WO 01/ 38039 PCT/ US00/ 32076 METHOD AND APPARATUS FOR SEPARATI NG

NON- METALLI C MATERI ALS Rel ated Application This application is based upon
prior filvedo1/gspendi ng provisional application Serial No. pe@nkoe:080 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 Background 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 METHOR ANR ARPABREUS FORSEPARATERG@|I point of the
beam i npi nges upon the | ower sHPONaMETAMLLIChMAFHRIAIS e of an extrene 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 laser beamis W 0IRSBHBEd PXTp USEXREBIT76 -2 i ntercepted by

t he upper surface of the substrate before the beamreaches its focal

point, resulting in th h&@aﬁﬂéi&%ifﬂﬁﬂrﬁf 59 BRBY BVEE £iG%er area.
As di spl acenenbopeontinguesovtike dnedaldppad JatacdureRdisil No. 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. 1In 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. The 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 nodeso1/s898¢ under st andi ng of |aser scribing nechanipgrriso@sd7d i re 10
consum ng, archaic two-step processes (e.g. scribe and break), which
generate particulate and m crocracks, thus counteracting a primary

advant age of | aser separation. To overcone these and ot her known 15

di sadvant ages inftastcepteld bl eHeasgmpescrathifg,e simgllee stiepsepar ati on, and
efficient use,of a _device that is. sinple yet powerful are desirable.
Summary of thg%lfr?\}féntec:ﬁc?n%f@n\ tr%ascqeﬁer%sor%cfr% 5] 8t orfe%%guﬁ}%s]éht
invention to mMVikMHaemEtlmdb@ﬁdlgapﬁaita:tﬂlﬁjﬂddﬁtove&e@arl&tleﬁem(ﬂt;dml SI lic
mat eri al s t hrqugh,.hi ghl controll.ed pro ation of a mcrocrack an
precise spli %tsi r?gl.Sp%?Cy'ﬁq?r‘gtr ecsoélrﬁl”iur?\%en&?’%n fos ddvasitt Hnd-S i ncl udes
features that cemahlod faasty progesstspreds, full separation, increased
accuracy, highly control t hermal gradients, inproved edge quality,

ed
effective crosscutti ng,TJhrlt?dl}(,e B &FedtE, Y8R9S ed 30 design, and

increased fl exiohideiricyt aand reduced feastmanyTR@riesentod NURIHA L it
advant ageous and provides a nethod and apparatus for splitting non-
metal lic substrale®TEGER SasP§adSc ok BIP dérdfic 1@S e mddasm 9% exanpl e,

and conpri ses uhbe rstepsiioly 37 1Ridkatddid 1A Y elReacknd t hidy & isubstrate
and scribing WO 01/ 38039 PCT/USOQ 32076 -3 the substrate with a | aser beam
at a heat 18f f EEPEYT2LOMe SRER Irad B SNPACES Gt d e Sisitrar@ Dby t he

laser beam Theam)Gr Qenaek gesqueRChed 13l A quenchi g et ks,
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 is 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
quenching nozzle onto the substrate. A force is applied onto the substrate
at a | osadopmobehi nd the quenching region to break the sulpgaiso@iéwhil e
mai nt ai ni ng residual forces below a critical breaking force in front of

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

di rect ed aroumdbet seibsguenchivig ez Aleesan gl rar s amiaaﬁiﬁd:wd hzdr’lfte 15
uenchi ng nozzle. The fluid.that .is, passed .fromthe uenchi.ng .nozzl e can
ge ali qgi d a%&/aécr Lgaass.beﬁnval&?t?rﬁtecdar?r%los%hbee derbaﬁr/lbrfatt%r g?}’gﬁhtenelar?c?zrzl e to
renove any résiatual ’IIHequtiid:I&mﬁ:aQﬂﬂtirsqugﬁﬁ:HechV&t Eﬁ?%@{mﬁr@ lk[)e&glcm‘ thﬁ
substrate can_be el.evated i.n a pr.qgr.a nner 20 before scribing, suc

as passing | as&Ffy ilﬁhtcof%‘adﬁ@? wd'(rlf 9 Bt et a & SF FONG factive
optical |ens pelsetent .flluldyatrcanet hereraspess efz4ike presemMe invention, the
substrate is sthPi bed with aeg aser beam 25 via an integrated cracking

devi ce. The qGEREHNTAY TozZl &9ES MtfegPRIIGS PR GlYR sgested t& adkiang

device. In yebcanqihebeaspecteref e diieseMteditentd redihand Nt egrat ed
cracki ng device includes a _housing with the quenching nozzle nounted on

the housing. GYPSES e “H6 15 MR LRHHINY 156 KBRS dg TS Redéiwiang and

directing therhasen1beam-nte the subst rale: IJF @R asRectofy the present
invention, the optics include a mrror and single element lens fitted
wi t hin th§0h06§igﬁ@.n-The single el enent | ens can conprise a double

asymetric 35 cylinder thensiel-ergntcx W0 38039 iREUURQP32076 -4 Bri ef
Description of the Draw ngs

mechanical initiator. 1In one aspect of the present
invention, the laser beam is directed around the
quenching nozzle via mirrors associated with the

15 guenching nozzle. The fluid that is passed from the
quenching 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 before 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. 1In 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

fol | ows, veowhegesconsi dered in |ight of the acconpanyi ng dpawmusges2orér whi ch:
FIG 1 is an enlarged drawing of the substrate showi ng the various stages
of the splitting or |aser separation precess with mcrocrack initiation,
10 accel eration, scribing and quenching, followed by breaking. FIG 2 is
an isonetric drawi ng of tBeiefiipesatistion sPlthéeiDpawmbngsetal lic
substrates of the present inventiagn. FIG 3Ais ap enlarged fragnentary
sectional draw ng of tﬁgtrﬁerﬁé’ rja?tcgtf'cr '%gesdéa\ﬂci@%?arttl‘?é?espr%fsé%ﬂe

i nvention. Fl@re3Brits iaveentliamged 1fir agrmarapgamMne fm e | aser

scri bing accel erat.i.on device of the present 20 invention. FIG 4 is an

enl arged fragfentary Vicew GrAHET fdubihe ddyimretiat "EiTmdetl %ty el enent
that is contaheed csintshide delie iinntiggimat ed aaCkiG i 66 Ofathe ndyr esent
invention. 25 FIG 5. illustrates |aser beamprofiles “devel oped by the

doubl e asymmetfi ¥hdiinder |ens el ement of the present invention. FIGS. 6A
t hrough 6C illustrate ariunqatied ;beam d gﬂraavtiin%n Shawg a side view
(FIG 6A), top 30 view g‘gl G 6B), and side view (FI'G 6C) of the quenching
nozzl e and shéWPRGIeHE FEOVWeladingstVaglieusnisteges. ofl Goe BRtiHrtdugh 7D show
the use of the, hakkat abbe channel bladder, that,ican he ysead wisth the 35

present invention. WO 01/38039 PCTI USOQ 32076
10 acceleration, scribing and quenching, followed by

breaking.

FIG. 2 is an isometric 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. 6A), top

30 view (FIG. 6B), and side view (FIG. 6C) of the
quenching 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 ledoilzkdzo 9 il lustrates possible operational nodespchuswod207s

configurations with various nodes as illustrated. FIG 10 is a copy of a
photograph illustrating the operation of-sthe invention. Detailed
Description of the Preferred Enbodi nents 10 The present invention will now

be described nore fullyIhereisiadbtertinethesiefegeace toaibhénaceagpanyi ng
drawi ngs, in which preferre nbodi ments of the inventjon. are shown. This
vent Pon rmy S ROTEURTS BeS cRBOn B THE ARG Ol TrEP e F oo har Shat SHoul d 12
not be constritedcias tutn I ege tond hieownboge nent scsetaréocdbhrhereéa. Rat her,
t hese enbodi nents are pﬁf%id d, io that this disclosure will be thorough

1 |§ tb

and conplete, and wll VYT heS skopelBt St RBSF AVERER bNMP9eSt hose

skilled irpthen@rdiontikerawindes swieh evat 0ohé keod29 ghemenhstihroyghout. For
pur poses of description, there follows a detailed explanation of sone of

the probl ens encounter%%pvﬁ%% %&!%t?%@ys?%t%n%?oF%%rﬂ?%mbacks associ at ed
with these systamssranth@ €hscusstoni&f dhech25ihasheiprior art technol ogy.
There are two primary nmechani sns used in designing a systemfor separating
non-nmetallic materials: (1) the thernmal and (2) stress/strain mechanisns.
In the thermal nBghafhal) pal¥rRptibheo20tHB! BibbrexaeefdBollifentit i Cal
thermal shock tenperature when its tenperature 1S elevaied 10 a desired

| evel andlOthen rapidl yTegiemeheent ol breaki ¢ swibl ecol ape bddgdsribddhi s f or ns
a "blind cracgk’,.dne i chanj t he
three-dinensioﬁg% §%g§§55§%%§%f%éf%%e d ?%ﬁ%?%%%gh?ﬁ gﬁghin the materi al

i s 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
associated 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 guenched 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.



WD 01/ 38039 PCTI USOQ 32076 -6 This field relationship varies because of
internal thermal variations, external forces, internal forces, and the

varyi ng edgeysbiength of the material. One aspect of thisctseud0mn

mat ches optinumthermal 5 conditions for consistent and controll able
thermal cracking (e.g. "laser scribing"}sw th optimum stress/strain field
conditions to separate fully a non-netallic material in a prescribed,
controll ed n@Ehaer 1i20dToepropagsthe pamymiiesr bercackset bifougheanbritt| e

material, the - dt ritical thermal shack tenperature
(ATcr) or poiE?gg%g&kggﬁaﬁﬁé%%%élg%%ﬁapa%o%agcﬁﬁ’tﬁgtﬁﬁpg i al°brSak to form
a blind cracknvi thenvehgimgt edigal stEeingtihs oforhel ytiriadconphieshed by

heati ng t he erial to,a.given enperature and quenching the materi al
using a coolg%%pegﬁrggnfﬁége%ggg %ﬁﬁ @FFF%@&IOPH&PH&ltéﬁ%@ﬁqtenperature
(,nitcr). Forcsodetimher ifakscodFdsties tmanidmalonard12@plliet the reenching i s

required to propagate successfull a_ mcrograck. In these instances, a
cool i ng gas aFBQS?lnguiﬁ-gs Féﬁ?ﬁ%}sg§ﬁ B@gﬁéeHlFBrOEGéWBWing. For ot her
material s, especeakl/ytrhaoserweth kowdtiheonrl texpapsirare ¢oefifi gients, a
high gradient is required to _exceed, 25 2Tcr, and thus, a gas/water m xture
is required fB?n"E?géiﬁ?Semaﬁgﬁ&ﬁ'ndp PnPERESTER8E, CRBTIRLERE heat

rel eased frombahgeevaporation of the liquid is conbined wth convective

and condugéive heat transfer, and serves to quench the material in a nore
ef ficient*80 manner, théPeByCBREEERI AGYt RéCEPFERES TRREKARI ar GpttEee

tenperature. gyesrvwhih opti BizedmanenehibRgecROWRYEE i tREAREE hiERInkE Al
boundary conditions are required to .
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 little quenching 1is required to propagate successfully
a microcrack. In these instances, a cooling gas alone,
such as Helium, can be used for gquenching. 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 quenching. 1In 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 reguired 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/ 38039 PCT/ US00/ 32076 -7 quenchi ng
"room' tov@s3sesb the critical thermal rupture tenperatur@CTOSIEIR074 he
process w ndow between the m ninmumtenperature and the maxi num

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, illustrati A§eNREFi%reecack td windesd oid F il Siubsslt ridters ]l tthethreaki ng

region, quenghipg 89i,QN, $ddhe heamand accelerati tt&?eaefrﬁs’ and ener gy,
Q n and Qout, f'or?) réaspecti ve scribe beam 10 anﬁjlquenc%}ng. rat it i onal
scri bi ng oper SLNGAYTT VEIMEE AL Uce Ui ddica secionth brasale sttepreaf teerg .an
initial vent Q. kljMmd grack riped dnt terjal.,  Usj traditional
mechani cal net ﬁgds Of or ncé%f)l g\tﬁ%%glfa&dg%lgobr}r ed;%sf?; Eieén?i nrg}] r#on{rf%n " was
i nparted (SuchAhas bypauhgesupeesfisa "tpuitldadt iofe"tHer eedear )a £ fA dftarc e ongs
applied to c I t rati f .t .mat eri al .along the scribed
area. The ano%r%)sg %Poggle%ﬁggu?r’e rltlglséC gccltng 1%& mslecpré)r%ﬁcg% is termed the
Critical BreakihngikForice 20 @FchpstWeder $Grithiendp dehiki matrergialn,(e. g. | ess

es in the materi.al arate the

than 0.5m), i dual .tensile. |
ol ass. For | hPLREF RREo PAI HoRGVAre CRE™ M6 G TERUICS FBrtes

resul ti ng frommtihenkager, Odcr iebidng@ooper doironcane dtswal Isyrmiete $uffi cient to
25 separaﬁg fglnldy Egec‘i{?t erial. In other cases, the tensile forces are
excessively |ar geqanaL rat'eri al separates in an uncontroll abl e manner,

movi ng wel | ahead of theaquenchiangscegivong the rhrealks $ ypatcalstyr ai ght

b thermal gradi,ents control s tric 30 separation _dynanics. Sone
orior art destGHY G58d-dUAT O PaPArTE BERTE SHFENGR dterc NG as o

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. 1In other cases, the
tensile forces are excessively large and material
separates in an uncontrollable manner, moving well
ahead of the quenching 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
octher hand, separates a substrate in a controlled

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



mechani sm These designs, however, had asymretries and caused irregular
cuts. The present invention, on the other hand, separates a substrate in a
control | edodb3seamner by applying a | arge enough force (FclPcTaisoaszovd

01/ 38039 PCTI USOQO 32076 -8 appropriate | ocation behind the quenching
region, while keeping the residual forces-below the critical breaking
force (Fcb) in front of the quenching region as shown diagrammatically in
FIG 1. 5 The amuisPamiexticarbek behbny givememst Brg ategsomn wipbet ant

consi deration ]yg]%pj ti g u i t | e nner. . The edge
of a substrate iIs ﬁgﬁgﬂe% erdt gnp?%%g%ﬁ?if%‘grﬁ)%nésﬂn% C|C’iarllg Jf%aeklr‘r%@eri al
suscepti bl e t farontfa) edh cf ekt ngf afherqddhdmtnodued non t her stadwishock.

Al so, any mcr&%&%ﬁﬁn%@ﬁ@ﬁrfﬁeﬁ@i nlthe material, such as created by
ot her ‘mec

edge grinding or ical ‘processes. The mcrocracks nust be
consi dered.> The materi alTredgatat soand esdst tardrdatid astergihan ot her

portions beca the |15 edge serves as a boundary. between conductive and
convect i ve hegrfaecter%nas er” ragngilom T rgt predentcrd t%?fl at A THE BVer coni ng

edge effects, sutbasratintinusd ansntandll exd rksirons. Amd _I’tizc}lc_i;@ofﬁeﬁ}r ocrack :s
required to 20.pr.o at.e a m.crocr.ack through terial. Man materials
al ready have nsiucblr)sotcrlroaac s S8 St A o tl%éi rab‘ggbééo‘%%w%%d‘/&fkjdfg

previ ous manuftact urdteg i 43 coessascidle has 1%??&&1@&%@@%@ 8é23f5*@er_
however, .to i.ntroduce a m.crocrack in a controlled nmanner at a gi ven

| ocati on tian ¥g 78S W rds e %%erb'cr Ak HHE I TERAATRNES tEe T ques,
however, have drgyreomed,n ant mdesridl | sum edidfdouWd dp ddidiate a

m crocrack al ong t.hese new types Qr}‘ edges that have been engineered to
Wit hst and cr adXi }jfhémpp 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 invention 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
directi owoomkd3dg cuts in a second direction (usually 90pdrys®@s3)76becones
nore chall enging. One 35 prior art nethod for breaking a substrate in the
new WO 01/ 38039 PCT/ US00/ 32076 -9 directd-on is disclosed in U S. Patent
No. 5,826,772 to Ariglio et al., the disclosure which is hereby

i ncor por at ed Byreetépanée dasictlosent iinetly S.| Raaeingl No . &t 8&l6,778 Ltaser is

noved acr 0ss ﬁr?&?gécéttﬁlfor%%.“%i@c%%@hr%r%%ﬁ%thsr%%9%% ive sides. A

bendi ng novenen applied under the vent cracks to break the sheet. The
syst em does notcwopkratdequatelry fegensepanatied ehdumedryi.es InOAe igdnwent i ona

system requirgs %W) steps ko i%om?)';z%%katcrll%sgataersiu%lf:ac(el)toaf%%ni be step; and
(2) a nechanrcal "bfeaking stép. Thi's type of systemis “comonly used when
t he substrat evehtckmesgsi sngreaperctitvkansiles .mmp arddihe mesicdegal: tensil e

forces in the__substrate are,not sufficient to separate the substrate. 15
Anot her conveﬁ??gﬁSF 5?? 5n$&§e§e%%d§rﬁﬁgﬁ “Br 84K e%ﬁg,sggﬁgrly%é?eater
than 8 nm casgsbngmt Heermahotshoek anetietperi metersephraneidnt ended cut. This
weakens the g assdand/or uncontrol l ably cracks the glass. Sonetines
separation oc GreY@thtn a linmted 20 path wi dth because el ectronic devices

or coatings/layers areopestbneoredionaei kheresi deqfi rkhe tweuktekbaser beam
delivery systens %h?h reggirg qultigle optigal eleqpnts leo offer little
flexibility D5°Fh CHGi Fo0BSHGAS. Those FGFEPR & 6HLI CAF dFément s absorb or
reflect a signktheantaanbubkkehgt Becbasernhipowgbhe ©fJ0sys2¥mpes el enent for
AR coated Znsgommonly used when the substrate thickneés 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 1in 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%, 1if 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 gquenching 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, rewMo 01¢38039r eci se al i gnnent, and cal i bration, which penusasiiis be
jarred out of place. Finally, the critical distances comonly existing

bet ween the quenching nozzle, the scribédobeam the break beans, and scribe
initiation are 35 difficult to adjust and are inherently unstable WO

01/ 38039 PCT/ US00/ 32076ManyQcrRignEsnvent synakrsy scewsradsonpl i sh

uni di recti onal,neut t-bpg;enLy QE‘E%H%@ %fltyh%ec%% RS he eOf a3 pegmedel i very
system and the independent control only scribe initiation, but

al so the quen@ﬁlﬁgbesmndziﬂ§§ran§Y§¢@mbaanéléh@nﬂ@depﬁn§@mé n@n&ﬁa@turing
systens, ther o] f y h i ne. erefore

mul tiple headg tﬂa? gg?ys?%ﬁ??%négus ﬁ%?g%éagﬁqtgﬁeor%%%néﬁﬁp gtuglng are
not possi bbe. nSepeeki red epmiicalr #0espstens require al nost tw ce the
conventi onal equi pnent o] ri se.of the i_nherent i nefficiencies
resul ting from noving t%é %%ﬁ pﬁégg%ungurlnglag teﬁea Eher S iist-8ad °6f° novi ng
the |aser rel &brvenfyg bhe mesbpleead pee dishanee beheeerotke scribe and
break 15 beaps EIXEd |n r|or arEFde5| gn and t he footprlnt of a
machine is |Iﬁ1%e& |n|te Pﬁ sifia Fpﬁa hi*fle SAVExiTBIFi £ when
changi ng frommenefamatieihgl ate abotbessmaﬂerlaBomAI$Qxeahepmebaulve beam
power between_the scribe and break beans i equl at ed .20 Ry ph sically
changi ng beﬁﬁ?§$W|t589u6Feaa ﬁ%ﬁ.ngwécefgéétgangﬁ8 e i B?Fﬁﬁ a beam

splitter, thefovepathvebponesei srathunehheneat tlheftf@atiieﬁgl@l t he beam

splitter and is dh%flcult to regrod&ge. gventlonal 02ﬁ|e desi gns | ead
to inconsi st eRt Pl onEYahi T elV& 158 WaFel O8FPOEREr UPFGI @ reSPduBe6R t he
wor kpi ece. instead of moving the laser relative to the workpiece.

The distance between the scribe and break

15 beams 1s 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 Dby 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

25 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
associlated 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 swloi/mo3d | ustrated generally at 20. The system 38crmsbustes singl e
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 lasers 22, 24, which are supported on a
machi ne franet26veAs85 mbei dragysbemb28ti neliveemeahsmpipor 28bakinel 28a t hat
WO 01/ 38039 PCI/ US00/ 32076, -11 traverses the %%gne by Zelt driv% mechani sm
28b and moveRCYRd WOrkPresRIFEfatitvd (gt i€ Spfi CRILIEFt MS3E™ £dr med by

the lasers 22s02fedThe kasensskersmbwo2@or ThRr ek sheamspaths.,.The System
i ncludes an integrated 5 hl%h gradi ent cracking device (1CD) 30, a |aser
€LS

scribe accel BP&AE) oRedByvpPaé ABe3zysant ansdpplesnent antelgreakicng devi ce
34. The | asernsgir GeqBALNRLNEHEr Y9 .LASEES) do® GNOSRR basedan the

material to be separated. The 10 laser source shoul'd bé € Ci én

reli abl e, andahawéecantoohpdeviaeel(@3gDh B2t haan absapptlicorneaeffi ci ent
close to 100% a Lomﬁag |Laser, radiation to be absorbed primarily at the
surface of thB RAFEFPaltV o 6e3%separated. For exanple, when scribing gl ass,

a C2 15 laser source wrhb anseut putirbeequeneycef o1Q. 6 MGHons sehs,
desi rabl e. Wen scrlblng silicon, a YAG |laser source with an output
S

frequency of 1S0BRAPEFORESEF Pesshei Bagesiipablte. bEhecpasereshouldeoper at e

in the TEMpO 1pBde, sbliusepravidiingeacheamipnefile thatl i s 20 pugdoninately
guassian in shage. | f fl¥|ng optics are used, uniformcollimted output
shoul d be achPevedtstieKeleRatDt Wathager abearPrpiehi cecddesinot appeeci ably

change from ppe;pobnt 1t 0oanaLheLsekt rhgiaksgnadyl sabletoneq
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 oo oilkse3sel ecti on of the |aser output frequency @ogaIS0O82076
necessarily have to correspond with maxi num absorption efficiency at the
LSAD 32 beam path. It may 30 be desirable2to select a | aser frequency
significantly less than 100%to allow for heating throughout the body of
the material . SHif§cser vés tie Hemomdfaritci emvgrathe tdhudhiofvd heharetasrd al i n

the region of Jdnterest, il i nting { | le forces and radiative heat

| oss at the V\DOOU 38035n\£@rll%§301/a353 6 q‘%%ésurﬁgatcleo%ﬁ?' is inmportant,
however, to achieve the Isamemecaldsamt idirfﬁHliEgGI ilaqﬂmvﬁmrfgjqx}[dr:ieml oned. In
sonme cases, different .| r .frequencies can be mxed within e sane

regi on or bear(r:lasnp%{%. tmli'éir %eglé:)?g?flpﬁgl,e a Thser Hay’ be” et ts_oooptr'eheE:thr a

mat eri al ath askeeglency tlhater smahi gl yisshsardedefe matrericaaligamt then be

subsequently t |Laser_ of., differin f requency that. uld normally
not be hi ghi ngf% %%61% %f/la t hé %ﬁtg 'yala.bsfﬂfibsec{‘s Si e : JE of
increased 10 tcémpebat sudsdependdnt hakserptdon adraddee caliri®irimpsor pti on.

The notion system 28 us conputer 36 to control t nmovenent of the
wor kpi ece W?lglréetqiu\%lcélo%?]ﬁg wlong‘éji DOHBULY & ﬁ%?sshllﬂq&yc&ﬁsrooqbe.rﬁjetkﬁ’od.
generates 15 cort maltesiignal smi@mﬁtslh@ds@ﬂmhﬂeerbet@dﬂy%ﬂ he,awrddqeiece in
the x, y, ,and_e directions while holding the optics statiaonary.

Conver s)él % at\?ﬁlpl?ﬁﬁgbl&ecgﬁpreélﬁﬁi% a@]ﬁ&?ﬁp&ﬁm,omqeee t3e I9pth cal system
carrying the bkaserptisnnoved in all directions. A hybrid approach allows 20
both the optical systemand the workpiece to be noved in limted
directions. By rotating ltRe GptictalSYsy e 186 degrdd®utsindidedd onal

cutting i s pogshbhel Ahe 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 %, 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 possible 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 kwa@d1/8089 appropriate tine. It is al so possible topcpusems20mt h the
top and bottom side of the material by placing the workpiece on a process
table with slots underneath any desirediguts. The process table can al so
facilitate 30 breaking when a roller breaking device is placed underneath
t he wor kpi eceinElLGde3Aai kugsichates meled ainitseg dat, eddiigha lgrsaditertr ddacki ng

device 30 of th resent invention. An integrated optjcal path 40 is
formed by ni rF‘Bg 8@1%)9%%@&‘?," FeRheBAaT 48 eI aSEE haai THE 1 CD 30 al so

WD 01/ 38039 PGELHSA0I32Q26hank3 . NChudes qaquenchi ng achanism 42, optional
shutter 44, and water renoval mechanism 46 associated with the quenching

mechani sm Thif$S#évil€e iPs 1SMHpIde 2angerf rexipbind S val IF6W g sd nepsen #t98 achi eve
the desired hkﬁ@rﬁa@th@@Heﬁ&%dﬁ%n%smb@e%i@qper%@Exi W1 pless J8filgetive
quenchi ng nechanism (TRQV in the formof a preferre quenchi ng nozzl e 50
of the presenfiuphvealPoAccdanispudifR@Med iat tReGSomBACTBR aF¢ieCreand can be
used for contralled hi gh tenpapmatyr radi I %)tr te. 10 The
nozzle 50 is %itted &?t% 5 ref|eCFFV§h%C§3§%%§% 6&W%P%g %'ﬁ% redirect the

| aser beam ar oundsttrhéedozz] ET&3d Gausé&Baapalr 6iCon aofd tdae |kes ers <ok gmr

radi ation to inpi h rkpi ece near, adjacent. to, intersecting,
around, or mj?ﬁ?kggﬁégguéﬁ§ﬁ¥%§“l§rF§§F8n9rF%l§H%Sa§6e€tSo Sgﬁéﬁﬁ?esent
inventionlOa custom siChgl ecelzéreBd lensikiedshaown generfaldariate 53, IS
used in the 1CD 30 ggr | aser scribing. This nakes an efficient and

flexible desi GAYEA SfndfeéCel EhentOcaR926SFEdGEE LIRS oI PEANGTWTGht of the
| aser head bytABr@czzle and cause a portion of the laser beam

radiation to impinge on the workpiece near, adjacent
to, intersecting, around, or within the quenching
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, 1s 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), whoeisso used in the present invention to 25 achi egesoaesie ed

| aser beam profile. A mcrocrack initiator (M) 60 is mounted directly on
the I CD housing 30 and, in one aspect of14the invention, is operable by a
standard scribe wheel 62 that is nounted on a vertical drive, z stroke 30
mechani sm 64, The ereaem afntbﬁo@ﬁaéﬁnﬁninh@nédg@ cfint hésomaterial to be

separated. Theobb.B0:ie-onergble altep. the Laser Soribe Aceleration

Devi ce (LSAD) eration to reduce any chance t enerated by
the LSAD wi | | abtehavear 8R¢ pnépagaae ahpi snocraek ofWONB1538639as
PCT/USOO/3207 4.Th t e present invention can al so

i ncorporate a ggér g §h§¥8lﬁl ?gn gptlon using ablative YAG pul ses at
the surfacé of the glasﬁeﬁsrr$hgmnnca phatia toofIElLG3A9. theReferring once

againto FIG .3 i nt eqr at ed cr acki devic ncl udes t he _housi ng
30a forned |hn€%% §5gcfr8g&fﬁg 9ﬁvéﬁﬁlgg a5cq g?ﬁglb bBESln sﬂ
circular or sguamedi incbassaspetionr The hSDeaQmhnglsuee@lhe@esw%e cust om

optical element (LlI) 10 indicated generally at 53, in the formof a DACLF
54, in one aSpERErOFiERBLRRVEAt PERATENd NFEPSEr 46K T 1PHIt i AR6r 1EM BO60,

quenchi ng necbgenﬁabgQ@he@m?%paﬁgtom g@%égﬁ éQem@mrgml ement (M) 41,
and shutter 44. The single opfical elenment 53 is desi 15 provi de an

opt i mal th@rnhﬁdiﬁétpﬁlﬁ@nﬁﬁaﬂleétlﬁ3rgeﬁetae faﬁmebﬁlptpééLFbéén1no
greater Lhan B 90| S5BRcATA1on. BRLLDAR,S, M bt kg phag, desi able or
achi eved in ainunberoof (Mays60, quenching mechanism (Q1l) 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 using a collimated input beam. A diffractive optical
element can be used when the internal structure of the
lens 1s 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 (S2) 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
preprogr avoredssosst put  profile. Another and |ess expensiveroapsi®3nte use of
t he Double Asymmetric Cylindrical Lens Elenent (DACLE) 25 54, as shown in
greater detail in FIG 4. The curved "cdaeave" surface (S1) 68 is
configured to have an optinmum negative focal length to control the beam

| ength (1) an@r@ﬁéﬂﬁyléi§@WW@uﬂFbﬁhﬁnQﬂﬁiﬂﬁhﬁamiRﬂDﬁﬁlqﬂupﬁnHIQXYi The
opposite CUVV%ﬁo%&nBC@&Me%&mﬁugﬁa%%eﬁ§3&ﬁ?%ﬁ%@'&%§§¥§A2%g%¥ to have an
optimum positive focal |ength and control the beans w dt w) and its
energy di strpbetiids-ort hogonal to the cut direction (y). The curved

surfaces are programred rovide u that is optinal, fqor cutting.
i erarmy o anopt T W0 6150 st Bttt 18 ol <o

I n e egmcCpLoy Z C 1 o}

guassi an beam grofile.fR flective f turgf that are built into the 5
quenchi ng nozZP&P5G &R T uft héPmSarRy <t o itd ITRUtHRAE P df9 1% and
enabl e the qu@mehbdgemegk@nyt@ibﬁinpk@QE%eaﬂidﬁ?éﬁ?@dfﬂi?%ﬁ“ﬁé“ﬁﬁoﬁﬁfefted
zone, as shown in FI 1. Thi el ps achieve the desired hig gradi ents
in the quenchilﬁglFEggi gn, Epééei“e{igﬁsialcg‘lf(yef e S95erist i quenchi ng

region, and cpeatiésngs heated zowrecbehionddhien)ozzledhategan be used to
evaporatelgny residu iquid fromthe nozzle. It adds flexibility to the
I

| 1.iqui ,
syst em by IéﬂFﬁ&Sa%ﬁgéP E%ﬁl88§HCPH§9q&€ﬁémqu;QHQtQR%ﬂ%?%wWMM¢re Wit hin
the boundary akatbdt henbeamnspet thEhing-car Rofs the2C¢ARIdshed, using
traditional non-refl ective nozzle designs because the prior art nozzles

bl ock the radfIEPER3EEr ATYhE SSwEMRpi éddUiRalingg ithedinforazdd t, LH agsts
impossible, t@lexibility to the system by allowing a user to place

the guenching 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 quenching 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 quenching
nozzle 50 of one aspect of the present invention, and
shows the adjustable mirrors 72 and reflective cover
52. The mirrors are positioned somewhat eqguilaterally,
although not necessary, and reflect off the mirrors to

30 form a beam spot. In accordance with the present
invention, the quenching region 1s 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 quenching, as shown in FIG. 6B. 1In a



pl ace the quenching within or directly in contact wth 20 the beam spot.
The reflective nozzle also permts an extended beam path, which causes the
ener gy dewso1380390 be higher than the front section of thecbmama320ter eby
creating higher tensile forces behind the quenching =zone. 25 FIG 6A ("x"
view) illustrates the quenching nozzle 36-of one aspect of the present
invention, and shows the adjustable mrrors 72 and reflective cover 52.
The nirrors aPé&SpEdiisoned Idemeatdtorequ |ait®risl /| ypuchalasheiagte moti shecessary,

and reflect othahe1id ehSud 30 fQINA heamAPOL, . accordance g th the

present invention, the quenching region is cont’ain _
af f ect ed ar eashgloowhn ian FlaG3.a 16A- @On fimaddi tdworer ttmkeeflégctanve f eat ur es

provi ded by adjustabl.e mrrars t TORD has three distinct fluid systens
that provide ‘)§‘§uélf“r i P I fehda ?;Sﬂe SRR G 996 Géb | rf & W0 01/ 38039

PCT/ US00/ 320768)-.16 1pr efrary edrearfur@uiald 0hi ¢ IdldreSugh as water, is
channel ed through a m.ddl e tube 74, a gas is directed through a coaxially

confi gured ouf¥Paidsél7d, Asdngl sy dtGumliBlighlavedd henesdircsr st regi on

78 (FIG 5 6Bkhel Bulchich ie@Nfricgurcat,i @il g Pressie Rindovedyngiy cal ly
channels the liquid toward the center of the quenching region, while the
vacuum r enoved gAY Ueledildifdld [AnguicodR® lconteolas it Hd cai-r  ArowPtArrept i onal

hi gh frequency ;pheze-g el & itr-ansducer i(Not, shomrd.n 10 detgj)) ¢an be
placed on_the nozzle to help break up and atom ze the water to Inprove
quenchi ng 1&f f Péitency. capl &= pEaicedusiy ahes nctig ey tovinewr Agestrowry in FI G
3A, the optional shuhtier 44e hscRl-aced shetween %%c%li%tgpf@éﬁ%ae%ﬁ)ﬁnt 23
and the 15 workpiece Wand can be used to block selectively a portion of
the | aser radfafi-ofCt élétpéerites Fhehdmt'eview.

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, whel/shst t er 20 can truncate a front section of theriuasenotseam
while the |aser beamis near the leading or trailing edge of the
substrate to avoid overheating the edges,l7as shown in the edge effect
diagramof FIG 8. The |laser scribe acceleration device (LSAD) 25 32 (FIG
3B) el evates PRBSEBAP8Pat e rerr e 8Ror lgpidesd ndle d epreogrlameed rédnner

1 ow i : eeds. Thi.s device 32 ositi.oned a finite
i stance | FrooeoBaERE R R L iR e B B e ™ e

boundary condiiti easufrer tihe tser hbeshegm gbhus;1c30 3Ihe | GRcachigues preci se
m croscopi ¢ thermal %radients and practice scribing. In one aspect of the
present inventfBR S3°TEROWR4 Fapl &S 3B aasé sdsAD BB Nits o Mifdraat igesi gn

and const puctien-he the LGRy1The LASDL32 includes 0
PCT/ US00/ 32076 - 17 housing 80, mr récsfr e%’z% g5 aa%?‘sl%r?\é\igé‘colj‘%%g“ %%é)r?ént 84

i ncorporated FAfoPE HEEAt ARGedENnge 086 thilsi elpplilration,. P seowmedden t he
housing 80 (FL& ,,3B)q Ihecsiingl e+ Leng element 84,can be 3 faceted el ement
or diffractive 5 element. A single long beam or a series of beamspots can
be used dependPngrofft RechppgbicaticonbeArdgdvarnttage pabvisiengca series of

e ot S | Sobhakathenbelatiye, RAKehl RRONRAL RN AR A sted 10

provide for a” gradual increase in the heati’ng or en nsPEffof 10 the
mat eri al . 1Pn addi nedArivari ods kdseriwavelvemgbhis learrbeavsddnigantsai | or the

Can | determ ne bpt PrUREESAD b ANt SrE. “fA ubsir A1S Bt CARERG Gevce 34
permts full ths meparation Ybdsubspr ahes expeirigeateanioat yaof
determine optimum LSAD parameters.

The substrate breaking device 34 permits full

15 separation of substrates, using a variety of
techniques, including: (1) chilling the bottom surface
of the substrate; (2) 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 force separation

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. 1Introducing 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, awx oiggsesy | aser beam or a single | aser beam oper apCTrgsews20tse 20
TEMR2O node; (3) mechanically stressing the substrate in the desired manner
utilizing innovative features built int&8a process table; (4) an inverse
roller breaking device to create the desired conpressive/tensile forces
in the substratBPoahdteByeshear ther sebsépatari en 2bovachni qaés flor

| ami nated g a§§c2@a§egmtﬂat%eﬁglﬁ@d%%e@ EHOo¢HaCksy Pelect | 's\ﬁ?é %h' ' ling
the bottom surface of the substrate or providing a heat sink direct

under neat h t hEhgniBAdedable trProdatebecenpressioeeusd vf dedésted aiod |n f ul
separ ati on. Tﬂk§n§a@hgesﬁgg?kﬁﬁg bgk&htgtQe%lg%cg?lgg%gtlogtrquglng heat

at the surface the substrate creates tensile forces on the substrate
surface that facilitatesfakbsseparatipon. Thel acioegcan expdndaklewtiube 88 in

a channel ‘of Lhe,0,04.38039 PCTLUSON 3207618 supporl, table for the

substrate, as s i NCreases ensile torces on the
substrate sur$acéaceTheAddﬁtababﬂéytubero&ﬂebebadm&mhggdeusby dehl &ked to

bring the sub . Kk |ent This 5 facilitate
crosscutting.g%EgE? Bgacghggen?lﬁb gﬁmﬁfﬁ SEﬁ|FFe8naa98 oa&ﬁpplipﬁe
substrate at cus pethoa1gsuehadestéﬁdetbehahﬁyxha sokheé breakicpg devi ce
can be p élt ed u d?%neath the subs# ate an the cut path a

gi ven dis ance ghi nd"the SeFfBe 8P ea £8-T0"EF 5 glﬁfsggﬁrgfl 6fi5SThi s
wor ks best |fthhéephases$otsabhéehaSashotseumdeéneaahchhe i Akeaded cut. As
a result, the force %ﬁ aced wel | . behi.nd T ri he _area, .t hereby
ensuring straf%ﬁ?;gSs. %hggfc?o?ﬁegléﬁﬁdawgg bBe 83 FBeséﬁﬁﬁg
substrates. These,typesebl 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 associated
drawings. Therefore, it is to be understood that the
25 invention 1is 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.
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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 wpiiseeobendi ng nonent i ntroduced by the ot her tmchosmsese

menti oned above. 20 Many nodifications and other enbodi nents of the
invention will conme to the mind of one skbtled in the art having the
benefit of the teachings presented in the foregoing descriptions and the
associ ated draw ngs. Ther ef ofTHAT WHICH CHELAIIBDstISod t hat the 25
invention is not to be limted to the specific enbodinents disclosed, and
that the nodifications and enbodinents are intended to be included wthin
the scope of the dependent &l aenbod3@oWOsP1438038 RCR/WS0@/132676 -19 THAT

WHICH IS GLAIMED | 5., 1. A nethod for splitting non-nmetallic substrates
conpri si ng t he 8t epet6f: CBPhI AP fifCaShE8rotl

ack within the substrate;
scribing the substrate wnthiathiaser heamoataak heahiaf teet edbzeracthat is

i nparted onto the substrateb,bé tHe | aser; %uenching ihe m crocrack at a
quenchi ng 10 region t hat“F$PRPhiRcSt RBCREAE ST Fected 26AEThYSARSE NG fluid
froma quenchhagtnazzketeat achbetsubstsat@paandd appbytRg auberegtento the
substrate at a |location behind the quenching region to break the substrate
whi | e mai nt ai AY ng"Fesfa8Gaf forces below a 15 critical breaking force in

front of the quenching ghegtBing2thd fEthedr-aegordi Agghenchahm 1, and
further conprising the step of initiating the mcrocrack with a nechani cal
initiatori0 regidn that 1s 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 gquenching nozzle via mirrors associated with
the quenching nozzle.

4. A method according to Claim 1, and

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

5. A method according to 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 atwd om3gése t he quenchi ng nozzle. 4. A nmethod accor dpagusm/3ed7ai m 1,
and 25 further conprising the step of directing a liquid and gas fromthe
guenching nozzle onto the substrate at tHe quenching region. 5. A nethod
according to Caim4, and further conprising the step of drawing a vacuum
through 30 the nozzle fo rehoiRethedi duaPriigui Boandae®nbrofn@ir flow 6.

A nethod accongingt ocGhgi M idngande fULbheE £oOPLishngcfibe step of
el evating the tenperature of %he substrate in a programred manner 35

before scri biTRIPIAG D1 BB P IET MBOF 320761 gL ROt Zough nendodf aetohreling to

Caim6, and ; furthery compistp Ef@eséﬁpi9£%eigﬂé‘téf&n%ﬁ'\? tenperature by
passing | aser |ight though one of either a faceted or diffractive optical
l ens element. 5 8. A nefhod 4 oresipddt fongspoht hetal hpe-meubsirat es

conpri sing the,steps. of :cérﬂéfi?{le%gtﬁe ng@%%ggrggk within the substrate;
a r

scribing the substrate wt as beamvia an integrated cracking device
that directs the | aser 10 heamontd miheatratkect edizoneet habstsatapart ed

onto the substrate by : r a hi n he m crocrack at_a
quenching region that %?ﬁﬁfnt‘?%e%%%fg%?? evé?%% azoir:ées?Jngn’?%m \(ﬁhaenchi ng
nozzl e that isn iinteggadted tdrddieingntegratedchdd ¢iaekt ngtldeviceer and

O Y0ty Ly R SO AL 8 Fond OFRLL Ofs PEIRDE LR gHigneht no
the substrate by the laser beam;

quenching the microcrack at a quenching
region that 1s 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
guenching 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. 2 method according to Claim 8, and
further comprising the step of directing a liquid and
gas from the gquenching nozzle onto the substrate at the

quenching 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 wdwe/sopsenchi ng region. 10. A nethod accordi ng t orCrasewBo76and
further conprising the step of initiating the 25 mcrocrack with a
mechanical initiator that is integral wih the integrated cracking device.
11. A nethod according to Caim8, and further conprising the step of
directing the | aser beahd- arbumeithdte gueprchimy nozgleimi 32 anodrs

associ ated w t I o) .42 h di Claim
8, and furthfedrkt(:%?rrpr%]Cgi\ﬁl;lgfétﬂﬁgé 2?%% “Zé%é%i?%c?lf%'é{%él?gﬁ?ﬁglg%djdqg%ég?r omthe
quenchi ng nozZzie @moch ey subst fat o atemdree rehdid hgl tegionaniD 01/ 38039
PCT/ US00/ 32076, 2% 13; - A-®t hod according to Caim12, and further
conprising the stf ep of draw ng a vacuumthrough the quenching nozzle to
renove residual liquidkhd Zomtiobdadccdtdimg S5td4ClAimes hoadndaccording to
Caim8, and -further ¢ rising the step of elevating the tenperature of
t he substrat ef%#%é%r%%rggpﬁselcp%nkﬁeeﬁt%%f%feeg%‘f?tb}%%gt}i%. A et hod

accordi ng to tGmapenddyrand. e fuubdieraconpt i sipgpodhenséepnofinetevating the
tenperature lg% assi n(grlgser | i ght though one of either a faceted or
diffractive optical 1ens element. 16. An apparatus for splitting
non-nmetallic substratess compmstimgd ddcerdasertd orlganeratiagda | aser

n | r r acki ng. devi for r i Ving .
beam a 1d”|t eﬁJrattheedr Ccoancfprl rgge thcee s‘r?ep oe eelevagtlng 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 ontoc a non-
metallic substrate to define a heat affected zone and
quenching the substrate at a quenching 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 gquenching nozzle mounted on the
housing for quenching 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 comt@iseed 20 within the heat affected zone, said i ptEys@iaecr acki ng
devi ce conprising a housing; optics fitted within the housing for

receiving and directing the | aser beamoehto 25 the substrate; and a
quenchi ng nozzl e nounted on the housing for quenching the substrate at a
quenchi ng regi on defined8w tAinapperhens aafpediad zenelaldn 1%, And

apparatus accgydh Ayt Cofb2l Bt 48, nando FULLBEE 1 COmRri,sind  fomechani cal
initiator mounted on the housing for Initrating a mcrocrack that requires

the | aser beamiehabihadndeehedfpectiedetronut hee integr ated erackilng devi ce.

WO 01/ 38039 PGIL QAggQX@ n5422148. An apparatus according to Caim 16, and
further conprising mrrors associated with the quenching nozzle for

directing $he | aser beah?ar otindapphraguenehicngdnozzke. C5aif. 1An appar at us

according to | 6, . ; rein sald quenchin 0zzle further _.conprises
fluid channéﬁ%g#%%&p%%%?ﬂgug%ghggéa?gFéggtfP?EﬁF or™ 5%58ﬁtgiugﬁe
substrate. 20ch#&mappafat usaastogdbng 6 Etalari®, 1idQivdheregassanto
guenchi ng nozq{e fggé@ggtgonprises both 1liquid and gas channels for

passi ng both FI%U? and gas onto the substrate. 21. An apparatus according

to Caim20, wherein said quenghpagatozzhecbudther teoopaisesoa 15 vacuum
channel ffH c%ﬁ@%@?nvggy ”&&QQQHQQgtQSZSES”%QLQﬁer comprises both
liguid 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 wvacuum channel for drawing vacuum through the quenching
nozzle to remove any residual liquid 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 atwooi/shess ce 20 for directing laser |ight onto thecsussésate before
the integrated cracking device and elevating the tenperature of the
substrate. 23. An apparatus according to2Gaim?22, wherein said |aser

scri be accel eration device further 25 conprises one of either a faceted or
diffractive lens elenent. 24 hamsdpgaratus for splitting non-netallic

substrates conprising: a laser_f.or generating a.laser beam. 30 an
integrated cracking device f%r mrl%(%@?rviaﬁlélaat hsg‘nlga‘}seere eénaerﬁacar%t?rﬂsl recting the

| aser beam onto a non- Metakld eistlist ratee Howsdefd e ra heatidffecied zone
and quenching the substrate_ _at a_quenching,.region contained wthin the
heat affected zone, said integra é%ecazfcsﬁrﬁéjea%‘sod%\ﬂ gglecoﬁ?gﬁﬁtﬁ%’m

01/ 38039 PGT/ USO0/ 32076and23 a housing; a mrror and a single elenment |ens
fitted wthin the housing for receiving and _directing the |aser beam onto

the substrate; 5 and a quenchi¥§ i e WS F e dO5R &k OThddSi ng f or

quenchi ng t he substrateh@hsangqliQQCfqiu@gud}ﬁgﬂgomh@gsiumﬁftzr\&ttéﬂiﬂ} tzhe hea_td
affected zone. 10 25. An apparatus according to C aim 24, erein sai
singl e el enent | ens conPHF8&eS1R9dSGHE™ é’%ﬁﬂ‘?ﬁdriwé%q d&r NSSris el enent .

26. An apparatus accordufiget0ed aiome24, 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 according 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
liquid 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 r ect edwo emsodre i ntegrated cracking device. 27. An apparatwsoE2eTs di 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 Caim27, wherein said quenching nozzle further
conprises fluid channeld - -f oAnpasiang torse aoicoadingasto IGlguiird 36r, gasi ont o

25 the subst f%%tp%% cOhp3RRALAL US 13GEor %‘c@gbteo ag %1@r%8cmn pergin said
quenchi ng nozzl e further conpri'ses both as channel's Tor
passi ng both EDQUddraﬁdl@@sla@ﬁtolu@®t5@0$brahe s&@s&&at&nb@ﬁp&@atmg
according to i rei.n _sai uenc zl e f rther conprises a
vacuun1channeﬁhigg&éggﬁiﬁgggzéugnﬁﬁhrou A theqﬁu %&ﬁlng¥hozzle to renove
any residual Ekegpedatame odnthelsgastrbh@w MD 01/ 38039 PCT/ US00/ 32076 -24
31. An apparatus accordl r.ther c rising a |l aser

scri be accel eration deV|ce g agpﬁg uﬁg F§§§ Py %ﬁgdﬂkﬁg 'substrate

before the inhegeratedadrackiseg deviice andeebemahbﬁgdbh&cé tferpekat ure of
the substrate, 32. én ap garatus g cordi % g gla % wherein said | aser
scribe accel eF8tPoh°GEvIPEE Par it erc@n% £8&8%RE Of I&rener Ve f886t ed or

diffractive | ehsmeeakenent .



