WO 03/004210 PCT/ US02/ 21082 METHOD OF ABLATI NG AN OPENING IN A HARD,

NON- METALLI C SUBSTRATE BACKGROUND OF THE | NVENTI ON 5 The present invention
rel ates gepasabdzyoto a nethod of ablating a hole in a har@CT/usommwstal lic
substrate, particularly including glass and ceram cs. Mre specifically,
the subject invention relates to ablating a hole in a hard, non-netallic
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to be difficult and inpractical -in a production environnent. Prior art
efforts to drill hol ASHARD,NON-METARIACISUBSTRAXE have utilized
dianond tipped drill bits. In order to drill a hole entirely through a
hard, non-metallic substrate 24 wi thout causing the edge around the hole
to chip, the hole nust be drilled, generally, sinultaneously fromtwo
sides of the substrate. Therefore, two drill bhits nust be 15 aligned

preci sely al ong the same BACKGRQUNR QF TRESBRYENTEONCi se al i gnnent, t he

hole will not be properly formed, and the substrate could be irreparably
damaged. A f ur tThemprebehtfinedntion relhtesiganag]lp pposiethgd df kblhtily 4 Bolom 4 kwed,si des of
the substrate is the probability of damaging the drill bits should contact

be made begjnesnalibeusie Adtidulark) H?]&lldmg $18shhll béhngst MorBobRificienatal |y, one

drill will be wthdrawn fromtheé hole prior 20 to the other drill being

engaged with this subsirate. ver . due . to.production .variability and
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exists that the drill bits will nake contact and the article being drilled
i S gener all?%ﬁt one laSCI'.

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 hples 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



WO 03/004210 PCT/US02/ 21082 2 destroyed. If the drill bits becone damaged,
new drill bits nust be installed, which is known to take several hours. A
still furwbas/odrawback of using drill bits to form a hol e PCa/tsohars?
non-netallic substrate is the inabilRty to form holes having various
shapes. It is desirable in many 5 industrial applications to forma hole

in a hard, , non | i,c bstrate,that. has a. hp her t han cul ar,
such as, fq?Ftr@ﬁ?gEn{[Jtlat %ut ﬁgﬁﬂm@%ge%ﬁﬁ%{r&dg?ﬁ eé‘i’%ﬂgﬁ Yﬁ%\?% t he
operati onal limtati ons of a dianond tipped drill b|t only circul ar hol es
may be drinopado fakegewuipldiovet e. Many gl ass products requi re holes that are
presently forned by dianond tipped 10 drill bits. These include patio
furniture, temmessidfahtodm@ivbrck @lusiag drilj bas®, form ahotedd a hatd abi-eallicand

outl et covers. Eye glass |enses are shaped with dianond tipped drill bits.

Even gl asssuﬁapm tﬁ@fﬁ ﬁlﬁﬁfﬂa%hﬁ }{(&@gs@l%ﬁ LR MLRRbAE. SPRR DIt A&l i nges.

Form ng sone of ese es Is nownt t ake upwards of 45 mnu S.
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have been introduced to cut and etch gl ass substrat es recently to overcone
t he probl edtkerdpsiicutas quel asnfadicarmple, vieh pewreies atherohygonyshang (Hven ni t ed
success. United States Patent No. 6,204,472 discloses a nethod of cutting a
hol | ow glths spantioml éimistiogs of £ARAnoad eipped bellbéts enlyf drcuiar diolds medysheon

channel in the glass 20 substrate by vaporizing the glass. However, the

depth of thgeahanegdstae |1 Mted and a

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

éO 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.



secondary operation is necessary to separate the hollow glass article at
the channel. More specifically, the glass is heated with burners and
separ at edwaioBlog1per cussi on tool. WO 03/ 004210 PCT/ US02/ 2P0821S0321082 t ed
States Patent No. 5,902,368 discloses3severing thin-walled gl ass
substrates using a CO2 | aser to heat a particular area of the glass

substrate form sever ance poi_nt .. ,The gl ass substrate is,then stretched
and separ at ed &?‘%feﬂesqﬁ‘@ét entsggaﬁngc%@p@gﬂ{)?esl—ﬁm ?hlﬁé%%{fgeglfiﬁe f ocal
point of the laser is not adjustable relative 5 to the glass supstrate, the
t hi ckness sobstrates ugingssCOulsser tathsatcmpartieulpvarapplethe igdass sevtratecfopmingd  Uni t ed
States Patent No. 4,441,008 discloses a nethod of drilling an ultrafine

hol e t hr ougterancg! g, STSElaed SubsRat€GR theasefetdhad Waedepearatdd iak kheahdandde by
establishing a stationary focal point of the laser 0.02 to 0.08 inches
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to formth e1n the glass substrate. In order to prevent cracking of

t he gl ass substrate, the ass su rate is heated to a t erature of

ot waen 500 ket SERe by SRSy e P FELepS st BB AP, O ar
di scussed above di scloses a nethod of drilling holes in glass substrates
that is pmagti cal and cost efficient in a production environnent. The 15
under | yi ng drawback of each of these | aser devices is the inability to

change t he focdlmipd StteoPatédteNd. dgkirl,008] didciloses & method of Idaiflimgsanhdtrafince.
Therefore, additional steps are necessarily added to the process in order

to prevent 0&41&%@35 %l%sesuf)ét%.bﬁi 00, 4aBRY8Hd RYddiNg HoRSEY estdRa@ingl y, it
woul d be desirabl®e to provide a | aser device and abl ati ng
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.



met hod that would enable ablating a hole into a hard, non-netallic
substrate by noving 20 the focal point of the |aser relative to the depth
of the suwetisamoe10 WO 03/ 004210 PCT/ US02/ 21082 4 SUMVARY CET/USE2/2MNSENTI ON
AND ADVANTAGES A net hod of ablating a4hole in a hard, non-netallic
substrate, particularly including, but not limted to glass and netallic
substrates, with a i i S er, assenbly is
provided that is cﬁjﬂﬁm@@éﬁiﬁm&ﬁ&%}é@f’ %@&nrﬁﬁﬁtgéﬁé 5 a novabl e
focus. The focus is novable relative to the hard, non-netallic substrate
al ong a | engt h, Avhethpd afi@blépg 14 hefle ithe haud stanametallithwbptsaier pardcudaty vat ed
generating the |aser beam The |laser is focused to provide a focus of the

| aser bearmadiiagenit nat limeedto glan endhefaasubitrddsewitandasensriisthised. | Ac
substrate. A first layer of the substrate is ablated in a configured

pattern from ahe %@?rzﬁtssé?ﬁ'fﬁ SUrbAGE Bt fs*?:g?eﬁﬂé & & QﬂﬁHgta"i’als ¢ GeattBRfdAt €. The

10 focus is nove atlvg to an axis corresponding to the depth of the
substrate to enagbl.e ahlation .of successi.ve | rs,of the subsirate.
Sccesal vl PAYRTS feus; FedBerh e By 4 B 10 feecueaiand i ng t ne
focus deeper into the substrate to generate a hole into the substrate. The
present netlongia shgtbwidth apd demopethe gubstiater dlhedaser peackvated sengdingdliee sol ves
15 the problens associated with the prior art nethods by providing the step
of novi ng lhdee bedr.C Whe Dsertib foduskiaid pr@tidd 4 feeut of thhdasdepdam afjadeheatdeddost r at e.
Further prior art methods of ablating glass substrates do not include a
focus movapeefglalt (¥enda, %dﬂem&%ﬁt: Ruiratel & fisgW RIS @ife subB@4 i CdbRatedN

additional step is required to prevent damagi ng'the substrate.

in a configured pattern from at least one surface of the hard, non-metallic substrate. The
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 f0r£h 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 incfementally 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



Wil e the reasons why the nethod set forth above results in successfully
20 ablating a hole into a hard, non-netallic substrate is not fully
under st ooaQ oanes2ttheory is based upon adjusting the focusPofi/ushe2108ser
increnentally deeper into the substrafe. By refocusing the |aser to
establish a focus increnentally deeper into the substrate, successive

| ayers of the substrate can be abl.ated i.n order to prevent .d Lhg the WO
03/ 004210 ?"Ltfé,w}“z@%gaﬁera%eagh o EPRIE R patE g e 1at?‘g%q'{%‘%keﬂr‘ﬁ!’,
configured patterns may be ablated into the substrate by noving the focus
al ong the wgﬁgiterbmqvmg therfoerts Along thelsagth aad width iihe saéstltﬁ%aﬂs vegdlise e
Therefore, predeterm ned configurations of holes may be ablated into the

subst r at e, depth. ciThérsforet prpdssiniihed vodfgssatiohe of dwoles msy ivowbbitel intd dtei ve to
the depth, width 5 and length of the substrate. BRI EF DESCRI PTI ON OF THE
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appreci ated as the sane becones better understood by reference to the
foll owi.ng d tlai |,ed es%i&rpg on when 10 considered in connection with the
Snyi G & SYlfsupst

acconpanyi Mg e Figure 1 is a schematic of the |aser
apparatus of the subject invention; Figure 2 is top view of various shaped
hol es ablated into a hard, non-netallic substrate; Figure 2A is sectional
view of holes ablated into the hard, non-netallic substrate 15 though line
2B- 2B of Figure 2A; Fi gBREEBBESSRAPTION OFtTHE DRAWIN®GSof the inventive
| aser abl ating process; and
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



Figure 3B is a partial sectional view of a wall defining the hole in the
hard non- netallic substrate; and Figure 4 is a top view of the preferred
enbodi rerwowB/odgaser drilling apparatus. 20 DETAI LED DESCRCPNSCM 1082 THE
| NVENTI ON Referring to Figure 1, a schematic view of the |aser ablating
apparatus used for the nethod of the present invention is generally shown

at 10. A fé r%&m%oé?a%g{ 1&%21919%%1\@&9 146931(3@12%%1[? %4 Urﬁg%?%%%g@.y }‘ﬁlvﬂl sgcond a2

| aser 14 each gener I'aser “beam ng a

wavel engt h of gener m capabl e of ablating a har l1ic
substrate Yavelenglh of %“-&F@HY}&W& ArRblg Oﬁﬁtéé%ngaarﬁr‘gé}oﬁrﬁl‘ét 11°'PH€§ b beam

16a, 16b is directed through a first set of optics 18A, 18B and into a
gal vanonet parti@faly 20ldinEatdss gml ceamoivet Ehe s Oeqm 264 16k fiodinestssl thivagh aser
beam 16a, 16b through a z axis lens 22a, 22b and redirects the |aser beam

16a, 16b tpyyadt detERPEENISA] S arl intd 18 gslaﬁr%memrzomw | Egzhsgabshnbmber 24
Therefore, the substrate 24 is ablated on opposite sides. Alternatively, a

singl e J as g&@gtafgcg]ééﬁﬁ&ﬁg&rb@ﬁhgs {89 RoRiel Brisicde 0L SohenaieLet e 24

Each | aser : eac vanorfe
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substrate 24 is supported by a gantry 26 or equival ent support device. A
cool i ng apfaewfers, th8 Aybsa8® 2das rblaeden apposiecidesi ddtevfatively, ssipglerlasee 24
directs a coolant 30 onto the substrate 24 adjacent the area of the
substrat e gdyBeufd for ablating a single side of the substrate 24.
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



abl ated by the | aser beam 16a, 16b. The cool ant 30 may be |iquid or gaseous
and 15 di ssipates the heat generated by the |aser to prevent the substrate
24 from cwaakiongio Water has proven to be the nost effectipeag/usovtmst to

di ssi pate heat generated by the I|asef. An additional advantage to using
water as a coolant is the water's filtering characteristics. Unlike a

gaseous cool ant t er absor asequs, by-products .resultin framthe

abl ati ng p?'ﬂ)tB%ts%f.a\@Wefogﬁy%trso 8’&36%@?0465%83%‘%?% ekt @tlwgﬂ‘écqﬁ?lf]ger ed for
20 waste renoval or the water nay be disposed of in an environnentally
sound mannir thefsubsieateedb beipe aipated. 1199dev has progensiodieana| affegdvreioaadafe o

wavel ength of about 10.6mand is operated at between 75 and 150 watts.

Mor e pref eseibtay typeashelhsds &ifis Balievddithgether tain@sred gla¥¥inAp1a0#2 UpHEIgMdS02/ 21082
7 output of about 100 watts. However, the desired energy level is optimzed

accor di ng eﬁe?%({agcti g&ﬂg@\r}g&rneffzguﬂm%ésagAﬂlehegggQv?ltlsﬁglghwe BRSseRERY Rknbn Pe nost

effective to al “types of gl bel i eved that that

tenpered g] ass.m guire slightly nmore. ener and densit than regul ar
ol a6, hn" e tyoibe B ek e Do sieRanbynE T Qb tinSSE HetattShoea by

t he gl ass égr ot her clear substrate) in order to transfer the energy from

the laser thedaet beanhio the gloss. Qtheravisg, e lasepbeamywill triveh Hargigh the gse| At hr ough
the glass. A suitable water-cooled CO2 |aser for the nethod of this

i nvention gtabldvivdel-chided AG;1A6M\foo fthdDEEHodMfr this Hlvertiono{Sps IMedebyNd. ens,

Inc. of Bloonfield, Connecticut, now a division of Coherent. An air-cool ed

or equi val pptodRYESF DEOS MRS HcbRBOBdS RIedR! ieofBlobhiel’ e @icut hi s
invention. The CO2 laser 12, 14 is preférred to practice the nethod
now a division of Coherent. An air-cooled or equivalent laser is also suitable to practice
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
corresbond 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



of this invention because a |aser beamis generated that includes the
energy |level and wavelength that is absorbed by hard, non-netallic
subst r at ew024/002uch as, for exanple glass and ceran cs, &cod/usenpwsed
glass. O her types of |asers generate8laser beans having different
wavel engt hs and power outputs are known to transmt through gl ass

t hereby preventing the abl atjon of a ass substrate 24, In order. o ablate
the hatd SOROVRE SEIfPas G hoT 8 a DIERMSHATeEHs & d5ioreot %ngle%er ating
a laser focus noveable in the X, y and z axes is preferable where x and y

cor r espondcrmo Therefora i thicknessw thetharst, nemrenetaliicssubatrase 24, wich is sufficiens ponds to
the depth. A suitable gal vanoneter capable of noving the focus in this

manner is Ry aahabbichtic) B SGANd@b pAeraly HRuhhet than@GoWraem Mpskat " Hurry
SCAN' with a "Vario SCAN' built in as part of the galvanoneter systemto

provi de Pﬁgggxgrt}é@%ﬁ&gcefaﬂ% tgé( la§%s-{§el4 t[ﬁﬁtﬁ@%ﬁm(\)/@%g% {é@%\fdg%éﬁc{aﬁﬁlﬁe 24 that

may be abI at eterm ne e extent o e z axes of

t he foc e |l.as Presen al vanonet apabl e WO 03/004210
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focus a d| stance of about 1.6 cm Therefore, the thickness of the hard,
non- et al | the hgighsen-aretal Pasubgigte B4 insthe afakisdn erser tor ablateradgpth ppmcsathpons,

bei ng abl ated can presently be no nore than about 3.2 cm absent noving
the gl ass swaspvegn.to the lasers 12, 14. Until gal vanoneter technol ogy
capable 5 of noving the focus along the z axis becones nore adaptable, it

s necessary L OARBiEyn kGLHAL A AODRIELA o S ABIEL imdhnk R15AE oF XIS 11

order to abl at nor e t

the laser along the X, y and z axes can ablate 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 tﬁe 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
corners 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



As shown in Figures 2A and 2B, a gal vanoneter capabl e of noving a focus of
the laser along the x, y and z axes can abl ate an opening into the hard,
non- et alWo®3/odQ1eubstrat e 24 havi ng various confi gurati oR€T/UA82/31082 ed
above, the x and y axes are correlatel to the length and wi dth of the
substrate 24, and the z axis is correlated to the depth of a substrate 24.

I n order t. nt..d | t.he. , f e ocus in
the 7 ai r dRETRY P ot AbB 1% nR kBl Sacitiopdifo BERR Bhulidiimitc 24 o e
abl ated. Figure 2B shows typi cal scenario where up to 10 passes of the

| aser areR?élH%mltbe?‘B’S%'ieaz?'e successive |ayers of the substrate 24 in order
to forma hole into one side of the substrate 24. A circular hole 32 is
shown havi ng a As siblvnaf Figuoai2, ebcl) suncessive pass ofitled Jasarasiptefeatblipoloasd Btavi ng a
di ameter of up to 8 cmcan be ablated into the substrate 24 wth presently

avai | abl e gabyanpelidfo R0 subst@R thartheelieyass.! A HicHeY cdRaddhirtae BOIses
havi ng a greater dianmeter, the substrate 24 nmay be noved relative to the

gal vangnet 4, ] r i.n, t n t he
circul gr r@@ed?é.gné? 3&2? é@ﬁhg%@ﬁgs h{):lgsr %%,risﬂ?op 12%))/1.'3%331@%%%?5‘.]0%{0{/%%%' hol e
formed in the substrate 24 will have radjused corners in order to prevent
stress poiH‘I‘F%OSBQF ﬁe,s eligaon. i hote mayi e et s2any ADERUR AT IS P04210
PCT/ US02/ 21082 9 in Figure 2 is an oval hole 36 having tight radiuses in
order to pEnéwnthréughnithegubstrass 94, pgemrslly rechadslibeich anethg £dgeef gieown i n
Figure 2, each successive pass of the laser is preferably noved at a
greater depbdiratdTi40ah Behind Pakially entd BabubdiRitd 24, AindRa$ Srooke abla@b Aty tieOncave

surface 38 is 5 fornmed along a wall of the various holes 32, 34, 36 into
the substr@fgr.gha MRrded® ablate large diameter openings in the substrate 26, the laser is
10  moved about the circumference of the hole 32, 34, 36 along each paés. 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 éircumference 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



purpose of this application, a hole may be defined as any aperture either
partially or entirely through the substrate 24, a generally three-sided
not ch on wbaseadge of the substrate 24, an etching parti alPCy/tusez/zioshe

substrate 24, and any groove ablated ¥0nto the substrate 24. In order to
abl ate | arge dianeter openings in the substrate 26, the laser is 10 noved

about the circunferen the hpole 32, 34, 36 al ong,each pass. ,Because the
ooer bosiiia BatE ol 25, Shetetiedt S ik ekl Compn el P AR A I b
hole 32, 34, 36, the |larger the dianeter of the hol e,ggi el ds a&great er

radi us of ¥ isahlated anaipleidp thrpegh thh substratsedu theeraxisouticby2a. Rgbavayid egki | | i n
the art, by ablating the circunference of a desired hole a "plug" of

substrat e @dnagedBy the oppssirthEiadehBednoll 66, 10heThdrblerd, Aseprefeeie théconeldsed 6b
passes conpletely through the substrate 26, the cool ant 30, through

| Mpi ngenerfeqy, {QF §65 alSIQl%¥ Egkﬁg}'gééa%é;%%rr&efbg{ez rl}%&; %cféé'l 1@&-165%51%51511[‘%; 3

Figure 3A, a schematic o abl ate t hrough™t he

non-netal lic.substrate 26 |s oyn. The l.e 37 is. ablated.fr osi ng
rdes Sor dufaabats: o hull B M EleBe bl badpe PRl SPu PR A he
circunference of the 20 hole as directed by the controller 25 (Figure 1).
The cont r ol e 13881 tiakisrraiapigs exissioa firglanvadmste peventzbnoppsmgtlaseafiogh t he

| aser beans 16a, 16b al ong a common z axis. Therefore, the | aser beam 16a

gener at ed diyndghes itd 7 siis bptrer24,22poi nts through the z axis optics 22a
directly opposite the | aser beam 16b generated by the second | aser 14

through WO 03/ 08¢ ghcbifedd HSE@%{rg 3Q8the &t lﬁs}%?b@anﬁli‘éascoﬁﬂﬂét@ssthg R pdfieg ef ore,

if each laser were'to continuously operate until a hole 37 is ablated

conpl et el yaht)rfpgr %%gcgrc}u?rffersegges (t)tr ﬁ}eeho%g' ’37t artlf?er Zwlilai)c(}il,sthg F%}n'lt(t:esr zﬁ? %Iosezs? %i‘eﬁ%fj Id be

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



damaged by the opposing | aser beam 16b, 16a. Therefore, it is preferable
that one |l aser beam 16a, 16b ablates a depth greater than the other |aser
beam 16b,woeao1traki ng 5 additi onal passes. A shutter 40&CTAGDb2/EWB8ZuUre 1)
cl oses over the z axis optics 22a, 2213 on the laser that term nates

em ssion first in order to prevent the opposing |laser from damaging its z

axi s opt i G322 @ 2MraicAfe LAREAS DKM dpBodih AR obfhe hBld 145 Dl figGHe Deam 16

conpl et es our passes along rc erence o fter

whi ch, the, shutter 40 clases. Either 0 concurrently, or suhse ntly to
e Tour SRS Fiade D pachh s bEan 1Paskib 1SR BLomPHL e SHPCERL I boam 16b
makes six passes along the circunference of the hole 37 until the hole 37
i s abl at edubgirgit 4 énifiatig & sghothtrad soluled gtlge cicunigeyibingrthe holef37einges may

be conpleted by each of the |aser beans 16a, 16b in order to ablate the

hol e 37 cefmteirelhy substaignlt MheRtdds! thatfi@alfas8Sediid tasbirecdmpletelpeam 16a,
16b termnates 15 em ssion prior to the other |aser beans 16b, 16a in order

to pr eye ”tu}gﬁg@&% stht%a?@Z@is%d@ ge&?&l]g@@;)do t%lﬁ)églé tﬂe%ﬁg%%%{ %Wh@%inap ne | aser

beam prefe abl ates up to about ept e substrate 24
whil e the other |aser beam abl at onl y about % of the .—depth of the
Sbstr at o B e BRPLhema Ahlks TP the AuiiFare i fefies i oen SRRt o 54
from opposing sides of 20 the substrate 24, a variety of benefits are
derived t rsarfagg @ shotvnrin ligure dB bt inbelievedthabhisrough énconsigiewsisutfaee wilbst r at e
24. For exanple, it should be understood by those of skill in the art,

shar p edgeaft havei®ly affecatheatabilitnohtherdird] haremstaliit substete?2d beduads igis nof or
exanpl e glass, causes stress points in the glass which could result in

cracki ng. lg&%c%t%'heedgé b s MRQA/004210 PCT/ US02/ 21082

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
inté 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



11 preferable to ablate the substrate 24 from opposi ng sides of the
substrate 24. During the first pass nmade by each | aser beam 16a, 16b a
groove i swbesmedio n t he surface of the substrate 24 initipatriusg2/zio8noot h
and rounded edge circunscribing the hidgle 37 being formed in the substrate
24. Therefore, the final pass required to ablate conpletely 5 through the
substrate 24 is nade eral | 1 d_way, t hrough .+ he subst.r 24. .The final
pass of ¢ HENEEEF BBaThibn s oo Hibagneohd s SR RnaRof S 2 r ough
i nconsi stent surface as shown in Figure 3B. It is believed that this rough
i nconsi st eubsteaty 3hehsenjadditional steppspls s, {or grpmple hepdng thgispbstiae Zftothe har d,
non-netallic substrate 24 because it is not |ocated at an edge of the
subst r at e l2gh tefpetaturor der to ablate a smooth hole into the substrate 24,
the paraneters of the lasers 12, 14 are predeterm ned by the controller

23. The par anet@hife afsheagh ﬂo%ﬁﬁfe &Bductiéﬁ‘c@r{ uPAtRRN FGh MR Ve nethbe
controller 23 according to the type of hole being ablated into the

b . h f.h -metallic sub i ng abl at ed.
i 17orant fypaeont Sotfalh et St duBibh Y b 3o h B8, Vg

order to prevent 15 cracking or otherw se damagi ng. the substrate 24. The
nost i nporlasskt 12, 44 dntofagantryiidrar eqpivalept e, givelh FRbt dFR AdIMayr 23 are
the | aser power, the gal vanoneter speed, the |aser frequency (pulse rate),
and t he puhdeden gtippepdadt ahown) fof stgpertingske subEaath 2dfdutring peoceprmgariteer s ar e
tuned in to generate a power density adjacent the surface of the substrate

24 of geneiatdler bet AGhamt SBstand TR in PRIRNRG BE 51804 Wy a derBOVASt density

of 20 generally 45 kwicn2 is generated. Power densities in this range are

bel  ved {008 aHbaBhtifgss HenSRTHINAR BOVFL, SENFhLLARAAFAREALES N the

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.



t he Background section of this application. Al though not fully understood,
it is believed that the high power density of the |aser beamin

conbi nat iwp 03i00421@ f ocus noveabl e WO 03/ 004210 PCT/ US02/ 2P08a1S04/21082 ong t he
z axis of the substrate 24 nmay play aldrole in the successful ablation of
the substrate 24 absent additional steps such as, for exanple heating the

substrate 24 tq a igh.t re 4 shows 0ssi bl oducti on
confi guration %Wﬁgeﬁf‘ﬂf@ﬁ{? ﬁ?g 518{2(%7}'}3?1?1 ﬁ%&'r?lb‘%lo eﬁPfFﬁl%rﬁ% %{lélsps t he
substrate 24 and positions the substrate 24 between the lasers 12, 14 into
a gantry 4adesy toegigh vihe sHbstrats2r with 4 digereat iKaerejores disoeonireten ds P i ncl ude
a gripper (not shown) for supporting the substrate 24 during processing.

The cont rpebgraimnidBlei witls gigphice thfoinadtioh kaaldingshe Bikas 22, 14td ablpesightesn t o be
abl ated by a sensor (not shown). The controller 23 then signals the |asers

12, 14 to sQ@tg hfdddis a&lhﬁ‘st 188rORAHHaE 08des tRoAdd itsqaR! 14y FilshRs aRtteol | er 23

Si gnal S the lasers 12,714 wth the substrate 24 type, povver settl ngs,

I hol h I t
pencer 3 TSRl R LA LR P 1o 1
type of substrate 24 and a type of hole being drilled in the substrate 24.
The cont r getigttingibgeeidhe }@éergég,v]éln@ﬁ@e@-,dgng@gmalzf@gyr@ ey bgrethed iHa theocus  of

the 15 laser along the x, y and z axes. As stated above, the x and y axes
correl at i rsgbdtmtd I Iength and width of the substrate 24, and the z axis
correlates to the depth of the substrate 24. Further, several holes can be

abl ated into thgeSHbHibALRS %@e@ﬁeé&h’fbf:@'i&ﬁﬁ 1lhhs%ﬁ{ré ﬁﬁ%néif ahfgt RUBSES ate 24
relative to the gal vanoneters 20a, b by noving t

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 numerals 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 24 relative to the lasers 12, 14. The substrate 24 may al so be
noved along the 20 z axis if the thickness of the substrate 24 is greater
t han abouwoO33@02m Al l the novenments of the substrate 24premrasat/swszirected
by the controller 23 according to thel4 pre-progranmm ng sequence. WO
03/004210 PCT/ US02/21082 13 It may be desirable to ablate a hole only
partially through the substrate 24 } der to etch the substrate 24 with
a figure. Therefore, the controller ITs al'so programmable with graphics
i nformati Q\?’ enabling the lasers 12, 14 to ablate figures, such as designs,
digits, |eVbarisclamedar codes into the substrate 24. Figures may be 5
etched into the substrate 24 by activating either both 12, 14 or one 12 of
the | asers. By l.adtmethbd nfpbleting adbletihte a lasd mon-bRtallloisubstratdhineludutigritensi onal
figure may be etched into the substrate 24. The invention has been
descri bed stgpsayp: i1 | ustrative manner, and it is to be understood that the
term nol ogy which has been used is intended to be in the nature of 10
words @f descripti 140 ' i-ousl .
Todi 11 gt one. Ve RIS ork IRy Reebly BhiP B el S hser BB iy e,
| i ght of the above feachings. |t _is, therefore, to be understood that
wi thi n t héXishayipg %#Ocywil%rglae@ﬁ@ef&%% i§ TR CaR TR Y6 1P SHEPBIC e numer al's ar e
nmerely for convenience and are not to be in any way limting, the
invention may bastipating dapkat lesharedasss theehy geperating spébisdribeaim; y descri bed. WO
03/ 004210 PCT/ US02/ 21082

focusing said focus of said laser beam adjacent at least one surface of the hard,

non-metallic substrate;
10 ablating a first layer of the hard, non-metallic substrate from at least one surface
of the hard, non-metallic substrate;
moving said focus relative to an axis corresponding to the depth of the hard,
non-metallic substrate thereby enabling ablation of successive layers of the substrate;
and
15 ablating successive layers of the hard, non-metallic substrate thereby generating

a hole into said substrate.

2. A method as set forth in claim 1 further including the step of cooling the
hard, non-metallic substrate adjacent the hole being ablated by said laser beam thereby

20  preventing said substrate from cracking.



14 CLAIM5S What is clained is: 1. A nethod of ablating a hole into a hard,
non-netallic substrate including the steps of: 5 providing at |east one

| aser asswolBgoLapabl e of generating a | aser beamin an a&krashaviosy a
focus wherein said focus is noveable ¥elative to said axis; activating said
at | east one | aser thereby generati ng said | aser beam focusing said focus

of said | aser heam agj acen st one,.surface .qf the hard, on-netallic
substrate; 10 Iatlg cihqd 3sp ttjpgsél?c%’fmlzﬁémﬁﬂ?amaﬁgﬂOﬁﬁ?ca’ﬂgit%egﬁastrate
fromat |east one surface of the hard, non-netallic substrate; noving said
focus rel aronvaetalbicanbeixate adiseens dheobele heing eblates ig dprther gpfingdebyhBnshing

non-netallic substrate thereby enabling ablation of successive |ayers of

t he subst rsaidahe agleast bhe alifak iwith Isuedessi ve | ayers of the hard, non-netallic
substrate thereby generating a hole into said substrate. 2. A nethod as
set forth in claim2l further including the step of cooling the hard,
non-netallic substrate adjacent the hoI e being ablated by said | aser beam

}:,g-el'\-/r Eg 2/ ggoggevent I X%‘w%ﬁlocfj aSSSgtbf%l‘tfl mc a1m an\gl}gerre&}r(f iéélggfep\é\?cg(ﬁ{n%(%ﬁg l]ia(l)rd,

non-metallic substrate adjacent the hole being ablated is further defined by flushing said

the at least one surface with water.

5. A method as set forth in claim 1 further including the step of moving
10 said focus relative the axes generally corresponding to the length and width of said hard,
non-metallic substrate thereby ablating the hole through the substrate having a

predetermined configuration.

6. A method as set forth in claim 5 wherein said laser beam is moveable
15  relative to said length and width of said hard non-metallic substrate thereby generating

a hole having a polygonal shape.

7. A method as set forth in claim 5 wherein said laser beam is moveable
relative to said length and width of said hard non-metallic substrate thereby generating

20  ahole having a circular shape.



3. Anethod as set forth in claim2 wherein said step of cooling the hard,
non-netallic substrate adjacent the hole being ablated is further defined
by fl ushiwg@ o3sedi2do t he at | east one surface with |iquid. 5P¢T/USometoBDd as
set forth in claim2 wherein said stepp of cooling the hard, non-netallic
substrate adjacent the hole being ablated is further defined by flushing

said the at |egst olagnaﬁsé Ak mntmnvamrs wﬁere@os%& g d& 13%m §E Mol btlfb in

claim1l further inclu ngt of novi ng ocus rela Ive the

axes gener Yy corr o) . th an th of s har d,

non- net al | FP& ﬁ%@sﬁaﬂ‘gfeggﬁ 88’5@88&?3&4 L?fa%f)ﬂ'én?’igil‘é S‘ﬂﬁFrétﬁélP’Fr? 2CUABYRS at e
having a predeterm ned configuration. 6. A nethod as set forth in claim5
wher ei n sai eble hedng branalishapeoveabl e 15 relative to said | ength and width
of said hard non-netallic substrate thereby generating a hole having a

pol ygonal shape. 7. A nethod as set forth in claim5 wherein said | aser
beamis noveable relative to said length and width of said hard

nonrrealllcs stra I ' . | | ar
Shape. w0 031 007210 pat BB BEEH Shinlf vkl Sﬁg%?é#&?dﬁ%%l.&%“m aim s
wherein said | aser rel at vetos Ien d.wdth of
said hard %r}a%taéﬁl‘g@y%%‘éqﬁéﬁ P?%P%IB{P‘@ H%raaﬁqc%d ?aéerh%ﬂ Cl?q%g an oval
shape. 5 9. A nethod as set forth in claim1, wherein said step of

provi di ng capable af generating a second laser beam coincident with said first laser beam.

10. A method as set forth in claim 9 further including the step of focusing

10  said Jaser beam generated from each of said lasers on opposing sides of said hard non-
metallic substrate generally along the axis corresponding to the depth of the hard non-
metallic substrate thereby ablating a hole through said hard, non-metallic substrate from

opposing sides of said substrate.

15 11. A method as set forth in claim 10 further including the step of cooling
the opposing sides of said hard, non-metallic substrate adjacent the hole being ablated

by said laser beam thereby preventing said substrate from cracking.

12. A method as set forth in claim 11 wherein said step of cooling the hard,
20  non-metallic substrate adjacent the hole being ablated is further defined by flushing said

the at least one surface with liquid.



one | aser assenbly is further defined by providing a second | aser assenbly
being capable of generating a second | aser beam coincident wth said first
| aser beawD 02004280 net hod as set forth in claim9 further iPaglusd/zys: he step
of focusing 10 said |aser beam generited from each of said | asers on
opposi ng sides of said hard non- netallic substrate generall y al ong the

axi s correspond epth. o d. non tall}] ate thereby
abl ating a hol e hrogg]ﬂ E‘?ff hﬁ‘)&{“%aﬁlq‘i gﬂ’Fﬁe@%af[}ﬁg‘?R Cé’oﬁ %Pli’ osi ng
sides of said substrate. 15 11. A nethod as set forth in claim10 further

i ncl udi ng ndmemetaBis sobstatecidjasent theHwlapeprssablajedis dehes fleféngid by Hashdng said
non-netallic substrate adjacent the hole being ablated by said |aser beam

t her eby prig¥anich§i®ns dudaceubist watke from cracking. 12. A nethod as set forth
in claim1l wherein said step of cooling the hard, 20 non-netallic
substrate adjacent the hole being ablated is further defined by flushing
said the at |east one surface with liquid. WO 03/004210 PCT/US02/21082 17

13. A nethod as_ set forth in c 11 wherein said, ste f. cooli t he
hard, hon-netalfic 4uBE P%ﬁ%seé%?‘gl]&%?la‘cnﬁg ‘ﬁ%ffr@nbgé‘}‘ﬁ elngﬁl?aénglash(g%rt her

def i ned by fl ushi nrghl said the at |east one surface with water. 5 14. A
met hod as thesugh gitlfhaids nen-gietalle: subsivats froms gpposéngeyidasfof siidhardgoarmesdlc t hr ough
said hard, non-netallic substrate from opposi ng sides of said hard

non- met al | §ubstrtbsfurtaéeddrised by bieedt selidflhseeBediys abigtingfmsmistedeaperlapeans
abl ati ng nore successive layers of said hard non-netallic substrate than

the other gf. 8plfd L8585t @ 8 strate than the other of said laser beams.

10 15. A method of ablating a hole into a hard, non-metallic workpiece
including the steps of:
generating a laser beam onto the hard, non-metallic workpiece having
" a focus adjacent a surface of the workpiece;
changing said focus of said laser beam generally along an axis of said
15 laser beam to a first predetermined depth;
changing said focus of said laser beam generally along said axis to a
second predetermined depth to ablate said hard, non-metallic workpiece to a second
predetermined depth; and
continuing to change said focus of said laser beam to successive depths

20 to ablate a hole into the hard, non-metallic workpiece.



10 15. A nethod of ablating a hole into a hard, non-netallic workpiece
i ncluding the steps of: generating a | aser beamonto the hard, non-netallic
wor kpi ecewbamsiong10 a f ocus adj acent a surface of the workpiP€TajSovb@syi ng
said focus of said | aser beam general18y al ong an axis of said 15 |aser
beamto a first predeterm ned depth; changing said focus of said | aser beam

general 1y al ongeeai dy v @ o (AR GRAMART SURLEL MAGELLRRYN P niRlal © S ¢

hard, non- netalllc cond ~ prede

continui ng ; ald focus sai d | aser beamto successive depths 20
to abl at e%aldﬁeﬁeé%e%rl&??%a ﬁlal}%wdﬁb?%me.f@lmqepﬂ%%ﬁcw kpsecson 210

PCT/ US02/ 21082 18 16. A nethod as set forth in claim 15 further including
the step ofedetevinimed mtteth beawean dacknhankge of said fengtrélatvaitoshe tepthof thee har d,
non- netallic workpiece in a predeterm ned pattern between each change of

sai d focusydikpiatd \eerdsy bbRtAEPH Rokfint iR woBKRIeehvihd aheMapbbatshiig a hol e
in the workpiece having the shape of said predeterm ned pattern. 17. A

met hod sas | ai m 15 wherein said step of generating a | aser
bean1ontop§%% E%h&% aﬂe alllc wor kpi ece i s further defjned by generating a
| aser beam onto opp05|ng sides of said hard, non-netallic workpiece. 10

17. A method as set forth in claim 15 wherein said step of generating a laser
beam onto a hard non-metallic workpiece is further defined by generating a laser beam
onto opposing sides of said hard, non-metallic workpiece. |

10

18. A method as set forth in claim 17 wherein said step of generating a laser
beam onto opposing sides of the hard, non-metallic workpiece is further defined by
generating a laser beam onto opposing sides of the workpiece along a same axis
correlating to the depth of the workpiece.

15

19. A method as set forth in claim 15 further including the step of cooling

.the hard, non-metallic workpiece with a coolant adjacent the hole being ablated into the

workpiece by said laser.

20 20. A method as set forth in claim 19 wherein said step of cooling the hard,
non-metallic workpiece with a coolant is further defined by cooling the workpiece with

a liquid.



18. A nmethod as set forth in claim1l7 wherein said step of generating a
| aser beam onto opposing sides of the hard, non-netallic workpiece is
further dwbion®as2by generating a | aser beam ont o opposi ngPSTdse2/2f081 he
wor kpi ece al ong a sane axis col Tel ati9ng to the depth of the workpiece. 15
19. A nethod as set forth in claim:15 further including the step of cooling

the hard, non-rgal | GRSkl &FRritif Plafin PORBRL a8 AEPDE cdife iRkl Ng

abl ated into the workplece by sai aser. orth in

claim 19 wherein said step of coaling.the rd non-netal |l i c. workpi ece

i th o coolmmeRURR kR uak p ey BT dREnthey GteR tcuoiert Wik | |+ qui
WO 03/004210 PCT/US02/21082 19 21. A nmethod as set forth in claim 19
wher ei n sawdest ep of cooling the hard, non-netallic workpiece with a
coolant is further defined by cooling the workpiece with water. 5 22. A
met hod as set forth in claim15 further including the step of adjusting
said laser to emt said |l aser beam having a power density, wavel ength,

di anetey, and | at i ;AL ?}ﬁ% I'1ic
wor kpi gf{:e bei ng@ia)ibl aJtA‘e ?tﬁ%f&\s %P%@ﬁ%dﬁ%éigg?ﬂ%%ﬁéw;n C %F%inééljﬁggei n said
step of continpuing to 10 change said focus of .said |as eamto
successi vesab‘ie%f?{stgtef}“%wcg{aéer}eﬁm RaVinga PO dFasiy; wa ?}ﬁqﬁe?@’t‘gi‘q“?tﬁr’ #84 kpi ece
is further defined by ablating a hole entirely through the

ablation rate correlated to a type of hard, non-metallic workpiece being ablated.

23. A method as set forth in claim 15 wherein said step of continuing to
10 change said focus of said laser beam to successive depths to ablate a hole into the hard,
non-metallic workpiece is further defined by ablating a hole entirely through the

workpiece.

24. A method as set forth in claim 15 wherein said step of continuing to
15  change said focus of said laser beam to successive depths to ablate a hole into the hard,
non-metallic workpiece is further defined by ablating a hole partially through the

workpiece.

25. A method as set forth in claim 24 wherein said step of ablating a hole
20  partially through the hard, non-metallic workpiece is further defined by ablating a figure

into said workpiece.



wor kpi ece. 24. A nethod as set forth in claim15 wherein said step of
continuing to 15 change said focus of said | aser beamto successive depths
to abl at ewa obod£10 nto the hard, non-netallic workpi ece i #crasphersdefi ned
by ablating a hole partially through 20he workpi ece. 25. A nethod as set
forth in claim?24 wherein said step of ablating a hole 20 partially

t hrough the har noR- allic kpi ece J,s further. defi by ablating a
figure into sa?Gd V\D‘g%ﬁ?%% as W%@G@é%&ﬁ%&lﬂﬁ%‘#@@ﬂ@@%# met hod
as set forth in claim23 wherein said step of ablating a hole partially

t hrough t hearti@dlydhropghthabarsd, peremgkstliepyakpieqeds flmhpmafmagby Allatingya fgyreat i ng a
figure into the workpiece. 5 27. A nethod as set forth in claim23 wherein
sai d step info thbhaikpiegcea hol e partially through the hard, non-netallic

wor kpi ece is further defined by ablating a figure 1into opposing sides of

t he workpi ece. 28. A nethod of ablating a hole into a hard, non-netallic
substrate including 10 the steps of: providing at |east one | aser assenbly

havi ng focusin ppar at apa Sl;()e of - nmovj,ng, a foc of ser beam
gener atsfed by s%ﬁ | a é?eﬁ%cg%ﬁ?&?? rﬁﬂ%r‘f&”ﬁ#’e‘gher 'F@@fﬁt?n%tﬁabi%% ahole
corresponding to a |l ength, width, -and depth of the hard, non-netallic
subst r at e; partially through the hard, non-metallic workpiece is further defined by ablating a figure

into opposing sides of the workpiece.

28. A method of ablating a hole into a hard, non-metallic substrate including
10  the steps of:
providing at least one laser assembly having focusing apparatus capable
of moving a focus of a laser beam generated by said laser assembly along three
directional axes corresponding to a length, width, and depth of the hard, non-metallic
substrate;
15 activating said at least one laser thereby generating said laser beam;
focusing said focus of said laser beam adjacent at least one surface of the
hard, non-metallic substrate;
ablating a first layer of the hard, non-metallic substrate in a configured
pattern;
20 moving said focus along an axis corresponding to the depth of the hard,
non-metallic substrate thereby enabling ablation of successive layers of the substrate;
and

ablating successive layers of the hard, non-metallic substrate thereby



15 activating said at | east one |laser thereby generating said | aser beam
focusing said focus of said | aser beam adj acent at | east one surface of the
hard, norwowBabd2ic substrate; ablating a first |ayer of tr€ThEn2i21082
non-netallic substrate in a configured pattern; 20 noving said focus al ong
an axis corresponding to the depth of the hard, non-netallic substrate

t hereby enabl i ng agl {at.i @n 0 uc%tessi ve | ayers of the substrate; and
abl ati ng sSREERUIDE § HOrRA) e GO ECnar d, non-netal lic substrate thereby WO

03/ 004210 PCT/ US02/21082 21 generating a hole into said substrate. 29. A
met hod as set forth in claim28 further including the step of cooling the
hard, non-netallic substrate adjacent the hole being ablated by said | aser

beam 5 thereby2Pr evamhéting] sededfopthlia tlaith @8 fuoierdndadind the s ofAobRiigrod as
set forth in claim?29 wherein said step of cooling the hard, non-netallic

substrat e @dinakenbnlhigalle |s?b§ﬁité19%i$]&bﬂh% Chgﬂés l?LéOIH% %Bﬁk,dﬂg}{ k& hsBY bdalnt!Shi Ng

said the at least one surface with [1qui od as set forth in
i acert t RERLPE BUl bt e P det | ned by Tl ushi ng Said the a
| east one surface with water.
30. A method as set forth in claim 29 wherein said step of cooling the hard,
non-metallic substrate adjacent the hole being ablated is further defined by flushing said
the at least one surface with liquid.
10
31. A method as set forth in claim 30 wherein said step of cooling the hard,
non-metallic substrate adjacent the hole being ablated is further defined by flushing said

the at least one surface with water.

15 32. A method as set forth in claim 28 further including the step of moving
said focus relative the axes generally corresponding to the length and width of said hard,
non-metallic substrate thereby ablating the hole through the substrate having a

predetermined configuration.

20 33. A method as set forth in claim 32 wherein said step of moving said focus
is further defined by moving said focus in a polygonal pattern thereby generating a hole

having a polygonal shape.



15 32. A nethod as set forth in claim28 further including the step of
noving said focus relative the axes generally corresponding to the I ength
and wi dt hwofo3sed2do hard, non-netallic substrate thereby alpiCattisoz2108z hol e
t hrough the substrate having a predei2erm ned configuration. 20 33. A
met hod as set forth in claim32 wherein said step of noving said focus 1is

further defined,bpy Vi n aid fogcus .i.n ol ygonal , pat.tern ther.eb
generating a ho?g h IPI%’a%%ﬁéﬂgHHﬂmgﬁgfg&“ SE@F@B&%TEWE@fﬂaéﬁy 21082
22 34. A nethod as set forth in claim32 wherein said step of noving said
focus is fsdpxthesdetingd biemopipgeeid fagussnagirtdaipatiem thersby ganerptipsa bale n

t hereby generating a hole having a circular shape. 5 35. A nethod as set
forth in chaling 32ircuMiahepe) said step of noving said focus is further
defined by noving said focus in a oval pattern thereby generating a hole
havi ng a oval shape. 36. A nethod as set forth in claim28, wherein said
step of providing at least 10 one |aser assenbly is further defined by
providinhg two | aser assepblies each .bejn capable o enerati.ng a.l aser
Deam habing o fatus Aooeuer e sei A e claut ane YRaRl s ARB R B VRE s@dnar r at e
along the length, width, and depth of the hard, non-netallic substrate. 37.
A et hod afecyeis fyrgher Hefined by anovimpsafd foewsdn ajorel natiemdghareley genersting a heJeusi ng
15 said | aser beam generated from each of said |asers on opposing sides of
sai d hard honng setadlshape. substrate generally al ong the axis corresponding to
the depth of the hard non-

36. A method as set forth in claim 28, wherein said step of providing at least
10  one laser assembly is further defined by providing two laser assemblies each being
capable of generating a laser beam having a focus moveable relative to the hard, non-

metallic substrate along the length, width, and depth of the hard, non-metallic substrate.

37. A method as set forth in claim 36 further including the step of focusing

15  said laser beam generated from each of said lasers on opposing sides of said hard non-

metallic substrate generally along the axis corresponding to the depth of the hard non-
metallic substrate thereby ablating a hole through said hard, non-metallic substrate

from opposing sides of said substrate.

20 38. A method as set forth in claim 37 further including the step of cooling
the opposing sides of said hard, non-metallic substrate adjacent the hole being ablated

by said laser beam thereby preventing said substrate from cracking.



nmetallic substrate thereby ablating a hole through said hard, non-netallic
substrate from opposing sides of said substrate. 20 38. A nethod as set
forth in wbaBmv7o furt her including the step of cooling Poa/usppa®sng si des
of said hard, non-netallic substrate 2dj acent the hole being ablated by
said | aser beamthereby preventing said substrate from cracking. WO

03/004210 PCT/ US02/ 2108 23 39 .method as set forth in ¢clajm38 wherein
said step of cootind> KL §et foﬁ@ﬁlnﬁ%‘%&w er?ﬂﬁéﬁdrsﬁpepféﬂflglfethg}li‘rﬁe hol e
being ablated is further defined by flushing said the at |east one surface
wi t h 1§ quingn-rBetalfic sybsiraie ladidcens thedolef isirtgrablatedds irthes@:finkd b floshing shidkt ep of
cooling the hard, non-netallic substrate adjacent the hole being abl ated

i s furtherthdeflearedndyurfdceshihngus@i d the at | east one surface with water.
41. A nethod as set forth in claim 38 wherein said step of abating a hole
10 through said hard, non-netallic substrate from opposing sides of said
hard non-netallic substrate is further defined by one of said | aser beans

abl ating nore syccessi ve |ayers f said d non-netallic.substragte than
fhe ot or of st T R ke tant ing A hetel St op i B hoRe i i o
opposi ng sides of a workpiece 15 conprising: a first |aser assenbly having
a first galonaneatlic sybstiplg adjaesmt Sedholedieans abbadrip fupthendafingd by fluehdrmnid

gal vanoneter; said first |aser assenbly having a first optical |ens for

f ocusi ng ahé hiledst basarfdoe aith water.

41. A method as set forth in claim 38 wherein said step of abating a hole
10  through said hard, non-metallic substrate from opposing sides of said hard non-metallic
substrate is further defined by one of said laser beams ablating more successive layers

of said hard non-metallic substrate than the other of said laser beams.

42.  An apparatus for ablating a hole into opposing sides of a workpiece
15  comprising:
a first laser assembly having a first galvanometer and a second laser assembly
having a second galvanometer;
said first laser assembly having a first optical lens for focusing a first laser beam
emitted from said first laser assembly and said second laser assembly having a second
20- optical lens for focusing a second laser beam emitted from said second laser assembly;
and
wherein said first optical lens is positioned on an opposite side of the workpiece

being ablated from said second optical lens thereby focusing said first and second laser



emtted fromsaid first |aser assenbly and said second | aser assenbly

havi ng a second 20. optical lens for focusing a second | aser beamemtted
from sai aweasomtio aser assenbly; and wherein said first @piusat/2i08ns is
positi oned on an opposite side of the4workpi ece being ablated fromsaid
second optical lens thereby focusing said first and second | aser WO
03/004210 PCT/ US02/ 21082, 24 Ebn ans. on opposi ng sides of the workpiece. 43.
An appar at HEATASOTS@RPOFigR Sifles At FKRiSCSnher ei n said first and second

gal vanoneter focus said first and second | aser beam al ong axes correl ating
to the length, 5 width, and depth of said workpiece. 44. An apparatus as
set forth in claim42 wherein said first optical lens and said second
optical |ens are3posiAhi sppashtisoas’ @t srtisai clafoh 13 twisdeinsaidifiseanddedoager beans
al ong a generally same axes. 10 45. An apparatus as set forth in claim42

further in | rst and
second | asghvasseéfﬁ%glggégﬂ ?é?c}]%lc&%&r%%?g‘gn@m%%‘egc%&%@rec]{gq%g%tlﬁnegfﬂ{ébl ating
rate of _sai d 46. An apparatus as set forth in claim42
further? |n81@% ﬂ§‘§p§6§%?HBWO kBi55%-at us capabl e of providing a cool ant to

t he wor kpi ece thereby dissipating heat generated by said | aser beans on
sai d workpi ece. 47. An apparatus as set forth in claim42 wherein said

first and said second
44.  An apparatus as set forth in claim 42 wherein said first optical lens and

said second optical lens are positioned to focus said first and said second laser beams

along a generally same axes.

10
45.  An apparatus as set forth in claim 42 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 46.  An apparatus as set forth in claim 42 further including a cooling

apparatus capable of providing a coolant to the workpiece thereby dissipating heat

generated by said laser beams on said workpiece.

47. An apparatus as set forth in claim 42 wherein said first and said second

20  Ilaser assembly each include a CO, laser.

43. An’assembly as set forth in claim 42 wherein said first and second laser

generate a poser density of between generally 40 and 50 Kw/cm’.



20 | aser assenbly each include a CO2 | aser. 48. An' assenbly as set forth
in claim42 wherein said first and second | aser generate a poser density
of betweewoOgatenal |y 40 and 50 Kw/ cnR2. WD 03/004210 PCT/ USCZ/uBaD3@82 25 49.
An assenbly as set forth in claim42 2%herein said first and second | aser

generate a poser density of generally 45 Kw/ cn2. 50. A hard, non-netallic

wor kpi ece conpri.sing: 5 at l.east onge .hole tendi.ng.t hr ou eneral ly
opposi ng out er ég‘rfa@élsas%efn@%?%setﬁ P"i?i;‘ﬂ?‘?r@?‘]ﬁﬁl? %@ﬁfﬁ?ﬁﬁf@% ?n(g\{%ﬁrei n said
hole is defined by an inner surface of sajd workpiece ablated by opposing
| aser beanseHesaipiipgses depmiytaf gengrally €3Ke/ed an irregul ar pattern on said

i nner surface positioned inwardly of said outer surfaces of said

wor kpi ece. 10 51. A workpiece as set forth in claim40 wherein said hole
includes a circular shape. 52. A workpiece as set forth in claim40

wherein sai d hokg i nalyges A mdaliRoFIRB& codliRfg: 53. A workpi ece as set
forth in claim40 wherein said hole includes an “oval shape.
5 at least one hole extending through generally opposing outer surfaces of said
hard, non-metallic workpiece, wherein said hole is defined by an inner surface of
said workpiece ablated by opposing laser beams forming a smooth inlet edge and an

irregular pattern on said inner surface positioned inwardly of said outer surfaces of

said workpiece.
10

51. A workpiece as set forth in claim 40 wherein said hole includes a

circular shape.

52. A workpiece as set forth in claim 40 wherein said hole includes a

15  polygonal shape.

53. A workpiece as set forth in claim 40 wherein said hole includes an

oval shape.



