WD 01/ 038039 PCT/ US00/ 32076 METHOD AND APPARATUS FOR SEPARATI NG

NON- METALLI C MATERI ALS Rel ated Application This application is based upon
prior filvedo1/esspendi ng provisional application Serial No.pP6OU$E/32885 filed
Novenber 24, 1999. 5 Field of the Invention This invention relates to a

met hod and apparatus for precisely separating non-netallic materials into
a plurality of smaller pieces, and nore 10 particularly, this the invention
relates to a nethod and apparatus for splitting non-netallic materials by
controlling internal forces and propagating a mcrocrack to separate a
material along a desired path. 15 Backcground of the Invention Propagating
a mcrocrack in a brittle material by using a | aser has been known for at

| east three decades by those skilled in the art. In U S. Patent No.
3,610,871 to Lum ey, the disclosure which is 20 hereby incorporated by
reference inits entirety, ceramc substrates are parted by reflecting a
focused |aser beam of f amrhODOARS a@@h&m‘u%oﬁb&atsﬁpm&&w point of the

beam i npi nges upon the | ower suyidpagads, qﬁﬁ*ﬁgﬁéﬁ%e of an extrenme edge.
After a localized 25 fracture, the substrate is displaced, relative to the

| aser beam to intercept the beambefore it is reflected fromthe mrrored
surface. The | aser beamis WO 01§g§§@§? Rg!égggg/320?6 -2 intercepted by

t he upper surface of the substr reaches its focal

point, resulting in _theThmﬁnﬂmg&ﬁ@gtimmngsd%s$edbup@ﬂ ovesrari agger area.
As d'SplaCene”&oﬁ@ﬂ&iQ&eﬁroéfgﬁéﬁ%ﬁalIzeﬂl CONTE1 821 wo. 60/167,285

filed November 24, 1999.

Field of the Invention

This invention relates to a method and
apparatus for precisely separating non-metallic
materials into a plurality of smaller pieces, and more

10 particularly, this the invention relates to a method
and apparatus for splitting non-metallic materials by
controlling internal forces and propagating a

microcrack to separate a material along a desired path.

15 Background of the Invention
Propagating a microcrack in a brittle

material by using a laser has been known for at least
three decades by those skilled in the art. In U.S.
Patent No. 3,610,871 to Lumley, the disclosure which is

20 hereby incorporated by reference in its entirety,
ceramic substrates are parted by reflecting a focused
laser beam off a mirrored surface so that the focal
point of the beam impinges upon the lower surface of
the substrate of an extreme edge. After a localized

25 fracture, the substrate is displaced, relative to the
laser beam, to intercept the beam before it is

reflected from the mirrored surface. Thé laser beam is



5 controll ably propagated. This technique has not yet becone comercially
viabl e for many applications because of slow process speeds, conplicated
| aser node®) 01@3sY39 under st andi ng of | aser scribing nechanigmgysoanshsi me 10
consum ng, archaic two-step processes (e.g. scribe and break), which
generate particulate and m crocracks, tby_s counteracting a primry
advant age of | aser separation. To overcone these and ot her known 15
di sadvant ages,; fiast.. Jiel4 ey rd pifg,. sifgl Shep ration, and
efficient use o acﬁg\ﬁ ce%BJhat %zﬁ{psﬁp% e yete powe'rkfeul are desirable.
Summary of t hédimrenttihen 2@n trdaschaferigforiecad glyjiedt, ofe b jpresiant
i nvention to pravi a WS .t hat arat.e -metallic
materi al s thrgclﬁl(g%h b%%ghle;g{% ntb?e(r)%gggﬁ gsit%:)l;b}atﬁb%r? Voe'fsleél~1d rrlla%:lr ec$g‘%:%<é5§nd
preci se splitAs ng.spdBcErengr eseritinuasgnttiien licscaddwamt adgeousiandis | ncl udes
features that enahl e.fast process .speeds, full separation, increased
accuracy, hi grﬁoy}%crgﬁtlra(%ilye%rotcpnaeqran%ﬁ%ﬁgradi ents, inproved edge quality,
effective crosscuttingThieducedredge éfdfecis, y@tsimpldarfd ed 30 design, and
i ncreased fl exibi Ieit / elgd rve%:f?éted L£ost . The pr.es nt 'Sn ent | on, ios
advant ageous aitd Brdviraes d ettho aﬁ@rﬁ’pﬁféﬁfﬁ S S HT 5395 Hon-
met al | i ¢ substglatwe prowels saspeiddsGorcap lderaardde lasemarvddan tdawy: exanpl e,
and conprises the steps,.of 35 initiating,a mcrocrack within g .substrate
and scr i bing WBUGTFOIE04G9PEY USTTSS5Te Y (e st Ht ¢ (HIE | aser
beam at a lJeatcaffadhned zodhaitdhatwdrast freerddmarided «ant.0 ddre subsia at e by
t he | aser be%m he 'Cr%crack isc guenched .at a guenchi ng regi on

reak), which generate particulate and microcracks,

thus counteracting a primary advantage of laser

separation.

To overcome these and other known
15 disadvantages, fast, reliable laser scribing, single
step separation, and efficient use of a device that is

simple yet powerful are desirable.

Summary of the Invention

20 It ié therefore an object of the present
invention to provide a method and apparatus that
separates non-metallic materials through highly
controlled propagation of a microcrack and precise
splitting.

25 The present invention is advantageous and
includes features that enable fast process speeds, full
separation, increased accuracy, highly controlled
thermal gradients, improved edge quality, effective
crosscutting, reduced edge effects, a simplified

30 design, and increased flexibility and reduced cost.

The present invention is advantageous and
provides a method and apparatus for splitting non-
metallic substrates such as silicon or ceramic as
non-limiting example, and comprises the steps of

35 initiating a microcrack within a substrate and scribing



that is contained within the heat affected zone by 5 passing fluid froma
quenchi ng nozzle onto the substrate. A force is applied onto the substrate
at a | ocetoarséshi nd the quenching region to break the sdrtsvasm7ehil e
mai ntai ning residual forces below a critical breaking force in front of

t he quenching 10 region. The m crocrack can be initiated wwth a nechani cal
initiator. In one aspect of the present invention, the |aser beamis

directed arou h i 07z L&, ALLrors.a i M Eh 15
guenchi ng nozgﬁgé %ﬂ%g?EEF ?ﬁ%ﬁ %sigiéﬁeﬁg?ﬁoﬁﬁt eﬁé%ﬁeﬁﬁﬁgﬁg@%oiéPg can
be a liquid anthat pas. beervatmpmrtednoatsothe drnhahréheodoghthbelaszzle to

renove any residual liqujid a trol W, , The rature .of the
substrate can %gﬂrevg%gg$?%l§8%$§gr%%n%ggﬁﬁﬁ%graEOngégggﬁégéib?ﬁé?nsuch
as passing | asehati ght cohtaiughd wihehofi ehéhbead &afeteddorodefbactive

optical |en el enent. .1 n.yet _anot her aspect of the prese i nvention, the
cObstrate 12 serrpenouf td Frdlrt EiaRoBEss, Boante PufTalha cracki ng
devi ce. The quenichtngtaozzhefosce ntegapblietihohhe theegulatedatsaski ag

device. | th t,of th t i tion, t i nt ted
Cr acki ng dov) Lo P Ret DReRo B ROUST G ME R LRE “GHSHENT Ao FB25) B Tount ed on

t he housing. Qotibssrate 3Riféthethwaibingt heshausingofessriesebwi ag and
directing the |aser Pean1onto t he substrgte. In ope aspect. of the present
nvention, {heSBPEICali REFRREAG HTFrr LAntr OBF ngf o BF cHERSTLRS ftt od

w thin theihouséfigonThe single elenment |ens can conprise a double
asymmetric 35 cylinder |ens elenent.,V[)01é038039,PCT/USOOA32076 -4 Brief
Description of the Eramﬁ%@% microcrack can be initiated with a

mechanical initiator. 1In one aspect of the present
invention, the laser beam is directed around the
guenching nozzle via mirrors associated with the
15 quenching nozzle. The fluid that is passed from the
gquenching nozzle can be a liquid and/or gas. A vacuum
can also be drawn through the nozzle to remove any
residual liquid and control gas flow. The temperature
of the substrate can be elevated in a programmed manner
20 Dbefore scribing, such as passing laser light through
one of either a faceted or difractive optical lens
element.
In yet another aspect of the present
invention, the substrate is scribed with a laser beam
25 wvia an integrated cracking device. The guenching
nozzle is integral with the integrated cracking device.
In yet another aspect of the present invention, the
integrated cracking device includes a housing with the
quenching nozzle mounted on the housing. Optics are
30 fitted within the housing for receiving and directing
the laser beam onto the substrate. In one aspect of
the present invention, the optics include a mirror and
single element lens fitted within the housing. The
single element lens can comprise a double asymmetric

35 cylinder lens element.



O her objects, features and advantages of the present invention wll
becone apparent fromthe detailed description of the invention which

foll ows, WwoMiens@onsi dered in |ight of the acconpanyi ng dregwiin®s/32076 Whi ch:
FIG 1 is an enlarged drawing of the substrate showi ng the various stages

of the splitting or |aser separation process with mcrocrack initiation,
10 accel eration, scribing and quenching, followed by breaking. FIG 2 is

an isonmetric draw ng of t#Eief‘%?%@H@ iBE %El gééiﬁ'gaﬂi)ﬁ" get allic
substrates of the prese : T arged fragnentary
sectional drawi ng of tlteHatt edrigtcd,criackiung sdenrid e dfartiteye prodsarite

invention. FIG 3B is .an enl.arged fragnentary draw.ng of the |aser
scri bi ng acceP&FEEon l&’é’\ﬁnrc]c 06? g %%&Dé[}?t J%We%'ﬁod?‘l.tffl G 4 is an
enl arged fragrentanedidkw ofigthen ddublhe asymeretidre whyildideslleens el enent

that is caontained within the integrate racki ng devi ce of  the resent
vent s on. D5 HEEG. BAIIRIThEE Tl Do TS el B F ¢he
doubl e asynmetimi grayWH:nder | ens el enent of the present invention. FIGS. 6A
through 6C illustrate a _truncated beam confjguration showi ng a side view
(FIG 6A), top 30 view! -Gl 6B 2aftidrdedV iR AGoHed f the quenching
nozzl e and shewpRg dhe usRBha@dHstallioudndtes H Ge 7?1&&&%@ 7D show
the use of the inflatable channel bladder that can be used with the 35
present i nventfor29%6 CHTIFOIPTPEHGSHS/ 33¢ppmicrocrack initiation,

10 acceleration, scribing and quenching, followed by
breaking.

FIG. 2 is an iscmetric drawing of the
apparatus for splitting non-metallic substrates of the
present invention.

15 FIG. 3A is an enlarged fragmentary sectional
drawing of the integrated cracking device of the
present invention.

FIG. 3B is an enlarged fragmentary drawing of
the laser scribing acceleration device of the present

20 invention.

FIG. 4 is an enlarged fragmentary view of the
double asymmetric cylinder lens element that is
contained within the integrated cracking device of the
present invention.

25 FIG. 5 illustrates laser beam profiles
developed by the double asymmetric cylinder lens
element of the present invention.

FIGS. 6A through 6C illustrate a truncated
beam configuration showing a side view (FIG. 6R), top

30 view (FIG. 6B), and side view (FIG. 6C) of the
guenching nozzle and showing the use of adjustable
mirrors.

FIGS. 7A through 7D show the use of the
inflatable channel bladder that can be used with the

35 present invention.



-5 FIG 8 shows the leading and trailing edge of a substrate and show ng
speed and beam control relative to the cut |ine and how edge effects are

control |l edo f1loG8039 i1l ustrates possi ble operational nodes pca/@dnd32076
configurations with various nodes as illustrated. FIG 10 is a copy of a
phot ograph illustrating the operation of_%be invention. Detailed

Description of the Preferred Enbodi nents 10 The presen

be described nore f”"ny5¥‘%:§§55% g%éhl%$5fﬁiﬂgﬁat9rgbfiﬁ
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level and jghen rapidly guenchedto breakeids wol pocb@rodondseriddys fornms
a "blind crack” in the material. In the second nmechanism the
t hr ee- di mensi oha¥e sfirkks/areiraB5e i el red BT OHEhi PO WikRin the nateri al

is anal yzed. accompanying drawings, in which preferred embodiments

of the invention are shown. This invention may,

however, be embodied in many different forms and should

15 not be construed as limited to the embodiments set

forth herein. Rather, these embodiments are provided

so that this disclosure will be thorough and complete,

and will fully convey the scope of the invention to

those skilled in the art. Like numbers refer to like

20 elements throughout.

For purposes of description, there follows a

detailed explanation of some of the problems

encountered with existing systems, the drawbacks

assoclated with these systems, and a discussion of the

25 basic prior art technology.

There are two primary mechanisms used in

designing a system for separating non-metallic

materials: (1) the thermal and (2) stress/strain

mechanisms. In the thermal mechanism, any brittle

30 material exceeds its critical thermal shock temperature

when its temperature is elevated to a desired level and

then rapidly dquenched to break its molecular bonds.

This forms a "blind crack" in the material.

In the

second mechanism, the three-dimensional stress/strain

35 field relationship within the material is analyzed.



WO 01/ 038039 PCT/ US00/ 32076 -6 This field relationship varies because of
internal thermal variations, external forces, internal forces, and the

varyi ng ed@enimiksangt h of the material. One aspect of thi dy@oB20O8
mat ches optinumthermal 5 conditions for consistent and controll able

thermal cracking (e.g. "laser scribing")_aytl1 optinmum stress/strain field
conditions to separate fully a non-netallic material in a prescribed,

control led magnec ¢10,%0,81909gaLE: ANy, CLOGLAGK LNEQUGN B Kttt e

material, the system nust exceed t critical ermal  shock tenperature
(OTcr) or poi ntharmahi chriheionsl eevtarnbondercast henhatrsrilafobreak to form

a blind crack M&FP@Q %Q?yﬁﬂéeébé%-sIPéﬁgkﬁ BQrgﬂé'%a% r@GgONMPhY shed by
heating the material to a given enperature and quenching the materi al
usi ng a cool anaspstteam tbiexteednthencmatcbak theimah Sheckaienperature

(ilter). Fog somesmrigriabs, ATGL;Le pinimml cand. 20, LLLI gngpenching is
requi red to propagate successfulTy "a m crocrack. "I'n these Fnstances, a
cool ing gas al oneckisgcheag. Helasayr sanibéng8édwioh gpemmhmng. For ot her

material s, especiall hose with | ow thermal expansion, coefficients, a
mah orad ent TSESERLFF BRI of bhedenBa  EPE SROCTRACAts BaL iater m xure
is required fononehéeslive gaeachahginla phesceabed, t hentabehédheat

rel eased fromthe evaporation of the liquid is conbined wth convective

and conductive™#8at transfer, and serves to quench the nmaterial in a nore
efficient B0 manner, therebyrexsgedengntheierbtireak theouah &uptutele

emperature. Even vt opimzed quenchi 0g. QUeyer,.; ROREr AOLLLR
shock temperature (ATcr) or point at which the
molecular bonds in the material break to form a blind
crack within the material. This is normally
15 accomplished by heating the material to a given
temperature and quenching the material using a coolant
stream to exceed the critical thermal shock temperature
(Atcr) .
For some materials, ATcr is minimal and
20 1little gquenching is required to propagate successfully
a microcrack. 1In these instances, a cooling gas alocne,
such as Helium, can be used for guenching. For other
materials, especially those with low thermal expansion
coefficients, a high gradient is required to exceed
25 ATcr, and thus, a gas/water mixture is required for
effective guenching. In this case, the latent heat
released from the evaporation of the liquid is combined
with convective and conductive heat transfer, and
serves to quench the material in a more efficient
30 manner, thereby exceeding the critical thermal rupture
temperature.
Even with optimized quenching, however,
proper initial boundary conditions are required to
successfully achieve laser scribing. The temperature

35 of the material should be elevated to give the



successfully achieve | aser scribing. The tenperature 35 of the material
shoul d be elevated to give the WO 01/038039 PCT/ US00/ 32076 -7 quenching

"room' towexamashsbhe critical thermal rupture tenperaturect@doenzorthe
process w ndow between the m ninmumtenperature and the maxi mum

tenperature, e.g., the softening tenperature for glass, is very small. 5
This requires precise control of the heat affected zone as shown in FIG

1, i"UStrati“%MERSh@kgrOQEéﬁk.t%“%&%%%hoghgnc%ﬁ%ﬁ%%Hr%%%rﬁmltQ% Qg%%king
regi on, quenchi'ng regron, scrib€ beam and accelerati on beans, Bn ener gy,
Q n and Qout, fempeespecti.veOgteinhe theamrd@eand vgnekehibegweEnadhei onal

scri bing operati.gns typical required.a co break step after an
DL ohe o Rt REfBE Y b BIULE G 8 RERIRAOLERE TS S5 St Paditi onal
mechani cal net hadssbbtendnpl eempgroher:s fbreghasa, besdiveg ymemeatl . was

inparted (such_as by the use of .a "quillotine" breaker). f orce was

wopi 1 ed 1o Scombisr bePRerSanRFaFiaR SPNEHE indEerng STGNg SERE T Ce P DRd
area. The anouat ehofvar ¢e Fe&gui neditlduetfractngf thke sepawvatizank is ternmed the
Critical BreakingtFogce 20 (Fcbh @hen sgri%hng thin material (e.g. less
than 0.5m), tA&CFBSFA0ar"t BnSPE F6rEes i i EhBERErdCar©9¢CBar ate t he

gl ass. For thiekenchnaherirabiohowevedpet beamr esddaket ersitlienf peaes,

resul ting fron1t$e | aser écribigg ogﬁration are usually~no§ sufficient to
25 separate fuPP§ ERETRYL ePiBI 370 95t her TOAsEESPEREL VEeRSTEOSF BFEBs are
excessi vel yol ange gndnontagial separates in an uncontrol | abl e manner,

nmovi ng well ahead of the enching regi,on. The break is not straight
because t her nal gradientgrggﬁFFBPagyﬁﬁgPPF8936p§EB£FQPFoﬁyﬁﬁﬁéﬁﬂﬁs. Sone

prior art desigagutised dugkcopar akbelk beapsavtthodh guenchiingeas ar

separation blind crack was formed in the material. Using
traditional mechanical methods for completing the

15 break, a bending moment was imparted (such as by the
use of a "guillotine" breaker). A force was applied to
complete the separation of the material along the
scribed area. The amount of force required to effect
full separation is termed the Critical Breaking Force

20 (Fcb). When scribing thin material (e.g. less than
0.5mm), the residual tensile forces in the material
separate the glass. For thicker material, however, the
residual tensile forces resulting from the laser
scribing operation are usually not sufficient to

25 separate fully the material. In other cases, the
tensile forces are excessively lardge and material
separates in an uncontrollable manner, moving well
ahead of the guenching region. The break is not
straight because thermal gradients control symmetric

30 separation dynamics. Some prior art designs used dual
parallel beams without quenching as a separation
mechanism. These designs, however, had asymmetries and
caused irregular cuts. The present invention, on the
other hand, separates a substrate in a controlled

35 manner by applying a large enough force (Fcb) at an



mechani sm These desi gns, however, had asymetries and caused irregular
cuts. The present invention, on the other hand, separates a substrate in a
cont rol | evo3G/oagmmer by applying a | arge enough force (FclPCTArS0aM20M

01/ 038039 PCT/ US00/ 32076 -8 appropriate |ocation behind the quenching
region, while keeping the residual forceg_below the critical breaking
force (Fcb) in front of the quenching region as shown diagrammatically in

FIG 1. 5 The ﬁﬁb%p?ﬂgt@xi&c%%ﬁ HBn any ghgegueﬁeﬁ§ﬁ?akeb§oﬁn L/ARQEt ant
consi deration en separating a substrate iIn controfl ed”manner. The edge

of a substratéeﬁﬁlﬂﬁchh&eék%¢d@hhnfpr§ebuleQUrth@n@lhﬁkﬁﬁé braekiaveri al
suscepti bl e tofHPEQ”RFBE&eﬁncf§8§tn8faﬁﬁsr FntALh gt herogl,,ghock.

d
Al so, any mcrocracks ca resent in tha naterlg ng as created by
edge gr|nd|ngdbagOaMQatneahhﬁlcalF@@océsses The nlcrocracks must be

consi dered. . The materi al ﬁgggn@{ o ,Lends tgrgggti%2$§ggﬁiggg ot her

portions because the 15 edge serves as a oun ary conductive and
convective heamateamslelsre@ibmgorﬁhetpceeemderahﬂentWbanasd§aratmugrconlng

edge effects, ucth%r et5H5|on§ @ %rﬁgl hénltlghaglcrocrack IS
required to propaga e a nlcrocrac rou eria ny- materials

al ready have nsubstratk31@0mm¢momedkaronganthEBrbeﬂge§oasloBsumakmhg

previ ous nmanufacturipng .processes has been fou sirab

ovever . to i BEFonnEeraEh T ee R Rkt B OB P B Pe Ranrer CRT e 3558 ven

| ocation than iotrediycongresedual ﬂhncbcraAKSO, &dgent ceat meokst eghbeques,
thus it .is more difficu to initiate a

M oror ack ol BhEe EHEsEn EIP tIBEET b LeaBbert At ChRVESDekh SBi neer od to
wi t hstand crac&rihgdidfeopresiesat mechanical processes. The

microcracks must be considered. The material edge also
tends to heat faster than other portions because the

15 edge serves as a boundary between conductive and
convective heat transfer regions. The present
invention aids in overcoming edge effects, such as
intrusions and extrusions.

An initial microcrack is required to

20 propagate a microcrack through a material. Many
materials already have microcracks positioned along
their edges as result of previous manufacturing
processes. It has been found more desirable, however,
to introduce a microcrack in a controlled manner at a

25 given location than to rely on residual microcracks.
Edge treatment techniques, however, have improved, and
thus it is more difficult to initiate a microcrack
along these new types of edges that have been
engineered to withstand cracking. The present

30 1invention aids in reliable scribe initiation along
these better engineered edges.

Once a substrate has been fully separated in

one direction, making cuts in a second direction
(usually 90 degrees) becomes more challenging. One

35 prior art method for breaking a substrate in the new



30 invention aids in reliable scribe initiation along these better

engi neered edges. Once a substrate has been fully separated in one

di recti onwg@kisigocuts in a second direction (usually 90 pdgarseesiosbecones
nore chall enging. One 35 prior art nethod for breaking a substrate in the
new WO 01/038039 PCT/ US00/32076 -9 direction is disclosed in U S. Patent
No. 5,826,772 to Ariglio et al., the disclosure which is hereby

| ncor por at ed by JRhAIENCE; Idhdd sl ILYs | IO IN & @e o laser (s
noved across a surtface to formtwo 5 vent cracks on respective sides. A
bendi ng novenmdmiglsio aygpldled unterdidwlamnte orlackis 19 eeelky t he sheet. The

t d t | I at i . ; ; ti |
Syet om r oqui 1 60T e 06 XY LR (o hal r A (D) A her B K opt and

(2) a nmechanistalalbreakilapst ejs Mhisd tapeof sysieMmdis tedmonltywased when

t he substrate thi.ckness is._gr er..than .0,5 mm_, and the residual, tensile
forces in tac%e \}esnu S rr‘—"actskeS acfrg Iﬁeg%p es“’ui_fjfvlveciseln 30 spég%er% ©'q hnéovsel%esrftr ate. 15

Anot her converddpdnald sysieemusesventdediudts thy dakedleartss aisaedd | y Tyreeat er
than 8 mm causi thermal _.shock on, t he rinmeter of an intended cut. This
S BR8P RS T s Sl A

weakens the gl%¥ss dhcont? "~ Somet i mes
separation octursdsrdiian a [imted 20 path wi dth because el ectroni c devices

or coatings/layers are Ot)osi tioned .on a@l t her_side of, the cut . Laser beam
delivery systens that régii r MitiPIE Sptitdt HEhEtS WSS SH%Br ittt e
flexibility 2dak thei madestiigns: Tese mddigd estopti cald el®nment s absorb or

eflect a sl guiflcant. amunt, of, the L asery, pover, € 8., 5P, e ement for

commonly used when the substrate thickness is greater
than 0.5 mm, and the residual tensile forces in the
substrate are not sufficient to separate the substrate.

15 Another conventional system uses wide dual
break beams, usually greater than 8 mm, causing thermal
shock on the perimeter of an intended cut. This
weakens the glass and/or uncontrollably cracks the
glass. Sometimes separation occurs within a limited

20 path width because electronic devices or
coatings/layers are positioned on either side of the
cut.

Laser beam delivery systems that require

multiple optical elements also offer little flexibility

25 in their designs. These multiple optical elements
absorb or reflect a significant amount of the laser
power, e.g., 5% per element for AR coated ZnSe
elements, resulting in a loss of more than 36%, if a
six element system is used. Additionally, complex

30 optical systems are massive, difficult to move, require
precise alignment, and calibration, which can easily be
jarred out of place. Finally, the critical distances
commonly existing between the quenching nozzle, the
scribe beam, the break beams, and scribe initiation are

35 difficult to adjust and are inherently unstable.



el ements, resulting in a loss of nore than 36% if a six elenent systemis
used. Additionally, conplex 30 optical systens are nmassive, difficult to
nove, reqwiar@/o3gmBeci se alignnment, and cal i bration, which caT/esasiBiogebe
jarred out of place. Finally, the critical distances comonly existing
between the quenching nozzle, the scribe , heam the break beans, and scribe
initiation are 35 difficult to adjust and are inherently unstabl e. WO
017038039 PCT/ US00/ 3207@%an§0c$@9¥n€981\{§ﬂtéf@%m§Y§t~§Hﬁp§&‘Egﬁm| i sh

uni directional cutting only because of th arge nmss f a beam delivery
system and thenjdbepenbeml contEbng @mlhobe@wsyes@fubbeu hRtPatneas but

al so the quenchin 0 ar e t uring
syst ens, theregjlfsgr%éoanr? &éif\?e?? oié%#gse?ﬁ {T@Q §nd%§cﬁ?%§t”¢§fg%g§%re

mul ti pl e headsof haet omlkélmlrl]@ﬁemstyatm@avl@umarbsqv nthemguéachingng are
not possi bl §g%éé%o§£mfﬂl %léﬁ{éﬁi‘?ém require alnost tw ce the
convention equr pnent oot print becausé of the inherent inefficiencies
resul ting from novi ng thel worikpieerulindenrand asest&meam thenst eadrodmnovi ng
the | aser rel e The nce b n-the scribe and
break 15 bea?r%sél S I§PX< ﬂ-? e 5@!_» lg%?%rgart[h#e@f%ens S{Fllﬁgfﬁgérg’oot print of a
machine is |i mnmb@pbe ahéadﬁt’reha\t deat sinudtamgowsthi ne Shexi bihmetinwhen
changi ng from eri anot he rial., A's e relatjve beam
power between rﬁ%e ST l%m‘% ea(l)<t éqémbf regu?%?e]gizéﬁgby Pohy3rcal Iy
changi ng al beasysipdmng tmquradqalm@stlgtmcéatcmemxedzmmmnall\he@uimagta beam

splitter, the fég’éatirYte O\Aéetgse a functlon é)r]; the f i’itlng on t he beam
splitter and is di FICultTTo rep?od 186% ght i bRt Tt RbZIF R %Iesigns | ead

to inconsi st eMeémmmganﬁrdmaWWBSgMerw@rkpﬂém hhdgen dar esselticb@imt he
wor kpi ece. instead of moving the laser relative to the workpiece.
The distance between the scribe and break

15 beams is fixed in many prior art designs and the
footprint of a machine is limited to a finite width,
limiting machine flexibility when changing from one
material to another material. Also, the relative beam
power between the scribe and break beams is regulated

20 by physically changing a beam splitter or adjusting a
faceted element. When using a beam splitter, the
relative power is a function of the coating on the beam

splitter and is difficult to reproduce. Conventional

nozzle designs lead to inconsistent flows and leave

\S]
[8)]

water or other liquid residue on the workpiece.
Referring now to the drawings, and more
particularly FIG. 2, the major components of the
present invention form a full material separation laser
system, and is illustrated generally at 20. The system
30 includes single or multiple laser sources and
associated options, forming an optical system,
indicated generally at 21. 1In the illustrated
embodiment, the optical system 21 includes two lasers
22, 24, which are supported on a machine frame 26. A

35 motion system 28 includes a support table 28a that



Referring now to the drawi ngs, and nore particularly FIG 2, the mgjor
conponents of the present invention forma full material separation |aser

system awé jgimsgdshustrated generally at 20. The system 3@pdmgovdasssi ngle
or multiple laser sources and associated options, formng an optical
system indicated generally at 21. In the illustrated enbodinent, the
optical system 21 includes two |asers 22, 124 whi ch are supported on a

machi ne frane 26. A 35 tio sten128 Iudes upport able 28a t hat
0B 01/ 036095 Pev TRseTs og e A AR (S e P R BE S o bB

mechani sm 28b adge s MOWE Swd Figp VWoE &K Pt €TLL 1 €4 at@V@héoOptlﬂc@ptspgterayslem 21
formed by the |asers 22, 24. The lasers formtwo (0 nore) beam paths. The

systen1|ncIude%O%mﬁ¢h@bg?%@e%ﬁ%e%$g%?gr%ﬂren?h@rbékﬁﬁﬁ Heynceve| €F 30, a
| aser scribe r@ff@ %@ém%@\%ﬂ c stﬁétg‘:% 11@99 geSupp! fﬁ”@@%ﬁ%tegreak' ng

devi ce 34. The Taser source, mhe e or tmo asers, sen based on
the materi al tlhide @E@@x@mfeobra'melnqodémseeﬁ SI)@EbeBQhoalll;laber@qimbent

reliable, and have, an out h an abso on coef ficient
T ose” To 10008 omr Eo T e B PR 40 AR DR PRl S F iRl 1V ot the
surface of thaoﬁ@@ﬁim@ldéﬁu@@ 3separated. For exanple, when scribing glass,

a C02 15 |l aser source wth an out put frequencg of 10.6 mcrons 1is
desirabl e. Wien scribi ngt® 1130 OVES| aseethapuree oF t Bwvanl daepoit

frequency of 1 Q6c}%§é19r!§a§éd|@r§sthésma§i€éfiélp|@o Jdbesdases shoul ghoperate
in the TEMbO nDde t hus provid a beamprofile that is 20 predom nately

guassi an i¥0 shlamerwomr% r@h@ﬁql ¢ apbf L esert . uRet bl eol ARdERRES 0/ put
shoul d be achi gyed,suchycihatct hei {Rsex Q@@Hfﬁfﬁ?&h'@o@?ﬁcf@ﬂt appsegi ably

change from one 0|nt to another. It is also advisable
to 100%, allowing laser radiation to be abSOlbed
primarily at the surface of the material to be
separated. For example, when scribing glass, a CO,

15 laser source with an output frequency of 10.6 microns
is desirable. When scribing silicon, a YAG laser
source with an output frequency of 1.06 microns or less
is desirable. The laser should operate in the TEM®
mode, thus providing a beam profile that is

20 predominately guassian in shape. If flying optics are
used, uniform collimated output should be achieved such
that the laser beam profile does not appreciably change
from one point to another. It is also advisable to
provide enough space between the output of the laser

25 and the flying optics, allowing the laser beam time to
transition in "far field" conditions.

The selection of the laser output frequency
does not necessarily have to correspond with maximum
absorption efficiency at the LSAD 32 beam path. It may

30 be desirable to select a laser frequency significantly
less than 100% to allow for heating throughout the body
of the material. This serves to heat efficiently the
bulk of the material in the region of interest, while

limiting tensile forces and radiative heat loss at the



provi de enough space between the output of the laser 25 and the flying
optics, allowing the |laser beamtinme to transition in "far field"

condi ti ongo ohluessel ecti on of the |aser output frequency degsude0B2076
necessarily have to correspond with maxi num absorption efficiency at the

LSAD 32 beam path. It nmay 30 be desirable to select a |aser frequency
significantly less than 100%to allow for® heating throughout the body of

the material . Jois.serves.to hegb eLiiclenbly Lhe (Bulkpot. Lhe maierial in
the region of Tnterest, ire mtrng’ tensilé forces and radi atve heat
| oss at the WLl DB803OnPCTAUSDOA3ROFBioudRysuehadeneht is inportant,

however, to achi eve the fgne mgokggggtlgff%rlte£lgagreV|ouslg?nentloned. I n

some cases, different(IasersPrequenC|és can” be nlxearmfgﬁﬁﬁ He“2ame

regi on or beamspobe kbredSwekampl eheastmseregnynberubedmt eppt eherbra
material at_a freﬂﬁfncy ed. The mater t hen be

tPat RS higgly aba0£b N %al.cin
subsequent |y heat®aihy a 1as&F BRYAPPfBrFng Of PeGlerty =t RarSibaf d®hofmal Iy
not be highly absgubedybyhathesmatehial abdbiseds poasi hbhecbeéadusenof
i ncreased 10 tenperature dependent absorptjon or free carrier . absorption.
The motion syst® 2%6u§%§333889§3¥e$e%%e$oéyc%ni?ﬁ?rtﬂg ﬂﬁégﬁﬁh?gof t he
wor kpi ece Wrefaéiventp thet lases notpallyGretppeshbbilgonbselbset bod
generates 15 control signals fromthe conputer to nove the morkgigce in

b PRl gbe

the x, y, and €'GiTREETOAS - whi 'eShof dPRg S opEraysesPat i-BhAF

Conversel y10a vohkpreeereanepeaent shadbipnasy, owhicl-eet Berepéical system
carrying the laser is noved in all directions. A hybrid approach allows 20

both the optic%?S%QEEéﬂ?and the workpiece to be noved in linmited
directions. By rotating the pptieal ssystmnesl8f-degr eespubkdi sgcthonal

cutting is possible. A

control the movement of the workpiece W relative to the
laser output. One possible control method generates

15 control signals from the computer to move the workpiece
in the x, y, and © directions while holding the optics
stationary. Conversely, a workpiece can remain
stationary, while the optical system carrying the laser
is moved in all directions. A hybrid approach allows

20 both the optical system and the workpiece to be moved
in limited directions. By rotating the optical system
180 degrees, bidirectional cutting is possible. A
multiple ICD array formed from ganged or operatively
connected ICD 30 units could increase production. A

25 multiple ICD 30 can be moved into the beam path at an
appropriate time. It is also possibkble to cut on both
the top and bottom side of the material by placing the
workpiece on a process table with slots underneath any
desired cuts. The process table can also facilitate

30 breaking when a roller breaking device is placed
underneath the workpiece.

FIG. 3A illustrates the integrated high

gradient cracking device 30 of the present invention.

An integrated optical path 40 is formed by mirror (MI)
35 41, which receives the laser beam. The ICD 30 also



multiple ICD array forned from ganged or operatively connected |ICD 30
units could increase production. A 25 nmultiple ICD 30 can be noved into the

beam pat hwato1@asozappropriate tine. It is al so possible topgutiyyzapth the
top and bottom side of the material by placing the workpiece on a process
table wth slots underneath any desired cuts. The process table can al so
facilitate 30 breaking when a roller breaking device is placed underneath

t he wor kpi ece. . i F i rated_hi radj ckacki ng
ovi co 30 of 1HESads 1 ShERIES hOSAALSY BAPCaBLOna]] BLERL, CAEE
formed by mrrafid(Mied5rdiovabi nbchenesnmeset hesbasetebeanthThrel CD 30 al so
WO 01/ 038039 PCT/ US00/ 32076 -13 includes a quenchi ng nmechani sm 42,

optional shut t 8¢eR2RIng JASGRRR! SPenoVatl S ndeRarRPsht 4818Bs6cPEtled with the

quenchi ng nechﬁpé§fblahi§1ﬂ@whﬁﬁ hsuskfPte avHietkexhbl gesakbawhpgna user
to achieve the desired hl%h 5 thermal gradients in a material. Atriple,
refl ective 2quelRFnay #ERRAANEM {TROVAFATEAL: f obnfBiPAcpr Epétpebive

quenchi ng NoZz4gs R OhgtASCRERSEAL (TRYBNILONChS £blhUSErat gde8brFEGS. 6A,
6B and 6C, and can be used for controlled high tenperature gradients in a
substrate. 10 TheN@lyRyengdzig§ PPt PédtetPraseet| eeveveiosoker 52 (FIG 6B)

toredirect the|aserabeamarpuad, the pozzhe aRd caUsEaR BOTLien gb.the

| aser beam radiation to inp on the workpi ece near, adjacen
i ntersecting, a¢oundlled Wighi herherguenehingdisntegiona pnbshradspect of

t he presenioinvention, ?Eb ggggg&esgagkg gl@ggﬁéwkﬁﬁ?%L%gﬁzggggvgeneraIIy

at 53, isused in the for | aser scri an efficient

and flexi bl e desvgn.52A s$irngl ecB) ettentegane2d trdutesthebshmeaavdnaei ght of

the laser headtﬁg Sgégle and cause a portion of the laser beam
radiation to impinge on the workpiece near, adjacent
to, intersecting, around, or within the gquenching

15 region.

In one aspect of the present invention, a
custom, single element lens L1, shown generally at 53,
is used in the ICD 30 for laser scribing. This makes
an efficient and flexible design. A single element can

20 reduce the size and weight of the laser head by more
than 70%. In yet another aspect of the present
invention, the custom lens comprises a Double
Asymmetric Cylinder Lens Element (DACLE) 54 (FIGS. 3A
and 4), which is used in the present invention to

25 achieve a desired laser beam profile.

A microcrack initiator (MI) 60 is mounted
directly on the ICD housing 30 and, in one aspect of
the invention, is operable by a standard scribe wheel
62 that is mounted on a vertical drive, z stroke

30 mechanism 64, to create a microcrack on the edge of the
material to be separated. The MI 60 is operable after
the Laser Scribe Acceleration Device (LSAD) 32
operation to reduce any chance that the heat generated

by the LSAD will prematurely propagate a microcrack.



than 70% In yet another aspect of the present invention, the customlens
conprises a Double Asymetric Cylinder Lens Elenent (DACLE) 54 (FIGS. 3A

and 4), whigch/ozsosvised in the present invention to 25 achi eg/@sodgsi¢ed

| aser beam profile. A mcrocrack initiator (M) 60 is mounted directly on
the 1CD housing 30 and, in one aspect of the invention, is operable by a
standard scribe wheel 62 that is m)unt ed1 on a vert| cal drive, z stroke 30

mechani sm 64, C { ]ﬁggg- daterial to be
separ at ed. Theﬁ% )gﬁ%egn gDpfenrtGILEioga te rﬂ& aser Scr h%e Accel eration

Devi ce (LSAD) Bﬂcmmmﬁ@)ratlﬁasr@dtﬁmrm Thintat tdratopthecheasinegner at ed by
Lhe LSAD w11 GSEIBL ehy. BIORAGAI & Sl CLackack o VQ,00/ 030030, o

PCT/ US00/ 3207 resent i1nvention tan als
i ncor porate a dtaset Scrphuetd i tafatioh. oéiml on using ablative YAG pul ses at

the surfaceSGof t he gl ass%etarsegrrrzltrg%vm |n phogfnl ofFf%O 323? tshdé%f erring once

again to Fl t he Qckd g deV| i'ncl udés t he housing
30a forned |mm@gmﬁmtbmckmﬁ;|mrﬁemasn@1@dmltﬂué Ltlil&;sn&gtm
circular or square in cross-section. e 1CD 30 ,includes the sin e custom

optical el emento¥1a3 D §THUITRESE g‘é%etr 130 RNEPN 38 (heS FUHR of YL DACLF
54, in one a%eﬁfcif&l:{w&m'éliha@é\dlrﬁn@f@é‘éaé&tidhtl atig {0 )360,

quenchi ng nmechanism (Ql) 42, as part of nozzle 50, mirror eI enent (ML) 41,

and shutter 44inghedes rigle Biptd kel CeiERmPErds iged ¥ 15 provi de an
optimal thgy "BJO é%}@éa rge&é(}aénuf,aﬂ 53 geﬂwﬁe @@melclf Rt i Gy, e no

greater than ong 0 ‘W der than nm is also desirable for
this elenent i @xhidigect fd%ttheoplrm@mi@m rﬁlmhchlcmmemk on. This can be
achi eved in a nuf§§gté¥ E%%%s 60, guenching mechanism (Ql) 42, as part
of nozzle 50, mirror element (M1) 41, and shutter 44.
The single optical element 53 is designed to
15 provide an optimal thermal footprint that is, in
general, an elliptical beam no greater than 80 mm long
and no wider than 5 mm. It is also desirable for this
element to exhibit a flat top profile in each
direction. This can be achieved in a number of ways
20 wusing a cecllimated input beam. A diffractive optical
element can be used when the internal structure of the
lens is altered to provide a preprogrammed output
profile. Another and less expensive way is the use of
the Double Asymmetric Cylindrical Lens Element (DACLE)
25 54, as shown in greater detail in FIG. 4. The curved
"concave" surface (S1) 68 is configured to have an
optimum negative focal length to control the beam
length (1) and energy distribution in the direction of
the cut (x). The opposite curved or "convex" surface
30 (82) 70 is configured to have an optimum positive focal
length and control the beams width (w) and its energy
distribution orthogonal to the cut direction (y). The
curved surfaces are programmed to provide an output

that is optimal for cutting. An example of an optimum



20 using a collimted input beam A diffractive optical elenent can be
used when the internal structure of the lens is altered to provide a

pr epr ogr awiged oaszput  profile. Another and | ess expensi ve pgayyudos/3idie use of
t he Double Asymmetric Cylindrical Lens Elenent (DACLE) 25 54, as shown in
greater detail in FIG 4. The curved “cqgncave” surface (S1) 68 is

configured to have an optinum negative focal length to control the beam

length (1) andenangy (U shidMtiPnd @%ﬁ%ﬁ%}@@%é%fﬁdﬂs The

opposite curv convex" surface i gure 0 have an
opt i mum posi t isv@vwfigeal"x'l et i dhd icomt regld tiiee bpaass wWdtbegmw) and its
energy di str?bfl.gf'ﬂ% orthogonal to the cut direction (y). The curved
surfaces are programed to provide an output that is optinmal for cutting.
An exanpl e of an opti nurRAAD LY I038 (3% tRCHUSOI 32076 buillx pdfd Itthd s shown

in the DACLLE beam pr.ofiles of EIG 5 howi ng "x57, and ."y" vi.ews and the
guassi an b&amIPFSTiTE rﬁe‘f%cieectglovecafneﬁﬁ(r%&e’?ﬁ[é?d]afyedfﬁlﬁ/I%ptﬁqiuénthe 5
quenchi ng nozzhe h® gan ffilrd hemdrediaiy & e ORjudAMA i tyyidr ofd ks and

enabl e the quenching region to he, placed entirely within the heat affected
zone, as show?rlaicr? [FE L S g r‘pﬁ)ﬁc%% atﬁ%@e’%#r@ﬂ“%@f? Groath ent s

in the quenchiiag Fregi an, pirAGESHd1eRSIdB iy d areessdahidnd Hikg quenchi ng
region, and creates a heated zone behind the nozzle that can be used to

evapor ate any FESHIEHS gl FFERTHENIEA IR PLAFFS 9L ity to the

system by 1al | QWG A degEmd aHY apendihequenshing afd tualdsesarywhere within
t he boundary of 15 the beam spot. This can not be acconplished using

traditional néRAEA NS EHOTH &hdediontd édRlis€aThde prsst tart nozzl es
bl ock the radietipQnt @ mrdhe-c Wkl aGuiRkimg ithdidddcl t, i npis
| mpossi bl e, tCw)flexibility to the system by allowing a user to place

the quenching virtually anywhere within the boundary of

15 the beam spot. This can not be accomplished using
traditional non-reflective nozzle designs because the
prior art nozzles block the radiation form the
workpiece, making it difficult, if not impossible, to
place the gquenching within or directly in contact with

20 the beam spot. The reflective nozzle also permits an
extended beam path, which causes the energy density to
be higher than the front section of the beam, thereby
creating higher tensile forces behind the quenching
zone.

25 FIG. 6A ("x" view) illustrates the guenching
nozzle 50 of one aspect of the present invention, and
shows the adjustable mirrors 72 and reflective cover
52. The mirrors are positioned somewhat equilaterally,
although not necessary, and reflect off the mirrors to

30 form a beam spot. In accordance with the present
invention, the quenching region is contained within the
heat affected areas shown in FIGS. 6A-6C. In addition
to reflective features provided by adjustable mirrors,
the TQRD has three distinct fluid systems that provide

35 efficient guenching, as shown in FIG. 6B. In a



pl ace the quenching within or directly in contact wth 10 the beam spot.
The reflective nozzle also permts an extended beam path, which causes the

ener gy dews ¢1y3g39 be higher than the front section of thedaswisidier eby
creating higher tensile forces behind the quenching =zone. 25 FIG 6A ("x"

view) illustrates the quenching nozzle 50.0f one aspect of the present
i nvention, and shows the adjustable mrrors 72 and reflective cover 52.

The nirrors ar r9§é££éene9n§969%@%&oﬁqus'@&aﬁéalysucﬁlggowgme@otl@ecessary,
and reflect off the mrrors t6 30 forma beam spot. In accordancé with the

present inventhennetqa quénuﬁhng megdéﬁ tsbeortai aedawi tiki dirketeneat

af fected areas ﬁhomn |a coa 1a?f nIn agdltbOﬁ rt% EefH%Cta % features
provi ded by adj 5?5%Pe ntPPEFEI Y A8 ?éﬁb ﬁgs thrée -drsti'net *Pfufd syst ens
that provide 35c@uﬁlQse@bpﬂﬂéﬂCan@heaﬁuﬁh@MBstanbEbnGB78|HFQGWD

01/ 038039 PCT/ US00/ 32076, -16 preferred configuration, a liquid, such as
water, is ehaRReted BhEBLghcankiadretigpe RaJhaprggssigedpiacted through a

coaxial Iy conf hgHEed-Qut rchHHﬁeZ@ tﬁ@dliunéCHHﬁhké ape! bedtke bhe
out ernost region 78 (FI 6B) . hi s configuration, high pressure air

dynamical | y chéhﬁeﬂ%e@ﬁhlﬂgqhﬁalPBmaWHlﬂﬁetB@nVé?U§m reRev§§eneHi ng regi on,

whi l e the vacuuppignpyes:gnyqd L8s duakbhguideand centrol sahhgpakpafhow. An
optional high frequency piezo-electric transducer (not shown in 10 detail)

can be pl aced bhghhérﬁ@QQDeYtBlﬁéppe%ﬁéékleptréﬁédaﬁéﬁli@Oﬁhéh@Hﬂe#nto
| nprove q”?@¢“&89a§if'8éﬁ”ﬁ¥ 1§E§H 6k thEUﬁEEaiéstEhﬁe b%bQW‘#?S shown

in FIG 3A the optional shut I's placed between the custom | ens
el ement 53 andaﬂﬁeatQ@lmbrRb?e@étVWahQ ¢mArpecugeancbippoekféeieatvel y a

portion of thegkasegcradiakienrtg ehteetivel y,shorten
As shown in FIG. 3A, the optional shutter 44
is placed between the custom lens element 53 and the
15 workpiece W and can be used to block selectively a
portion of the laser radiation to effectively shorten
the beam spot on the workpiece. The shutter 44 can
change the beam length during the laser cutting process
and achieve a desired affect. For example, the shutter
20 can truncate a front section of the laser beam while
the laser beam is near the leading or trailing edge of
the substrate to avoid overheating the edges, as shown
in the edge effect diagram of FIG. 8.
The laser scribe acceleration device (LSAD)
25 32 (FIG. 3B) elevates the temperature of the workpiece
in a programmed manner, allowing increased process
speeds. This device 32 is positioned a finite distance
in front of the ICD and helps establish the proper
thermal boundary conditions for the scribe beam. Thus,
30 the ICD achieves precise microscopic thermal gradients
and practice scribing.
In one aspect of the present invention as
shown in FIG. 3B, the LSAD 32 is similar in design and
construction to the ICD. The LASD 32 includes a



t he beam spot on the workpiece. The shutter 44 can change the beam | ength
during the |l aser cutting process and achieve a desired affect. For
exanpl e, Wo1ghsmBver 20 can truncate a front section of trETE®eB200eam
while the |aser beamis near the leading or trailing edge of the
substrate to avoid overheating the edges,;@as shown in the edge effect
diagramof FIG 8. The | aser scribe acceleration device (LSAD) 15 32 (FIG

3B) el evates theukenpess] unerobrtine ¥Or KRhacsinkNea1BLOJERBREH MBEANET,
al lowi ng i ncreased pfocess speeds. This device 32 is positioned a finite

distance in fioperpprehed| OXand hehpsiest dbvish BRewhioper int hernal
boundary conditions for the scribe beam achlev S precise
m croscopi c th%?n%?c %leﬁtghe hauﬁ}ggt|§§ zEnglﬁg? Iﬁ¥%ﬁe égﬁ €t of the
present Inventl@ﬂqaéleﬁ@ﬂmneanc£ﬁtbe3§,fhb@té&wénéaehﬁ sknyk afrbkBrdesi gn
and construction to the ICD. The LASD 32 includes a WO 01/038039

PCT/ US00/ 329765 1e9nhousPnglBoLe nd PREr CRRME2r angcsingl ef| BRaMeFBREAt 84

i ncorporated ig4Q @enegealagp@ﬁaiﬁ§ 88 WhEChpphRch¥ifn, | AnSEQYERHaLR the
housing 80 (FIG. 3B). The single Tens el enen? 84 can be a faceted el enent

or diffractivecb epengnd. SArs¢ngPe POAR BRARPOLSatBeki BBeorebehiispots can

be used depend)pgePNotheaapplisat iQA- LANAYYEPLATE, QFoWShBIra, SEri es of
beam spots is that the relative power of gach spot can be adjusted to

provi de for a 9§rddadl inpeeeaselnnthfehfehinggosreepeyyyddensiyyodf 10 the
material. {@ a@ﬁéthQBelY§i'°U§n|§é§£tM@M3|€QQEB§s fggepewg§@9eﬁ§th§"0r the

heating in the z direction of the material. Mdeling and experfnentation
can det er ni neCapt PAURSESAES pha hher efFle Wﬁétsnﬁs#ﬂatbeb?edklﬁgtﬂ90|@é 34

permits full Q5 sppALatien OfioSUPShEaLAS, o ¥SEPGnanY2E | 8hY 0k

determine optimum LSAD parameters.
The substrate breaking device 34 permits full

15 separation of substrates, using a variety of
technigues, including: (1) chilling the bottom surface
of the substrate; (Z) heating the top of the substrate
using a stream of hot air, dual laser beams, a single
laser beam, or a single laser beam operating in the

20 TEM20 mode; (3) mechanically stressing the substrate in
the desired manner utilizing innovative features built
into a process table; (4) an inverse roller breaking
device to create the desired compressive/tensile forces
in the substrate; and (5) Shear forcelseparation

25 techniques for laminated glass to eliminate or reduce
microcracks.

Selectively chilling the bottom surface of
the substrate or providing a heat sink directly
underneath the intended cut introduces compressive

30 forces to aid in full separation. This can be combined
with other techniques. Introducing heat at the surface
of the substrate creates tensile forces on the
substrate surface that facilitate full separation.

Placing an expandable tube 88 in a channel of the



techni ques, including: (1) chilling the bottomsurface of the substrate;
(2) heating the top of the substrate wusing a streamof hot air, dual |aser
beans, a wiongloasosh aser beam or a single |aser beam oper atAaTguson3tdie 20
TEMR2O node; (3) mechanically stressing the substrate in the desired manner
utilizing innovative features built into,a process table; (4) an inverse
roller breaking device to create the desired conpressive/tensile forces

in the substratgspard £5)1Shear 19 cousepasati oas 25nbeshoh apes. fof
| am nated glass to elimnate or reduce m crocr acks. SelectlveI¥ ch|II|ng
¢

the bottom surfagEeafest ke stipatihe ef OFCPF oV dF Ay aUABRFaEE nkUH eetly

under neat h therh@tfﬁﬂﬁgtnge'BuEQd@&&Sbé0@@§§§§h%80§91§0&@?§aﬁéﬁatg in ful
separation. This can be conbined wth other tec ues. | ntroducing heat

at the surfaceédruiotheesewasEheke chaakekotantisk Qéié@EthO@he Thidstrate

surface th ﬁ&éiii@é@eé%ko%%&@ﬂ n. il acihng éQneﬁQaf‘E'f‘Pé& pibe 88 in
a channel o WO 017038039 PCT/ US00/ 32076 -18 support table for the

substrate, as dhbhWednvFrer o chhtlebldessthetrehsi e ibscestormt he
substrate surfaa&]gafac%he A@éi@lﬁ?éfl ube cap be Bf%%?gi@@e@é‘ﬂé’e defl atgd to

bring the substrate back to a Yientation. faciTitates
crosscutting. ﬁmltme@ann@@lmeﬂledth@tﬁub@hrat@dathve@ ghong the

substrate at 5&t38 %%ﬁcﬁlsfgﬁ%% §€@i$a tgergé£§$o @%l@g devi ce

can be positioné ern e subs and noved cut path a
gi ven dlsthhceabé®¢Mdfuhb sepatﬁmaw@a tDhig @@fb@tbéﬂtl1éep®¢a@r@mes§h|s

works best 11 Lhe oreeess, oLatleaas. slotsiunderasath Lpe | ntended cu. s

a result, the'torce i1s aced we € SCri area, there
ensuring stralzgmunbtss tlSheécprcﬁ@rmspbmlecalE@lbdoeﬂsemdtbhesemlrm@

substrates. Theée ty@ﬁérgﬁy ensuring straightness. Shear forces can
also be used to separate substrates. These types of

15 forces are especially useful for laminated materials,
and will help minimize or reduce microcracks in the
middle layer of a laminate by eliminating the bending
moment introduced by the other techniques mentioned
above.

20 Many modifications and other embodiments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented
in the foregoing descriptions and the associlated
drawings. Therefore, it is to be understood that the

25 dnvention is not to be limited to the specific
embodiments disclosed, and that the modifications and
embodiments are intended to be included within the

scope of the dependent claims.

30



15 forces are especially useful for lamnated materials, and will help
mnimze or reduce mcrocracks in the mddle |layer of a | am nate by

el i m nat i W@ ¢1hesdzendi ng nonent introduced by the other taghmiessrs

menti oned above. 20 Many nodifications and other enbodi nents of the
invention will cone to the mind of one skilled in the art having the
benefit of the teachings presented in t he foregoi ng descriptions and the
associ at ed draw ngs. Therefora, | that the 25
invention is not to be limted to the speC|f|c enbodi ments di scl osed, and
that the nodifications and enbodinents are intended to be included within

o W TS Ca Wb Tt “hhehed ror ShrPPERRg RE-ERiEREe o

substrat es con@mbstngtehecsmpp$smﬁg Bhenstepslng a mcrocrack within the

bstrat bing th te with tftd
Jone that i€ i mparted onthLERB COBStr At OBy e FRSLH: CABCRLAFAG=FRE

m crocrack at a quenchlngcilbieglehetbabstSamethuﬁhthelheet Bééﬁchedazone

b ing fluid f hi le.onto,t t d |
2 torce onto the*SuBETPFATaroaT] BRALT oh BEHF RECEnG HOGhER: FUPRBORER Lo

break the subisyrahe whske;nmintaining residual forces below a 15 critical

breaking force in front of thﬁ ueﬂchln re ioP. A nethod according to
Claim1, and further cofpFi's ﬁggt %es? BrBFLRRIt Rat PngUPREN IR cr ocr ack

W th a mechani gayibni thatols within the heat affected zone by passing
fluid from a quenching nozzle onto the substrate; and

applying a force onto the substrate at a
location behind the quenching region to break the
substrate while maintaining residual forces below a

15 <critical breaking force in front of the gquenching
region.

2. A method according to Claim 1, and
further comprising the step of initiating the
microcrack with a mechanical initiator.

20 3. A method according to Claim 1, and
further comprising the step of directing the laser beam
around the quenching nozzle via mirrors associated with
the quenching nozzle.

4. A method according to Claim 1, and

25 further comprising the step of directing a ligquid and
gas from the quenching nozzle onto the substrate at the
guenching region.

5. A method according teo Claim 4, and
further comprising the step of drawing a vacuum through

30 the nozzle to remove residual liquid and control air
flow.

6. A method according to Claim 1, and
further comprising the step of elevating the
temperature of the substrate in a programmed manner

35 before scribing.



20 3. A nethod according to Claim1l1l, and further conprising the step of
directing the | aser beam around the quenching nozzle via mrrors

associ at eggn1ioBsozd he quenchi ng nozzle. 4. A nmethod accor dipgg/twosi@sm 1,
and 25 further conprising the step of directing a liquid and gas fromthe
quenching nozzle onto the substrate at thg,_ quenching region. 5. A nethod
according to Claim4, and further conprising the step of drawing a vacuum

through 30 the nozzle to ren§v§e£§§ad§@&o£agH5dt@nglggﬂtgolagar flow 6.
A nethod according to aim1, and further comprising the step of

el evating the f@@ﬁ@%?a@%@@lb$l@ﬁet§®b%¥¢ﬁi@f alavaproggakhed nanner 35
bef bi 8039 0 7 0 I t
efore scribi n%ﬂl%(%%_@é 19? %ag’gixh%g D4 320 ?lgﬁ'l@ tﬁouéﬁnfﬁ%@ogfa&ﬁ%gkng 0

Claimé6, and step evatin tenperature by
passi ng | aser ¢|@m¢et©@ugh @h@fbﬁCblYﬁe¢ptaC$hcb©@a @leméﬂtractive opti cal

| ens eleneng 58 A net@od fgrmgpﬁéatfgg gﬁ&ﬁ#thgn_ﬁ @gii

conprising the steps of: initiating a nlcr in t € su strate
scri bing the subsstatecwi chmpriasey b@@n$W$BS @h:integrated cracking device

that directs the |aser % Pﬁgg%ggﬁoaamfegéc %éﬁc&fﬁhfgpghéhgﬁbiég%gg?rted

onto the substrate by t aser "beam  quenchi ng e m Crocrac
quenching region that |scm1bhng the ﬂ@®$taatecwbdhz@nbaéeonbaamqumching

nozzle that is |nte raI Wit h t nte at e 5 crLa and
SPERLSY rdze CHEEKLDG SRX P80

applying a forte on g%%ted 9 Y ocal |on e quenchlng

regi on to boedkedheonto a heat affepted zone that is imparted onto
the substrate by the laser beam;

quenching the microcrack at a quenching
region that is within the heat affected zone from a
quenching nozzle that is integral with the integrated

15 cracking device; and

applying a force onto the substrate at a
location behind the quenching region to break the
substrate.

9. A method according to Claim 8, and

20 further comprising the step of maintaining residual
forces below a critical breaking force in front of the
quenching region.

10. A method according to Claim 8, and
further comprising the step of initiating the

25 microcrack with a mechanical initiator that is integral
with the integrated cracking device.

11. A method according to Claim 8, and
further comprising the step of directing the laser beam
around the quenching nozzle via mirrors associated with

30 the guenching nozzle.

12. A method according to Claim 8, and
further comprising the step of directing a liquid and
gas from the quenching nozzle onto the substrate at the

gquenching region.



substrate. 9. A nethod according to Claim8, and 20 further conprising the
step of maintaining residual forces below a critical breaking force in

front of Wwaedswnchi ng regi on. 10. A method accordi ng to pdmaismB207and
further conprising the step of initiating the 25 mcrocrack with a
nechanical initiator that is integral with the integrated cracking device.
11. A nethod according to Caim8, and further conprising the step of

directing the | aser beam saroun q Lhg . Npzz Laq|ir S
associated with 30 then%aénc iﬂ8£ﬁ§gz%§eggggg% gét gaygcééfd%ﬁg to Caim
8, and furthefucxonpristmgrihéngt épeobteprett dngwanbi guivdcand thasuffhom t he

quenchi ng nozz (o] . u rate, at q | 1.on. 01/ 038039
PCT/ US00/ 32076%1% 2@%’%?%“%?%6%&%ﬁ%lﬁgv?oy %Qgg%ggzﬁg\ﬁge ’Fﬁgt her
conpri sing thecestepodfatrafmlong.a vacuum through the quenching nozzle to

remove residual liquid a contr ir flow 5 14. net hod_agcording to
Cl aim8, ang further coggfisgnée?hggs?%bo5 l%?eégtFﬁalphg’ gﬁperature of
t he substrate furgherogoappredingnhbe shepové steivbingg the A net hod

ding to Qaim14, and _10 furt ising the step of elevating th
Cemper ot o ¢ by' GURSTAGTASEF PP GhE CROTGRC ofe Of PEPPRETTC PABEPEd or

diffractive optétakel eosikliegent. 16. An apparatus for splitting
O oLl g usL o o5, COTPLL S5 52,1 800 (91 cOSURT 31 190 | 2o

10 further comprising the step of elevating the
temperature by passing laser light though one of either
a faceted or diffractive optical lens element.

16. An apparatus for splitting non-metallic
substrates comprising:

15 a laser for generating a laser beam;

an integrated cracking device for receiving
the laser beam and directing the laser beam onto a non-
metallic substrate to define a heat affected zone and
gquenching the substrate at a guenching region contained

20 within the heat affected zone, said integrated cracking
device comprising

a housing;
optics fitted within the housing for
receiving and directing the laser beam onto

25 the substrate; and

a quenching nozzle mounted on the
housing for gquenching the substrate at a
quenching region defined within the heat
affected zone.

30 17. An apparatus according to Claim 16, and
further comprising a mechanical initiator mounted on
the housing for initiating a microcrack that requires
the laser beam that had been directed from the

integrated cracking device.



the | aser beam and directing the |aser beamonto a non- netallic substrate
to define a heat affected zone and quenching the substrate at a quenchi ng

regi on cowoajingshz20 wi thin the heat affected zone, said inicgggabgsh7er acki ng
devi ce conprising a housing; optics fitted within the housing for

receiving and directing the |aser bean1on%9_ 25 the substrate; and a
quenchi ng nozzl e nounted on the housing for quenching the substrate at a

guenching region defined i thpp 5§§apgf} rtﬁ&t:sea@ﬂg%ecﬁqmlie Adng

apparatus according to Caim 16, er conprising a mechani ca
initiator nmounfedtbar @ﬁ@pmashggmﬁmom asappmgtadmwgrt@crt@@k that requires

U0 01/ 038030 PEITURBD! 32008 - 225160 A Gppdr s Acetr LR Coctraim 16,

and further cbhprasénghingropgzassoci ated mnth t he quenchlng nozzle for

directing tge | aser beanlaroqu gpgrggggcﬁcggrggé €5 é%%%erﬁn appar at us

according to Caim16, Whérein g uenching noz e fu cbnprlses
fluid channel@hénelpassudgqoaecbﬁngtnbeake Euquhdrocogasleasofluhé
substrate. 20. An appar at us accordln erein_sai

0
quenchi ng nozzTa2 fur?ﬁer cohprised 8 Of ag 8a55dlé§§m@h8ﬁngﬁg ?BFO

passi ng both |tigai dulastirgas. onto the substrate 21. An apparatus according

to Caim?20, wherein sagﬁ1 nchln zzIe further ngﬁlseslg 15 vacuum
channel for draw ng vacu BUGRP aﬁeﬁSHPﬁalng o Claim 19,

10 wherein said quenchlng nozzle further comprises both
liqguid and gas channels for passing both liquid and gas
onto the substrate.

21. An apparatus according to Claim 20,
wherein said quenching nozzle further comprises a

15 vacuum channel for drawing vacuum through the quenching
nozzle to remove any residual ligquid and control gas
flow.

22. An apparatus according to Claim 16, and
further comprising a laser scribe acceleration device

20 for directing laser light onto the substrate before the
integrated cracking device and elevating the
temperature of the substrate.

23. An apparatus according to Claim 22,
wherein said laser scribe acceleration device further

25 comprises one of either a faceted or diffractive lens
element.

24. An apparatus for splitting non-metallic
substrates comprising:
a laser for generating a laser beam;

30 an integrated cracking device for receiving
the laser beam and directing the laser beam onto a non-
metallic substrate to define a heat affected zone and
quenching the substrate at a quenching region contained
within the heat affected zone, said integrated cracking

35 device comprising



nozzle to renove any residual liquid and control gas flow 22. An
apparatus according to Claim116, and further conprising a | aser scribe

accel er at wooidesyzse 20 for directing laser light onto thequshsale before
the integrated cracking device and elevating the tenperature of the

substrate. 23. An apparatus according to Claim22, wherein said |aser
scri be accel eration device further 25 cofmprises one of either a faceted or
diffractive lens elenent. ﬁg %98 ratus for splitting non-netallic
u .
substrates conprising: a Iaser or “ge ératrng a |l aser beam 30 an
i ntegrated cracking device for meécebvi agd &heihgder ebeasmandedisrecting the

I b - I def h f.f
and | quenchi ng t he Subst FALE AL "B u8nEHPGCHEg 8 Bont SLRAG""di TRt e

heat affected zone, sai ddiptegiatedher dekeéngbedh devbceheoBpbesirageY\D
01/ 038039 PCT/ US00/ 32076__-,23 a housing; a mrror and a single elenent |ens
fitted wthifn the housinan or receiving and directing the |aser beamonto

the substrate; 5 and a quenchi agenerihg fAountedmoenntbe ohouskng for
guenchi ng the substrate nchin ion efinﬁgﬁmjthin t he heat

e
affected zone. 10 25. An SHBépgt 8rafl Pﬂb%ﬁth B SPRP5E2TewAEr i n sai d
singl e el enent |ens conpgiseshangoubheonagyimetai wieyihndee hens el enent.

26. An apparat us accordigg ggtghatghg4 and

10 25. An apparatus according to Claim 24,
wherein said single element lens comprises a double
asymmetric cylinder lens element.

26. An apparatus according to Claim 24, and
further comprising a mechanical initiator mounted on

15 the housing for initiating a microcrack that receives
the laser beam that had been directed from the
integrated cracking device.

27. An apparatus accerding to Claim 24, and
further comprising mirrors associated with the

20 quenching nozzle for directing the laser beam around
the quenching nozzle.

28. An apparatus according to Claim 27,
wherein said quenching nozzle further comprises fluid
channels for passing one of at least liquid or gas onto

25 the substrate.

29. An apparatus according to Claim 28,
wherein said quenching nozzle further comprises both
ligquid and gas channels for passing both liquid and gas
onto the substrate.

30 30. An apparatus according to Claim 29,
wherein said quenching nozzle further comprises a
vacuum channel for drawing vacuum through the quenching
nozzle to remove any residual liquid. and control gas
flow.



further conprising a nechanical initiator nounted on 15 the housing for
initiating a mcrocrack that receives the |aser beamthat had been

di rect ed $woasnossigei nt egrat ed cracki ng device. 27. An apparpitugsoags@tdi ng to
Claim24, and further conprising mrrors associated with the 20 quenching
nozzle for directing the |aser beam around the quenching nozzle. 28. An
apparatus according to Claim27, wherein $ai d quenchi ng nozzl e further
conprises fluid channel g,for ,passi .east. | i-qui. g onto
25 The substrate. 20 An>kpparl: dPacond: Ascr el reab s tnaPel Adal a
quenchi ng nozzferfthetheecmpompinges beshr btgibd andedasathanndesiter
passi ng both |iquid.and.gas ,onto the, substrate. 30,30. An ar at
ecordtng to aratnts8oeedRd, 1RReEar dOhT Rk PnG oS sPe S EnEr e Cbap [ Ses a
vacuum channel iftegdagadngraakiunm thrdughathbeefaeathnogthezzl e to renove
any residuaé Igguid. gnd co trgl ggﬁ tﬂlgML WO 01/ 038039 PCT/ USO0/ 32076
24 31. An appar&PuS2heEsr difng Eo>BPEAf36; and further conprising a | aser
scribe acceleration devige. fan dppeaeting haserdihghtoontaimhelsubstrate

before the intggrated craciing devicg and el evati.n %he.S taneéature of
the substrate. "857Sh} 8Ppar aPG§TaEEOrGFng Fo  BF aF MPE1°C VifEr HATEEFd | aser
scri be accel er abinpni devi egef ot BetheeoAPrhsescanerotiigirrheriacf asgted or

diffractive Ieni el enent .
element.



