MULTI LASER SYSTEM CROSS- REFERENCE TO RELATED PATENT APPLI CATION 5
This application clains the benefit of Korean Patent Application No.
10- 2007- 0045105, filed on May 09, 2007, in the Korean Intellectual
Property O fice, the dISC|OsureHﬁkﬂﬁgﬁ%EEL§ £ porated herein in
its entirety by reference. 10 BA ¥§% ENTICN 1. Field
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|IIustrated|nFIG1 R In the
conventional |aser system 50% of a laser beamenitted froma | aser
oscillator 10 °fz®%"an tl;|pon a beamsplitter 20 passes through
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second pa{?ﬂteialﬁ ogﬁcfﬁpgt?%ggﬁg?g’gé)%eﬁé%%e substrate 2. 1 During a
processi ng operation based on such a conventional |aser system
2. Description of the Related Art
Typically, laser systems transmit a laser beam emitted from a laser osciilator

20 by using a laser beam transport means (for example, a reflection mirror, a beam
expander, a scanner pair, a scan lens, etc.) and then perform an operation, such as
drilling, marking, or cutting, by projecting the laser beam onto a substrate that is to
be processed.

FIG. 1 is a schematic diagram of a conventional laser system, and FIG. 2

25 illustrates a cross-section of a substrate 2 processed using the conventional laser
system illusirated in FIG. 1.

Referring to FIGS. 1 and 2, in the conventional laser system, 50% of a laser
beam emitted from a laser oscillator 10 and incident upon a beam splitter 20 passes
through the beam splitter 20, and the other 50% thereof is reflected by the beam

30 splitter 20. The laser beam refleéted by the beam splitter 20 passes through a
scanner pair 41 and a scan lens 50 along a first path 1a and is radiated on a
substrate 2, and the laser beam that penetrated the beam splitter 20 is incident on a
reflection mirror 30, passes through a scanner pair 42, and the scan lens 50 along a
second path 1b and is radiated on the subsirate 2.
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an i npr opkghomenon where the quality of a processing operation using laser degrades.
With recent trends toward a rapid development in the semiconductor industry
and an increase in the demand of a new field, a case where a substrate formed of a
new material not used before needs to be processed or a substrate formed by
25 stacking materials used before needs to be processed is increasing. However, as
described above, when two or more materials needs to be processed using a laser
having a single characteristic, such as, a fixed wavelength, good-quality processing
is not guaranteed due to a difference between the optical characteristics of the two
or more materials.
30
SUMMARY OF THE INVENTION
The present invention provides a multi-laser system having an improved

structure such that a most suitable laser beam for each of the materials of a
substrate to be processed is selected from among laser beams so as to perform a



structure such that a nost suitable | aser beamfor each of the
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t he second, |l aser, oscillator_and the second scanner galr, recei ving
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predetermined diameters so as to radiate the spots on the substrate; a first dividing
unit installed between the first [aser oscillator and the first scanner pair, receiving the

25 first laser beam and dividing the received first laser beam into two first laser beams
so that the two first [aser beams can proceed respectively along two first paths; and
a second dividing unit installed between the second laser oscillator and the second
scanner pair, receiving the second laser beam and dividing the received second
laser beam into two second laser beams so that the two second laser beams can

30 proceed respectively along two second paths, wherein the first scanner pair
comprises two scanners corresponding to the two first laser beams proceeding along
the two first paths, and the second scanner pair comprises two scanners
corresponding to the two second laser beams proceeding along the two second
paths.
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BRIEF DESCRIPTION OF THE DRAWINGS
20 The above and other features and advantages of the present invention will

become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:
FIG. 1 is a schematic diagram of a conventional laser system;
FIG. 2 illustrates a cross-section of a substrate processed using the
25 conventional laser system illustrated in FIG. 1;
FIG. 3 is a schematic diagram of a multi-laser system according to an
embodiment of the present invention;
FIG. 4 is a perspective view of one of a plurality of shuttle units of the
multi-laser system illustrated in FIG. 3;
30 FIG. 5 is a front view of the shuttle unit illustrated in FIG. 4;
FIG. 6 illustrates a substrate processed using the multi-laser system
illustrated in FIG. 3; and
FIG. 7 is a schematic diagram of a multi-laser system according to another
embodiment of the present invention.



enbodi nent of the present invention; FIG 4 is a perspective view of
one of a plurality of shuttle units of the nulti-laser system
Illustrated in FIG 3; 30 FIG 5 isa front view of the shuttle unit
illustrated in FIG 4; FIG 6 illustrates a substrate processed using
the multi-laser system illustrated in FIG 3; and FIG 7 is a
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Accor di ng: t e 102 to be processed, the

type of ?mé% écgﬁrl%%e?{sq %Iad%? %’h“ﬁﬂégﬁ% er factors, laser oscillators

capabl e of gefMéedirstrand sevend laser oscillators 110 and 120 generate laser beams that

20 serve as an energy source of a laser processing operation, more specifically, laser
beams 111 and 121, respectively, having different wavelengths from each other.
According to the material of the substrate 102 to be processed, the type of laser
processing method, or other factors, laser oscillators capable of generating laser
beams having wavelengths, from among various wavelengths, most suitable for

25 desired processing operations, such as UV light, visible light, and infrared light, may
be selected as the laser oscillators 110 and 120. )

The first scanner pair 131 and the second scanner pair 132 deflect the
incoming laser beams 111 and 121, respectively, to desired locations on the
substrate 102. Typically, the first and second scanner pairs 131 and 132 may

30 include X-axis galvanometer scanners for controlling the incoming laser beams 111
and 121 in an X-axis direction, respectively, and Y-axis galvanometer scanners for
controlling the incoming laser beams 111 and 121 in a Y-axis direction, respectively.
Each of the first and second scanner pairs 131 and 132 denotes a combination of
X-axis galvanometer scanner and Y-axis galvanometer scanner. In the present



beans havi ng wavel engt hs, from anong vari ous wavel engt hs, nost
suitable for 25 desired processing operations, such as UV |ight,
visible light, and infrared Iight may be selected as the | aser

' he
Scanner  BEPPATET e TSt scBer PR A onPRERIceBate 13581 e 13 emited

respecti wge Itrye fﬁsmaées bS(ﬂI@btblot'E(l iapAhe BebdIRl scanbst paiF &32@8rre§p'dnd§ab ke
the firs sercf‘] 132 may 30 include X-axis

airs 1 an
gal vano %greén' % ?%ﬂwﬁiﬁemémﬁlﬂewfhg | aser beans 111

and 121 in an measqngeobdaﬂcrbh@mormmt fhecla¥er B&dmy-101i Sndlaby aBedRdLr
scanners _for cont rrwils ing the incom %ﬂl aser beans 111 and 121 in a
?Fé@gﬂ h

Y-axi s dffPELedist g weppner paysKTyrandh£34 59 @6 ta formsa Al having fer

pai rs 13preaRebriniedd aRpiedsr, aro BRIt athk 0dpdbfon e %uBstestd Vﬁﬂoﬂﬁt% to be
scanner and Y-axis gal vanonmeter scanner. In the present

embodi meRfocessRd. 1 Thet mudthlager systam 1%%30&13?9 e@pé%splieée*ﬂﬂw@mwe’ﬂeéﬁn
111 em t geshigurdd §did thif ik Iééb?%reaﬁﬁoi '1'1I FHdO{ 211H&ﬁlnq&ﬁe%?w%9§@@€lhs from

scanner pair 132 corresponds to the |aser beam
second | 3¢t otheeare helringident uprn an rrg#@%e&nrfa@méﬂmth%@lugl@ssqanéens

| asgy beaus mﬂlgaeﬂeﬂm Ja%lf.trh@f:aelbﬁ@%ay%ef éé@éshﬁe slr{gﬁatsc%m efE¢aed scanner

pairs 131 and as to forma redet ermned
di amet er, and Togi shytienenitpn 360 @Hhemblogbbwrme@d 1be ptrmaga‘tlgns of the laser

pfocesseﬂeaﬁben"rué d ’I gt%ﬁ{ Frei%é |9écﬂe%§1lb h%ﬁ eﬁél‘?micll?d(;ébgq:le%ﬁm

S confll%ured suc aser beans avi n f'erent
wavel engblesking st 15&0& b@amdra®mﬁlngwnlt 102 alsha trapspvrtamneans:l dBrecghuttle

ens. oy i 20 g€ iotaRl , B6HReh 8 fek lask hsohGiof A3 o wRlinkt kg
ei t teer bpaicR3bandimbeeentibe pecpujaseroossilator 1R6 anddee setmrahscabér paid
121 al onga e e kBARFEALY S BRABAIDR, Al T nclude a beam

bl ocki ng unri ransmttin and a transport
means. The shu‘heltzeanuhiocb|ngmltané1Ianmmlpdlobhthmtaseebeame 1At resid 12e(ssy

oo ot 8 87 e 8 PO AR T SRR 0
beam pat bppas‘itettmen’ncaxﬂrcebeia{&s dfl thearbdai? hlockimg hﬁlwmlﬂwchhnmeuprés%nt
I L I AL I NE
opposi t e15bin asrdedt@rinﬁeakélﬂ% alfsotftendesasntivg Rkt Ihehn 1 1 $and3211 n the
present The beam transmitting units 152 allow the incident laser beams 111 and 121
to be transmitted to the sides opposite to incidence sides of the beam transmitting
units 1562. In the present embodiment, members having through holes formed at
25 their centers serve as the beam transmitting units 152.

The transport means change the locations of the heam blocking units 151 or
the beam transmitting units 152 so that the laser beams 111 and 121 incident upon
the shuttle units 150 can propagate toward either the beam blocking units 151 or the
beam transmitting units 152. Each of the transport means includes a support

30 bracket 153, a base 157, a driving source, a pinion member 155, and a racking
member 156.

The support bracket 153 supports the beam blocking unit 151 and the beam

tfransmitting unit 152.  The driving source provides power for horizontally

reciprocating the support bracket 153. A motor 154 may be often used as the
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embodiment can deal with various types of processing operations and various types
of substrates 102. The beam expanders 160 are installed at upstream sides of the
first and second scanner pairs 131 and 132, respectively, and correspond to the
laser beams 111 and 121, respectively, having different wavelengths from each
25 other.

The substrate 102 processed using the multi-laser system of FIG. 3 will now
be described with reference to FIG. 6. For example, the substrate 102, which is to
be processed, has four different material layers coated thereon, and is processed so
that desired characters or figures are marked on the top surfaces of the material

30 layers by using laser beams.

Referring to FIG. 6, a first material layer 102a, a second material layer 102b,
a third material layer 102c, and a fourth material layer 102d are sequentially stacked
on the top surface of the substrate 102. Since the first material layer 102a, the
second material layer 102b, the third material layer 102c, and the fourth material



units 150 reflect fromreflection mrrors 101 and are incident upon
beam expanders 160. The beam expanders 160 may control the dianeters
of the |aser beans 111 and 121, and the single scan |ens 140 may
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condition, the "EQ" character 103b may be marked on the second material layer

102b by controlling the parameters of the second laser beam under the first condition

so that the second laser beam passes through the first material layer 102a and is

entirely absorbed by the second material layer 102b and thus radiating the controlled

25 second laser beam directly onto the second material layer 102b.

The first laser oscillator 110 controls the parameters of the laser beam 111,

such as, the wavelength, frequency, and pulse width thereof, so that the laser beam

111 passes through the first and second material layers 102a and 102b and is

entirely absorbed by the third material layer 102¢ so as to be suitable for processing

30 the third material layer 102c, and radiates the controlled laser beam 111 (hereinafter,

referred to as ‘a first laser beam under a second condition’) onto the third material

layer 102c. Thus, a "MULTI" character 103¢ can be marked on the top surface of

the third material layer 102c by using the first laser beam under the second.

Similarly, the second laser oscillator 120 controls the parameters of the [aser beam



| aser beam under the first condition so that the "EOQO' character 103b
can be marked on the second material |ayer 102b. Thereafter, the
second | aser oscillator 120 controls the pararreters of the 15 |aser
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| aser besuiraddor mesmooestlr@odemhm@ tiegreby irhprevingLthé lanmaing of roduelisr
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pair of ?grfalsoslg Iplrclscaé[sgtreg b{/ongove[r% ttheI Q@ostra ee{o su:%nfe Q}?s\’fenqg each having a

| single layer oscillator, and thus, an expensive vision device for alignment is needed

in order to accurately process desired areas of the substrate. However, the

25 “multi-laser system according to the current embodiment can perform all of the

processing operations and thus can save the costs required to install a device for
performing alignment or the like. |

FIG. 7 is a schematic diagram of a multi-laser system according to another

embodiment of the present invention. Elements of FIG. 7, indicated by the same

30 reference numbers as those of FIGS. 3 through 6, have the same structures and

functions as those of the corresponding ones in FIGS. 3 through 6, so detailed

descriptions thereof will be omitted.
Referring to FIG. 7, the multi-laser system according to the current
embodiment is constructed so that the first laser beam 111 emitted from the first



different characteristics fromone another, and a single scan | ens
for focusing the |aser beans, when a substrate having a plurality of
materials having different optical 10 characteristics from one

anot her needs to be processed, the substrate does not need to nove
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and thus, the four |aser beans and 121 are radiated on
sub28 r at d1 1@pqme@@~ppp031te to the incidence side of the beam splitter.

Similarly, the second laser beam 121 emitted by the second laser oscillator
120 is divided by the second dividing unit 272, for example, a beam splitter, a portion
of the second laser beam 121, which is reflected by the beam splitter, propagates
along a second path 121a, on the incidence side of the beam splitter, and the other
25 portion of the second laser beam 121, which is transmitted by the beam splitter,
propagates along a second path 121b, on a side opposite to the incidence side of
the beam splitter.
The four laser beams 111 and 121 of which paths have been changed are
incident upon the four scanner pairs 231, 232, 233, and 234 via the four shuttle units
30 150 and the four beam expanders 160 and then focused by the single scan lens 140
50 as to be projected on the substrate 102 that is fo be processed.
The multi-laser system according to the current embodiment also has the
same effects as those of the multi-laser system of FIG. 3, and thus, detailed
descriptions thereof will be omitted.

10



the single scan lens 140. 5 The nmulti-laser systemincludes a first
dividing unit 271 for dividing the incident first |aser beam 111
into the two | aser beans, a second dividing unit 272 for dividing

t he incident second | aser bea 21 into the two | aser beans, and
first. second tomienpodmant rﬂ'ﬂﬁ REseiHdPventions aofiyst lasg osoliaior @ a

234 for eesdridabsémcilbas abatanst RRpbitR eIt eahR h&%g@iﬁ@»’éh@\h}aw@ndtwr
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pr opagat oot o] gt ospietof Tof Bpiind 14361 RRaR b1 GERM, FRALIEG] may be
bean1sp|ﬂﬁﬁ@ﬁd and the other portion of the first |aser beam 111,

is tra r o
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second | C d | [ i
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beam 121ﬁepartlngl frogn rtbe| &mmtednd)y;c'ohe diefhhzm mplsemtt Ewventoro pagddfimed Iy dmg
a second(ﬁggn]%géﬁm on the incidence side of the beamsplitter, and
t he ot her ﬁbr I'6h of the second | aser beam 121, which is
transmtted by the beamsplitter, propagates along a second path
121b, on a side opposite to the incidence side of the beamsplitter.
The four |aser beans 111 and 121 of which paths have been changed are
i nci dent upon the four scanner pairs 231, 232, 233, and 234 via the
four shuttle units 30 150 and the four beam expanders 160 and then
focused by the single scan lens 140 so as to be projected on the
substrate 102 that is to be processed. The nulti-laser system
according to the current enbodi ment also has the sane effects as
those of the multi-laser systemof FIG 3, and thus, detailed
descriptions thereof will be omtted.
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10 In the enbodi nents of the present invention, a first |aser
oscillator and a second |aser oscillator that emt respective |aser
beans having different wavel engths from each other are installed.

For exanple, a laser oscillator for emitting a high-power |aser beam

and a Iagﬁ_@@iﬂmﬂ B&r for emttlng a | ow power |aser beam 5 nay be

installed, orqa las ting a | aser beam having a
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10 location on the substrate to be processed; and a scan | ens

receiving | aser beans that have been deflected fromthe first and

secend scanner_pai rfhe mafkUas&dsysten bﬁél@lweefuhﬁéﬁfonhﬂm@ to spots
havi ng predeterm ned dianmeters so as to radiate the spots on

t he
substrate. 15 2firstilviging tynit instafled petupgrothec first dgser 9§9H‘?F?érand the first
conpri si annn'ér bbfrsltecéi‘viﬁg%égré! Mder hB&fmadridedlviBigWRE FeddhR df firs Sihséraseaim

oscil l ator d the first
into two first laser beams so that the two first laser beams can proceed respectively
along two first paths; and

20 a second dividing unit installed between the second laser oscillator and the
second scanner pair, receiving the second laser beam and dividing the received
~ second laser beam into two second laser beams so that the two second laser beams

can proceed respectively along two second paths,
wherein the first scanner pair comprises two scanners corresponding to the
25 two first laser beams proceeding along the two first paths, and the second scanner
pair comprises two scanners corresponding to the two second laser beams

proceeding along the two second paths.

3. The multi-laser system of claim 2, wherein each of the first dividing
30 unit and the second dividing unit comprises a beam splitter that reflects 50% of an
incident laser beam and transmits the rest 50%.

4, The multi-laser system of claim 1, wherein the first laser oscillator and
the second laser oscillator emit laser beams having different wavelengths from one
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scanner pair, receiving the first |aser beam and dividing the
received first laser beam into two first |aser beans so that the two
first |laser beans can proceed respectively along two first paths;
and 20 a second dividing unit installed between the second | aser
osci |l | at 8"°HAW the second scanner pair, receiving the second | aser
beam and dividing the received second |aser beaminto tmo second

| aser beans so that_the two second | aser beans  can procee
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proceedi ng along the two first paths, and the second scanner pair
conpt i se@NPB-scanners corresponding to the two second | aser beans
proceedi ng along the two second paths. 3. The nulti-laser system of
claim2, wherein each of the first dividing 30 unit and the second
di vi di ng uni t Seonprihgesuili-lpsamsypiem peclaimat, fugheesompgsing othudtle units

i nci dent
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| aser beam a bean1transn1tt|ng unit for entirely allow ng an
incident |aser beamto be transmtted, 10 and a transport neans for
changing a | ocation of one of the beam bl ocking unit and the beam
transmtting unit so that the | aser beamis incident upon one of the
beam blocking unit and the beamtransmtting unit. 13
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