200309850-1 1 LASER MICROMACHINING AND METHODS OF SAME BACKGROUND [0001] The
market for electromiesdevices continually demands increased performance at decreased costs. In order
to meet these requirements the components which comprise various electronic devices may be made
more efficiently and to closer tolerances. [0002] Laser micromachining is a common production
method for controlled, selective removal of material.lHowever, a desire exists to enhance laser
machining performance. BRIEF DESCRIPTION OF THE DRAWINGS [0003] The same components
are used throughout the draliriistd IeRS»EdeH | kENfe Aol Bht QDS PEri#itE-wherever feasible.
[0004] Fig. 1 illustrates a representation of a front elevational view of an exemplary printer in
accordance with one exemplary embodiment. [0005] Fig. 2 illustrates a representation of a perspective
view of a print cartridge suitable for use in an eX%'RBI?@%BWNBr in accordance with one exemplary
embodiment. [0006] Fig. 3 illustrates a representation of a Cross-sectional view of a portion of a print

cartridge in accqgippre With-pRe supmaPiay IBRRGID e ER00Zfitafhyl detratas artratglevational
view of an exemplary laser machining apparatus in accordance with one embodiment. [0008] Figs. 5,
5b-5e and 59 illygifatmaies st sectiasal copsesentadions aigereeessequirements the components

which comprise various electronic devices may be made more efficiently and to closer

tolerances.

[0002] Laser micromachining is a common production method for controlled,

selective removal of material. However, a desire exists to enhance laser machining

performance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The same components are used throughout the drawings to reference like
features and components wherever feasible.
[0004] Fig. 1 illustrates a representation of a front elevational view of an
exemplary printer in accordance with one exemplary embodiment.
[0005] Fig. 2 illustrates a representation of a perspective view of a print cartridge
suitable for use in an exemplary printer in accordance with one exemplary embodiment.
[0006] Fig. 3illustrates arepresentation of a cross-sectional view of a portion of a
print cartridge in accordance with one exemplary embodiment.
[0007] Fig. 4 illustrates a front elevational view of an exemplary laser machining
apparatus in accordance with one embodiment.
[0008] Figs. 5, 5b-5e and 5q illustrate cross-sectional representations of process

steps for laser machining an exemplary substrate in accordance with one embodiment.



steps for laser machining an exemplary substrate in accordance with one embodiment. 200309850-1 2
[0009] Figs. 5a amebdbeach illustrate representations of top views of portions of an exemplary laser
machine and associated substrate in accordance with one exemplary embodiment. [00010] Figs. 6-7
each illustrate representations of top views of portions of an exemplary laser machine and associated
substrate in accordance with one exemplary embodfment. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [00011] The embodiments described below pertain to methods and
systems for las¢®@¥tromachigingocaatibseade il lusisae negrrsentatbinsint tip &iprsdiigraotionsaethod for
controlled, selective removal of substrate material. By removing substrate material, laser
micromachining TR FIRIRY 183HUMRTAIS K SPSIPL? SBFERG A RO MERRAREXRTIRN features,
such as a slot, whig(r)l ass through all of the substrate's thickness, or blind features, such as a trench,
which pass throueah a pc?ﬂl'on of the substrate's thickness. [00012] Laser machining removes substrate

material at a Iasgydm@factiomf?et_ngiﬁ)ed&fﬂ%&&%&&#&%&@ﬁé@%@%&%ﬂ%&ﬁ&%IQJ%Y]

embodiments can supply liquid to the laser interaction zone along one or more liquid supply paths to

increase the subsiaigare gy ahsaihandiostenirass ibieds it ecsrdahtedgposittoaahslabstrate
material proximate the feature. [00013] Various factors may block a particular liquid supply path from
supplying liquide®aednedler interaction zone at particular times during the substrate removal

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[00011] The embodiments described below pertain to methods and systems for
laser micromachining a substrate. Laser micromachining is a production method for
controlled, selective removal of substrate material. By removing substrate material, laser
micromachining can form afeature into the substrate. Such features can be either through
features, such as a dot, which pass through all of the substrate’s thickness, or blind
features, such as atrench, which pass through a portion of the substrate’ s thickness.
[00012] Laser machining removes substrate material at a laser interaction zone(s)
to form afeature into a substrate. Some exemplary embodiments can supply liquid to the
laser interaction zone along one or more liquid supply paths to increase the substrate
removal rate and/or decrease the incidence of redeposition of substrate material proximate
the feature.

[00013] Various factors may block a particular liquid supply path from supplying
liquid to the laser interaction zone at particular times during the substrate removal
process. During laser formation of some features the substrate may obstruct one or more

liquid supply paths from reaching the laser interaction zone. Some of the described



process. During laser formation of some features the substrate may obstruct one or more liquid supply
paths from reachingdae laser interaction zone. Some of the described 200309850-1 3 embodiments
can direct liquid at the feature along two or more liquid supply paths so as to adequately supply liquid
to the laser interaction zone within the feature. [00014] Examples of laser machining features will be
described generally in the context of forming ink feed slots ("slots") in a substrate. Such slotted
substrates can be incorporated into ink jet print cartridges or pens, and/or various micro electro
mechanical sysesmeo{IviEN Shdinagdisjuihabiig Eetee vk thevadrisoohspmie paghelesesibed below
may not be illustrated accurately as far as their size is concerned. Rather, the included figures are

intended as diagtf%ﬁfﬁ‘?ﬂ%@f ¥éiﬁ’t5ﬁ%@?&%Hﬁ%‘@t@?%@&@ﬁf%@inventive principles that
are described h?ﬁﬁlélﬁLOOMS&x%?%a@?Iéisl %ﬁ%rgc%m%r f?a lergG %ﬁFbghOa&g%rg%dg%r %ér%ggclamﬁgt are

depicted herein. ver, any typeé of feature Size Bn geometry may using the

inventive methods, And ARBAMTYASrESFSHR] bR IR 40004 Bln SditeRedile sruera f the

embodiments herein describe and discuss ink jet print cartridges or pens, the inventive methods and
apparatuses desactpstder @it idanNebprinsestinidadsqaies any Buidrejestinncesice hahajeels any type of
fluid for one or more applications. EXEMPLARY PRODUCTS [00017] Figs. 1-2 illustrate examples of
products which casiens JYddiSkdeviighsingnong lethet ¥ el bEtyRs elesserinranentaldestihenbsel®g. 1 shows a

diagrammatic representation o _
may not be illustrated accurately as far as their size is concerned. Rather, the included

figures are intended as diagrammatic representations to illustrate to the reader various
inventive principles that are described herein.

[00015] Examples of particular feature size, shape, and arrangement are depicted
herein. However, any type of feature size and geometry may be fabricated using the
inventive methods and apparatuses described herein.

[00016] In addition, while several of the embodiments herein describe and discuss
ink jet print cartridges or pens, the inventive methods and apparatuses described herein
can be used to fabricate any fluid gection device that gjects any type of fluid for one or

more applications.

EXEMPLARY PRODUCTS
[00017] Figs. 1-2 illustrate examples of products which can be produced utilizing
at least some of the described embodiments. Fig. 1 shows a diagrammatic representation
of an exemplary printing device that can utilize an exemplary print cartridge. In this
embodiment the printing device comprises a printer 100. The printer shown here is
embodied in the form of an inkjet printer. The printer 100 can be capable of printing in

black-and-white and/or in color. The term "printing device" refersto any type of printing



of an exemplary printing device that can utilize an exemplary print cartridge. In this embodiment the
printing device compsises a printer 100. The printer shown here is embodied in the form of an inkjet
printer. The printer 100 can be capable of printing in black-and-white and/or in color. The term
"printing device" refers to any type of printing 200309850-1 4 device and/or image forming device that
employs slotted substrate(s) to achieve at least a poArtion of its functionality. Examples of such printing
devices can include, but are not limited to, printers, facsimile machines, and photocopiers. In this
exemplary printidgyickeand@rtinagiottsnisobetiet dwicenpmyse ol tpd sibsiretete)dr rchievabiNedgtais
incorporated into a print cartridge, an example of which is described below. [00018] Fig. 2 shows a

diagrammatic rePPEQERAISAUF @%r’rﬁé‘r’eﬂ?ﬁﬁf LRREGENG FoMAST MR YRi I L FIR 28 exemplary

printing device. The print cartridge is. comprised of a print head 204 and a cartridge body 206 that
D pports the or B ARt TS AT P OSSO R CasE 202 other

exemplary configuyraliopymay SRRRKDIHIAG RUBRBAS AheHROIR ERTIHGS 8R0S rint

cartridge 202 is configured to have a self-contained fluid or ink supply within cartridge body 206. Other
print cartridge cerpigiicatitiogeptieerativelyt oriadditienabyopayie configured to receive fluid from an
external supply. Other exemplary configurations will be recognized by those of skill in the art. [00020]
Fig. 3 shows a clé¥¥.8ectionbiddidgraniva i cliagseeseatitatiepr esLrigbontioh ¢h texedrienipRivyt print head

204, taken along line 3-3 in Fig. 2. The view of Fig. 3 is taken transverse an x-axis of a fluid-feed slot
(described beIO\ﬁﬁ‘rtﬂf@g(-ZQ%g]gﬁ@thﬁﬁ”i'ﬁ?S Ll exemplary printing device. The print cartridge is

comprised of a print head 204 and a cartridge body 206 that supports the print head.
Though a single print head 204 is employed on this print cartridge 202 other exemplary
configurations may employ multiple print heads on a single cartridge.

[00019] Print cartridge 202 is configured to have a self-contained fluid or ink
supply within cartridge body 206. Other print cartridge configurations alternatively or
additionally may be configured to receive fluid from an external supply. Other exemplary
configurations will be recognized by those of skill in the art.

[00020] Fig. 3 shows a cross-sectional diagrammatic representation of a portion of
the exemplary print head 204, taken along line 3-3 in Fig. 2. The view of Fig. 3 is taken
transverse an x-axis of a fluid-feed dot (described below), the x-axis extending into and
out of the plane of the page upon which Fig. 3 appears.

[00021] Here a substrate 300 extends between a first substrate surface ("first
surface") 302 and a second substrate surface ("second surface") 303. A dot 305 passes
through substrate 300 between first and second surfaces 302, 303.

[00022] In this particular embodiment, substrate 300 comprises silicon which either

can be doped or undoped. Other substrate materials can include, but are not limited to,



out of the plane of the page upon which Fig. 3 appears. [00021] Here a substrate 300 extends
between a first substsate surface ("first surface") 302 and a second substrate surface ("second
surface") 303. A slot 305 passes through substrate 300 between first and second surfaces 302, 303.
[00022] In this particular embodiment, substrate 300 comprises silicon which either can be doped or
undoped. Other substrate materials can include, but re not limited to, 200309850-1 5 glass, silica,
ceramics, gallium arsenide, gallium phosphide, indium phosphide, or other material. [00023] Substrate
thicknesses (in thiess-difettisramidsigpeBiuons seaide, galli suitetisiephitien érbiom shbsehigee erpphepriate for
substrates' intended applications. In some embodiments substrate thicknesses taken relative to the
z-direction can rdli¥3om less than 100 microns to more than 2000 microns. One exemplary

embodiment can ytilize a supstrate that is approxjmately 675 microns,thick, Though a single substrate
66%% gsbﬁa?e hgtlérée&g Qn {E% Z—Jp(ectlon |nclf&§ can hﬁ\{gtaﬂg Ssu?tm%q%g

is discussed herein, Gther sUtanle empodiments may comprise a stibstrate ple

components durigessam i 2B xR dPRnIhed PRadSt. FRhSXPTRIRABRSSUCH: egkodiment may

employ a substrate having a first component and a second sacrificial component which is discarded at
some point durirgnpsoicessiabiaRaAlckndkis paddEictdian @b ot meantcosredan mage thim-fikss layers 314
are positioned over substrate's second surface 303. In at least some embodiments a barrier layer
316 and an orifidBapl4Pe avcRifide Meertire?aee pisstnonéiheexenthieriheniiddimepeesn tilize a

substrate that is approximately 675 microns thick. Though a single substrate is discussed
herein, other suitable embodiments may comprise a substrate that has multiple
components during assembly and/or in the finished product. For example, one such
embodiment may employ a substrate having a first component and a second sacrificial
component which is discarded at some point during processing.

[00024] In this particular embodiment, one or more thin-film layers 314 are
positioned over substrate's second surface 303. In at least some embodiments a barrier
layer 316 and an orifice plate or orifice layer 318 are positioned over the thin-film layers
314.

[00025] In one embodiment, one or more thin-film layers 314 can comprise one or
more conductive traces (not shown) and electrical components such as resistors 320.
Individual resistors can be selectively controlled viathe electrical traces. Thin-film layers
314 aso can define in some embodiments, at least in part, a wall or surface of multiple
fluid-feed passageways 322 through which fluid can pass. Barrier layer 316 can define, at
least in part, multiple firing chambers 324. In some embodiments, barrier layer 316 may,
alone or in combination with thin-film layers 314, define fluid-feed passageways 322.
Orifice layer 318 can define multiple firing nozzles 326. Individual firing nozzles can be

aligned respectively with individual firing chambers 324.



[00025] In one embodiment, one or more thin-film layers 314 can comprise one or more conductive
traces (not showng@aeh electrical components such as resistors 320. Individual resistors can be
selectively controlled via the electrical traces. Thin-film layers 314 also can define in some
embodiments, at least in part, a wall or surface of multiple fluid-feed passageways 322 through which
fluid can pass. Barrier layer 316 can define, at least fh part, multiple firing chambers 324. In some
embodiments, barrier layer 316 may, alone or in combination with thin-film layers 314, define
fluid-feed passa{f#fztls 322 Bariiickylery8id a8dcarifide fiaem1Ripian ftntpmeezioseB Guitabiwidual firing
nozzles can be aligned respectively with individual firing chambers 324. 200309850-1 6 [00026]
Barrier layer 316"8Hforitt@napartisdd 3R sessied t?ﬂt?éﬁ? dEitapre SARAREriTdIRehatfeular

implementation, both barrier layer 316 and grifice Igyer 318 comprise thick-fil terial, such as a
e omacatie S 8 e B B e e e % e

manner. For examglay heofiehialeran BB Hepyien’iAsHyilkhesrooaRized by thawskilethartisan.

[00027] After being spun-on, barrier layer 316 then can be patterned to form, at least in part, desired

features such aswasshgevsayspandiiragviheniepitieigithdskie aarspodiment patterned areas of
the barrier layer can be filled with a sacrificial material in what is commonly referred to as a 'lost wax’
process. In this épAGdAimentAitideciag epud 08, daxiipel ammpifsthirotahdes aptermdterfarasahe barrier
layer and be formed over barrier layer 316. In one such example orifice layer material is 'spun-on'

over the barrier 1558/ B5Hi ST HybIEHES I S P BEEaMRH AY A e SR eSS Ro 221889326 over

respective embodiment patterned areas of the barrier layer can be filled with a sacrificial materia in

what is commonly referred to as a 'lost wax' process. In this embodiment orifice layer
318 can be comprised of the same material asthe barrier layer and be formed over barrier
layer 316. In one such example orifice layer material is 'spun-on' over the barrier layer.
Orifice layer 318 then can be patterned as desired to form nozzles 326 over respective
chambers 324. The sacrificial material then is removed from the barrier layer's chambers
324 and passageways 322.

[00028] In another embodiment barrier layer 316 comprises a thick-film, while the
orifice layer 318 comprises an electroformed nickel material.  Other suitable
embodiments may employ an orifice layer which performs the functions of both a barrier
layer and an orifice layer.

[00029] In operation a fluid, such as ink, can enter slot 305 from the cartridge
body, shown in Fig. 2. Fluid then can flow through individual passageways 322 into an
individual firing chamber 324. Fluid can be gected from the firing chamber when an
electrical current is passed through an individual resistor 320. The electrical current can
heat the resistor sufficiently to heat some of the fluid contained in the firing chamber to

its boiling point so that it expands to gject a portion of the fluid from a respectively



chambers 324. The sacrificial material then is removed from the barrier layer's chambers 324 and
passageways 32a2:0028] In another embodiment barrier layer 316 comprises a thick-film, while the
orifice layer 318 comprises an electroformed nickel material. Other suitable embodiments may employ
an orifice layer which performs the functions of both a barrier layer and an orifice layer. [00029] In
operation a fluid, such as ink, can enter slot 305 fronT the cartridge body, shown in Fig. 2. Fluid then
can flow through individual passageways 322 into an individual firing chamber 324. Fluid can be
ejected from thepisitignet anorater 38b.e T beeiettastrilcd tiarean isepasised thy addiienal ifidigitiaal resistor
320. The electrical current can heat the resistor sufficiently to heat some of the fluid contained in the
firing chamber tP3EIVIMGPoint so that it expands to eject a portion of the fluid from a respectively

200309850-1 7 itioned nqzzle 326. The ejected fluid,then can be replaced additional fluid from
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of products whick sﬁ?dhi!&%ﬁf&%&w%&ﬁb’&ﬁ‘ém&_ woiizRQihs RRediReRHsgsheg below.
EXEMPLARY SYSTEMS AND METHODS [00031] Fig. 4 shows a cross-sectional diagrammatic

representation opaédsw.exemplary apparatus or laser machine 402 capable of micromachining a
substrate 300a to form a feature 404 therein. Laser machine 402 comprises a means for generating
optical

EXEMPLARY SYSTEMS AND METHODS

[00031] Fig. 4 shows a cross-sectional diagrammatic representation of an
exemplary apparatus or laser machine 402 capable of micromachining a substrate 300a to
form afeature 404 therein. Laser machine 402 comprises a means for generating optical
energy sufficient to remove substrate material to form feature 404. Feature 404 can have
various configurations including blind features and through features. A blind feature
passes through less than an entirety of the substrate's thickness t measured in the z
direction. A feature which extends all the way through the thickness t becomes a through
feature. In the illustrated embodiment feature 404 comprises a blind feature extending
along the x-axis between afirst feature end 406a and a second feature end 406b.

[00032] Laser machine 402 can have a laser source 408 capable of emitting a laser
beam 410. The laser beam can contact, or otherwise be directed at, substrate 300a.
Exemplary laser beams such as laser beam 410 can provide sufficient energy to energize
substrate material at which the laser beam is directed. Energizing can comprise melting,
vaporizing, exfoliating, phase exploding, ablating, reacting, and/or a combination thereof,
among others processes. The substrate that laser beam 410 is directed at and the
surrounding region containing energized substrate material isreferred to in this document

as alaser interaction region or zone 412. In some exemplary embodiments substrate 300a



energy sufficient to remove substrate material to form feature 404. Feature 404 can have various
configurations inebetetisag blind features and through features. A blind feature passes through less than
an entirety of the substrate's thickness t measured in the z direction. A feature which extends all the
way through the thickness t becomes a through feature. In the illustrated embodiment feature 404
comprises a blind feature extending along the x-axibetween a first feature end 406a and a second
feature end 406b. [00032] Laser machine 402 can have a laser source 408 capable of emitting a laser
beam 410. The leebdpantiamd comdetiuwe didetoridastsentiithioted afusiablstifatki@9GhouExesnplary laser
beams such as laser beam 410 can provide sufficient energy to energize substrate material at which
the laser beam iECEREBEARHDYE s 2 1R FUFREompAe SYHE I S/ R2i Rt IISHAR GO BhkEe exploding,
ablating, reactingj aspg/ogl gncomb{ij‘p] 599 ghéarae%mamong others processes. The substrate that laser
beam 410 is direcPeci At ancehe surrounalng region containing energized substrate material is referred

ton this documeiioeg a lase/aesaRiaRROR-BAARAR EhP i 05e BXFBRIABKmARdnents

substrate 300a 850-1 8 can be positioned on a fixture 414 for laser machining. Suitable fixtures
should be recogbizedrhy dheaskiles s a00 SPrasRuE htkdeses prny debodnfigty eadiooenve the
substrate along X, y, and/or z coordinates. [00033] Various exemplary embodiments can utilize one or
more lenses 41646 dacbefoeusp@iperaer lseiseantsAne gndsomteto Miadtieedhe mbitiseenafodiments,
laser beam 410 can be focused in order to increase its energy density to machine the substrate more

effectively. In th&€SEEYEM pla SR BERIAEN AL MERs KEARPCarABEB asdea o BRE GO

more lenses 416 to achieve a desired geometry where the laser beam contacts the
substrate 300a. In some of these embodiments a shape can have a diameter in a range
from about 5 microns to more than 100 microns. In one embodiment the diameter is
about 30 microns. Also laser beam 410 can be pointed directly from the laser source 408
to the substrate 300a, or pointed indirectly through the use of a galvanometer 418, and/or
one or more mirror(s) 420.

[00034] In some exemplary embodiments laser machine 402 also can have one or
more liquid supply structures for selectively supplying, from one or more nozzles at any
given time, aliquid or liquids 422 to the laser interaction region 412 and/or other portions
of substrate 300a. This embodiment shows two liquid supply structures 424a, 424b.
Examples of suitable liquids will be discussed in more detail below. In some
embodiments, liquid supply structures also may supply one or more gases 426 such as
assst gases. Some of these embodiments may utilize dedicated gas supply structures
while other embodiments such as the embodiment depicted in Fig. 4 can deliver gas 426
via liquid supply structures 424a, 424b. Examples of gas delivery and suitable gases will

be discussed in more detail below.



more lenses 416 to achieve a desired geometry where the laser beam contacts the substrate 300a. In
some of these embegiments a shape can have a diameter in a range from about 5 microns to more
than 100 microns. In one embodiment the diameter is about 30 microns. Also laser beam 410 can be
pointed directly from the laser source 408 to the substrate 300a, or pointed indirectly through the use
of a galvanometer 418, and/or one or more mirror(s)9420. [00034] In some exemplary embodiments
laser machine 402 also can have one or more liquid supply structures for selectively supplying, from
one or more noZAeEBat any Givaeer timks, fEoligueghiatolig cid et 2l ived he regséatéritertictian higgidn 412 and/or
other portions of substrate 300a. This embodiment shows two liquid supply structures 424a, 424b.

Examples of suiff8(e" IFBIa<RFitH B8R ol S64tER T sRRYEReNt SEIBIRY S VOdiRY resHistRfi&tds, liquid

supply structure aleo Biay, supply,ong.or Mate 03ses dap. sush ge. Assist a3ses Some.of these
embodiments may utilize dedicated gas supply &fuctures white dffer émbodiments sUeh as the

embodiment depigied id gy AGRRGRIYAT 288 428 MR MgsbSHpRiyrRifdctures 424a, 424b. Examples
of gas delivery and suitable gases will be discussed in more detail below. 200309850-1 9 [00035] One

or more flow regladssp can hequitilizezl dannegsippaaher Namoos haeidiuang lescgasatithe . swostrate. The
present embodiment employs two flow regulators 428a, 428b. Some embodiments can utilize a
controller 430 toesammiel thirefauitait ehikadiunerioutida aD8vaad fow Foidaietdigigb geliversB. Among other

components. [00036] Liquid 422 can be supplied_ at various rates during laser machinin%. For
galong/hour to the substrate. Other suitable embodiments can supply water at rates that

range from less than 0.05 gallons/hour to at least about 0.4 gallons/hour.

[00037] Some exemplary embodiments also can utilize a debris extraction system
432 that can remove vaporized substrate material and/or molecules formed from substrate
material and a component of the liquid and/or assist gas, as well as various other
molecules. In some embodiments the debris extraction system can comprise a vacuum
system and filtration system positioned to evacuate material in proximity to the laser
beam and substrate.

[00038] Figs. 5-5g describe one exemplary method for laser machining a substrate.
Figs. 5, 5b-5e and 5g show process steps for forming a feature in a substrate. Each of
these figures illustrates a diagrammatic representation of a cross-sectional view of a
portion of exemplary laser machine which is similar to laser machine 402 shown in Fig.
4. Figs. 5a and 5f show top views of a substrate 300b at various stages of the laser
machining process.

[00039] As shown in Fig. 5 liquid supply structures 424c, 424d are configured to
supply liquid to substrate 300b during the laser machining process. As shown here, liquid
supply structures 424c, 424d comprise nozzles 502a, 502b. In this embodiment nozzles

502a, 502b terminate approximately 5-10 millimeters above first surface 302b in the z-



example, one suitable embodiment utilizing water as a suitable liquid delivers 0.1 gallons/hour to the
substrate. Other-gei@ble embodiments can supply water at rates that range from less than 0.05
gallons/hour to at least about 0.4 gallons/hour. [00037] Some exemplary embodiments also can utilize
a debris extraction system 432 that can remove vaporized substrate material and/or molecules formed
from substrate material and a component of the quLPfH and/or assist gas, as well as various other
molecules. In some embodiments the debris extraction system can comprise a vacuum system and
filtration system gioitiones! ituliestad geteralistoyialesopaximity @herellasasiobegan alsd pudvsteate. [00038]
Figs. 5-5g describe one exemplary method for laser machining a substrate. Figs. 5, 5b-5e and 5¢g
show process steHEH6EBrAtHE S eature in a substrate. Each of these figures illustrates a

diagrammatic re tation of & cross- ignal view of a_portion of exemplary laser machine which
RgBEp o gla g s sariapaL Mon ol g nerion o e mlaRLSe L

is similar to lase ine 402 €hown'i IgS. ow topI VIEWS of @ substrate 300b at

various stages of fheasREnTIAGRIRG, PRsess9M0ATHAS POV RLESLBdigisRPRlRTuCtures

424c, 424d are configured to supply liquid to substrate 300b during the laser machining process. As
shown here, liquichbauipt Shidreteliesed 24 chAdbdianraptisdaarglesibitRal BEAL.dipphisamdoodiment
nozzles 502a, 502b terminate approximately 5-10 millimeters above first surface 302b in the z

200309850-1 10 @ieitbided Neaitesberar@ipiydisgarasighadelvereotinida?enstdhs loadiddso provide

suitable embodiments. o - .
422a, 422b from individua nozzles 502a, 502b are specifically identified for the purposes

of explanation as will become apparent below.

[00041] In this embodiment the nozzle bores by, b, are oriented at angles a, 3
respectively relative to first surface 302b of substrate 300b. In some embodiments angles
a, 3 are acute angles relative to substrate's first surface 302b. In this particular
embodiment angles a, 3 comprise about 50 degrees and the first and second bores b, b,
are oriented about 80 degrees apart as indicated by designator ?. Other angles also can
provide suitable embodiments.

[00042] In this illustrated embodiment liquid directed at substrate surface 302b
tends to flow across the substrate surface generally toward the opposing nozzle. For
example, liquid 422a directed along nozzle bore axis b; by nozzle 502a tends to contact
substrate surface 302b and to flow toward nozzle 502b. This may be seen more clearly by
viewing both Figs 5 and 5a.

[00043] Fig. 5a shows a top view of substrate 300b at first surface 302b. Liquids
4223, 422b generally are covering a portion of first surface 302b lying between nozzles
502a and 502b. In this instance the liquid also is covering a first footprint 504 of a

feature to be formed into the substrate in first surface 302b. Liquids 422a, 422b can be



[00040] Nozzles 502a, 502b have nozzle bores b1, b2 from which a direction of the path in which
liquid 422a, 422btresels is defined. For purposes of explanation in this embodiment, nozzle bores b1,
b2 are utilized to identify individual liquid supply paths from individual nozzles 502a, 502b and
respectfully delivered liquid 422a, 422b. Liquids 422a, 422b from individual nozzles 502a, 502b are
specifically identified for the purposes of explanatior]l]as will become apparent below. [00041] In this
embodiment the nozzle bores b1, b2 are oriented at angles a, 6 respectively relative to first surface
302b of substratde®dDey Hhif exivelydmbicsti iontpristzoigloy iediddu seirtesgie SGdadotdahbstrate's first
surface 302b. In this particular embodiment angles a, 6 comprise about 50 degrees and the first and
second bores b1BZRCEMEIRI@Rbout 80 degrees apart as indicated by designator ?. Other angles

also can providioé%t ble ez&boghrpvﬁqﬁ%ié%%%}%al éQrIT? '%St.rsiéﬁ%c Fggtosoljﬁ?ené 58 id Eiars%(r:ted at

[ . .
substrate surfac tendsto Tlow across the substrate surfacé generally toward the opposing

nozzle. For exapgie4ieNidssa dIFSFRO ARG RPFAE RRLSAYS RhOX19978 Rl aaiqnls to contact

substrate surface 302b and to flow toward nozzle 502b. This may be seen more clearly by viewing
both Figs 5 and fai @043 rFige Sessiaasreutpiiesurizis 303 ateqaiipaé i sipplismael 882b. Liquids
422a, 422b generally are covering a portion of first surface 302b lying between nozzles 502a and
502b. In this instaieectine Jgid1ard ety alonagahfstrizonnine 5032ofLaofiskdd?e ashedvhned into the

substrate in first surface 302b. Liquids 422a, 422b can be 200309850-1 11 _
supplied to the laser interaction zone 412a from nozzle 502b directly or after contacting

and deflecting across surface 302b.

[00045] As shown here, laser beam 410a is orthogona to first surface 302b of
substrate 300b, though other configurations can provide satisfactory embodiments. In
this embodiment, laser beam 410a will be moved generally along the x axis from left to
right of the page on which the figure appears to continue forming feature 404a. In
subsequent figures the feature is assigned new alphabetic suffixes as the laser machining
Process progresses.

[00046] Fig. 5¢c shows a subsequent view where laser beam 410a continues to
remove additional substrate material to form feature 404b. As shown here laser beam
410a has completed one pass over substrate 303b from left to right and subsequently
moves from right to left. The laser beam's range of movement or scan path along the x-
axisis indicated generally by dimension d which in this instance is also the dimension of
feature 404b in the x-direction or axis. Orientation of nozzles 502a, 502b along acute
angles a, 3 can allow the nozzles to remain outside of the scan path while delivering
liquid to feature 404b. In this particular embodiment nozzles 502a, 502b are each
positioned about 5-10 millimeters back from feature 404d in the x-direction as indicated

generally by designator i. As such, in this embodiment, a minimum distance between the



delivered effectively to first footprint 504 by individual nozzles 502a, 502b and/or both nozzles in
combination. [00044dsAs shown in Fig. 5b laser beam 410a is directed at substrate 300b. Laser beam
410a removes substrate material at laser interaction zone 412a to form a shallow feature 404a in the
substrate through first surface 302b. Liquid 422a is supplied to laser interaction zone 412a directly
along path b1 from nozzle 502a. Liquid 422b also m%& be supplied to the laser interaction zone 412a
from nozzle 502b directly or after contacting and deflecting across surface 302b. [00045] As shown
here, laser beannektBa zatirdgonaldplfiest SQFandiBeRsof BherstliaienSoahcahalrghpotkice
configurations can provide satisfactory embodiments. In this embodiment, laser beam 410a will be
moved generally?4ighlg eBXIBEESrom left to right of the page on which the figure appears to continue

forming feature Lﬂf%b%in sub&seg%gvrrl]t i%gﬁé%l@éﬁ%ﬂb%ﬁsaﬁiﬁgfgd&ﬁ% %@h&tfeevé#.sufﬁxes as the

.. Iné)i:'ll"[
laser machining " process progresses. € shows a subsequent view where Taser beam

410a continues {g, kemasaddiienabsubstrripmalesialdadasm feaiNeg AR ecsian fere laser

beam 410a has completed one pass over substrate 303b from left to right and subsequently moves

from right to left.sliteer drsaichasmn, sraogeopbotoveireninay sqly pigthuatangftagive: axis is indicated
generally by dimension d which in this instance is also the dimension of feature 404b in the x-direction
or axis. Orientati®A8hozz|es H 62O bl HihapSaegttealnites athe esei awelining piecesedto remain
outside of the scan path while delivering liquid to feature 404b. In this particular embodiment nozzles

502a, 502b are SARANFRGHRIIFEY REFBLAEE SIS b AR Ko PRI IFeBHA R #EXWfection as

indicated material to form feature 404c. For purposes of illustration linear laser movement is

depicted herein, but the skilled artisan should recognize other suitable laser movement
patterns utilized for feature formation such as a 'racetrack’ pattern.

[00049] Fig. 5e shows a subsequent view where laser beam 410a has completed
multiple passes over substrate 300b to form feature 404d through more than a mgjority of
the substrate's thickness t. At this point feature 404d is formed through approximately
80% of the substrate's thickness t. Feature 404d is defined, at least in part, by bottom
surface 506a. Laser interaction zone 412a is depicted on the extreme left side of feature
404d. At this point in the laser machining process laser interaction zone 412a is located
in a"shadow zone or region" of feature 404d. A shadow region can comprise a region of
afeature to which a particular nozzle does not have a direct completely unobstructed path
for delivering liquid. Asdepicted in Fig. 5e there are two shadow zones 5083, 508b.
[00050] At this point in the laser machining process, a single nozzle may be
partially or completely obstructed from delivering liquid to the laser interaction zone as
desired. For example, nozzle 502a may lack a direct completely unobstructed path for

delivering liquid 422a to laser interaction zone 412a located within shadow zone 508a.



generally by designator i. As such, in this embodiment, a minimum distance between the 200309850-1
12 nozzles 502ap&82b1is d plus 10-20 millimeters. Other dimensions can also provide suitable
embodiments. [00047] As shown in Fig. 5c, feature 404b is defined additionally, at least in part, by its
bottom surface 506. At this point feature 404b is relatively shallow compared to substrate thickness t,
and one or both nozzles may supply liquid to the featdre. [00048] Fig. 5d shows a further subsequent
view in the laser machining process. In this instance laser beam 410a is moving right to left, removing
additional substrateong atesiakesofsr i tiehy ety 4wy eradigyserscomplestyationt lisiedinlag®e movement
is depicted herein, but the skilled artisan should recognize other suitable laser movement patterns

utilized for featuFERIATANGT L8 KhSARSEARR RS ROPRIYE YO BWEY Bghe Wi tbws a subsequent view
where laser beaLBO%rﬂ'a has EP”?&:S&?\Q%QBJIFQS gﬁii S §VV é %L%Q%%a}gecﬁg%piﬁolzfgr%? ﬁthre 404d
e IC t. I t

through more than'a ajorityoofLI SUDStrate’s thicknes S point fedture 40 d"t€'Brmed

through approxirggigly, f3%i8f, Giersitrel iSRG Shd: fpridie HRd0 %%d?f%j?&ﬁ’ﬁé\k%aét in part, by

bottom surface 506a. Laser interaction zone 412a is depicted on the extreme left side of feature

404d. At this poigicomdfedasier Buaahisingd by tessniseraiaieosatiangganea244 2qis hogatesbaa a "shadow
zone or region” of feature 404d. A shadow region can comprise a region of a feature to which a
particular nozzleddeserohegresaily tedinediedonnysiaiasyQfifossimilated stk 4Sbdetivemag ¢igorl. As depicted

in Fig. 5e there are two shadow zones 508a, 508Db. &00050] At this point in the laser machining
process, a singlg%m% B/ereach shadow region 508b. Utilizing a combination of nozzles 502a

and 502b however can effectively deliver fluid over the entire second footprint 504a at
bottom surface 506a as feature depth increases as a percentage of thicknesst.

[00052] Fig. 5g shows an alternative embodiment depicted in a view similar to that
shown in Fig. 5e where laser interaction zone 412a is depicted at the extreme left side of
feature 404d and within shadow region 508a. In this particular embodiment a controller,
such as controller 422 described in relation to Fig. 4, may abate or shut-off the flow of
liquid from a particular nozzle or nozzles during a portion of the laser machining process.
For example, in one particular embodiment, nozzle 502a may be shut off when the laser
interaction zone 412a is in shadow region 508a to allow liquid from nozzle 502b to
effectively supply liquid to the laser interaction zone. Shutting off liquid flow from
nozzle 502a may allow liquid to be distributed more effectively to laser interaction zone
412a by nozzle 502b. Correspondingly, nozzle 502b may be shut off when the laser
interaction zone is on the right side of the feature in shadow region 508b to allow liquid
flow from nozzle 502a to effectively reach the laser interaction zone.

[00053] As depicted in Fig. 5g, shutting off the flow of liquid from one of the
nozzles may increase the effective delivery from the opposing nozzle by reducing

potential interference caused by the intersection of the two or more liquid streams. In



partially or completely obstructed from delivering liquid to the laser interaction zone as desired. For
example, nozzle-p@2s-may lack a direct completely unobstructed path for delivering liquid 422a to
laser interaction zone 412a located within shadow zone 508a. 200309850-1 13 Among other reasons,
liquid delivery may be partially or completely obstructed in some embodiments due to substrate
surface 302b physically impeding the liquid. [00051]]Ifiquid delivery to feature 404d may be seen more
clearly in Fig. 5f which shows a top view of feature 404d similar to that depicted in Fig. 5a. Fig. 5f
shows a seconddoeterimdiddaitbéimedtiidsy btettanermertacees06ia. 4 iepsitippRat froonenorfaien502a  does
not generally reach shadow region 508a. Similarly, liquid 422b from nozzle 502b does not generally

reach shadow réGIASHd UL AR IRBINARER 7822 1es 502a and 502b however can effectively
deliver fluid over, tire second footprint 504a at bottom surface 506a as.feature depth increases
UBB%%?? ?ﬁﬁ%&gﬁﬁ?{amg&rgﬁ%s&v Segs% n%%cﬂacbove n rega?lonn Lg&% E—%t

as a percentage'o kness n arérnative embodime ided in a view

similar (0 thal sy PukddePeriNAEYaSR! liezaalnn ARDa A IRclepisiad AL gme lef side

of feature 404d and within shadow region 508a. In this particular embodiment a controller, such as
controller 422 desefiliechimdetativaittorigrdugn ssaahate s shlviegTothadiamend, kg ukiipeaya particular
nozzle or nozzles during a portion of the laser machining process. For example, in one particular
embodiment, nola2ke Hechinmaproeeshuney thenidinethis leasabinaienatitio angtiee ab3seals iahatiow region
508a to allow liquid from nozzle 502b to effectively supply liquid to the laser interaction zone. Shutting

off liquid flow froPPSEE7 A EEBA FHIE AN AT 10 BE ARRISu Al QRSP B RIEN S 18%BF interaction

zone utilized to remove substrate material and laser machining may be utilized to remove

additional substrate material to form a desired feature such asadot.

[00055] Figs. 6-7 each show a top view of aternative embodiments utilizing
multiple nozzles effectively to direct liquid at a substrate during laser machining to form a
feature into the substrate.

[00056] Fig. 6 depicts an embodiment utilizing ten independently controllable
liquid supply structures 424c-4241 postioned proximate feature 404e formed in
subgtrate's first surface 302c. Each of the ten liquid supply structures is configured to
deliver liquid along a distinct liquid supply path indicated here as bs-bip. In this
embodiment, effective liquid flow during feature formation can be achieved by
selectively controlling the function of individual liquid supply structures depending upon
the location of the laser interaction zone during the laser machining process.

[00057] Fig. 7 depicts an embodiment utilizing a single liquid supply structure
424m comprising a plurality of approximately 100 nozzles. An example of which is
indicated here as nozzle 502e. In this embodiment the plurality of nozzles are oriented in
a configuration which approximates a footprint 504f of feature 404f formed in substrate's

first surface 302d. Such a configuration can effectively supply liquid to the substrate



412a by nozzle 502b. Correspondingly, nozzle 502b may be shut off when the laser interaction zone
is on the right sidesaésthe feature in shadow region 508b to allow liquid flow from nozzle 502a to
effectively reach the laser interaction zone. [00053] As depicted in Fig. 5g, shutting off the flow of liquid
from one of the nozzles may increase the effective delivery from the opposing nozzle by reducing
potential interference caused by the intersection of th2 two or more liquid streams. In 200309850-1 14
some embodiments the reduced interference can result in a less turbulent, more uniform volume of
liquid reaching tideriagtheilager acdining PeadSs 06N iTore kisveraaazaliesace proded$rete peadwsribed above
in relation to Figs. 5-5g can be repeated until the feature passes all the way through the substrate's

thickness t to foRffYE Biitfee fEdiiFe MY AUMSERY AT e ditre I WIbHULRRRP SPraemmEHRIe BR exemplary

laser machining procese naybe HilizedIncombinaton yith anoihel sHbsiate fomoval process to
form a feature in @ Substrate. For éxample, a’process such as etching may be utilized to remove

substrate materigjpgg| laser m@hgﬂlﬁgg]@;% Wizedo fspoven agdiugpal sHbsiryifpaterial to form
9

a desired feature such as a slot. [000 S. 6-7 each show a top view of alternative embodiments
utilizing multiplesmbaditeeneifestivekuiplgiremhbrpuiduad supplysiiaitukyicip lasairiiaahiningds form a
feature into the substrate. [00056] Fig. 6 depicts an embodiment utilizing ten independently
controllable liguiehishsislivetalistuittaceddriarespaiadarsd PrHst AvEe! edigidesurPhesitiaiies in
substrate's first surface 302c. Each of the ten liquid suppIE/ structures is configured to

can employ pressurized air or other gas(es) and infroduce aliquid utilizing a venturi. Still

other embodiments simply may employ pressurized liquid with or without a nozzle to

configure the flow as desired. Liquid can be delivered to the laser interaction zone in any

suitable form. For example the liquid may comprise an atomized mist, aerosol, droplets

and/or a liquid which is not generally interspersed with gas molecules.

[00059] Water is utilized as a suitable liquid in the embodiments described above.

Other suitable liquids can comprise among others, organic solvents, water based acids and

bases, and water based surfactants among others.

[00060] The described embodiments can utilize a laser beam to form a feature into

asubstrate. In several embodiments the laser beam cuts with greater efficiency and speed

by supplying liquid such as water to the laser interaction zone where the laser beam

energizes substrate material. Some of the described embodiments can direct liquid at the

feature aong two or more pathways to ensure adequate liquid supply to the laser

interaction zone within the feature.

[00061] Although the inventive concepts have been described in language specific

to structural features and methodological steps, it is to be understood that the appended

claims are not limited to the specific features or steps described. Rather, the specific



deliver liquid along a distinct liquid supply path indicated here as b3-b12. In this embodiment, effective
liquid flow duringebestatie formation can be achieved by selectively controlling the function of individual
liquid supply structures depending upon the location of the laser interaction zone during the laser
machining process. [00057] Fig. 7 depicts an embodiment utilizing a single liquid supply structure
424m comprising a plurality of approximately 100 nofzles. An example of which is indicated here as
nozzle 502e. In this embodiment the plurality of nozzles are oriented in a configuration which
approximates a featpemn as4feph femtuiiectoadf farmprethires bstaitef sinfipenwsntiag ¢80RYesiveh a
configuration can effectively supply liquid to the substrate 200309850-1 15 during the laser machining
process even if A& $nore nozzles are blocked from reaching a region of the feature. For purposes
of clarity, liquid flow paths corresponding to the nozzles are not shown, but are described in several
embodiments described above. [00058] Various liquid supply structure types can be employed in
suitable embodiments. For example, suitable liquid supply structures can comprise air brushes which
deliver a liquid aerosol in a pressurized gas. Other suitable liquid supply structures can employ
pressurized air or other gas(es) and introduce a liquid utilizing a venturi. Still other embodiments
simply may employ pressurized liquid with or without a nozzle to configure the flow as desired. Liquid
can be delivered to the laser interaction zone in any suitable form. For example the liquid may
comprise an atomized mist, aerosol, droplets and/or a liquid which is not generally interspersed with
gas molecules. [00059] Water is utilized as a suitable liquid in the embodiments described above.



Other suitable liquids can comprise among others, organic solvents, water based acids and bases,
and water basedwudactants among others. [00060] The described embodiments can utilize a laser
beam to form a feature into a substrate. In several embodiments the laser beam cuts with greater
efficiency and speed by supplying liquid such as water to the laser interaction zone where the laser
beam energizes substrate material. Some of the deSribed embodiments can direct liquid at the
feature along two or more pathways to ensure adequate liquid supply to the laser interaction zone
within the featur§ViROBE1dixkdasigh the inventive concepts have been described in language specific
to structural features and methodological steps, it is to be understood that the appended claims are
not limited to the specific features or steps described. Rather, the specific 200309850-1 16 features
and steps are disclosed as preferred forms of implementing the inventive concepts. 200309850-1 17
What is claimedls: 1./ RseemackbningrapRaspalirti2] 20MREisingrising: a laser beam (410) configured to
form a feature (404) in a surface (302) of a substrate (300); a first liquid supply structure (424a) for

directing liquid (422) ap{Reerdgamd 4140 Lpnfigiiesl iaher e atrUed49Pan asHiPed3P3halddw region

(508a) to which
substrate (300);

afirst liquid supply structure (424a) for directing liquid (422) at the feature
(404), wherein the feature (404) can comprise a shadow region (508a) to which
liquid (422) directed from the first liquid supply structure (424a) is obstructed,
and,

at least a second different liquid supply structure (424b) for directing liquid
(422) generally toward the shadow region (508a), wherein the first and second
liquid supply structures (424a, 424b) are configured to deliver liquid (422) to the
feature (404) at least a portion of a time that the laser beam (410) operates on the

substrate (300).

2. The laser machining apparatus (402) of clam 1, wherein the feature (404)

comprises a blind feature.



liquid (422) directed from the first liquid supply structure (424a) is obstructed; and, at least a second
different liquid suppbsstructure (424b) for directing liquid (422) generally toward the shadow region
(508a), wherein the first and second liquid supply structures (424a, 424b) are configured to deliver
liquid (422) to the feature (404) at least a portion of a time that the laser beam (410) operates on the
substrate (300). 2. The laser machining apparatus (&82) of claim 1, wherein the feature (404)
comprises a blind feature. 200309850-1 18 3. The laser machining apparatus of claim 1, wherein the
feature (402) is &n eldihgdtsde atacki nuttcippataind Ot elaarally edotrgia lbe featiscdie ehan first feature
end (406a) and a generally opposing second feature end (406b), and wherein the first liquid supply
structure (424a) ¢éopodititeatd @ anichaad eodhgefissalfy Aong el angsadabeingaeha Segdedtlicgiid supply
structure (424b) is positioned proximate to the second feature end (406b). 4. A method comprising:
forming a featur€d¢49%atPadsalgeneRlY 3Tppndegsond peRiieyeandéfne) aansseneelinina10) at the
substrate (300) to remove substrate material at a laser interaction zone (412); and, during at least a

first duration of S5/ tireietRipPi SUSIGBER g 4R)URIReStONes ﬂi@ﬂﬁ@@?ﬁﬂéﬁ‘&cﬁf&f%@(m@) from a first

nozzle (502a), and during at leasta ) N _
(406a) and the second liquid supply structure (424b) is positioned proximate to the

second feature end (406b).

4. A method comprising:

forming afeature (404) into a substrate (300), at least in part, by directing a
laser beam (410) at the substrate (300) to remove substrate material at a laser
interaction zone (412); and,

during at least a first duration of said directing, first supplying liquid (422)
to the laser interaction zone (412) from afirst nozzle (502a), and during at least a
second different duration of said directing, second supplying liquid (422) to the

laser interaction zone (412) from at least a second different nozzle (502b).

5. The method of claim 4, wherein the second supplying comprises supplying
the liquid (422) when the laser interaction zone (412) isin aregion (508a) of the

feature (404) which is obstructed from the first nozzle (502a).



second different duration of said directing, second supplying liquid (422) to the laser interaction zone
(412) from at leasiassacond different nozzle (502b). 5. The method of claim 4, wherein the second
supplying comprises supplying the liquid (422) when the laser interaction zone (412) is in a region
(508a) of the feature (404) which is obstructed from the first nozzle (502a). 200309850-1 19 6. The
method of claim 4, wherein the first supplying compr:l"ges supplying the liquid (422) when the laser
interaction zone (412) is in a region (508b) of the feature (404) which is obstructed from the second
nozzle (502b). 7. The method of claim 4 further comprising supplying liquid (422) from both the first
nozzle (502a) and the second nozzle (502b) during a third duration. 8. A method comprising: forming a
feature (404) int6.a subwraah@DOo), claitedstvihgsean, the tist stingldntheemnpeses uppDyiag the substrate
(300) to remove substrate material at a laser interaction zone (412); and, during at least a first
duration of said HétdietitR 2 e &g dasatrontageti ateAoeey (41 Ak ifd 42 pgdonh@igeerahteeaction zone
(412) along at least two different liquid supply paths (b1, b2) 9. The method of claim 8, wherein said

selectively contrbftfecdPprinBishdepbergarirm dnezatefRRhY supply path (b1) and not

delivering liquid along a second supply path (b2) when the laser interaction zone (412) is in a first
region (508a) of the feature (404).

7. The method of claim 4 further comprising supplying liquid (422) from both

the first nozzle (502a) and the second nozzle (502b) during a third duration.

8. A method comprising:

forming afeature (404) into a substrate (300), at least in part, by directing a
laser beam (410) at the substrate (300) to remove substrate material at a laser
interaction zone (412); and,

during at least a first duration of said directing, selectively controlling a
delivery of liquid (422) to the laser interaction zone (412) along at least two

different liquid supply paths (b,, b,).

9. The method of clam 8, wherein said selectively controlling comprises
delivering liquid (422) aong a first liquid supply path (b;) and not delivering
liquid along a second supply path (b,) when the laser interaction zone (412) isin a

first region (508a) of the feature (404).



200309850-1 20 10. The method of claim 9, wherein said selectively controlling comprises delivering
liquid (422) alongthessecond liquid supply path (b2) and not delivering liquid along the first liquid
supply path (b1) when the laser interaction zone (412) is in a second region (508b) of the feature

(404) that is obstructed from being directly suppliedz%y the first path (b1).

10. The method of clam 9, wherein said selectively controlling comprises
delivering liquid (422) along the second liquid supply path (b,) and not delivering
liquid along the first liquid supply path (b;) when the laser interaction zone (412)

is in a second region (508b) of the feature (404) that is obstructed from being

directly supplied by the first path (by).





