1161

Fig.1

i
H o
~1
1 ,-\-3
;j i
£ P-a
Fig.2
L
A
X ¥ 3




2/67

Fig.3
v
b }
— 1
P T3
{loy
Fig.4
/3
ﬁe ~ 1

=~



3/61

Fig.o

K/S
A
//
7

Fig.6




4761

0ok x4

1Ol X9

(2WO/MIA LISNIA HIMOC Myad

110k X g

oL X¥

1101 X¢

oL X2 1101 X1

0

T

[

] I

&

(08'0="v"N)OOL x @
(85'0="¢"N)0OS X O

QG

GOl

00¢

o
1.2
CRACK SPOT SIZE{ g m)

00¢g

£ 81



Fig.8

561

>

1

Fig.9




6/61

Fig. 70
/3
) __
ﬁ]} 1
y, -
g 21
Fig. 11
Ak —
s 1
J X

o
4]



Fig.12

=
[rx2
FAE

i ‘
5 :
: S R R o e
o 3 oy T -\A: r A = .. ::,.. e )

e
R

SR

e St
¢ e P g g et
Srb e

S )

7ok MY
R e
1 f: o riatr 2ord ﬂv T

PRI
e

£

G aD
3

SRS
= %f
7;«.1\5‘.‘:5—_:

vef e BT
.i-‘é'f:‘. R AR e
A

A
Ly S T, 3 ¢ S o =7

- _,.,,ﬁ,.\,.,; e Tl ) ¥ BN b,
RPN o s AT Ry 2 SR
_Qé%.%ﬁlm.ﬁﬁ‘ A Ciy 7, At A
._".’,".‘_:'rw‘.-!h’;’u\ﬂ\. : . =

iF
1 R LI




8/61

(WU)HLDON3TIAYM

00<| oGl 00LL 0501 0001 0g6
] ! ] I 0
-4 0L
W 000L=)— =
W 17 00G=) -~ 10 U
W7 00g=l o <
wif 0ol =l —e— 1 0¢ m
Wi og=)—o— =
-4 0F =
W«
405 %
o
409
<C
H0L E
L
408
- 06
00}

e B



9/61

Gli— H3770HLINOD
JOVLS
a
s
4058300dd
ViVA ONIDYII
—J
GZl
HATI0OHLINGD
LE}— TIWH3NA0
BCl—

001

A04N0S

IHOIT HASYT

Ny
LOL

404N0S
REZISNN| H3TIOHWLNOD
NOLIVAYMASHO} | 30HN0S LHOITH3SYT

h f A f

LiL c0l
AR .
/// \\\
(imona)
LEL—

1 Bl




10/61

Fig.15

SELECT LASER LIGHT SOURCE

S101

¥

DETERMINE AMOUNT OF MOVEMENT OF
OBJECT TO BE PROCESSED IN
Z-AXIS DIRECTION

—~S3103

i

ILLUMINATE OBJECT

—S5105

CALCULATE FOCAL POINT DATA FOR
POSITIONING FOCAL POINT OF
VISIBLE LIGHT OF OBSERVATION LIGHT
SOURCE AT SURFACE OF OBJECT

—~S5107

MOVE OBJECT IN Z-AXIS DIRECTIONTO
POSITION FOCAL POINT OF VISIBLE LIGHT
FROM OBSERVATION LiGHT SCURCE AT
SURFACE OF OBJECT

—S3109

y

MOVE OBJECT IN Z-AXIS DIRECTION AT
POSITION WHERE LIGHT-CONVERGING
POINT OF LASER LIGHT IS LOCATED
WITHIN OBJECT

—S111

y
FORM MOLTEN PROCESSED
REGION WITHIN OBJECT

—S113

L

CUT OBJECT

—~—S115




Fig.16

11761




12/671




13/61

Fig. 20
%1 PR 39 .
i i‘ 31
; Il—"l' ﬁﬁﬁﬁﬁﬁﬁﬁﬁ )7L N 35
D7 \ ) [ 2
LN\ 37 e 37 ‘
o R 9 13



14161

Fig.21

MEASURE ABSORPTION ~ S201
CHARACTERISTIC OF
MATERIAL TO BE CUT

:

SELECT LASER LIGHT SOURCE WITH |~ S203
WAVELENGTH TO WHICH MATERIAL
TO BE CUT ISTRANSFARENT OR
EXHIBITS LOW ABSORPTION
L
\.

MEASURE THICKNESS OF MATERIAL TO BE CUT~ 52

!

DETERMINE AMOUNT OF DISCLOCATION OF
LIGHT-CONVERGING POINT IN CONFORMITY TO THICKNESS
AND REFRACTIVE INDEX OF MATERIAL TO BE CUT

—~520°

!

PLACE MATERIAL TO BE CUT ON MOUNTING TABLE DISPOSED
ON X-Y-Z-AXIS STAGE

L~ S20¢

J

ADJUST Z-AXIS STAGE FOCUS ONTO SURFACE OF OBJECT
TO BE CUT

i~ 821

MOVE TO LIGHT-CONVERGING POINT CORRESPONDING
TO THICKNESS AND REFRACTIVE INDEX OF
MATERIAL TO BE CUT

~— S218

!

FINISH MOVING LIGHT-CONVERGING POINT WITHIN MATERIAL
TO BE CUT

—~— S21¢

IRRADIATION + DESIRABLE CUTTING PATTERN

!

MOVE X~ AND Y-AXIS STAGES WITH LASER LIGHT 5217

FINISH FORMING CRACK WITHIN DESIRABLE CUTTING PATTERN

- S21¢

4

CUTTING WITH PHYSICAL EXTERNAL FORCE APPLICATION,
ENVIRONMENTAL CHANGE, ETC.

~— S522°




15/61

Fig.22

— F
Fig.23
32
——=XXIV /

XXV ( XXV
L_oxxiyv



16/61

" Fig.24

7
o,
Y )

Fig. 25
% Hn RN H%




17161

Fig.26

\
e
Fig.27
32




18/671

Fig.28

.............

Fig.29

e ==

Fig.30




19/61

Fig.31

Fig.32

{35




20/81

6802

.w..x.‘....m...._f S % ¥ : ATk

06

Lt e by e
3 w.mwum.. A_‘...m..m_..rw._m.....u'

s
™ b“..w... %
5

st sl s e S e
g A I e A
mwm:% R A A %@A oI e G R

= A b AEgLe s 4 A i

3 ..?..mwﬂhu
“v.ru”-.m.. Jwﬁm L r»@ M.._m..ﬁ
w.wa..mw RS
A e .a%ﬁm..
s e e

E R

SR EE e .hfm.;\... i iy AT
.ﬂ.,wwww_.....ﬁuv At .MN. NM«@._. R R R s

e

S ey
e T s
G

AT
e

¢
3

-

LH
2

Wl

&

ty

o

3 3 7 : 1 Tt i 5
B ) e e L

e e R sl e S B e
R e
2y PR S .,W&.._.._\M. .M._wm..um S ;h%_,hmaﬂ.wmwmﬁ ey o...,_.m..\.s\.ﬂ&m AR m.W.wa 1,
LWWH wm.j..ﬂ R TRial .n»wﬂ%.m £t mmum ﬂ...ﬁ_mn‘ HES S T % n."m R Sk 2
& mﬂm...,»i o e nRyRadche vmf.@mﬂwavmmgmﬁ s 5% A ;

14

o

i

?p..... ..ww\.tw
o

EE
.L\mfw.......,.. S

AR}

ag el .......| B
il Eaae AR SEg
e e ,h
AT, rﬂwh. ..m..nuﬂ 0 ._vm&m«q ) .-...wmm.wwpﬂp AT SR kw.“ nrﬁ.». Fulki o
o e
ORI R, Sl ey, ? a Soth 7 AR DTS (LA T ) FHE AR TR e 7,
e _ e
i . 3 s

s
[t 53 SR i
e e - o
g »...m m.ﬂ...ﬁ.m.,.m.ww_mmﬂﬂl)m ﬁ.m." 3 Ltz o ...s. vy &.n._.. a vwrw e
L e e

: %
: o ! RAmS
trelering .w. CIE h.hn—vw. 2 ﬁ .w..__. 2% nvoww\@mm...n%
SR ...wq.m. e BRSNS nn.(v. S el Ty b
: Tﬁgﬂ@?ﬂﬁw e e o
% e ¢ |
B

o)
:\é%
iy
.

L
u. .-
HoL

S .w? e bovmidy iR e TR IR BRI R
e gl e RN e et P 57
L -
AR ATEN RS A TR Jh I o S L (A e R 1eans i A i
W%M,muw: O A S um."wﬂ,mﬁwma e T e




21167

2

£

b

.

sy

-
o

] i

ATy § : AT DR RNl ol
... -
e A R SRR e w«w_ww (e
y ) o 5 S pL f ._.prﬁ‘ﬁ _.. i w.....mM. el

G ;ﬁ.a.‘ .

ko

SRR %4
ot TR

i) .MW..YMWW@@E A

Lol

\I

i

Y

:

..ﬂmM
;Mww

Y .:..
£ J.mmﬂ A

H -k
R4S
R

s

.. “... ”. = m.. i, W.hm. T

w3

AR R AT
o .m« i Y

et

ey
Sl
N2

A
3
b
SRR
P
1Ty S

=

o
p.mm.q

A

Y 7

i

A

R




22/61

{{
)

LLE—

)]

_{{
1)

60¢

G bl



23161

&O\M /
N

08

L
3T

b —

N/

/

Y

{(

)N

{{

60¢

98" Oi-



24/61

rg)o 90
L o i R e ! 35
"C—TD'
LP
Fig.38
9
[ N
9)0 9)0
S:):"Jp: ek okl dok kool ok 15
ol ROk




25/61

Fig.39




ll\ MNodx

L ——
at d3TI0HLNOD
JOVLS
HOS5300Ud
YiVQ ONIDVRI
~
Scl

H37108LINOD

F AR TIVHIA0
N

641 —

00¢e

r\W\Jhof
L
—
e
>3 d3 d
N CANGER HO/ N9 3 308N08
NOIWIoH .06 Lm, - ALIDILAIT3 ..A.“ 1HDIN "38v1
< e
©0z 1 Loz 1 LOL
<] 30HNOs YITIOMLNOD 3D0UN0OS
LHOIT NOUYAMISEO LHOM ¥aASYT
P 3 .
6L LLL col

%@E




27161

Fig.41

207

L .

Fig.42

205

/{LFH B

LP1




Fig.43 28/61

SELECT LASER LIGHT SOURCE —~S101

Y
DETERMINE AMOQUNT OF MOVEMENT OF
OBJECT TO BE PROCESSED IN Z-AXIS DIRECTION

—S103

ILLUMINATE OBJECT —S105

y
CALCULATE FOCAL POINT DATA FOR POSITIONING
SOURCE AT SURFACE OF OBJECT

FOCAL POINT OF VISIBLE LIGHT OF OBSERVATION LIGHT 5107

MOVE OBJECT IN Z-AXIS DIRECTION TO POSITION FOCAL POINT OF
VISIBLE LIGHT FROM OBSERVATION LIGHT SOURCE AT SURFACE OF CBJECT

¥

¢ 5109

MOVE OBJECT IN Z-AXIS DIRECTION AT POSITION WHERE
LIGHT-CONVERGING POINT OF LASER LIGHT IS LOCATED WITHIN OBJECT

v

2S’H’

ADJUST ELLIPTICITY OF LASER LIGHT —S121

IN Y-AXiS DIRECTION OF OBJECT

MAICE MAJOR AXIS OF ELLIPSE INDICATIVE OF ELLIPTICAL
POLARIZATION OF LASER LIGHT COINCIDE WITH DIRECTION OF LINE
ALONG WHICH THE OBJECT IS INTENDED TO BE CUT EXTENDING

!

OF LASER LIGHT

b

<
S1e

1ADJUSTMENT WITHOUT ROTATING POLARIZATION 3125,

SUCCESSIVELY FROM RIGHT SIDE

FORM MELTING REGION WITHIN OBJECT ALONG INDIVIDUAL
LINE ALONG WHICH THE OBJECT IS INTENDED TO BE CUT  |—S

v

LIGHT BY 90 «

ADJUSTMENT FOR ROTATING POLARIZATION OF LASER S1

‘I

SUCCESSIVELY FROM LOWER SIDE

FORM MELTING REGION WITHIN OBJECT ALONG INDIVIDUAL
L INE ALONG WHICH THE OBJECT IS INTENDED TO BE CUT —~S&T

CUT OBJECT S133



29161

Fig.44
AT T
/ N\
/
y / -
L \ \i[‘ =
> X ’ 5
(] [
i
Fig.45
AT
Y | LP
L. 5
.

~—
——



30/61

5
=
. 5
/] A
ff \\
\

\ /
\\ P v o f;’[‘"‘s
\h.'ﬁ‘/

0\

EP 3

5

e
A Avs
/ )\
\
\ /
N S H5

—_—————




oo

b4

4]

SH™1 y3mouinoo
3OVLS
J
4
HOSS3ID0Yd
VIVQ ONIOVINI
7
GCl
I TIOHULNOD
L2V~ IvH3A0
y
621 —
\\
00¢

L1l
s—— o X
€17
2101
—
/
dd 43 dn
O ARPER 308N0S
ALDLLAITE |--F-—=+-{ LHOT ¥3sVT
f H A f
102 1 LOL
IEN0S LHOI HITIOHINDD
NOIVAH3SE0 A0HN0S
< AHOIT {38V
LLL -
201

81 G-



32/61

Fig.49 ;
il \/\ 5
s
y fli-ee
A \if
L X . 74\5
~l_ ///
Sk !
3
Fig.50
I"—>LI
5 )
LI b Lo
- T
i | LI
. r- v -——\;,
LIV | | LIV
. —~1
E I r\-3




33/61

Fig.51
/”3
T—x--%% %-%é—)é%% %%‘{%N’I
90 9é a0
Fig.52
f/s
;»5_ 1
[
90
Fig.53
(’/3
eje —~ 1
/
30



Fig.54

Fig.55

34/61

3
K_/
—)‘](— 1
[
90
43
|
| s
\/



35/61

Fig.56
3
r./
TH--H—-M—E(-***bﬁvx--}(--x-**%T?ﬁ-%%%%%***ﬁ-*ﬂ-**T "-—-1
[ ( [
a0 90 ' 90
Fig.57

43

LXVI LXVI




Fig.58

Fig. 59

36/61

N
—
by
A Y
hY
b
Ay
»
3 ¥
1
b
Y
I
LY Fl
1 H
] f
L} I
\ 12
5 ’l
L s
VI




37/61

Fig,60

>

Fig.61




Fig.62

Fig.63

38/61

S

A Y
\ s
r
\\ ,
4
4 ¥
[
rl
I
i
1] 4
Y ¥
1Y ¥
LY [
l-l--'
o
P
41 P
£
FILY
¢ L
t \
1
A Y
.
1
]
'




39/61

Fig.64

~
~
~
3
.
\\
T
\ ; 1
b
A
by
LY
0y &
Y /
5
41 P
s b,
FRal
U Y
4 h Y
' 1
4 by
L
F hY
i Y
I A
LY

Fig.65




40/61

Fig.66
" °
Taeae;eeae% a@e-:-eeeaeaeaf — 1
( {
a0 S0



Gli— Y3710"LNOD

JOVLE

H0S83204d
ViVA ONIOVIAY

o,
Get

Ll
N

r

HETI0dLNGO
TIVH3IAO

41/61

6¢l

HATIOHELNGD
WSINVHOZN

h

SNILO313S SNIT

Ny
1017

HJO1VINO3Y 3JoAN0e

HIMOd | LHOIT 438V

., m 7S

Xoi7 1 L0}
HATTIOHLNOD
J0UN0S LHOH 404nos |
NOLIVAYH3SH0 JHDIT H3ASYT
< <

LLL 0L

00¥

L9°D1g



NOILD3S ONIKMOLS

42761

1NdNI 3ZIS FENLH3dY TVOIdINWNN
LNGNT FANLINOVIN H3MOd

NOLY13uy0D [ EbY
A
h
NOILDOAS
>HUOLOIIS FZIS — oy v Ted 3OV
J S~
L Ly
\ N
¥ Leh
621 HOLINOW

8951



Fig.68

Fig. 70

Fig.71

43/61

SET

POWER DENSITY (Alom?) | SOMERICAL SIZE{um)
1.24 % 10% 0.55 120
149 % 10" 0.55 150
1.49x 10" 0.8 30
1.49%x 10" 0.8 50

Rz ()
0.55 150
0.8 60
POWER DENSITY(Wicm?) { SIZE( 12 m)
1.19x 10" 30
1.49% 10" 50
1.79» 10" 80
2.98x 10" 120
5.06% 10" 180
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