LASER MACHI NI NG APPARATUS CROSS- REFERENCE TO RELATED PATENT
APPLI CATION 5 This application clains the benefit of Korean Patent
Application No. 10-2007-0042752, filed on May 2, 2007, in the Korean
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A laser machining apparatus, in general, transmits a laser beam emitted from

a laser oscillator using laser beam fransmission means, and performs tasks such as
20 drilling and marking by irradiating the laser beam onto a substrate that is to be finally
processed.

FIG. 1 is a schematic diagram of a conventional laser machining apparatus.

Referring to FIG. 1, the conventional laser machining apparatus includes a
laser oscillator 10, a beam splitter 20, two pairs of scanners 41 and 42, and a scan

25 lens 50.

50 % of a laser beam, emitted from the laser oscillator 10, is incident on the
beam splitter 20 and penetrates the beam splitter 20, and the remaining 50 % of the
laser beam is reflected by the beam splitter 20. The laser beam reflected by the
beam splitter 20 passes along a first path 1a, is processed through the first pair of

30 the scanners 41 and the scan lens 50, and is irradiated to a substrate 2. The laser
beam that penetrated the beam splitter 20 passes along a second path 1b, is
processed through a reflection mirror 30, the second pair of the scanners 42, and the
scan lens 50, and is irradiated to the substrate 2.-

As such, in the conventional laser machining apparatus, the laser beam
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SUMMARY OF THE INVENTION
25 The present invention provides a laser machining apparatus having an

improved structure capable of dividing a single laser beam into four laser beams,
and selecting whether to use laser beam division.
According to an aspect of the present invention, there is provided a laser
machining apparatus including: a laser oscillator emitting laser beams; a first dividing
30 means on which the laser beams emitted from the laser oscillator are incident to be
selectively divided so as to progress along at least one path from among a pair of
first paths; a second dividing means on which the laser beams that passed along
one of the first paths are incident to be selectively divided so as to progress along at
least one path from among a pair of second paths; a third dividing means on which
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whi ch em ts t hThé aaesfebaf®is biaydingiube A% Upherting $4cket, a drive source, and a
power transmitting unit, the supporting bracket supporting the beam dividing unit and
the beam penetrating unit and the power transmitting unit transmitting driving power
of the drive source to the supporting bracket so as to move the supporting bracket
25 back-and-forth in either a right or left direction.
At least one of the first, second, and third dividing means may be an Acousto
Optic Modulator (AOM) emitting the incident laser beams after modulating the laser
beams using an acoustic wave which emits the laser beams by dividing the laser
beams into two beams that progress along different paths from each other or emits
30 the laser beams by adjusting the quantity of light of the incident laser beams so that
the laser beams progress along a single path.
At least one of the first, second, and third dividing means may be an Electro
Optic Modulator (EOM) emitting the incident laser beams after modulating the laser
beams using an electric field which adjusts the quantity of light of the incident laser
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enbodi nent s ofFIGh& isneepenspective view schematically illustrating a laser machining

apparatus according to another embodiment of the present invention;
FIG. 8 is a plane view of an upper base of the laser machining apparatus of
20 FIG. 7; and
FIG. 9 is a plane view of a lower base of the laser machining apparatus of
FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION
25 Hereinafter, the present invention will be described more fully with reference

to the accompanying drawings, in which exemplary embodiments of the invention
are shown.
FIG. 2 is a schematic view of a laser machining apparatus 100 according to
an embodiment of the present invention, FIG. 3 is a perspective view schematically
30 illustrating four pairs of scanners 140 and a single scan lens 150 included in the laser
machining apparatus 100 of FIG. 2, FIG. 4 is a schematic view of an incident region
103 for each laser beam incident on the single scan lens 150 of FIG. 3, FIG. 5is a
perspective view of one of the shuttle units 120 of the laser machining apparatus 100
of FIG. 3, and FIG. 6 is a front view of the shuttle unit 120 of FIG. 5.
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second, and third dividing means and each includes a beam dividing unit 121, a
beam penetrating unit 122, and a transfer means.
The beam dividing unit 121 divides the incident laser beam into two laser
beams. Then, the beam dividing unit 121 reflects one laser beam to the side on
25 which the laser beam is incident and the other laser beam penetrates to the opposite
side from which the laser beam is incident. In the current embodiment, a beam
splitter splitting the incident laser beam into two laser beams each having 50 % of
the total energy of the incident [aser beam is used as the beam dividing unit 121. In
the beam splitter, a reflection film having a reflection rate of approximately 50 % is
30 coated on one surface on which the laser beam is incident and an antireflection film
having a penetration rate of approximately 99.9 % is coated on the other surface
through which the split laser beam penetrates.
The beam penetrating unit 122 allows the incident laser beam to penefrate to
the opposite side on which the laser beam is incident. |n the current embodiment, a
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the rack member 126 is fixed moves along with the rack member 126, and thus, the
locations of the beam dividing unit 121 and the beam penetrating unit 122 can be
changed.
25 Since the location of the beam dividing unit 121 or the beam penetrating unit
122 can be changed, a progress path of the laser beam may be confrolled. Thatis,
when the beam dividing unit 121 is located on the progress path of the laser beam, a
part of the incident laser beam is reflected from the incident surface of the beam
dividing unit 121 to the side on which the laser beam is incident and the remaining
30 laser beam penetrates to the opposite side on which the laser beam is incident.
Meanwhile, when the beam penetrating unit 122 is located on the progress path of
the laser beam, the entire incident laser beam penetrates to the opposite side on
which the laser beam is incident.

The laser beam that passed through the shuttle units 120 and reflected from
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In the current enbodi nent, there are four ePal rs of scanner

whi &% r edPERATS Of searsiars A0 inpigertrn hewide althe shgigacan 1858 75620 as to

respectively form one of the incident regions 103 on the incident surface 151 of the
scan lens 150. In general, an f-theta lens may be mainly used as the scan lens
150.
Hereinafter, the progress path of the laser beam in the laser machining
25 apparatus 100 according to the current embodiment is described with reference to
FIGS. 2-6. Firstly, the case where the shuttle unit 120 is adjusted for the beam
dividing unit 121 to be located on the progress path of the laser beam is illustrated.
The laser beam emitted from the laser oscillator 101 is incident at the side of
the beam dividing unit 121 of the shuttle unit 120 and the single laser beam is
30 divided by the beam dividing unit 121 into two laser beams. The laser beam
reflected by the beam dividing unit 121 progresses along a first path 161a at the side
on which the laser beam is incident and the laser beam that penetrated the beam
dividing unit 121 progresses along first path 161b to the opposite side on which the
laser beam is incident.



15 The single scan | ens 150 collects the |laser beamthat is incident
on the four pairs of scanners 140 to a spot having a predeterm ned
dianeter and irradiates the collected |aser beam onto the substrate

2 that is to be processed In the current enbod four |aser
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third papfgt&sdapah drhRe 3at® RAMMKE Righe 1dsBF BEaleRBY ibe divided by four or

three or two to perform a machining process or the single laser beam is used as it as
to perform a machining process.
The laser machining apparatus according to the embodiment of the present
25 invention is configured to irradiate the four laser beams, divided from the single laser
beam, onto the substrate so as to be processed and thus the time consumed for a
process per a substrate may be reduced and the UPH realized in a single machining
apparatus may be maximized. In addition, four pairs of scanners and the single
scan lens are combined to correspond to each other to configure one laser
30 machining apparatus so that its manufacture cost may be reduced as compared with
that of the conventional laser machining apparatus configured such that one pair of
the scanners and one scan lens correspond fo each other.
Moreover, since the laser machining apparatus according to the embodiment
of the present invention can adjust the progress paths of the laser beams using the



i ncident, and the | aser beamthat penetrated the beam dividing unit
121 progresses along a third path 163b to the opposite side on which
the | aser beamis incident. As such, the paths of the four | aser
beans are adjusted J the reflection mrrors 102 so as to be
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incident and the laser beam that penetrated the beam dividing unit 121 progresses
along a first path 221b to the opposite side on which the laser beam is incident.

The laser beam that progressed along the first path 221a at the side on

25 which the laser beam is incident is again incident on the second dividing means, that
is, the beam dividing unit 121 of the shuttle unit 120, and thus, the laser beam
reflected by the beam dividing unit 121 progresses along a second path 222a at the
side on which the laser beam is incident, and the laser beam that penetrated the
beam dividing unit 121 progresses along the second path 222b to the opposite side

30 on which the laser beam is incident.

The laser beam that progressed along the first path 221b to the opposite side
on which the laser beam is incident is also incident on the third dividing means, that
is, the beam dividing unit 121 of the shuttle unit 120, and thus, the laser beam
reflected by the beam dividing unit 121 progresses along a third path 223a at the



machi ni ng apparatus 200 according to anot her enbodi nent of the
present invention, FIG 8 is a plane view of an upper base 201 of
the | aser machi ning apparatus 200 of FIG 7, and FIG 9 is a plane
view of a | ower base 202 of the | aser machining 10 apparatus 200 of
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In the embodiments of the present invention, the mechanical shutter type
shuttle units 120 each including the beam dividing unit 121 formed of a beam splitter
and the beam penetrating unit 122 formed of a penetration hole are used as the
25 dividing means. However, in emitting the incident laser beams after modulating the
laser beams using an acoustic wave, an Acousto Optic Modulator (AOM) which
emits the laser beams by dividing the laser beams info two laser beams that
progress along different paths from each other or emit the laser beams by adjusting
the quantity of light of the incident laser beams so as to progress the incident beams

30 along a single path may be used as a dividing means.
The laser beams divided by the AOM may be adjusted to respectively have
the same energy amount or an energy amount having a predetermined ratio (for
example, one that is 30 % of the quantity of light of the incident laser beams and

another one that is 70 % of the quantity of light of the incident laser beams) as
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which the | aser beamis incident. The progress path of the | aser beam
passi ng along the pair of second paths 5 222a and 222b and the pair
of third paths 223a and 223b is again divided by the shuttle unit

120 of each fourth, fifth, sixth, and seventh dividing neans to
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| aser beans
regions 103 respectively corresponding to the four pairs of scanners 140 can be

extended to cover the whole surface of the incident surface 151 of the single scan
lens 150 so that even if three of the four pairs of scanners 140 have problems and

25 thus are not able to operate, one pair of the four pairs of scanners 140 can cover the
whole surface of the incident surface 151 of the single scan lens 150.

The exemplary embodiments have been illustrated; however, the laser
machining apparatus according fo the present invention is not limited thereto.
According to modifications or combinations of the embodiments, various types of

30 laser machining apparatus can be realized having the scope of the present invention
and thus without departing from the technical spirit of the present invention.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by one of ordinary
skill in the art that various changes in form and details may be made therein without
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another one that is 70 % of the quantity of light of the incident

| aser beans) as 10 appropriate for working conditions. The AOMi s
well -known in the field of the art to which the present invention
pertains and thus a nore detailed description thereof is omtted. In
addi ti ondepartin@efmnrﬁbdispémtt snafscope qirtbs epresentviementom, as rdefimed thynghe

t he ﬂ@bﬂ' tdéﬂﬁpr beans after nodul ating the | aser beans using an
electrlc , El ectro Optic Modul ator (EOM which adjusts the
gquantity of Ilght of the incident |laser beans and emts the |aser
beans so as to progress along a single path maybe used as a dividing
means. The EOM can be adjusted to emit the |aser beans having a
quantity of light reduced by a fixed ratio (for exanple, 70 % of the
quantity 10 of light of the incident |aser beans), conpared with that
of the quantity of light of the incident |aser beam The EOMis
wel | -known in the field of the art to which the present invention
pertains and thus a nore detailed description thereof is omtted. In
addition, in the enbodi nents of the present invention described with
reference to FIGS. 2 and 7, the dividing neans is forned only with
the shuttle units, 15 respectively; however, the nunber of shuttle
units, the AOM and the EOM can be appropriately conbined so that
various types of dividing neans can be installed to one |aser
machi ni ng apparatus. In the enbodi nents of the present invention, the
| aser beans that respectively passed through the four pairs of
scanners 140 are incident on four 20 incident regions 103,
respectively, that are virtually divided on the incident surface 151
of the single scan lens 150, as illustrated in FIG 4. However, the
four incident regions 103 respectively corresponding to the four
pairs of scanners 140 can be extended to cover the whol e surface of
the incident surface 151 of the single scan |ens 150 so that even if
three of the four pairs of scanners 140 have problens and 25 thus are
not able to operate, one pair of the four pairs of scanners 140 can
cover the whole surface of the incident surface 151 of the single
scan | ens 150. The exenpl ary enbodi nents have been il l ustrated,
however, the |aser nachining apparatus according to the present
invention is not limted thereto. According to nodifications or

conbi nations of the enbodi nents, various types of
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30 | aser machi ning apparatus can be realized having the scope of the
present invention and thus w thout departing fromthe technical
spirit of the present invention. While the present invention has been
particul arly shown and described with reference to exenplary

embodi neXYiatisgaimadisi ¢ wil|l be understood by one of ordinary skill

in the art that varh psr fRABHY dgpatALeangriglagai | s my be nade

therein without 11 departing fromthe spirit and scope of the
present i nventd laserpscifatar egtting laseebeams) owi ng cl ai ns. 12 What i s
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rom anou, TbRRnd a8 hdfbet to b RIHAD I Rieh, B 10 BREeas HEE R fost |
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are,jncident t Lvely divd ress along a
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scanner s ona ohfhiecfitst pathé aseinclleante hichsdleqtvelyativitdda sngh o peodrésssalong at
i dent to each be defl ected

second, an hir i viding nmeans e i [

onto des%@ghgnﬁgﬁﬂgrsw gmgg&.paér %ﬁh'gq P%f’@' so as to be processed; and
a scan :cens offiowdtpaire dflseamma@bnhmﬁbhbﬂa}elrbaamgdhatma@uwthrﬁl@gﬁtherfirst,
pairs o scanner,s, are.i.ncident to be ¢ cted, on t haying a
bredet or APAUE. AN BIA oMY MERIRAL DEdRR 40 15rEn <t SefiSsied oRp Sesitert
:casw napbéiﬂofaﬁsgoragpaﬁgtaate sofasab deIprdcessbe rpidn ﬁt | east one Ofltge
irst, second, and thir i.viding neans is a shuttle unit ipcluding a
beam di vi di ng /A 161 OBt e Bedt bernt inat pasne Srovelhtesfodr Bavs o
t he beamseindietd @ iHETtént'to foeaslledted an Psyd: h@ﬂnﬁfa prigetetingg Alarhétélsnd

beans anﬂra%l_lgg\%gt%tﬁhe remai ni ng portion of the incident

iat e substrate.

20 2, The laser machining apparatus of claim 1, wherein at least one of the
first, second, and third dividing means is a shuttle unit including a beam dividing unit,
a beam penetrating unit, and a transfer means, the beam dividing unit reflecting a
portion of the incident laser beams and allowing the remaining portion of the incident
laser beams {o penetrate, the beam penetrating unit allowing the whole incident laser

25 beams to penetrate, and the transfer means changing a location of the beam dividing
unit or the beam penetrating unit so that the laser beams are incident on any one of

the beam dividing unit and the beam penetrating unit.

3. The laser machining apparatus of claim 2, wherein the beam dividing
30 unit is a beam spilitter which reflects 50 % of the incident laser beams and allows the
remaining 50 % of the incident laser beams to penetrate.

4, The laser machining apparatus of claim 2, wherein the beam
penetrating unit is a penetration mirror which allows more than 99 % of the incident
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| aser beans to penetrate, the beam penetrating unit allow ng the

whol e incident |aser 25 beans to penetrate, and the transfer neans
changing a location of the beamdividing wunit or the beam
penetrating unit so that the | aser beans are incident on any one of

t he beamasevbeamgtapencteatel t he beam penetrating unit. 3. The |aser
machi ni ng apparatus of claim2, wherein the beamdividing 30 unit is
a beamsplitter which reflects 50 % of the incident |aser beans and
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| aser beans using an electric field which adjusts the quantity of

i ght of the i_ncident |aser beans and emts the |laser beans to
progress al ond-a si Hifl @spraAchiging appaeatys aielainhi nyheipipertdeass one of the

conpri si Agt, segand drRF®ird Whdihg HnsGFiahtEiBgrd 8pEE MRRRor (EOM) emitting
20 the incident laser beams after modulating the laser beams using an electric field
which adjusts the quantity of light of the incident laser beams and emits the laser

beams to progress along a single path.

8. A laser machining apparatus comprising:
25 a laser oscillator emitting laser beams;

a first dividing means on which the laser beams emitted from the laser
oscillator are incident to be selectively divided so as to progress along at least one
path from among a pair of first paths;

a second dividing means on which the laser beams that passed along any

30 one of the first paths are incident to be selectively divided so that the incident laser
beams progress along at least one path from among a pair of second paths;

a third dividing means on which the laser beams that passed along the other
one of the first paths are incident to be selectively divided so that the incident laser
beams progress along at least one path from among a pair of third paths;
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a first dividing nmeans on which the | aser beans emtted fromthe

| aser. oscillator are incident to be selectively divided so as to
progress along at | east one path fromanong a pair of first paths; a
second di vi di ng neans on which the | aser beans that passed al ong any
30 one of the &fopgh diiding maansioncwhiehthe lgsgrdbeamseihat p@&%ﬁdonlmgj@w Qe
that the of B 8! (AIRS ard NP IPBE S8R éy‘alvﬁ}ed'&f‘?ﬁat iR [dsBF"
anong a pair of second paths; a thir i VI neans on

| aser be ﬁamﬁmgrpa%gl@ag@nﬂagt ofepath fiwm amneg@fpaumfwrﬂspatbat hs are

e L ona fif fitinePhriearl ¥h iAo the B84 Bdiind ek J58ed 8L 1P BAEE

progress al ong at [east” one rrom anong palr
a f curt hogef dhe geaethpaihs amnnmdemtetoumeelebty@mdww@d geatheit theainsitgnt

lect | ded
20 one. 8 bAnS BRAPCLORONG cfletel A Aok Pond 8 L Hfh alfe! O
from anong a pasixthafivitisgrmeansaomhich theflager dieainsi thgt passed atongniyctne

bt hsar 8 T e, 0as 2 aarant e FEIRRYIE sdad] Rathet, 18, REFRRE|ecer

| aser bebeamptpaggressalahgragleast dnwpathcﬁnmm prabhg arpain afisddig pathpali r - of

bas 8o al ong Bnsenth By, R piRn dhe jebek Hoalrin Pt BERFY H0R) te
sel ect i vether dheiodlduke thirdtpwdhs arhaancldemtierlie éeia&nvelyhﬂ!adad po digat dlss ingldent
|xth s; 10.a

| h
G vi 1 o' RELRGAD Pl Ers TRBS AeBR dnschatf Fhin = BBRa 3 el g ME Pone
one of the t hlel‘ghmmlh“bSofaI&nnml crewhidhothedas@ leedrhy elat piis%édﬂ@[ﬁ*oa@h &lﬁﬁit

2 pai 1 of S VEEh SEHE SR PR, e OGS 1h GReh 58 SaPElRo, S e

beams t hpbsipesetiashbstrgd sbhe tofbbrpﬁécdsbé@@m sevent h dividi ng neans
are incident to each bg?deflected ont o %m red .15 positions on a

substrate so &sfifSh SEEN Jekt saueRponding to four §@'r§c‘5rﬁqaéﬁ§rscﬁ5?me%rﬁ8’f'ﬂjlﬂ?ﬁg

to four pghtgaiff ofsstARAEsSahd oM anong the ei ght pal rs of scanners;
and a second scan Iens corresponding to the remajning four pairs of

scanners fronPaiRSAR 568N denshEOTRSPPEAIAg 8 dhe rgpainingsfour pairs of scanners
from among the eight pairs of scanners.
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