| LASER PROCESSING APPARATUS WITH POLYGON MIRROR TECHNICAL FIELD 5 The
present invention relates to a laser processing apparatus with a polygon mirror capable of processing
an object by reflecting a laser beam on the polygon mirror. BACKGROUND ART 10 Since
apparatuses using a laser beam have more advantage for cutting silicon wafers than other
mechanical apparatuses, various studies about them have been advanced. One of the most
advanced apparatus for cutting a wafer is an apparatus using a laser beam guided by ejected water
from a high-pressure water jet nozzle. 15 A wafer cutout apparatus employing the high-pressure water
jet nozzle irradiates a laser beam on a wafer with ejecting water through a high-pressure jet nozzle.
As the water jet nozzle jssagily wornauayn dug tothe higly ressute. ity Rezglehas takerchanged
periodically. The periodic change of the high-pressure jet nozzle causes 20 inconveniences in
conducting the wafer cutout process. It also results in lower productivity and higher manufacturing
cost. Also, since it is difficult for a conventional wafer cutout apparatus to offer fine line width, there
are problems irrgdepfigdher appaeagys to high-precision process. 25 Meanwhile a wafer cutout
process using only a laser beam brings 2

5 The present invention relates to a laser processing apparatus with
a polygon mirror capable of processing an object by reflecting a laser

beam on the polygon mirror.

BACKGROUND ART

10 Since apparatuses using a laser beam have more advantage for
cutting silicon wafers than other mechanical apparatuses, wvarious
studies about them have been advanced. One of the most advanced
apparatus for cutting a wafer is an apparatus using a laser beam guided
by ejected water from a high-pressure water jet nozzle.

15 A wafer cutout apparatus employing the high-pressure water jet
nozzie irradiates a lasér peam on a wafer with ejecting water through a
high-pressure jet nozzle. As the water jet nozzle is easily worn away
due to the high pressure, the nozzle has to be changed periodically.

The periodic change of the high-pressure jet nozzle causes

20 inconveniences in conducting the wafer cutout process. It also results
in lower productivity and higher manufacturing cost.

Also, since 1t is difficult for a conventional wafer cutout
apparatus to offer fine line width, there are problems in adopting the
apparatus to high-precision process.

25 Meanwhile a wafer cutout process using only a laser beam brings



about a recasting effect which means vapors evaporated by a laser beam are deposited on cutout
sides of wafer. It interrupts a wafer cutout process. DISCLOSURE OF INVENTION To solve the
aforementioned problems, embodiments of the present invention provide a laser processing
apparatus with a polygon mirror, capable of processipg an. object such as a wafer precisely by

preventing a recasting effect without changing any additional devices. In a first aspect of the present
invention, ther& g‘ﬁr%(ﬁ&@ﬁlﬁgﬁ%“ %l:%‘s%ﬁ%‘% %ﬁ%@tﬁ%@ﬂﬁ‘% %Yy%&%%ﬁ%ﬁ% CSgEEhg an

object by a lasen bem skRpIiGINGE ddager-gpReratokfauemitprg.éee laser beam; a polygon mirror
constructed of a plurality of reflection planes that reflect the laser beam, which is emitted from the
laser generator, thereon while rotating on an axis; a lens for condensing the laser beam reflected on
the polygon mirror and irradiating the laser beam on the object; a stage for settling the object: a stage
transfer unit fo i 4@3@@&% a predetermined direction; and a controller for making

the stage transfer unit transfeplthe staggreueiawied siismdirestioniaidhe pglygen priscor. BRIEF
DESCRIPTION OF THE DRAWINGS FIGs. 1A through 1C are schematic diagrams illustrating
conceptual fedfliEd'sR d’fggéqep?o@éggiﬁﬁoﬁﬁﬁ%@%??%ym@af‘ﬁ%ﬁ%’&?ﬁ Al "incg%%gf:dg ce with
the present invgnitersiiiGar? idje@chamatic diagrampilusieating apeonaapival fartumgf diedaser
processing apparatus emplqying thepgéalygon mirror in accordance with the present invention. FIG. 3

is a diagram iSSP SRANS R PR AALEP IR dcis-

In a first aspect of the present invention, there is provided a laser

processing apparatus with a polygon mirror for processing an object by a laser beam,
comprising: a laser generator for emitting the laser beam; a polygon mirror constructed
of a plurality of reflection planes that reflect the laser beam, which is emitted from the
laser generator, thereon while rotating on an axis; a lens for condensing the laser
beam reflected on the polygon mirror and irradiating the laser beam on the object; a
stage for settling the object: a stage transfer unit for transferring the stage toward a
predetermined direction; and a controller for making the stage transfer unit transfer

the stage reverse 1o a rotating direction of the polygon mirror.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A through 1C are schematic diagrams illustrating conceptual
features of a laser processing apparatus employing a polygon mirror in accordance
with the present invention.

FI1G. 2 is a schematic diagram illustrating a conceptual feature of

the laser processing apparatus employing the polygon mirror in accordance with the
present inveniion,

FIG. 3 is a diagram illustrating overlapping laser beams in



s accordance with the present invention. FIG. 4 is a diagram illustrating an exemplary embodiment of
the laser processing apparatus with the polygon mirror in accordance with the present invention. 5
FIG. 5 is a diagram illustrating another embodiment of the laser processing apparatus with the
polygon mirror in accordance with the present invention. FIG. 6 is a flow chart explaining a procedure
of processing an object in accordance with the present invention. 10 FIG. 7 is a schematic diagram
illustrating a configuration of wafer processing by the laser processing apparatus with the polygon
mirror in accor@&hERihcthe prédent ifVentioRr BEFAILEDBESERIPTION OF THE INVENTION 15
FIGs. 1A through 1C are schematic diagrams illustrating a conceptual feature of a laser processing
apparatus employing & Polygdi inif8EIt Beedrtidrtd With e Hraseat ivenhieA RS EheWnIA FIGSs. IA
through | C, the laser processing apparatus is comprised of a polygon mirror 10 having a plurality of
reflection 20 plH&s &i8GDIAHMY &PAATEKIS 1T Hhd B t@IeERATE FtHed IBhs22oTsHdeRsig faser
beams reflected from the reflection planes thereon. The lens 20 is installed in parallel with a stage 30
on which a waféka@ 6B éiit6uiti8Bettled, in order to condense laser beams reflected from the

reflection planes thereon. Thus, a laser beam condensed on the lens ,
5 FIG. 5 138 a diagram illustrating another embodiment of the laser

processing apparatus with the polygon mirror in accordance with the
present invention.
FIG. 6 is a flow chart explaining a procedure of processing an
object in accordance with the present invention,
10 FIG. 7 is a schematic diagram illusirating a configuration of wafer
processing by the laser processing apparatus with the polvgon mirror in

accordance with the present invention.

BETAILED DESCRIPTION OF THE INVENTION

15 FIGs. 1A through 1C are schematic diagrams illustrating a
conceptual feature of a laser processing apparatus employing a polygon
mirror in accordance with the present invention.

As shown in FlGs, 1A through 1C, the laser processing apparatus
is comprised of a polygon mirror 10 having a plurality of reflection

20  planes and rotating at an axis 11, and a telecentric f-theta lens 20
condensing laser beams reflected from the reflection planes thereon.
The lens 20 1s installed in parallel with a stage 30 on which a wafer 40
to be cut out 1s settled, in order to condense laser beams reflected from
the reflection planes thereon. Thus, a laser beam condensed on the lens

25 20 1s irradiated to the wafer in perpendicular, which enables the wafer



25 20 is irradiated to the wafer in perpendicular, which enables the wafer 4 40 (e.g., a semiconductor
wafer) to be processed (able to be cut out) in a predetermined shape. While the lens 20 may be
composed of a couple groups of lenses, this embodiment uses a single lens in convenience on
description. 5 FIGs. IA through IC illustrate the features that a laser beam reflected from the reflection
plane 12 is applied to the wafer 40 being condensed through the lens 20 while the polygon mirror 10
is rotating in an anti-clockwise direction at the axis 11. Referring to FIG, 1A, laser beams are reflected

from the 10 beGthhig part GFIHETRALEHBN BIARE 139N aCcdtHines fittd thérdtatidn O the Polygon

mirror 10, and then incident on a left end of the lens 20. The reflected laser beams are condensed on
the lens 20 and Trradisted "4 predebémiined position Sl of the wafer 40 in perpendicular. Referring to
FIG. 113, when the polygon mirror 10 more advances 15 its rotation to reflect the laser beams on a
central part of the refl 'Tlgé)]ne PrEn&e 12, Hetérlebiod MA8BP BEAAS &ré INEIHRRE BHES cantidl5dsition of
the lens 20 and condensed on the lens 20. The condensed laser beam on_the lens 20 is irradiated on
a predeterminetl posiGry SZGMthE SHATBrABL]S perseidiQilae 26 Rttt 68 ERSIOIC, when the
polygon mirror 10 further advances its rotation, more than the case of FIG. 113, to reflect the laser
beams on & rear part 61 the réffectivit pinel 12, tHe Teréeted fadébesfnsthat a laser beam

reflected from the reflection plane 12 is applied to the wafer 40 being
condensed through the iens 20 while the polvgon mirrer 10 is rotating in
an anti-clockwise direction at the axis 11.

Referring to FIG. 1A, laser beams are reflected from the

10 beginning part of the reflection plane 12 in accordance with the rotation
of the polygon mirror 10, and then incident on a left end of the lens 20.
The refiected laser beams are condensed on the lens 20 and irradiated to
a predetermined position S1 of the wafer 40 in perpendicular.

Referring to FIG. 1B, when the polygon mirror 10 more advances

15 its rotation to re;flect the laser beams on a central part of the reflection
plane 12, the reflected laser beams are incident on a central position of
the lens 20 and condensed on the lens 20. The condensed laser beam on
the lens 20 is irradiated on a predetermined position S2 of the wafer 40
in perpendicular.

20 Referring to FIG. 1C, when the polygon mirror 10 further
advances its rotation, more than the case of FIG. 1B, to reflect the laser
beams on a rear part of the reflection plane 12, the reflected laser beams
on the rear part are incident on a right end of the lens 20 and condensed
on the lens 20. The condensed laser beam on the lens 20 1s irradiated

25 on a predetermined position 53 of the wafer 40 1n perpendicular.



on the rear part are incident on a right end of the lens 20 and condensed on the lens 20. The
condensed laser beam on the lens 20 is irradiated 25 on a predetermined position S3 of the wafer 40
in perpendicular. 5 As aforementioned throughout FIGs. 1A to IC, the laser beams are applied to the
predetermined positions S1 to S3 on the wafer 40 in accordance with the anti-clockwise rotation of the
polygon mirror 10. The distance from S1 to S3 is regaréled to as a scanning 5 length S, that means an
interval to irradiate the wafer 40 by the reflection plane 12 along the rotation of the polygon mirror 10.
A reflection angle of theSlaser beam, Whicl 18 58FREE By Hhe BegittingF ARt réat pitts! 6f:thid feflection
plane 12 is referred to as a scanning angle 0. Hereinafter, the theoretical feature of the present
invention will 10456 d&séibedin more detall. FIG PPalgseais akcrematiesconfiguratonrotise laser
processing apparatus employing the polygon mirror in accordance with the present invention.
Referring to FIG¥2{thetpoiygapciidor 10 eonBtilictethwithac iy gniisépétbrefidctivh pldii€siotates in
a constant speed at the axis 11 in an angular velocity of ar and a cycle period T. A. laser beam
incident thereorig tefletted fidm thes refleetiorrpland 12 ahd itradizsgetdsnd the afers4@ihtoggh the
lens 20. In the polygon mirror 10 having the n-numbered reflection planes 20 12, the scanning angle O
of the laserbeats WHén Snetbfihéledretig 1nterval to irradiate the wafer 40 by the
reflection plane 12 along the rotation of the polygon mirror 10. A
reflection angle of th.e iaser beam, which is formed by the beginning and
rear parts of the reflection plane 12 is referred to as a scanning angle 6.
Hereinafter, the theoretical feature of the present invention will
10 be described in more detail.
FIG. 2 illustrates a schematic configuration of the laser
processing apparatus empieymg the polygon mirror in accordance with
the present invention.
Referring to FIG. 2, the polygon mirror 10 constructed with »n-
15 numbered reflection planes rotates in a constant speed at the axis 11 in
an angular velocity of @ and a cycle period 7. A laser beam incident
thereon is reflected from the reflection plane 12 and irradiated on the
wafer 40 through the lens 20,
in the polygon mirror 10 having the m-numbered reflection planes

20 12, the scanning angle 8 of the laser beam when one of the reflection

planes 12 is rotating is summarized as the following Equation 1.

[Equation 1]



planes 12 is rotating is summarized as the following Equation 1. [Equation 1]6 o=2(a,-al)r a=0
tui--2r2;raz=+4/-+n 4,7 e= From the Equation 1, it can be seen that the scanning angle O is
twice the central angle (2'r) on the reflection plane 12 of the polygon n 5 mirror 10. Therefore, the
scanning length SL , that is a range of irradiation on the wafer 40 by the reflected laser beam applied
from the reflection plane 12 of the polygon mirror 10, i$ determined by a morphological characteristic
of the lens 20, as follows.0]Equationc?2], & SL=.fx0=tz SL Scanning length
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From the Equation 1, it can be seen that the scanning angle @ is

. 2r .
twice the central angle (<4) on the reflection plane 12 of the polygon
#

5 mirror 10, Therefore, the scanning length §,, that is a range of

irradiation on the wafer 40 by the reflected laser beam applied from the
refiection plane 12 of the polygon mirror 10, is determined by a

morphological characteristic of the lens 20, as follows,

10 [Equation 2]

4y

I

8, =fx6

S, : Scanning length
f : Focal distance
£: Scanning angle
15
According to Equation 2, a laser beam reflected from each of the

reflection planes 12 of the polvgon mirror 10 while the polygon mirror

10 is rotating is irradiated on the wafer 40 by the length of S,. In other

words, the scanning length S, of a laser beam irradiated on the wafer 40

20 in accordance with the rotation of the polygon mirror 10 is obtained



f: Focal distance 0: Scanning angle 15 According to Equation 2, a laser beam reflected from each of
the reflection planes 12 of the polygon mirror 10 while the polygon mirror 10 is rotating is irradiated
on the wafer 40 by the length of SL. In other words, the scanning length SL of a laser beam irradiated
on the wafer 40 20 in accordance with the rotation of the,polygon mirror 10 is obtained 7 from a
product of the focal length f and the scanning angle 0 of the laser beam reflected from the reflection

plane 12 of the pglygon mirrgr, 12. By the way, as the polygon mirrgr 10 has the is -numbeyed .5
reflection planes 12, an n[i-%lmes scanntlng Wloiﬁ/thees% r?nin Ie%%%h “is> Gvaidble it %?%r?oﬁg cycle
of rotation of the polygon mjrror 10. That is, %Iaser R]eam irradiated gn the wafer 40 is applied to the

wafer 40 by the SEarAivy IEHGH S vaidppingintihe Wzi?@?ﬁ’d’ﬁy%@ﬁu%e‘?%fﬂfﬁe%]fpé‘i‘?i%n

planes 12 of the pglygon mirror 10 when the polygon 10 mirror 10 rotates one time. A scanning
frequency during & {tifie interval (e.g., one second) may be obtained from the following Equation

3. [Equation 3] 15 Scanning frequency =ownn 2zr T i
By~the way, as the polygon mirror 10 has the » -numbered

5 reflection planes 12, an n-times scanning with the scanning length Sy is
available in every one cycle of rotation of the polygon mirror 10. That
1s, a laser beam irradiated on the wafer 40 is applied to the wafer 40 by
the scanning length Sy, overlapping in the wafer 40 by the number of
the reflection planes 12 of the polygon mirror 10 when the polygon

1¢  mirror 10 rotates one time. A scanning frequency during a unit time

interval (e.g., one second) may be obtained from the following Equation

3.

[Eguation 3]

- wn  n
15 Scanning frequency w?—:w
bia

T

@ : Angular velocity of the polygon mirror

T : Cycle period of the polygon mirror

From Equation 3, in the condition with the n-numbered reflection

20 planes 12 on the polygon mirror 10, it is pessible to adjust the scanning
frequency by controlling the cycle period or the angular velocity of the
polygon mirror 10. [n other words, the scanning length S, is
controllable in desired times of overlapping by varying the cycle period

I or the angular velocity @ of the polygon mirror 10.



w Angular velocity of the polygon mirror T : Cycle period of the polygon mirror From Equation 3, in the
condition with the n-numbered reflection 20 planes 12 on the polygon mirror 10, it is possible to adjust
the scanning frequency by controlling the cycle period or the angular velocity of the polygon mirror
10. In other words, the scanning length SL is controllable in desired times of overlapping by varying
the cycle period T or the angular velocity ce of the polygon mirror 10. 8 If the angular velocity @ of
the polygon mirror 10 is ant, are latiy nning speed of the Ias qbeam reflected from
the IOpo)lgglgon mirror 10 |S'I:epr:’ﬁhancgi-:"n yatrra\ﬁs 8?&?@ the g?ag%%@ Cﬂﬁ%\%cﬁl{ﬁgrwa er 408 sleﬂ%ed
toward the dlrectlon Jeverse t to atln gldlrectlon[{) tlhe{poy |rror 10.In %)tgelg orde when
the stage 30 is transfarred to %he dlrecsuon reversd 16 therotating (§|rec%8(51r111 of" t]%gcpeo yglon mitror 10, a
wafer 40 scanni eed of the laser beam SL faster c ared t the wafer 40 scanning speed
of the laser bean‘]i9 W?PE\)’ e the't 5%%5% i sYARAMG" wﬂRSuPr%v{n gl 1§ s gh%\e}gﬁaﬁgwﬂﬂ &' S¢hnning
length SL, as illu ﬁrate P Flg“f0 3, progf alon tI%1 qb\? ion reverse to the transfer direction of the
stage 30 where the&-wifar40 s s&itledT A res &RFafeH a0 BRnES SEAGE 36 ideariad ARd cut
out by the Iaser am alongggﬁ}dlre tion reverse to the tran er direc élon of the age 30. During this,

the 15 scanrﬁng TGt Sy é’ly%éﬁgﬁq% each %’t &F W X GRifSyeE™ the Stage 30 Is

transferred to the direction reverse to the rotating direction of the
polygon mirror 10, a wafer 40 scanning speed of the laser beam Sy gets
faster compared to the wafer 40 scanning speed of the laser beam when
the stage 30 is standing without moving.

10 Such overlaps with the scanning length §,, as illustrated in FIG.
3, progress along the direction reverse to the transfer direction of the

stage 30 where the wafer 40 is settled. As a result, the wafer 40 on the

stage 30 is scanned and cut out by the laser beam along the direction
reverse to the transfer direction of the stage 30. During this, the

15 scanning lengths S, continuously overlap from each other in a uniform
range, in which the number of overlapping times may be adjustable by
controlling the transfer speed of the stage 30.

Provided that a migration distance by the scanning length §, is /

along the transfer of the stage 30, an overlapping degree N of the
20 scanning length may be represented in S, /1.
The migration distance / denotes a dimension by which the stage
30 with velocity v moves for a time until one of the reflection planes 12
completes to rotate, being summarized in the following Eguation 4. The
overlapping degree N is represented in Equation 5.

25



range, in which the number of overlapping times may be adjustable by controlling the transfer speed
of the stage 30. Provided that a migration distance by the scanning length SL is | along the transfer of
the stage 30, an overlapping degree N of the 20 scanning length may be represented in SL/1. The
migration distance | denotes a dimension by which the siage 30 with velocity v moves for a time until
one of the reflection planes 12 completes to rotate, being summarized in the following Equation 4. The
overlapping degree N | ntgrg in Equation 5. 25 9 [Equation 4] v vT 21rv nnno) T [Equation
5] 5 Overlapping degre f CN) =1vT v By summarizing the aforementioned description,
the angular velocity w gf-ihe p&&g@ |rror 10 with the overlapping degree N while the wafer 40 is

cutting out in the velocity v fesulfs in B¢juation 6 10 as follows. [Equation 6] Nv
T

[Equation 3]

S, Ay 2ol

5 Overlapping degree ( N )=
{ vl v

By summarizing the aforementioned description, the angular
velocity @ of the polygon mirror 10 with the overlapping degree N
while the wafer 40 is cutting out in the velocity v results in Equation 6

10 as follows.

[Equation 6]
i
2f
As represented in Equation 6, the angular velocity is obtained by
15 dividing a product of the overlapping degree N of the laser beam and
the cutout velocity v with a double value of the focal length / of the
lens 20, where the cutout veloecity v corresponds to the transfer speed of
the stage 30 settiing the wafer 40 thereon.
While this embodiment uses a polygon mirror shaped with eight
20 reflection planes (1.e., n = &) in eight corners, other polygonal patterns
may be available in modification under the scope of the present

invention.

FIG. 4 illustrates an exemplary embodiment of the Ilaser



w=2f As represented in Equation 6, the angular velocity is obtained by 15 dividing a product of the
overlapping degree N of the laser beam and the cutout velocity v with a double value of the focal
length f of the lens 20, where the cutout velocity v corresponds to the transfer speed of the stage 30
settling the wafer 40 thereon. While this embodiment usgs a polygon mirror shaped with eight 20
reflection planes (i.e., n = 8) in eight corners, other polygonal patterns may be available in

modification under thesope of fhe:prasent, javention. FIG, 4.llustrates an exemplary. emhgdiment of

the laser 10 processing apparatus with the polygon mirror in accordance with the present invention.

Referring to FIG, 4, thg, Eaff% proeessing.apparatus with the polygon mirror according to the present
invention is comprised of a 5 controller 110 for conducting an overall operation, an input unit 120 for

entering control param nd contr mmangds, & polygan. mirror_driver 130 for actuating the
%gf&%ﬁl o Oil“f:ﬁ " niqw }Qg)e\fbgrocessmt% 1%?195 \C&ﬂ&(?[%oér

polygon mirror 10, a laser generator 140 for emitting laser béams, a's gggpfns er unit
1p display
&

nanserring the stage, 30. gn which the wafer 40 is setled . predetemined ducction
unit 160 for informirg the external users of current ope]?atlhg states, and a storagepunlt f? for storing

data releva@t thecrgztl(%'roller 110 for conducting an overall operation, an input unit 120 for

entering control parameters and control commands, a polygon mirror
driver 130 for actuating the polvgon mirror 10, a laser generator 140 for
emitting laser beams. a stage transfer unit 150 for transferring the stage
30, on which the wafer 40 is settled, in a predetermined direction, a
10 display unit 160 for informing the external users of current operating
states, and a storage unit 170 for storing data relevant thereto.
The polygon mirror driver 130 includes a plurality of the
reflection plane 12, being configured to make the polygon mirror 10,
which has multiple planes, rotate in a predetermined velocity at the axis
15 il. The polygon mirror 10 uniformly rotates at the axis 11 in the
predetermined velocity by means of a motor (not shown) under control
of the controllier 110.
The laser generator 140 is configured to emit the laser beams to
process the wafer 40 as an object settled on the stage 30, generating
20 ultraviolet-ray laser beams under control of the controlier 110 in this
embodiment.
The stage transfer unit 150 is configured to transfer the stage 30,
on which the wafer 40 as an object to be treated i1s settled, in a
predetermined velocity.

25 In the structure of the laser processing apparatus, laser beams



The polygon mirror driver 130 includes a plurality of the reflection plane 12, being configured to make
the polygon mirror 10, which has multiple planes, rotate in a predetermined velocity at the axis 15 11.
The polygon mirror 10 uniformly rotates at the axis 11 in the predetermined velocity by means of a
motor (not shown) under control of the controller 110. The laser generator 140 is configured to emit
the laser beams to process the wafer 40 as an object settled on the stage 30, generating 20
ultraviolet-ray laser heams.under .control of the controller in this .emhodiment. The stage transfer
unit 150 is C())/nfig{ﬂl}leltzf]‘%tetgi trfalrr{l)slf{‘lefL e s}faasg?é 3%?“8%a6v%ﬁch t]r-l%?\gva?éhﬁlglsagﬁl tot%ctt ?(Sﬂ“ b%(}?ggf’éb IS

settled, in a predetermi velocity. 25 In the structure of the laser processing apparatus, laser beams
[l emitted from tﬁ%liég]eggﬂﬁlgr(g%rcl%ﬁ I2’:10r1e ?r?c?égn% %%%r?é%&%?n riciiﬁeoﬁ ﬁﬁ%ﬁ%@%%&?@lﬁbﬂhe
controller 110. The laser beams applied to the polygon mirrqr 10 are reflected toward the lens 20 from
the reflection pléﬁegiez,pvgia?rc%%re%éféﬂﬁg]t?y 1%5 pgﬁﬁgeocﬁﬁinl(?r“barf\flertgel 6P\ﬁ/it@n {R8'Farigé of the
scanning angle 8. The laser beams reflected from the reflection planes 12 are condensed on the lens
20, and the condé& [;&ézél%e}?iﬁé?ﬁ] i@irré’&%éﬂ B tHE BareE 4 3fn%b%r68%ﬁﬁ&ﬂaﬂlﬁfﬁglla@érv Héam

ing irradi 40 while one of the
being Irradla;[ed %@Bhe\%at elrn t}\ll\ela Ireagge oit the scanning angle 8. The laser beams

reflected from the reflection planes 12 are condensed on the lens 20,
and the condensed laser beam 1is irradiated on the wafer 40 in
perpendicular.

The laser beam being irradiated on the wafer 40 while one of the

10 reflection planes 12 of the polygon mirror 10 is rotating migrates by the
scanning length S, along the direction reverse to the transfer direction
of the stage 30.

FIG. 5 illustrates another embodiment of the laser processing

apparatus with the polygon mirror in accordance with the present
15 invention.

Referring to FIG. 5, the laser processing apparatus with the
polygon mirror, in accordance with ancther embodiment of the present
invention, is basically comprised of a controller 110 for conducting an
overall operation, an input unit 12¢ for entering control parameters and

20 control commands, a polygon mirror driver 130 for actuating the
polygon mirror 10, a laser generator 140 for emitting laser beams, a
stage transfer unit 150 for transferring the stage 30, on which the wafer
40 1s settled, in a predetermined direction, a display unit 160 for
informing the external users of current operating states, and a storage

25 - unit 170 for storing data relevant thereto.



10 reflection planes 12 of the polygon mirror 10 is rotating migrates by the scanning length SL along
the direction reverse to the transfer direction of the stage 30. FIG. 5 illustrates another embodiment of
the laser processing apparatus with the polygon mirror in accordance with the present 15 invention.
Referring to FIG. 5, the laser processing apparatus with the polygon mirror, in accordance with
another embodiment of the present invention, is basica’lﬁ/ comprised of a controller 110 for conducting
an overall operation, an input unit 120 for entering control parameters and 2Q control commands, a
polygon mirror driver 1 “aStidfhg e C}?o%gzdgn r%irrorafﬁ, A3aS8PGericratd? TP or éitting laser

beams, a stage ransf(ﬁr ;llnit 150 for transferring the stage 30, on which the wafer 40 is settled, in a

predetermined ditetioRea HMEPIAY Uit 1B IGP RAFTHnG the ExfeRaresatLor Edtrdhtioferatity states,

and a storage 25 unit 170 for storing data relevant thereto. 12 These structures of FIG. 5 are as same
as those of FIG. 4B 158 TABESfrocHsSingeapp sk Wik ththdRi i bk on Eren 8lidsf@rther
comprised of a beam expander 210 for enlarging diameters of pointing laser beams emitted from the
laser generator 140 HABEhEH 8Tap5Rg tﬁ’é‘@ﬁf’?@rg@ﬂ’ séPpektnsitoleepolggon Hirdrddhand a
beam transformer 220 for converting the laser beam, which is condensed on the lens 20 after being
reflected frofn thé%l&@%%ﬁr%ﬂf@féﬁl@oléﬁer beams to the polygon mirror 10, and a beam

transformer 220 for converting the laser beam, which is condensed on
the lens 20 after being reflected from the polvgon mirror 10, into an
elliptical pattern. At this time the beam transformer 220 may be easily
implemented by emploving a cylindrical lens.

10 The enlarged laser beams incident on the polygon mirror 10 are
reflected toward the lens 20 on the reflection planes 12 of the polvgon
mirror 10 within the range of the scanning angle 6. The laser beam
reflected from the reflection planes 12 is condensed on the lens 20,
converted inte an elliptical pattern by the beam transformer 220 in

15 sectional view, and then irradiated on the wafer 40 in perpendicular,

As the irradiated laser beam has elliptical sectional pattern, a
iong diameter of the elliptical section corresponds to a direction of
cutout processing while a short diameter of the elliptical section
corresponds to a width of cutout processing.

20 When one of the reflection planes 12 is rotating on the axis 11,
the laser beam irradiated on the wafer 40 ig shifted as the scanning
length §, along the direction reverse to the transfer direction of the
stage 30.

Hereinafter, it will be described in detail about a procedure of

25  processing an object (i.e., the wafer 40} by means of the laser



elliptical pattern, At this time the beam transformer 220 may be easily implemented by employing a
cylindrical lens. 10 The enlarged laser beams incident on the polygon mirror 10 are reflected toward
the lens 20 on the reflection planes 12 of the polygon mirror 10 within the range of the scanning angle
0. The laser beam reflected from the reflection planes 12 is condensed on the lens 20, converted into
an elliptical pattern by the beam transformer 220 in 15 sectional view, and then irradiated on the wafer
40 in perpendicular. As the irradiated laser beam has elliptical sectional pattern, a Jong diameter of the
eliptical section E5HSPUHds SR didkion & Lutol Hrocd mg e & Shon Hiddter 1 the eliptcal
section corresponds to idtéw of cutqut processing. 20, When one of the reflection planes 12 is '
rotating on the axis it, tféﬁas r Bednt irdiated ol tREANHIRE 4D RISHFERY 8s thePSCafmig detfyth SL
along the direction reverse to the transfer direction of the stage 30. Hereinafter, it will be described in
detail about a prétd§ie B 5 ProaBESInG Hh Ubedi(s &7 e FaI?20) by means of the laser 13
processing apparatus with the polygon mirror shown in FIG. 5. PIG. 6 is a flow chart explaining a

procedure of processing‘&hc Ubjeet infdéeofdalite e the prasest ilentisieRérérring B FIGESs, in

order to process the wafer, i.e., to cut the 5 wafer 40 out, first control parameters for a rotation velocity
of the 5 waler 40 out, first control parameters for a rotation velocity of the

polygon mirror 10 and a transfer velocity of the stage 30 in the input
unit 120 are established, in accordance with a type of the wafer 40 to be
processed (step S10). Such setting operations may be simply carried
out by retrieving information menus from the storage unit 170 after
16 registering the information, that has been preliminarily designed for
wafer types and processing options (e.g., cutting, grooving, and so on),

in the storage unit 170.
After completing the establishment for the control parameters, the

controller 110 enables the peolyvgon mirror driver 130 to rotate the

[
th

polygon mirror 10 in a rotation velocity that has been predetermined at
the step S10 (step S20), and also enables the stage transfer unit 150 to
transfer the stage 30 in a predetermined velocity (step S30). At this
point the controller 110 makes the laser generator 140 emit the laser
beam (step S40),

20 Then, the laser beam emitted frem the laser generator 140 is
incident on the polygon mirrer 10 with being enlarged in its sectional
diameter after passing through the beam expander 210. The laser beam
incident on the polygon mirror 10 is reflected from the reflection piane
12 of the polygon mirror 10 rotating at the axis 11, toward the lens 20

25 within the range of the scanning angle 8.



polygon mirror 10 and a transfer velocity of the stage 30 in the input unit 120 are established, in
accordance with a type of the wafer 40 to be processed (step S10). Such setting operations may be
simply carried out by retrieving information menus from the storage unit 170 after 10 registering the
information, that has been preliminarily designed for wafer types and processing options (e.g., cutting,
grooving, and so on), in the storage unit 170. After completing the establishment for the control

parameters, the controfer.1 nahle on.mirror; driver or the: 15 polygon mirror
lll?le 10 9@ éotHC?teOJXQ 1, iggel %§§ %ﬁzggbed §1‘?>?Ty A

10 in a rotation velocity that has been predetermined at the step S10 (step ), and also enables the

stage ransier 15010 Rpeler i e A N predelemined elogy sien S30) ALs poi

the controller 110 makes the %ser generator%‘io emit the laser béam (step ﬁen, the laser

beam emitted frag e, Aser, gereralonL,49 s, incident on te polyson.mitor 10.with being enlarged in
a the er . e

its sectional diameter fteer passing t%roug eam expan serbeam ir_lcitfe%{lon th_e
T oviard the Ienh 301 55 b he oo B 1AL SeBdhing ANGIE 67 14 HE IGhE 5D dantierces the
!aser_ beam rsefle?ta%dlfr ma'&%e H%IXHW arnirri('i)r Ot ar_ﬁ}ghe“ 0 E:(jenge%ellasear g?ﬁmt on 1thsee|c%ri]§ 2a is
irradiated on the wafferoﬁf) in perpendchfgr After bei g conver{eéL intdan P &
pattern in which the long diameter accords to the cutout direction of the
wafer 40, i.e,, a progressing direction of processing, which extends an
irradiation range of the laser beam over the wafer 40 a time, while the
short diameter corresponds to a cutout thickness, i.e.. a cutout width of

10 processing.

During the procedure, as the polygon mirror 10 rotates with a
constant speed, a plurality of the laser beam irradiated on the wafer 40
are overiapped in predetermined times by a plurality of the scanning
length S, over the wafer 40.

15 In addition, as the stage 30 settling the wafer 40 thereon is
transferred in the direction reverse to the rotation direction of the
polygon mirror 10, a relative speed of irradiation with the scanning
length by the laser beam on the wafer 40 becomes faster which makes
the wafer cutout process efficient {step S50).

20 On the other hand, the laser beam emitted from the laser
generator 140 is directly irradiated on the wafer 40 when it skips the
steps of the beam expander 210 and the beam fransformer 220.

FIG. 7 illustrates a configuration of processing the wafer 40 by

the laser processing apparatus with the polvgon mirror in accordance

25 with the present invention.



elliptical pattern in sectional view by the beam transformer 220. The 5 laser beam finally applied to the
wafer 40 has a elliptical sectional pattern in which the long diameter accords to the cutout direction of
the wafer 40, i.e., a progressing direction of processing, which extends an irradiation range of the
laser beam over the wafer 40 a time, while the short digmeter corresponds to a cutout thickness, i.e..
a cutout width of 10 processing. During the procedure, as the polygon mirror 10 rotates with a

constant speed, a plurality of g Jaserheam drradigied onjthe. wafge 4Q arg,oyerlappediin s

predetermined times by a plurality of the scanning length SL over the wafer 40."15 In addition, as the

stage 30 settling e watar 40 hereqn is: fransieted in the dirgetion reverse [ e ratation direction of

the polygon mirror 10, a relative speed of irradiation with the"scanning length by the laser beam on

the wafer 40 becomes. faster wﬁiggpggo ént@ﬁ;%fleff@l,toutr@l@%%%d?ff@%igﬁf (%%Pd%é% 0.0 the

other hand, the laser beam emitte the laser generator 140 is directly irradiated on the wafer 40

when it skips the, steps eflle:Rearp qxnander2ddandihe beam.iansformet 220, 16, £ Jlusyates a
guration of processing the wafer 40 by the laser processing apparatus with the fo y&on mirror in
accordance ;25 with Ihe presentinventions 1S, A AlRengntioned, the laser,bpam eniarged wih its
that is rotating. The lens 20 condenses the laser beam. The las&_r beam
condensed on the lens 20 is shaped into a sectional elliptical pattern by
the beam transformer 220 and then irradiated on the wafer 40.
During this, as the laser beam irradiated on the wafer 40 has the

10 sectional elliptical pattern, the long diameter of the ellipse is associated
with a progressing direction on the wafer 40 by the laser beam while the
short diameter of the ellipse is associated with a cutout width on the
wafer 40 by the laser beam.

As illustrated in FIG. 7, the elliptical laser beam irradiated on the

15 wafer 40 is progressing along the direction of its long diameter,
accompanying with the cutout width by its short diameter. In other
words, the cutout width 41 of the wafer 40 is adjustable by controlling
the short diameter of the elliptical section of the laser beam, which is
established by the beam transformer 226.

20 During the irradiation on the wafer 40 by the laser beam,
evaporation may be occurred at places on which the laser beam is
irradiated. However, the progressing direction of the laser beam is
reverse to the transfer direction of the wafer 40, as aforementioned, so

that the relative scanning speed of the laser beam becomes faster and

25 the long diameter of the laser beam is arranged to the processing



sectional diameter after passing through the beam expander 210 is incident on the polygon mirror 10.
The laser beam incident on the polygon mirror 10 is reflected within the range of the scanning angle 0
5 toward the lens 20 on the reflection plane 12 of the polygon mirror 10 that is rotating. The lens 20
condenses the laser beam. The laser beam condensed, gn the lens 20 is shaped into a sectional
elliptical pattern by the beam transformer 220 and then irradiated on the wafer 40. During this, as the

laser beam irradigted: o the wafer 40 hasthe 10:segtional glliptica) pattemn,the long diamsaterof the
ellipse is associated with a progressing direction on the wafer 40 by the laser beam while the short

diameter of the ellipsg,is assqciatedswith. a GuiQUinIdth pa tBEtd’Yﬁf‘iﬁé@e%,th%f'%?ﬁ'i&?qm?&%

illustrated in FIG. 7, the elliptical laser beam irradiated on the 15 wafer 40 IS pfogressing along the

direction of its lopg, O‘@gﬁ%@Cﬁ?@&%@y}%%@imed%tct‘& %’I{igtl}ﬁ)éﬁt% 3 '39%%1"’3%1@5

B
words, the cutout wi of the wafer 40 is adjustable by controlling the short diameter o

elliptical section f the laser heam, whigh is.established:by the beam t nsiar nZ;ZQQZ ing the
irradiation on the Wafe? 40%{)y the I%}géleg} beam, evapogratilonl}%la?/ eﬁggccgl%reg%arpg%aé“es ongv@]}%: the
laser beam is irrﬂldéaﬁggc wever, the progressing direction of the laser beam is reverse to the

t

transfer direction of the wafer 40, as aforementioned, so that the relative scanning speed of the laser

beam becomes faster ag, 22 (e, long, diameter, gt e JASeL PFAM I, AaNaed.10.hg Processing
the processing direction makes the cutout portion of the wafer 40 be
swiftly evaporated, the wafer processing is carried out easily without
such as a recasting effect for which vapors from the wafer material are

10 deposited on the cutout wall 43 of the wafer 40,

Although the aforementioned embodiments 1is exemplarily
describes as being applicable to processing a semiconductor wafer, the
present invention is also available to processing other substrates or
boards such as plastics, metals, and so on.

15 As described above, the laser processing apparatus with the
polygon mirror in accordance with the present invention needs not any
change of additional devices because a laser beam is enough to perform
the cutout process, which enables the process to be rapidly carried out
in easy and efficiency. Furthermore, since the present invention

20 provides an efficient technique to able to control the cutout width by
adjusting the short diameter of the elliptical laser beam and to prevent a
recasting effect that causes vapors escaping from an object to be cut
out, it is advantageous to processing a wafer in highly precise
operations, as well as normal objects.

25 Although the present invention has been described in connection



16 direction (i.e., the cutout direction). As a result, a cutout section 42 has a slope throughout the
cutout process, by which vapors escaping from the wafer material due to the irradiation of the laser
beam are easily discharged without depositing on the cutout plane 42 during 5 the process.
Moreover, since the rapid overlapping with the laser beam along the processing direction makes the
cutout portion of the wafer 40 be swiftly evaporated, the wafer processing is carried out easily without

such as a recastipg effegifor whichvManars frem the waferynaterial are <1Q;daposites ndhe ¢htout
wall 43 of the wafer 40. Although the aforementioned embodiments is exemplarily describes as being

applicable to progessing.a-semicendustarwater; the present;nvention is alsoavailable to. pragessing

other substrates or boards such as plastics, metals, and so on. 15 As described above, the laser

processing appayatys yith the | pelygon, misrar in accordance with the presept jovention, peegsgnot any

change of additional devices because a laser beam is enough to perform the cutout process, which
enables the process fodiefapidiy. carried outin 6as¥iand elliciency, Farthermore, sings, the present
invention 20 provides an efficient technique to able to control the cutout width by adjusting the short
diameter of the elliptical lasgy,beam and to prevent a recasting effect that causes vapors escaping
from an object to be cut out, it is advantageous to processing a wafer in highly precise



operations, as well as normal objects. 25 Although the present invention has been described in
connection 17 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 substitution,
modifications and changes may be thereto Withouigeparting from the scope and spirit of 5 the
invention. 18 WHAT IS CLAIMED IS: 1. A laser processing apparatus with a polygon mirror for
processing an object by a laser beam, comprising: a laser generator for emitting the laser beam; a
polygon mirror constructed of a plurality of reflection planes that reflect the laser beam, which is
emitted from the Yi&bA gettefaton iMErédASVhile rotating on an axis; a lens for condensing the laser
beam reflected on the polygon mirror and irradiating the laser beam on the object; a stage for settling
the object: a stage trassfescnititorapnaferring.the stage owardfar predetennineshticestionjaand a
controller for m%i%the sta%ectransfer unit transfer the stage reverse to a rotating direction of the
polygon mirror. & 8q§§élrsprzﬁcessing apparatus with the polygon mirror according to

a laser generator for emitting the laser beam;

a polygon mirror constructed of a piurality of reflection planes that refiect the
laser beam, which is emitted from the laser generator, thereon while rotating on an
axis;

a lens for condensing the laser beam reflected on the polygon mirror and
irradiating the laser beam on the object;

a stage for settling the object:

a stage transfer unit for transferring the stage toward a predetermined direction;
and _

a controlier for making the stage transfer unit transfer the stage reverse to a

rotating direction of the polygon mirror.

2. The laser processing apparaius with the polygon mirror according to
claim 1, which further comprises a polyvgon mirror driver rotating the polygon mirror in
a constant speed io make the reflection planes revolve with a predetermined

angular velocity.

3. The laser processing apparatus with the polygon mirror according to



claim 1, which further comprises a polygon mirror driver rotating the polygon mirror in a constant
speed to make the reflection planes revolve with a predetermined angular velocity. 3. The laser
processing apparatus with the polygon mirror according to 19 claim 1, which further comprises a
beam transformer for converting a sectional pattern of the laser beam condensed on the lens into an
ellipse. 4.The laser processing apparatus with the polygon mirror according to claim 3, wherein the
controller makes the beam transformer convert the laser beam to be shaped with the sectional pattern
as the ellipse whose long diameter is arranged along a processing direction and then irradiates the
converted laser beam on the object. 5.The laser processing apparatus with the polygon mirror

according to claiai#, wherrin the cantialigricentdlsanshardirmetanet the elipticaksegtipn of the
converted laser beam f(ér&agr{rstir) the processing width by the laser beam. 6.The laser processing

apparatus with #&"pdiy: r RARGES SRR ¢ W§hariie 47 61jB%t processed by the laser

beam is a wafer. 20 7. The laser processing apparatus according to claim 6, which further comprises
a polygon mirror, (ﬁéil\éerlgcg( TrotaI;irg:g the 0po{l%gon tmirrory,itn a %nstant speed to make the reflection
planes revolve with' & predeteiined Bngitar oiocity 8. The I2SEVESFbcdsSing AFHAFAIES with the
polygon mirror acgordingstioeelainhé, vehichfartherkcomiprises:a beantsransfammesforicomnerting a
sectional beam to be shaped with the sectional pattern as the eilipse whose long diameter is
arranged along a processing direction and then irradiates the converted laser beam

on the object.

5.The laser processing apparatus with the polygon mirror according to
claim 4, wherein the controlier controls a short diameter of the elliptical section of

the converted laser beam for adjusting the processing width by the iaser beam.

6.The laser processing apparatus with the polygon mirror according to claim 1,

wherein  an  object processed by the laser beam is &  wafer



pattern of the laser beam condensed on the lens into an ellipse. 9. The laser processing apparatus
with the polygon mirror according to claim 8, wherein the controller makes the beam transformer
convert the laser beam to be shaped with the sectional pattern as the ellipse whose long diameter is
arranged along a processing direction and then irratliates the converted laser beam on the wafer. 10.
The laser processing apparatus with the polygon mirror according to claim 9, wherein the controller
controls a short diameter of the elliptical section of the converted laser beam for adjusting the
processing width by the laser beam. 21 11 The laser processing apparatus with the polygon mirror
according to claim 8}avhick fupthereomprises aheaneexpadider for enlarging assectiorratdiameter of
the laser beam emitted from tﬂeﬂ{l)%s%rhggpgﬁggg,ft&e %rgé rgec laser beam being(;. condensed on the

- lens after reflected bn the POlygon Mitror and being inCitent Oh e AT HARS A&, B2 he Jaser
processing apparats withnthies pdlygortimitionapdanding o dlaimvé  hwhepeiddirentans condenses the
laser beam thergggc%},q then irradiates the laser beam on the wafer in perpendicular. D. The laser
processing apparatus with the polygon mirror according to claim 6, wherein the controller controls a
scanning length of the laser beam applied to the wafer by one of the reflection planes in accordance
with (he rotatiomor i PAYAORBLERNRY REAHELOT 3 facald>(BRCeAl e iRhs a0d Rgeanaing angle
of the laser beam reflected from the reflec ion plane of the polygon™mirror. 14. The laser’processing
apparatus with ﬂ,{élglo@,gwwﬁhir%qﬂé%ép@pﬁ@Q@scpapﬁallg,transformer for converting a sectional

pattern of the laser beam condensed on the lens into an ellipse.

9. The laser processing apparatus with the polygon mirrer according to claim 8,
wherein the controller makes the beam transformer convert the laser beam to be
shaped with the sectional pattern as the ellipse whose long diameter is arranged
along a processing direction and then irradiates the converted laser beam on the

wafer.

10. The laser processing apparatus with the polygon mirror according to claim 9,
wherein the controller controls a short diameter of the elliptical section of the

converted laser beam for adjusting the processing width by the laser beam.



wherein the controller controls the scanning angleof the laser beam to be a reflection angle formed by
the beginning and rear parts of the reflection plane. 15. The laser processing apparatus with the
polygon mirror according to claim 6, wherein the Idser beam reflected from the reflection plane in
accordance with the rotation of the polygon mirror is irradiated on the wafer being overlapped in a
predetermined number and the controller controls the predetermined number of overlapping by
adjusting an angular velocity of the polygon mirror while keeping a transfer velocity of the stage
retains constant. 16. The laser processing apparatus with the polygon mirror according to claim 6,
wherein the lasét béamizeftecteck fixdmg ﬂ@m&ft&@ti@iﬁl*pih&a%&@mmim&mdmdﬁhg wotatipn of the

Polygon mir o i iACAigten e weler.being oxariapped.n 2 predelermingd number anc fhe
controller controls the predeterml Aumber of over pplng justlng A trANSfor Ve omty of the

stage while keeflindaan apgulamigiotitycot tHe d@bﬁgmmm@m@iﬂst@m; 280 UASERBROSESSING
APPARATUS Wbl%h'eﬁé%&%ﬁ%' M@Ra@eﬁ* rﬁﬁ%m@%ﬂﬂg g‘!§8f}°§n‘*ﬁ%}saﬂ'(§% 1ed tl(%af?lé?l%er

processing apparatus employing a polygon mirror, cap ‘processing an o jéct e |C|en{’ly The
apparatus is coffiprisad rasfasaegenerator for emitting a laser 5 beam, a polygon mirror rotating at
the axis and having a plurality of reflection planes which reflect the laser beam incident thereon from
the laser generator, and a lens irradiating the laser beam on an object, e.g., a wafer, that is settled on
a stage, after Cdnﬂgﬁ@ﬂ@sﬂﬁé’ﬁg%?sb@aﬁﬁpamms with the polygon mirror according to claim 6,

wherein the lens condenses the laser beam thereon and then irradiates the laser

beam on the wafer in perpendicular

13. The laser processing apparatus with the polygon mirror according to claim 6,
wherein the controller controls a scanning length of the laser beam applied to
the wafer by one of the reflection planes in accordance with the rotation of the
polygon mirror by product of a focal distance of the lens and a scanning angle of

the laser beam refiected from the reflection plane of the polygon mirror.

4. The laser processing apparatus with the polygon mirror according to claim 13,
wherein the controller controls the scanming angle of the laser beam to be &

reflection angle formed by the beginning and rear parts of the reflection plape.

15. The laser processing apparatus with the polvgon mirror according to claim 6,

wherein  the laser beam reflected from the reflection plane in



reflected from the polygon mirror. In applying the laser beam to the 10 wafer in accordance with a
rotation of the polygon mirror, the stage on which the wafer is settled moves to enhance a relative
scanning speed of the laser beam, which enables an efficient cutout operation for the wafer. As it
uses only the laser beam to cutout the wafer, there is>no need to change any additional devices,
which improves a processing 15 speed and cutout efficiency. Further, it is available to control a cutout
width and to prevent a recasting effect by which vapors generated from the wafer during the cutout
process are deposited on cutout section of the wafer, resulting in accomplishing a wafer cutout
process in highbe dimel @nck precisetidimensions. &igiilsA polygon mirror is irradiated on the

wafer being overlapped in a predetermined number and the controlier controls the
predetermined number of overlapping by adjusting an angular velocity of the
polvgon mirror while keeping a transfer velocity of the stage retains constant.

16. The laser processing apparatus with the polygon mirror according to claim 6,
wherein the laser beam reflected from the reflection plane in accordance with the
rotation of the poiygon mirror is irradiated on the wafer being overlapped in a
predetermined number and the controller controls the predetermined number
of overlapping by adjusting a transfer velocity of the stage while keeping an

angular velocity of the polygon mirror constant.





