a nozzle hole 110
25  having an entrance perimeter 112 and an exit perimeter 114 is first laser ablated in a
nozzle plate 116 using a mask 118 (FIG. 12). A cross-sectional view of the nozzle hole
110 is illustrated in FIG. 13, The thickness of the nozzle plate is about 63 microns. Ata
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.
30 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

7



15 I'n anot her enbodi ment, the disclosure provides a nmethod for inproving a
process for |aser _ablating nozzle plates for mcro-flui | ' Vi ces.

The procéggzmvﬁﬂpgsenent is selected fromreducing a nuﬁggﬁgg%bﬁgggf pul ses
requi red, reducing an amount of wall angle taper between an entrance to a
fluid chanffww feddres afeablhted du iaboutdr.15 bexbhds. " The kotalntime reguired toi ablaletliened as

a difference jn w dth between _ an ance o 20 fluid chanber and an exit
of a corrMmlﬁénﬂ&&f@wgwmgééi‘%g’“i‘héfzaéﬂongﬁgl e taper, the pitch or
| i near packing ehsd tc)élbﬁﬁilﬁ Vit tﬁ@%ﬁr%@ﬂww FRYnriee 12'4”51[@%&!1-

Processes for abl ating nozzles and hanbers ‘according to prior art
processes chambiet 126(FI6t &7) dre fifdt ablated in aRozzle platel] 2R(FIG. W)usinga mede 83, a

102l e 101G ey 2 B HR B8 SEHBSMGE 19514 BBNTphad e RS B R ST
Ao 05 bl S (Sl PErREFL 2 i hio et 12 e omlany aauFbe 10

250 Hz, i tmiceestheduphtthd ndZzle platenti28 itoa fbfueney i 80UEh Ablaticnrafithe nbzal&ness
of nozzle plate 116 tq formthe _nozzle hole 110. 30 Next a fluid supply

channel 12Ptateri28 to this depth takes 1 153ee08AS.i n t he nozzle plate 116 using a mask
122 (FIG 15) t ' : | : ; '
FLG 16, The 1 SR EY0fs bR SR TFIA! i o holote ARG RPkanfni IENSTRIT, (0.
Accordingly. L en 7 V0 2008] 026308 POl o005 30105 - 1 ow features are
Accordingly, the , ; CTI | ow ures are

abl at ed ign%/léE?Ol‘ﬁs shomen in cwssrsectional Yigw-in ﬁ%gébr e&hﬁ%abwtébfgﬁw 20 nozzle
110 d fl | : ' t of
the di scl oiie HERNACRARITS) oo ireoitnics SLARRENTARe pbouE RS IO £5) 7
are first tbiuney of BSGHA0 Azberdinighy, ¢helfotal timeGeqditgd fos iformming thesflow JeatwmSs (FI G

18). In this, case, the nozzle pl atiie 128 is .,again about 63 mcrons thick, and

the flow f & pezele hale |33 accopding to-the disclosureds 4 seponds or ahawpley toildaereang

abl ated. a dept f . L: r 1ec-nozzle plate 128 at a frequency
R ef e 1 P ByebidaE, 13

of 80 : noz "to this depth takes 1.15
seconds. Next, i nasthke efibbdined? ofHhe discdlohreca il adhachbeh rioudbngatel as

remai ni ng thickness of 10 the nozzle plate 128, i.e., 37_mi.crons, using a
mask 134 (fampared fo 3 eonyentionak fluidchampen design so that the pitch of fluid chambers can

be increased. A prior art process for flow features and nozzle holes is illustrated in
FIGS. 23-28. With reference to FIG. 23, a fluid chamber 136 fluid channel 138 (FIG.

20 23) are first laser ablated in a nozzle plate 140 (FIG. 24) using a mask 142 (FIG. 25)
which provides a substantially square fluid chamber 136. In this case, the nozzle plate
140 has a thickness of about 38 microns. The fluid chamber 136 and fluid channel 138
are laser ablated at a frequency of 80 Hz to a depth of 18 microns. Laser ablation of the
flow features takes about 0.65 seconds.

25 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.

30 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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pl ate 128 shown in cross-sectional viewin FIG 22. It takes about 0.75
seconds to ablate the nozzle hole 132 through the remaining thickness of

t he nozzl 0%?6‘/@6 8 at a frequency of 250 Hz. Accordi ri‘%l‘ al tinme
required ‘?or or mgzﬁg the flow features and nozzle hole gﬂ‘%@%}hﬁhg to the
di sclosure is 1.9 seconds or about 15 to 16 rcent 15 faster than with the

prior art Plas R(FIGE31) ysing a sask 452 5KGh S0)-c nloagaien means taka dength ekthee, a
fluid ch ' t : ' | d
st gn o cHafitee PROR. el 8 WA BORGIRIER LALNs betdie) oTTRCT

process f gupply olinhepl S0 & fuid chambérd 48 ake sblatedibefoss tblatingla hozzIEhE. 1583- 28.

Wth reference tqoq FIG 23, a fluid chanber 136 fluid channel 138 (FIG 20
23) are fintenpgdeplai;lited in a nozzle plate 140 (FIG 24) using a nmask 142

FIG 25 whi ' ' i I} : t hi
((:ase, h)e nozlzﬂéxglragiﬁgﬂg %ﬂ% ?gg%ﬁgﬁgéﬁes@&g%gﬁ%d? hggﬂr]n%?? g%\lgé%%aes’k? | ui :JIS
chamber 1388 @PIG.f33)) dWhile theahask3E58 Br sabbtantiallyaditaufargthetresulfing qozzie olef 80 Hz

to a depth_of 18 mcrons. Laser ablatiqn of t flow, features takes about
0. 65 secondéis bstaptially eblongse fba'h‘g? goq?thtelpﬂég%ggy H‘?@ axls AHRE§100h ough

t he remi Ri t hi z#l te 14 hCr -.fivahout 0.4
seconds a?’ g&}r&egh@%@éaxg Q@E@’ﬁ@ﬁu@‘ﬁ‘d&n@s% %4%0% M q?"ﬁledapg’su ting
nozzl e pl §drpithdal it Llisfinged fomiabolt 1A to Aout YD tigied the tisaswga axgs Pr ¢gess and
chanber 136 desi the m ni rum chanber width 1is about 31 mcrons. 30

Howevas, b i NEGS Bamst Men withook temozale hotes13 eairasse isubsipatialnhiser

) st rar SerBe gt EGH ot Mg ShfinBin 48 BB HfocaftBhgF™ B folpdohe Bitosst 1y, ,
ref erence ehsblid @ gré@ter Pitck! sfnfhaidechatbers 168 asbesmpet &l anch bivt @nsgmbss

channel 150 (FIG_ 29) are first ablated in a nozzle 8 WO 2006/026328
PCTI US2005iwbetedin EiG38123-384 (FIG 31) using a mask 152 (FI G 30).

"El ongat e" nea | . | ek . | e han a
width of the ff‘m@@%a ggﬁgkg‘.bgﬁ‘s”t‘%% %’Wﬁ%@%ﬁﬁ%lﬂ%ﬁ%ﬁf;@ @ﬁ%ﬁ%@rﬂ{"wo and
f 1 ui d1shawbarnckilk plate aadithick dilindaperpitabillobe agprecimed tat thoink dambetsnaridhe
nozzle plate 154. 5 Next, a nozzle %’)Le 156 I's &t;iat ed in the nozzle plate
154 (FI G moshangels gnay basformed exclpstyely imeither\fhe nezzie plateros thick Silmdayer, or

substant i ghdyhe ol voth e o2 pidtd tnd A Find RiyEr.
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

20 may be made in the embodiments described herein. Accordingly, it is expressly
intended that the foregoing description and the accompanying drawings are illustrative
of exemplary embodiments only, not limiting thereto, and that the true spirit and scope
of the present embodiments be determined by reference to the appended claims.



156 is substantially oblong so that the nozzle hole 156 has a | ongitudi nal
axis dinension L and a transverse axis dinension T wherein L is greater
than T. Typically, the longitudinal axis L is ranges fromabout 1.1 to
about 4.0 tinmes the transverse axis T. As 1o shown in FIGS. 32 and 34 a

wi dth of the nozzle hole 156 entrance is substantially the sanme as a width
of the fluid chanber 148 exit. Accordingly, the foregoing process enables a
greater pitch of fluid chanbers 148 as conpared to a prior art process
illustrated in FIGS. 23-28. Wiile the foregoing enbodi nents have been
described in ternms of a nozzle plate 15 or a nozzle plate and thick film

|l ayer, it will be appreciated that the ink chanbers and ink channels may be
fornedgg#éﬂﬂ§ively in either the nozzle plate or thick filmlayer, or my
be for Regaiideibaleq id.he nozzle plate and thick filmlayer. It is contenplated,
and wi |l be apparent to those skilled in the art fromthe preceding
description and the acconpanyi ng draw ngs, that nodifications and changes

20 may ,be de j,n.the enbodi ments described herein. .Accordingly, it i

oxpr oxdr'y | BRMRE o Pk o SPbEs RSt £ o i SEion R e i

dr awi n@smfising teWsdps af:i ve of exenpl ary enbodi ments only, not limting
thereto, and that the true spirit and scope_ of the present enbodi nents be

det er mi ned tager alflating & smoggle tiiate appienial del pepvadergn ebongais) fsd oppaber; andcfleid ned
is: 1. A t hod i f . f tr - - 1 Ui jecti
hoad,  t he et od RobEhRSet $8x R LiecShd HE HEESndeler Rl £RA subb, BT O
materi al to provilld&l chambkoiyaige fidstiensth hadrb Arst andihfdndi d  suppl y channel

therein for connecting the fluid chanber with a fluid supply, the flJuid
chanber havil#g" ablftinech vlepginnozsls hols ry e Hp B feawat%ls%ra%wagx the fjlaﬁ

el ongate nozzle Rol@ b teNfuil WAdnBed 'uﬁ{ePeiMcelﬁéﬁLeoﬁéielé ﬁfék Rhiriick NifB&sidds! St

| ength of the fluid chanber, wherein the nozzle as entrance di nensions
havi ng a | ongi t utlaviag adeigtudinak asis dmmenstbnaandr @ rsnseerse aaxi Emdisiensgicbrthauch

that the | i tudi . i di ion.i f bout ;1.1 bout 4.0 ti
tha transver ce. - Hiit8Rgiding ptn dgrson infom abt ol Heabousd & Bmin i treiverngoc
from about two t gyis alhabsic, nfli 58 QML BAREILAls HiAshhSatdes Storh @p@ihwel ot he

fluid chanber
about six microns shorter than the first length of the fluid chamber.

2. The method of claim 1, wherein the nozzle hole is ablated subsequent to ablating the fluid

chamber and fluid supply channel.

3. The method of claim 1, 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 subsequent to ablating the nozzle

hole.

4, 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.
5. The method of claim 1, wherein the nozzle hole has a bicircular exit shape.

6. A nozzle plate for a micro-fluid ejection head, the nozzle plate comprising a substantially

linear array of nozzle holes ablated in a nozzle plate, the nozzle holes being axially aligned with
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2. The nethod of claim1l1l, wherein the nozzle hole is ablated subsequent to
ablating the fluid chanber and fluid supply channel. 3. The nethod of claim
1, wherein a nunber of |aser pulses required for making the flow feature
structures is less than a nunber of pulses required for making the flow
feature structures when the fluid chanber and fluid supply channel are
abl at ed subsequent to ablating the nozzle hole. 4. The nethod of claim1,
wherein the transverse axis dinension ranges fromabout 0 to about 7
mcrons |less than the first wwdth of the fluid chanber. 5. The nethod of

cl ai m 1fwivicbambens fonejentiug fleidhimougthths nazh boles whareiresdach fhidghamber has afostz| e

plate for i cko-fluid ejection he the nozzle .pl ate conpri si a.

R bt antidf e o il lenphapflesct pceISRchan M EuffF nEule At SRS S ffadion | ne
nozzl e 4l FonbiRidifh]l axisadiménsibr G1ORS aVibiidirudib@l htivicgaadlagiets ke lefitR GF ithtg
fluid thpough t he nozzl e hol es erein each fluid chanber has a first

wi dt h b dehambas wheseigtthe longiteding axis dimensies ranges srosnakawt f drie @bows i Ggmes

¢ . ) . : DL . . .
| ongi t (I rfisefse S BteRlon Y Phor it iRl RS Blbe® B8, Do
wher ei ntwidh®e abangixt mdrona Isherker shasli thefist length ati getivid clansteaut 1.1 to about 4.0

tinmes the transverse axis dinension, and wherein the |ongitudinal axis
di mensi on ranges fromabout two to about six microns shorter than the first

l'ength of thepdlobiid pfleiReLim & whihn 1R46kAe Rl1ahss Phicit @G shifeer €i n the
nozzl e hole has a bicircular exit shape. 8. The nozzle plate of claim®é,
wherein the transverse axis dinension ranges fromabout 0 to about 7

m crons, |l ess.than the first. wdth of .the fluid chanmber. 9. A cr,o- id
o] ot of heathecunprpas of Simh S pediastie gt e on s ki
reduci nghok PaR&Gh18sstthafBthE Girst 3R4Blof R fRid AR Pl ate material to provide
flow feature structures therein, the nethod conprising the steps of. |aser

abl ating an elongate ink chanmber and a fluid supply channel for the ink
chanbergin arzh e Pl at L. al Lt t e oL a partial thickness
of the %ozzl%gngﬁéﬁ&g@ﬁ%ﬁ”ﬁ?ggéﬁéhﬁﬁia% éﬁ%%#%ﬁégf%égg'first | ength and a
first width; subsequently, |aser ablating a nozzle hole axially aligned with
the first length q{ t he_ i nk chanber,thro;gh a renai;:ng t hi ckness of _the

nozzl e Hl-at eArfadteRq far redurdnemprpsrssing ime iy ablatige 2 wgzis Rakionacrsltte ardddhavi ng
a | ongi iygifilre Skichurdd HERR], Ak AGHodcorfRARMAE SEpde S di mensi on,

laser ablating an elongate ink chamber and a fluid supply channel for the ink chamber in
the nozzle plate material partially through a partial thickness of the nozzle plate
material, the ink chamber having a first length and a first width;

subsequently, laser ablating a nozzle hole axially aligned with the first length of the ink
chamber through a remaining thickness of the nozzle plate material, the 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 ranges from about two to about six microns

shorter than the first length of the fluid chamber.

11.  The method of claim 10, 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 subsequent to ablating the nozzle
hole.
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wherein the transverse axis dinmension is less than or equal to the first

w dt h and wherein the |ongitudinal axis dinmension ranges fromabout tw to
about six mcrons shorter than the first length of the fluid chanber. 11.
The met hod of claim 10, wherein a nunber of |aser pulses required for mnaking
the flow feature structures is |ess than a nunber of pulses required for
maki ng the flow feature structures when the fluid chanber and fluid supply
channel are abl ated subsequent to ablating the nozzle hole. 11 12. The

met hod of claim 10, wherein the transverse axis di mension ranges from about
0 to about Thevngthedhof pleig 1Pnwhereingthe imegiverse gy dimentien rangesifrem kel tog3,
The net : j L has a bicircular exit shape.
14. The%?r)gltt: ﬁ%‘é&g@ Ig%s;t?arﬁ %%&s\?\k@?@{%ﬁﬂ[&ﬁéﬁ# ?I}agr@egﬁ dth is an entrance w dth of
the ink chanmber and the first length is an exit length of the ink chanber.
15. A nmgcro-fluid ejecti.on head conprising . the nozzle plate of claim10. 16.
The i cho- | |{??ednﬁe%%°f§flala Y Pﬁ%f?}“%ﬁé‘?@lﬁg‘{lﬁgasrﬂ)n'%ﬁ‘lf@?ﬁl XehMEs 2 nozzie
pitch of greater than 600 dpi and wherein adjacent nozzles and

correspondi ng ink chanbers are not offset in a direction orthogonal to a
fluid fEed sThetmethdd ofi¢laim bQ.zvieergih shecfint wiktaisnancsntaher width ohibe iridzchambgl at e

has a NEZZhe iRk feiBmdt adbSetim bPAR indAndep 12
15. A micro-fluid ejection head comprising the nozzle plate of claim 10.
16.  The micro-fluid head of claim 15, wherein the nozzle plate has a nozzle pitch of greater
than 600 dpi and wherein adjacent nozzles and corresponding ink chambers are not offset in a

direction orthogonal to a fluid feed slot.

17.  The nozzle plate of claim 6, wherein the nozzle plate has a nozzle pitch of greater than
600 dip.
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