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LOTHY ., FEINICHETOIRIZHET 5. BH. FRAICKDFERX
E—EIZTONTEWLHE5=8. FIRIXITHBENMER LT,

7. [To the best of the applicant’s knowledge, in contrast to marking
or image production techniques, there does not exist any prior art which
describes the use of volume optical breakdown in true material processing
techniques, as used in industrial applications, such as cutting and
drilling. This definition of the term “material processing”, which is
commonly used in industrial laser terminology (where it also includes
welding) is assumed throughout this patent specification. There
therefore exists a serious need for new methods for industrial and other
applications of optical volume breakdown phenomena in suitable
materials.] (E3EBE1174L\L1817)

(HEEADRBRY TIX, I—F 2504 A —OHEEM & IEBAIIC, LI
OEALEVEEEADEAICAVWLOATWSEDY T 7ZILTAES VIR
MIZHNT, FEALAERIEZANS Z EZ2EE L-ETREELEL, ZZTW
5 IRFUT7LTAEI VT EWSHEBEOERIX. EXERL—YOREE
BELEL, ) TBVWTEEAVLOLATEY., KEFHFBEEZO2EITH=-
THHRESNT WS, LE=A-T, BHLEYEICEITS. AFENTAREBIER
R, EXETOMAREAT 5012, HLWAEMNFRZIIKRH SN TS, )

4. [The present invention seeks to provide new methods for material
processing using the volume optical breakdown phenomenon in optically
transparent materials. This phenomenon occurs when the beam from a laser
emitting ultra-short pulses of the order of tens of picoseconds or less,
is focused into the volume of the material to be processed by means of
a high quality focusing objective lens, such that a focal spot close to
the diffraction limit for the laser wavelength is obtained within the
material. Such short, high peak power pulse scan be obtained for example,
from temporally compressed backward stimulated Brillouin scattering
(SBS) Nd:YAG lasers.

At such high power densities, of the order of 10 13 watts/cm?, the
material undergoes optical breakdown, since the transmission limit of
[ inear response to power is exceeded in the material, which then strongly
absorbs the laser radiation. Because of the intense power density, atomic
and molecular bonds of the material are broken down, and the material
decomposes almost instantaneously into its most basic components,
generally highly ionized component atoms. | (FE3EBE23{THLLELE
%£1017)
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AE VI DHE=RAZERELESETEHEEDOTHS, COBRRIE. L—Y
EREOBHBERIGEVERRARY FPAMBRNTEONS LIS LERBEDERS
MLUORICEST, 10EaRUTOL—HTHSBE/NILAE—LEZ, T
SNAMEOEBRNICERSELESITEET S, COELS5HEELVEE—IN
T—N)LRIE, BIZAIE, —BHICERSWDSBAFZET) A7 Uil
(SBS)Nd:YAG L—H I 1G5 ENTES,

CDESHEE/ND—FEIE. 10" watts/cm* DA —F—THY . #MEIL. 1F
WIEEZR T, TOERAIE. MERTNRT—ICRTIBEEEDEBRRREEHE
Z1-%. L—YHGFHENBBREINENETHD, EFHE/NNT—FEEDT-
HIZ. MPDEFRUDFOEELNEIREIND L. MEIE, [FIXHEFICHAEL
TEZTDRVERANLTERESR., — KNI, BEICAA VIESNE=BREFICE
td 5, )

7. I'In accordance with yet another preferred embodiment of the present
invention, there is further provided a method for ultra-fine cutting of
transparent materials. The method can be similar to that described in
the above mentioned drilling embodiment, but including the further step
of drilling further holes closely spaced to each other such that a
continuous cut channel is produced.

Alternatively and preferably, the focused laser beam is made to execute
multiple traverses of the material to be cut, first of all at the surface
of the material, and slowly working down through the material with a
sawing motion, to produce a complete cut channel, which can extend right
through the thickness of the material if desired.

In accordance with yet another preferred embodiment of the present
invention, there is provided a method of performing material processing
on a material substantially transparent to a laser radiation, and
consisting of the steps of focusing pulses of the laser radiation into
the volume of the material, the pulses being such that the material
undergoes optical breakdown, and moving the focal point of the pulses
of the laser radiation relative to the material according to a
predetermined path. ] (FE6EHE24THWVLLE7EE101T)

(AEADESHICHDIFE L WERBEICEINIE, FAMBOEMMIEO -
SRHENEBEEND, COFEF, LEFADEMRBITEHBALI-DEREKT
HeEN., EEL-UMENRESNSEIICEWNMIAE LIS 0B EHINEFA
TRHSHLBEAHATIREZEATL D,

HeEWIT., ZELTHFELLE, ERENEL—HYE—LIE, YT SMBISH
LCHEBEEMZERTIAESICENS, L—HYE—LRK, FF. MHORME.

ZLT oK Y EEBEHICEYMBERRICTLA - TWVE, AETHNIEMH
DESHNEBT ARV IEELMBEEERT 5.
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[CERGMHEOLEIZTTITZLITORS DT ETSAHENRBESND, TOA
EE. MHEOERBANL—FBREF DO/ LR EZIRKRT HITE. MHEISLEHERE
HLBEIGNILRESTHIE, FMEDRRRICTH > THRIZHT 5 L—H st
DINNVADEREBESELIIREST, )

T. [In accordance with a further preferred embodiment of the present
invention, there is also provided a method as described hereinabove and
wherein the material is a glass, a plastic, a gemstone, or a
semiconductor. | (FE7EHZE2 174L\L 2 317)

(AEHDESHITHFELWVERBREICEINE, Ff-, ERLf-ESS, #MHIE.

HSAR.TSRFvY ., TA. FERFFERTHLHIC LEHBET 2HENERE
#Htznd, )

Z#. [There is even further provided in accordance with a preferred
embodiment of the present invention a method as described hereinabove
and wherein the moving the focal point of the pulses of the laser
radiation relative to the material according to a predetermined path is
synchronized in a predetermined manner with the emission of the pulses
of the laser radiation. | (FE7BEE30THWLLESHE4T)

(AEBADIFFELVWERBEICEINE, LR LI=&k 512, AIEDRRKICH 1=
MBI T D/ RA L —FREDELSDBEA, /NILAL—FREOKE &
MEDNAECTEPMSINDEZRBETIAENFTLESLICRESN D, )

#1. TFurthermore, in accordance with yet another preferred embodiment
of the present invention, there is provided a method of drilling a hole
through a sample of material substantially transparent to a laser
radiation, and consisting of the steps of focusing pulses of the laser
radiation through the volume of the sample, onto a location close to the
surface of the sample further from the surface on which the laser
radiation impinges, the pulses being of width shorter than 100
picoseconds, such that the material of the sample undergoes optical
breakdown and produces a first hole, short in length compared with the
thickness of the sample, and which breaks out of the surface of sample
further from the surface on which the laser radiation impinges, moving
the focal point of the pulses of the laser radiation back towards the
surface on which the laser radiation impinges, by a predetermined
distance, such that a second hole is produced by the optical breakdown
of the material, the predetermined distance being such that the second
hole just enters the first hole, and repeating the previous step until

34 / 64



the first and second holes produce a continuous hole through the complete

thickness of the sample.

There is also provided in accordance with a further preferred embodiment

of the present invention a method as described hereinabove and wherein

the material is a glass, a plastic, a semiconductor, or a gemstone. |
(B9E%E2017HLVLE10EE81T)

(Ffz. AEADO S SIZHDOFFELWVERBEIZENIEL, L—FHREIICHLT
EENICBEALGMBEOY U TILEBLTREERELTIAENREEINS, &
BT HIRIE. Yo TILOKER. 2FY. L—FRENTHOAEIZREHLIDS
Bntf-9 o TILOREIGEWVSEAAL—FREFD/NILRAZWNET HIEEET,
ZDIFETIE, 1T00EIRKYBWMED/NILRIZEY ., o TILOMEIEA
PHIEEZZ(T, YO TILDESICEANEEVNVEOREZID 1 BB ETER
L. L—YH&ENTThhbdXREISENIE=Y Y TILOREHN THIESNDS, F
f=. NERATDHIRIE. LRSI THONLSRENOTEHEBEA~NL—
THRHEDNILADIRKRAEZBHT HIEEZSL., TOIETE. 2FEB DAL,

1BBEDAICHE &S EADKL I GATEDNHEREDIE [CHMBDAFHIRICE YA
BEnd, F¥f-. NEFATLHITIERF, YO TILDESHDEHRT S EZERK
YAHFETHIRLIIEZRYRT CLZET,

L Li=&kSIC, MBHE, AR, T5RAFvI . $BER, XEFERETHSC
EERBETIAERILEXKPADRDIFE L LEHHBEICE > TRES S, )

. [This method is particularly useful in the semiconductor industry,
where a need exists to mark silicon or gallium arsenide wafers with very
high resolution identifying marks, and without doing so on the surface
of the wafer, where the debris of a surface marking process would be
detrimental to the level of cleanliness required in many of the wafer
processing stages. Though marks can be applied by conventional
microlithographic methods using photoresist and etching procedures, the
internal laser marking method is vastly quicker, and is a simple one
stage process, unlike the microlithographic method. Furthermore, the use
of an internal marking method, such as that described in this embodiment
of the present invention, leaves the surface of the wafer uncluttered
with superfluous features. This advantage of this embodiment of the
present invention becomes even more important when marking has to be
applied at a chip level, rather than at a wafer level, since chip real
estate is such a high value commodity. In the case of silicon, which is
substantially transparent from about 1.1 um to almost 5 um, a laser
emitting pulses at 1.9 um is suitable for implementing the method of
this embodiment.

A further method according to another preferred embodiment of the present
invention, is that of using the volume optical breakdown effect to drill
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very parallel ultra-fine holes in transparent samples by means of a
reverse drilling procedure. The method consists of the steps of first
focusing an ultra-short pulse width laser, such as that described in the
first preferred embodiment above, just inside the further surface of the
sample through which the hole is to be drilled, and of firing a
predetermined number of pulses. The volume optical breakdown incurred
causes a narrow void or hole to be drilled, with the debris being ejected
forward, in the beam direction, and away from the sample. It is known
that in this method, the interaction mechanism of the laser with the
material is that of optical breakdown, since a plume of plasma is seen
ejected from the front end of the drilled hole. The void formed has a
diameter of the same order of magnitude as the focal size of the laser
drilling beam, and is typically only 1 um in plastic materials, or 2
um to 3 um in more refractory materials such as glass or sapphire.

In the next step, the focal position of the laser is moved back a distance
of 0.1 — 10 um, depending on the material and another series of pulses
is fired. This extends the void to join the already existent void. In
this way, a complete hole is drilled through the sample by means of
optical breakdown interactions. Since the hole is reverse drilled, the
ejected debris, plasma and gases do not cause the hole to be widened as
it isdrilled, and good parallelism and high uniformity of bore size can
thus be obtained. 1 (81 2E% 27174 \LE14EE 31T)

(COFEIT, FEFREZIZBLVTHEHIZEATHY ., FEREZTIEH. ZEU
NIZERICEHBEDHENT—VEETSHELIIT. DU VFERIEHA) DL
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umiZxt L CEEMISERADSEIZIE, REBHBEDAHEEZERTHDICIE 1.
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4. TAccording to another preferred embodiment of the present invention,
a method of microscopic cutting of such transparent materials is provided,
whereby a number of holes are drilled sufficiently closely spaced to
each other, that adjacent bores run into each other, resulting in the
production of a continuous cut channel according to a predetermined path.
Alternatively and preferably, the focused laser beam is made to execute
multiple traverses of the material to be cut, according to a
predetermined path, the first traverse being at the surface of the
material, and then slowly working down through the material with a sawing
motion, to produce a complete cut channel, which can extend right through
the thickness of the material if desired. Alternatively, the cut can
be commenced at the far surface of the sample, and the sawed channel
moved up through the sample towards the laser impingement surface. These
methods of cutting, according to the present invention, are particularly
advantageous in diamond processing, where a minimum of material is
removed, and in the semiconductor industry, where there is a need to cut
extremely fine and smooth channels. The use of these methods enables a
smooth cut of width less than 10 um to be produced through a thickness
of 0.2 mm. of glass.] (FE14EBE2 1174V LE15EE81T)
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