LASER PROCESS DEVICE BACKGROUND 5[0001]The present disclosure relates to a laser process
device, and more patrticularly, to a laser process device used in laser lift off (LLO) processing in which
a thin film is separated from a substrate. [0002]Due to recent improvements in reliability and output of
excimer laser beams, their range of application has been expanded even into the field of 10
semiconductor material processing. In particular, in the forming of devices such as light emitting
diodes (LEDSs), thin film separation préceSEIRGRSEM WakehsiaFlaser beams is widely employed, and
is referred to as laser lift off (LLO) processing. FIG. 1 is a conceptual view of a related art laser
process device for performing LLO processing. 15[0003]Referring to FIG. 1, a laser process device
includes a krypton fluoride (KrF) excimer laser 1 with a 248 nm wavelength, and an optical system 2
formed with a plurality of lenses. Below, a description will be given of laser lift off processing using the
laser process device 9 above. First, when the KrF ex0|mer laser | emits a laser beam, the laser beam
passes through the optical system 2 to assubd K REHIM form and intensity, and is then radiated
onto a processing object P that includes a sapphire Wlndow Pl and a gallium nitride (GaN)-based
epilayer P2. m@ 1 the enklrgypetseTs 1diseloserenialiiewtsr thasseheoteasasgdey sksapphinere
(approximately 10.0 eV), it is greater than the band ga of GaN (approximately 3.3 eV), so that the
laser beam |§W&B§&H@&W?ﬁé@&ﬁfﬁ%mlpl 58 it ﬁ&ﬁﬁr@éd’%ﬂ%ﬁ@gﬁé Hagsorbed by

the GaN-based epilayer P2. The thus-absorbed laser beam energy heats
a thin filin is separated from a substrate.

[0002] - Due to recent improvements in reliability and output of excimer laser
beams, their range of application has been expanded even into the field of

10 semiconductor material proceséing. In particular, in the forming of devices such as
light emitting diodes (LEDs), thin film separation processing from wafers using laser
beams is widely employed, and is referred to as laser iift off (LLO) processing. FIG.
1 is a conceptual view of a related art laser process device for performing LLO
processing.

15 [0003] Referring to FIG. 1, a laser process device includes a krypton fluoride
(Krk) excimer laser 1 with a 248 nm wavelength, and an optical system 2 formed
with a plurality of lenses. Below, a description will be given of laser lift off
processing using the laser process device 9 above. First, when the KiF excimer laser
! emits a laser beam, the laser beam passes through the optical sysiem 2 to assume a

20  suitable form and intensity, and is then radiated onto a processing object P that
includes a sapphire window P1 and a gallium nitride (GaN)-based epilayer P2, Here,
if the energy of the laser beam is lower than the band gap of sapphire (approximately
10.0 eV), 1t is greater than the band gap of GaN (approximately 3.3 eV), so that the
laser beam 1s not absorbed by the sapphire window P1 and is transmitted as-is to be

25  absorbed by the GaN-based epilayer P2. The thus-absorbed laser beam energy heats



and partitions the contacting surfaces of the sapphire window and the epilayer P2 to separate the
sapphire window P1 and the epilayer P2. [0004]By-products 0 in the form of fumes and particles are
generated from separation of adjoined surfaces during the above-described laser lift off processing,
and these by-products O, as illustrated in FIG. 1, adhere to the surface of a lens or the top surface of

the sapphiteaniasansn\ViendayREadCS-RIEhYE aikachimhia ReriRTOhiiedasephaam pmiled toward

the epilayer P2 is absorbed en route by the byproducts 0, so that the energy profile of the laser beam

that reaches,the suéace sHithevailay enisdomdaioer Phus, cracks or other defects are generated
from stress at portions on the epilayer surface where excessive energy is absorbed, and separation

between thgosapphire Wndevdand epiayersioes NohasuH@aspodianshahshsedsmall energy levels,
resulting in problems of reduced quality and yield for manufactured products. [0005]Further,

contaminatiparatctaniagéoiacatherfacm pangatsheitbinythédasticprogess Heviterduesimihedy-products
0 results in the problem of reduced durability of the laser process device. SUMMARY
[0006]Emihedintenfscdiithe Preseittuistrendion piokidesdhtasad phecassadei€e Witls an thaptoeyed
structure for preventing reductions in product quality and yield, or contamination of nearby components
due to gererationOhbyamaductsigioringphosdssingdicts processimgdbiéct. o0 A dording to an
aspect of the present invention, there is provided a laser process device comprising: a laser beam light
source cordiguraditedmivadberdpdayer 83 optizalrbyd temrasafigulediigpfoduct Shapdlandenergy
profile of a laser beam emitted from the laser beam light source; a stage on which a processing object

energy profile of the laser beam that reaches the surface of the epilayer is non-uniform.

Thus, cracks or other defects are generated from stress at portions on the epilayer surface

where excessive energy is absorbed, and separation between the sapphire window and

epilayer does not ocecur at portions that absorb small energy levels, resulting in problems

of reduced quality and yield for manufactured products.

[06005] Further, contamination or damage to other components within the laser

process device due to the by-products O results in the problem of reduced durability of the

laser process device.

SUMMARY

[0006] Embodiments of the present invention provides a laser process device
with an improved structure for preventing reductions in product quality and vield, or
contamination of nearby components due to generation of by-products during processing
of a processing object.

{0007] According to an aspect of the present invention, there is provided a laser
process device comprising: a laser beam light source configured to emit a laser beam; an
optical system configured to form a shape and energy profile of a laser beam emitted from

the laser beam light source; a stage on which a processing object



is positioned, the processing object processed through radiating the laser beam formed by the optical
system thereon; and a suction unit disposed in a travel path of the laser beam formed by the optical
system to transmit the laser beam therethrough, and configured to suction by-products generated
during processing of the processing object wherein the suction unit comprises: a housing comprising a
through-hole defined therethrough for the laser beam to pass through, and an exhaust hole defined
therethrough for the by-products to flow through, a beam splitter coupled to the housing to close the
through-higlpoithazd ethe Hiobessimpnubiicaing withadtie-shpougid: e andleanfiguameddentigdharge
nonvolatile gas supplied from an outside toward the exhaust hole, a discharge portion configured to
dischargels npnival atitet gasiowand dhe Heact aplithér disfancdoinfig wradieauciDththiadey praducts to the
exhaust hole, wherein the laser process device further comprises a monitoring unit configured to
monitor tHertasébyedim aging aystnriow of tendsbe Desmrefledled dlyrthelheand splittenref0608] [0009]
[0010] [0011]The laser processing may further include a filter disposed in a flow path of the
by-producstsienweetmithiexhaest tolk dmththefasessififer tHadppreatints OB Therdasdhprocess
device may further include: an aligner_ configured to align the processing object and the laser beam;
and a foctRGHEURRESPRGEREY: ts housing comprising a through-hole defined therethrough for the

laser beam to pass through, and an exhaust hole defined therethrough for the by-products
to flow through, a beam splitter coupled to the housing to close the through-hole, a nozzle
portion communicating with the through-hole and configured to discharge nonvolatile gas
supplied from an outside toward the exhaust hole, a discharge portion configured to
discharge a nonvolatile gas toward the beam splitter, a fan configured to suction the by-
products to the exhaust hole, wherein the laser process device further comprises a
monitoring unit configured to monitor the laser beam using a portion of the laser beam

reflected by the beam splitter.
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align a focal point of the laser beam on the processing object. BRIEF DESCRIPTION OF THE
DRAWINGS [0013]Exemplary embodiments can be understood in more detail from the 5following
description taken in conjunction with the accompanying drawings, in which: [0014]FIG. 1 is a
conceptual view of a related art laser process device; [0015]FIG. 2 is a conceptual view of a laser
process device according to an exemplary embodiment; 10[0016]FIG. 3 is a perspective view of the
suction unit in FIG. 2; [0017]FIG. 4 is a sectional view of FIG. 3 taken along line IV-IV; [0018]FIG. 5 is
a sectiongdpaeyv of the laser process device cut along line V-

[0009]

[0010]

[0011] The laser processing may further include a filter disposed in a flow path of the
by-products between the exhaust hole and the fan to filter the by-products.

f0G12] The laser process device may further include: an aligner configured to align the

processing object and the laser beam; and a focusing unit configured to



Vin FIG. 4; [0019]FIG. 6 is a block diagram illustrating the operating principle of an 15alignment unit;
and [0020]FIG. 7 is a block diagram illustrating the operating principle of a focusing unit DETAILED
DESCRIPTION OF EMBODIMENTS 20[0021]Hereinafter, specific embodiments will be described in
detail with reference to the accompanying drawings. [0022]FIG. 2 is a conceptual view of a laser
process device according to an exemplary embodiment, FIG. 3 is a perspective view of the suction
unit in FIG. 225 a4ds2h pasatiohBioviasr SERIOBtisKenectemgl vteed!-1V, and FIG. 5 is a sectional

25view of the laser process device cut along line V-V in FIG. 4.

BRIEF DESCRIPTION OF THE DRAWINGS

[G013] Exemplary embodiments can be understood in more detail from the

5 following description taken in conjunction with the accompanying drawings, in

which:
[0014] FIG. 1 1s a conceptual view of a related art laser process device;
{0015] FIG. 2 1s a conceptual view of a laser process device according to an

exemplary embodiment;

10  [0016] FIG. 3 is a perspective view of the suction unit in FIG. 2;
[06017] FIG. 4 is a sectional view of FIG. 3 taken along line IV-IV;
[6018] FIG. 5 1s a sectional view of the laser process device cut along line V-
V in FIG. 4;
[0019] FIG. 6 is a block diagram illustrating the operating principle of an

15  alignment unit; and
[0020] FIG. 7 1s a block diagram illustrating the operating' principle of a

focusing unit.

DETAILED DESCRIPTION OF EMBODIMENTS

20  [0021] Hereinafter, specific embodiments will be described in detail with
reference to the accompanying drawings.
10022} FIG. 2 1s a conceptual view of a laser process device according to an
exemplary embodiment, FIG. 3 is a perspective view of the suction unit in FIG. 2,
F1G. 4 is a sectional view of FIG. 3 taken along line IV-IV, and FIG. 5 is a sectional

25  view of the laser process device cut along line V-V in FIG. 4.



[0023]Referring to FIGS. 2 through 5, a laser process device 100 includes a laser beam light source
10, an attenuator 20, an optical system 30, a stage 40, a suction unit 50, a monitoring unit 60, and an
image capture device 70. [0024]As a component for the process of generating a laser beam, the laser
5 beam light source 10 may employ a KrF excimer laser, an argon fluoride (ArF) excimer laser, or
various other types according to the laser beam wavelength to be used. [0025]The attenuator 20 is
disposed in tifd@&8lel patRefendnlasefiean? dhipugh Eontradertheoitsterbityoof 1A tadedéream. Being a
well-known device, the attenuator 1020 will not be described. [0026]The optical system 30 is disposed
along the travascpdgif isdisoartsedfh emitsasism Me msepbediniligtm stilreeste@eatll fotuis the
shape and the energy profile of the laser beam. The optical system 30 according to some
embodimentSUfAeNidEsta beamoaiieansishitéfeseshe 3N RS tyishdde of a laser 15 beam, a
beam homogenizer 32 that uniformly distributes energy of the formed laser beam, and a projection
lens 33 that A8f1#4% the fods pErIRBERSEL s dRATERISS, SERTITERS A RS ey dBahestravel
direction_of a laser beam by reflecting the laser beam, a mask 35 that masks the sectional edges of a

laser bedm tREMPaLels PHEGghtHE B SPH o §&hi A3 D e fishd 3eFns I8 aside H& Frdvided as

required. Since . )
a excimer laser, or various other types according to the laser beam wavelength to be

used.
[0025] The attenuator 20 is disposed in the travel path of the laser beam and
controls the intensity of the laser beam. Being a well-known device, the attenuator
10 20 will not be described.
[0026] The optical system 30 is disposed along the travel path of the laser
beam emitted from the laser beam light source 10, and forms the shape and the
energy profile of the laser beam. The optical system 30 according to some
embodiments inciudes a beam expansion telescope 31 that forms the shape of a laser
15 beam, a beam homogenizer 32 that uniformly distributes energy of the formed laser
beam, and a projection lens 33 that adjusts the focal point of the laser beam. Also, a
mirror 34 that changes the travel direction of a laser beam by reflecting the laser
beam, a mask 35 that masks the sectional edges of a laser beam that passes through
the beam homogenizer 32, and a field lens 36 may be provided as required. Since
20 the optical system 30 described above is a publically known configuration that is
disclosed in Korean Patent No. 10-0724540, etc., a description thereof in further
detail will not be provided.
10027} The stage 40 is disposed in the travel path of the laser beam that
passes through the optical system 30. A processing object P is disposed on the top

25 surface of the stage 40 to be processed when the laser beam is radiated. The stage 40



20 the optical system 30 described above is a publically known configuration that is disclosed in
Korean Patent No. 10-0724540, etc., a description thereof in further detail will not be provided.
[0027]The stage 40 is disposed in the travel path of the laser beam that passes through the optical
system 30. A processing object P is disposed on the top 25surface of the stage 40 to be processed
when the laser beam is radiated. The stage 40 is connected to a stage driver. The stage driver is
electrically conrentedtd theanstagm dovirolldhantigmotesdhes sthaptritolhokzomtatiyl andtirertically
according to received moving signals output from the motion controller. [0028]As a component for
suctioning byapisduessodencratent eiring  sireceksimyiapatpis cusbingtobide aPeetdngiétion unit 50 is
disposed in the travel path of the laser beam. The suction unit 50 includes a housing 51, a beam
splitter 52, a§158d Bfiltmesageie arbatiogetbs oDoY e PidIsing 51 is disposed in the travel path
of the processing object P, and includes a through-hole 511, an exhaust hole 512, a nozzle portion
513, and a 1P8&harge pd#tidn SRPTHELNFUGHHERSL PIsRIEfHEd Varthsanyafisfo dyFiB8e center of
the housing 51. The laser beam passes through the through-hole 511. The exhaust hole 512 is defined
through 3n iMARFERRISTTASISEETHE SPigerRet b IBigH Kol spescdrineths Hatig Pile 512
communicates with the through-hole 511 and an exhaust duct 515 coupled to the housing 51. The

nozzle portid™ SAB ¥R dcaldl FEHAR tHE it dnghdssia BRusEiud il e SIPH Hte?516 installed

at a side of tt?e g using 51. The nozzle portjon 513 discharges a nonvolatile gas supplied from the
outside through %eaﬁgglﬂ@éé’ﬁ?&ﬂfﬁﬁg foward the exhaust hole 512. When discharged

nonvalatie g sers the gutus ple 612, b:preduts 0 o nf e et hole 42 together it

P, and includes a through-hole 511, an exhaust hole 512, a nozzle portion 513, and a

10 discharge portion 514. The through-hole 511 is defined vertically through the center
of the housing 51. The laser beam passes through the through-hole 511. The exhaust

hole 512 is defined through an inner side of the housing 51 defined by the through-

hole 511. The exhaust hole 512 communicates with the through-hole 511 and an
exhaust duct 515 coupled to the housing 51. The nozzle portion 513 communicates

15 | with the through-hole 511 and a first gas supply line 516 installed at a side of the
~ housing 51. The nozzie portion 513 discharges a nonvolatile gas supplied from the
outside through the first gas supply line 516 toward the exhaust hole 512. When
discharged nonvolatile gas enters the exhaust hole 512, by-products O flow into the
exhaust hole 512 together with the nonvolatile gas. The discharge portion 514

20  communicates with the through-hole 511 and a second gas supply line 517 instalied
on a side of the housing 51. The discharge portion 514 discharges nonvolatile gas
supplied from the outside through the second gas supply hole 517 toward a beam
splitter 52 (to be described). The discharged nonvolatile gas flows downward along

the beam splitter 52 and through-hole 511. Accordingly, because the undersurface of

25  the beam splitter 52 is in a nonvolatile gas atmosphere, by-products O flow



20 communicates with the through-hole 511 and a second gas supply line 517 installed on a side of
the housing 51. The discharge portion 514 discharges nonvolatile gas supplied from the outside
through the second gas supply hole 517 toward a beam splitter 52 (to be described). The discharged
nonvolatile gas flows downward along the beam splitter 52 and through-hole 511. Accordingly,
because the undersurface of 25the beam splitter 52 is in a nonvolatile gas atmosphere, by-products 0
flow downwesidvioEthisewiter novolarieledis §8030]The beam splitter 52 is formed in a plate shape,
and is disposed at a 45 slope to the travel direction of the laser beam in the travel path of the laser
beam. The b3 plitter SPhis kesupreditisraXdpssimacd f theleudizne5andrid Bisrkess the
through-hole 511. The beam splitter 52 transmits and reflects the incident laser beam. In particular, in
some embodifentIEst, BEdFiRidastinsepbémmasch hsamitiethaid sl mihetiebied2§g031]) The fan
53 is installed within the exhaust duct 515. The fan 53 suctions by-products 0 through the through-hole
511 and the Rs#Rudthidreas splitsGG3s]cPHBIREP 498 Metanes vﬁ%#ﬁﬂﬁ@ééﬂa@&@%h&%ﬁs and

disposed in the exhaust passage for hy-products 0 between the exhaust hole 512 and the fan 53. The
filter 54 Filter®gAarpretib sl stdd ety rpitiehaderatit sy et BYREaEcEED contained

therein. . ‘ . . :
beam. In particular, in some embodiments, 95% of an incident laser beam is

transmitted, and 5% is reflected.
[0031] The fan 53 is installed within the exhaust duct 515. The fan 353
suctions by-products O through the through-hole 511 and the exhaust hole 512.
1G [0032] The filter 54 is installed within the exhaust duct 515 and disposed in
the exhaust passage for by-products O between the exhaust hole 512 and the fan 53.
The filter 54 filters gas that 1s exhausted through the exhaust duct 515 to remove by-
products O contained therein.
[0033] The cartridge 55 has a storage space 551, and is detachably coupled to
15 the exhaust duct 515. The cartridge 55 is disposed below the filter 54, and by-
products O of a larger size that cannot pass through the filter collect in the storage
space 551 of the cartridge 55. Also, a level sensor 56, formed of a photoemitter 561
and a photoreceiver 562, is installed in the storage space 551 of the cartridge 55. The
photoemitter 561 emits light that is received by the photoreceiver 562 disposed
20  opposite the photoemitter 561. When more than a predetermined quantity of by-
products O is amassed in the storage space 551, the light emitted from the
photoemitter 561 is blocked by the by-products O and is not received by the
photoreceiver 562, whereupon an alerting unit {not shown) electrically connected to
the level sensor 56 issues a predetermined signal to empty the cartridge 55.

25 [0034] A monitoring unit 60 collects the portion of the laser beam reflected



[0033]The cartridge 55 has a storage space 551, and is detachably coupled to 15 the exhaust duct
515. The cartridge 55 is disposed below the filter 54, and byproducts O of a larger size that cannot
pass through the filter collect in the storage space 551 of the cartridge 55. Also, a level sensor 56,
formed of a photoemitter 561 and a photoreceiver 562, is installed in the storage space 551 of the
caitiidge 55. The photoemitter 561 emits light that is received by the photoreceiver 562 disposed 20
opposite the phBtebmmepise. Whemorsterthariagrecisterininedi gulantityrohiipprgducitsto is amassed
in the storage space 551, the light emitted from the photoemitter 561 is blocked by the by-products 0
and is not reBEEl DY thephstolaceivearse cogheysupon Gh adertitig Lot shbwdineetstrically
connected to the level sensor 56 issues a predetermined signal to empty the cartridge 55. 25[0034]A
monitoring uﬁﬁ@%be@ml@&ﬁlm"eéﬂ)é&ﬁéﬁp@ﬁ@&nﬁéﬁma}méﬂeétéalwnmq@éaﬁ@pﬁ@téwsheto monitor
the laser beam. In particular, a monitoring unit 60 includes a beam profiler 61 and an energy meter 62,
according to ¥6eBitsbamieriellatidisesicpietilar 8 Pramis poucbermmsaiddef harsasEiRe laser beam
reflected by the beam splitter 52 to caollect the reflected laser beam. The beam profiler 61 measures 5
the eneryy pHfikigigherétle tethpartisrtet autigacrbatascrieuherbyrrBtEeRseadpésed in the

travel path of the laser beam reflected by the beam splitter 52 and collects the reflected laser beam.

The energy SRS &k frasmatihh iy BFtheseneciierisddbvdsnheny fikitheasiftthg the
boarm tansri Lt L0l UL 40 B 2lia) 6 AR b Ko TGOS UGS BaphURE covice 70 s
dposed s 6 TR L e AL o e pocssn sl apiotsstg e inen
checked in regh g HRIPQ3RN N2 JaSel PIOSRRR JIEVIFR.ADRfhenngludas. an alianing unit 80 and
10 through the beam splitter 52 can be known.
[0035] The image capture device 70 is disposed at a top of the through-hole
511 to capture the processing of a processing object P. When the image capture
device 70 is connected to a display device, processing of processing objects can be
checked in real time.
15 [0036] The laser process device 100 further includes an aligning unit 80 and
a focusing unit 90. FIG. 6 is a block diagram illustrating the operating principle of
an alignment unit, and FIG. 7 is a block diagram illustrating the operating principle
of a focusing unit. A description with reference to FIGS. 6 and 7 will be provided
below.
20 {0037] An aligner 80 is for aligning a processing object P with a laser beam,
and more particularly, disposes a point to be processed in the travel path of a laser
beam. An aligner 80 according to some embodiments includes a viewer 81 and a
viewer controller 82. The viewer 81 is disposed above a processing object P. When

the processing object P is moved below the viewer 81, the viewer 81 detects marks in

25  the processing object P and uses them to measure horizontal positions of processing



a focusing unit 90. FIG. 6 is a block diagram illustrating the operating principle of an alignment unit,
and FIG. 7 is a block diagram illustrating the operating-principle of a focusing unit. A description with
reference to FIGS. 6 and 7 will be provided below. 20[0037]An aligner 80 is for aligning a processing
object P with a laser beam, and more particularly, disposes a point to be processed in the travel path
of a laser beam. An aligner 80 according to some embodiments includes a viewer 81 and a viewer
controller 82 pPhdsyiWdragsnidteibsonetseisdvmsitprocts vy shjectethersthe Provessing object P is
moved below the viewer 81, the viewer 81 detects marks in 25the processing object P and uses them
to measure Hesvzshel positkaterbterotessihfersorts bahteransmitoesesimgapoield positions to the
viewer controller 82. The viewer controller 82 calculates the difference between a processing point
position trandfAngedttednireme Tiewsevet Shdse thadratberpbsiasitior tethesdaspedsrmanandutputs a
corresponding control signal to a motion controller 42. The motion 5 controller 42 that receives the
control signaPBHGtS LEBFEPOPEHENELRIENVINILSRINE! t& Zstinge epierller, 4hd thBestagaafiver 41
receives_the moving signal and moves the stage 40 accordingly in a horizontal direction. [0038]A
focusinfunit@@%’%? hgfg tRe et s fHENAseH BEEN GRIFCERETTSEBSigDBIEeIP, and more
particularly, is for matching the focal point of 10 the laser beam to a processing point. A focusing unit

90 according'fc?<HRE BHBu A& iReRedry T el JiFrGINGRibA BT ARY S EH esRttifer 92. The
focusing portion 9 Ois disppsed aboye the pr Lgéessing object P. When the processing object P is
moved below tHE cﬁ%?ﬂg%kﬁgl&ﬁ & POTHE T ETRE 8 rtion 91 detects the curvature of the processing
object P and he curvature to measure the_ vertjcal 15 position of a processin int, and
transmits the@g%jured p il%lS%u?énﬁlgrfgc%%siﬁgf%r#}gﬂﬁ}gg%ﬁ#%%ogﬁﬁﬂﬁfiﬁ‘ﬁt#&?%g%%lcuIates the
difference betw, the position of the,processin int. transmitted from the focusing portion 91 and
the focal poirﬁr 16%%&% é‘%%ﬂrsﬁlé’&%%gﬁ Oﬁflpu%oéeg’ogr)lr%cs%%ﬁ&iﬁ% %(r)rlﬁr% ﬁnin oot%% %gﬁto#)controller

42. Thqrb the[hrgoltell(s)gr oé]ag%o”t%r ﬁ'zp%%‘%%srs‘?%g"ia%snf{? € %nitég{lssfggn allnit 90 according to some

embodiments includes a focusing portion 91 and a focusing controller 92. The
focusing portion 91 is disposed above the processing object P. When the processing
object P is moved below the focusing portion 91, the focusing portion 91 detects the
curvature of the processing object P and uses the curvature to measure the vertical
15 position of a processing point, and transmits the measured position to the focusing
controller 92. The focusing controller 92 calculates the difference between the
position of the processing point transmitted from the focusing portion 91 and the
focal point of the laser beam, and outputs a corresponding conitrol signal to the
motion controlier 42. Then, the motion controller 42 that receives the control signal
20 outputs a moving signal corresponding to the control signal to the stage driver 41,
whereupon the stage driver 41 receives the moving signal and moves the stage 40
accordingly in a vertical direction.
10039] Below, a description will be given in which a laser process device 100
as configured above is used to perform laser lift olff processing.

25  [0040] As illustrated in FIG. 4, a laser beam transmitted through an optical



20 outputs a moving signal corresponding to the control signal to the stage driver 41, whereupon the
stage driver 41 receives the moving signal and moves the stage 40 accordingly in a vertical direction.
[0039]Below, a description will be given in which a laser process device 100 as configured above is
used to perform laser lift off processing 25[0040]As illustrated in FIG. 4, a laser beam transmitted
through an optical system 30 travels downward to reach a beam splitter 52. Of the laser beam that

reaches the B&iH sHlitterveh, o doidered frdsay HOESMtally Hndobvsisheamshitted through

the beam splitter 52 and radiated on a processing object P. As described in the relateg art, the laser
beam radiatéereRis the Pittesiiisobledt’p 5 palseedniompeacdappimrimtha e 1> 4l which it is
absorbed by a GaN-based epilayer P2 to heat and partition the contacting surface of the epilayer P2,
thereby sepdfatingitivd SaBPARdARPREN PHIhd hendpndialr® 90 WREF tRRSRBIRS B2 i8Separated,
by-products Q are_generated in the form_of fumes and patrticles. [0041]The generated by-products 0
are made to gﬁi\x}“ﬁf%d@htiiﬁer?ﬂﬂ%‘ﬂg%1%%&%65%%&%&?1%5?%8@ 1D PSHRRCPIREIG. 4) by

portion 513 AR TACH A BEFH SEdC B rk VRCHRLHEy ke ARGPEC Y HEN AR, yprocicts
the an 53 mOSHY i e LRI SOy EGF TR L2 bR SRR o CeRaRod from the
trough the SHRRTET R ST0PAISe, R Aeribn AT RIGHTELZD Sl bt AL BN Ter e exhausthole
monvolatle gL Gl Ho e e LA B SR hor 30 Song the bearm apiter

52 and througjaple 511, aqd %%%&%?E?ﬁ%&@@@a?@ﬁ%?J@t@%l%%ﬂ%&éﬁhﬁé%%‘?@ﬂg force of the

fan 53, after which'it is filtered Dy the filte
10 hole 511 and exhaust hole 512 {illustrated in FIG. 4) by means of suctioning force

generated by the fan 53 and nonvolatile gas discharged from the nozzle portion 513
and the discharge portion 514, and are filtered by the filter 54. In further detail, by-
products O that are made to ﬁowr upward through the through-hole 511 by means of
the suctioning force from the fan 53 mostly enter the exhaust hole 512‘together with
15 the nonvolatile gas discharged fmm the nozzle portion 513 toward the exhaust hole
512, and are then trapped by the filter 54 while flowing through the exhaust duct 515.
Also, a portion of the by-products O that does not enter the exhaust hole 512 but
flows upward through the through-hole 511 is made to flow downward again by
means of nonvolatile gas discharged from the discharge portion 514 and downward
20  along the beam splitter 52 and through-hole 511, and then enters the exhaust hole
512 by means of the suctioning force of the fan 53, after which it is filtered by the
filter 54.
[0042] When the monitoring unit 60 is used, the energy profile and intensity |
of the laser béam can be measured, and the laser beam can be rédiated on a precise

25  location through the use of the aligner 80 and the focusing unit 90.

10



[0042]When the monitoring unit 60 is used, the energy profile and intensity of the laser beam can
be-measured, and the laser beam can be radiated on a precise 25location through the use of the
aligner 80 and the focusing unit 90. [0043]As described above, because a suction unit 50 is provided
on a laser process device 100 according to some embodiments, by-products 0 generated during
processing can be prevented from attaching to a processing object or to nearby components. In
particular, thE284&on unit49 dssfothsddhotorityasfscfarr B3itnans igth & amysigdtionindafsrce, but also
of a nozzle portion 513 that discharges nonvolatile gas to move by-products 0 toward an exhaust hole

512, and a diserespecBrkidAMILarER EiscraRges okt Yasneipees EngeherBydptednats 0 from
flowing toward the beam splitter 52. Accordingly, by-products 0 can efficiently be suctioned into the
exhaust ducPie§iHHtiEafEb S PRTERIAE diBh N SHBY-HolUBES O I0 Sootiedb etinics piieehs2.
Therefore, the energy of the laser beam that reaches the epilayer P2 is prevented from being
non-uniform C8BRPAERISU SR S Aty Hrotitfticdabb Y dndraeteiairbralmahard@iuihdleld of the
laser process device 100 can be increased. Also, contamination of and damage to the laser process
device by byBTBERIES GRAoBBDrEERtet ARt ALPAb it OF e 1A5EThrotdsddb it e TRiproved. 15
[0044] Further, a heam splitter 52 is installed in_a suction unit 50. Accordingly, even without the

addition of sEPAYAIBH/Srstalfet CUFHORENIATS S puratitg 1B Belin to b b 455RSEEM beam

periorming OFAKE! Bedni T A BIGEUSSHY GEIRENnE ader BEART iiatoe B e Dol Epiter 52. 20

Accordingy, R, {ZRHORCL e RRIPELeRd5NIER S WRSIRAN e sonionshereot s
suctioned into the exhaust duct to simultaneously prevent attaching of by-products O

10 to the beam splitter 52. Therefore, the energy of the laser beam that reaches the
epilayer P2 is prevented from being non-uniform, so that a superior quality product
can be manufactured and manufacturing yield of the laser process device 100 can be
increased. Also, contamination of and damage to the laser process device by by-
products O can be prevented, and durability of the laser process device is improved.

15 [0044] Further, a beam splitter 52 is installed in a suction unit 50,
Accordingly, even without the addition of separately-installed components for
separating a laser beam to be measured in beam profile and intensity, the laser beam
profile and intensity can be measured in real time during the performing of laser
beam lift off processing using the laser beam radiated onto the beam splitter 52.

20  Accordingly, space utilization of the laser process device is superb, and the
configuration thereof is simplified.

{0045] According to above-described configurations, by-products generated
during processing of a processing object can effectively be suctioned into a suction

unit. Accordingly, processing conditions being adversely affected by by-products

25 can be prevented, and thus, the quality of the manufactured product is improved, and
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[0045]According to above-described configurations, by-products generated during processing of a
processing object can effectively be suctioned into a suction unit. Accordingly, processing conditions
being adversely affected by by-products 25can be prevented, and thus, the quality of the
manufactured product is improved, and the manufacturing yield of the laser process device is
increased. [0046]Also, by preventing contamination of or damage to the laser process device from
by-products, tvemhmabiityiof thielthsétherboesprdesss ddsivnpsonenta§od4 7]Although the laser process
device has been described with reference 5 to the specific embodiments, it is not limited thereto.
Therefore, it A48 readilydswidrstoney byitipsenskiiiadtinthef an dantagarioubaestifipatiornss and
changes can be made thereto without departing from the spirit and scope of the present invention
defined by théeaspdred cizipdyctyitaTustaita v BB s el proessedgroeess@evizedcomprising: a laser
beam light source configured to emit a laser beam;

[06047] Although the laser process device has been described with reference
5  to the specific embodiments, it is not limited thereto. Therefore, it will be readily
understood by those skilled in the art that various modifications and changes can be

made thereto without departing from the spirit and scope of the present invention

defined by the appended claims.
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an optical system configured to form a shape and energy profile of a laser beam emitted from the laser
beam light source; a stage on which a processing object is positioned, the processing object
processed through radiating the laser beam formed by the optical system thereon; and a suction
unit disposed in a travel path of the laser beam formed by the optical system to transmit the laser
beam therethroughysan eonAgWESS |t suction by-products generated during processing of the
processing object wherein the suction unit comprises: a housing comprising a through-hole
defined therethrough for the laser beam to pass through, and an exhaust hole defined therethrough for

the by-products 40 flow,r_{rggé}qﬂ@@ge@mc%mgﬁ%@%pled to the housing to close the through-hole,
a nozzle portlon com unlcagfng&wn the throu ck())nfngured to discharge nonvolatile gas

supplied from ar o Sutsi he exh: ggsfeno eeggl IS arge portion conflgured to discharge a

nonvolatile gas RVARIFEhY BEHACSHIEE 1§ o IR BSIRtIFRTIRE TR BFdsa® R HYexhaust

hole, fwheteiatbebtaseligitccessdevice further comprises a monitoring unit configured to monitor
the laser beam léSHﬂQ;é perieRoh thedassrdesrtaflgsiad Ry theasresspliftehiect prodestiie laser

process cl Vic further compris filter. d| ed in a flow path of the by-products
between ﬁ aus eéall%c? theafgrr?to? g(?ﬂ “9 foﬁsgctsthg “Phicaser process device of any one

of claims 1, furtrﬂe?%?ﬁb‘r’?glﬁ@p%??%dlbﬂéﬁa&%rﬁ’ﬁ’ﬁu%@‘%aéﬁbheﬂﬁ%fﬁf’@@@?ﬂ’lﬁ& SBjERt YA ThE laser
beam; antleasfotusinigsenitaonfigensiddoghligndactodalipoint efithen|dgardkath grmehmedrdogssing

processing of the processing object wherein the suction unit comprises:

a housing comprising a through-hole defined therethrough for the laser beam to pass
through, and an exhaust hole defined therethrough for the by-products to flow through,

2 beam splitter coupled to the housing to close the through-hole,

a nozzle portion communicating with the through-hole and configured to discharge
nornvolatile gas supplied from an outside toward the exhaust hole,

a discharge portion configured to discharge a nonvolatile gas toward the beam splitter,

a fan configured to suction the by-products fo the exhaust hole,

wherein the laser process device further comprises a monitoring unit configured to

monitor the laser beam using a portion of the laser beam reflected by the beam splitter.
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object.

2. The laser process device of claim 1, further comprising a filter disposed in a flow

path of the by-products between the exhaust hole and the fan fo filter the by-products.

3. The laser process device of any one of claims 1, further comprising:
an aligner configured to align the processing object and the laser beam; and
a focusing unit configured to align a focal point of the laser beam on the processing

object.

14



