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 nethod, and nore specifically, to a | aser processing
apparatus and nethod for ~enhanci ng pr ocessi ng effi ci ency of an object by

means of a polygon mrror roduci n ective materials from
wafers, netals, pl astLégE@ﬁOQ&]S PPA &D MEBHEOIht e processing

procedures such as cutti ng and r 00Vi works. For instance, after
conpl eting a sem conductor chiibIlN&bP tG@NWB&&B a process for cutting
a wafer to separate plural chips, which are forned on the wafer, into

i ndi vidual- chips is subsequent thereto. The wafer cutout operati on 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 nechanical cutout

met hod or a nethod enpl oyﬂgggk%w])@ﬁa@%mgwlgmg a processing

appar at us usi ng a |l aser ecause it has nore

advant ageous&ser a rrel%féag S 1% &ﬁlmﬁtl%f es ES%ﬁ%%API%IEéSg?%[ %%)aﬁ Smgut of

wafer by a | beam uses a rrec

t he wafer due t nduci ng t her hem cal effects by focu t he

| aser beam oA %‘L c&o Slqufb{%g? P 25eR PIPSESERE APPHANYR and) Wa\?aoﬁ"ét rays
250 - 360 nm In other words, when a | aser beam condensed is irradiated on
a wafer, thecPhansinearacesaipgsiiiciensy af ar objgct hysmedis|of aanlyeonakeyapor at ed,
melting as well with increasing a vaporizing pressure according to the
evapor ati on [00021he wdn erodvsingrdtigctive exrialnfomnwalirse wiekabs iplestibyand sg- out

of/the irradiated area.
on, it is general to operate processing 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 s'ubsequent 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 1s usually carried out with a mechanical cutout methﬁd or a method

employing a laser beam. Especially, a processing apparatus using a laser beam is

R

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.



1 From a successive sequence of the burning-out operations, a wafer can be
divided into nultiple chips and a |inear or curved severing process is
avai l abl e therein along a noving passage. [0004] The nost advanced one
anong | aser processing apparatuses is carried out by cutting a wafer with
gui dance by water ejected froma high-pressure water jet nozzle,

i rradi ati ng &rdrasesuctssine sequehtcaoetho Huyninglowevpraticuch vaferappdeativided has a
di sadvant age .of changing the nozzle in a period because the water jet

nozzle is easbmulisierhipybtnd®tifedrios akivd desering phdtRsdlis @haiRibBSHbeth amﬁg c h
results in degrading the productivity and raising the costs as well

causing a nuh$dReRs pads@Rerating the process. [0005] As one of techni ques
to overcone the defect 1n | aser processing apparatuses at present, the

nmet hod of e ng a [

Appl i cat i on”ﬁ?%om 885%5%%9?"5?15%9"5 i *%?ﬁ%f v?éc%Bﬁﬁfﬁé‘pé atﬁ%pﬁé%gﬂ%d
applicant. The on m efle t| on anes that
have the sam8"i ‘%{ n%a?c‘ﬁ ”‘Vé cianlc?}gnﬁs‘ﬁ %?41% ?ﬁh ] E1lis
adlagramlllustrg1 rgg ase %rocess n rretth with a pqglygon mrror
[0007] As sh¥hfoFAeH 1a’fmgr?e a8 LBrorglYap paraY Us syt A ePRATHBE y gon
mrror includes a polygon nirror 10 rotating on an axis 11 with plural
reflection pian éssad‘zan agsPTehpugieg 1o nogrlgdn i pegiod beeryise theewater it hestled on
the reflection plane 12 of the polygon mrror 10. Here, while the lens 20

may be i npl emsegasidyl wnin butamedhehieglgndud to the hightmeslsmeswhichtredulltem depradingl | el
with a stage 30 on which an Obj ect 40

Y the productivity and raising the costs as well as causmg a nuisance in operating the
\_.‘7" A

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. 1, 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 laéer 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.

{0008] Along the rotation of the polygon mirror 10, the laser beam is



(e.g., awafer) to be cut out is settled. And it may be inplenented with
plural lenses as well, but FIGI shows a sheet of Iens for convenience'
sake. [0008] Along the rotation of the polygon mirror 10, the |aser beamis
2 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 onrefleted emshe Goandf e reflretipe piineul 2264 yhawi &eliFiGe UA akiothan
designated position Si of the object 40. [0009] Continuously, as

iIlustrated iciddnod (13, leAeaO b tHedeih 2, UTHRIledted RidrdRafis céiRnRAl a0 -
mrror, the |laser beamis reflected on the center of the reerctlon pl ane

12 and then iggiTieRid Bfent Dleridifed 10 20csifhifed POSASNS| ASFE beam

is condensed on the |ens and t en per pen ul ar
desi gnat ed @n S2 of the waf er 40. [0010] Next, as shown in FIG 1C,
t he pol ygon n1$kor nore rotates to make the |aser bean1ref|ected on the

I fl I dent on
Che i ght  ond0009K he *RismtRdiskias s Eq waElEdn. B5oidine Refshspiotiin e

er pendi cul ar| |rrad|ated onto a designated position S3 of the wafer 40.
I[00021] As sudlif Pelpgen muzer, thedaser ?e?mrlw%s@d oBrihe cemer ¢fobe reflesgon pleresi to
S3 on the vvafer 40 along the rotation of the polygon mrror. The range
fromSi to S32 and thendpeidenttan #y eendwravintheglenedt hTIBL invidene dased bhgmtikie
reflection plane 12 of the polygon mirror 10. In addition, an angle set by
the | aser beaosdepsehonehd éatse2D and thert herpéndiaiilariyn dhradisted ohtd helesighhtedt i on
plane 12 is referred to as a scanning angle O.
position S2 of the wafer 40.

L)
[0010] Next, as shown in FIG. 1C, the polygon mirror more rotates to make
the laser 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 83 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 S1I to S3
is referred 1o 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 6.
[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



[0012] In the | aser processing apparatus with the polygon mrror stated
above, the laser beamis irradiated on the object wth energy about 10W
‘But, it may occur that excessive irradiation of the | aser beamonto the
sane position of the object damages the object to degrade the reliability
of the process. [0013] Moreover, as it is conventional to use a | aser beam
wth a predeterm ned dianeter other than a pointing beam the | aser beam
incident on the corner of the reflection plane may be partially dissipated
(or lost in energy&ﬂ. Such 3 energy | oss due to dissipation of the |aser
beam i s descr PHEEY 356 Kue dp dissiatiop of the gsepbepn fpessriged pabiwferaegtor js a
diagramillustrating the phenonenon of the energy |loss at the corners of
refl ecti on pl BKes sffollpes.pol ygon mirror. [0015] As shown in FIG 2, while
applying the laser beamto the polygon mrror 10 that is rotating, if the

| aser beam wi {0913] Ficedisdi @iaBiagt iluStratiey He Phebndddd ofaRE Bﬁ‘érg?flos% hethe
reflection plane 12, a part of the | aser beam an energy-reduced | aser

beam A, is ref:éxﬁ&fs%‘ﬂr%c{i?ﬁﬂ]agﬁe% gp&bgg%ﬁgﬁ%g and applied to the | ens 20.

However, the other part o aser a lost |aser beamB, is
scattered on ref]ectio l.ang .12' and thereby is not applied.to the
ens 50 001 LIS shR i P FaRulSerlhie et ranen b Ve BT acer
beam A only to irradiate it to the object 40 nounted on the stage 30. As a
resul t, therel@rtlat igirpftipaniddbe ileser heapr otk asfire demetsreiscpcidentveeithe he
area of the object exposed to the |aser beamreflected on the corner of
t he refl ecti ocorptaoftht2reflactidohplant HEr a mreaBthel Tasrdieans sanenergyegdhesd
processing profile to result in the degradation of the

laser beam A, is reflected on the reflection plane 12 and applied to the lens 20.

However, the other part of the laser beam, a lost laser beam B, is scattered on the

reflection 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 comer 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 comers, the resources are wasted.

SUMMARY OF THE INVENTION

[0017] Embodiments of the present invention seek to provide a laser
processing apparatus and method, using a polygon mirror, for preventing a laser

beam from being excessively irradiated on an object.



processing reliability. Moreover, as the energy of the |aser beamis

di ssipated at the corners, the resources are wasted. SUWARY OF THE

| NVENTI ON [ 0017] Enbodi ments of the present invention seek to provide a

| aser "processing apparatus and net hod, using a polygon mrror, for
preventing a | aser beam from being excessively irradiated on an object. 4
[ 0018] Enbodi nents of the present invention seek to enhance the processing
ef ficiency of an object by preventing an energy loss at the corners of a
polygon mrror in a |aser processing apparatus 4a [0019] In accordance

with a first t r oy d a | aser. r.ocessin o2 arat u
processi ng anﬁggfgefct rﬁembﬁdé@s‘ﬁ) lf;rrti?1 CBFfﬁf’Iilts |nf"|vge%t18nl ﬁ'asegr Iﬂ@?‘ﬁ? or®
emtting the Iaser bean1mnth a predeternlned di anet er; I mrror
rotating on amTesesEns eHiciensyyiGR 9hiest Oy meNentge 40 snetey| lpwtcsﬁe eapes i on
pl anes that reflect the |aser beamincident on the reflection planes,
wherein the rupelgonghirtdran pédsepprocessing appesitiss adj usted to make the

inci dent | aser beamcover a plurality of the reflection planes, so that
t he established nunber of the reflection planes N of the polygon mrror
keeps a |l oss rate on each reflection plane over 100 % a |ens condensing
the | aser beamreflected on the polygon mnor and irradiating the |aser
beam on the object; a polygon mrror driver actuating the polygon mrror
with a predeterm ned angul ar velocity; a stage settling the object
thereon; a stage transfer unit disposed to nove the stage toward a

di rection

4a



tangentially the reverse of a rotating direction of the polygon mrror,
when a loss angle fornmed by a | aser beamw th reduced energy for the whole
| aser beam incident on the reflection plane of the polygon mrror is
defined as to =arccos] 2 {R2 -(Rh)2 - RZ (R h-D)2 +D2}] the loss rate on
the reflection plane of the polygon mrror is defined as t, =2 =tB N x
100 (%9 d 2ir where a radius of a circuntircle of the polygon mrror is R
the diameter of the |aser beamis D, a vertical height fromthe center of
t he pol ygon m#d®]to thkh acentlemceofwitthe Ifastenspreqnhenciislepbvided t Helapel ygon
mrror is h; an arc length corresponding to the reflection plane on which

the laser beafidcessingd ashaaits prsuebding an IMfkcAByad CaskChEHN doRdprishiy: RORtdon of
the loss angle is C2. T0020] In a second aspéct, there’is provi

ded a
processi ng ne i I N LT, .o i LS, {.C
conprises pl u%gféq?tg]fs Iegrg%ﬁlql nﬁl%l %g%sb%lfrﬁ V?lkhe asétfregéﬁg%ﬂ%tg %%P%Ifﬁétlﬁ %f?g@xgﬁa t he
an incident |aser beamof a prede{lﬁrn‘i ned di anﬁter emtted froma | aser
gener at or, WhBVEPRIFRUNE, OfEy 25 el ¥gne e haying feplurality of ptletivad so
that to nake the incident | aser beam should cover nore than two reflection
pl anes, so t hatanghthagseflaet ithehlagermbrapr incident o the fréftestion plariesnehereif thehe
polygon mrror keeps a loss rate on each reflection plane over 100 % the
met hod conpr i sumber sfetht Irefigtioh @lady Beiljetedaoshagethe ésdiddit ilabi Bgant eatdrol
parameters including a rotating velocity of the polygon mnor and a

transfer vel ogiphital®y offfige refleadidh pladsatd Met R sRBLMRAMUNIHAPbf @R réfleciidhs W th

the predeterm ned rotating
planes N of the polygon mirror keeps a loss rate on each reflection plane over 100
%; a lens condensing the laser beam reflected on the polygon mirror and
irradiating the laser beam on the object; a polygon mirror driver actuating the
polygon mirror with a predetermined angular velocity; a stage settling the object
thereon; a stage transfer unit disposed to move the stage toward a direction
tangentially the reverse of a rotating direction of the polygon mirror, 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

1, =arccos[—§{\/zez ~(R-H} ~|R —~(R—h—Dy +D*}]

the loss rate on the reflection plane of the polygon mirror is defined as

cC2 t.N
¢ = L2 LN 00 o
P T CT T g 10008

2

where a radius of a circumcircle of the polygon mirror is R; the diameter of
the laser beam is D; a vertical height from the center of the polygon mirror to the
center of the laser beam incident on the polygon mirror is h; an arc length

corresponding to the reflection plane on which the laser beam is irradiated is C1;
5



velocity; noving the stage with the predeterm ned transfer velocity toward
a direction tangentially the reverse of a rotating direction of the

pol ygon mnor; irradiating the |aser beamon the reflection pl anes,
covering nore than two reflection planes whose nunber is established to be
covered by the |aser beam and condensing divisions of the | aser beamon a
|l ens and irradiating the condensed | aser beamon thée object. [0021]

Enbodi ments of the present. inventjon process object by repeated

i rradi ation o?n‘ii?‘?/f‘ éﬁnﬁgg%rrtﬂﬁ%ﬁ’é’“\mgﬁ%loﬁﬁﬁnﬁ%ﬁeé ‘ow energy, taking
advant age of energy reduction due to |aser beam division at the corners of
the polygon [ﬁ“@@?, whi Bha sespngraspesis theemisguevided aipsoestsiing methed wsid @i on,
the dissipation or loss of the |aser beamdue to the division is may be
prevent ed by polygorasiriog rotatingonier axif, whiehroefdpertd plurgdlraflasioafplhhs dda

pol ygon mrror to enable the divided | aser beans to be condensed on the

|ens.  BRIEF DRESCRPTaE G IcRRANGE 1PRRR) 1:lbenans UmARKdtkralfiy NS

are to provide further understanding of the invention, and are

I ncor por at ed hﬁ“%@%e&{éﬁ‘%gi#&néﬁ gasg rg%rheggtgkh\iwﬁer%&eﬁlieflil %%eirooq‘ t e-l;g %cglro W ngs

illustrate desir resent | nventi on and, et her
with the descrjption, serve to_explaip principles of the present invention.
In the drawi ngta.ﬁeﬂt @092‘*%]%%#1]“&?0 fhat F%F@Eg the ncidet serhesti Sfm?igw%&mﬂr@ a

| aser processing nethod with a polygon mrror; [0024] FIG 2 is a diagram
illustrating thes tpranBeaionrrlatescyethglthestablishadmamber of the reflection planes

of the polygon mirror keeps a loss rate on each reflection plane over 100 %, 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 toward a
direction tangentially the reverse of a rotating direction of the polygon mirror;
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] Embodiments of the present invention may process an object by
repeated irradiation of divided laser beams which may have low energy, taking
advantage of energy reduction due to laser beam division at the corners of the
polygon mirror, which may prevent damages of the object. In addition, the
dissipation or loss of the laser beam due to the division is may be prevented by

increasing the number of the reflection planes of the

Sa



corners of reflection planes of the polygon mrror; [0025] FIGs. 3A and 3B
are diagrans illustrating the phenonenon of energy I|oss in the polygon
mrror in an irradiation of a |aser beam [0026] FIG 4 is a graph depicting
the relation between the radius of the circuntircle of the polygon mrror
and the nunber of reflection planes of the polygon mrror with reference
to the di anetpelygoh niilter tcag@blelikadividddQ2sé} bEdnis 12 becoaddhis@Db@ el lkhgust rat i ng

t he processing an object by neans of a polygon mrror according to the
present invention; [0028] FIG 6 is a structural diagramof a |aser
processi ng apparatus with a polygon mrror in accordance with an

enbod ment of the_pr eseRiu AP AT TIORPBE Fli nd vprcR! Tuctural di agr am

of a | aser processing a accordance with

anot her enbogy { of e present invention: . and.[0Q3 Fl 8 i.s a.flow
chart of the%g@r pr é:hgs%cg%rﬂp%f%grwn%gﬁsméﬁro‘fla%g“rglebélpgﬁréﬁnwpg b
according to the present .i nvention. TAl IaED DESCRI PTI ON OF PREFERRED
EMBODI MENTS “Ef‘oﬁs‘)%?‘l?i%eﬁnér%r%dnﬂ‘é%%aﬁe Rrandgionsiitens @agmt thisyasestisation. | | be
described below.in nore detail with reference to the acconpanying

drawi ngs. Thdhgr dusenregs illsentei desirehle, embpdiments 198 therbrdsentl inverdionf andent
forms and should not be constructed as limted to the enbodi nents set
forth herei ntoRthemevith theedescrigivinodénve o sxplaim prireipleredf the prbsht ifviestion.

di sclosure will be thorough and conplete, and will fully convey the scope
of the inventndr drawinpese skilled in the art. Like

K) [0023] FIGs. 1A through 1C are diagfams 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 phenbmenon 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



nunerals refer to like elenments throughout the specification. [0032]

Hereinafter, it will be described about an exenplary enbodi nent of the
present invention in conjunction with the acconpanyi ng draw ngs. [0033]
FIGs. 3A and 3B are diagrans illustrating the phenonenon of energy |oss in

the polygon mirror in an irradiation of a |aser beam [0034] Referring to
FI G 3A, whenpaiyhasmirr@eatoiditdtoahppregiteiventied diameter D is incident and
reflected on a corner of the reflection plane 12 of the polygon mrror 10,
a part of the |aser beam (i.e., the energy-reduced | aser beamA) is
incident on the reflection plane 12 while the other of the | aser beam

(i.e., the lost prasa fspred 15{ wid&gi}kmmprw%ﬁmﬂgne 12'.

[ 0035] In the neantime, 11T Orde gvatruate a ratro or tre-scanni ng | ength
SL by the e -redyc | aser, heam A t he scanni ng | engt.h t.he. whol e
reflection m’?\% of ? Flegg %Cfﬁﬁ%’ﬂglrlﬁ“fnrt%ro?qge IPB%qgmaﬁﬂF’ég‘frb & @sﬁgﬁﬁrlp%ed
which is forped between, a. segnent fromthe conmer to the center of the

pol ygon mi r r Blop; ngmore; detail syith jeferencryto thesacgpmprnting favriagsaxihe presenh a

poi nt where the energy-reduced | aser beans neets wth the circuntircle of
t he pol ygon HiveRten mpay deejveneke embodiad in differentgfdrmsnanchshpddt ignke of

| oss for one reflection plane of the polygon mrror having the N

refl ecti on ptenstuctedl . as  hmitédbste Hat embodineand Ut edrthy hetehe Rathens teed | ows.
[0037] FromFIG 3A, an arc length of a fan-shaped plane that is defined by
the axis andefbbddineaisnirs prndded bdehat ithie WRldstleewlIEBE $hotbiligh ddteconploR! s Of
the reflection plane, i.e., an arc length ClL corresponding to the

{ef lection ph@n&iRFully convey the scope of the invention to those skilled in the art. Like

numerals refer to like elements throughout the specification.

[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.e., the energy-reduced laser beam A)
ris 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 ;.
by the energy-reduced laser beam A to the scanning length by the whole reflection
plane of the polygon mirror, a loss angle fy is established which is formed between
a segment from the corner to the center of the polygon minor (i.e., thelaxis 1) and‘
a segment from the axis 11 to a point where the energy-reduced laser beams meets

with the circumcircle of the polygon mirror.



which the | aser beamis irradiated is obtained by the foll ow ng Equation 1.
[ Equation 1] Cl= 22rR N [0038] And, an arc length C2 for the portion of
the loss angle is obtained by the follow ng Equation 2 where C2 is the
maxi mum val ue. [Equation 2] C2 = Rte [0039] The are length C2 for the |oss
angle is variable according to the rotation of the polygon mrror 10. Wen
the | aser bef0036] irr adikgtaadtionriting frone thegsirtions ¢fl lasefonohd eaflectiticplagd ng t he
corners, the loss rate becones 0 because there is no |loss of energy in the

| aser beam bpwe\RIvgoWh@Rot ASVih@/RIN @aﬁsai@@?iaﬁés, ibOalh&sirite 36 bAdlede By t he

reflection plane with the corner included, the ossS rate gradually

i ncreases UpgfaQyd #Aysaum val ue of Equation 2 and then gradually
decr eases down adal n. ?0040] The loss rate t, which is the percentage rate

of the anoun ener l.@ss,40._the total .ener refl.ected o he, whol e
reflection pi%dr?’fencan_ %go%g?Qi %‘éd%?m lFﬂ%tﬁfO&ang‘w%ﬁ%peécﬁl%‘ﬁ %ﬁt %%efiﬁ%ﬂ@fi on 3]
- = 9 Cl 2 _
8 C2tNt theaa)és %%g(b@th po}nts rvxrrhere the circumcircle meets with the corners of the
reflection plane, i.e., an arc length C1 corresponding to the reflection plane on

which the laser beam is irradiated is obtained by the following Equation 1.

[Equation 1}

_2R
N

[0038]  And, an arc length C2 for the portion of the loss angle is obtained by

C1

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

C2=Rt, |
[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 b.ecause
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 1, 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]



[0041] . In addition, the loss angle to may be calculated by the follow ng
Equation 4 and a vertical height h fromthe center of the polygon mrror to
the center of the |aser beamirradiated on the reflection plane is
~obtained by the followi ng Equation 5. [Equation 4] te=arccos[1-R2{
RZ-(R-h)2 RZ- (R-h- D)CQQLD%}}\, [Equation 5] h=Rxsin(~--) 4 N [0042] In the
above Equations, # l&e—ﬁa:r»énmm()(%) denotes a radius of the circuncircle of
the polygon mrror. ¢h tB® nmeantime, as illustrated in FIG 3B, the

scanni ng angif@o] on thediaidneahd MhsPARNE (PinalyGe RALYGRA B HEOTollRFing he -
| aser beamincident thereon is obtainéd by the follow ng "Equation 6:

[ Equat i on 6] gudddn Mndl Q0o ThEeof lidth AR JaLC. o' LANRRS KRS Hahati ons

bet ween the | 0ss rates nmber ser beans

reflection pl ol,ygon. mgror. In case.of the. oss.rate is bel ow
1000 o 15 SElEs B bhIaRE et on, 18 SRRGicR) olaBE ottt By By | Lot
one reflecti nldpl.an . And, _in case of the loss rate is over 100% C2 is

| arger than &’1 YRSLIHALNS Ot hat, | aser beamis covering nore than two

reflection planes. [4Tab| e 1]

[Equation 4]
_ 1 2 2 2 _ 2 2
t, =arccosfl - — (JR? —(R—h)* —\|[R* —(R-h=D)* + D*}]
[Equation 5]
) h= Rxsin(%—%)

[0042] In the above Equations, the parameter R denotes a radius of the circumcircle
of the polygon mirror. In the meantime, as illustrated in FIG. 3B, the scanning angle 0
on the reflection plane of the polygon mirror for the laser beam incident thereon is

obtained by the following Equation 6.

{Equation 6]
7 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 Cl. That means that, laser beam is covering more than two

reflection planes.
{Table 1]
Loss rate (¢, %) The number of laser beam divided
0~ 99 I~2
100 ~ 199 2~3
200 ~ 299 - 3~4




Loss rate (t" 9% The nunber of |aser beamdivided 0-99 1-2 100 199 2-3
200-299 3-4 9 [0044] Wen the loss rate ranges fromO to 99, the |aser
beamis divided into one or two sections after being incident on the
reflection plane of the polygon mrror. Wien the | oss rate ranges from 100
to 199, the laser beamis divided into two or three sections. Wen the

| oss rate raf@@B]f r omZidh the 19 Ygte ek &eat 0 e 9N ths laseli haded divitlal inhy ee or
four sections.. That is, as the |loss rate becones higher, the nunber of the

di vi ded | asepndeamsobeefs®saftad@ais indiendioni Gk aeflefiohh8ahasethdpalikor Nt 0
two or three corresponds to the condition that the |laser beamis incident

with the di ﬁﬂﬁ%ﬁmeh%&ib\éﬂaté% Q(E)a;aﬁ{ oe@fo iéb?ﬂ%eefak&%eamsekﬁa&ﬁin@& the

pol ygon mrror, e the division aser beaminto three or four

corr esponds 1o E)p fhré O%:g{iéﬁﬁs? r\Vhérp Ak légterﬁ{éaaragéefs Bg"?’?.bg@ toip@;,] g‘%ﬁé§e\ﬂb&£{n tip €

di anmeter D to cover ree"corners o e pol ygon
mrror. [0045] . t he .above, the divisjon.of the |aser beamintq t
Sectfons i s Bl R0 BE Taraerdant: B ifins' edoB Rt RoAmen BIEF HBF of
the reflection %I ane in, .accordance with the rotation of the polygon
mrror, that DPMbPEolige diddedilagsr\preaios heesmes lneger. aKlg diyision ofr the haser besih t he
case of the division of the |laser beaminto 2 - 3 sections or 3 - 4
sections. [O0o¥etwawrdhige iserremends tootie Rgoditionikat3he servganbis inpidentoxish r at e,
i.e., the nunber of |aser beans divided increases as the nunber of the
refl ecti on ptendismefdr D 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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or the dianeter of the |aser beam D, increases, or as the radius R of the
circunctircle of the polygon mrror decreases. Further, as represented by
Equation 5, since the scanning angle on the reflection plane of the

pol ygon mrror becomes snaller in accordance with an increase of the
nunber N of the reflection planes, it 1is able to condense all of [|aser
bearms di vi si analiply tingdsl @Cthe@a@B pro@sdigd bRaé Wit lpladiergyoihéhticN@ey §odn m rror
with in the lens 20. [0047] As such, an effect of irradiating the |aser

beams si nult @@&Q%Arﬁéﬂ% Rpplid) fUhe bBjedt. tHl BRSePAndd \@e ?r?éﬁi?s HNREERT a0 Yellagne
with | ow energy when the |aser beam is divisionally applied to the object.

It can enhang%L?lﬂgégﬁﬁ@'ﬂ%ﬁ%g%\%ﬂﬂm as well as the processing quality of

object. [004 WO I'l e a conventional |aser processing

apparatus ha prqbl em of damagi.ng an obj ect. due to excessiVv
Fradratson SpO4FE Podd e SHEY SR Bt s S SE FRR s o e

| aser beamis, applj ed the processing plane, wth, the energy about | OW
the proposed ﬂilf‘a%feueﬁ} %ftcfg%%ﬁgﬁgg Yppipddys toexaepsiveiradiatipn of Higdaler Bpam gn
advant ageous to inproving the processing efficiency by irradiating the

| aser beam i Ahdiame prpeessingwesisionheankolasirpean is applicdne therpeesssinaglapk ane
with ow energy, as well as effectively renoving inpurities or vapor
gener at ed t hevith thedueigygpboth O thegsspased hasethprobassimg dppanatushddbe peesditte

pol ygon mrror of the present invention enables the energy to be divided
as much as t heveatiohéy advianfaBeoudity iiahebvidgdhe proRading affidichbe b fifredibtigf the

multiple irradiation tinmes by the |laser beamin low power. [0049] FIG4 is
i‘jgr aph depi gideNBednh f @ltld BMeP SIMBRRCHRE SrABk YSmObrdcB&ing plane with low

energy, as well as effectively removing impurities or vapor generated therein during

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

powetr. |

[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 95 18
72 113 21
84 132 25
96 151 28
108 169 32
120 190 35

11



circunctircle of the polygon mrror and the nunber of reflection planes of
the polygon mrrors with reference to the dianeter of the | aser beam
which is sumarized in the following Table 2. [Table 21 Nunber of
reflection Radius of circuntircle Radius of circunctircle planes(N) (D = 10
m) (D=2 mm 24 38 7 36 57 11 48 76 14 60 95 18 72 113 21 84 132 25

96 151 28 1{@08099 32 Thi2fradiddl Jalucd Uif@DHO]TablEhe RpRedrt Calriovialsu@plihd St ed
in Table 2 represent various sanpling standards of the polygon mrror to

i npl enent  t hetap@rfO bABACFolpbdd ntift6r LPESPIEALE: theVRFfokRfh ¥ With BRCIsS Bfd ection
pl ane thereof, which are obtained by Equations and 4, when the nunber of
te

the reflecti ghePloaRESnaad, é}féc{i@ﬂg%ﬁ% &Ierébg,%lﬁlsl'i %@k%ﬁ%ﬁb@pﬁgﬁﬁ?{}%g%&' gon

mrror vary for the | aser beamw predet erm ne

g o e TR e b P P B L |1
rate 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 circumcircle is lgss 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 planeé 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 amoﬁg the
number of the réﬂection 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

12



beconmes over 100% only when the radius of the circuntircle is |ess than
38mm O herw se, when the nunber of reflection planes is 120 with the sane
| aser beam diameter of 10nm the |loss rate can be over 100%to result in
the effective beam division only if the radius of the circuntircle is |ess
than 190nm [0052] On the other side, in the condition that the diameter of

t he | aser beaolygos nidnmor srectetaparihy didgnedfto bbept delleet bedn phahes réfkc@én t he
| oss rate goes over 100% to result in the effective beamdivision only if

the radi us oplahbeinCdoverae] whiR ehsblésahs losk Rad t?8PngEPRSR 10804 oL, K} G 4

and Table 2 show exanples with the cases that the "nunber of the .reflection
pl anes rangegqgikk ﬁénh&bl?@fthh}efﬁ‘aﬁénpfaﬁeé imt the enbodinents thereto

and any ot her poI gon mrror t isp oper to acconpllsh the loss rate

over 100% ca used DSy he I.e L Ons . anmon nunmber
of “the ref ol o et Ty s efra% B eitse it ReR: R P Qe ot
the | aser nd the | oss rat F.G.5.1s di Iutratlng
processi ng aﬁaglgf”e&‘m% THENeLs G‘P %@8%9%%?6‘? P%E‘E%&g g] 1\”0

present invention. [0055] As shown in FI G 5, the laser beamwth the

pr edet er mi nedd |°£ﬁé?@CtIODW@elN} adhalasy liteémtlﬁ@dﬁﬁl g refioction Piaay NAgS pl ur al
reflection planes. For this, the 12 polygon mrror is exenplarily designed
to accept theondesesd pedhe denst B9 end rthér Ereadiased opl thmebjdoh 40ofier, dhe wafidr) ch.
enables the loss rate to be ranged from 100% to 199% by adjusting the

nunber of thenauatddent thertrapnsfenasit 300056dording ¢o theerotamarofttkapolypbd ntihker,
predeterm ned dianeter is applied to the

() the object 40 is processed in the range of the scanning angle from the reflection
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
Ireﬂection 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
empioying 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

13



polygon mrror, it covers the whole surfaces of reflection planes NN and N2
and a part of a reflection plane N3. The | aser beamincident on the
reflection plane NI is condensed on the lens 20 and then irradi ated on the
object 40 (i.e., the wafer) nounted on the transfer unit 30. According to
the rotation of the polygon mrror, the object 40 is processed in the

range of thelseabaimdn angkéetémaned amreea‘r,l £&taigeNranfenngit N30 &t MekineNEE dent
| aser beans on the reflection planes N2 and a part of N3 are irradiated on

the object 4Qtgd FNSNSHARKMRB Bhect [400K:1h LHaftch m¥RL, ihe Ef@d@&fmi’n@d

processed by a | aser beamwith a predet erm ned di amet ér ot er than a

t I ti
Dl anes., t o il TRk fireoisk, AUGUE: Spft 160kl Sholif infiliailn Bod dReliflhn 00 0
th by d b I h
rereal o ipluloe By %ggagﬁgwh@sgorewy% o

sanme tine. [ 058 t will de crlbdab t the | aser pyrocessing
appar at us 6%%% B‘@P%Q}Hn t&ﬂ anes 1R RElepiemekt thedessht i on.

[0059] FI G is a structural diagr am of the | aser processing apparatus
with the polb%ran Which d qmpittad e atieelaggrt Benpraterrddai wevrr wibre feamptws ent
invention. [0060] As illustrated in FIG 6, the |aser processing apparatus
with the polsiégstionplanes, i sefmnwﬂosh@dlamemroﬁﬂterlaﬂet beand afd fheradipesfthe ng an
overal |l process, an input unit 120 for receiving control paraneters and

commands, a pi)'bmgdmlaipmgjer tal thievieser podechaiig agpaidub.ngh biher potdsgie niinibedr, a
| aser generator 140 for emtting a 13 | aser beamin a predeterm ned

f“ --)amet er, a sfaggetloivnipined i 4djdsa b Xeep e 186 hlkSver 100%.

[0061] The polygon mirror driver 130 is provided to 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 laéer 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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stage 30, on which the object 40 such a wafer is nounted, in a

predeterm ned processing direction, a display unit 160 for show ng

i nformati on 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 make the |laser beam which is emtted from

the | aser gef@0@8Jor 140G. Cay erstrovenl idiparh el the efskeploc@Bing pesitusi With
reference to the dianmeter of the | aser beam and the radi us of the

ci rcuncircl EtHH;ﬁﬂ?%orhﬁ_ieriQn bé®@danBé AEBSRbHEr BRBAdiRIHEof thd pREGR InVARES. the
nunber of the reflection planes is.adjusted to keep the oss rate over

100% [0061] rgaesIro! yagR l%érr&BCéilE%%:e[pg&élﬂlsi o&{nﬁ‘ﬁ gﬁ%r”} gm%l% %&ug&ea

mul ti-sided “polygon mrror 10 on Xi's 1 edet er m ne

vel ocity, usi regul a .by.t.he coptroller 110
[0062] The |':S’g%ﬁ%ég%%‘%g?gg%ﬁﬂs”g%w%sﬁ‘g‘%égﬁ “béﬁ%ﬁ?‘b%‘bﬁﬁc"é’ OPFIES 96 ect
40 nmounted gn the stage 30, e. em tting an ultra viqQlet |laser. The

st age transfgplaﬁF@ppT% Sﬁﬁ@%%“?%%igphgﬁbﬁ ,eéﬁmvhf%H)@ﬁ@gﬁ%ﬁ@%ﬁnqﬁ§°fs
nounted, with a predeternmined velocity. [0063] In the structure of the

| aser proces$islgsapsamsmyded fmm thedwser grngratoreki0tand dhery ismdiates thaenlarged
generator 140 is incident on the polygon mrror 10 by the controller 110.
During this, laskebsaasen theepolygon mirread0do edvarinodre sheoi twvetBectionqiaytest Fhe cover
nore than two reflection planes of the polygon mrror 10 and then applied
toward the | épam2tinsfoomer2thcoratite tel laser Peame whicht ib @opddny@bon Me ks 240. The
| ens 20 condenses the | aser beamto irradiate it to the object 40 in a

vertical dir afiti Béing r&0Re4 frhaRe pbR bR fhigek 10NNk} anlBfichinSceal. Y oeRs, m rror
10/is rotating, the |aser beamapplied to the object 40 is irradiatéd with
moving by t henSEARMYrABIIERIDP0 may be implemented by employing a cylindrical lens.

[0067] 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.

[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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along the reverse of the transfer direction. 14 [0065] FIG 7 is a
structural diagramof the | aser processing apparatus with the pol ygon
mrror in accordance with another enbodi nent of the present invention.
[0066] The | aser processing apparatus shown in FIG 7 further includes a
beam expander 210 and a beam transforner 220 in addition to the conponents

of the | aseestaphnghtst ba@ontrolnpdrirfetess. mdhde AN Rxprapited 33 nendigy ges a
dianeter of the |laser beamenmtted fromthe | aser generator 140 and then

irradi ates thRnanframIgR stbaser uleamofotihe tH@'rMﬁﬁlnof”SkélHﬁin&l@lyt RobRMEy NDre
than two reflection planes. The beamtransformer 220 convertfs the | aser

beam whi ch i 0RRRNGRMAe: AR {(ipﬁs '0??%1 _Eﬂiggt?fah& :Rr&%gér%g (é.%{, 'ﬁgl&g‘gg %M&m he

pol ygon mrror 10, into an ellipti ter tramnsfor mer
220 may be i%%{g lg)t ed by enploying a cylindrical lens. [0067] Wth

addi ti on of e m expander 210 and the beamtransfornmer 220, the |aser
beamis irragi d on the pbject 40 with the elljptical, pattern i

secti on, -andﬁ?ﬁfﬁj or 4308 (bt comnEel Raramairis Are samp ok Stiefficd dhapolen win
the processing direction while a mnor axis of the elliptical section
corresponds PR Erives 43¢ cagbles thsupolpeac gl tp gowB] With 4 predeicaningd t he

| aser beamthereon with the elliptical pattern, a processing plane of the
obj ect 40 i svelerity dsthp\&20x rand ntbe gitags| wpesiervimit A Sdakess thefstage Hhovithapor ,

whi ch are generated during the process, be easily discharged to the
external wi t podetetimardtvelgito fste €30y, oDadsg tds, thatehtrolleP68] alkd Enabdesithea f 1 ow

chart of the l|aser processing nethod by neans of the polygon mrror
9cgor di ng -t 01dsBepdHeRRIGN40i t ¢RI the Thser beam (step S40).

[0072] According to those operations, the laser beam emitted from the laser
generator 140 is incident on the reflection plane of the polygon mirror 10, coveriﬁg
more than two reflection planes to accomplish the loss rate over 100% for .one
teflection plane.

[0073] 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 corners of the reflection planes are all
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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[0070] First, in order to start to process the object, control paraneters
such as a rotation velocity of the polygon mrror 10 and a transfer
velocity of the stage 30 need to be established according to the type of
the object to be processes, by neans of the input unit 120 after settling
the object on the stage 30 (step S10). This 15 establishnment of the

control paraf@%]s naynlke éasi byocasdyrpppaitasd d3ythe PodydongméromBMiothteom t he
storage unit 170 storing the menu of prelimnarily registered information

about the ki mdgh Déordstt 08bE6!, ShaPidr D IPGEEPRSer (Rals arcCVletbfibd @Y @eviAg, and
so on). [0071] Once the control paraneters are conpletely ‘established, the

pol ygon mi ”i)ﬁfceéylili}@/?%anégtﬁ ﬁeaéyé&% @eyaﬁhy@%g gwcéggfngg:refea i Oatbgésgo peth a

predetermi ned veloctity (step S20) and the &stagé tran unit noves
the stage 30w r .M ped. vel gci t S 0).. ri this, .the
control ler lf}éﬂeg%}%%de atgﬁlgge?{n%&eel % erﬁgjeoﬁ%w&chﬁﬁig%e%t&@ﬁ S[eﬂgel‘?e?qvﬁ‘ér beam
(step $40). [,0072] Acgording to. those erations, t | aser beamenmtted
fromthe |as ere&‘lerﬁ%?g‘?‘spti‘ﬂ’@ﬁ ggeqt‘t‘?@ioégl%tp‘ﬁ?g%”‘foéﬁsecti on plane of the
“pol ygon m rrgéq)_(lé, covering nore than two reflection planes to acconplish
the loss rat r106Y%oYEh Gisepreseat inventioihhas bege desonibadin pommeetiuanwith he
| aser beamis divisional I1y refl ected on each reflection plane, condensed
on the | ens #®& erabuiliment ¢iche pyesentrinvingion dilesiratedendhg swompbnyisg dmwiss)) . As
they are different in incident positions on the reflection planes, the
| aser beam itsisdiov ligiitedathérgtor &f WHE bedpparetithe tHodel &iltsdt inps iatt tmsvafout he
obj ect 40 and thereby each energy of each |aser beamirradiated on the
{\(?bj ect becomesbstiQwkin, modifRdtbdd &8 changes may be thereto without departing from the

scope and spirit of the invention.

[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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since even the | aser beans reflected on the corners of the reflection

pl anes are all condensed on the Iens 20 without | oss, energy loss is
prevented. [0074] As shown in FIG 7, with addition of the beam expander
210 and the beamtransformer 220, the |aser beamis 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
m nor axis of the elliptical section corresponds to the width of cutout
processing. 16 [0075] In the | aser processing apparatus, as the polygon
mrror 10 Claimées w th a constant velocity, the plural divided | aser beans
are overl apped on the sane processing plane of the object 40. Further, the
processing speed is able to be accelerated by transferring the stage 30,
on whi ch the oBj ettlagy processingl epparatoneprdeessing are\objese tof at haser deatyj ng
direction _of the polygon mrror 10. [0076] Although the present invention
has been WEYEFM$ed in connection with the enbodi ment of the pr esent

i nvention il ' ' i S I T ot limted
thereto. 1t Wi SR ac okt ARIARP e R R AE ined dighBaEY" ) s

substi t uti ord pelpgirf imjaoi ootstieg dn cinamgesthagolyzent haret imviig boltratigpaf ti ng

Lo e SRR AP Ll AR BB oSS BBl
pol ygon rthe nombert dfthp refietion pitesfil hdjuele Yo afde teshoidesflasdr beatlkbesita are to
ST MR T A R T T TR
the cor nex sf e Jol\RoR Phiv@P RedPsal104s raldifnBQ¥R FefldctioPp BN SRS 180859y | 0ss at the
corners a lens condensing the laser beam reflected on the polygon mirror and irradiating
the laser beam on the object; _
a polygon mirror driver actuating the polygon mirror with a predetermined angular
velocity; '
a stage settling the object thereon;
a stage transfer unit disposed to move the stage toward a direction tangentially the
reverse of a rotating direction of the polygon mirror, |

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

beam incident on the reflection planc of the polygon mirror is defined as

1
2R?

1, = arccos[l - —={\/R> —(R—h)? —|R> —(R-h-D)* + D*}];

the loss rate on the reflection plane of the polygon mirror is defined as

(= L2 LN 00 )
Cl1 27

~ where a radius of a circumcircle of the polygon mirror is R; the diameter of the

laser beam is D; a vertical height from the center of the polygon mirror to the center of
- the laser beam incident on the polygon mirror is h; an arc length corresponding to the
reflection plane on which the laser beam is irradiated is C1; and an arc length for the

portion of the loss angle is C2.

18



of the reflection planes of the polygon mrror by adjusting the size of the
| aser beam to cover nore than two reflection planes of the polygon mrror.
17 Cains 1. A laser processing apparatus processing an object by a | aser
beam conprising: a |laser generator emtting the |laser beamwth a
predeterm ned di aneter; a polygon mrror rotating on an axis, the polygon
mrror having a plurality of reflection planes that reflect the | aser beam
incident on the reflection planes, wherein the nunber of the reflection
plates is adjusted to nmake the incident |aser beamcover a plurality of
the reflectinmhelAREProceRidd patdi&s &%E@%}g RG] ‘il,n@ﬁ{ch%!ﬁﬁ&% fngf‘lls&(:& I on
planes N of the polygon mrror keeps a ["0ss rate on eac t efI'8ct T on pl ane
over 100 bgamyirpesiermes cauverting atseetionas patidre aofi the flasec benin onddnsedoh yigon

mrror angngﬁﬁggjaﬁkgg the | aser beam on the object; a polygon m nor
driver actuating t polygon mirror with a predeterm ned angular velocity;
a stage settling the object thereon; a stage transfer unit disposed to nove
the stage toward a direction tangentially the reverse of a rotating _
direction of the polygon m nor, when a | oss angle forned by a | aser beam

W th reduced energy for the whole |aser beamincident on the reflection

pl ane of the polygon mnor is defined as to =arccos[1l- 2R2 { RZ -(R-h)2 -
RZ -(R-h-D)2 +D2}]; the loss rate on the reflection plane of the polygon
mrror is defined as
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tr C2 _to Nx 100 (%9 C1 2 ,r where a radius of a circuntircle of the
polygon mnor is R, the dianeter of the |aser beamis D, a vertical height
fromthe center of the polygon mnor to the center of the |aser beam

i ncident on the polygon mnor is h; an are length corresponding to the
reflection plane on which the |aser beamis irradiated is C; and an arc

| ength for the portion of the loss angle is C2. 18 2. The | aser processing
apparatus according to claim1, which further conprises a beamtransfornmer
converting a sectional pattern of the | aser beam condensed on the |ens
into an elliPs - La I -at ys i ng claim
2, wherein tjﬁe?%%g%fér?grgg% g%@a@%%@%@dﬂg}%?&)%@ gf V@ﬁegaéﬂh?pgéa%éonf orm
to a proceysfoigerinaget  omjofaxihef thols|lipse codforrilie almmeessipg drestmnngg thppar at us
accordi ng, 'QctC| aim3, wherein a mnor axis of the ellipse corresponds to a
processi ng"wdth of the object and is variable in accordance wth a kind
of the object and a pattern of processing. 5. A processing nethod using a
pol ygon m'rr40 rotating on an axis, which ci)r,rpris s plural reflection

pl anes of thet@ﬁ ] RIRYESTINESPPREts eErAlREdR claygdu shereama arnorgasyRidhe o

pr egﬁt er ga‘mpsé SHrREBRE 6T pro8&ksthp Giith bARRI SR GhA O VarisMie LR ot i@ cuNber
o] e
with a kind of the object and a pattern of processing.

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

beam of a predetermined diameter emitted from a laser generator, wherein the number
of the
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reflection planes is established to nmake the incident |aser beam cover nore
than two reflection planes, so that the established nunber of the
reflection planes of the polygon mrror keeps a |loss rate on each
reflection plane over 100 % the method conprising: settling the object on
a stage; establishing control paraneters including a rotating velocity of
the polygon mrror and a transfer velocity of the stage; rotating the

pol ygon minor on an axis with the predeterm ned rotating velocity; noving
the stage with the predetermined transfer velocity toward a direction

tangenti al | efii®ioh §ME1cS s Qétalﬁzshecﬁ ! echlé Gifclde ﬂp 1:RE 8% B9 Th

|rrad|at|ngthe | aser beam on the reflection planes, covering nore antwo
ref | ect i dWopredlaetioniplenes, so ﬁb@rthﬁ @S@bhd@ldl yinghebr tod the refleetior gpldmes ofiehd aser

the conaal BRA PRl ¥ B Fla Y IR e Ron BTG L obrr B 1l

5, which cfouqn“fséng conprises the step of expanding the dianeter of the |aser
the | aser beamon the reflection planes of the

beam before | rrad at
pol ygon m rISSttﬂ Ihe?h@gh‘?ﬂ%%tageaccor ding to claimb5, which further conprises

the step of estabBdhsdDEHRDY parafiREré fRRIRfind Q?otbtﬁ?ge%l&‘?@r@ﬂtﬁé Bo@%mﬂﬂlh&t' cal
pattern after condensing the divisions of the |aser beamand before

i rradi at idg %W?@S@Bﬁﬁiéﬁéé@fqhﬁgégesbeam on the Obj ect. 8. The nethod
accordi ng tQoﬁ{Iﬁ‘éme%l%ﬁ%%rBﬁﬁﬂﬁﬂrMei)l X O 68@0 111%080!:1 er beam

into the elliptical ern makes a mgjor a trcal’’pattern
conformto anoving the stage with the predetermined transfer veloc1ty toward a direction

tangentially the reverse of a rotating direction of the polygon mirror;
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.

6. The method according to claim 5, 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.

7. The method according to claim 5, 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.

8. The method according to claim 7, 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 object.
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processing direction of the object. 20 9. The method according to claim?7,
wherein a mnor axis of the elliptical pattern of the |aser beam
corresponds to a processing width of the object and is variable in
accordance with a kind of the object and a pattern of processing. 21

9. The method according to claim 7, wherein a minor axis of the elliptical pattern
- of the laser beam corresponds to a processing width of the object and is variable in

accordance with a kind of the object and a pattern of processing.
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