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WO 2005/101487 PCT/KR2004/001315 LASER PROCESSING
APPARATUS TECHNICAL FIELD 5 The present invention relates to an
object processing apparatus, and more particularly, to a laser processing
Wahi98F4€U4%6or minimizing generation of sludge and enhanciPfghfd&2004/001315
processing efficiency while processing an object like a wafer. 10
BACKGROUND ART In producing objective materials from wafers,
metals, plastics, and so on, it is general to operate processing procedures
such as cutting and 15 grooving works. For instance, after completing a
semiconductor chip fabrication process, a process for cutting a wafer to

separate plural chipsggyhish gx ég@@ﬁq}o&;@%ﬁg@@@to individual chips

is subsequent thereto. The wafer cutout operation Is very important over
the whole process of semiconductor chips because it heavily affects the

roductivity and product 20 quality in the subsequent process. The wafer
ﬁﬁ&m&&@i usually carried out with a mechanical cutout method or
a method employing a laser beam. In a mechanical processing apparatus
such as a sawing device, after mounting a wafer on a stage, a cutting

bladeef fhessawing denice eontactso2oroodjuiting gasition (kgy atieet), and
with rotating in a predetermined speed, and then severs (or cuts out) the
moypaferthtd \Mivehifps. DEFMBIANSSHBE ABGEGRNSPAt S BYHE W sneTation

of %&Igwgqeogg?tleon%laa&%@go%%%t%%gegéggn%/ efficiency while processing an

object like a wafer.
BACKGROUND ART

In producing objective materials from wafers, metals, plastics, and so
on, it is genmeral to operate processing procedures such as cutting and
grooving works. For instance, after completing 2 semiconductor chip
fabrication process, a process for cutting a wafer to separate plural chips,
which are formed on the wafer, into individual chips is subsequent thereto.
The wafer cutout operation is very important over the whole process of
semiconductor chips because it heavily affects the productivity and product
qualily in the subsequent process. The wafer cutout operation is usually
carried out with a mechanical cutout method or a method employing a laser
beam.

In a mechanical processing apparatus such as a sawing device, after
mounting a wafer on a stage, a cutting blade of the sawing device contacis
to a cutting position (i.e., street), with rotating in a predetermined speed,
and then severs (or cuts out) the wafer into unit chips. During this, the

sludge generated by the wafer cutting operation is removed therefrom by
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1 WO 2005/101487 PCT/KR2004/001315 ejecting a cleaner thereto.
However, when a wafer is severed by means of the mechanical
processing method, it is impossible to completely remove the sludge by a
Weleadtéria#id inevitable to be operable with a wider cutout breathikR2004/001315
Especially, when it needs to sever a wafer in a relatively smaller size, the
5 wider cutout breath may cause damages on circuits formed in the wafer.
Even with a way to overcome the problem by adjusting an edge width of
the blade, there is a limit to narrow the edge width of the blade. Recently,
cj e Has HesHahirtidd & teehniien of Protdusing avwiden instreermdrinenofans of
non-contactable form with a# ser beam. In order to conduct a 10 wafer

G TR of o e B, B seitig BRLBuiPAre SUHBRIGR AR the

Yy means o aser a

shigiebis anenerted, ARde; Hanskd bRt Rdlasririsamemitied frun &gt breath.

source is transmitted through a condensing lens and then irradiated on the
Espasferl [ Thavbescdssieg dndthod weithaa vefier beam 1ses aeheshariism gifze, the
.15 burningq irradiated areas out of the wafer due to inducing effects of

Wiy O dh P ERB IR by 18EESHATTAS 8B bR RRES dXliPedeips the wafer.

eating

Eveigiin he fangeobuisaviolst rﬁyéb%é&-ﬁﬁgd}@st'ﬁg@&fe‘ﬁgédﬁr%&gi}egf the

a laser beam "is condensed and irradiated on a wafer, the irradiated area
bladehedienp instamlit anchsherve viaperigedy dtivell asdslagdnelted, to
increase a 60 va%orizing pressure according to the evaporation of the

wafey THEtERal rBaBIBAGr LB TR OB ar s Rediatadearin the
e e R Sat o ke b et guct &
wafwailgblecans of a laser beam, after settling a substrate support, on which
a wafer is mounted, on a transfer unit, a laser beam emitted from a light
source is transmitted through a condensing lens and then irradiated on the
wafer.

The processing method with a laser beam uses a mechanism of
burning irradiated areas out of the wafer due to inducing effects of heating
and chemistry by focusing the laser beam on a surface of the wafer in fhe
range of uliraviolet rays 250 ~ 360 nm. In other words, when a laser beam
is condensed and irradiated on a wafer, the irradiated area is heat up
instantly and then evaporated, as well as being melted, to increase a
vaporizing pressure according to the evaporation of the wafer material,
resulting in an explosive burning-out of the irradiated area. From a
sucoessi#e sequence of the burning-out operations, a wafer can be divided
into multiple chips and a linear or curved severing process is available
therein.

However, even in the processing method with a laser beam, it is also

impossible to clearly remove the sludge therefrom such as in the mechanical

sawing method. Further, it has disadvantages that the sludgy particles
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therein. 25 However, even in the processing method with a laser beam, it
is also impossible to clearly remove the sludge therefrom such as in the
mechanical sawing method. Further, it has disadvantages that the sludgy
particles 2 vaporized or evaporated by the irradiation of a laser beam are
condensed and recasted on sidewalls of a wafer, without being
discharged outside, as a recess depth of a processing plane. Moreover,
the laser processin%method currently used is workable 5 with transferrin

VPR BBfeE Grif R 18Ceh hehm! At ASPITRIs S AtidRigHt @ﬁa“r%éﬁ?éﬂg and
recJRSP-RIPAYAUQN, PIOCES STS% & W&%‘Eﬁ%%i%‘&%%g%% .nb%tclgl’;ldg as a

needs to assure the stability of a fransfer unit to nfove "an object in a hi
rec&SREBEpYINich £aWses AMmPpadatus heavier and a product cost higher. 10

DISCLOSURE OF INVENTION Embodiments of the present invention

proVde < tasar precéssing pappasatug fon etitahcimg et Bfficiendy iof workable
WitErocessing an object by 15 transferring the object while irradiating a laser,

oA tHe thjett, WSt a8 tansterrhg e Tadt BBartT By &~ This 1s
incRIQFERSING AlgX 0%1&“%”9?%89 SN NSO ?&Ee%?‘bs%%r'ﬂ”ea%tsa"&%hu ti-pass

present inventior’ provide a laser‘processing apparatus for processing

cut IMEEKi: A gias alh i unarn i e lo gl sMike i A0+ireadiating arlasah beaMmove
with being transferred along a processing direction. Embodiments of the

an phesentinvehtioh provde whasbr progessingapparatus heavier and a product

cost higher.

DISCLOSURE OF INVENTION

Embodiments of the present invention provide a laser processing
apparatus for enbancing the efficiency of processing an object by
transferring the object while irradiating a laser beam on the object, as well
as transferring the laser beam along a processing direction, during
processing the object.

Embodiments of the present invention provide a laser processing
apparatus for processing working areas all in uniform morphology while
irradiating a laser beam with being transferred along a processing direction.

Embodiments of the present invention provide a laser processing
apparatus for improving the performance and processing speed by
minimizing a distance between adjacent spots of a laser beam irradiated on

a processing object.
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apparatus for improving the performance and processing speed by
minimizing a distance between adjacent spots of a laser beam irradiated
on a processing object. 3 In accordance with an aspect of the present
invention, there is provided a laser processing apparatus for processing
an object by laser, comprising: a beam irradiator for emitting a laser beam
from a laser light 5 source; a beam scanner for operating the laser beam,
which is emitted from the beam irradiator, to irradiate on a predetermined
interval of a processing position of the object repeatedly; a lens for

congenging hejaser Q?ﬁ‘”‘al?@%‘?gcf{oﬁf”}%é’e M SEANNGT AR SMaere s

including a hole for filtering the laser beam emitted from a rotational
protudyagpAwal provees i thefeamul0 seannerc &mnng lses BRaAMDY laser,

emitted from the condensing lens, before the laser beam emitted from the
corgondersing lersis irradiated dithenotijésg wHessin trapbjfietis a laser light

transfeged at least on&e along a proces E%g d}r ction Whlle processing

SOui&sobj8EE Th HAGAACE WRATANbtRe SQRIiVeRtighed from
the tﬁ?&%'%rﬂa%%%’fd‘?g &laspopr 0&?%?&889@&%@%9{%‘?&5'@9 :?gyro cessing

object by laser, comprising: a beam irradiator for emitting a laser b

posftosm adasgrdightj soureep eabedn; seanegk faoepesating thedasee brasds beam
which is emitted from the beam irradiator, to irradiate on a predetermined
emiifiggh/apot ahsrduassing apositionrsf theablett pépémediytwlendofofiltering the
densm the(!ir er beam 20 emitted from the beam scanner; a mask

135@1 ﬁafﬂg big ﬂl"t‘%r%é‘)&a}é’éﬂ}a SURY Bt Hofi & ratatidHaPlufAmeam
scaf?x%’?t %ﬁ‘orﬁW%QJJWeQWeEQ?{HE?“frla‘?ﬁo%%éh%%%%rnk%‘?ﬁg‘ RIitedFOM 11,

he beam scanner is incident on
Iaser beam emitted from the condensing lens is irradiated on the object;

wherein the object is transferred at least once along a processing direction
while processing the object.

In accordance with another aspect of the present invention, there is
provided a laser processing apparatus for processing an object by laser,
comprising: a beam irradiator for emitting a laser beam from a laser light
source; a beam scanner for operating the laser beam, which is emitted from
the beam irradiator, to irradiate on a predetermined interval of a processing
position of the object repeatedly a lens for condensing the laser beam
emitted from the beam scanner; a mask including a hole for filtering a laser
beam emitted from a rotational turning point of a mirror of the beam
scanner, before the laser beam emitted from the beam scanner is incident on
the condensing lens; and a deforming lens for transforming a spot of the
laser beam into an elliptical pattern before the laser beam emitted from the
condensing lens is irradiated on the object; wherein the object is transferred

at least once along a processing direction while processing the object.
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the condensing lens; and a deforming lens for transforming a spot of the
laser beam into an elliptical pattern before the laser beam emitted from
the 25 condensing lens is irradiated on the object; wherein the object is
transferred at least once along a processing direction while processing
the object. 4 BRIEF DESCRIPTION OF DRAWINGS FIG. 1 is a structural
dlagram |IIustrat|ng a Iaser processmg apparatus according to a first
FIGs. 2A through 2D are
agtary —fe&tures of repeatedly irradiating a
laser beam on an object by the laser processing apparatus shown in FIG.
1. FIG. 3 is a structural diagram of a laser processing apparatus with a
magkdn aceordsroe withladsegend ethbpadutient eflhe: pieserddmvantomaratus
10 FIG. 4 is a schematic diagram for illustrating the feature of uniformly
accprgeesding 4 saHgsebsrdmepfeet hhehy fesar grocesing- apparatus

sh in FIG,.3. FI astru tural dlag am of a Ia rocessi
oL BB g o TP OFCRFRE A SR BB fefetures
of &%@?{Q&?ﬁqqﬁg’dﬂ@t@&s@pb@ ﬁxao%trgﬁt%ﬁrl 9&@%?”@1&; ?al?éxe processing
processing apparatus with the mask and the deforming lens in

appaceardanesvwith & faiirth embodiment of the present invention. 4a WO

2005/101487 PCT/KR2004/001315 BEST MODE FOR CARRYING OUT
THEINNVERSTIORructural diagram of a laser processing apparatus with a

mask in accordance with a second embodiment of the present invention.

FIG. 4 is a schematic diagram for illustrating the feature of uniformly
processing a surface of an object by the laser processing apparatus shown in
FI1G. 3.

FIG. 5 is a structural diagram of a laser processing apparatus with a
deforming lens in accordance with a third embodiment of the present
invention.

FIG. 6 is a structural diagram of a laser processing apparatus with the
mask and the deforming lens in accordance with a fourth embodiment of the

present invention,
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Hereinafter, preferred embodiments of the present invention will now be
described below in more detail with reference to the accompanying 5
drawings. FIG. 1 is a structural diagram illustrating a laser processing
wappasatugsaccording to a first embodiment of the present inveEnkenodkhe:31s

laser processing apparatus of the present invention includes a laser light
source 10, a beam irradiator 20 for emitting a laser beam from a to laser
light source, a beam scanner 30 for operating the laser beam emitted from
the beam irradiator 20, to be irradiated on a predetermined interval of a
Srb ik SésRidnattheldlieetrdpdatediNorsthe Kithight, and a
condensing lens 40 for regulating a focus of the laser beam emitted from
the beam scanner 30. 15 Here, the beam scanner 30 can be
implgmentad: witha-galyaaQMaleH:: SCANRES Ot SEFVOMmet v e hHeaml! now
scanner 30 includes a driver 310, one or a couple of motors 320 and 340

be agassrebdsy trdarivér 3m@rendwed paitbf neiprsc’30carid 85ecbempanying
connected respective to rotation axes of the motors 320 and 340 and

"48pR8&Tedly rotating along a predetermined angle 20 and direction (left and

rghty 8, up ang éme}hﬂﬂt@pagwﬁt%%mﬁl?%efa%@ gk ARPaAISatus
according to rotation of the mirrors 330 and 350 of the beam scanner 30,

aceolabiegbeamfisstramsberdact sid mg ahsrecessirigndieadtion to be effectively
irradiated on a processjng object. In the embodiment of the present

invehfiSn!4Afh AFGRIHG%S MRA B8 H OIS IR eohouh ey Biptpdes a
1259296 PO 3 {ransierretalieast 9nes by smesnsofid HansfeL 09k from a

shown). In the condition that a spot size of the laser beam for processing
lasan digbctsisi@Ogna Withra Feguency 0f 40 opOrating the laser beam emitted

from the beam irradiator 20, to be irradiated on a predetermined interval of
a processing position of the object repeatedly on the straight, and a
condensing lens 40 for regulating a focus of the laser beam emitied from the
beam scanner 30.

Here, the beam scanner 30 can be implemented with a galvanometer
écannar or a servomotor. The beam scanner 30 includes a driver 310, one or
a couple of motors 320 and 340 actuated by the driver 310, one or a pair of
mirrors 330 and 350 being connected respective to rotation axes of the
motors 320 and 340 and repcatedly rotating along a predetermined angle
and direction (left and right, or up and down). In the structure of the laser
processing apparatus, according to rotation of the mirrors 330 and 350 of
the beam scanner 30, a laser beam is transferred along a processing
direction to be effectively irradiated on a processing object.

In the embodiment of the present invention, with irradiating a laser
beam, an object 60 mounted on a stage 50 is iransferred at least once by
means of a transfer unit (not shown). In the condition that a spot size of the

laser beam for processing an object is 20 m with a frequency of 40 ~ 50
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5 WO 2005/101487 PCT/KR2004/001315 KHz, if a transfer speed of the
object 60 is too fast when the laser beam is being irradiated on the object
60, which is moving, by the rotating mirrors 330 and 350, a recessing
waepiis/of 432 object 60 becomes shallower. Therefore, it is regpkedda set:1s

the object 60 to be transferred only once 5 during the entire processing
time. Now, a way of severing the object by the laser processing apparatus
is as follows. A laser beam incident on the second mirror 350 through the
beam irradiator 20 from the laser light source 10 is reflected on the first

K Huiridr 830ansifier thppedhelldberdinant eflestéaoofattiewinstniero 330 Iscifn is

condensed on the lens 40. The condensing lens 40 applies the laser |
e L Ui Pl TR oG ot ehniFIOFe Shoaors

3385Q.ade autilized with ang of fagih obaltegethay; Lurips the ARredWR. Hower.
can obtain an effect of mobile irradiation with t]he laser beam because the
Thiirstfang secondanivnors 380sahdi850 botate 615 tlomng &rpradeterthinety once

angle and direction. In addition, a processing time can be shortened

dufaéthe THEBHRIAEES L 8Is Fansferred along the processing line, and it
' ible,t ight .
IS pagsiPle, 1g, 185391 &,R10ELGHEOS) AR e &Ts%ler??cpéj&i%qsg %@ﬁ%ﬁﬁs is

there is no need of a transfer unit that must be designed wi ity
as dfobperationA 2@ feoinctie dpefdtnn teatire otthedseirbeanrotessipy the
apparatus in which a laser beam is irradiated on a wafer, which is _
begmnireardatar 1Ie4str B By 6 MIHPHE STOES Bebn iSchrier itdaingthe first

mi?ﬁéﬂ%ﬁﬁ?%ﬁa&t aY o8, Caled 253 [y PLH AUV 1A3EL RSP SRMor 330 is
condensed on the lens 40. The condensing lens 40 applies the laser beam to
the object 60 with a regularized focus., Here, the mirrors 330 and 350 are
utilized with one of them or altogether.

During the procedure, it can obtain an effect of mobile irradiation
with the laser beam because the first and second mirrors 330 and 350 rotate
along a predetermined angle and direction. In addition, a processing time
can be shortened because the object 60 is also transferred along the
processing line, and it is possible to lessen a product cost and weight of the
apparatus because there is no need of a transfer unit that must be designed
with its stability of operation.

From the operation feature of the laser beam processing apparatus in
which a laser beam is irradiated on a wafer, which is transferred at least
once, by the mirror of the beam scanner rotating multiple times, it may be
called as a hybrid-driving laser processing apparatus.

FIGs. 2A through 2D are schematic diagrams illustrating the features
of repeatedly irradiating a laser beam on an object by the laser processing

apparatus shown in FIG 1, assuming that an object is fixed at a stage in

convenience of description.
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. FIGs. 2A through 2D are schematic diagrams illustrating the features 25

~of repeatedly irradiating a laser beam on an object by the laser processing
apparatus shown in FIG. 1, assuming that an object is fixed at a stage in

- wepmeehiamsse of description. 6 WO 2005/101487 PCT/KR2004/0R&3%E/0As15

illustrated, it can be seen that a position that the laser beam is irradiated

on the object is variable as the mirror 330 is being inclined along the
processing sequence shown from FIG. 2A to FIG. 2D. Since the laser

beam is continuously emitted and the mirror 330 rotates successively, the

5 ladet bEastisipfadiateanoh thecprodbssingnsiatécsf thabltjectigeenrbgam is

.__Straight direction.and thereb surface of the abject 60 is continuousl

e AR SR EIGHE CLOUE 103 abh 65 AT MUMOREIAE el e Hlong

thPORRISIBHNEd ANAB Y SRRHRNGIE Aifcor BROJ evAESSIYYOlIRR-8I9RE Jaser
the direction from the position of FIG. 2D to the 10 position of FIG. 2A. As

beamesultaht proveksingéffisiennd dan beiimprdal byt operatingthg vely, the
shuttle irradiation of the laser beam on the processing plane of the oﬁéect
a

13955, PF&M3 1§ dSAHLHTAI QRhghaim BIOL PSSR HrBCRREINY aPParahishith% on @
str@B inipcoidAnse wWib-emeenndsembodipient of dhs.BreseniinENiR o sty

15 The laser processing apparatus illustrated in FIG. 1 is advantageous
cutorehentiegthe: phodd$8ing @3ficiedcyldnd reducing a cost of apparatus
by pracessing an object with the hybrid operatigon as aforementioned. Bu

t
sincé HasBIaR 1€ ift PRSI BTG DEBEL SwibotR 130G tag gnirror 330
re%%f‘@gpﬁqlo%@ig%m%t YHP'%{F&%?&E‘%BWQI?Q%Q&EB% b@la'igl%faﬁ'ﬁe'io the

position of FIG. 2A. As a result, the processing efficiency can be improved
by operating the shuttle irradiation of the laser beam on the processing
plane of the object 60.

FIG. 3 is a structural diagram of a laser processing apparatus with a
mask in accordance with a second embodiment of the present invention.

The laser processing apparatus illustrated in FIG 1 is advantageous
to enhancing the processing efficiency and reducing a cost of apparatus by
processing an object with the hybrid operation as aforementioned. But,
since a laser beam is irradiaied on the object, without moving, at a
rotational turning point while repeating the rotation of the beam scanner 30
in a predetermined angle, it may cause a phenomenon that an area processed
at the tuning point of the laser beam is recessed deeper than other areas,
degrading the uniformity of processing.

This embodime;n‘c, as a second embodiment of the present invention,
provides a laser processing apparatus to overcome such shortness of the
processing uniformity of an object at the turning point of rotation of the
mirror, being associated with a mask.

Referring to FIG. 3, the laser processing apparatus of the present

7



10

15

20

20 in a predetermined angle, it may cause a phenomenon that an area
processed at the tuning point of the laser beam is recessed deeper than
other areas, degrading the uniformity of processing. This embodiment, as
wa saspmeiembodiment of the present invention, provides a lSeRR2004/001315
processing apparatus to overcome such shortness of the 25 processing
uniformity of an object at the turning point of rotation of the mirror, being
associated with a mask. Referring to FIG. 3, the laser processing
apparatus of the present 7 WO 2005/101487 PCT/KR2004/001315
invievigntionoitlslddestiite laser ligebsoireect0 the Bearmenmadiared2eidor 20 for
emitting a laser beam from a laser I(i)lg source, the beam scanner 30 f% R
ot

h
empHneihJ AHeF | 5T A AT it rdhe thes BRERT it AGidt6 P B0 S t5 BT
opeipa%ﬂjl%[eﬁlgn R predgterminad;interval gf.a processing pasitipn&f the, to be

object 5 repeatedly on the straight, a mask 70 having a hole A for filtering
irrdtieatades the are datitted frodni atrotationflstpmingspoiy ph e enirndrtB8®bject
when the laser beam is emitted from the beam scanner 30, and the

reDEaHRIENsHY TBRSHO! B rdgMathg’d RS raksd) BRhdliLthiRgd RbriRser
bedhe gﬁﬁ%keaofﬂadg{eat §:PASK. {0, GANDE IDIRHROSEAPEWEER INeNEIMen the

scanner 30 and 10 the condensing lenis 40 or between the condensing
1astensedthanidetiher odjeiiond tantamadecfronea Matenidl thapabid of yafledting 40

such as a metal or absorbing a laser beam. In the laser processing
forgssalatinsAcRAT Rfdhs laskisBe RBaFEHRREEPTbIR thE #iffrdP of the

e S TR S LTSS 6 i ReRand 20
the condensing lens 40 or between the condensing lens 40 and the object 60,
and made from a material capable of reflecting such as a metal or absorbing
a laser beam.

In the laser processing apparatus shown in FIG 3, a laser beam
emitted from the mirror of the beam scanner 30 at the rotational returning
point is irradiated and reflected around the hole A of the mask 70 and after
passing through the hole A, the laser beam is uniférmly applied to the
object without any position moving in the speed of 0. in other words, the
mask 70 used in the second embodiment acts to make a laser beam be
reflected at the rotational turning point where a transfer speed of the
mirrors 330 and 350 of the beam scanner 30 stands on zero.

FIG. 4 is a schematic diagram for illustrating the feature of uniformly
processing a surface of the object by the laser processing apparatus shown
in FIG. 3.

As illustrated in FIG. 4, as a transfer speed becomes zero at first and
seconds ends to turn a transfer direction of the mirror 330 while rotating, .
laser beams emitted from the first and second ends are filtered by the mask

70 with the hole A in order to prevent the laser beam from being excessively
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passing through the hole A, the laser beam is uniformly applied to the

object without any position moving in the speed of 0. In other words, the

mask 70 used in the second embodiment acts to make a laser beam be

wretlestad @t the rotational turning point where a transfer speptiatihe4201315

mirrors 330 and 350 of the beam scanner 30 stands on zero. FIG. 4 is a

schematic diagram for illustrating the feature of uniformly processing a

surface of the object by the laser processing apparatus shown in FIG. 3.

As illustrated in FIG. 4, as a transfer speed becomes zero at first and 25
irragiedpd et s tecerpnaksierditdetiohist the mirror 330 while rotating,
laser.beams.emjited from the first and secand ends are filtered by the
mad AR 1 Hold AR AT 1o Hre o e ot P A e them
maB%ERshively 8 WAide9odiked A8 REHIRROOALDAL A5 irradiated anidih of

processing plane of the object. The mask 70 is changeable with another
theamagny theapluralify ofstaene indsuiactardd if vdrousasize30in aicupretande an

.__with an irradigtion width of the laser beam.,|f a size of the hole A of the

ire 5 T LB b P PR R S G 2L BEUE (R Bask 70 up

or a@kyﬁt%g by daking tfh%é’ﬂ%ﬁ&@&ﬁt%cﬁ%@n@ﬁﬁﬁ%{Hﬁ‘ﬂ%@r‘cﬁﬁﬁiﬂg point of
emitted from the rotational turning point of the mirror. Although when it is

theimpossibleAsohegigevbe move the moask 19 tcanlimaghatiomwidthtbé theesk 70,
laser beam can be adjustable by controlling rotation angles of the mirrors

an JEppAigfieey BRiHE RadPecliiter BBt Bt BristIustrbifaltaiab PRt Of ing
rot3RIELRIPCESHNG AR BIVS With Aq defergringdens i acsprdange with a

third embodiment of the present
FIG. 5 is a structural diagram of a laser processing apparatus with 2

deforming lens in accordance with a third embodiment of the present
invention.

As aforementioned, while the laser processing apparatus shown in
FIG. 1 is advantageous to enhancing the processing efficiency and reducing
a cost of apparatus by processing an object with the hybrid operation, it
may cause degradation of fhe processing efficiency by discontinuous
irradiation of a laser beam on a processing area of the object 60 because the
laser beam is irradiated, with moving, by the beam scanner 30 and the
condensing lens 40 on the object 60.

This embodiment, as a third embodiment of the present invention,
provides a laser processing apparatus to overcome such discontinuous
irradiation of the laser beam omn a processing plane of an object, being
associated with an elliptical deforming lens.

Referring to FIG. 5, the laser processing apparatus according to the
third embodiment of the present invention includes the laser light source
10, the beam irradiator 20 for emitting a laser beam from a laser light

source, the beam scanner 30 for operating the laser beam emitted from the
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invention. As aforementioned, while the laser processing apparatus shown

in FIG. 1 is advantageous to enhancing the processing efficiency and

reducing 15 a cost of apparatus by processing an object with the hybrid

woperationisit may cause degradation of the processing efficieogyiryoo4/001315

discontinuous irradiation of a laser beam on a processing area of the

object 60 because the laser beam is irradiated, with moving, by the beam

scanner 30 and the condensing lens 40 on the object 60. 20 This

embodiment, as a third embodiment of the present invention, provides a
bedasenpedeeissing Gpparates o adsrcsmersush piisdettinuous! inadiztion of 2

the laser beam on a _processing plane of an object, being associated with

ProgR HiIREERE YtBnd TErePREteiTtAE EiG 08, the MEeidhfodbgshrydensing
1en@PRATGHS A as%%t@&czé Hirghemediment of e reseabinventiofsam

includes th t source 10, the beam irradiator 20 for emitting a
scdaser (danfibm atdsemlight 1sosréé, the beamfecanner 30sfostopératingaser
the laser beam emitted from the 9 WO 2005/101487
D TIIIRYGGART 1251 BOBEERT MR A S0 1S i HiRAteal dptern.

pre rmi interval of a grocessi ition_of the obj e
s R S TR A L T SR
cylheancemided foimibedsemn sscanmesi3Q; and e teforming s Bpriesessing
. transforming a spot of the laser 5 beam reflected on the condensing lens
dirgetig® & elhstiChigsite?d. Phe tRAGATHAGIeME 8D & Jraterrétpradier of the
elhigjcg)cl.%mg&t@% Mﬁ‘e?la%y%de%?ﬁl lens and needs to have topological pattern
to make a processing

That is, a laser beam with a circular spot emitted from the condensing
lens 40 is transformed into an elliptical spot by the deforming lens 80 and
then irradiated on the object 60, so that it is effective in accomplishing
continuous irradiation due to elimipating or reducing intervals between
adjacent laser beam spots.

FIG. 6 is a structural diagram of a laser processing apparatus with the
mask énd the deforming lens in accordance with a fourth embodiment of the
present invention.

Referring to FIG. 6, the laser processing apparatus according to the
fourth embodiment of the present invention includes the laser light source
10, the beam irradiator 20 for emitting a laser beam from a laser light
source, the beam scanner 30 for operating the laser beam emitted from the
beam irradiator, to be irradiated on a predetermined interval of a processing
position of the object repeatedly on the straight, a mask 70 having a hole A
for filtering the laser beam emitted from a rotational turning point of the
mirror 330 when the laser beam is emitted from the beam scanner 30, the
condensing lens 40 for regulating a focus of the laser beam emitted from the

mask 70, and the deforming lens 80 for transforming a spot of the laser
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direction of the object 60 be concordant with a long diameter of the

elliptical spot of the laser beam. 10 That is, a laser beam with a circular

spot emitted from the condensing lens 40 is transformed into an elliptical
wEpwoHyire’deforming lens 80 and then irradiated on the oljetig®o800601315

that it is effective in accomplishing continuous irradiation due to

eliminating or reducing intervals between adjacent laser beam spots. 15

FIG. 6 is a structural diagram of a laser processing apparatus with the

mask and the deforming lens in accordance with a fourth embodiment of
begite rpfesdntinvetitionoRésaming torkl &0 nthestasdiiptocelspirigeapparatus

accqrding to the fou t@ emhodiment of the present invention includes the

(aso 5t ShfBE"10 LG AR BRI RRREF S6EF SARAREFS 1HeBPBRath =nd
thdT05m @dRsEIdioh SQures HBRRRAMRCANALE 3 1Qr RRSraiNgherasiject 60,

beam emitted from the beam irradiator, to be irradiated on a
anpreddefimned mearvdkbdicaprobessingllpotitignotthesobjectird peatddlyrbing
on the straight, a mask 70 having a hole A for filtering the laser beam
2 1855#tB8%m a rotational turning point of the 25 mirror 330 when the laser

bears ﬁmgti@e}drqgnmggamé%@ﬂ%%@}eaﬁmﬂge%@@1@&%fég t%% them

regulating a focus of the laser beam emitted from the"mask 70, an
macheftroning dena 80 dantransiarming atdpotafithedgsen 14:WeHance with an
. 2005/1.01487 PCT/KR2004/007.315 beam reflected on the condensing
irtpiatapnintd 4k arfifhedesstibaierd, 1 inakthe &eipd ddiposersk 70 is

cofSNECNINGRRAM.AAMASD A7 N COURT AR AP Yakcing
g lens 40 and the object 60,

the mask 70 up or down to filter the laser beam emitted from the rotational
terning point of the mirror. Although it is impossiblie to change or move the
mask 70, an irradiation width of the laser beam can be adjustable by
controlling rotation angles of the mirrors 330 and 350 of the beam scanner
30.

The deforming lens 80 is preferred to be implemented with a
cylindrical lens and needs to have topological pattern to make a processing
direction of the object 60 be concordant with a long diameter of the
elliptical spot of the laser beam,

In the laser processing apparatus shown in FIG. 6, 2z laser beam
emitted from the mirror of the beam scanner 30 at the rotational tuning
point is irradiated and reflected around the hole A of the mask 70, and after
passing through the hole A, the laser beam is uniformly applied to the
object without any position moving in the speed of 0. Further a laser beam
with a circular spot emitted from the condcnsinglens 40 is transformed into
an elliptical spot by the deforming lens 80 and then irradiated on the object

60, so that it is effective in accomplishing continuous irradiation due to

eliminating or reducing intervals between adjacent laser beam spots.
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and made from a material capable of reflecting such as a metal or
absorbing 5 a laser beam. The mask 70 is changeable with another
among the plurality of them manufactured in various sizes of the hole A,
win 2esandggrce with an irradiation width of the laser beam. IfrgasiRR0I40E1315

hole A of the mask 70 is constant, an irradiation width of the laser beam
can be adjusted by taking 10 the mask 70 up or down to filter the laser
beam emitted from the rotational turning point of the mirror. Although it is
impossible to change or move the mask 70, an irradiation width of the
laseAbeaniioan tve Hojustabledbiy codntroflingaotatienangtesofite mireoigser
330 and 350 of the beam scanner 30. 15 The deforming lens 80 is ,

P EI R PGE A DI BRI AT & Y ARG fo RS Wit RS tiPhigpBToving

thdPIRAGR\ PEHEILIOMAKE BIARReSINGL AeEon OLDE OhIEchO0 ot such

concordant with a long diameter of the elliptical spot of the laser beam. In
as theviaSer proceasingr eppaatiss stihwin InskiCh dam, |dsepbearnsidg ehttdsf ect
from the mirror of the beam scanner 30 at the rotational tuning point is

WitfhathidediRAifrefRETAH AFodfd T Holdhk ofthe nhfaryolsarEFafigied, with
nd AN QPR INGIIS 116 (ASSL BeATIF oIy applied to the

objett without any position moving in the speed of 0. Further a laser beam
withraeiteitlatisp@iremittedhiventite condensing leaspdesttangfapmedsgular
into 25 an elliptical spot by the deforming lens 80 and then irradiated on

PIeREsSHiEct B s thabit RPEfdcive inadEmrApisiRmgostinttits headiagbrihe

ro%gg%%ﬁ@ﬁ?&g”&o‘%ﬁtr%dﬁ‘%{@%igmt%%’ A R ERN AR R S M e mitted
from the rotational turning point, among laser beams emitted from the
mirror of the beam scanner that irradiates the laser beam with transfer.

Moreover, the present invention provides a laser processing apparatus
to overcome discontinuous irradiation of the laser beam on a processing
plane of an object, due to the sequence with a contemporaneous transfer of
the laser beam and the object, by irradiating the laser beam with an
elliptical spot while a long diameter of the elliptical spot is being
concordant with a processing direction of the object.

Although the present invention has been described in connection with
the embodiment of the present invention illustrated in the accompanying
drawings, it is not limited thereto. It will be apparent to those skilled in the

art that various substifutions, modifications and changes may be made

thereto without departing from the scope and spirit of the invention.

INDUSTRIAL APPLICABILITY
The present invention is applicable to a laser processing apparatus for
severing and grooving an object such as a semiconductor wafer, a metal, or

a plastic, by means of a laser be.am.
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WO 2005/101487 PCT/KR2004/001315 According to the embodiments of
the present invention, the laser processing apparatus of the present
invention is advantageous to improving the efficiency of operating a
process of severing or grooving an object such as a wafer, a metal, or a
plastic with a laser beam, by processing the object 5 with the hybrid
operation in which the laser beam is irradiated, with moving, on a wafer
W ka'sctﬂ%ﬂ?gﬁdﬁt !east once. Further, t.he present inventi_on IS
effective In preventing an irregular processing result of an object due to
irradiation of a laser beam at the rotational turning point by using the
mask filtering the laser beam emitted 10 from the rotational turning point,
1. &madngdaserioeanys mmitbeg frarruthe fonirrpr of ¢heiheamrscariecthdty laser,
irradiates the laser beam with transfer, Moreover, the present invention
CONKrEViIHES a laser processing apparatus to overcome discontinuous
radigtion of the jass! beam,on & processing plang.of an pbiect dye (o, ..
the sequence with a contemporangous transtér o 15The t386F beam &h
the ohiggt, byckradiating the dasembeans with-anelinticalispet WhileA{Qn0 from
diameter of the elliptical spot is being concordant with a processing
the directiomafitte object rAlthtaighdtheappeséntdnwentidni hasrbekr flespribecksing
in_ connection with the embodiment of the present invention illustrated in
posthi BRbMMSaPhIRGt 2ORFAIHGS, it is not limited thereto. It will be apparent

to those skilled in the art that various substitutio difications and )
e RSy 5 HATS il itk bttt i o Ratty sgapmer:
andof the invention. INDUSTRIAL APPLICABILITY 25 The present invention
is applicable to a laser processing apparatus for

a mask including a hole for filtering the laser beam emitted from a
rotational turning point of a mirror of the beam scanner, among laser beams
emitted from the condensing lens. before the laser beam emitted from the
condensing lens is irradiated on the object;

wherein the object is transferred at least once along a processing

direction while processing the object.

2. The laser processing apparatus according to claim 1, wherein the beam
scanner comprises:

a driver:

a motor actuated by the driver; wherein

the mirror is connected to a rotation axis of the motor and repeatedly
rotated along a predetermined angle and direction.
3. The laser processing apparatus according to claim 1, wherein the
beam scanner comprises:

a driver:



5

severing and grooving an object such as a semiconductor wafer, a metal,
or a plastic, by means of a laser beam. 12 WHAT IS CLAIMED IS : 1. A
laser processing apparatus for processing an object by laser, comprising:
5 a beam irradiator for emitting a laser beam from a laser light source; a
beam scanner for operating the laser beam, which is emitted from the
beam irradiator, to irradiate on a predetermined interval of a processing
position of the object repeatedly; a lens for condensing the laser beam

emftt68 R} AHIAAT ASHALTS PO 4RA 4Tk MRfuding a hole for
fitering Bedase HamhATIted bam. 2 gielonal Inaing RIRI AR IIOL ¢ e
of the beam scanner, among laser beams emiitted from the condensing

motiens abaferp thedaser heam emited fioprdhet condensingdensisidadisiash .
on the object; 15 wherein the object is transferred at least once along a
processing direction while processing the object. 2. The laser processing
apparatus according to claim 1, wherein the beam. scanner comprises: 20

4 TR UGS PAISIOT HERIRRASH T R WSetRif & i3S ESRri8Eted to
a rotation axis of the motor and repeatedly rotated along a predetermined
angle and direction. 25 3. The laser processing apparatus according to
claim 1, wherein the

13a
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beam scanner comprises: a driver; 13 a couple of motors actuated by the
driver; and first and second mirrors connected respective to rotation axes
of the motors and repeatedly rotating along a predetermined angle and
direction. 5 4. The laser processing apparatus according to claim 2,
wherein the 13a mask filters the laser beam emitted from the rotational

masfy HiHg SolfEorARE" M8 6FHEIe A Schhhdr BB R ABR KR! of the
mirfQP A oM e beam, sga .eeffoiée"{ﬁgi%@sdemﬁ&%otéi& b L5 8 B b eam

processing apparatus according to any one of the preceding claims,

scaMigrein thednask is magdedgsra metal. 6. The laser processing
apparatus according to claim 1, further comprising a deforming lens for

transforming a spot of a laser beam into an elliptical 10 pattern before the
laser beam emitted from the condensing lens is irradiated on the object.

O ThTHEtaEePIREESS Ty HRRRIHS &e&&wq%ﬁg&otem%%ﬁe?éiﬁliﬁe%receding
claifflounaadansis implemenied i g cylipdienl lens. 15 8. The laser

processing apparatus according to claim erein a long diameter of
the elliptical spot is aligned in concordance with the processing direction
of the object. 20 9. A laser processing apparatus for processing an object
6. THyelases;r poowsrising apparatus according to claim 1, further comprising a

deforming lens for transforming a spot of a laser beam into an elliptical
pattern before the laser beam emitted from the condensing lens is irradiated

on the object.

7. The laser processing apparatus according to claim 6, wherein the

deforming lens is implemented with a cylindrical lens.

8. The laser processing apparatus according to claim 6, wherein a long
diameter of the elliptical spot is aligned in concordance with the processing

direction of the object.

9. A laser processing apparatus for processing an object by laser,
comprising:

a beam irradiator for emitting a laser beam from a laser light source;

a beam scanner for operating the laser beam, which is emitted from
the beam irradiator, to irradiate on a predetermined interval of a processing
position of the object repeatedly

a lens for condensing the laser beam emitted from the beam scanner;

a mask including a hole for filtering a laser beam emitted from a

14
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a beam irradiator for emitting a laser beam from a laser light source; a
beam scanner for operating the laser beam, which is emitted from the
beam irradiator, to irradiate on a predetermined interval of a processing
25 position of the object repeatedly a lens for condensing the laser beam
emitted from the beam scanner; a mask including a hole for filtering a
laser beam emitted from a 14 rotational turning point of a mirror of the

l%eam scanner before% th§ laser_beam.e ittebd from the beambs nner IS
rota 10.3&1 umtﬁléf 801 of a mirror of fe eam sca?ner. ‘ore. the laser
incident on thé’condensing lens; and a detforming lens for transforming a

beafPEhALDE kaoeH RREM AR 30, £HiRtcA) RRIIRINDSIOIRING RS NB8Mens: and

emitted from the condensing lens is 5 irradiated on the object; wherein
theaoljeGiiminapsfenedat leastsdénoe along aprocessing disectibrawhil@to an

_processing the object. 10. The laser processing apparatus according to i
clligigdinBastehe Brdcaging c10°81aints ARh&raiA ek Beamn deannefrnsHeotens is

. reflection devices. usin alvanometer scanners or servomotors. 15
n’racﬁa eé on t%e ggjec!t;g 9

wherein the object 1s transferred at least once along a processing

direction while processing the object.
10. The laser processing apparatus according to any one of the preceding

claims, wherein the beam scanner 1s one of reflection devices using

gaivanometer scanners or servomotors.
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