WO 2005/ 087429 PCT/ F12005/ 050087 1 Met hod for
machi ning a material w th high-power density

wehewstosorragnet i ¢ radi ati on  The i nventi on rel aPeS/FI05/050087

10

15

20

25

30

met hod for machining a materiai w th hi gh-power
density electronmagnetic radiation. 5 The first

al e@dy f 5rerﬁ5&\‘ﬂ1urg@§rn?attéﬁ%|1§wtthfi%@g Exhé)l S efeéﬁ??na%qqegiﬁgadiation

i nventron I Anc vari ous ap
by nmeans of a working |laser. The use of |aser has

o R flentielafis T edod b rechiinach e 1 wiaBih-raver densiy

swé&g&,a@}ag@g%ia@anof gl ass, i.e. energy absorbs in
the surface |ayer, 10 heats it up and |leads to the

mel ting and vaporization of glass. Accordingly, the

g?gge{ fte al Qaﬁ?@téﬁoﬁat\’dnstf&ﬁe Prretl’?ocf (ﬂ‘etf\gmveﬁﬁé) giﬁflpge P/%r&ous

brgiads- owrtlngfappﬁ:taxonaby m’ea\nsi o¥ & wl?ulkmg &sen, Mhé Iusé: shiassr hoalus already
nt r ol t of the inventjo ovi de

PR RrRoR Reiter Aich AR S BHE ErEog Knaygn Brebhags are

OV&-fse(ﬂ) bh @fe irfacEBb&RPTon bﬁ@bé&dl @gerfe%?b/ b tﬁbeﬁ.r’faeg layer,

of the workpi ece, 15 snpothness of fracture
( hegts it Hp ghel deayls smtherpeliing ant ¥aporizatio ofhglasst Atcordmgly, the

h
P brEET nd bPa RS st PRSP S, DRr biglems
deficlnduncontrbikedappalade df rlatdrial dnd diffidaities 1 thidtness control. It is
g A M W
| TheRBfite ot Bidr aPYmBBGASfin@udiRg Bhlgg;l@%%bﬁg of‘"EhE oigplece

reference to the acconpanyi ng W hgs
F.sgwoxhr@ﬁsmfstnerfecﬁwe pkinade of lraglam) Ian@\ 0o tyeamnzenoraof harmful

"B 6{ih G etentelfs. | T tt1 e graph

This object is accomplished by the invention on the basis of characterizing features
as defined in the appended claim 1.

Preferred embodiments of the invention are set forth in the dependent claims.

The invention will now be described in more detail by way of a working example

with reference to the accompanying drawings, in which

Fig. 1 shows the focusing of a working beam on a material, the little graph

showing the absorption of energy in the material.

Fig. 2 shows the status of fig. 1 with the addition that radiation energy

develops a fracture in the material.

Fig. 3 shows a desired machining path from above a workpiece to be cut,
along which the beam is moved, and
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material. Fig. 3 shows a desirgd machining path from
above a workpiece to be cut, along which the beamis

rsrﬂy&e\g, t he%ll}g@ 0 O‘ggeg‘ﬁrééﬁ ﬂg&ﬁ%gﬁl negjot'%g Sfjﬁeg & a ftorkpiece

sur f ace offocontroking acfeactdrerto berttraghihédignahd maedriat.e to
be "machi ned" in the material. Machining is perforned
by using el ectromagnetic radiation, a typical exanple

OfMacﬁax]erWﬁ Erbel'f‘érﬁétﬁw uinh@@!’ectra_rh ?rfe%i@'rﬁ&bﬁlfh E%?p@al example of

specifi ¢ wavel ength is sefected according t
mewhieh isllagen ligh. ﬁb‘tfﬂdﬁ@n |’@§ @rﬁpﬁﬁﬁ@ wakelemrgidiviidhos selected

: $$§9®t9§§§o£%¢eﬂ%nt°t%s%€% i, 8 V*Q%*"@%geﬁ gL sﬁftr% s inside
SEth@Q’ia@éi‘iabWb@ﬁsmbtﬁﬂtlél@utfa@ab%mtd)ﬁ As t‘lﬁrﬂéﬁeﬁblrsdehlﬁcally

result is a stress conditjon which breaks up th
beleges! baar 13 a1S01eq-SPY Mgidednmateal e asulids Ehgtr@% "condition

efised Sr‘eakg‘uﬁ‘trijeqﬂéi‘@\’gll lﬁ régéohtr%ﬂ’&%wfahﬁerf ?ﬁe‘f&ﬂsﬁq lsaerffed(:ed ina

appropri ate mnet E.g. a |l aser beam can ocuse
bywaveangthospecific ‘fasbloodow @h@pmapraatmnatlmo) E.d.1a lagardeam can be

ot ooy T o bcse L S BF 1 B B, PhefEER o

PQjerformffoduditigalidoty he&ss ofirhdidriet oikataiat Bl esedrdliabis that the focal
the proximty of a enetratlon surface in_order to

prROUTICE radiatidngies Hethwa@ gatenal and/er n hredrexiNity of A PeBstERtion
d f

S Qe 0L LA e consi o
aghpe oegdwtauneTbguﬂ, iadigh powengansiteisgrchiewsd by fasusinge eainngyg. with

must _bhe. eri - LT [ly, such that no. .
PR ARt The BRIt el bioffhindm B Bl sbied Waterial-

| npeafchllyfdieh tiesorpbstantial eeffadecatzotptioh takesaiaeibat, instead, the
over a sel ected mavelength results in the bsor tlon

ofabFONREARCPHTIEIBNE At BRIEHR! QYEF BSSICElRE VaYElePen RS WIS iR the
t HibekRBSS of SBEEMGH the material across the entire material thickness. Some of

the beam may reflect from the surface of or from within the material to atmosphere

and some of the beam may penetrate through the material.

Thus, a method of the invention is based on the use of high-power density
electromagnetic radiation in the machining of a material. Novelty of the method is
based on the fact that the machined material is transmissive to the wavelength of
electromagnetic radiation used for machining, but at the same time the high power
density of radiation at a so-called focal point results in the material being cut for
two segments (see fig. 1 and 2). Some of the energy will be absorbed evenly

throughout the material thickness.

The radiation used as shown in fig. 3 is carried along an imagined working path and
the material breaks up in two segments as the beam advances in a controlled

manner along the programmed, desired working path.
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4, A method as set forth in any of claims 1-3, characterized in that the surface of

a material is machined for a guide groove which matches the form to be cut and

controls the movement of a radiation focus.

5. A method as set forth in any of claims 1-4, characterized in that the laser
radiation is used to develop inside the material a stress zone of a desired shape and
this is followed by subjecting the material to a shear force capable of breaking apart

the segments present on opposite sides of the stress zone.



