LASER M CROVACHI NI NG AND METHODS OF SAME  BACKGROUND [0001] The

mar ket for electronic devices continually demands i ncreased
performance at decreased costs. In order to neet these requirenents

t he conponents which conprise various el ectronic devices nmay be nade
nore efficiently and to closer tolerances. [0002] Laser

m cromachining is a common production nmethod for controll ed,

sel ective renoval o ! } j nhance
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[ 0003] The sane conponents are used throughout the drawings to
reference like features and conponents wherever feasible. [0004]

Fig. | illustrates a representation of a front el evational view of an
exenpl ary printer in accordance w t hBé%&EkOMNRry enbodi ment. [0005]
Fig. 2 illustrates a representation of a perspective view of a print

cartridge [00Uit abl e Ther meslketi forarelesteny afeyices i cdrginualty adememdanoereased
with one exenplary enbodinent. [0006] Fig. 3 illustrates a

repr esent gkifoindice at AeaSssed QkisONR oMe W BfecltiROd td@ite@Entd th®chibonents
cartridge in accordance with one exenplary enbodi ment. [0007] Fig. 4
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apparatus in accordance wth one enbo
and 5g ilk&é} ae cross-sectional representations of process steps
for | aser machini ng an exenplary substrate in accordance with one

enbodi men . . .
t[(}002] 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. 3 illustrates a representation of a cross-sectional view of a portion of a
print cartridge in accordance with one exemplary embodiment.
[6007] Fig. 4 illustrates a front elevational view of an exemplary laser machining
apparatus in accordance with one embodiment.
[0008] Figs. 5, 5b-5e and 5g illustrate cross-sectional representations of process

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




2 [0009] Figs. 5a and 5f each illustrate representations of top views
of portions of an exenplary |aser nmachine and associ ated substrate
in accordance with one exenplary enbodinent. [00010] Figs. 6-7 each
illustrate representations of top views of portions of an exenplary

| aser machi ne and associ ated substrate in accordance with one

exenpl ary enbodi ment. DETAI LED DESCRI PTI ON OF THE PREFERRED
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all of the substrate's thickness, or blind features, such as a
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[ 00012] Laser machining renoves substrate nmaterial at a | aser
interacti exenglm( Bper facHifg ha dkeridie® shittratedinS RSEdaate wifhOb®e exemplary
exenpl ary enbodi nents can supply liquid to the |laser interaction
zone al ong@p&RLtMore liquid supply paths to increase the substrate
renoval rate and/or decrease the incidence of redeposition of
substrate material proximate the feature. [00013] Various factors
may bl ock a particular liquid supply path fromsupplying liquid to
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substrate nmay obstruct one or nore

[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 a feature into the substrate. Such features can be either through
features, such as a slot, which pass through all of the substrate’s thickness, or blind
features, such as a trench, which pass through a portion of the substrate’s thickness.
[00012] Laser machining removes substrate material at a laser interaction zone(s)
to form a feature 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




liquid supply paths fromreaching the | aser interaction zone. Some of
t he descri bed 3 enbodi nents can direct lNiquid at the feature al ong
two or nore liquid supply paths so as to adequately supply liquid to
the laser interaction zone within the feature. [00014] Exanpl es of

| aser machining features will be described generally in the context
of formng ink feed slots ("slots") in a substrate. Such slotted
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principles that are described herein. [00015] Exanples of particular
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[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
mnventive 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 ejection device that ejects 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" refers to any type of printing




enbodi ment the printing device conprlse§ a printer 100. The printer
shown here is enbodied in the formof 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 4 device
and/ or imge form ng device that enploys slotted substrate(s) to
achieve at least a portion of its functionality. Exanples of such
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exenplary printing device. The print cartridge is conprised of a
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Though a single print head 204 is enployed on this print cartridge

202 ot her agxianglraidge, h%weftwmeﬁisr@ycrﬁﬁpfbemwml tiple print heads
on a single cartridge 00019] Print cartridge 202 is configured to
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along line 3-3 in Fig. 2. The viewof Fig. 3 is taken transverse an

x-axi s of Thoyghu ginglecnring|head 2ok iscempleredent 8vg printearixidgx 282 esttee mxkmigjary

into and out of the plane of the page upon which Fig. 3 appears.
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 slot (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 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 are not limited to,




[ 00021] Here a substrate 300 extends betmeen a first substrate
surface ("first surface") 302 and a setond substrate surface
("second surface") 303. A slot 305 passes through substrate 300
between first and second surfaces 302, 303. [00022] In this
particul ar enbodi nent, substrate 300 conprises silicon which either
can be doped or undoped. O her substrate materials can include, but
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Substrate th nesses (in the z-direction in Fig. 3) can have any
suitabl e "f¥R#¥rsi ons that are appropriate for substrates' intended
applications. In sone enbodi nents substrate thicknesses taken

rel ative (#PRAk z- diSubsftatsd thieknesseanipethe Zodiractien in Figar?) Tow haye pay suitable
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substrate is discussed herein, other suitable enbodi nents nay
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and/or in the finished product. For exanple, one such enbodi nent may
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one enbodi nent, one or nore thin-filmlayers 314 can conprise one or
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 1s 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 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 in part, multiple firing chambers 324. In some embodiments, barrier layer 316 may,
alo.ne 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.




nore conductive traces (not shown) and glectrical conponent s such as
resistors 320. Individual resistors can be selectively controlled
via the electrical traces. Thin-filmlayers 314 also can define in
sonme enbodi ments, at least in part, a wall or surface of nmultiple
fluid-feed passageways 322 through which fluid can pass. Barrier

| ayer 316 can define, at least in part, multiple firing chanbers
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322. Oifice layer 318 can define multiple firi n | es 326.
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i ndividual firing chanbers 324. 6 [00026] Barrier |ayer 316 and
orifice | ay@prlm%l%ﬁl%@mma%ewchrﬁsmyh@tgilmagatée pakymes matenial o fhe photo-
particul ar inplenentation, both barrier |ayer 316 and orifice |ayer
318 conpimsgabtchpalyrfer nmtenit] e de, apgiliel iasing spitatile-mamgablRer pakiipier the
mat eri al. The photo- imagable polynmer material can be applied in any

sui tabl e mamaRN carFiy "spuROR! & willige rea@glﬁzddq;lg tE@kil&] ar§fiaD- on” as wil |
be recogni zed by the skilled artisan. [00027] After being spun-on,
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desired features such as p ageways an I ring chanber erein.
one enboginent tterned areas of the barrier.layer.can be fille
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324. The 888 caf beeahpriset ef tial satreenatiisal ae tixegridrii oyer ahé b &drfdedover barrier
| ayer' s chanbers
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 ejected 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 eject a portion of the fluid from a respectively




324 and passageways 322. [00028] In another enbodi ment barrier |ayer
316 conprises a thick-film while the brifice | ayer 318 conprises an
el ectroformed nickel material. Qther suitable enbodinents may enpl oy
an orifice layer which perfornms the functions of both a barrier

| ayer and an orifice layer. [00029] In operation a fluid, such as

ink, can enter slot 305 fromthe cartridge body, shown in Fig. 2.
Fluid the I gh, 1 ndi Vi S 2 1pto a
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chanmber when an e]ectrical current is passed through an individual
resi stor B9 ectrical current can heat the resistor
sufficientlg to heat some of the fluid contained in the firing
chanber t 800030k boi [Thagripesr and pont eratridges dssprbrilsaboye pravide jastpaetaxemple
of the fluid froma respectively 7 positioned nozzle 326. The ejected
fluid theof padutte wheg emedcdrpoatidiubitosted fotthed dtilizingnhe pastod ey dS2Zbed
[ 00030] The printer and print cartridges described above provide just
one exanpbelowof products which can incorporate substrates forned
utilizing the enbodi nents described below EXEMPLARY SYSTEMS AND
METHODS [ 00031] Fig. 4 shows a cross-sectional diagrammtic
representation of an exenplary apparatus or |aser nmachi ne 402
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energy sufficient tgo renove substrate material to formfeature 404,
Feat ur e 4({)(}9035}1 hav&ig. 4 shows a cross-sectional diagrammatic representation of an

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
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 ¢ measured in the z
direction. A feature which extends all the way through the thickness ¢ becomes a through
feature. In the illustrated embodiment feature 404 comprises a blind feature extending
along the x-axis between 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 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 is referred to in this document

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



various configurations including blind features and through features.
A blind feature passes through |ess thin an entirety of the
substrate's thickness t neasured in the z direction. A feature which
extends all the way through the thickness t beconmes a through

feature. In the illustrated enbodi nrent feature 404 conprises a blind
feature extending along the x-axis between a first feature end 406a
and a sec fe 4 [ £0032] S machi . 402 n_haye
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beam can contact, .or otherw se be directed_at, subsjirate. 300a.
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di r ect ed. SEpRSAL] slongy. dasndéeiproioskinaes- t i ng, vaporizing, exfoliating,
phase expl odi ng, ablating, reacting, and/or a conbination thereof,
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or nore |lenses 416 tg focus or %g,expand | aser beam 410. In sone of
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to increase its energy density to machine the substrate nore.
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focused with one or nore | enses 416 to achieve a desired geonetry

wher e t he filoas eboubfamicromd actrord f@n 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, a liquid or liquids 422 to the laser interaction region 412 and/or other portions
of substratc 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
assist 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.




substrate 300a. In sone of these enbodi rents a shape can have a
dianeter in a range from about 5 microhs to nore than 100 microns.
In one enbodi nent the dianeter is about 30 mcrons. Al so |aser beam
410 can be pointed directly fromthe | aser source 408 to the
substrate 300a, or pointed indirectly through the use of a

gal vanonet er 418, and/or one or nore mrror(s) 420. [00034] In sone
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[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



liters/hour (0.1 gallons/hour) to the substrate. Qther suitable
enbodi nents can supply water at rates Phat range fromless than 0.19
liters/hour (0.05 gallons/hour) to at least about 1.52 liters/hour
(0.4 gallons/hour). [00037] Sonme exenpl ary enbodi nents al so can
utilize a debris extraction system 432 that can renove vapori zed
substrate material and/or nDIecuIes formed fromsubstrate materi al
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[ 00038] Figs. 5-5g descrlbe one exenplary nethod for |aser machining
a subst r ap@tablemngzodigentsh- 5e and 59 show process steps for forning a
feature in a substrate. Each of these figures illustrates a

di agr amma{00040pr esdliotzzies H02a0H02b kaveswzale dbies b b, \foavwwhichan dip@tibh ofithe
of exenplary |aser machine which is simlar to | aser nmachi ne 402

shown in Fitf-in whicllig§id £22a 288 bokaveOW defRed/| ?M\‘Sp&bo@s I Q%bfaﬁﬁt%n:gﬁocﬁls
at various stages of the | aser machi ni ng process. As shown

in Fig. 5 &b&’d{rféﬁ 3@9&1)4 b%trésg%t Wl G fiAftfed t%%ﬁ%stg& ‘?%i?ﬂﬁhl?%ﬁﬁ' s’ugpel Dpaths

supply I|qU|d strate ur|n t he
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apprOX|nater -10 mllimeters above first surface 302b in the z-
di rect i on%22 fidh Gamdad iykiyal nzeles 159243éQ?@W&tSBﬁ?Clﬁcallﬂlﬁ@Flﬁ@ﬂrf%frFBP BWPoses

can al so provide suitable enbodinents.
of explanation as will become apparent below.

[00041] In this embodiment the nozzle bores b;, b, are oriented at angles ¢, 8
respectively relative to first surface 302b of substrate 300b. In some embodiments angles
o, B are acute angles relative to substrate's first surface 302b. In this particular
embodiment angles ¢, § comprise about 50 degrees and the first and second bores by, b,
are oriented about 80 degrees apart as indicated by designator y. 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
422a, 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] Nozzl es 502a, 502b have nozzle bores bl, b2 fromwhich a
direction of the path in which Iiquid'422a, 422b travels is defined.
For purposes of explanation in this enbodi nent, nozzle bores bl, b2
are utilized to identify individual liquid supply paths from

i ndi vi dual nozzl es 502a, 502b and respectfully delivered liquid 422a,
422b. Liquids 422a, 422b from i ndividual nozzles 502a, 502b are

become apfeeRtt BECHNAY oA SER: RPE B3 inBlacm PR SR 3Pt g botn

bl, b2 are oriented at angles a, (3 respectively relative to first
surface 309FSinspBEIMAEPR 300b. In some enbodinents angles a, 0 are
acute angles relative to substrate's first surface 302b. In this
parti cul at000d4bodi mAatsheisgireBigadh Bisegrdepmidd @a iobrected @t sbgirateS0amdlasee
first and second bores bl, b2 are oriented about 80 degrees apart as
i ndi cat edbéym dedd ghwies supstrdlt hreteraih gll 1eser altaactimivonp 40X Wefosh atshdllosy
enbodi nents. [00042] In this illustrated enbodinent |iquid directed

at subst r fdafirs U04Ai68hSQARrath BRF8eH Brsf LRMAGODS SLikhR VP fuphReSeNiREe
generally toward the opposing nozzle. For exanple, |iquid 422a
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422a, 422b generally are covering a portion of first surface 302b
| yi ng bet deflesting aagosssgtface{Eb502b. In this instance the |iquid
also is covering a first footprint 504 of a feature to be forned
into the HW45) at e An showstheserlaser ded®24h] Oalisquitthgoddl 2a, fid0 Y farard0Be of
H 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¢ 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-
axis is indicated generally by dimension ¢ 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 o, @ 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 conbfnation. [00044] As shown in
Fig. 5b |l aser beam 410a is directed at substrate 300b. Laser beam
410a renoves substrate nmaterial at |laser interaction zone 412a to
forma shallow feature 404a in the substrate through first surface
302b. Liquid 422a is supplied to laser interaction zone 412a

di I | h f. I L Liquid 422b al b .
Suppl i cd [OAR s a7 it o IR 62, BB el OB AOD o8 g s mevidy
or after cqn%gcth&g@gand defl ecting across surface 302b. [00045] As

shown her &4 ft%10a i s orthogonal to first surface 302b of
substrate 300b, though other configurations can provide satisfactory
enbodi men{®047h t hiAs shesndn femtSe, feaiee 4Gdnin defided additionsdlypapvesst in part,
generally along the x axis fromleft to right of the page on which

t he fi gur by déppeaom duefacof06.nue thierpaim dedte@tddnd i Odativelynshallows@empardd to
figures the feature is assigned new al phabetic suffixes as the |aser

nachi ni NgsutRf-Ae LBk NELH 88 888 or bADAGBAesthe) supplyARRNPtALS BhaRGUENt
vi ew where | aser beam 410a continues to renove additional substrate
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dinmension d which in this instance is also the dinension of feature
404b in tRetegialite denm dertwe Hhdcs. Far pampsesi Ynillystrationzlinesgr don mogempnt is
al ong acute angles oo 0 can allow the nozzles to remain outside of
the scan petittedvirictesn, dailt ithee skiled attisguisibuld régtize @tidd 4bitatle lashi movement
particul ar enmbodi ment nozzl es 502a, 502b are each
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 majority of
the substrate's thickness ¢ At this point feature 404d is formed through approximately
80% of the substrate's thickness ¢. 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
a feature to which a particular nozzle does not have a direct completely unobstructed path
for delivering liquid. As depicted in Fig. 5e there are two shadow zones 508a, 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.



positioned about 5-10 mllineters back fromfeature 404d in the

x-direction as indicated generally by designator i. As such, in this
enbodi nent, a m ni num di stance between the 12 nozzles 502a, 502b is d
plus 10-20 mllineters. O her dinmensions can also provide suitable

enbodi ments. [00047] As shown in Fig. 5c, feature 404b is defined
additionally, at least in part, by its bottomsurface 506. At this

point feature 4 shal t o

Phi ckness AtSi ol %rnfgasc’ﬂ%owg AelL Braky ORI olyiiosfy oo Eica in some
feature. [O 5d shows further subsequent view in the |aser
machi ni ng B‘?’Bg Otsﬁl?sgaterﬁgfaf totdZb pbricylyimpsding thesligiidi ng ri ght

to left, renDV|ng addltlonal substrate nmaterial to formfeature
404c. For [i5pbses diquid dektarntd featuré A4l mhybe scanpnenswinarlysn Fop 5f wthach
herein, but the skilled artisan should recogni ze other suitable |aser

movenent shawvd entos vidw bf Zetirt 048 sahilureof thatndepicoal BIUEIE. 85 Fig. 5f shows a
"racetrack' pattern. [00049] Fig. 5e shows a subsequent view where
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formfeature 404d through nore than a najorlty of "the substrate S
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this point |n t he | aser machi ning process |aser interaction zone 412a
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region can conprise a region of a feature to which a particular

nozzl e dobstioroisutiaces’0bads faattre depthlireraises asrngiestentage etithpekinkss # or

delivering liquid. As depicted in Fig. 5e there are two shadow zones

508a, 508Ip0052] 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



[00050] At this point in the |aser nmachining process, a single nozzle
may be partially or conpletely obstrudfed fromdelivering liquid to
the |l aser interaction zone as desired. For exanple, nozzle 502a nmay
|l ack a direct conpletely unobstructed path for delivering liquid
422a to |l aser interaction zone 412a | ocated wi thin shadow zone 508a.
13 Anong ot her reasons, liquid delivery may be partially or
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feature 404d may _be seen . nore clearly in Fig. 5f which shows a top
vi ew of f@%lﬂlmeé)ﬂ!@m@ rgaqhingthe daser migrachiepizered in Fig. 5a. Fig. 5f
shows a second footprint 504a defined by bottom surface 506a. Liquid
422a from¥a4] e 502&e ladamachuing process| stgps desrribed htzndeun regiomto FiGa S-5g
Simlarly, liquid 422b from nozzl e 502b does not generally reach

shadow r egarobe bp8lted Whiil theifegu@ esbiallahe oayahrong Heembbitdés taclitheS0210
however can effectively deliver fluid over the entire second
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feature 404d and mnthl shadow e i on_508a. In this parti cul
enbodi menPrseBJREPER AdF amres‘ﬂ@h“%% e n E PO PIAEIPIG SODTERSS S1qhed$ Gt mg may be

relation to Fig. 4, may abate or shut-off the flowof liquid froma
parti cul abtilissziceresioveompsteaie auateriay aad peverimachiing meayl be sflinedc o Fimaye
process. For exanple, in one particular enbodi nent, nozzle 502a may
be shut ofdditibrea sutiserafeasaerialitn famecddsond fahee didasiasldtn shadow regi on
508a to allow liquid fromnozzle 502b to effectively supply liquid
to the | agosspt er abigsOB-Z@A¢h sbwitd it6y vad Jfi Atbinthtivk QMBgd@fents 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-424] positioned proximate feature 404e formed in
substrate's first surface 302¢c. Each of the ten liquid supply structures is configured to
deliver liquid along a distinct liquid supply path indicated here as bs3-b1. 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



nozzle 502a may allow liquid to be distributed nore effectlvely to

| aser interaction zone 412a by nozzle 802b. Correspondi ngly, 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
nozzl e 502a to effectively reach the |aser interaction zone. [00053]
As depicted in Fig. 5g, shutting off the flowof liquid fromone of
the nozzles e de |ver f.rom opRosi ng, .
nozzl e by P ”f;h?ér%asef Bt%?@ﬁugatmteﬁ% Sl heE o ol AP B B abiteine
of the two or, nDre %UId streans. In_14 some enbodi ments the reduced
i nt er f er eAdESILRR rﬂé%tﬂ furg.n Bor| ngRoseti PheipERe 1awgriiow raths carespending tofhe
| iquid reaching the | aser interaction zone. [00054] The | aser
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can be repeated until the feature passes all the way through the
subst r at e'[80058] ckned&riotis tliquid aupplyhetrbdtined tyfpeat ¢une b néfipl@dyédriauglitable
feature. Alternatively or additionally, an exenplary |aser machining
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process to forma feature in a substrate. For exanple, a process such
as etchin I r
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effectlvelépto direct liquid at a substrate during | aser machining to
forma [ ea Pﬁlﬁl@fﬂt%ﬂ@ubet%ﬁr@ oy pods@izetiliguid wibpircvishays a nozzle to

enbodi ment utilizing ten independently controllable 1iquid supply
st r uct ur esoufpzice dR4lovpasddsiredebiquidsdanrtetdelifead tr thedB4eintaactivd 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
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 described embodiments can direct liquid at the
feature along 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



substrate's first surface 302c. Each of the ten liquid supply
structures is configured to deliver |iduid along a distinct liquid
supply path indicated here as b3-bl1l2. In this enbodinent, effective
liquid flow during feature formati on can be achi eved by selectively
controlling the function of individual liquid supply structures
dependi ng upon the location of the |aser interaction zone during the

| aser machi nin LOGESS, 00571, Fi qg. depi cts an. enbodi nmen . .
it 11 21 ng e RR G RS e dRSBA 3 threfPE oS o P REl g e inventive
plurality of approxinmately 100 nozzles. An exanple of which is

i ndi cat ed “A&BSas nozzl e 502e. In this enbodinent 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 15 during the |aser machining process even if one or nore
nozzl es are blocked fromreaching a region of the feature. For

pur poses of clarity, liquid flow paths corresponding to the nozzles
are not shown, but are described in several enbodinents descri bed
above. [00058] Various liquid supply structure types can be enpl oyed
in suitable enbodinents. For exanple, suitable |Iiquid supply
structures can conprise air brushes which deliver a liquid aerosol
in a pressurized gas. O her suitable liquid supply structures can
enpl oy pressurized air or other gas(es) and introduce a |liquid
utilizing a venturi. Still other enbodinents sinply may enpl oy
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 exanple the liquid nmay conprise an atom zed m st,
aerosol, droplets and/or a liquid which is not generally

i nterspersed with gas nol ecul es.



[ 00059] Water is utilized as a suitable liquid in the enbodi nents
described above. Oher suitable Iiquidd can conprise anmpng ot hers,
organi ¢ solvents, water based acids and bases, and water based
surfactants anong others. [00060] The descri bed enbodi nents can
utilize a laser beamto forma feature into a substrate. In several
enbodi ments the [ aser beamcuts with greater efficiency and speed by
supplyingV%% uid, such.as water to the |l aser interaction zone where

t he | aser %ﬁfcg%%?gﬂ§es substrate material. Some of the described
enbodi ments can direct liquid at the feature along two or nore

pat hways to ensure adequate liquid supply to the |aser interaction
zone within the feature. [00061] Although the inventive concepts have

been descyi beq*mefmﬁﬁﬂ?@?@“jﬁ%%@&‘%@gﬁ%ﬁr al features and

met hodol ogi cal steps, It e understo at the appended

clainms are not lLimted t he specific features o eps descri X
Rat her, the sp@dfSeFoeam e GoRaEuTRR te fart a radies LoRb5Ea sk afﬁ@@gpéa
forms of inplenmenting the inventive concepts. 17 Wat is clained

is: 1. A basstrate@)ni ng apparatus (402) conprising: a |aser beam
(410) configured to forma feature (404) in a surface (302) of a

i 0 (422) ot TR R PbR P TRA2AR) LT () fie Rl

t he featurf ()404) ca? conprise a shadow .
(404) along a first direction, 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) at the feature (404) along a second direction and generally toward the
shadow region (508a), wherein the first direction is substantially opposite to the
second direction, 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 claim 1, wherein the feature (404)

comprises a blind feature.



region (508a) to which liquid (422) directed fromthe first liquid
supply structure (424a) is obstructed;'®and, at |east a second
different liquid supply structure (424b) for directing liquid (422)
at the feature (404) along a second direction and generally toward
the shadow region (508a), wherein the first direction is
substantially opposite to the second direction, wherein the first

d i qguid I t. t 424a,. 424 are,_canfiqu t.o
el ver Tt e HP Bl el 481, 17 BBbe L S R 4D 38 an
time that the | aser beam (410) operates on the substrate (300). 2.

The | aser elmghtenfeatprapplzchtentends @2newllycilangnalonghsischatwehe af faust deagure
(404) conprises a blind feature. 18 3. The {1 aser machi ning appar at us

of claim %nd‘fh?’?e?i %hlc% %gegéﬁglﬁrg@pgﬁg}@oséc%nﬁ%aﬁ#@@E&K@OGE?%H&QX%%Eﬁﬁhe

ext ends genera etween a first feature

(406a) and. g .generally opposin econd feature end (406b),. an

wher e n-t NeSt qUid supply st isiRzdel 1 Resiienedpiaxma tﬁdgptﬁrahge@wre end
proximate to the first feature end (406a) and the second |iquid
suppl y st (4@Ga)med (4 dddondsiquod istipplyestrugtioz (42418 it potitiencd peaxichate to the
feature end (406b). 4. A method conprising: formng a feature (404)

into a S“Qﬁé&n@%aﬁ@@?ﬁd@%%#?as" in part, by directing a |aser beam
e

(410) at the substra to renove substrate material at a | aser
interaction zone (412); and, during at |least a first duration of said
directing, first supplying liquid (422)

4. A method comprising:

forming a feature (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 a first nozzle (502a) along a first direction,
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) along a second direction, wherein the first direction is substantially

opposite to the second direction.

5.  The method of claim 4, wherein the second supplying comprises supﬁlying
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).



to the laser interaction zone (412) froma first nozzle (502a) al ong
a first direction, and during at |east'?a second different duration
of said directing, second supplying liquid (422) to the |aser
interaction zone (412) fromat |east a second different nozzle
(502b) along a second direction, wherein the first direction is
substantially opposite to the second direction. 5. The nethod of
claim4, wherein the second supplying conprises supplying the liquid
(422) when the laser interaction zone (412) is in a region (508a) of
the feature (404) which is obstructed fromthe first nozzle (502a).
19 6. The nmethod of claim4, wherein the first supplying conprises
supplying the liquid (422) when the |aser interaction zone (412) is
in aregign ( t e ; i i
second nog'zl e (50 eg{.Od?&PgIlﬁ{eIﬁ%élt%}%éé@?ﬁ )é I%@m@ﬂﬁ?g @%@%ﬁ%??@lﬁgé e
supplying, liguid (422) fromboth the first npzz|e (502a) an e
second no#gF @éﬁbﬁvﬁ% rtflﬁga%?ftlﬁf‘-qfﬂ%ﬂﬂ apro R ISTWearFEQZ%'d (ﬁ?Sﬁ)Sl ofi the
4 further conprising: selectively controlling the delivery of liquid
(422) to tdwtuleqdod) whidr Batbstacted dirmn (Hd 8coatlongziat( 502kt t wo
different liquid supply paths (bl, b2) 9. The nethod of claim8§,
wherein said selectively controlling conprises delivering liquid
(422) along a first liquid supply path (bl) and not delivering
liquid al gng a_second supply path (b2) when the | aser _interaction
zone (412Y-is khe @ethfqdr%ftp clakyg o firiisy sampssingaumdyingrliquid ¢432) from bofh
met hod of claim9, wherein said selectively controlling conprises

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

8.  The method of claim 4 further comprising:
selectively controlling the delivery of liquid (422) to the laser interaction

zone (412) along at least two different liquid supply paths (by, b,). -

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

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

10.  The method of claim 9, wherein said selectively controlling comprises
delivering liquid (422) along the second liquid supply path (5,) 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



delivering liquid (422) along the second liquid supply path (b2) and
not delivering liquid along the first ¥iquid supply path (bl) when
the |l aser interaction zone (412) is in a second region (508b) of the
feature (404) that is obstructed frombeing 20 directly supplied by
the first path (bl).

directly supplied by the first path (b,).



