| LASER PROCESSI NG APPARATUS W TH POLYGON M RROR TECHNI CAL FI ELD 5 The
present invention relates to a | aser processing apparatus with a polygon
mrror capable of processing an object by reflecting a | aser beamon the
pol ygon mrror. BACKGROUND ART 10 Since apparatuses using a | aser beam have
nore advantage for cutting silicon wafers than other mechanica
appar atuses, various studies about t hem have been advanced. One of the
nost advanced apparatus for cutting a wafer is an apparatus using a | aser
beam gui ded by ejected water froma high-pressure water jet nozzle. 15 A
waf er cut out apparatus enploying the high-pressure water jet nozzle
irradi ates a | asdrABERPROGERSING WRRARAFETS WITHIROLYIGFOMIMIRROR
hi gh-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
peri odi c change of the high-pressure jet nozzle causes 20 inconveni ences
i n conducti f t process. It also results in |ower
productivitnﬁE e Kk acturing cost. Also, since it is difficult for
a convent.i onal mafer cutout, apparatys to offer fine line wwdth, there are
probl ems %i n adopt} My PEFED éﬁﬁﬁgﬁﬂﬂsr HeRitgn? pRedi RIOSRSHRECHRRArats Wekhwhi | e
a waf er cutout Process_using only a | aser beam brings 2

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 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 it 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 nmeans vapors evaporated by a |aser beam are
deposited on cutout sides of wafer. It interrupts a wafer cutout process.
5 DI SCLOSURE COF I NVENTI ON To sol ve the aforenentioned problens, an object

of the present invention is to provide a |aser processing apparatus with a
polygon mrror, capable of processing an2object such as a wafer precisely
by preventing a recasting effect wthout changi ng any additional devices.
10 In the empbditent ffcaktiagi NnyEBEI ORvhidh! ahe€dnProgassi nypppaedt usy, Mth a
polygon mrror is conprised of: a |laser generator for emtting a |[|aser
beam a poly ] [ plasr.al i rref: i | S
Chat rof | ect TEha 1 ame e R rh S s o P, TP e b OS A PfiSF
thereon while rotating on an axis; and a |ens for condensing 15 the | aser
beam whi ch iguﬁﬁﬁﬂggfgﬁion the polygon nmirror and irradiating the |aser
beam on the object. BRI EF DESCRI PTI ON OF THE DRAW NGS FI Gs. 1A through 1C
are schematic diagrans illustrating 20 conceptual features of a | aser
processi ng apparatus enpl oying a polygon mrror in accordance with the
present i%fveRXISELOBUREQFSINMVENENGN c diagramillustrating a concept ual
feature of the |aser processing apparatus enploying the polygon mrror in

accordance with tirg gyieseie hivRMdloneb prbBlenss,i #n d Y bagbEMhe! pislendt i Ng
overl apping | aser beans in 3

invention is to provide a laser processing apparatus with a polygon

mirror, capable of processing an object such as a wafer precisely by
preventing a recasting effect without changing any additional devices.

10 In the embodiment of the invention, a laser processing apparatus
with a polygon mirror is comprised of: a laser generator for emitting a
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; and a lens for condensing

15 the laser beam which is reflected on the polygon mirror and irradiating

the laser beam on the object.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGs. 1A through 1C are schematic diagrams illustrating
20  conceptual features of a laser processing apparatus employing a polygon
mirror in accordance with the present invention.
FIG. 2 is a schematic diagram illustrating a conceptual feature of
the laser processing apparatus employing the polygon mirror in
accordance with the present invention.

25 FIG. 3 is a diagram illustrating overlapping laser beams in



accordance with the present invention. FIG 4 is a diagramillustrating an
exenpl ary enbodi nent of the |aser processing apparatus with the pol ygon
mrror in accordance with the present invention. 5 FIG 5 is a diagram
illustrating anot her enbodi nent of the |aser processing apparatus with the
polygon mrror in accordance with the présent invention. FIG 6 is a flow
chart explaining a procedure of processing an object in accordance with
the present Lpyeritanes. 1RQithl G the | Spaesehenptéstidhagramillustrating a
configuration of wafer processing gy the | aser processing apparatus with

t he pol ygon m rrokiign CCOf; Y e i L O T

DESCRI PTI ON OF THEIFI\I\‘}EﬁTﬁgQQ%Q&Elgu%ﬂfinﬁn?%uégiﬁiﬁgagy?}é%ﬁ@%%c@%#%r ans
illustrating,a conceptual feature o | aser processing apparatus .

er oy ng. a B JUCCRTIBR P St S0 s TALY ROF HET3PEABACRRUGHTS HEh As
shown in FIG. 1 Athrough | C the |aser processing apparatus 1is

conpri sed of the peesgydANYEHEQR. 10 having a plurality of reflection 20

pl anes and rotating at an axis 11, and a telecentric f-theta |lens 20
condensi ngy | aser B&@ns isehldepednfiibmttdieng ehbéecdn embpldamest tofetheoinser The
lens 20 is installed in parallel with a stage 30 on which a wafer 40 to be

cut out is SPI‘éde%gmé &p@ﬁ%hstﬂiw@@@wy%aﬁ%iﬁ%@nﬁl hetdRIEmRd HigMihd he
reflection planes theréeon. Thus, a | aser beam condensed on the lens 25 20

is irradiat egrés%ntt he water in perpendicular, which enables the wafer

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

accordance with the present invention.

DETAILED 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 FIGs. 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 is installed in parallel with a stage 30 on which a wafer 40
to be cut out is settled, in order to condense laser beams reflected from
the reflection planes thereon. Thus, a laser beam condensed on the lens

25 20 is irradiated to the wafer in perpendicular, which enables the wafer



4 40 (e.g., a sem conductor wafer) to be processed (able to be cut out)
in a predeterm ned shape. While the | ens 20 may be conposed of a couple
groups of |lenses, this enbodinent uses a single lens in conveni ence on
description. 5 FIGs. 1A through ICillustrate the features that a | aser
beam reflected fromthe reflection plane4l2 is applied to the wafer 40
being condensed through the lens 20 while the polygon mrror 10 is

rotating in 4an(eaglia gkaekyhGecter neglerProatbel Peodwsssd LhbiRebetd ichg dwa) FI G
1A, laser beans are reflected fromthe 10 beginning part of the reflection

pl ane 12 in Gaysda Wil Age.rotation of the polygon mrror 10, and
t hen inciden?&o%a Pge?t en Sogﬁ%he | ens 20. The reflected | aser beans are

condensed on the - nd i,rradiated to a,predeterm ned posi.tion S 1 of
Che varer 40 i n pdridndRe 1P 20RBRNNS figtihe B 4 RO TRl ATOWES BISET
mrror 10 nore advances 15 its rotation to reflect the |aser beans on a
central part thif ampeodisn¢nicysesp sigigdpdenin cpaveRicnseta@ydeHgENtioRans are
incident on a central position of the Iens 20 and condensed on the | ens
20. The c®bndensedFlaserl hehmogh iGeillestsat20thes fientwds athed anlaaer beam
predet erm ned position S2 of the wafer 40 in perpendicular. 20 Referring

to FIG IC vwesctherreal YBOReflettioh %ﬁn%um herapAfMERE Q8e | W 8frO4 Gibe@Rly NOre
than the case of FIG 113, to reflect the laser beans on a rear part of

the reflecti an&’&gﬂt@% %@o%gﬁﬁhé Ef{ah?% hlaiggﬁé ﬁ,oﬁ@ﬁég ﬁﬂr&ﬁ%@@%ta&?ﬁé ifr €

I nci dent on reg e ens 2

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 reflected 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 reflect 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 is irradiated

25 on a predetermined position S3 of the wafer 40 in perpendicular.



on the lens 20. The condensed | aser beamon the lens 20 is irradiated 25
on a predeterm ned position S3 of the wafer 40 in perpendicular. 5 As

af orenenti oned throughout FIGs. Ato IC the |aser beans are applied to
the predeterm ned positions S1 to S3 on the wafer 40 in accordance with
the anti-clockwi se rotation of the polygod mrror 10. The distance from Sl
to S33 is regarded to as a scanning 5 length SL that neans an interval to

irradi ate the waf ers 40 by theafofreflegéioned phasegHaualFatg. the totiat] Qhe of
the polygon mrror 10. A reflection angle of the | aser beam which is

formed by t h?aé%@%%@%r@%gﬁ&rega%) Bﬁ&)%@étfe}ﬁ?né@ lo@fﬁ'&?@ sA! @N8314n itfe

referred to as a scanning el nafter, the eoretical feature of
the present invention will .10 be.described.in nore detail. FlG

T ubt ratos FUERANRM Eoetaema mifoTeorn i oPkBere riReRinof Theasiuesk s
enpl oyi ng the polygon mrror in accordance with the present invention.
Referring tolBrmr 20. t ddiepdisfanee fromof 11t Sondt rgeeetPdnite rasn2 3B DRiRder ed
reflection planes rotates in a constant speed at the axis 11 in an angul ar

vel ocity &f éyngthd Sa &8all agrersi g8 Tnteavphder ivadmtenthaewafer: Kér don the
reflected fromthe reflection plane 12 and irradiated on the wafer 40

through the kengcdOn ;mntehqezp@lloya@orﬁhéﬁﬂort@ﬁoﬁooflaenlenﬁo%%nnnnwmened A
reflection planes 20 12, the scanning angle 0 of the laser beam when one

D at Ton’y CEtHBBioR AREE o Tht T BdIwhior YTBIAEE By Ahe Dbl L 4R
rear parts of the reflection plane 12 is referred to as a scanning angle &.

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 employing 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 n-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]



[ EQuation 1] 6 2 (a, - al ) al =0+va, =0+V 047r n7r 2 7r 2
7¢c 2 n Fromthe Equation 1, it can be seen that the scanning angle 0 is
twice the central angle ( 27c ) on the reflection plane 12 of the pol ygon
n5 mrror 10. Therefore, the scanning length SL , that is a range of C ~
i rradiation on the wafer 40 by the reflecﬁed | aser beam applied fromthe
reflection plane }2 of;the pQIo,yg?)n mrror is determ ned by a

nor phol ogi cal characterlsﬂc of the lens 20 "as fol lows. 10 [ EQuati on 2]
471f SL =f X0 = naSL &cgrwl ng"l engt h

T 2
o, = ¢ +y — —+
- 2 n
'92471:
n

From the Equation 1, it can be seen that the scanning angle & is

twice the central angle (2—7?) on the reflection plane 12 of the polygon
n

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
reflection plane 12 of the polygon mirror 10, is determined by a

morphological characteristic of the lens 20, as follows.

10 [Equation 2]

P
(!

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 polygon mirror 10 while the polygon mirror

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

words, the scanning length §, 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 |aser
beam refl ected fromeach of the reflection planes 12 of the polygon mrror
10 while the polygon mrror 10 is rotating is irradiated on the wafer 40
by the length of SL. In other vvords, the scanning length SL of a | aser
beamirradiated on the wafer 40 1 :0 20 in accordance with the rotation of

t he pol ygon rror obt.al ne a prod of the focal |ength f
and t he scanﬁrﬁé‘1 fn@lrgd?)‘:tof)% '#‘ﬁegcf%e]re g]lé r ef cthéd SF?%Q&]@%‘FI@CPfon
pl ane 12 of the polygon mrror 12. By the way, as the polygon mrror 10
has the n -nuthzeizstr beamef tefttdtod Proanahe lizflamion tplaws ST aileg polyHoi he
scanning length SL is available in every one cycle of rotation of the

pol ygon m rromik@r iPhat is, a laser beamirradiated on the wafer 40 is
applied to the wafer 40 by the scanning length SL, overlapping in the

waf er 40 by the nu f he, r e | anes 1 th oly
10 when t he pol ygon %Wrag’r Oe[%(%t g%)e)ggoolﬁel%frrﬁﬁ ¥g\ g%%nﬁ}eg ‘35{?1985%
during a unit tjne, erva one second) nay. be obt ai ned fromthe

fol | owi ng “Equisiiissiion Piﬁf&a{?’oﬁn I Hipe sRCanming Wlﬁhdhemnmregxﬁength Sy is

available in every one cycle of rotation of the polygon mirror 10. That
is, a laser beam irradiated on the wafer 40 is applied to the wafer 40 by
the scanning length Sp, overlapping in the wafer 40 by the number of
the reflection planes 12 of the polygon mirror 10 when the polygon
10 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.

[Equation 3]

15 Scanning frequency =;)—n=—

@ : 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 mirfor 10.  In other words, the scanning length S, is
controllable in desired times of overlapping by varying the cycle period

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



27r T co : Angul ar velocity of the polygon mrror T : Cycle period of the
polygon mrror From Equation 3, in the condition with the n-nunbered
reflection 20 planes 12 on the polygon mrror 10, it is possible to adjust
t he scanning frequency by controlling the gycle period or the angul ar
velocity of the polygon mrror 10. In other words, the scanning |l ength SL

Is controllable in_desired tines of overl.appi ng by varyin he cycl e
period T or the aﬂ[ﬁuq’% aEIL| YSIocH Yo Pe ‘fﬁ&%éﬂé%m ra?gié}_s @nstant he
angul ar velocity co of the polygon mrror 10 is constant, a relative wafer
40 scanni ng spaétptove tyafer ddescdnmane rapiekd cafethef taser tteam poflpgted fioms ghe 10
I s enhanced by transferring the stage 30, on which the wafer 40 is

settled, towapdlsdum eiirent i0onisr enledarked byt fiensRdihignthd stigeeei @h afhithe
polygon mrror 10. In other words, when the stage 30 is transferred to the

direction reve{seyiRrt h§ 1:0kakidg gj\{rﬁxgjtaitﬂg Fhrelfibn RAINFIOTMKL C}(r?t%tgn%ﬁe

waf er 40 scanni ng speed of the |aser m SL gets faster conpare
waf er 40 sgcanpi ng,.speed..of the | aser beam whe the stage 30.is. stapdi.ng
i thout s na e SRR e Den i iR LLar ordhar Redthe aeded 3618
illustrated in FIG &?» progress along the direction reverse to the
transfer direH@psieresd ti9e thet dgecBonWRRYEsE W \ihFerolabing deqqatiam . ofashe
result, the wafer 40 on the stage 30 is scanned and cut out by the |aser
beam al ong t hpoligoactmiioor Ig\vemsdet 40tdrenhimnspesd difr ot lamer dfeath 81 geage
30. During this, the '
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 S;, 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 S, 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 Equation 4. The
overlapping degree N is represented in Equation 5.

25



15 scanning |l engths SL continuously overlap fromeach other in a uniform
range, in which the nunber of overlapping tines nmay be adjustabl e by
controlling the transfer speed of the stage 30. Provided that a mgration
di stance by the scanning length SL is 1 along the transfer of the stage
30, an overl apping degree N of the 20 scanning |length may be represented
in SL11. The m grﬁ%‘i%on.di saance | denotes a dinension. by which the stage
30 with velocity vIA®¥HO%4d a time until one of the reflection planes 12
conpletes to rotatg,_ beiWg_simmarized in the followi ng Equation 4. The

over| appi ng degree N#s reprggsented in Equation 5. 25 9 [Equation 4] ,=v
=vT=2nv n n n co T}Equati on 51 5 Overlapping degree ( IV SL = 47CF =
20)f | vT V By sunmari zing the aforenmenti oned description, the angul ar

velocity co of the polygon mrror 10 with the overl apping degree N while
the wafer 40 is cutting out in the velocity v results in Equation 6 10 as

follows. [Equation 6]
[Equation 5]

5 Overlapping degree (N)z%:ifg-:ﬁ
v 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]
o=
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 uses a polygon mirror shaped with eight
20 reflection planes (i.e., # = 8) 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 laser



NV 0) 2f As represented in Equation 6, the angular velocity is obtained by
15 dividing a product of the overl apping degree N of the | aser beam and t he
cutout velocity v with a double value of the focal length f of the |Ilens
20, where the cutout velocity v correspon to the transfer speed of the
stage 30 settling the wafer 40 thereon. Wiile this enbodi nent uses a

pol ygon mrror shaged W th eiﬁht 2t8 r flecti?n gl anes (i.e., n=28) in
ei ght cor ner sPTEEREMEoRPRIRAFS pititer mad? ' heV v dPHABE e {P'n AEREPBET I on
under the scope of the present invention. FIG 4 illustrates an exenplary

enbodi ment of Witletheaprasenbinysdé@issi ng apparatus with the polygon nirror in
accordance wth the present invention. Referring to FIG 4, the | aser
processi ng appar at Bsfawridy ttioe FIGol ygothemlagaar paoceysih@gapmaraes pwhenhe
invention is conprised of a 5 controller 110 for conducting an overall

operation, anphRdéh Wiktorl30cRlin8MEthBUpRBhT GhvBAfiBABIL LS nipiss LOBT R
commands, a polygon mrror driver 130 for actuating the polygon mrror 10,

For “transior rEhareNe? 0 8gter tdshhg B en g iresfigh I8 (baRFRR 170'hr 0

predeterm ned direction, 10 display unit 160 for inform ng_ the external
users of curr%‘i"ltter’d’pgetc&flﬁr?g parameters "and 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 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 11. The polygon mirror 10 uniformly rotates at the a.xis 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 beams under control of the controller 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 is settled, in a
predetermined velocity,

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



states, and a storage unit 170 for storing data relevant thereto. The

polygon mrror driver 130 includes a plurality of the reflection plane 12,
bei ng configured to nake the polygon mrror 10, which has multiple planes,
rotate in a predetermned velocity at the axis 15 11. The pol ygon mrror 10
uniformy rotates at the axis 11 in the predeterm ned velocity by neans of

a notor (not sho nder..control of the cantroller 110. The .l aser

gener at or 14OEIT1§IIIInén HoghriBE {5 eEnBERgIRECY asgr}I O @ssrei nebdeny gRethe PRy #RR er
40 as an object settled on the stage 30, generating 20 ultraviolet-ray

| aser beans uRderOrcHhmnger sontid el eppieliezol it (Hieslasenthsameenpplighe
stage transfer unit 150 is configured to transfer the stage 30, on which

the wafer 40 &s tha pbiyeoth woirber tlileatedrefkcsed tdoethrdi thea leps elletfeoni nhd
velocity. 25 In the structure of the | aser processing apparatus, |aser

beans emttedréﬂl@éﬂ&@%lhﬁ@ﬁlﬂeﬁﬁiéﬁ %e%(%aﬁﬁg %%eeﬁél ot Be-RA ¥GYR:
mrror 10 under control of the contro | er | aser "beans applied to

h I d h I fl

bl anes 13,0 ””I%‘)Lvégwﬁﬁﬁfr RS Thabdos &I%n FRRR A7) \oFy e GeadiFy "
h f I , I b fl d f h

rof 1 oot fon pl T8 P ”geﬁg%@%geéamahpfwasfiésa%ggna%%qdﬁéiﬁmié’é%éofaser

beamis irradiat ed on the wafer 40 in perpendicular. The | aser beam bei ng
i rradi at ed onantethmf eondinsedi llesemebesfimt he 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 another embodiment of the present
invention, is basically comprised of a controller 110 for conducting an
overall operation, an input unit 120 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 is 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 mrror 10 is rotating mgrates by
the scanning length SL along the direction reverse to the transfer
direction ZIP of the stage 30. FIG 5 illustrates another enbodi nent of
the | aser processing apparatus with the pqlygon mrror in accordance with
the present 15 invention. Referri ng to FI 5, the | aser processing
apparatus with the__polygon mrror, _in accordance wth anaqther enbodl nment
of the present .n%ﬁ%ﬁiéruq’fgreéagic%ﬁy SconBFf s&d S8Mmea agofhassl Peri 204 or
conducting an overall operation, an input unit 120 for entering control
par anet er s anBu20theolaseolpreoswsamglsippargfokygih thier poly gdni mérrot 30 FIgk. 5 is
actuating the polygon mrror 10, a |aser generator 140 for emtting |aser

beans, a stagethénasiprided bf 1DGehal ekhanaéenniongod @ﬁla&@ﬁ? B38Qm e@ersWBF Ch
the wafer 40 is settled, in a predeterm ned di rectlon I splay unit 160

for —inform “ %)i%%rn%leaﬂﬁe% fhifk dc%[rﬁ”{heol?g Qﬂe&%gf e1%1-}]0 Y Fhen

storage 25 u storing ata rel evant t

structures_ of FI nme as.those of FI e

ot ocess] ng apPERinE i G L pdr Sy BRARS ofb RO Bifier 1y rﬁ? beam
conprised of a beam expander 210 for enl argl ng d| aneters of pointing |aser
beans eni ttedfrﬁflé)fﬁfmfé 22U der pemsiestiog o hetan Shaphliyi sapdemecdéndmar ged
| aser beans to the polygon mrror 10, and a beam transfornmer 220 for
converting ththe dger 20eafter Weinh reflecoad dnsad tion polygon mirror 10, into an

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 . 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
long 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 is shifted as the scanning
length S, 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



the lens 20 after being reflected fromthe polygon mrror 10, into an
elliptical pattern. At this tinme the beamtransforner 220 may be easily

i npl emented by enploying a cylindrical Iens. 10 The enlarged | aser beans
incident on the polygon mrror 10 are reflected toward the lens 20 on the
reflection planes 12 of the pol ygon mrrof 10 within the range of the
scanning angle 0. The laser beam reflected fromthe reflection planes 12
i s condensed BIPCCRENZendPPatus oWkt ehe nt HoAvE? mlﬁltqfcﬁi]‘)%tlflgﬁﬁ}-éy t he
beam transformer 220 in 15 sectional view, and then irradiated on the

waf er 40 in perpenBl@Qubais aAfovhehiart adiphtiatng aserobeshmehad rbkceptingain
sectional pattern, a long dianeter of the elliptical section corresponds

to a directiogbjelt, GUi&dHrdRHOS SESH He WikdcitdnsBRIibndi aneter of the
elliptical section corresponds to a width of cutout processing. 20 Wen

one of Che refl ectReRlANES FI3, ' (HOSAKING Bibdle IR EL | 16 Lapeke eam

I rradi ated on the wafer | S shifted as the" scanni ng al'ong t he
di rection rever?e tg t he ransferbtﬂirection of .t he e 30 Hereitn?;flter,
é ami®

h sta%

it will be de¥efsThdd PHUQEISH ICORBERN PATHREEESL[% Bf rOt8E0s, Selading
object (i.e., the wafer 40) by neans of the | aser processi n% apparatus wth
t he pol ygon npelygensmovaeri H0 pind, agtrandlies vedor¥yaof {toey stdes 80ekplthe inpyt a
procedure of processing an object, in accordance with the present
i nvention. Refeitri2@gateoestbBlisbed) in atdardahoe priakessypehel Wed erafer 40.t0 b® cut
the 5 wafer 40 out, first control parameters for a rotation velocity of
the 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
. controller 110 enables the polygon mirror driver 130 to rotate the

15 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 from the laser generator 140 is
incident on the polygon mirror 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 plane

12 of the polygon mirror 10 rotating at the axis 11, toward the lens 20

25  within the range of the scanning angle 8.



pol ygon mrror 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 sinply carried out by
retrieving informati on nenus fromthe stor]?ge unit 170 after 10 registering
the information, that has been prelimnarily designed for wafer types and

processi ng options..{e.g. tting, groqQving, and .so on), . in the storage
unit 170. After co%?egpﬁgﬁyh%o%%{nﬁgfsi ment 2§0r l?eff'énccgﬁﬂ%{]edpa Iofbt RS,
the controller 110 enables the polygon mrror driver 130 to rotate the 15
pol ygon ni r r oPOly@omnn miriest 403 m£éh@c¢felgdqn$§fi kst beeaim ppeddicelennedd a3 t he
step SIO (step S20), and al so enables the stage transfer unit 150 to

transfer the staijet@Donrtha wpatedet®einripeegendibobdrt aftéisb eimgS38)verAdd idtioSan
point the controller 110 nmakes the | aser generator 140 enmt the |aser beam

(step S40). 281ihan] pdteernaseseBE3RRERIEWEHy fthembdg trasdbrRReI At orTHA0 is
I nci dent on the polygon mrror 10 with being enlarged in its sectional

nci dent on (RS baryaer oY orpd e ST I ERRRACHoRR: o YubREEl BFBhahe

12 of the polygon mrraor, tatgﬂg at the axis 11, toward.the, Ienf 20 25
the

within the ralgeess i lg%gh%ffﬂag eter 29eprdpre thentiion! dérrdéioges
| aser beamreflected fromthe polygon mrror 10, and the condensed | aser
beam on the |'wager260i &.c.i arridigaesdng rdireetiomfodt pud cissingerpeivdi cxteadsadrt er
bei ng converted into an
irradiation range of the laser beam over the wafer 40 a time, while the
short diameter éorresponds 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 overlapped in predetermined times by a plurality of the scénning
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 transformer 220.

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

the laser processing apparatus with the polygon mirror in accordance

25 with the present invention.



elliptical pattern in sectional view by the beamtransforner 220. The 5

| aser beamfinally applied to the wafer 40 has a elliptical sectional
pattern in which the |long dianeter accords to the cutout direction of the
wafer 40, i.e., a progressing direction of processing, which extends an

i rradi ati on range of the |aser beam over the wafer 40 a tine, while the
short dianeter corr,esponds to cutout .t hickness,.i.e., a cutout w dth of
10 processing. Durifrg t 8%?188@88? atl1% he Bty gBR2MW r PBI2TERA r oW Hflesli t h
a constant speed, a plurality of the |laser beamirradiated on the wafer 40
are over| appedcttioptledétidetameadteri passipg shiglughalthe ybedmt gapaedemi2id is

| ength SL over the wafer 40. 15 In addition, as the stage 30 settling the
waf er 40 ther @oridest dir ahsfmwrlygdni mitdve d0r edtliconageaveess tocideat rat ahkon
direction of the polygon mrror 10, a relative speed of irradiation with

the scanning pbpAghnAYrd:hE Ii@%@ﬂe@@@mn@ﬂlihftﬁe%&%)é@tﬁbﬁﬁ@mﬁnk%{gé %Qi ch

makes the wafer cutout process efficient (step S 20 On the~ ot her nd,

t he | ea ] t S nerator.140. |,s directly .irradjated
on tho.varor - B0 LAY (AR she IEFIssBRTb e 1 56k %sspgﬁhv&o%ar%?@hﬁ
beam transforner 220. FIG 7 illustrates a configuratjon of_processing the
waf er 40 by ﬁ}“a?é SO IBR o chRS H§1p éBpfé’rné]te%eWﬂtl%??Wé breAmy gohleril ¢ esr bgain

accordance 25 with the present invention. 15 As aforenentioned, the |aser
beam enl ar gedcomd¢nsgedson 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 tile 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 220.

20 During the irradiation on the wafer 40 by the laser beam,
evaporation may be occurred at places on which the laser beam is
irr.adiated. 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 (o the processing



sectional dianeter after passing through the beam expander 210 is incident
on the polygon mrror 10. The | aser beamincident on the polygon mrror 10
is reflected within the range of the scanning angle 0 5 toward the | ens 20
on the reflection plane 12 of the pol ygon {girror 10 that is rotating. The
| ens 20 condenses the | aser beam The |aser beam condensed on the |lens 20
is shaped intq.a §ectio al ellgf)tical atterC{1 b(é. t he [Reamtralnsformer 220
and then irradt*&€f88%n th&  waf EI° 40 YRS ng LRTLIOWs 1HS 4 Fs¥Htp@apitout
irradiated on the wafer 40 has the 10 sectional elliptical pattern, the

| ong di anet er SeftigmetZehpp pselape Hyosehavedhe iinthun ppeogsedst mridhreagtdren on
the wafer 40 by the | aser beamwhile the short dianmeter of the ellipse is
associ at ed wi ebcapingtfoom thiedtvhf@nmeberialwdifieto 40e byraihaidmo€rhbeassr Neam
illustrated in FIG 7, the elliptical |aser beamirradiated on the 15

waf er 40 is PEAYLASI) 'HisehABGdt Rerthdiut QfdpoRiRE cir%j $hé QYo G} ?Fﬁ"feeﬂﬁ durin

acconpanying with the cutout” wwdth by its short dianmeter. Tn other words,

t he cutout. w ﬂ{é’l 4(?1:(3%% the wafer 40 is adjustable by controlling the short
di anet er o% t he Bf I ptical section of the |aser beam which is established
by the beam transforner 220. 20 Iﬁuring the irradiation on_the wafer 40 by
the laser beam eVHFEPIEToNRyIETAPLE (A HEARRING| WEldstisn lagst drammelppger
beamis irradiated. However, the progressing direction of the |aser beam
is reverse ttha peocessing atirelitiertmakeothe mtoaf arortion af theowefientiOohed,
so that the relative scanning speed of the |aser beam becones faster and
25 the | ong diwifelerevapotdted| anerwhanpisceakinNgedatrfietiheuPeasas Svitout
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 is 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 sl ope throughout the cutout process, by which vapors escaping
fromthe wafer material due to the irradiation of the |aser beam are
easily di scharged wi thout depositing on the cutout plane 42 during 5 the
process. Moreover, since the rapid overlapﬁing with the | aser beam al ong
the processing direction makes the cutout portion of the wafer 40 be
swiftly evapordtled theneembpdimprbcedsi e i s reasentednyantioas)illasiatpdutn
such as a recasting effect for which vapors fromthe wafer material are 10
deposi ted on theacemptnyalg ddByiofgst leisadetind®ed hédeoogh whid be apparent

af orenenti oned enbodi nents is exenplarily describes as being applicable to

processing a serheonAUSHod WaflRY art Bigat PEASEDsubRMERibAN nhSdidl 9 Fasaklabl e
to processing other substrates or boards such as plastics, nmetals, and so

on. 15 As desgtl v I 0 I: ratus with the. .pol.ygon
mrror in accgﬁ%@%%gﬁ§§}ﬁeﬁﬁgﬁgpg§§%¥ﬂﬁﬁ§§%§#§% %gggéﬁég?ogﬁfnuiﬁgﬂﬁgogf
addi tional_deyi ces because a | aser beamis enough to perform the cutout
process, whi ci*%eHRAMC Y he process to be rapidly carried out in easy and
efficiency. Furthernore, since the present invention 20 provides an
efficient technique to able to control the cutout width by adjusting the
short diameter of the elliptical |aser beamand to prevent a recasting
effect that causes vapors escaping froman object to be cut out, it is
advant ageous to processing a wafer in highly precise



operations, as well as nornmal objects. 25 Although the present invention
has been described in connection 17 wth the enbodi nent of the present
invention illustrated in the acconpanying drawings, it is not limted
thereto. It will be apparent to those skiJJed in the art that various
substitution, nodifications and changes nay be thereto w thout departing

fromthe scop irit Qf he invention. 18 WHAT IS CLAIMED IS: 1. A
| aser processﬁ%@ﬁbé&ét‘mlg' pol ygon mrror for processing an object
by a |l aser beam conprising: 5 a |laser generator for emtting the |aser
beam a polygon mrror constructed of a plurality of reflection planes

that reflect the | aser beam which is emtted fromthe | aser generator,

t hereon whi | elr ét Esen@rooessingxdppar atnd ﬁitﬂlemg)oﬂjagom(ﬁﬁ(ﬂﬁﬂsfﬂgpﬁd&skﬁ%eﬁn beam
reflected on the polygon 10 mirror and irradiating the | aser beamon the

obj ect. 2. Thghieas®y P1LERINY, @&ﬁg}ﬁﬁ . Wi th the polygon mrror according
to claiml1, which g’urther conpri ses: aﬁj%ol ygon mrror driver rotating the

pol ygon mgror in S t..15.speed.ta ke the reflection planes _
revol ve vviS{h a pr e%é%%%}ré%%éatoén%}ﬁlee{?ﬂ%llgot 'etlﬁfe%gg?%ge on whi ch the obj ect

is settled; and . . .
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; and
a lens for condensing the laser beam reflected on the polygon

16 mirror and irradiating the laser beam on the object.

2. 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
15 speed to make the reflection planes revolve with a predetermined
angular velocity;
a stage on which the object is settled; and
a stage transfer unit for transferring the stage toward a
predetermined direction.
20
3. The laser processing apparatus with the polygon mirror according to
claim 2, wherein the stage transfer unit transfers the stage reverse to a

rotating direction of the polygon mirror.

25 4. The laser processing apparatus with the polygon mirror according to



a stage transfer unit for transferring the stage toward a predeterm ned
direction. 20 3. The |l aser processing apparatus with the polygon mrror
according to claim2, wherein the stage transfer unit transfers the stage
reverse to a rotating direction of the polygon mrror. 25 4. The |aser
processi ng apparatus with the polygon mrror according to 19 claiml,

whi ch further I ses. eam transfaorner for convertjin secti onal
pattern of thg?afqggelr’ ggé‘% ?Bﬁggﬁsceodngﬂs?%e |aeh§a1innt[r6n rghﬂrﬁ%s@n@rgggme
| aser processi ng?ap aratus with the polygon mrror according to claim4,
wherein the béa Cttf‘grh%lf Brttern nile t1§8@1hgveﬁawron@@amoorbetheslrapemw gh the
sectional pattern as the ellipse whose long dianeter is arranged along a
processi ng di edépseon and then irradiates the converted |aser beamon the
object. 10 6. The | aser processing apparatus with the polygon mrror
according to claim5, wherein a short dianmeter of the elliptical section
of the laser beamis associated with a processing wdth by the | aser beam

the w dth 5 bekngadi I i.ng.Lhe short dianeter, 15.7. A

| aser pr ocesthg ap{oéaé?ggﬁégﬁ%fﬂga iggﬁéédfgn&%ﬁthr 1?}ber pg 8O} QULL; Age I,

conmpri sing: claim 4, wherein the beam transformer converts 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.

10
6. The laser processing apparatus with the polygon mirror according to
claim 5, wherein a short diameter of the elliptical section of the laser
beam is associated with a processing width by the laser beam, the width
being adjustable by controlling the short diameter.

15

7. A laser processing apparatus with a polygon mirror for processing a
wafer, comprising:

a laser generator for emitting a laser beam;

a polygon mirror constructed of a plurality of reflection planes

20 that reflect the laser beam, which is emitted from the laser generator,

thereon while rotating on an axis; and

a lens for condensing the laser beam reflected on the polygon
mirror and irradiating the laser beam on the wafer that is settled on a
stage.

25



a |laser generator for emtting a | aser beam a polygon mrror constructed
of a plurality of reflection planes 20 that reflect the |laser beam which
is emtted fromthe | aser generator, thereon while rotating on an axis;
and a lens for condensing the | aser beamregfl ected on the polygon mrror
and irradiating the | aser beamon the wafer that is settled on a stage. 25
20 8. The | ager cessing apparatus according to claim?7, which further
conprises: a %élj;/}gé(’)na?ﬁrrPr()c%eagﬁl\geflp?%?ﬁ}‘%t at PR TEME pdPy goR i r for Winick
const ant spee? to make the reflection planes revolve with a 5 .

pr edet er m ned HﬂgﬁF&PHUBF%@Fty; and a stage transfer unit for transferring
the stage along a predetermned direction. 9. The | aser processing

apparat us with theapgbygom nuimror dxicer diorgrowtinkd thkapolyionvieiresn ihhe
stage transfer unit transfers the stage reverse to a rotating direction of

the polygon ncohofant 1Gpedde doasealRr OARSSkOGcERPART FidaeW LByvbRR PQLiMPEoR
mrror according to claim7, which further conprises a beamt ransf of mer

for convertin i tern. o he | aser beam condensed on the
i grﬁéténﬁﬁiéld 8@%1&?6\;318518}/ fnd

l ens into an pse. aser bcessing apparatus with the pol ygon

mrror according to claim10, wherein the beamtransfornmer converts the
| aser beam to be stage transfer unit for ftransferring the stage along a

predetermined direction.

9. The laser processing apparatus with the polygon mirror according to
10 claim 8, wherein the stage transfer unit transfers the stage reverse to a

rotating direction of the polygon mirror.

10. The laser processing apparatus with the polygon mirror according to
claim 7, which further comprises a beam transformer for converting a

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

11. The laser processing apparatus‘with the polygon mirror according to
claim 10, wherein the beam transformer converts the laser beam to be
shaped with the sectional pattern as the ellipse whose long diameter is
20 arranged along a processing direction and then irradiates the converted

laser beam on the wafer.

12. The laser processing apparatus with the polygon mirror according to
claim 11, wherein a short diameter of the elliptical section of the laser

25 beam is associated with a processing width by the laser beam, the width



shaped  with the sectional pattern as the ellipse whose |ong dianeter is 20
arranged al ong a processing direction and then irradi ates the converted

| aser beam on the wafer. 12. The | aser processing apparatus with the
polygon mirror according to claim1ll, whesein a short diameter of the
elliptical section of the |laser 25 beamis associated wth a processing

w dth by the he.w dt h .21..bei ng adj ustahl.e by controlling the
short di amet elrb%ﬁ% Q%?l{e&?galgerbypr%%gglilffbg apptg’Fa#]L%?aﬁlﬁe{aﬁe pol ygon nirror
according to claim 10, which further conprises a beam expander for
enlarging a 5 sectional dianeter of the |aser beamemtted fromthe | aser
generator, the enlarged | aser beam bei ng condensed on the | ens after

reflected on 18hdhgolaggopredessing appabeingvithehdqnilygontharbeastording to
transforner. 14. The | aser processing apparatus with the polygon mrror

according to clinclidi, mvhichRirelidt EBRPrANRS GOPELRASESphiiged %?rerﬂﬁf’é?nghgr eon
and then irradiates the |aser beamon the wafer in perpendicular.”15. The

I i ; a i I 1 E cordi to claim?7,
whor e h o SeanaeiaRA Aol d i T 1 YO IOl APRCTAL Wedoge e e,
one of the re]t'ﬂ ect L?gn gllanesbi n agcordanc wth the rotation of the

pol ygon ni rrof*§ §RHIFGS '4BF% P68 P oidiE: foBE eusadyeh thei lengnelienreflpatadens and

a scanning angle of the | aser beamreflected fromthe reflection plane of
t he pol ygon & pplygre mérroTrad bejag ipcoderysomgheppamatrassfirntert he pol ygon
mrror according to, claim15, wherein the scanning angle of the |aser beam
is areflection :
14, The laser processing apparatus with the polygon mirror according to
10 claim 7, wherein the lens condenses the laser beam thereon and then

irradiates the laser beam on the wafer in perpendicular.

15. The laser processing apparatus with the polygon mirror according to
claim 7, wherein a scanning length of the laser beam applied to the
15 wafer from one of the reflection planes in accordance with the rotation
of the polygon mirror is adjustable by product of a focal distance of the
lens and a scanning angle of the laser beam reflected from the reflection

plane of the polygon mirror.

20 16. The laser processing apparatus with the polygon mirror according to
claim 15, wherein the scanning angle of the laser beam is a reflection

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

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

25 claim 7, wherein the laser beam reflected from the reflection plane in



angl e formed by the beginning and rear parts of the reflection plane. 17.
The | aser processing apparatus wth the polygon mrror according to 25
claim7, wherein the |aser beamreflected fromthe reflection plane in 22
accordance with the rotation of the polygos mrror is irradiated on the
waf er bei ng overlapped in a predeterm ned nunber and the predeterm ned

nunber of ove i is.controllahle by.adjusting an angul ar velqcity of
t he pol ygon mﬁ%?@gaﬂ Fl g"’lgﬁ)téhgngf)gaa“e}él%& tJHSf ppﬂyegon:) B gk ‘rset”éfiaatéat‘3}i
constant. 18. Th Iase£ processi ng apparatus with the polygon mrror
according to OBl Hifm Valsthdesih QvElanpssr iBeanpredatetmined rombpe anaf [tBet i on
pl ane in accordance with the rotation of the polygon mrror is irradiated
on the 10 waf eredsdprnyinade muaphped off novempamdaieisricoadralladier bangdjuReing an

pr edet er mi ned nunber of overlapping is controllable by adjusting a

transfer vel oanhgylaefvdlbeitst &0ehawpollpgen ANYF FhiVelOeah¥rQf vERRiIROLY IR
mrror retalns constant.

5 stage retains constant.

18. The laser processing apparatus with the polygon mirror according to
claim 7, wherein the laser beam reflected from the reflection plane in
accordance with the rotation of the polygon mirror is irradiated on the
10  wafer being overlapped in a predetermined number and the
predetermined number of overlapping is controllable by adjusting a
transfer velocity of the stage while an angular velocity of the polygon

mirror retains constant.



