LASER PROCESSI NG APPARATUS AND METHOD USI NG POLYGON M RROR BACKGROUND OF
THE | NVENTI ON [ 0001] The present invention relates to a |aser processing
apparatus and nmethod, and nore specifically, to a laser processing
apparatus and nethod for enhancing processing efficiency of an object by

means of a polygon mygr r | bj [ 5ﬁléerials from
waf ers, net gl s?/gpl astﬁé@k%hg‘%sé)w&ﬁ?%@‘gg“&@gﬁ%ﬁ% te ]P,[ ocessi ng
rocedures such as cutting an j i nstance, after _
Eorrpl eting a sem conduct or ch%ﬁi‘g\rﬁ%ﬁwm& , a process for cutting
a wafer to separate plural chips, which are formed on the wafer, into

i ndi vidual chips is subsequent thereto. The wafer cutout operation is very
i nportant over the whol e process of sem conductor chips because it heavily
affect the productivity and product quality in the subsequent process. The
waf er cutout operation is usually carried out with a mechanical cutout

met hod or a method enpl oyBACIGROIENDIGBMHIEINYENTION a processing
apparatus using a |l aser beamis being highly studi ed because it has nore

advant ageous [0081] a neThaptesaht BRBMAH Hates 10D BlseApfRbidth abpdratiil iag 2
wafer by a | aser beam uses a nechanismof Dburning irradi ated areas out of

the waf er duembfoll,NSHE hage s @Jiﬁ@éufygrffﬁi,ac t?ﬁ'éﬁ?hessﬁgfaﬁﬁ | Sﬁy%f%ﬁ;gag 4.he

| aser beam on a surface of the wa in ange-o aviolret rays

250 - 360 nm r.peam condensed is. irradiated on
a wafer, the ?@%ﬁ%ﬁ%ﬁ%ﬁ%{n }@é@rﬁ%& ah%ﬁ’g“? %é{ng?i‘ﬁ % iygolli’éﬂl;ré’\‘}apor at ﬁd’
nmelting as i th Jincreasing.a . vaporizin ressure according to the
evaporgti onmﬁigp nge \A/alliné’rro‘ﬁ%ﬁ"é% petivedugeiials, OF“nW rSe%’ﬂﬂ@%iR}%‘mﬁﬂraﬁﬂﬁ@-out
of the irradiated.area. | Froma succegssive sequence of the burning-out
oper ati ons, Pt &5 sengralfe enetate egocessing procedures such as cutting and grooving

works. For instance, after completing a semiconductor chip fabrication process, a
process for cutting a wafer to separate plural chips, which are formed on the wafer,
into individual chips is subsequent thereto. The wafer cutout operatioﬁ is very
important over the whole process of semiconductor chips because it heavily affect
the productivity and product quality in the subsequent process. The wafer cutout
operation is usually carried out with a mechanical cutout method or a method
employing a laser béam. Especially, a processing apparatus using a laser beam is
being highly studied because it has more advantageous than a mechanical apparatus,
[0003] A method of cutting a wafer by a laser beam uses a mechanism of
burning irradiated areas out of the wafer due to inducing thermal and chemical
effects by focusing the laser beam on a surface of the wafer in the range of high
ultraviolet rays 250 ~ 360 nm. In other words, when a laser beam condensed is
irradiated on a wafer, the irradiated area is heated up instantly and then evaporated,
melting as well, with increasing a vaporizing pressure according to the evaporation

of the wafer material, resulting in an explosive burning-out of the irradiated area.



into nultiple chips and a |inear or curved severing process is avail able
therein along a noving passage. [0004] The npbst advanced one ampng | aser
processing apparatuses is carried out by cutting a wafer w th guidance by
wat er ejected froma high-pressure water jet nozzle, irradiating a | aser

beam si nul t aneousl y. However, such an apparatus has a di sadvant age of
changi ng t he §185%# SUGCASSEYeEANEREE 19 gélém@émmsé)m@r@ﬂ?% arjwafer ean hesdizidst| y
worn out nechanically due to the high pressure,. which results in degrading

the product i vintomnkigle cliips ang a lmsaverssvedsevisitig ;agcasamvngalde therganbagi n
operating the process. [0005] As one of techniques to overcone the defect
in | aser procewsevimg passpgar at uses at present, the method of enploying a

pol ygon mirror has been proposed in Korean Application No. 2004-0022270

filed on Mard0084] 200Bhdnoithdvarted 988 bmappldsedptbeesding aBﬁirHﬁ@é’b 1!%5&1%&
rotates with plural reflection planes that have the sane |ength each

other, as il ldigtyahathg é‘wﬁfe@wﬂh g\ﬁl@ﬁl%]byF \lvﬁelle]'eéteé fﬂ)’n‘?gr}ﬁ‘éﬂ }ekéﬁ% f_é[rng a

| aser processing nethod with a polygon mrror. ovvn I n

the | aser pr 9952 Iygon
mrror 10 Iroo g‘flﬁ?\igz{%rllﬁgcﬁ%l%t Eqﬁ\%}ﬁj}?ﬁ@ﬁf]@?g&# e f:onz Sﬂ@lénes%fﬂ%a&g f

| ens 20 cond | er am.reflected on e reflec a o]
Ehle %4 %/gon %ﬁigc??ﬁﬁfz@f%fb t al Tllng ?%ng()%zr%gllaze’ermeﬁgufta eﬁgegﬂogw\\?zhl ch an
el ecentric

bbj et 40 < ( d5 Gy IR ea restsnsaly gue Bhie PighGupipis whishreslis a gegading

I npl emented with plural lenses as well, but FIGI| shows a sheet of |ens

for convenie ﬁB%Pm@élRtéV“}‘[ wdgsising tha gosthas well as poisingfa niisange ity gearatinig 11hor 10,

the | aser beamis 2
process.

[0005] As one of techniques to overcome the defect in laser proéessing
apparatuses at present, the method of employing a polygon mirror has been
proposed in Korean Application No. 2004-0022270 filed on March 31, 2004 by the
present applicant. The polygon mirror rotates with plural reflection planes that
have the same length each other, as illustrated in FIG. 1.

[0006] FIG 1 is a diagram illustrating a laser processing method with a
polygon mirror.

[0007] As shown in FIG. I, the laser processing apparatus with the polygon
mirror includes a polygon mirror 10 rotating on an axis 11 with plural reflection
planes 12, and a lens 20 condensing a laser beam reflected on the reflection plane
12 of the polygon mirror 10. Here, while the lens 20 may be implemented with a
telecentric f-theta lens installed in parallel with a stage 30 on which an object 40
(e.g., a wafer) to be cut out is settled. And it may be implemented with plural
lenses as well, but FIG. 1 shows a sheet of lens for convenience’ sake.

[o008] Along the rotation of the polygon mirror 10, the laser beam is



reflected on the front of the reflection plane 12 as shown in FIG |A and
then incident on the left end of the lens 20. The reflected | aser beamis
condensed on the Iens 20 and then perpendicularly irradiated onto a

desi gnated position S1 of the object 40. [0009] Continuously, as
illustrated in FICEB IrﬁE accordl ng to further rotation of _the polygon
mrror, the I'588eheanthe drondqfdbe aaflentiopdanceh? @ shewnria FIEk [ldcandbthepl ane
12 and then incident on the center of the |ens 20. The incident |aser beam
i s condensedngifentina the edt gd afiibe leheR0.pEhpefigited laset Yeair isadidanset] omthe a '
designated position S2 of the wafer 40. [0010] Next, as shown in FIG | C,
t he pol ygon nteng 80 amdrthenr ptl@mdicmlarlyrﬁaﬂmiiafehemtcase:resilgﬁ@tanl ipetities tSddofOthet he
rear of the reflection plane 12. The reflected |laser beamis incident on
the right endtjécttbe | ens 20 and then condensed on the lens 20 to be
perpendicularly irradiated onto a designated position S3 of the wafer 40.

[0011] As sudipophe | i 110
S3 on the ClJT”er EO a?%ﬁfglr?ﬁgﬂ}r oaﬁélglfsglﬁég% gﬁ%qp@oggédgﬁm ?F‘Ié'{rh%p%hit{oqus

fromS | to Sge gbf}rg&’?}rﬁﬁhfe%éﬁ éi‘soegmslg%ﬁ'éc@o {illn Sofer ?{ Iifﬁ:?lgﬂ QF et he

reflection pI an ygon mrror set by
t he | aser cted ron of, th reflectjon
pl ane 12 i s cfgl%nt 1(510 &nt Ogég?.ﬁFrH &I‘e s %OO%ET “i“ﬂd?rﬁgaqeéé’@?m is
processing ap arat u h the n mrror, stated above, the |aser beam
is irradiate OBHCIISﬁ‘i OGbH’GCIF“W éﬁg%?efé’ﬁﬁ‘@!ﬁ“lﬂdwﬂﬁil@wdlan%yd%waﬁed t hat
excessive irradjation of the | aser beamonto the sane position of the
obj ect dama(j@§1 10H§2cﬂf the wafep 4 Qegrade the reliability of the process.
[ 0013] Moreover, as it is conventional to use a | aser beamwth a
pr edet er ni ned08f8khet erNexthas showaninaFIfoil 6 thegpdbemm mirfve thasestakeammiakei dent
on the coner of the reflection plane may be partially dissipated (or | ost
in energy). Sbehser beam reflected on the rear of the reflection plane 12. The reflected laser

beam is incident on the right end of the lens 20 and then condensed on the lens 20

to be perpendicularly irradiated onto a designated position S3 of the wafer 40.

[0011] As such, the laser beam is irradiated onto the positions from S1 to S3

on the wafer 40 along the rotation of the polygon mirror. The range from $1 to S3

is referred to as a scanning length S processed by the reflection plane 12 of the

. polygon mirror 10. In addition, an angle set by the laser beams each reflected on

the front and rear of the reflection plane 12 is referred to as a scanning angle 0.

[0012] In the laser processing apparatus with the polygon mirror stated above,

the laser beam is irradiated on the object with energy about 10W. But, it may occur

that excessive irradiation of the laser beam onto the same position of the object

damages the object to degrade the reliability of the process.

[0013] Moreover, as it is conventional to use a laser beam with a

predetermined diameter other than a pointing beam, the laser beam incident on the

corner of the reflection plane may be partially dissipated (or lost in energy). Such



3 energy loss due to dissipation of the |aser beamis described with _
reference to FIG 2 as follows. [0014] FIG 2 is a diagramillustrating

t he phenonenon of the energy |loss at the conmers of reflection planes of
the polygon mrror. [0016] As shown in FIG 2, while applying the |aser
beamto the polygon mrror 10 that is rotating, if _the |aser beamwth a
fixed di amet ePeTEY loptiivftordissipating of dhsnlaser deamyia desstibed withrrefsrense ta 31G.a part
of the | aser beam an energy-reduced |laser beam A, is reflected on the
refl ection plapefollewand applied to the lens 20. However, the other part of
the | aser beam a |lost |aser beamB, is scattered on the reflection plane

12' and ther eff14% not Fipplik edlidgamtiiudtenag 20 piédikhor beirf ety Ibheatl ens
20 condenses the energy-reduced | aser beam A only to irradiate it to the

obj ect 40 nouhtedmert dfftefleetian §ladls ofie polysiihirrot here are differences in
the processing efficiency between the area of the object exposed to the

aroas. Tt cousastan (T oA IO b, bR WBb e 18 oY B 6, B helyin”! "
degradat on. k2o BEASEARING F B R b 0PLBOYEl B S RGERET a0
af of erent | oned MGBITLHECRYERR hy GHFESb I T obaD iy Sispasrcheo bl
oxcossi vely | PPIHcle SEesHAR G edlobtion plows 84 et eonped defhe s rtEovsmehs al so
directed to enhance the processing efficiency of an object by preventing
an energy | oghe gther part of dkg lasestbeamy @l lggfdaser bcamdd, is neattetedsmr therrefleisinng
apparatus. plane 12” and thereby is not applied to the lens 20.

[0016] " Therefore, the lens 20 condenses the energy-reduced laser beam A

only to irradiate it to the object 40 mounted on the stage 30. As a result, there are

differences in the processing efficiency between the area of the object exposed to

the laser beam reflected on the corner of the reflection plane 12 and the other areas.

It causes an irregular processing profile to result in the degradation of the

processing reliability. Moreover, as the energy of the laser beam is dissipated at the

corners, the resources are wasted.

SUMMARY OF THE INVENTION

[0017] The present invention is directed to solve the aforementioned
problems, providing a laser processing apparatus and method, using a polygon
mirror, for preventing a laser bearn from being excessively irradiated on an object.

[0018] The present .invention is also directed to enhance the processing
efficiency of an object by preventing an energy loss at the corners of a polygon

mirror in a laser processing apparatus.



4 [0019] In order to acconplish the above objects of the present invention,
a |aser processing apparatus processing an object by a | aser beam
includes: a laser generator emtting a | aser beamw th a predeterm ned

di aneter; a polygon mrror rotating on an axis with plural reflection

pl anes and refl Li ng the |aser beam emtted fromthe | aser generator on
the reflecti 0§§ nes Mrder iquansemplish Hgjabovegbieels afddke prsert inKentionne
reflection planes be covered by |aser beam and a | ens condensing the

| aser beam r dhsespreatsoing eppargiol pywassiig awobgntby arlagi deémgntlnded: asleser beam
on the object. [00201 The present invention also provides a processing

met hod .usi ng geneoirypatting # faser batawithgy predawvrmained diankbtah a goigponsesrop! ur al
reflection planes of the sanme length for reflecting the | aser beam of a

predet er m nedothitiagede an efid Wel HluN refledtRREPlaBRNH Bt ectiNhI RSkt BBaUNDET
of the reflection planes is established so that the incident |aser beam

shoul d cover dgmiked BRa1HeWer §bdcesbi grgflfél &ﬂ@tﬁien&ﬁ&e@%ﬂ%@nmﬁ%ﬁ& iaﬁj.rt]lgl?g di ng

settling the object on a stage; est I shing control paraneters |

2 rotating veboghlyuol. Llls A% KRN Lok B0k MHEL HSkoc by, AL e

stage; rotating the polygon mtTr an axi's W
rotating velocity:. viin he stage . wit t&e redet er ni.neq. t.ransfer
vel ocity; i rrcé’&fiéisf'}ggt EI@% ggaér} ref@gtﬁ%%‘ﬁp‘? R yggq PrEes Yy igpdistiag ﬂ’t"o‘@@?i ng
nmore than twqQ refl eét [ 811 pl anes whose nunber is established to be covered
by the | aser 0 3R Q%¥Endensi ng divi sions of the |aser beamon a |ens
and irradiating the condensed | aser beamon the object. [0021] The present
i nventi on pr dOB28ks anlhshpresenthipvensismasleel rirpyidel atprocessing niethodedidgaser
beans whi ch have | ow energy, taking advantage of energy reduction due to
| aser beam dipolygoamator triiating oens arfs, whizhpoinpgises plural osflectibn phanps efvidat s
damages of the object. In addition, the dissipation or |oss of the |aser
beam due to same length for reflecting the laser beam of a predetermined diameter emitted from
a laser generator, wherein the number of the reflection planes is established so that
the incident laser beam should cover more than two reflection planes, the method
comprising: settling the object on a stage; establishing control parameters including
a rotating velocity of the polygon mirror and a transfer velocity of the stage;
rotating the polygon mirror on an axis with the predetermined rotating velocity;
moving the stage with the predetermined transfer velocity; irradiating the laser
beam on the reflection planes, covering more than two reflection planes whose
number is established to be covered by the laser beam; and condensing divisions of
the laser beam on a lens and irradiating the condensed laser beam on the object.
[0021] The present invention processes an object by repeated irradiation of
divided laser beams which have low energy, taking advantage of energy reduction
due to laser beam division at the corners of the polygon mirror, which prevents

damages of the object. In addition, the dissipation or loss of the laser beam due to

the division is prevented by increasing the number of the reflection planes of the



the division is prevented by increasing the nunber of the reflection planes
of the 5 polygon mrror to enable the divided | aser beans to be condensed
on the lens. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0022] The acconpanyi ng
drawi ngs are to provide further understanding of the invention, and are
incorporated in and constitute a part of this specification. The draw ngs
i | lustrate deRlyses mirerie grahimihe diridedilasesbearanto hesadensed onfher lens. oget her
with the description, serve to explain principles of the present invention.
In the drawi ngs: [0023] FIGs. 1A through 1C are diagrans illustrating a

| aser processing nethod with a polygon mrror; [00241 FIG 2 is a diagram
il lustrating the phenonsBRIE®DESGRIBTION OFRTHEBRAWINGS of reflection

pl anes of the polygon mrror; [0025] FIGs. 3A and 3B are di agrans

iIlustrating noloezrhenommwg&oﬁf aﬁﬂﬁ%%‘awih% frel 10 frBeidB TS NindbAsfaRHinkbHan
irradiation of a [aser beam [00261 FIG "4 is a graph depicting the

| ati bet ' ' | : l <A1 d
e number o s o lohoad frethobipbralqd FOMIELGRHRCh rBR%oP sy ARidbalioe" O
t he di t . - 7] _El 5. di i | lustrati th
pr gc e!sginﬁge;nﬂgeb}dg%?nhg% qg%%%?“&e g1ga(g’¥ep]cicfri/bg? g‘Hn?ﬂtslr fo(gf thgl:ﬁ%%%’lmnfﬂvf’%lsqn@n Pgsente

I nvention; [0028] FI .S a structural djagram,of a.laser processing
appar at us Wi ttﬁg%&lerp\g%éﬁ%d?ﬁchgqn,iervg(’IecgchigﬁbgnW@]ﬁs SF thenprgsanidmentien.t he
present invention; [Q029] FIG 7 is a structural diagramof a |aser
processi ng apBdPadi@®gsih a  polygon nirror in accordance with anot her
enbodi nent of the present invention; and

[0023] FIGs. 1A through 1C are diagrams illustrating a laser processing

_method with a polygon mirror;

[0024] FIG. 2 is a diagram illustrating the phenomenon of energy loss at the
corners of reflection planes of the polygon mirror;

[0025] FIGs. 3A and 3B are diagrams illustrating the phenomenon of energy
loss in the polygon mirror in an irradiation of a laser beam;

[0026] FIG 4 is a graph depicting the relation between the radius of the
circumcircle of the polygon mirror and the number of reflection planes of the
polygon mirror with reference to the diameter of the 1aser beam;

[0027] FIG. 5 is a diagram illustrating the processing an object by means of a

~ polygon mirror according to the present invention;

[0028] FIG. 6 is a structural diagram of a laser processing apparatus with a
polygon mirror in accordance with an embodiment of the present invention;

[0029] FIG. 7 is a structural diagram of a laser processing apparatus with a
polygon mirror in accordance with another embodiment of the present invention;

and

[0030] FIG. 8 is a flow chart of the laser processing method by means of the



[0030] FIG 8 is a flow chart of the |aser processing nethod by neans of
the 6 polygon mrror according to the present invention. DETAILED

DESCRI PTI ON OF PREFERRED EMBQODI MENTS [ 0031] Preferred enbodi nents of the
present invention will be described belowin nore detail with reference-
to the acconpanying drawi ngs. The present invention may, however, be
embodi ed in dCA¥EORARITOr pqerding & R GEsEntiBYeien. constructed as linited to
t he enbodi nents set forth herein. Rather, these enbodinments are provided
so that this disclosure will be thorough and conplete, and will fully
convey the scope of the invention to those skilled in the art. Like
nuneral s refer tDETAELEDESCRIPTIONOERRINERRED EMBODINENTS032]

Hereinafter, it will be described about an exenplary enbodinent of the
present inverf008M in Cm@feﬁﬂatéxﬁ’cﬁbdim&rhstdfeth@%@s'éﬂﬁ@ﬂ‘&eﬂﬁoﬁrxﬁw ﬂQ%esc{rQ)gé?’]
FIGs. 3A and 3B are diagrans illustrating the phenonenon of energy loss in

t he pol ygon meldwtin 'n'ibr@'?ie{a'ilr@ﬁh"i'&fe%c@fto hd Qé:%gppggﬁ terlﬁég-l \ | Eé g to

FIG 3A, when a |aser beamwth a predeterm ne ent and
reflected on r flec ane,. t he r or 10,
a part of t heHYeg@gﬁ %lg eve? b? héeﬁlggdé&gy r %t%{,@g{j f?%%se Pg‘ge%lﬂﬁlﬁ) 0f é
|ncrdent on the reflectr Ia i 1e the oth of the beam
(i.e., the | 5§P% t“fcéesderasbgﬁ‘r‘rtrp%) POI sﬂ%‘F n‘?f%e’&ﬁ e qr@‘f heEsin- 0}11{ &C&néheﬁ
[0035] In the ntime, in order to evaluate a ratio of the scanning Iength
SL by the erSIgdiments awdrroxiled spehh thist §sqlprure wakh be rigorougfyerd sgmplete. whol e
reflection plane of the polygon mrror, a loss angle to is established
whi ch is forrasd Wl ﬁvélérrsonae)s égnsoape fof dlre intventomrter thoge slkilled émther arof Likhe
polygon mirror (i.e., the axis 11 ) and a segnent fromthe axis.1 1 to a
poi nt wher e treeceaisrefgr-tp éidto ekhdnesthrougbautshenpetification.

[0032] Hereinafter, it will be described about an exemplary embodiment of

the present invention in conjunction with the accompanying drawings.

[0033] FIGs. 3A and 3B are diagrams illustrating the phenomenon of energy

loss in the polygon mirror in an irradiation of a laser beam,

[0034] Referring to FIG. 3A, when a laser beam with a predetermined

diameter D is incident and reflected on a corner of the reflection plane 12 of the

polygon mirror 10, a part of the laser beam (i.c., the energy-reduced laser beam A)

is incident on the reflection plane 12 while the other of the laser beam (i.e., the lost

laser beam B) is incident on the reflection plane 12°.

[0035] In the meantime, in order to evaluate a ratio of the scanning length S

by the energy-reduced laser beam A to the scanning length by the whole reflection

plane of the polygon mirror, a loss angle 7y is established which is formed between

a segment from the corner to the center of the polygon mirror (i.e., the axis 11) and

a segment from the axis 11 to a point where the energy-reduced laser beams meets

with the circumcircle of the polygon mirror.



with the circuntircle of the polygon mrror. 7 [0036] Next, a ratio arising
fromthe portions of loss for one reflection plane of the polygon mrror
having the N reflection planes, i.e., a loss rate, is evaluated by the way
as follows. [0037] From FIG 3A, an arc length of a fan-shaped plane that is
defined by th8 gxis and both points where the circuntircle neets wth the
corners of tH8038ks| edVexbrp Ftigrfeising fom thgpestieny einlgshiocpne seflestippalinag t o
the reflection plane on which the |laser beamis irradiated is obtained by
t he fol |l ow ngfEepeatygm mirrdrBguiag itlonN 1¢fl@dioRplinedi.c[, 6088]ratanid evalnatad by | engt h
C2 for the portion of the loss angle is obtained by the foll ow ng Equation
2 where C2 i gh¢ ey amfdllowyn val ue. [Equation 2] C2 = Rte [0039] The are
length C2 for the loss angle is variable according to the rotation of the

pol ygon mirrqo03®; Widmoh®IG. 33¢6an REARNES difd RAiahRd Sand et isrRFihes bi;on
pl ane wi thout including the corners, the |loss rate becones 0 because” there

is no loss ofyenefOind BothNGoih@SEherbGAMG 8k . it fhre! begi ns
to be irradi ated gn theore Ilectioer{ pﬁgnr?ze W t '%hnéwg%?vr#ehrﬁllen%ﬁﬁgg , the loss

rate gradual L.ncr es . up t tllg | I 0, ' 2 ,and then
radual . adeiechBESARET ub fre' BER O PR e By AR
percentage r %l%cl?lhetlgs%r Can ?stirrggiia%aeig Ptained by the following Equation 1.

[Equation 1]

_amR
N
f0038]  And, an arc length C2 for the portion of the loss angle is obtained by

Cl

the following Equaﬁon 2 where C2 is the maximum value.
[Equation 2]

C2=1Rt,
[0039] The arc length C2 for the loss angle is vafiable according to the
rotation of the polygon mirror 10. When the laser beam is irradiated on the
reflection plane without including the corners, the loss rate becomes 0 because
there is no loss of energy in the laser beam. However, when the laser beam begins
to be irradiated on the reflection plane with the corner included, the loss rate
gradually increases up to the maximum value of Equation 2 and then gradually
decreases down again.
[0040] The loss rate ¢, which is the percentage rate of the amount of energy
loss to the total energy reflected on the whole reflection plane can be obtained by
the following Equation 3.

[Equation 3]



loss to the total energy reflected on the whole reflection plane can be
obtained by the follow ng Equation 3. [Equation 3] 8 tr = C2 -==to N x
100(% d 2ir [0041]. In addition, the loss angle to may be cal cul ated by
the follow ng Equation 4 and a vertical height h fromthe center of the

pol ygon mirror to the2 cemer of the |aser beamirradiated on the
refiection plane frs %i—eHIW@he foll owi ng Equation 5. [Equation 4] 1 -
to =arccos[1-2R 2 R2-(R-h}2 - R2-(R-h-D)2 +DZ}] [Equation 5] h =Rxsin(4 -N)
[0042] In thel0f¥dYe Eqmasdditien, thhdoparagletlemdy Herstekial bpdhadobifwinge -
circuncircle of the polygon mirror. In the meantinme, as illustrated in FIG
3B, the scannEqutiangl enda ertidah&eiphf hefedrh ahe pbateeodihet fstygal ygeor 1o theor for
the | aser beamincident thereon is obtained by the follow ng Equation 6.

[ Equation 6] dnfbirrofNthe[ ROt3bealGrridihle@ W the alfleBtidn MArBN@esbthiled 5! Bl Ons
bet ween the | oss rates

following Equation 5.
[Equation 4]
— _ 1 2 _1n2 _ [p2 _ 2 2
ty =arccos[l - = (JR*—(R=h)* —\J[R* ~(R—h—D)* + D*}]
[Equation 5}

h=Rxsin(Z -1
4 N
[0042] In the above Equations, the parameter R denotes a radius of the circumeircle
of the polygon mirror. In the meantime, as illustrated in FIG. 3B, the scanning angle 6
on the reflection plane of the polygon mirror for the laser beam incident thereon is

obtained by the following Equation 6.

[Equation 6]
N
[0043] The following Table 1 arranges the relations between the loss rates

and the number of laser beams divided on the reflection plane of the polygon mirror.

~ In case of the loss rate is below 100%, C2 is smaller than C1. That means that, laser
beam is covering just one reflection plane. And, in case of the loss rate is over 100%,
C2 is larger than Cl1. That means that, laser beam is covering more than two

reflection planes.

[Table 1]
Loss rate (1., %) The number of laser beam divided
0~99 1~2
100 ~ 199 2~3
200 ~ 299 3~4
9



and the nunber of |aser beans divided on the reflection plane of the
polygon mrror. In case of the loss rate is below 100% C2 is smaller than
Cl. That neans that, |laser beamis covering just one reflection plane.

And, in case of the loss rate is over 100% C2 is |larger than|C1. Th?t o
means that, | r_beamis covering nore than two reflection planes. [Table
1] Loss rate [?3,3‘}1 %Th\éfhﬁ%FP&elPSSdﬁ?q rgBgss frum Mhtaid9i dedaser b@alnzs&mqugg-s
200-2993-4 9 [0044] When the loss rate ranges fromO to 99, the | aser beam
i s divided i ming ool eectiond afer btivgsneifierdrorbdientgfleetiindplate off thtgolygbhect i on
pl ane of the polygon mrror. Wen the |oss rate ranges from 100 to 199,

t he | aser beamnirics. AVhdndihd logstrate ramges dront H0@ o 329 ttho iser Baanistdieidedsgor at e
ranges from 200 to 299, the | aser beamis divided into three or four

sections. Thatyoids thi@s sédiiens.O%heh AeclobeROIRAgE BHE 200 1H 299, ATREE: Rbntibe
di vided | aser beans becones l|arger. The division of the |aser beam into

two or three HEHEEHRONAR R hikesAhsl. t TRR LNAL HehBsd AREhe BRI Hishe: NGk dent

with the dianeter D to cover tw corners of the reflection planes of the

oty Sononds. HumbekBE b ditfedlattobahstiecitEs LARE TREBIViGEN B IERY Rlar 01"
di ameter D tao_gover tlﬂg‘%e cor ner.s
9)

mrror . {00431 W re R CRpE TS o WhessHiitsR bfiche dief bBBRR Rriderudt ¥
sections is caused because the |aser beamis reflected -on the cqrner of
the refl ecti &he glagster;L) to cover two corners of the reflection planes of the polygon mirror,
while the division of the laser beam into three or four corresponds to the condition
that the laser beam is incident with the diameter D to cover three corners of the
reflection planes of the polygon mirror.
[0045] In the above, the division of the laser beam into two sections is caused
because the laser beam is reflected -on the corner of the reflection plane in
accordance with the rotation of the polygon mirror, that it is not valid division of
the laser beam, rather than the case of the division of the laser beam into 2 ~ 3
sections or 3 ~ 4 sections.
[0046] As can be seen from Equations 3 through 5, the loss rate, i.e., the
number of laser beams divided increases as the number of the reflection planes, N,
or the diameter of the laser beam, D, increases, or as the radius R of the
circumcircle of the polygon mirror decreases. Further, as represented by Equation
5, since the scanning angle on the reflection plane of the polygon mirror becomes
smaller in accordance with an increase of the number N of the reflection planes, it
is able to condense all of laser beams divisionally reflected on the reflection plane

of the polygon mirror with in the lens 20.

[0047] As such, an effect of irradiating the laser beams simultaneously in
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accordance with the rotation of the polygon mrror, that it is not valid
division of the |laser beam rather than the case of the division of the

| aser beaminto 2 - 3 sections or 3 - 4 sections. [0046] As can be seen
from Equations 3 through 5, the loss rate, i.e., the nunber of |aser beans
di vided increases as the nunber of the reflection planes, N, or the

di aneter of tREliPisEmenen e PBM Prepesase Plangrwigs lovh enargivhen Facolpserthgam
circunctircle of the polygon mrror decreases. Further, as represented by
Equation 5, isidiideionally applinhintheabifce Biran hehanet thegti¢ldnopprmdectak vidiens

pol ygon mrror beconmes snaller in accordance with an increase of the
nunber N of tthe preekbshet quadityppbfotgect. it is able to condense all of |aser
beans divisionally reflected on the reflection plane of the polygon mrror

wWith in the |paeg8P0. [QO4FEr AordslWhile ANcdivb@EdnaPlastr pdéRIdNébphieud Baer

beans sinultaneously in 10 nultiple tinmes on the sane, processing plane

With |ow energy me@aadﬁ@ﬁ%?gggj@a di 18 YecLiOD AR RSl bhlif 0PI eCt

It can enhance the yields o ct as we e processing quality of
object. [004 I e Wh enti.onal,.l.aser processi
appar at us hagt}ﬂe £ %ggéggé?sﬁ%%%%%eﬁlntge ga(r%gro Jeclg 4 éEdf%S%&’gng%sls\?g pldhe
I rradiation of.the |aser ,be the sa rocessing position when the
| aser beam i swﬁé el%Qf’rgyoalf%gmﬁgé@s@PH@egﬁ%ﬁEWW§SH‘& %a@ﬁgr%fj;ﬁh%\l?%?ntl oW
t he proposed | aser processing apparatus of the present invention is
advant ageous ¥¥ETHAR18 ¢ vrgtaggeutogrwseying therarpesseng pilipjency badiradipting thee
| aser beamin nmultiple times sinmultaneously on the same processing pl ane
with | ow endpspy bears inaultipls tisfes stmultanbgusheem thersgmee ppenessing plave withgow
generated therein during the process with the | aser beam because the
pol ygon mi rr ceney, ahecineeffertiveiymemotingimendtidsas vaher generagyd thereteduitingi ded
as nmuch as the nunber of the divided

the process with the laser beam, because the polygon mirror of the present

invention enables the energy to be divided as much as the number of the divided
laser beams and the effect of multiple irradiation times by the laser beam in low
power. |

[0049] FIG. 4 is a graph depicting the relation between the radius of the
circumcircle of the polygon mirror and the number of reflection planes of the
polygon mirrors with reference to the diameter of the laser beam, which is

summarized in the following Table 2.

[Table 2]
Number of reflection Radius of circumcircle Radius of circumcircle
planes(N) (D =10 mm) (D =2 mm)

24 38 7

36 57 11
48 76 14
60 05 18
72 113 21
84 132 25
96 151 28
108 169 32
120 "~ 190 35
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| aser beans and the effect of multiple irradiation tinmes by the | aser beam
in low power. [0049] FIG 4 is a graph depicting the relation between the
radius of the circuntircle of the polygon mrror and the number of
reflection planes of the polygon mrrors with reference to the[dl glnetg]r of
the | aser be ich js summarized in the following Table 2. [Table
Nunber of re]‘aﬂabéﬁlj]on RER pErcealcyalacs Hated dpeTakirii2usepiiset vetiavsi sammding
pl anes(N)(D = 10 nm (D = 2 mm) 24387 365711 487614 6095is 7211321 8413225
9615128 1081698@antsoxdbgpolyEono0BoY tTHiwplsment theaperfamanes Withtteel loss rdiabl e 2
represent various sanpling standards of the polygon mirror to inplenent
t he perf or manever W@ P omheachasBeatiah glane tieredfD@hihare emained Y Eqaitions 3pindne
thereof, which are obtained by Equations 3 and 4, when the nunber of the
reflection pl4mrdenanenihberrofichaiefledtidnares hed e radihi€ oPthe h€umcircle of the
polygon mirror vary for the laser beam with a predetermined diameter.
[0051] Referring to FIG. 4 and Table 2, in the condition that the diameter of
the laser beam is 10 mm and the number of the reflection planes is 24, the loss rate
becomes over 100% only when the radius of the circumcircle is less than 38mm.
Otherwise, when the number of reflection planes is 120 with the same laser beam
diameter of 10mm, the loss rate can be over 100% to result in the effective beam
division only if the radius of the circumecircle is less than 190mm.
[0052] On the other side, in the condition that the diameter of the laser beam
is 2mm and the number of the reflection planes is 96, the loss rate goes over 100%
to result in the effective beam division only if the radius of the circumcircle is less
than 28mm.
[0053] Although FIG. 4 and Table 2 show examples with the cases that the
number of the reflection planes ranges from 24 to 120, it does not limit the
embodiments thereto and any other poiygon mirror that is proper to accomplish the
loss rate over 100% can be used with consideration of the relations among the
number of the reflection planes, the radius of the circumcircle, the diameter of the
laser beam, and the loss rate.
[0054] FIG 5 is a diagram illustrating processing an object by means of the
polygon mirror according to the present invention.

[0055] As shown in FIG. 5, the laser beam with the predetermined diameter

D is irradiated to the polygon mirror having plural reflection planes. For this, the
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polygon mrror vary for the |laser beamw th a predeterm ned di aneter.
[0051] Referring to FIG 4 and Table 2, in the condition that the dianeter
of the laser beamis 10 nm and the nunber of the reflection planes is 24,
the |l oss rate becones over 100% only when the radi us of the circuntircle
Is less than 38mm O herw se, vi/nen t he nunber reflectlon pl apes, is 120

With the sam@PODEEOEMigOs s exemilanly ﬂeﬁsneﬁdﬁmccetnﬁ@q lases beamondhicesetiesiier 100%

to result in the effective beam division only if the radius of the

ci rcunci rcl e Rlanes dxeovernss, whshenaleobellossate e boranaed Sodel 007 ta K% bridi ti on
that the dianmeter of the | aser beam is 2nm and the nunber of the
reflection pladjusting theg@imtehef theseflective plpoes over 100% to result in the
effective beamdivision only if the radius of the circuntircle is |ess

than 28mm [ 0B8] Al t honghthé ldserbaantwith ecprad shieihaXdinpkrs isvpplicd ittheases
that the nunber of the reflection planes ranges from24 to 120, it does

not limt the olgmqﬂirfm Sotdi8 HRL WhalB dudites OF Reechoh YERBs mrarnarm BRd &l S
proper to acco sh the loss rate over 100% can be’ used Wi

consi deratio gaa&foﬁah%ﬂe& RUHIANETRAO 1A eall 1HBREROI 1 ?eﬁe%ahﬁg eyl anes,

t he radi us o the circuncir anet er aser m an

| oss rate. | Llustrating pr.ocessi tby
mﬁans of 'It: Ihg Egé%nfg%%lnﬁh?ﬁg& Q%g?%ﬂl% WYy l?titztoﬁr@ge(?%e% ﬁt gtﬁ D %Eﬁré
shown in e am w r edet erm ne met er s
irradi ated tdn‘é‘f{’ée 8‘?‘?‘5’0 o gt #avﬁg‘ﬁ‘é’r ing i the E’thﬁ’é‘t‘%ﬁ ¢ BPlygeR mipgf. thi s,
the 12 polygon mrror is exenplarily designed to accept the |aser beam on
three refl ectth®Rbiest 40 ds progessed ar Saorangp o€ ibee prapniag angte frowsthe geRdectignpe

ranged from 100% to 199% by adjusting the nunber of the reflection planes.
plane N1. Other incident laser beams on the reflection planes N2 and a part of N3

are irradiated on the object 40 in the same manner.

[0057] As such, when the object is processed by a laser beam with a
predetermined diameter other than a pointing laser beam, it is possible to adjust the
number of the reflection planes, to make the incident laser beam cover plural
_reﬂection planes and thereby divided into plural beams. As a result, the divided
laser beams provide an effect of processing the object by multiple laser beams at
the same time,

[0058] Now, it will be described about the laser processing apparatus
employing the polygon mirror according to the present invention.

[0059] FIG. 6 is a structural diagram of the laser processing apparatus with
the polygon mirror in accordance with an embodiment of the present invention.
[0060] As illustrated in FIG. 6, the laser processing apparatus with the
polygon mirror is comprised of a controller 110 for operating an overall process, an
input unit 120 for receiving control parameters and commands, a polygon mirror

driver 130 for actuating the polygon mirror, a laser generator 140 for emitting a
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[00561 Once the |aser beamw th the predeterm ned diameter is applied to
the polygon mrror, it covers the whole surfaces of reflection planes N
and N2 and a part of a reflection plane N3. The | aser beamincident on the
reflection plane N1 is condensed on the lens 20 andfthen irrggl a;\ed 03_
the object 40 (i.e., the wafer) nounted on the transfer unjt . According
to theJ r ot at ilﬁgFr&ea‘Elhlé‘ %B},@@Gﬁ%‘r’i‘iﬁﬁi dapmeter; g stage; tepsten gnitd SPrfge epying the t he
range of the scanning angle fromthe reflecti on plane N1. Qher incident

| aser beans o¥24ehad0.r & Mddgh By phiesicd) Rhamavaderpiar mowitedidin apecdetermitiedt ed on
the object 40 in the sanme manner. [0057] As such, when the object is
processed by protasiag dieatiomia tisplay pmédeileforishedingi infretationtbeut dpesating
pointing | aser beam it is possible to adjust the nunber of the reflection

pl anes, to medonditivas, aei demkadeasstt | PEdw0 Gones dptalrdbre, ﬂﬁgé(ﬁ%drpﬂir%raiﬂes and
t hereby divided into plural beans. As a result, the divided |aser beans

provide an efdeihe@iwithB6 pRpeP Huthb& &Qﬁ@%ﬂe@%ﬂ‘ﬂhﬁésﬁh%f&éﬁ@[‘na?@%la?ér the

sanme tinme. [005 Now, it will be described about the |aser processing

apparatus  eplbayi Wiich"E BRINACHOAT W lasBC GAAAIIP 19, FPLESE thad NYENLT ON-

[00591 FIG 6 1s’a structural diagramo aser ptoceSsing apparatus

with the pol M pror .n._accor ce. W th nbodi ment . af the sent

i nventi on. P [%gg(g]og‘é&}els’l Iﬁg?’ﬁ%%etng%goﬁtﬁe E?a@et[eé',oz%{ﬂﬁ 4% 8?“’6?%@?§§¢H@8§'§ﬁar at us
with the ol ygon mrror is conprised of.L a controller | 10 for operating an
overal | pr gce%%}’mﬁﬁdei HpeR” ﬁ]i’etnﬁi?d’rf’ﬁﬁssmgéépﬂfﬁﬁ"?& doRthen wopds feemkerand
commands, a pol l\llgon mrror driver 130 for actuating the polygon mrror, a
| aser gener atrtharedleglinn plaasts adjusied t kegn dhe lossnsis even190%det er mi ned

di anmeter, a stage transfer unit 150 for noving the stage 30, on which the
obj ect 40 sud@081haf er Thespolygen edrroi driverptddisteovided b rotate the multi-sided

polygon mirror 10 on the axis 11 with a predetermined velocity, using a motor (not
shown) regulated by the controller 110.

[0062] The laser generator 140 emits the laser beam to process the object 40
mounted on the stage 30, e.g., emitting an ultra violet laser. The stage transfer unit
150 moves the stage 30, on which the object 40 is mounted, with a predetermined
velocity.

[0063] In the structure of the laser processing apparatus, the laser beam
emitted from the laser generator 140 is incident on the polygon mirror 10 by the
controller 110. During this, the laser beam is irradiated with a diameter enough to
cover more than two reflection planes of the polygon mirror 10 and then applied
toward the lens 20 from each reflection plane of the polygon mirror 10. The lens
20 condenses the laser beam to irradiate it to the object 40 in a vertical direction.
[0064] When the reflection plane of the polygon mirror 10 is rotating, the
laser beam applied to the object 40 is irradiated with moving by the scanning length

along the reverse of the transfer direction.
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processing direction, a display unit 160 for show ng information about
operating conditions, and a storage unit 170 for storing data. Here, the
polygon mrror is designed with the proper nunber of the reflection planes
in order to nmake the |aser beam which is emitted fromthe |aser generator
140, cover an t reflectio | anes, . in reference to the dianeter
of the Iase%@ﬁhfand Triadh ﬂ@cwﬂt‘ﬁ%gra@i HcihfdsseE PR CTHizetPPER I Withas er
processi ng apparatus. | n other words, the nunber of the reflection planes
i s adj usted ttHe palygonr parppiggceerdencewdth amptiy embodinjentphbthp prasgairinvintioor
driver 130 is provided to rotate the nulti-sided polygon mirror 10 on the
axis | | w t H096B} edet Brarlasedpioetssinigt sppatesisn shasvnixt §EG.( Adurtherhimsinyles a
regul ated by the controller I 10. [00621 The | aser generator 140 enmits the

| aser beam t dbeanoegmaddrid OahidecbeafhO tramaforniee @20 1n Eitish ag ehedtbmpor@ats of
emtting an ultra violet |aser. The stage transfer unit 150 noves the

stage 30, on mBibr dparal Bewn W FIG GTONRIREM ekbhiier2 PY B8RS HulStbter of
velocity. [00631 In the structure of the | aser processing apparatus, the

| aser beam  afb sethd:bP8h i ot i 19RPBERKAD: APy D ELIRL B0 hiRO! YOon

mrror 10 by the contro aser beamrs
of the- pal yoohhee AR nt BolFERhBrd e B3 iR R el S Fimidach
beam to i rr adrarestetief Rad BoRwEs olest beuporidr aneBey one E008E) vhen
the reflection plane of the polygon mrror 10 is rotating, the |aser beam
appl i ed to tHdtepbpwgirelested fippy é@imﬂmn\mmr v i apellintisak pattem.nflerangt h
al ong the reverse of the transfer direction. 14 [0065] FIG 7 is a
structural dithgbeam oensformdr 226 mayrhed mpinmagteaidyyaenaplogingiatdylindrical lens.

[0067] With addition of the beam expander 21.0 and the beam transformer

220, the laser beam is irradiated on the object 40 with the elliptical pattern in

section, and a major axis of the elliptical section should be aligned with the

processing direction while a minor axis of the elliptical section corresponds to the

width of cutout processing.

[0068] By irradiating the laser beam thereon with the elliptical pattern, a

processing plane of the object 40 is set to have an enough slope, which makes

refuge and vapor, which are generated during the process, be easily discharged to

the external without recasting on the processing plane.

[0069] FIG. 8 is a flow chart of the laser processing method by means of the

polygon mirror according to the present invention.

[0070] First, in order to start to process the object, control parameters such as

a rotation velocity of the polygon mirror 10 and a transfer velocity of the stage 30

need to be established according to the type of the object to be processes, by means

of the input unit 120 after settling the object on the stage 30 (step S10). This
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t he polygon mrror in accordance w th another enbodi nent of the present

I nvention. [00661 The | aser processing apparatus shown in FIG 7 further

i ncludes a beam expander 210 and a beamtransfornmer 220 in addition to the
conponents of the |aser apparatus shown in FIG 6. The beam expander 210
enlarges a dia t he | as beamem tted fromthe | aser generator 140
and t hen |rr§8§n§£ %%%@f Hi %ﬂngeﬁparﬁl&g@rs %&ﬁ?ﬁ@%lb@%}) hdeA riinyelings to
cover nore than two reflection planes. The beam transfornmer 220 converts
the | aser bedpgnuniiosh the stosagse BB dl n storag | Bpsmemr o farelimivetihyg regidteredt ed
fromthe polygon mrror 10, into an elliptical. pattern. Here, the beam

t ransf or mer Zmrmaﬁmbebdumh@ kids ed the objepts aynid ngocessagl (blgdrdlﬁéaig, lgeovsving, [ 0067
Wth addition of the beam expander 2 10 and the beamtransforner 220, the
| aser beam i sindsoad).ated on the object 40 with the elliptical pattern in
section, and a major axis of the elliptical section should be aligned wth

the processi[pg74] r ectofe MBichBird phralRéteA*drs c@ﬁlpfelf@y @hthbIhkg he $BHIbAN
corresponds to the width of cutout processing. [00681 By irradiating the

| aser beamt f}ﬁfn%warwemab@ﬁaﬁké it b&l?% lpa{aargf T 8 rfg&EeomSa LaRl-Alfed’ the

object 40 is set to have an enough refuge and vapor,

2’212%% W hf)u({%tltﬁg@% 450 4 {fﬁeﬁcesira%sge g ﬁgﬁéﬁbf%g%gs‘?%%o e 11 ow
h
aceor di ng 1o RHEPREC 54«@%%1:24585’ Biing S Bt comiptsf Ay 968 cBaties e,

process the qbject, control pararreters such as a rotation velocity of the
pol ygon mi T r daset gengiionl 40 treamibtheJasen beany (690 S48 st age 30 need to be
established according to the type of the object to be processes, by neans
of the input [QA72] 120 Ad¢aoeding & tholsﬂQp@lh@ombﬁfadlasmbealhleemlﬁa@jéroﬁﬂﬂ(eslaﬁp S10).
This 15

generator 140 is incident on the reflection plane of the polygon mirror 10, covering
more than two reflection planes to accomplish the loss rate over 100% for ‘one
reflection plane.

[007 3] And then, the laser beam is divisionally reflected on éach reflection
plane, condensed on the lens 20, and vertically irradiated on the object 40 (step
S50). As they are different in incident positions on the reflection planes, the laser
beam is divisionally reflected on the different positions of the object 40 and thereby
each energy of each laser beam irradiated on the object becomes lower. In addition,
since even the laser beams reflected on the comers of the reflection planes are ail
condensed on the lens 20 without loss, energy loss is prevented.

[0074] As shown in FIG. 7, with addition of the beam expander 210 and the
beam transformer 220, the laser beam is irradiated on the object 40 with the
elliptical pattern in section, and a major axis of the elliptical section should be
aligned with the processing direction while a minor axis of the elliptical section

corresponds to the width of cutout processing.
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establishment of the control paraneters may be easily acconplished by
invoking a menu fromthe storage unit 170 storing the nenu of
prelimnarily registered information about the kinds of the objects and
processes (e.g., cutting, grooving, and so on) [0071] Once the control
paraneters ar | et.el stabl i shed, the X %@ rror driver 130
enabl es the @ngﬂﬁ m Prigf ?LFGrtPSOCreéSt“é% @PRFTEINS- a0 s AT B mdor L@ refatesy
(step S20) and the stage transfer unit 150 noves the stage 30 with a

pr edet er m nedVillep sensgiant velosity.SBoplurghdivider tapsrdreams arcoverieppedeon thegambso
enables the |aser generator 140 to emt the | aser beam (step S40). [0072]
Accor di ng t o nroeessing dangt ¢loths, ohjbe 4(as durther rthe pracessing spredt iheabllease be
generator 140 is incident on the reflection plane of the polygon mrror 10,
covering norectlbared mwotramfiraap itnstpgad®sort whztahepbjeshd0 hesduss tévadrg over
100% for one reflection plane. [0073] And then, the | aser beamis

di vi si onal | y thefdvesrst o tiRoRds dfr@étio%‘ﬂf'tﬁﬁ‘%ol?écﬁﬁﬁm(ﬁ'QQdensed on the lens 20,
and vertically irradiated on the object (Step S50). As they are

di ff t t b

s i vioi onal Py eEr ocPRR Eh ERRG Afehiod %%%‘?e??gﬁé BE%in KM AR "ana.
over . neiﬁﬁhf?%ﬁgéf%%%n%@fﬁg SEIEAL R %’@%c{o%ﬁvaﬁﬁhe Aemd5ker s of
ener gy 1 o5 toih @IS fefin T @%Qaiqﬁé’m%”wtrﬁﬁé 5<1ﬁe el B the
beam expander 210 and the_. beamtransforner 220, the |aser beamis

i rradi ated orSupFEuRYg) seqdificatigng and phenges llnﬁbleéhﬁfetQan’éWh deperéee fipentheand a
maj or axis of the elliptical section should be aligned with the processing
di recti on whiscepeandsptt odshesinuéntione el | i ptical section corresponds to the
w dth of cutout processing.

[0077] As described above, according to the laser processing apparatus

processing an object by a polygon mirror, the processing efficiency and yields of
the object are to be improved by repeatedly processing the object in low energy
using the characteristic of energy reduction due to the division of the laser beam at
the corners of the polygon mirror. Moreover, it prevents energy loss at the corners
of the reflection planes of the polygon mirror by adjusting the size of the laser beam

to cover more than two reflection planes of the polygon mirror.
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16 [0075] In the | aser processing apparatus, as the polygon mrror 10
rotates wth a constant velocity, the plural divided | aser beans are
over | apped on the same processing plane of the object 40. Further, the
processing speed is able to be accelerated by transferring the stage 30,
on whi ch t he WHAKIS CDAIMERIS] ed, toward the reverse of the rotating
direction of the polygon mrror 10. [00761 Al though the present invention
has been described in connection with the enbodi ment of the present
invention illustrated in the acconpanying drawings, it is not limted
thereto. It will bk Appsergmecessinghapparaiivs prectssimgtaneoiect b atlasearbeans
substitution, nodifications and changes nmay be thereto w thout departing
fromthe scomapasigg:spirit of the invention. [0077] As described above,
according to the | aser processing apparatus processing an object by a

polygon mirror, t@Iaﬁﬁrg@ﬂ@&ﬂoﬁgm&fiﬁgQﬂ@@ﬁbfeaﬁﬂﬁ}ituia%éiﬁt&ﬁﬁnédhﬁmﬁ&bﬁm are to

be i nproved by repeatedly processing the object in |low energy using the

par At e S C o, ERBBU ARG 8 b At pRAn iectDE HIASETadpam a

the coners of the polygon mrror. reover, It prevents energ at the
comers of t t nes. 1.ILLO LUst i he
size of the asegfr?ﬁ%g[%n%ag ob%%%véﬁlt%rﬂé&ﬁ ﬁgé;i%%g?ne qt(ércél% @?;e %‘ﬂ&#ﬁ%ﬂ @%ﬂéshe
polygon mrrQg. 17 T 1S I[MED,I S: 1 | aser pr.ocessi ng appar at us
processi ng a?“n’ﬁ"%ei E%TVY;I‘EANS 3%“% 10 %%ﬁhe (Pg’r‘r'@r ﬁeg[Fﬁt&np%Ia?%?gtéer c‘g’é’ﬁ%ﬁ&f %ser
emtting a laser beamw th a predeterm ned dianeter; a polygon mrror

rotating on ar#™%&€ with plural reflection planes and reflecting the |aser

beamemitted fromthe | aser generator on the reflection planes
a lens condensing the laser beam reflected on the polygon mirror and

irradiating the laser beam on the object.

2. The laser processing apparatus according to claim 1, which further
comprises:

a polygon mirror driver actuating the polygon mirror with a predetermined
angular velocity;

a stage settling the object thereon; and

a stage transfer unit moving the stage in a predetermined direction.

3. The laser processing apparatus according to claim 2, wherein the stage
transfer unit moves the stage toward the reverse of a rotating direction of the polygon

MUITTor,

4. The laser processing apparatus according to any one of the
preceding claims, which further comprises a beam transformer converting a

sectional pattern of the laser beam condensed on the lens into an ellipse.
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whose nunber is adjusted to nmake the plural reflection planes be covered by
| aser beam and a | ens condensing the | aser beamrefl ected on the pol ygon
mrror and irradiating the |aser beamon the object. 2. The | aser
processi ng apparatus according to claim1, which further conprises: a
pol ygon mrror driver actuating the polygon mrror with a predeterm ned
angul ar velocity; a stage settling the object thereon; and a stage transfer
unit noving the stage in a predeterm ned direction. 3. The | aser processing
apparatus accordin ﬁ) claim?2, wherein the stage transfer unit noves the
stage toward the rgv SSlasgipracessingapnaramsraseending tox cleine4 pwhstgunthe fieamor . 4.
The | aser processing apparatus according to any one of the preceding
clai ns, whi cﬁaﬂsfﬂfm@ﬁm@&ﬁﬁ Mgy axisofdhe cilipes tonfirem to arprecdssing diveci@cof onal
pattern of the | aser beam condensed on the lens into an ellipse. 18 5. The
| aser proceségiepjappar at us according to claim4, wherein the beam
transforner makes a najor axis of .the ellipse conformto a processing
direction of the object. 6. The | aser processing apparatus according to
claim4 or 5, wherein a mnor axis of the ellipse corresponds to a
processing w dth of i Sgilkda i ri I i . i nd
of the object andoéi Tg%? ?%?R%(;cfksp ogggga}iﬁg#@@{dﬁﬁgqﬁgggﬁg@&eﬁ%glﬁ ork
apparatus ac § f di ng. ¢l al,ns,. wherejn the nunber
505 81 0, a8 B s 1B LSS AP PR B aRRR

of the reflection S
in accordance with a kind of the object and a pattern of processing.

7. The laser processing apparatus according to any one of the preceding
claims, wherein the number of the reflection planes, N, is established to keep a loss

rate on each reflection plane over 100%,

when a loss angle formed by a laser beam with reduced energy for the whole

laser beam incident on the reflection plane of the polygon mirror is defined as
v 1 : .

{(JR*—(R—h)* ~[R> —=(R~h—D)* + D*}]; and

t, =arccos[l —

2R?
the loss rate on the reflection plane of the polygon mirror is defined as
, C2 1N

=2 —x100(%),
"Cl 2z %)
where a radius of a circumcircle of the polygon mirror is R; the diameter of

the laser beam is D; and a vertical height from the center of the polygon mirror to the

center of the laser beam incident on the polygon mirror.

8. A processing method using a polygon mirror rotating on an axis, which
comprises plural reflection planes of the same length for reflecting the laser beam of

a predetermined diameter emitted from a laser generator, wherein the number of the
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rate on each reflection plane over 100% when a |oss angle fornmed by a

| aser beam with reduced energy for the whole |aser beamincident on the
reflection plane of the polygon mrror is defined as to -arccos[1--2R2 {
Rz-(Rh)2 .. R -(Rh-D)2 +D2}j; and the loss rate on the reflection pl ane

1112 2200 et BT, i, et B ot

radi us of a circunc 0 e pol'ygon

| aser beamig D, and, a.vertical, height fromthe center of the pol ygon
mrror to thfz“an%%feg\ﬁc%‘?nl?iﬁ'éesk é’?et%‘t‘—f{a‘?ﬁ“i‘mbgi‘%nt on the polygon nmirror. 8.
A processing nethod using a polygon mrror rotating on an axis, which
conprises plural refimgthe shicpl dheseg the sanme length for reflecting the

| aser beam of a predeterm ned dianmeter emtted froma |aser genéerator,
wher ei n t he nunbeestgblishing q@itod phrsoteiasn inslulingsa irstatisg adibéighefittepoymn t he
i nci dent | aser beam should cover nore than two reflection planes, the
met hod conpringrargnd sdtankfengelvdiey alihesthggn a st age; establishing control
paranmeters including a rotating velocity of the polygon mrror and a

transfer vel ocity refutiifehs padgon @irdri 60 ahNBIPHMI WL PrddeREmARIHAKS W th
the predeterm ned rotating velocity; noving the stage with the

predet er m negdgignsfer velocity; irradiating the | aser beamon the
reflection planes, covering nore than two reflection planes whose nunber

is established to : I t b nd . condensing divisions
of the |aser beamngﬁmggoﬁﬁg rslgig%n thltir}?g\l{%?gt? Ilrnﬁ“glg‘?ﬁ]%ns Cr velotity;
_ irradiating the laser beam on the reflection planes, covering more than two
reflection planes whose number is established to be covered by the laser beam; and

condensing divisions of the laser beam on a lens and irradiating the

condensed laser beam on the object.

9. The method according to claim 8, which further comprises the step of
expanding the diameter of the laser beam before irradiating the laser beam on the

reflection planes of the polygon mirror.

10. The method according to claim 8, which further comprises the step of
transforming a section of the laser beam into an elliptical pattern after condensing the
divisions of the laser beam and before irradiating the condensed laser beam on the

object.

11. The method according to claim 10, wherein transforming the section of
the laser beam into the elliptical pattern makes a major axis of the elliptical pattern

conform to a processing direction of the objéct.
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condensed | aser beamon the object. 9. The nethod according to claim8§,

whi ch further conprises the step of expanding the dianeter of the |aser
beam before irradiating the |aser beamon the reflection planes of the
pol ygon mrror. 10. The nmethod according to claim8, which further
conprises the step of transformng a section of the |aser beaminto an
elliptical pattern after condensing the divisions of the |aser beam and
before irradiating the condensed | aser beamon the object. 11. The net hod

according to cl ai wher ei n. transf orm t section of the laser beam
into the ellipti caﬁiggtetnﬁ%o%%ggﬁ% tr?acji%?ln]g)x?rgqof"?lf’f%n APRGAEA Bt t er n
conformto a pracessing direction of the object. 20 12, The t hod

accordi ng toeﬁllng%pfﬁe’g’rOtllthﬁWé EF R qgn;ﬁsggjpcﬁ;a{giaspr@peqs% Wé‘#ﬁ?"ﬁtth%al
pattern of the | aser beam caorresponds to a processing width of the object
and i s vari aBPiect andiiscerighlede aggordanse il lgpd phihie objestandapntigpefi t er n of
processing. 13. The nethod according to any one of clains 8 to 12, wherein

nmovi ng the speigessing.transferring the stage toward the reverse of a rotating
direction of the polygon mrror. 21

13. The method according to any one of claims 8§ to 12, wherein
moving the stage is transferring the stage toward the reverse of a rotating direction

of the polygon mirror.
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