3 January 2006 WD 03/004210 1 PCT/ US02/21082 METHOD OF ABLATI NG AN OPENI NG
I N A HARD, NON- METALLI C SUBSTRATE BACKGROUND OF THE | NVENTI ON 5 Théanyaesiiop
invention relates generally to a nethod of ablating a hole in a hard,

non-netal | i ¢ substrate, particularly including glass and ceram cs. Mre
speci fi cal WO WAUAIE pj ect invention relates to ablating a hbFEUSH/Z08%, g,

non-netallic substrate using at |east one laser. Drilling or ablating a
hole into a hard, non-netallic substrate, such as, for 10 exanple, gl ass,

has proven to be di f METHOD OFABHATING AN OPENINGINeNVi ronment .
Prior art efforts to drill holes in a hard, non-netallic substrate have

utilized dianmond tipp rill bits. In order t rill a hole entirely
t hrough a hard, non- @%&MMQNMTQLMC@U%@MT&M edge around
the hole to chip, the hole nust be drilled, generally, sinultaneously from

two sides of the substrate. Therefore, two drill bits nust be 15 aligned
precisely along the sane drilling axis. Absent a precise alignnment, the hole

will not be properly for e irreparably
damaged. A further difficHﬁ%@cg?ﬁﬁéﬂﬁg§§Eag@?hgvg$ﬁhgbgits on two sides of
the substrate is the probability of damaging the drill bits should contact
be made bet ween Theptasentdmyention pglatss gametadly ¢ & meithngl afteblatiog @ hoktanerhard,y, one
drill will be withdrawn fromthe hole prior 20 to the other drill being

engaged W t Rod-Rieflififibbitat Hartdoteaficludiieslbe Maeetelitd Morwapeahtdilyt theand t he
smal | di stance between the opposing drill bits, a high probability exists

(o, L0 O L TSR AR P DRt e
least one laser.

Drilling or ablating a hole into a hard, non-metallic substrate, such as, for

10  example, glass, has proven to be difficult and impractical in a production environment.
Prior art efforts to drill holes in a hard, non-metallic substrate have utilized diamond
tipped drill bits. In order to drill a hole entirely through a hard, non-metallic substrate
24 without causing the edge around the hole to chip, the hole must be drilled, generally,
simultaneously from two sides of the substrate. Therefore, two drill bits must be

15  aligned precisely along the same drilling axis. Absent a precise alignment, the hole will
not be properly formed, and the substrate could be irreparably damaged.

A further difficulty of using opposing drill bits on two sides of the substrate is
the probability of damaging the drill bits should contact be made between the two drill
bits while drilling the hole.. Generally, one drill will be withdrawn from the hole prior

20  to the other drill being engaged with this substrate. However, due to production
variability and the small distance between the opposing drill bits, a high probability

exists that the drill bits will make contact and the article being drilled is generally



2 destroyed. If the drill bits becone damaged, new drill bits nust be
installed, which is known to take several hours. A still further 3daawdppa2606
of using drill bits to forma hole in a hard, non-netallic substrate is the
inability to form hol es having various shapes. It is desirable in many 5

i ndustri al V¥@p¥PHA ons to forma hole in a hard, non-netal | PETRISBY2L082 e
that has a shape other than circul ar, sdch as, for exanple, oval, square or
ot her pol ygonal shape. Gven the operational limtations of a dianond

1 pped 1 fled oDl B Sk pcciel S5nBY, S, o bl Bl . AebRBL IRy ey

gl ass produc equire es are esent or e I anon i pped 10
drill bits. These ipclude patio furniture, tenpered autonotive gl ass, gl ass,
mirrored ekKBRYR % (eéﬁﬁ”@HFWE% covers. Eye glass lenses are shaped with

di anond tipped drill bits. Even glass shower doors require notches to

provi de space t oAaitillfminthéd drgebackrdsing grill buseo foimtatedeithahas, non-kaailic t o
take upwards of 45 mnutes. Further, patio furniture does not always

present a sgpRirhesyiHeamabili®y {ootthMofesHalink vaHoudWtapBs NRYs B&sMbleaH thahy 15
production probl ens. Lasers have been introduced to cut and etch gl ass

i1 i S, GG AR g TR hale 4P B B SRETE ShShali bl BB 472"

di scl oses a nmethod of cutting a hollow glass article using a CO2 |aser. The
| aser f or nsothar thae Fisewar, ewrbrasefor enarnple. qylah sguaze osetbst palygona) shappofivenng t he
gl ass. However, the depth of the channel is Iimted and a secondary

oper ati on i thengesivanylinitasepasciad diamdoad hiphbddrifll g Dndy tircdler Rbled kaydeannel .
More specifically, the glass is heated with burners and separated with a
percussi on 8R4 ind sl@dygey 2006 WO 03/004210 PCT/ US02/ 21082

Many glass pI’Odl‘.lCtS require holes that are presently formed by diamond tipped
10  drill bits. These include patio furniture, tempered automotive glass, glass, mirrored
electrical and outlet covers. Eye glass lenses are shaped with diamond tipped drill bits.
Even glass shower doors require notches to provide space to attach hinges. Forming
some of these holes is known to take upwards of 45 minutes. Further, patio furniture
does not always present a smooth surface to initiate drilling, which has resulted in

15  production problems.

Lasers have been introduced to cut and etch glass substrates recently to
overcome the problems associated with diamond tipped drill bits, but with limited
success. United States Patent No. 6,204,472 discloses a method of cutting a hollow
glass article using a CO, laser. The laser forms an incision channel in the glass

20  substrate by vaporizing the glass. However, the depth of the channel is limited and a
secondary operation is necessary to separate the hollow glass article at the channel.

More specifically, the glass is heated with burners and separated with a percussion tool.



3 United States Patent No. 5,902, 368 discloses severing thin-walled gl ass
substrates using a CO2 |laser to heat a particular area of the gl a§danuary 2006
substrate formng a severance point. The gl ass substrate is then stretched
and separa , heated separation point. However, bec he focal
poi nt of ttﬁ’gglogégrz“?s not adjustable rel;ative 5 to the gl as?@ﬁgg?zﬁﬂf”& t he
t hi ckness of the glass substrate can be no nore than about 0.2 mMm United
States Patent No. 4,441,008 discloses a nethod of drilling an ultrafine

hol e through a gitasdsstaes Rdtent NoCBD2:368 dislouée seviedingr thid-wallbo| gasdy
establishing a stationary focal point of the laser 0.02 to 0.08 inches

bel ow one s f: I T, : i S t I: tinmes
to formt he%%ﬁﬁgéis%Sltn%gegﬁ%lgdg&stﬁélg tr%?aell.n@?]%f %Ilre gr?metggsgr%\%gtﬁ%é g?lgﬂéﬁg ﬁg of
the gl ass substrate, the glass substrate is heated to a tenperature of

bet ween 500SEYFENTE RO pHicoglatsosubsiratg 48 ithig strrdchiedsand serpiiedogt t?ﬁéleaﬁesior art
di scussed above discloses a nethod of drilling holes in glass substrates
that is prasdpacaiongotht.cHsweek fhecausathd foca poimd diitheilaser ismot adjustahi¢ relalive 15
under|yi ng drawback of each of these |aser devices is the inability to

change tse f&ﬁé?la@@kdﬁsuﬁé, thd'@idik@eQof tRd Ahds\Bbdtiitd BB belRSHore Wks J:3h€n.2
Therefore, additional steps are necessarily added to the process in order

to prevent the substrate from being damaged by the |aser. Accordingly, it
woul d be de¥fPable to provide a | aser device and ablating nethod that woul d
enabl e ablating a hole into a hard, non-netallic substrate by novin 20 the

focal point of t ﬁ@i‘]eﬁ%ﬁtesrpéﬁdﬁ&%%%ltq(?é digsasgs dmethpd %ﬂﬁéﬂﬁ‘ﬂ%{%!ﬂtgﬁganuar y
2006 WD 03/004210 PCT/ US02/ 21082 4 SUMVARY OF THE | NVENTI ON AND ADVANTAGES
hole through a glass substrate. A CO; laser is used to drill a hole by establishing a
stationary focal point of the laser 0.02 to 0.08 inches below one surface of the glass.
10 The laser is pulsed three to five times to form the hole in the glass substrate. In order
to prevent cracking of the glass substrate, the glass substrate is heated to a temperature
of between 500° and 1,040°F prior to activating the laser.
None of the prior art discussed above discloses a method of drilling holes in
glass substrates that is practical and cost efficient in a production environment. The
15  underlying drawback of each of these laser devices is the inability to change the focal
point of the laser relative to the glass substrate. Therefore, additional steps are
necessarily added to the process in order to prevent the substrate from being damaged
by the laser. Accordingly, it would be desirable to provide a laser device and ablating

method that would enable ablating a hole into a hard, non-metallic substrate by moving

20  the focal point of the laser relative to the depth of the substrate.



A nmethod of ablating a hole in a hard, non-netallic substrate, particularly
including, but not limted to glass and non-netallic substrates, 3$Wamagy 2006
| aser is disclosed. At |east one |aser assenbly is provided that is capabl e

of geperatigghgyﬂg?@r beam having 5 a novable focus. The focu;ck§§ﬂggﬁ€1e

relative to't non-metal lic substrate along a |ength,
depth of the substrate. The laser is activated generating the |aser beam
The laser is focused to provide a focus of the | aser beam adj acent at | east

one surface of the ha3UMMARYYSFAHE INVEDSIION ANTAADVANTIAYES of the
substrate is ablated in a configured pattern fromat |east one surface of

Cor roapondi ng 1o Eni<Oret B oy Tife, « ik 1P a R dbSRARE shL e, Wipjdly @ <

successi ve | ayers of the substra IEfgccesswe | ayers of the substrate are
abl at ed by sicéutng. but yotlmitsdfos) SP nen-gEkbes sytisirates itk g dager & disglgsed. At
generate a hole into the substrate. The present nethod of ablating a hole

in a hard, neasteieddder asssoibdy isgtrevidad thesis cipattidof perebdtenym hssdehmtteding t h
the prior art methods by. providing the step of noving the focus of the

llaser relsti y?n&abfehl%cei@ptrhe Pheuds héenﬁ)w@lten@raave ! Eﬁéﬁﬁa{rd{)ﬁél%e@mc e@as*&eeis of

abl ati ng gl ass substrates do not include a focus novable relative to the

depth of the sub tr her ef or.e n ste ire

pr event darra?;lf’ﬁé ?EL}'B@{-E} cgéep\%‘?fltgef‘ﬂ?grra%as sla%ﬁ ‘f‘ﬁ’é’a BGC'fagEg&Forth
above results in successfully 20 ablating a hole into a hard non-netallic
substrate i slanetberm | Thelasrarisfasueed to peovidrepfopus of thedaswd bearaadimeenist leagt t he
focus of the laser increnmentally deeper into the substrate. By refocusing
the | aser toomstafabé shthe haod meninmtilborsutisadatey Aléieqpdayer of the tshisstisitehis tabhited,
successive |layers of the substrate can be ablated in order to prevent

damagi ng t hej,3, J 'ﬁUé{e}i ﬁ&?&ﬁ ﬁo\ﬂPatQ%P&{E‘k%ﬂthéD&%éﬁ%/ %&%@taﬁfé%h&fb&é et h the

| aser beam Furt figured patterns may be ablated into t

10  focus is moved relative to an axis corresponding to the depth of the substrate to enable
ablation of successive layers of the substrate. Successive layers of the substrate are
ablated by successively moving the focus deeper into the substrate to generate a hole
into the substrate.

The present method of ablating a hole in a hard, non-metallic substrate solves

15  the problems associated with the prior art methods by, providing the step of moving the
focus of the laser relative to the depth of the substrate. Further prior art methods of '
ablating glass substrates do not include a focus movable relative to the depth of the
substrate. Therefore, an additional step is required to prevent damaging the substrate.

While the reasons why the method set forgh above results in successfully

20 ablating a hole into a hard, non-metallic substrate is not fully understood, one theory is
based upon adjusting the focus of the laser inc.rementally deeper into the substrate. By
refocusing the laser to establish a focus incrementally deeper into the substrate,

successive layers of the substrate can be ablated in order to prevent damaging the



substrate by noving the focus along the Iength and width of the substrate as
well as the depth. Therefore, predeternined configurations of hoBdsnuamy2Hs
ablated into the substrate, which is not possible unless the focus is

nmovabl e relgbigy the depth, width 5 and |length of the su | EF
DESCRI PTI ON g: &ﬁ%q?:)RAW NGS Ot her advantsages of the present P?\%/e {’ﬁ%]ﬁ)% |1

be readily appreciated as the sanme becones better understood by reference
to the follow ng detail ed description when 10 considered in connection with
t he acconparsybsteptedwithi the $asehbeam. n Fufhgrucenfiputesl patisotsemmy be abiatddniatd thser
apparatus of the subject invention; Figure 2 is top view of various shaped

hol es abl at esqbitﬁteooﬁna%g the YOBud AR tht fengURAtWiatheof tfid Sibs@ardAs ball 46kl onal
vi ew of hol es abl at'ed into the hard, non-netallic substrate 15 though line

2B-2B of Fi 2A; Fi Ais an il i ve view of i nventjve |
bl ating pr obBG. heiptote; GaResnpd creRk SDdhoRe ol sl S ' 7

defining the hole in the hard non- netallic substrate; and Figure 4 is a top
vi ew of t he spbsifate; whirhdpbeidraseihle updess thedpcugis oy aide egdasivede the depth, BEtAI LED
DESCRI PTI ON OF THE | NVENTI ON Referring to Figure 1, a schematic view of the
| aser abbat iang lenppasfahesubseace. for the nmethod of the present invention is
generally shown at 10. A first CO2 |laser 12 and 3 January 2006 WD 03/0 04 2
7 0 PCT/US02/ 21082 6 a second CO2 | aser 14 each generate a | aser beam 16a,
16b preferably having a

BRIEF DESCRIPTION OF THE DRAWINGS
Other advantages of the present invention will be readily appreciated as the
same becomes better understood by reference to the following detailed description when
10  considered in connection with the accompanying drawings wherein:
Figure 1 is a schematic of the laser apparatus of the subject invention;
Figure 2 is top view of various shaped holes ablated into a hard, non-metallic
substrate;
Figure 2A is sectional view of holes ablated into the hard, non-metallic substrate
15 though line 2B-2B of Figure 2A;
Figure 3A is an illustrative view of the inventive laser ablating process; and
Figure 3B is a partial sectional view of a wall defining the hole in the hard non-
metallic substrate; and
Figure 4 is a top view of the preferred embodiment of laser drilling apparatus.
20
DETAILED DESCRIPTION OF THE INVENTION
Referring to Figure 1, a schematic view of the laser ablating apparatus used for

the method of the present invention is generally shown at 10. A first CO; laser 12 and



wavel engt h of generally 10.6m capabl e of ablating a hard, non-netallic
substrate 24, particularly including glass and ceranics. The | asklangaa?006
16a, 16b is directed through a first set of optics 18A, 18B and into a

gal vanonet 11200, Each gal vanoneter 5 20a, 20b refocuse I r beam
16a, 16b tﬁﬁ%ﬁ%ﬁ4%ﬁz axi s lens 22a, 22b_and redirects the I%g§p§8€§@ﬁ16a,

16b toward opposing sides of the hard, non-netal | i c substrate 24.

Therefore, the substrate 24 is ablated on opposite sides. Alternatively, a
singl e | asen senpmyd KO,ulsent Foeadbpateratg alasembdam dbdelalh préferablbbaviage 24.
Each |l aser 12, 14 and each gal vanoneter 20a, 20b is directed by a controller

25 10 in OMQéleﬁgth%@géﬁErﬂgir 1. 6@inaapitde 6f aﬂlﬁfﬂ@ﬁ&,fﬁrﬁn@fb}@@sdﬂsﬂrﬁw bg,

expl ai ned further bel ow. eferably, the hard, non-netallic substrate 24 is

supported by _a Wty .26 or. equival ent upport device...A c0ooli appar at us
28 268 pobPerafey HeiiiueHag By Grefthe THEBRE hett® 165 10 BPE AT RBRER: “s0
onto the substrate 24 adjacent the area of the substrate_24 being ablated
by the | aser fisetzet obepticsdBA, TBB anddntgri s8vanemetds0ri 20k-dEash galsensmeetemd 15
di ssipates the heat generated by the |laser to prevent the substrate 24 from

crackings 64 @0bhe®cipesihenasepbdien 1 66 16D HirodH ££ bitiV fene @2k Pb dnd rélifestspat e
heat generated by the I|aser. An additional advantage to using water as a

cool ant i s 1Az 8% EmS el 106k o BRIAGIRS bPHedirg, WBhiEaflicAaBEANS£ 00! ant

wat er absor bs gaseous by-products uft1ng rom abl ating process. The

by- products gbsarbed by. the ter, may be filtered foqor 20. waste. r val or
TheParar aherdon Dottty 27 1 IniTe o CoRok Siery ALGEA R AGIIEY Bah

necessary. Each laser 12, 14 preferably generates a wavel ength of about
10. 6m and i saydbgewsed & ablatingawigle side ghthe sBstiate 34. More preferably, each
| aser 12, 14 generates an 3 January 2006 WO 03/004210 PCT/US02/21082 7

Each laser 12, 14 and each galvanometer 20a, 20b is directed by a controller 25
10  in order to coordinate ablating of the substrate 24 as will be explained further below.
Preferably, the hard, non-metallic substrate 24 is supported by a gantry 26 or equivalent
support device. A cooling apparatus 28A, 28B positioned on each side of the substrate
24 directs a coolant 30 onto the substrate 24 adjacent the area of the substrate 24 being
ablated by the laser beam 16a, 16b. The coolant 30 may be liquid or gaseous and

15  dissipates the heat generated by the laser to prevent the substrate 24 from cracking.
Water has proven to be the most effective coolant to dissipate heat generated by the
laser. An additional advantage to using water as a coolant is the water's filtering
characteristics. Unlike a gaseous coolant, water absorbs gaseous by-products resulting
from the ablating process. The by-products absorbed by the water may be filtered for
20  waste removal or the water may be disposed of in an environmentally sound manner if

necessary.
Each laser 12, 14 preferably generates a wavelength of about 10.6pum and is

operated at between 75 and 150 watts. More preferably, each laser 12, 14 generates an



out put of about 100 watts. However, the desired energy level is optimzed
according to the substrate 24 being ablated. 100 kw has proven B0/ apeary3e9o
effective to ablate several types of glass. It is believed that that

t enper ed require slightly nore energy (and densi gul ar
gl ass. Ang§§§§6y &vel shoul d be chosen, that is known 5 to é*%%gggﬁég by
the glass (or other clear substrate) in order to transfer the energy from
the | aser beamto the glass. O herwise, the |laser beamw || travel through
the gl ass. déutpauot sdobeldkivats. Cdokedr, i dedmdrenty 1¢Vetis@itiividedhecdohdiag
invention is a Mbdel No. LCIOONV of DECS, Maria ElectroOptics Systenms, Inc.
of Bl oonfi e{cﬂthe@ﬁﬂﬁ?a‘f% b&Ybing MRS ﬁ)d’kx%'h%?_g?&ve??@%é st cgfgctg;ertpﬁé%gitgd or

equi val ent laser 1s also suFtable to practice 10 the nmeth

invention. The CO02 |aser 12, 14.is preferred to practice the nethod of this
| vent i on bvEHBTes Phder Suiabetiertg Bt i nr iR chudei it EBHERSYe | evel
and wavel ength that is absorbed by hard, non-netallic substrates 24, such
as, for exaensrgy (agd dessityntarcregnlai gass. denergydevedshayldlyschogtmtbat is ympewn of

| asers generate | aser beans having different wavel engths and power outputs

are known t@ B R6ed by hfe%w@b(cﬁlo&feﬁcle&r%ub&aﬁ@woﬁfeﬁtb&fﬁnisﬁgtﬂefeﬁe Ifjdph on of a
gl ass substrate 24. In order to ablate the hard, non-netallic substrate 24,

a gal vanoneten j: r v, | &1 N e X, y and
2 oxesi's prEiaFRRRh f P b BRh 0 o LS e ARERR bl £, 2
the substrate 24 and z corresponds_to the depth, . A suitahle gal vanoneter
capabl e of HHB#PKyWelsECPRled COnlese Or e Frathed of this inysmEon g R g@dslcm Lab AG
of Puchhein, Germany, Mddel "Hun-y SCAN' with a "Vario SCAN' built in as
part of thelLgafWd¥afdEeS MatizklactboPptied Systernsy; dne of Bddangeldh€ouneasicet, The

t hi ckness of the substrate 24 that may be ablated is determ ned by the

extent of 4oV edBAsioRbONGhetdde Ana¥@SoRH of Bfui{ D&k faséis bR shildRI to é)?!dﬁé@ ntly,
gal vanonet ers capabl e 3 January 2006 WO 03/ 004210 PCT/ U S02/ 21082
10 the method of this invention. The CO; laser 12, 14 is preferred to practice the method
of this invention because a laser beam is generated that includes the energy level and
wavelength that is absorbed by hard, non-metallic substrates 24, such as, for example
glass and ceramics, and tempered glass. Other types of lasers generate laser beams
having different wavelengths and power outputs are known to transmit through glass
15 thereby preventing the ablation of a glass substrate 24.
In order to ablate the hard, non-metallic substrate 24, a galvanometer capable
of generating a laser focus moveable in the X, y and z axes is preferable where x and y
correséond to the length and width of the substrate 24 and z corresponds to the depth.
A suitable galvanometer capable of moving the focus in this manner is available from
20 SCAN Lab AG of Puchhein, Germany, Model "Hurry SCAN" with a "Vario SCAN"
built in as part of the galvanometer system to provide movement along the z axis. The

thickness of the substrate 24 that may be ablated is determined by the extent of

movement along the z axes of the focus of the laser. Presently, galvanometers capable



8 of noving the focus along the z axes are able to nove the focus a distance
of about 1.6 cm Therefore, the thickness of the hard, non-netald{aguary2006
substrate 24, which is sufficient for many applications, being ablated can

presently \gi)z&%ﬁrﬂrbe than about 3.2 cm absent noving the $@§J2§d%l ve to

the | asers Until gal vanoneter tgchnol ogy capable 5 of
focus along the z axis becones nore adaptable, it is necessary to nove the
hard, non-metallic substrate 24 in the z axis in order to ablate a depth of

nore than eP@idling tie fodus Aong W kxes arki B 18 InAA tBE tbcdBa dstHRkE WRAKIHEYL 6F
capabl e of noving a focus of the |aser along the x, y and z axes can abl ate

an opening q“hkgs?ox{éa{hg émQ%&E& @%Lsﬁ nOPntRsd £1ﬁ>%ﬁat%4b4h\?r}qcﬂg éé&{)&%?{s

configurations S and'y axes are cotre
| ength and width of the su strae24 andth z axis is correlated to the
depth of a QuERaY gpRlicakions, Qeiggd te?Gabe’é%‘ﬁlﬁ’ Mfﬁ&l@r@%&ﬁ%ﬁm&%@%, t he

depth of the focus in the z direction is continuously increased as |ayers
of the substwaing tBd ghaserelatblead ¢tk lasergi2,d 42 Rt @ab/aaomger tehnaogneapablewher e
up to 10 passes of the laser are nade 15 to abl ate successive | ayers of the

subst ratse 24¢ figy 3R fdcds bRAPRe NRELERMGe BARLOE, it NRCEUAT B HPe24. A

circular hole 32 I's shown havi ng a wi dth of about IS believed

t hat hol es hayi a d| ter 8 cm can t he ,substrate
2w U proedinyoadatiied bl 2 s ghordt s ﬁﬁ%ﬁatﬁf‘?w EgPler 1o
abl ate holes having a greater dianeter, the substrate 24 nmay be noved

rel ative to2Rawe3gedmyanometers. 20 A square hole 34 is formed in the sane
manner as the circular hole 32. Preferably, the corners of any square or
pol ygonal hol e f asgRewhIiin Fiparaulisindl R, &2<hlvinbinehacepatdeofmedingadoasrs i n
order to prevent stress points being formed in the substrate 24. Al so shown

3 January 2906,30,Q036004%19 aREY K042 182 an opening into the hard, non-metallic

10  substrate 24 having various configurations. As stated above, the x and y axes are
correlated to the length and width of the substrate 24, and the z axis is correlated to the
depth of a substrate 24. In order to prevent damaging the substrate 24, the depth of the
focus in the z direction is continuously increased as layers of thé substrate 24 are
ablated. Figure 2B shows a typical scenario where up to 10 passes of the laser are made

15  to ablate successive layers of the substrate 24 in order to form a hole into one side of
the substrate 24. A circular hole 32 is shown having a width of about 4.0 cm. It is
believed that holes having a diameter of up to 8 cm can be ablated into the substrate 24
with presently available galvanometer 20a, 20b technology. In order to ablate holes
having a greater diameter, the substrate 24 may be moved relative to the galvanometers.

20 A square hole 34 is formed in the same manner as the circular hole 32. Preferably, the
comers of any square or polygonal hole formed in the substrate 24 will have radiused

corners in order to prevent stress points being formed in the substrate 24. Also shown



9 in Figure 2 is an oval hole 36 having tight radiuses in order to prevent
forming stress points in the substrate 24. As shown in Figure 2,3 asay 2006
successive pass of the laser is preferably noved at a greater depth into

t he substr the prior pass. A slightly concave surfa
fornmed al oﬁg%gk\?\g]? of the various holes 32, 34, 36 into thg%ga% t@%?%"g 24.

For the purpose of this application, a hole may be defined as any aperture
either partially or entirely through the substrate 24, a generally

t hr ee- si dedniiigurt 2onan healdgie3havingtightubditsestie opder tapreyenthiongingsstiessal | y
into the substrate 24, and any groove ablated into the substrate 24. In
order to at}io@ﬁtelﬂmé@@bﬂta@dm er openings in the substrate 26, the laser is 10
noved about the circunference of the hole 32, 34, 36 along each pass.

contral Lo the ol HogT ﬁfufé?&d# a%%%{?a%?ﬁe 5 AR PR BRI | o) o

a greater radius of a convex wal l . shoul d be understood by those of
skill in teStsRter dquhlam&teﬁHbstfqt%ttemtm@rp@%eAéhglgy@@gﬁteewrhsq:é B "plug"
of substrate 24 remains inside the hole. Wen the | aser beam 16a, 15 16b

passes Gonpbahel gzlongnao.ugh of tre sarhsis tales 325 341 B@ itoahastbsifate 24r HFoglhe
i npi ngenent, forces the "plug" fromthe hole 32, 34, 36. Referring to

Figure 3A RirssBefalit ap caﬁoﬁ'oz{ Rold Zn@blbé‘aﬁﬂle@ g bh @ laizferttﬁé Qualy pdgaiyha d

non-netal lic substrate 6 I's shown hole 37 i5s ated f rom opposi ng

sides of th S 26. The aser m. 16 a aroung .t he

ci rcunf erencérei’?%t1 'ﬂbétrgttg etnglcil W&rt %éld%gnrtoﬁd ?‘l] §d%eﬁ’gﬂ’re 1).
The controller 25 al so adj usts the al vanonet ers 20a, 20b to align the

| aser beansutBrle 26BN sichig parallnne the aybsyate 241 @R ABE FOOY b Ptaéerrmtt@am 16a

generated by the first laser 12 points through the z axis optics 22a
di rectly oppbsiate24 He drdses ablewriarké digestaraptedgdiyn thbautsaatertd, thedaser k4
t hrough 3 January 2006 '
10  moved about the circumference of the hole 32, 34, 36 along each pass. Because the
laser beam 16a, 16b is generated at the z axis, which is central to the hole 32, 34, 36,
the larger the diameter of the hole, yields a greater radius of a convex wall 38. As
should be understood by those of skill in the art, by ablating the circumference of a
desired hole a "plug" of substrate 24 remains inside the hole. When the laser beam 16a,
15  16b passes completely through the substrate 26, the coolant 30, through impingement,
forces the "plug" from the hole 32, 34, 36.

Referring to Figure 3A, a schematic of a hole 37 ablated entirely through the
hard, non-metallic substrate 26 is shown. The hole 37 is ablated from opposing sides
of the substrate 26. The laser beam 16a, 16b travels around the circumference of the

20  hole as directed by the controller 25 (Figure 1). The controller 25 also adjusts the
galvanometers 20a, 20b to align the laser beams 16a, 16b along a common z axis.

Therefore, the laser beam 16a generated by the first laser 12 points through the z axis

optics 22a directly opposite the laser beam 16b generated by the second laser 14 through



WD 03/ 004210 PCT/USO02/21082 10 the z axis optics 22b. Therefore, if each
| aser were to continuously operate until a hole 37 is ablated cohifngam|2006
t hrough the substrate 24, the z axis optics 22a, 22b would be danaged by
t he opposi beam 16b, 16a. Therefore, it is preferabl | aser
beam 16a, {}g)bdsgyg%f)es a depth greater tfyan the other |aser b@afrﬁﬂ%g?&?ma by
maki ng 5 additional passes. A shutter 40a, 40b (Figure 1) cl oses over the z
axis optics 22a, 22b on the laser that term nates em ssion first in order
to prevent thhe axppasicng2b.aflereforeifi cadh bmmgi wereitd sortinagusly opératesinfiPaholg2b. As
represented in Figure 3A, the first |aser beam 16a conpletes the four passes

along the cif UK REEBSRpIOkly HfoupRlRe bsahie®, WhiHis SR sDDUIRY whflaEoses.

Either 10 concurrently or ‘'subséquently to the four passes made by the first

| aser beam ]l6a, the second | aser. be 1 kes. si x .passes .al.ong the
i r cunt or erAniged BN GRStag FRFY vaht 0k LRy | Thcastorts L AbPETEPIE Bib a1y
t hrough the substrate 24. Any nunber of passes nay be conpleted by each of
the | aser blesans 1464 6bmblntgsma greatst Alnathe othes 1aset beagy 16k,0thal tst BREing hr ough
the substrate 24 as long as one | aser beam 16a, 16b term nates 15 eni ssion

prior ta th&idtsel phaserA beais 408b10bXEazurd11 Nelees obér the 2wk RtoptiesBes 20b the z
axis optics 22a, 22b. In other words, one | aser beam preferably ablates up

to about 519 g : r. i 3 beam
abl at s oni ot Asdeter TufERlhaRls riSeidh Pal iR fuct o BVER b pRiRisrd im0
into a hard, non-netalljc substrate 24 from opposing sides of 20 the
substrate 29Amagingits 6%138?“%%%#?%1% are derived that are not realized by
ablating only one side of the substrate 24. For exanple, it should be

under st ood by t hdseemésested il Fignre 3Ahghafirst lastnbgametipeonfpetartie fourgpabses d,
non-netallic substrate 24, such as, for exanple glass, causes stress points
in the gl asgonditkd chOuhfbrdnes W tthé hold 3% kiffe whiklE It @héitteri 40 icoses. Either

10 concurrently or subsequently to the four passes made by the first laser beam 16a, the
second laser beam 16b makes six passes along the circumference of the hole 37 until
the hole 37 is ablated completely through the substrate 24. Any number of passes may
be completed by each of the laser beams 16a, 16b in order to ablate the hole 37
completely through the substrate 24 as long as one laser beam 16a, 16b terminates

15  emission prior to the other laser beams 16b, 16a in order to prevent damage to the z axis
optics 22a, 22b. In other words, one laser beam preferably ablates up to about 51% of
the depth of the substrate 24 while the other laser beam ablates only about 49% of the
depth of the substrate 24.

By ablating a hole into a hard, non-metallic substrate 24 from opposing sides of

20  the substrate 24, a variety of benefits are derived that are not realized by ablating only
one side of the substrate 24. For example, it should be understood by those of skill in

the art, sharp edges formed in a hard, non-metallic substrate 24, such as, for example

glass, causes stress points in the glass which could result in cracking. Therefore, it is
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substrate 24 from opposing sides of the substrate 24. During the3J3MuaBt2(98ss
made by each | aser beam 16a, |16b a groove is forned in the surface of the

substrate R i.Aating a snooth and rounded edge circunscrpi ol e 37
: 3/ d2h 9 ge ci
bei ng fopﬁéailﬁztﬁe substrate 24. Thepgfore, the final pasgeig%g%?@gﬁto

abl ate conpletely 5 through the substrate 24 is made generally md way
t hrough the substrate 24. The final pass of the | aser beamthat abl ates

t hr ough t herelgmblertarablagesthy sulstrate 24 fouhPPHosBs sisies pethe substrpezde Disingilan i n
Figure 3B. It is believed that this rough inconsistent surface will not

adversel y d&fkepdss nhletyatach ldsyr fant béa, Db d growose-iggdralddi ia (Beihgfacatof tidd
because it is not |located at an edge of the substrate 24. 10 In order to

ablate a s i-nf: r I AL t .l.asers
1214 ar e DPRit 2t En Ry b R e U AR AR U e S it s
12, 14 ar reprogra d into.the _controller 23 according to the type of

hol e bei ng%a’gp%ff@dg’ei %rﬁtﬁg“s L;h?ferf%rlee&flltll%id’af%@qflyﬁ t‘bfig]ﬂgr‘iﬂmﬁﬁtﬁy metal lic
substrate 24 being ablated. D fferent types of substrates 24 require

di ffereht Ithrough R subdraie?4 istgadeiganagaliienid way theoughtthd Bubsiraie RAndhefinalt her wi se
damagi ng the substrate 24. The nobst inportant |aser paraneters

pre- progr apaesofi tht MiskiiseabPihial A4ty thbdch kiR sub&rdt@ 38 leapeVerough RRtodidkégnonet er
speed, the |aser frequency (pulse rate), and the pul se with nodul ati on of

he | : f - [
densi by o Saa ke VAR FIREE 3FT Rk ol iatts sk BRERAN RN 4o

and 50 kw/ cnR2. More preferably, a_power, density of 20 generally 45 kwcnR is
gener at ed. DPbadyersgbhaifect g %twﬂetw&ﬁ\eéﬁ&knarﬂ@%%hf ghstate g 4scausg i potcant | y

hi gher than power densities generated in the prior art references cited in
t he Backgr doerdeds@ainiegige of thelsubsteap24.cat i on. Al t hough not fully understood,
it is believed
10 In order to ablate a smooth hole into the substrate 24, the parameters of the
lasers 12, 14 are predetermined by the controller 23. The parameters of each laser 12,
14 are preprogrammed into the controller 23 according to the type of hole being ablated
intd the substrate 24 and the type of hard, non-metallic substrate 24 being ablated.
Different types of substrates 24 require different laser 12, 14 settings in order to prevent
15 cracking or otherwise damaging the substrate 24. The most important laser parameters
pre-programmed into the controller 23 are the laser power, the galvanometer speed, the
laser frequency (pulse rate), and the pulse with modulation of the laser. Each of these
parameters are tuned in to generate a power density adjacent the surface of the substrate
24 of generally between 40 and 50 kw/cm®.  More preferably, a power density of
20  generally 45 kw/cm® is generated. Power densities in this range are believed to be
significantly higher than power densities generated in the prior art references cited in

the Background section of this application. Although not fully understood, it is believed

that the high power density of the laser beam in combination with a focus moveable



that the high power density of the |laser beamin conbination with a focus
moveabl e 3 January 2006 WO 03/ 004210 PCT/ US02/21082 12 al ong t hé Januaxy 30Gst
the substrate 24 nay play a role in the successful ablation of the
substrate 24 absent additional steps such as, for exanple heating the
subst r at e Y9 99804310 ,; gh tenperature. Filgure 4 shows a possi Bf%@/@%{awé%i on
configuration of the inventive nethod. “5 A first robot aim42 grasps the
substrate 24 and positions the substrate 24 between the lasers 12, 14 into

a gantry 44 théldiaxal efithe uindtibkee24 Maly§iaad tol€ kY ther eedsshil Ablhdio Y thd ncl ude
a gripper (not shown) for supporting the substrate 24 during processing. The

by o sensof e 2LARG G ATHa oG SRR B Al BeheRBE bR 85, 07 1%

to begin the ablating operation. 10 Additionally, the controller 23 signals
the | aser shigh tepeigiiig t he substrate 24 type, power settings, gal vanometer
speed, hole size, hole shape, hole |location, depth of penetration, focus
adj ust ment s, an@Figiradshoiws akpesibleeprobuaonreehfipumgot of theeinvypéveahethsdibst r at e
24 and a type of hole being drilled in the substrate 24. The controller

si gnal ss t hey galyane %ﬁh@,@%rfs%g the?BsttAle SO ﬁﬂsihtidﬂ‘é‘ tlfeosgﬁﬁtrﬁé 2 Betwedn teaser

along the x, y and z axes. stated above, the x and y axes correlating to
the |engt angu'%]tktpof t he substrat .and,the xis,correlates to the
depth of i HERIgbt imlod ssntybheheapaleal b ufd ol Lo REmat 42 ii¥t o ¢ he
substrate 24 at different |ocations of the substrate 24 relative to the
gal vanonet 8icdude@egripmgp (19 shownhipr sheporduhide shbsiraps24 dprng prwcessinghdhieaser s
12, 14. The substrate 24 may al so be noved along the 20 z axis if the
t hi ckness odéntidiler 2313signaled tRat thssulpsteas 24 istil posiidioistbedblitaiby dddnsdriigot
novenments of the substrate 24 are also directed by the controller 23
accordi ng Ly The controller 23 then signals the lasers 12, 14 to begin the ablating operation.
10  Additionally, the controller 23 signals the lasers 12, 14 with the substrate 24 type,
power settings, galvanometer speed, hole size, hole shape, hole location, depth of
penetration, focus adjustments, and glass thickness each correlating to the type of
substrate 24 and a type of hole being drilled in the substrate 24.
The controller signals the galvanometers 20a, 20b to control the focus of the
15 laser along the x, y and z axes. As stated above, the x and y axes correlating to the
length and width of the substrate 24, and the z axis correlates to the depth of the
substrate 24. Further, several holes can be ablated into the substrate 24 at different
locations of the substrate 24 relative to the galvanometers 20a, 20b by moving the
substrate 24 relative to the lasers 12, 14. The substrate 24 may also be moved along the
20  z axis if the thickness of the substrate 24 is greater than about 3.2 cm. All the

movements of the substrate 24 are also directed by the controller 23 according to the

pre-programming sequence.
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It may be desirable to ablate a hole only partially through the 3JBdtarai@0tp4
in order to etch the substrate 24 with a figure. Therefore, the controller
is also I |l e with graphics information enabling th , 14
to ablategéﬁgﬁﬁggﬁp such as designs, digits, letters, and bgFH@§@%Z"%%to t he
substrate 24. Figures may be 5 etched into the substrate 24 by activating
either both 12, 14 or one 12 of the lasers. By activating both of the

| asers 12, 14, dt trayde-ddinahis tcoatdhtefa lgple enlyepartisdlyehsdngtl therbubstdate 245ibst r at e

24. The invention has been described in an illustrative manner, and it is to
be under stogd {hatent e LBLIMEAOMHI GhDaSTRESRASERE chidlepdagid 0 be in
the nature o?g 10vior(§s %] descri pttl;on r trEer 1'ltpeﬁanro’fﬁjjl i nclﬁltaﬂ onge‘l 0vi ously,

many nodi fications. and. variations of .the present invention are _possible in
Toht of t IEOBBRTRb etk Srppics FRtopatiom GiaBliE e e B DiTn BT w t hi n
the scope of the appended clains, wherein reference nunerals are nerely for
conveni enceéuclaasidesignsndigits.detbersi andalpar agdes ininfheisnbstratq@4i digwres oreyrhgy be
practiced otherwi se than as 15 specifically described. 3 January 2006 WD
03/ 004240 Rfched/2 ihlaBArald2bbyatvatifig Eitlitr BBE 12514 &5 ot 1EéMAE IBErsaByat i ng a

configured opening in a hard, non-netallic

activating both of the lasers 12, 14, a three-dimensional figure may be etched into the
substrate 24.

The invention has been described in an illustrative manner, and it is to be
understood that the terminology which has been used is intended to be in the nature of

10 words of description rather than of limitation. |

Obviously, many modifications and variations of the present invention are
possible in light of the above teachings. It is, therefore, to be understood that within the
scope of the appended claims, wherein reference nurerals are merely for convenience

and are not to be in any way limiting, the invention may be practiced otherwise than as

15  specifically described.



substrate, conprising the follow ng steps: (a) focusing one | aser adjacent
one opposed surface of said hard, non-netallic substrate to abl ai fansaiy®006e
opposed surface and forman opening in said surface; (b) noving a focus of
sai d one | awerosiopd2z10 and y axes corresponding to a | ength aRGTASOY108f sai d
surface to ablate a predeterm ned 10 configured opening in said surface;

(c) noving said focus of said |laser rellative to a z axis corresponding to a
depth of said hard, non-netallic substrate; and (d) repeating steps (b) and
(c) to forma configured opening in said hard, non-netallic substrate
having a predeterm ned depth. is 2. The nethod of ablating a configured
opening in a Méhaljs¢lamedss:al [ic substrate as defined in claim1, wherein
said nethod includes focusing a second |aser on an opposite surface of said
hard, non-netallic jsubsty alethodaifrubiddiagta vérifiguss ébeningeinl aserd, aoenieepkat i ng
steps (b) and (c) with said second |laser until said configured opening

ext ends t hroughpcsaled 1k BréRIvhe kepsubstrate. 20 3. The nethod of
abl ating a con |gure’e((:j 0 erllli]gr;'tg in a har dl,) non-netallic substrate as defined

inclaiml, wherein sai gzprret Bodt g%lggga%gr %‘JJ#EF%&% %%@%éﬂf%%wgfs b

l'iquid coo?ant to preve crackin sal _ n I'c su strate. 4,
AR TR T ARty PR
opening 25 WisinQ s\llx\?f;[xc?at' 3 January 2006 WO 03/004210 PCT/ US02/ 21082
(b) moving a focus of said one laser in x and y axes
corresponding to a length and width of said surface to ablate a predetermined
10  configured opening in said surface;
©) moving said focus of said laser relative to a z axis
corresponding to a depth of said hard, non-metallic substrate; and
(d repeating steps (b) and (c) to form a configured opening in
said hard, non-metallic substrate having a predetermined depth.
15 2. The method of ablating a configured opening in a hard, non-metallic
substrate as defined in claim 1, wherein said method includes focusing a second
laser on an opposite surface of said hard, non-metallic substrate coincident with said
one laser and repeating steps (b) and (c) with said second laser until said configured
opening extends through said hard, non-metallic substrate.
20 3. The method of ablating a configured opening in a hard, non-metallic
substrate as defined in claim 1, wherein said method includes flushing said opening
with a liquid coolant to prevent cracking of said hard, non-metallic substrate.
4. The method of ablating a configured opening in a hard, non-metallic

substrate as defined in claim 3, wherein said method includes flushing said opening

25  with water.



15 5. The nmethod of ablating a configured opening in a hard, non-netallic
substrate as defined in claim1, wherein said nethod includes ﬁbkmnavg&Pé
focus of said one |laser in a polygonal pattern in said x and axes to
gener at e awpaB®eBmul  opening in said hard, non-metallic sE6SUSEYEL 6. A
met hod of abl ating an opening through a clear, hard, non-netallic
substrate, conprising the follow ng sgeps: (a) focusing a first |laser on a
first surface of said clear, hard, non- netallic substrate thereby ablating
a first layer of said first surface of said clear, hard, non-netallic

substrate; 10 (b} si mht aReIESINAbBEH S J0Efifurse ©pBiing &5 8hafd) nensestaned surface
of said clear, hard, non-netallic substrate opposite said first surface and

coi nci dent i i defiyrst ). r r.ehy i e : f said
cl ear, har d,smr?g)r%-e sr‘ragtdgflfu%dc'% cé%&il?r‘g}t]éeraﬁ(g gﬁa nr]r%%%gdcgm f‘3 gcus ‘g%]gaég?%&F' iof)st and
second | asers . rel

tive to a z 15 axi.s correspondi ng t de aid
cl ear, hard?mﬂ6ﬂgjﬁfﬁv1?BOSQBQ?HQFSHHB535#5?88)éﬁ%ég%§§9%a?é§éggg%P§said
substrate; and (d) repeating steP (c¢) until an opening is ablated through
sai d subst r gp@ingin sgidchaph MRBUNSR!lig BYLsHASg an openi ng through a clear, hard,
non- 20 nmetallic substrate as defined in claim®6, wherein said nethod
i ncl udesS novi ng 6ai d Aooetbodpf ghlpting an speningithseugbridclears dprd, pansmeddlic y axes
corresponding to a length and w dth of said surface to ablate a configured
openi ng t hr sutgtrats adosinpad segrthe Fallosvingngeps: met al 1 i ¢ substrate. 3 January 2006
(a) focusing a first laser on a first surface of said clear, hard, non-
metallic substrate thereby ablating a first layer of said first surface of said clear,
hard, non-metallic substrate;
10 (b) simultaneously focusing a second laser on a second surface of
said clear, hard, non-metallic substrate opposite said f{rst surface and coincident
with said first laser, thereby ablating a second layer of said clear, hard, non-metallic
substrate;
(c) moving a focus of said first and second lasers relative to a z
15  axis comresponding to a depth of said clear, hard, non-metallic substrate to ablate
successive layers of said substrate; and
(d)  repeating step (c) until an opening is ablated through said
substrate.
7. The method of ablating an opening through a clear, hard, non-
20  metallic substrate as defined in claim 6, wherein said method includes moving said
focus of said first and second lasers in x and y axes corresponding to a length and

width of said surface to ablate a configured opening through said clear, hard, non-

metallic substrate.



WO 03/ 004210 PCT/ US02/21082 16 8. The nethod of abl ating an opening through
a clear, hard, non- netallic substrate as defined in claim7, whé¥siny Z¥od
met hod i ncludes flushing said openings in said clear, hard, non-netallic
substrate w.th er. 9. The nmethod of abl ating an openi ng S4h cl ear,
har d, nonjygoﬁ@¥§h1ic substrate as defined in claim§6, mhe?gpg sai%ﬁnethod
i ncludes noving said focus of said figst and second lasers in x and y axes
corresponding to a length and w dth of said surfaces in a pol ygonal
pattern, thereby form ng a pol ygonal opening through said clear, hard,
non-netallic substrate. 10. The nmethod of abl ating an openi ng through a
clear, hard, non8. 10 #be dpathed ofitsblatiagearnopering bPueh :che,aﬁ,, g?fdmﬁ@%i n said
met hod includes termnating one of said first and second | asers before an
openi ng i s mistalliceshbbinate agtefseiddn clagar?, whamindsaihorethst iatludes Busbsng ik and
continuing the other of said first and second |asers wuntil an opening is

abl at ed t hr gsifngaah 6aig kRar, haldahsh-me@Midebeatdid witswasérr ate. 11. The method of
abl ati ng an opening through a clear, hard, non- 15 netallic substrate as

defined in O ai mgl0, whenginodat dol®hposh op&likeafironbht4 @IdaRghar@aindnone of
said first and second | asers upon term nation of sard one of sald first and

second | 4 errn%tallgc1 §]ut Qtﬁﬁgz és ﬁ%?n%d:{\ﬁcpa’\?’rln%qgﬁﬁpei& Gl qgt“(ﬁpﬁ{cﬁ.ll:hg§ %V?glr rﬂzg‘z)saidAn

apparat us for ablatring e rough ard, non-net I ece

conpri si ng: focus of said first and second lasers in x and y axes corresponding to a length and
width of said surfaces in a polygonal pattern, thereby forming a polygonal opening
through said clear, hard, non-metallic substrate.

10.  The method of ablating an opening through a clear, hard, non-
10  metallic substrate as defined in Claim 6, wherein said method includes terminating
one of said first and second lasers before an opening is ablated through said clear,
hard, non-metallic substrate and continuing the other of said first and second lasers

until an opening is ablated through said clear, hard, non-metallic substrate.
11.  The method of ablating an opening through a clear, hard, non-
15  metallic substrate as defined in Claim 10, wherein said method includes shuttering
said one of said first and second lasers upon termination of said one of said first and

second lasers.



a first laser assenbly having a first gal vanoneter and a second | aser
assenbly having a second gal vanoneter; said first |aser assenbl3/Janusy?§0a
first optical lens for focusing a first |aser beamemtted fromsaid first

| aser ass angd said second |aser assembly having a ses@fds@Rigseal |ens
for focusing a second | aser beamenitl®ed fromsaid second |aser assenbly
coincident with said first |aser beam .and rejn said first opti f'il | ens

i s positioned on &h opﬁBsPRF@raéP%éob@%Hég 1D MRF K foé*ég peiandy 38?'&?%33 '%rom
said second optical lens thereby focusing said first and second |aser beans
on opposed swddpiast comerisidgkpi ece and coaxially aligned, thereby ablating a
hol e t hrough said workpi ece. 13. An apparatus as set forth in claim 12,
wherein said first anda fietdasdr agehblyriavetges fifsd galyasanelef andsa segeaddasebnd

| aser beam al ong axes correlating to the 15 length, width, and depth of

sai d wor kpi eg@emBl-hatNhgaRpednat gadvaasmeet; forth in claim 12 further including
a controller electronically connected to said first and second | aser

assenbl i a5 and being o5 EFRIRBNLEAAY 1dling Glirdtdas) RRY Rirdesi £al sai d

| aser beans. 15. An apparatus as set forth in claim 12 further i'ncluding a

cooling 20 ratus ca | e of, providin |.iqui d.cool apt, o d sides
of said mrk%?%c amy ‘f‘f@*ﬁ%gﬁpod? S?g’idp’grtsf ﬁ’ erh%sg?nq%]é'n%lréa aé% S%Cfngéfl%plagés%g{rﬁ'eans on
sai d workpi ece. 16. An apparatus _as_set forth ip clajm 12, wherein said
first and sabafingaceiRnd daep 8% Eofpiogusing A serend erabesap Sinydeet frompsaidyy,

assenbly as set forth in claim 12, wherein said first and second 25 |aser
generate a ptrend Wegiasiepmbly cojaeidens wvidesaid fanst \asereameamsb Kw/ cn2. 3 January
2006 WD 03/004210 PCT/ US02/21082
wherein said first optical lens is positioned on an opposite side of the
10 workpiece being ablated from said second optical lens thereby focusing said first
and second laser beams on opposed sides of the workpiece and coaxially aligned,
thereby ablating a hole through said workpiece. |

13. An apparatus as set forth in claim 12, wherein said first and second

galvanometer focus said first and second laser beam along axes correlating to the
15  length, width, and depth of said workpiece.

14. An apparatus as set forth in claim 12 further including a controller
electronically connected to said first and second laser assemblies and being
programmable for directing the ablating rate of said laser beams.

15. An apparatus as set forth in claim 12 further including a cooling

20  apparatus capable of providing a liquid coolant on opposed sides of said workpiece
thereby dissipating heat generated by said laser beams on said workpiece.

16.  An apparatus as set forth in claim 12, wherein said first and said
second laser assembly each include a CO;, laser.

17. An assembly as set forth in claim 12, wherein said first and second

25  laser generate a power density of between generally 40 and 50 Kw/cm?.



18 5 18. An assenbly as set forth in claim 12, wherein said first and second
| aser generate a power density of generally 45 Kw cnR. 19. A cl edrlapury2006
non-netal li ¢ workpi ece conprising: at |east one hol e extending through
general | y op@dsiontziout er surfaces of said clear, hard, nonPRE{UP3/31082

wor kpi ece, wherein said hole is defined by an inner surface of said

wor kpi ece abl at ed by opposi ng coaxi al | ygaligned | aser beans formng a
snooth inlet edge and an irregular pattern on said inner surface positioned
inwardly of said outer surfaces of said workpiece. 20. A workpi ece as set

forth in claim 19,gWhengi fs&abigl ab @btefoktiGh liem B2, Whegdih GuidAfirss BaPeecord . A
wor kpi ece as set forth in claim19, wherein said hole includes a polygonal

shape. 22. A\WprsnkBres fowsdfendiQdtBehdtaity # Bwkdn2 Wherein said hol e incl udes

an oval shape.
19. A clear hard, non-metallic workpiece comprising;:

at least one hole extending through generally opposing outer surfaces
5  of said clear, hard, non-metallic workpiece, wherein said hole is defined by an inner
surface of said workpiece ablated by opposing coaxially aligned laser beams
forming a smooth inlet edge and an irregular pattern on said inner surface positioned
inwardly of said outer surfaces of said workpiece.
20. A workpiece as set forth in claim 19, wherein said hole includes a
10 circular shape.
21. A workpiece as set forth in claim 19, wherein said hole includes a
polygonal shape.
22, A workpiece as set forth in claim 19, wherein said hole includes an

oval shape.



