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L—VHRFEZEZHAL, GHAM CARLEITSEI L RT T A
T O WEHEE D % Fig. 2112577, L—HFR7 I 47 ICLDTy
VICHNDOEBRERD~YA 0T Ty I DRENRNDT, TIT ATy
VHENM ELTWAZ ERDND., INKY, VL—YFRT T A TIT,
IN—=T 4 Z VO L T T AERBEOM EEvS FPD ®EITEIT D
HTAERSW TROEREW T AT AOMTIEE 2D D2,
LInL2Ris s, V=PRI T4 TERBEMT LIRS IZTALZ6F, N
TAI=XLNEFH T2,

T, RETIE, MBS L mABORBEZZEZ TRRES L, &
Wi CREBIREZBET L LI, A7 T T AEEEE L TR
HEBRIZE-TROT., ZhbD0ERMBRICESE, BRESRSL—H
A7 TATAREGM 2 8RR T 2 ERAZHBNICHLNIZT D720,
AIREFRIEICL D ZRCBIS NN 21T o 72, 70k, ZIRICEIGL ) AT
HOFE TITYY, —RIGT & Dk 21T - 7.

]

Crack surface of
laser scribing

Laser irradiation surface Scribed edge

Crack depth

Scribing direction

Separated plane

Fig. 2.1 Example of separated plane by laser scribing



CO; laser

Laser beam
\‘% Mirrors
(] ] SS 7 Lens

Water jet

———-_  Heating area

I Glass
——

Scribing direction

Cooling area

Stage

Fig. 2.2 Schematic of experimental setup

30 20 10

Fig. 2.3 Beam profile of laser scribing (unit: mm)

22 EBRFGIE

Fig. 22 (2 V=Y R 7 I A4 TRBPIEEBZ RS, £, V7 A AR EEZE
WEAT —VICHEE L. A7 T7A4A T 2MET D07 AEEIHICAT T
AT ORRERDIPMBHEE D v ¥ —FK A — /L T&T, KIZ, AFHT
250 W, & 106 um @ CO, V' —H %, 2 D ea—FI 77— 2D L
YAEHWTRETHEARBIREZ2D LI —AKE L. Fig. 232t
— A7 T A NVOR ERT. WIMBRARE, LT RHETT X
HREBICHEE L, AT —V2HWT L= E N T R EEWITHE ) 72
WEABS, A7 T4 T TEMREEMA L. L—FHO®%RIEMNIT %,
UA—H—Vxzy MLV AmLE., IO FREEZEHWNT, HEET
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X

Cooling area Heating area
Y

o
=
N

Scribing line

Glass

Fig. 2.4  Definitions and variables of geometry used for heating area, cooling
area, and respective distance

Table 2.1 Typical condition for experiment and FEM analysis

Glass thickness 0.7 mm

Glass size 300 mm x 400 mm
v Scribing velocity 200 mm/s

P Laser power 58.7W

2Xx, Minor axis of heating area 2.1 mm

2y, Major axis of heating area 22.0 mm

d Cooling point distance 10 mm

2x, Minor axis of cooling area 2.0 mm

2y, Major axis of cooling area 3.0 mm

Qa, Heat transfer coefficient of collision point 10° W/m’K

MIMBHNO R 7 T4 7 Hmc®kEaREZ ETE ¥, Fig.24 1L —H%
E— LI DMBN L T — X — D = v M X DB E N &R E R
S

AEHZ X, HE 0.7 mm, ¥ A X300 mm X 400 mm D Y — X H T A K
W& MW7, Table21 IV —H R 7 T4 T&MERT. A7 T4 T HE
ELU—PHAIAREMBZT L TWVS. MEBURO K& S1%, 1/l BE L1/
FREZHAWTRLTED, GAO RE L, 7 AVREEIENY A, B
FO 7 ANET T AEREEOBEHE CREDLIER TR LEZ. E— LI,
MEGRME, BLXOWHASEREJT—E & L.

11



Table 2.2 Physical-properties of soda-lime glass

Density Y 2520 kg/m3
Specific heat ¥ 800 J/kgK
Thermal conductivity ¥ 1.03 W/mK
Expansion coefficient > 8.7x107° K
Young’s modulus 6 71.6 GPa
Poisson’s ratio ® 0.23
Softening temperature 6 720 — 730 °C
Average bending fracture strength 6 49 MPa

TOXI RV —VRRESKMETH T AEKRD 300 mm DI FEATIC L —F
A7 TA T Lie. T AEROFIE & i L Tl CIRBRES KA
ML%ﬁwk@,xﬁ?%ibt3wmm§@$%%2mmm@ﬁﬁ?
BANET LT R T4 TR EL, ZOHMATRRAETHNEIEL
CERITTATRAT LW LTn. £, A7 AERICBA AR LA =D
WEDENTT ATy VHBMENMETL, MTHRENREYROT, 20K
IRBAB AT TATARAELHB L., 27 T4 7%, 77 AERET

WL, EFBEMEEZ MV TRESD ZHIE L.

2.3 BRI

EBRICEVRDIZAT T4 THRMEICEST, WHT v 77 5%,
A IREEFRVEIT X 2 I E & BMMEMAT 217 - 72

Fig. 24 D XD H 7 AEKRDO LV —FREEIZ x—yEBELZ LD, yElh
MaA7 T4 7 HmEL, z@iimMERESmE L., V=TT AD
W PEAE Y121, Table 2.2 OE Z W\ 7=,

Fig. 2.5 12 = JC FEM M@ O BEHR o H 2~ 3. Z 2 TIL 8 Hif 1 kE
FEHWEZ., FHEZEE L T0.7mm x 30 mm x 200 mm O 8% & fE 4T
Lz, EBRTOARAZ T4 7EIZ300mm ToH DA, 200 mm Tt 115040
CETAONRN 72O T, FRAMEZIERT 2720, ZZTIEAZ T
A7 HK%Z 200 mm & L7z, FAFFEEBEOPLICE o2, E— AT

12



=

(b) Cross section model

Fig. 2.5 Three-dimensional model for FEM analysis

) (x#lh5M) OB ORK/MEE 58.6 um & L, WEFHH (z#hHH) X
43.75 um CTHEZE Lz, mENR @B T 5 & & O IE % 5 127
X570, Fig. 25 DX, A7 ITATEOHRNMNEE AT T AT
Jim (y#EhJrm) 1 125 um RIFE TR < o8 Lo, ME R 7452,
TREIL 6095 THH. K AT v 7, 0125mm 2 A7 J A THEY T
brL7-FERT, 37205, 0.125mm/v[s]E L7z, MEL, BIOWmEIO KX
XX, Table 2.1 Dz Z O F EFHW, WIT N b H T A4 & Lz, Fig. 2.5 (b)
DX, AHEITRAORVIREEE L@l s R L. PR
(y—zi) O OME I x#h, IOzl HmmicmER L.
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y =200 mm/s
d=10 mm

(a) Temperature distribution of laser scribing

A 10 mm

P
(b) Teperature distribution on y—z plane

;
=] |
1S
™~
_
1 mm
20 60 220 420 °C

(c¢) Temperature distribution on x—z plane in cooling area at y =0 when the center of
cooling area reaches y =0.375 mm (Section A-A)

Fig. 2.6 Example of temperature distributions by 3D FEM

HFROWEREFELTZEZ A 09793 %L o570 T, RIS
FEFHC X o THIE LT T AEBROKFF 185 %% EREL T, L—¥H
NEPELTHT AFER~DOANBEIL 0.798P[W]E L7z, HEROBEE
i, EHETH 0983 %&, FFARMICIFIEF-—HTr2ELGoNE. L—
MBS T2 H T A FERFE CHHAKDBERFICAR T 5 BLG 03 K5 CTHl
BEINDHZEE, KARKIZS~8um ICRINEEHER®IH DL ", W
HAKIZED CO, U —F OIS LTz, HREEOBIURER o X, 7+
— 2=y FOWHE (ZOHE 08ml/min) LV EHB LY. bk,
AKX 20 "CITHIBEI L TV b, EBRTIEX, V—¥Hh, 7 T4 T7HE,
BLOMASEMIAZELL T YV —F—Y oy FOREITZE/LIE R
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P=58.7W
y=200 mm/s
d=10 mm

(a) Stress distribution of laser scribing

0.7mm

A‘

- 10 mm
B i

(b) Stress distributionon y—z plane

112 -9 -8 6 -4 -3 48 MP
........ &

(c) Stress distribution on x—z plane in cooling area at y =0 when the center of cooling
area reaches y =0.375 mm (Section B-B)

Fig. 2.7 Example of stress distributions of o by 3D FEM

WO T, EREDOBURESR o 13 Table 2.1 OfE & AW 72

BAERZERT OB, BEORVIRIE TS IR 217, Z Of
ENDIRDIERBEEEZRDD Z BN i k<fTbhTnp Y =z
TH, ZOHBICHET TRADZRVIREE TR T L.

mlziE, V=Y P=58TW, A2 T A 7HEv=200mm/s, % H
MR d=10mm DR T A4 7&MEDEE, y=0 DHDORESEIG T o,
DERKERDZOE, GEFLNYy=037Smm DL X ThoTz., ZTDL X
DR E 3 A & I 153 A D ERT RS R A £ L Z 1L Fig. 2.6 & Fig. 2.7 IZ/~ 7.
Fig. 2.6 (a)& Fig. 2.7 (I LV —VHRHNE TH D x—yHEi & x=0D y—zf %,
Fig. 2.6 (b) & Fig. 2.7 (b)IT x=0IZ B % y-zifi %, Fig. 2.6 (¢)& Fig. 2.7
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Stress o,, MPa
-60 -40 -20 0 20 40 60 80

0 //‘ T
01 r—— -~ - -
0.2 O-tmax
£ e N O H
= 0.3
W04 - N
0.5 P =587W
y =200 mm/s
0.6 d =10 mm

0.7

Fig. 2.8 Stress distribution of o along the z -axis of Fig. 2.7 (¢)

@ﬁh}O@xz@%TLTV%>Eg2M@(M®i9 , 2 B I
=LV BN TRARMEICEL, TOE%, HHINLAMITEK TS
L. WNEREL, 228832138, MALHHOEEELZZ FIC <k
, WHEHBR TR, FHEE TR HEAINTWS . 2RIV, Fig. 2.7 (a),
(b)D X 51z, FmrfF TIXMEBIR TIEMIS DA% AE L, BHEOZEHH
K o TRWMITIERE IS 102 B S8R IE T~ LT 5. MBIk O NE CTiX, z 7
WML CIREMETT 513 E, EMSREAD L, HicslRkisheEnro
TWa. WHE T ORNMIZEMG DREICH D, ik, REAZNS
NTHLHNERELERIERBICHLTEOTH S.

Fig. 2.6 () HonD LH1T, x—zHDIBRESHIX, BEHIEZTHAS
, NIHICHHOEEZZNZEZIT T RWVWERENERT 5. 6]
AT, Fig. 2.7 (0)D K 212, WNEICERAFT 2 MR EiE s % & 72
D, WHEINIZH T AERKRHEICKERBIRISOABREET S, 205k
IS XV BANETT L EHATE S,

Fig. 2.8 |2, Fig. 2.7 (c)® z#h E (RE M) Do DISIH5HZ T .
LT, MEBCTRET LDRED o, D KLIRIE % o, [MPa], Z®D&
EDOH T AEBRNE D o, O KEMIS T % o, [MPa] (#axtETERT),

Cmax

BXO, Mo 7 2 ERFHOKEGRZBELT _[°ClET 5.

max
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0.1 mm

0.1 mm

Fig. 2.9 Mesh geometry for FEM

ZRICIRANT & DEEZAT O T2, ZIRJUENT 21T o 7. IR LR &
THOHEE, x-—zHEICARERET VAR T . £ D EFE 5 EI% Fig. 2.9
WZoRT. A EE L T0.7mm x 30 mm OEKE MR L L, B—
LgITm (xqhd7m) OoEORANMEAE 3.7 pm & L, RIEG W (z#h7
1) O FENOER/IMEZ 2.7 um IZ5EF L7, RETREIE 769, TR EIL 721
Thd. B A7 v 7%, 025mm/v[s]l& L7z, H 7 A0, NS
ff, B L O AN T = WOt & [RARIC L7z,

x—z [ O ZIRTCEUZEMRNT TIE, L—PF E—2F 0% y=-15mm O
B D ydhTm (RO RS FRT) (ICEAL, MBS L mAZRE%
R & bl BfbEEn. ki, o RBESZH W T,
0,=7,=7,=0 E L PHEISAHMBEE LT x—zl O “RITBUS T
MraiTolz. 2ok X, b —WFIRREHSG 2 x 8l 5 M ISR U, il 2 x i,
BIOz@ihmiczhZhiR L.
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24 EBRFERLER
241 V—HPR7 T4 THE
BHRESICHEBEZBZ2HRNEZWET L7720, L—FH ) P=587W,
A T AT HWEv=200mm/s DFEMFET, HEGEMIZ 10mm 7> 5 2 mm
FFRCTHMSE T, 2O EOBRAREI D, ZWE L. K% Fig. 2.10
5 N BN
FTEBRBERICESHT, BAMCTORTE KBRS o EWHHR
HEEd OBR Z2 ZWRICEIS RN HR O 2. fER A Fig. 2.11 (2.
d=14~16mm O & & o, (TR K ERY, d=16mm Ll L TIiE, dIZHH
LTo, 3BT 2mNHALND. dB¥ENT 5 &, BIHIC LY ®
AERTO N T AEREERENCT L, @ABOERERE & NEIRED
ENWNSL Do, HNEPTLHEZEZOND. d= 14 mm LLFT
O WIE T LTS DL, MBI M AR S E 2V, B LT IX R
mHINLTD, HITANT~OEEOANBENBDVPTHZ LIZXLDE
EZbND. WTRICLTY, Rilix K5IERE Do, NENT 5 & BR
RED LIRS 2DHEEZEZDE, MBS E MANER SR WVEFH Td MR

180 T

—
~
o

—_
D
o

—
=
o

Crack depth D, ym
g

—_
w
o

v=200‘mm/s

120
5 10 15 20 25 30
Cooling point distance d mm

Fig. 2.10 Crack depth D, versus cooling point distance d
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NS 21E o, DEMT 20T, BHESD GHMTHZ LIRS,
Fig. 2.10 ® D, & Fig. 2.11 Do, ZHET 5L, d=18 mm U LT, 47
BT 1o, BHENTDEWSEmIED,OBMmE BT 5. Lil,
d=18mm TD I KEERL, d=18mm L FTIX, d¥/hS< 251
ED I LTS, ZoZehs, BHEIROKRERKSIEL Do, D
HTRHEERI D EFm CERN LI D,

F T, WEARCTRER RGBS o, NIEAETDH L, NEEMEIS
NOMHEN R KR ERDES(LUE, o, JRS LWL WA SEREdD
R % T BUS T DR 7. £, NERKEMIG Do, W
HAHEREd OBAfR % Fig. 2.11 ICERT/ART. Fig. 2.11 1B WT, o &

X dIHpFI LTS 503t LT, o, iddBEINT 5 LHT 5
AR H DI LBnbrid. dBRHENT 2 L BILHEEH d/v RIS 25 O
T, WO ®mIEEA TN TIRS 20, EMSAREMI LD L
2D, WEEMISITRROES Fm~DEREZY T 2ERNNH 5
DT, dOEMTHE Ve, RSBERS > To,, B/NHNSL< 2D LT,

70—y 250
j | - P=58.7W
i | | - v=200mm/s |
S S — s e T —
g TS N, s
: Ve | :
T — o o o A —= 200 ©
L L °
S U .
R Sy (. 11750
R o i T S NS :
7)) IS, S D I S '

5 10 15 20 25 30
Cooling Point Distance d mm

Fig. 2.11 Maximum tensile stress o, _ , maximum compressive stress o, , and depth
max Cmax
of o versus cooling point distance d

Cmax
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BREESDPERS DL LITMAETHLEEXOND. Fig. 2.10 DRHEE
ED X, d=18mm UL FClEdickpliLTHmMLTEY, Z2Do,, B,
BLOo,, D EDOHBEOHEME —HLTVD., ZhbDIENnb, &
HRR S DT AT O FRE R K EIE T o, & W KIEMIG o,

BLOo, HESIKEL, ThOOBEBHRICLYREDOTEARLN

P=58.7W
v=200 mm/s
d = variable
—"’-'b— Glass Separated plane
A | % p p
—~
i i 1<\ Crack depth D,

—
|

Y -
a2
3
! T, Y
Q -
g v £
o) a3
2 z
!

(a) Cross sections of separated planes

(ii)

20 60 100 140
® &0 6O OO ®

(b) Temperature distributions

3
3

(ii)

1 mm 48 MP
——————————
® 066 00 ®

(c) Stress distributions

-112 -9 -8 -6 -4 -3 0

Fig. 2.12 Cross sections of separated planes, temperature distributions, and stress distribu-
tions for various cooling point distanced ( (i) d =10 mm, (ii)) d= 18 mm, and

(i) d =24 mm)
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EHERIND.

CORHMDOZK M EERT DD, T AoWHim CRAEBIRE B
L72. Fig.2.12 (2, WHEIASHEEEd=10,18, 1 X O 24 mm T D 4y W7 W 17 5
HE, ThZFhomAEA GBI T 2EE DA &S o4 %2~ 7 . Fig.
212@%0%%%&,d=1824mm7ﬂi,z$wﬁm1: EIZAETTWSE DI
LT, d=10mm (2725 E BANPEFIZEH L TS, mEIERE D
W+ 5 &, Fig.2.12 (b)D X 512, BPLEUC L0 WENZHEAFT 5 miR S
ﬂﬁ<ﬁb,%@kﬁ%@mf##mé<&01mé@ﬁbﬂé zhn
[P VNI i RIERE IS 71 o, B &8 Fig. 2.12 (¢)D X 9B 72 » C

Cmax

qm@k%éﬁmé<&ofw5.

Fig. 2.12 (a) D &I & Fig. 2.10 OB X D, %, Fig. 2.11 O AT #E
BEOEEELTHD. Fig.2.10 I8\ T, d=18mm CTREE X D, 1L 158
um EIFIFEH AR E RV, Fig. 2.12 (a) (i) RT L o ic, BZITEBEICEL
TWb. ZmoE X, Fig. 211128 T o, HESI ﬁlwumkﬁofm
%H.d=18mm XV KZVd=24 mm TlE, Fig. 2.12 (a) (ii)IZ R T & 91T,
D 152 pym TRRELS 2o T 5. Fig. 2.111ZB W T, d=24mm O &
Do, WEIFHM200um T, d=18mm D & X LV IEL, o, &o, X
EHIZEVNEL D, 20D, DITd=18mm DL X LViEK ko
T, BALHENIEMHISC NG ETELRVOT, BREIEEICALD EE
b5,

dN18mm X VD32 L, Fig. 211 BT, o, HRIDKFIZES
B EE BT, o, HHEL, o bEERINT D, B L A HEA
HR21EEdN/NEsLndLo, TP T LN, T THHEHRE R
EAMEFFEN TS, 22 L REOLI RIS TIIHEANZ L > TRAET D
P THLN, NEHOEMISHPEREOGIRERNZMESEL LBV
L. dBWNEL bl o, DMV LITKE REEMERT 2EHADH
L7, DITERLS 0T WVneEEZLNS. LML, d=10 mm T,
RN T@&wﬁﬁ:k%&E%mﬁ%ﬁﬁﬁﬁét@ BT REIC

MR T &9, F1g212(a)(1)0)c]:9 , BRVEFEICEMT D, ZOBEE
mBHOEMIZLY, ﬁdwumk&<@5k%x%ﬂé.
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Depth of Ope

(a) d=10 mm (b) d=18 mm (¢) d=24 mm
Fig. 2.13 Schematic of crack formation imagined from thermal elasticity analysis
results for Fig. 2.12

Fig. 2.12 (a)lZ 7~ L 72 SEBRAE SR 1E, AR S D, 23 HIsk ¢ o 3R 1 iy K5
win o, LR KEMEE o, , BEPo, JRIITKFL, Z0b
DEEDRICIVREDE VI ETRORHOZYEEZ BT VD LW
5.

PLEDZ &%, Fig. 213 ([Zm AR OIS ke & AR o X TR
T. MoORHoOmE L, REMA5E, NBAERTHLZ a2 RmLT
50, REIORE S No, EIWKFETDHZ L, BROBIRERSIRZ
Nl THR_REDLZEEZRL TS,

242 V—HFRIFATHRBEHEOHE

L—H 27 54 TARESRNE, V—HHDICHTH A7 T4 7 ATHER
JEE L THERRICKYRD ., LEBRE R Z Fig. 2.14 (27 . X o &iE M
DXANIV—HF R 7 T4 T OREMEITVE L LTREA R L TR Y, (R
DXENIBA 72 ZA =N H T ABEREmITE T2 REEZR LTS,
—HPFHADREINT B0, A7 T4 7AEEHEE G &HIZ 2 MmN H
%. Fig. 2151%, A7 T4 7RI L THE L-BHESTHD. %
L— AT 5 BEESIE, TOWREIDIEVTNAZ T A4 THED
RN, WA EBHEMICIS L TWD.,
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Fig. 2.14 Domain of laser scribing conditions obtained by combinations of
scribing velocity and laser power
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Fig. 2.15 Crack depth versus laser power
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WL ODPDFEBREFMEDO S & TERTBIR NI 24T o Te it AR R 2R3,
Moo 7Tey NRBEXHHROREHRKSIER ) o, (FHEHE)
Z, Flo7 ey MBI RER&SBZERET, (Gftih) Z2&RLTw
L. P OFRLFIEFig. 2. 14 O HFEXIELTWD., L—FH IR —ED
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3D analysis
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Fig. 2.16 Maximum tensile stress o

range in 3D analysis
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E2EICBWT, WE 0.7 mm DY —FH T AR EA L —F =%
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CRTEOIRV—F R FTATHEEZRB L. L—FRHEICEOV T
AFERFBER BN S AU, K9 bWNEHA~EBN{mH 5 (Fig. 3.1(b). L —
PMBABERZICV A —F—T Yy NTEY, REXGHIND (Fig. 3.1

Water jet Laser

(a) Top view: Temperature distribution on glass surface
La{\

Compressive stress
(b) Section view (at A-A): Compressive stress induced by heat

Water jet

™

Tensile stress

Compressive stress

(c) Section view (at B-B): Tensile stress over compressive stress field

. Stress .
Compression<= === Tension

tmax

Depth

(d) Stress distribution along the central axis at B-B
Fig. 3.1 Schematic of laser scribe mechanism
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FHENTWDE. V=PRI T4 TEBIE N ERHNZMTETH DO T,
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IbxB 27256, WELHBERGEEP LT TEELZRMEICT L2 DR
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Table 3.1 Typical condition for experiment

% Scribing velocity 200 mm/s
P Laser power 58.7W
2 X, Minor axis of heating area 2.1 mm
2, Major axis of heating area 22.0 mm
d Cooling point distance 10 mm
2x, Minor axis of cooling area 2.0 mm
2y, Major axis of cooling area 3.0 mm
1S
30 mm ‘ g
ol x
et T
I
0.1 mm -
|
0.1tmm — 7
| |

Fig. 3.2 Mesh geometry for FEM analysis (Glass substrate with thickness of 0.4
millimeters)

32 EBRFGE

EBRIIF2FEEMRRIC L. L= X7 F 4 7 %1% Table 3.1 Dfa %
Anwl., 22947 8ELL—YFHINIIREFMEEZTLL TN 5S.

BRIE 0.7 mm, ¥4 X300 mm X 400 mm DY — & H T & (JH# 1
AS) 1L T, WEDOEEELM58546, REHIIE, HE 04, 0.55, B
L1l mm, ¥ X300 mm x 400 mm O Y — & H T ZHM & AT, #
GIRIR B DB A PR D5, AEHTIE, RE 0.7 mm, YA X 360 mm X
460 mm O TNV )V — " H T A (a—=2 78 1737) EHRIE 0.6
mm, V4 X 150 mm X 150 mm OAFEH T A (JEME -8 AQ) = HHW
7.
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Table 3.2 Physical-properties of glass substrates

Soda- Alumino Fused

i Ref. .. Ref. | .. Ref.

lime silicate silica
Density kg/m’ 2520 1) | 2540 5) | 2200 6)
Specific heat J/kgK 800 1) | 707.5 5) | 730 6)
Thermal conductivity W/mK 1.03 1) | 0.9085 5) | 1.3 7)
Expansion coefficient K ' 8.7x10°°  2) |4.2x10°°  5) |0.6x10°° 6)
Young’s modulus GPa 71.6 3) [70.9 5) | 73.4 6)
Poisson’s ratio 0.23 3) 10.23 5) [0.17 6)
Softening temperature  °C 720-730  3) | 975 5) | 1600 6)
Critical stress intensity MPam'® | 0.76 5 1091 5 1079 4
factors (N, 300 K)
Fracture surface energy = 1.9 4 |47 4 |14 4
(N> 300 K)
Reflectance % 18.5 12.7 12.83 8)

3.3 BULS SIERAT

B2EIZBWT, ZRIEBICNMT T L —F A7 F 4 T ReEt%E
WETEXHZLEDRHLNIR-TE-DT, 22Tk, A EAHEEEL T,
X EHM R RN 21T - 7. Fig. 3.212, HE 0.4 mm © FEM fEHT 12
AWEEZNEZ L LTRT. BT 2A0WMEE, MBS, BXOmA
FUEE 2 BMEFERICLEE., A VU — NI A, BXRAETZ
2N BT DMEATITIX, Table 3.2 DY A H\W-. W00, VY —27
TADOYMEEHFEL L TWD.

3 WITRADV—FRIFTATITBITIREDRE

3.41 EBER

WIE 0.4, 0.55, BEXO 1.l mm OB T AERIZBITDHL—HF AT T4 T7H
BEEMtE, V—YHAOICKHT A7 T4 7AREEE L LTRDZ. b0
FEBHEREZNTNOFRIFICHIT HBEES D & Fig. 3.3 12777 . KE 0.7
mm (%, %2 EOERSEREELE L L. Fig. 3.3 (d) OOHIE 0.4 mm (2B
T, =P 80.5W TiE, ERILEOKEEEFE 500 mm/s TH R 7
A4 7 HRETH - T-.
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(i) Scribable velocity versus laser power
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(i1) Crack depth versus laser power
(a) Plots of scribe conditions for glass substrate with thickness of 1.1 millimeters

400
350
300
250
200
150
100

Crack depth D, pm

a
o

0

20

L h=0.7 mm
d=10 mm
.
F ]
u
* u
R - e
n
,,,,,,,, H FE
i .
L H =
L
30 40 50 60 70 80 90

Laser power P W

(i1) Crack depth versus laser power
(b) Plots of scribe conditions for glass substrate with thickness of 0.7 millimeters
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(c) Plots of scribe conditions for glass substrate with thickness of 0.55 millimeters
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(i1) Crack depth versus laser power

(d) Plots of scribe conditions for glass substrate with thickness of 0.4 millimeters

Fig. 3.3 Domain of laser scribable conditions and crack depth for glass substrate with

thickness 0.4, 0.55, 0.7, and 1.1 millimeters.
represent conditions that crack progress was arrested and “x

(1) “x” marks at higher velocity
” marks at lower

velocity represent conditions that glass surface was damaged by laser heating.
(ii) Deeper crack depth corresponds to the lower velocity condition.
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Fig. 3.3 (a)~(d) (W WT, HHEMOXENZL—HF R 7 T4 7 0@z
FIAMEIE LIRREZ R L TR Y, KM O XHNTE 2 4 2= IR H T A
FEWRFEIZFE > TREEEZ R L TV D, Fig. 3.3 (a)~(@d) ()BT & L —W
MR T 28RS DX, ZTOWIBENTN AT T A 7B O

, WD EE NI RS LT D .wﬁh®w5:$mf% L=
MEINT HI228, A7 74 7AREENEGRICRL2ERARZH 5. £z,
7 A= WECTZA 7 FA4 75404 (REMO XHD) 1%, REICXHT,

IEFRUCEMELERSTND.

BE 1.1 mm OBLEITHE I L2 FF (Fllo XED 1%, L—F (X
HAMTAY T A 7 A REHREFIH AN A OZx LT, mE A ik 22 -
T, A7 T7A 7#HEv=350mm/s L ETIIAZ T4 T ARA Lo TS, —
¥, WE 0.4 mm TiX, IKHOMITRAY T4 7T EREN L, L—H
M1 P=304W TIL, TRTORZ TATHEIZEWT AT T T ARA[ L7
STW5., ZRICH LT, @S AMDO R 7 54 7 AEEREHPIZIAL, 22
TATHEv=500mm/s THARAZ TA T LigoTND. DFV, HWE
KR2IFE, 27 F7ATHEDFEHEMTAZ T4 7 LITL L, RED#H L 72

, A CTAZ T4 T LI K RDHEBBH 5.

FIT, BB T A—TUNEURD T2 HOD AT T4 75 OBEES

D, %, WEICH U CHPE L7245 % Fig. 3.4 ([OR7. AZETNEIEL T

250 Experimental result
e 30.4 W, 80 mm/s
3 200 39.5W, 120 mm/s
Q 52.8 W, 160 mm/s
ey
B150 -/ T ——— -
)
°
fé 100
O S~ 71.0W, 320 mm/s

50 r L
0 %
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Thickness 4 mm

Fig. 3.4 Relation between crack depth and scribe condition for glass substrate
with thickness 0.4, 0.55, 0.7, and 1.1 millimeters
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A THRENSRICRD & o, AT LTWD. 2, Fig 3.3 (a), (¢), (d)
GV T, B CREE éﬁ&<&éﬁm?%é WIFnoLr—3H
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(b) Glass substrate with thickness of 0.7 millimeters
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(c) Glass substrate with thickness of 0.55 millimeters
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Analysis results of maximum tensile stress o~ and maximum surface tempera-
ture 7 for each glass substrate with thlckness 0. 4,0.55, 0.7, and 1.1 millimeters.
“x” marks at higher velocity correspond the arrested conditions of laser scribe crack
progress and “x” marks at lower velocity correspond the thermal damage residual
conditions where glass surface was damaged by laser heating. (a) to (d) corre-

spond to Figs. 3.3 (a) to (d) (i).
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Fig. 3.6 Maximum tensile stress o, = and maximum surface temperature T,

for each glass substrate with thickness from 0.4 to 1.1 millimeters
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Fig. 3.7 Temperature distributions on x—z plane and deformation at the time
when o, is generated for each glass substrate with thickness of 0.4,
0.55, 0.7, and 1.1 millimeters
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Fig. 3.8 Stress distributions of o, on x—z plane and deformation at the time
when o, is generated for each glass substrate with thickness of 0.4,
0.55, 0.7, and 1.1 millimeters
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Fig. 3.9 Maximum tensile stress o, of each laser scribe conditions for each
glass substrate with thickness of 0.4, 0.55, 0.7, and 1.1 millimeters
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Fig. 3.10 Stress distributions of o, along the z-axis at the time of o, gener-
ated for each glass substrate with thickness of 0.4, 0.55, 0.7, and 1.1

millimeters
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Fig. 3.11 The domain of laser scribable conditions and crack depth of aluminosilicate
glass and soda-lime glass. (i) “X” marks at higher velocities represent con-
ditions in which crack progress was arrested and “x” marks at lower veloci-
ties represent conditions in which the glass surface was damaged by laser
heating. (ii) Deeper crack depth corresponds to lower velocity conditions.
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Fig. 3.12 Analysis results of maximum tensile stress o, and maximum surface

temperature 7, of soda-lime glass, aluminosilicate glass, and fused
silica. The “x” marks at higher velocity correspond to the conditions in
which laser scribe crack progress was arrested and “x” marks at lower
velocity correspond to the conditions with which there was residual
thermal damage. (a) and (b) correspond to Figs. 3.11 (b) (i) and 3.11 (a)

(1), respectively.
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Fig. 3.13 Temperature distributions and stress distributions of o, for soda-lime
glass, aluminosilicate glass, and fused silica (P= 58.7 W, v= 150
mm/s)
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Fig. 3.14 Analysis results of maximum tensile stress o and maximum surface
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temperature 7 of fused silica with lower scribe velocity and higher power

compared with Fig. 3.12 (¢)
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Laser irradiation surface
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Scribing direction

(a) Laser irradiation surface
Q
éd-(b) i

7

Separated plane
Alumina ceramic (b) Separated plane

Fig. 3.15  An example of a face of alumina ceramic (Al,O3) scribed by laser
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1st scribed line 1st scribed line
\ 2nd scribing 2nd scrlblng
Glass
]
(a) Stop of the 2nd scribing (b) Progress of the 2nd scribing
at the 1st scribed line across the 1st scribed line

Fig. 4.1 Schematic of laser cross scribe
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Cooling area Heating area

2y,

1st scribed line

2nd scribing line

Glass

Fig. 4.2 Definitions and variables of geometry used for heating area, cooling area,
and each distance

Table 4.1 2nd scribing conditions for experiment and FEM analysis
Glass thickness 0.7 mm
Glass size 200 mm x 200 mm
v, 2nd scribe velocity 160~280 mm/s
P, Laser power 58.7 W
2 x, Minor axis of heating area 2.1 mm
2y, Major axis of heating area 22.0 mm
d, Cooling point distance 10 mm
2x,  Minor axis of cooling area 2.0 mm
2y, Major axis of cooling area 3.0 mm
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Table 4.1 (273 ETE, RE,

KBz Y —

L—H R

&M, BXOBASMEZRT.

VLIRAY FA4T75&M1E, V—VFHITP=58TW, A7 J A T #HE v =240
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i, GHISEREdG=10mm & L. 2RAT 74 7%, 2RAZ 747
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(g) v,=240 mm/s (h) v,=260 mm/s (i) v,=280mm/s (j) Magnification of (f)
Fig. 4.3 Photographs at the intersection in laser scribe; (a) Separated plane of the 2nd scribing,
(b) Laser irradiation surface, (c)-(i) Separated planes of the 1st scribing (2nd scribe
velocities v, =160 to 280 mm/s), and (j) Magnification of (f)
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$3400 15.0kV x30.0k BSE3D

(a) Glass surface where laser (b) Glass surface where laser
scribed line can be seen scribed line becomes
invisible gradually.

Fig. 4.4 Photographs of laser scribed line near the initial crack at the start
edge observed through scanning electronic microscopy
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Laser irradiation surface

2nd scribing direction

(a) Mesh geometry
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(b) Cross section model

Fig. 4.5 Three-dimensional model for FEM analysis
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Fig. 4.6 Stress distributions along the y—axis (2nd scribe velocity v,= 200 mm/s)
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(a) Stress distribution of & in the 2nd laser scribing
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(b) Stress distribution of o, onthe y—z plane
Fig. 4.7 Example of stress distributions of o, by 3D-FEM analysis
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Fig. 4.8 Stress distributions of o W along the y —axis (2nd scribe velocities v, =160, 200, 240, and
280 mm/s)
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Fig. 4.9 Stress distributions of o, along the z-axis at the position of Oy SCNCT-
ated in the heating area (2nd scribe velocities v,= 160, 200, 240, and 280
mm/s)
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Fig. 4.10 Stress of o, onthe x—z plane in the position of . generated in the heating
area (P, =58.7W, v,=220 mm/s, d,= 10 mm)
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Fig.4.13 Stress distributions of o, along the z-axis in the position of o .
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formed by cutter wheel
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Table 5.1 Conditions for experiment and FEM analysis.

Glass thickness 0.7 mm

Glass size 300 mm x 400 mm
v Scribing velocity 200 mm/s

P Laser power 58.7 W

2x, Minor axis of heating area 2.1 mm

2y, Major axis of heating area 22.0 mm

d Cooling point distance 10 mm

2x, Minor axis of cooling area 2.0 mm

2y, Major axis of cooling area 3.0 mm

o, Heat transfer coefficient of collision point 10° W/m*K
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Fig. 5.3 Crack shapes generated by laser scribing with various mask widths
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Fig. 5.4 Relationship between the maximum crack depth D, under the masked
area and mask width W_ for each thickness of the glass panel of 0.55,
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Fig. 5.5 Crack penetrated to the back side (#0.55 mm, W_=0.97 mm)
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Fig. 5.6 Three-dimensional model for FEM analysis
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Fig. 5.7 Temperature distributions on y—z plane by FEM analysis
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(b) W, =0.25 mm

(¢) W, =0.5mm

(d) w_=0.75 mm

(e¢) W,=1mm
20 &0 100 180 220 420 °C
® & O ® @ @

Fig. 5.8 Temperature distributions of masked area on y—z plane
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Center of cooling area
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05 F--—- @ € ~F-—————— P=58.7W
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<>/‘/ d=10mm
-1 | |
-0.5 0 0.5 1 1.5
yctr mm

Fig. 5.9 Relationship between y, of maximum tensile stress o, generating

point and center of cooling area y,,
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D177 0375 mm OFLE T, REGIRISIRKICRD ZEDRDND . M
WRBLIHBEICE VT D,y =Ve— 0375 OALEICIS T DK 51 HIE I
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T5.
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L DR E %m®%%%ﬁbt%®1%6 5 oh, UV A U
B CTHRLTE. yu=Vut 0375 THDHNG, WEF Ly, Ty, D
BT 0.375 mm OALEIZH DH. L7z’ - 7T, Fig.5.10 (2B WT, y, =
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Z& &R LTS, Fig. 5.10 (a) DBl O R FAE K 2 HAFE L3 <
L7280, y,. OOE S, mEET KO~V o7& B4R % Fig. 5.10 (b)
~ (A28 L=, Fig. 5.10 (b) % & EHE 23 i ~ Wz ir ST %
L&, Lo T, iRy, <00REZRLTWDS. 2oL &L, Fig.
510 (@b 5d X oIs, Kk KIIEIE o, (TESWDOEE TV o
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m
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z
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Fig. 5.10 (a) Relationship between maximum tensile stress o, = and its

generated position y, ~ when mask width is 0.25 mm and (b)-(d)

Schematics of change of o, at y, while cooling area passes

ax

over mask
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—Leading edge of mask

Y tmax mm

Fig. 5.11 Relationship between maximum tensile stress o, and y,_ of

max

maximum surface tensile stress generating point in cooling area

Fig. 5.11 |2, Fig. 5.10 (@)D W,_=025mm O & X 5D, E~WIEW %
SEIJFIZELALLLETD, REKRKIIERIE o, L EDORAEME y, O
R EZ RS, W,=025~0.75 mm ® & XX, ZFE~WHFLTo, D
KeZpoTwad., Wo=1mm E#E~WIENAL 2D &, o DKL R
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SWRITCEIE NIRRT TR ONTE AT T4 TAIRESRMFEDO L& W E, # 35
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ol i it 3T 5 C B O HEAT 23MF 1k U 7 FEBRAE B (Fig. 5.3 (d) & @ MR I
HTx5.

542 WIHFmMoBHER

I/

Al > X 512, Fig. 511128 W T, EBRTRANET LZW =0.25~0.75
mm OE~WIETIE, RERKGIEIE o, 3, b\ﬁ“h@m/\b\rhmf‘?b
AU (ytmaxz J2) TIRIEWMKE o7, Z OMHTHEFIL, EASVIE

FIF PR TRAUN —FEL o7 Fig. 5.3 ()~C)DHEI L —FH L TW5.
7272, Fig. 511 Do, OWKIEDL, W, O L T LTS,
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N Leading edge of mask A Y max = =0.25mm :
05 -~ Y nax =0 e | 05 -——-- i‘ 77777 : 77777777777 : 77777
06 F---- AN A A Maskwidth | g [____ R R S SR Mask width
’ | W, =0.25 mm ' | | W, =0.25 mm
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(i) In front of mask center (y,  <W,/2) (ii) After mask center (W, /2<y )
(a) Mask width W_=0.25 mm

Stress o,, MPa Stress o,, MPa
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05 r--- Y max = i v A 05 r-—--------- Y tmax
¥ max= 0.25 mm . | ‘
06 L-—---—~ [P B Mask width 06 L-—--—-- -~ -
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(i) In front of mask center(y, <W, /2) (i) After mask center(W_ /2<y, )
(b) Mask width W_=0.75 mm

Fig. 5.12 Time variation of stress distributions of o, on x—z plane including
maximum surface tensile stress generating point y, ~ in cooling area

WL o, NBATDERBESORKED, bINE b EEZLNRD
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BTy, NETDOx—zl DS 150 o, 2RO R % Fig. 5.12 [TR
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Vi = — 0.5 mm 5 S LR ®, f\b\EPll}(ytmaxz W/2) ETHEADTS.
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ﬁ«u\q:,b% 5 &, WEBEMIS T IZEEIN L, i i 2 5 1% 5
0.5mm DALEIZET D L, T7bb, ’\U‘fhEaW—OZSmmfﬂiytmax—O75

mm, W,=0.75 mm TlLy, =125mm O EIZET D &, 1T Tohs ik
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BBICR DM 5 5. Z O—1HEOWNEIS N5 OZEmIx, LT
BN —F/IEL 72572 Fig. 5.3 (a)~(c)DFEBRFER L —FH L TW5,

b Xz, y, S~ (p, =W, /2) 123k & & (Fig. 5.10 (¢)
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Stress o,, MPa
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(a) Mask width w_= 0, 0.25, 0.5, and 0.75 mm

Stress o,, MPa
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(b) Mask width w,_=1,1.5,2, and 3 mm

Fig. 5.13 Stress distributions of o, in model A on x—z plane along center axis
of mask width in cooling area
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JBMEIELTEEBEZOND. EASWIEEZ W, =047 mm, 0.75 mm & T 5
&, D, NXFNEI 396 um, 507 um EELS 2o TS (Fig. 5.3 (b), (c)).
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(a) Mask width W_=0,0.25, 0.5, and 0.75 mm

Stress o,, MPa
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£03 f------------ W=
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(b) Mask width W_=1, 1.5, 2, and 3 mm

Fig. 5.14 Stress distributions of o, in model B on x -z plane along center axis of
mask width in cooling area
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Stress o,, MPa
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Fig. 5.15 Stress distributions of o_ on x-z plane with various crack depth D,
for mask width W_= 0.75 mm in Model B
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EHSE X CHBERIEIC L 2BBMEMIT 21TV, L—F R 7 J 1 T
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7o, BEBEBSICMARD DL Z b, VL—FRI T4 T LIEHT AR
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IS &Nz DB 72 7 v — 2 Fikickt LT, A7 ZAERO K

ISR A 7 T4 TERR L, 227 74 THRICH->T, Fm, £z
X, TOEREBNL V—FRE L, 77 AEREDHET D FESFESN
Twa Do, L—YEREIC X 0 IR T T A iRk & S
HDT, WWHR T L—7 BT 2L, 7LV —7RRICHEATDIX
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WA BANTFET D, RO OBAN L —FMAIN T, IDICHE
Lichd, B7 Ay VBEOKTRESIND.

—J5, Fig. 6.1 D X512, VL=V RIZ T4 T TR LIZRAYZ T4 THIC
HoT, BOLV—VRETLIZLICLY, VL—VRI T4 TRAUZES

Laser scribed line Laser scribed line

Water jet Laser \ L'aser
Scribed crack Crack

(a) (b)

Fig. 6.1 (a) Schematics of laser scribing and (b) laser irradiation along the laser
scribed line
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6.2 ERFEBIVHEE
6.2.1 ZERFIE

FEEIXE 2 E LM U E L2 AW/, Fig. 6.2 |2 L — % B — A2 X 2 #Ek
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Cooling area Heating area
2y,

Scribing line
Glass

Fig. 6.2 Positional relationship between heating area and cooling area for laser
scribing

Table 6.1 Laser scribing condition for experiment

Glass thickness 2.8 mm

Glass size 300 mm x 150 mm
2 Scribing velocity 18 mm/s

P Laser power 14.7 W

2x, Minor axis of heating area 2.1 mm

2y, Major axis of heating area 22.0 mm

d Cooling point distance 12 mm

2x, Minor axis of cooling area 2.0 mm

2y, Major axis of cooling area 3.0 mm

6.2 |2, VL—VEAMRFFELZRT. E—2FBRIE, V—VRTTA4F
CBT A — AR EREICLE. L—VFERBHO L —FH AP L&
HWEv,#E2 T, LV—YRI I TRHAUNESFMIZHET D 5M04%
KL, V=PRI FATRADME L 2ol EE AR L LT,
V=P EARKNEZ, BT RAERE KL, HFBEMEEH VT,
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Heating area of laser irradiation
along laser scribed line

\ 2y -
=
__14

Analysis plane

i,
[

Laser scribed line

Glass

Fig. 6.3 Definitions and variables of geometry used for heating area of laser irra-

diation along the laser scribed line and analysis model

Table 6.2 Experimental condition of laser irradiation along the laser scribed line

v,  Scanning velocity Variable mm/s
P, Laser power Variable W
2x, Minor axis of heating area 2.1 mm
2y, Major axis of heating area 22.0 mm

Laser scribing direction

\
NS - \
(a) (b)

(a) Crack depth at center of
substrate

(b) Deep crack depth at end edge
of substrate

Fig. 6.4 Photographs of separated plane by laser scribing (£ =91.5W, v,=300 mm/s)
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(a) With deep crack at start edge of laser overlapping irradiation

t,’500 X

= Q

IS Q

€400 F--------"""""""“""--- - 8==1

X R

s X

_@300 fffffffffffffffffffffff D Sl iy

$ x5

2 200 v BT

=2 X e g

£ %

%100 ,,,,g,,,,,,x,,x ffffffffffffffffffffffff

5 E Crack Depth D, =0.48 mm
0 1 1 1 1

30 40 50 60 70 80 90 100 110
Laser power P, W

(b) With crack of constant depth at start edge of laser overlapping irradiation

Fig. 6.5 Domain of laser overlapping irradiation conditions obtained by com-
binations of scanning velocity and laser power. “x” marks on
high-velocity side represent conditions that scribed crack was not
able to propagate and “X” marks on low-velocity side represent con-
ditions that glass surface was damaged by laser heating.
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Laser scribed crack

Crack of laser irradiation l
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Laser irradiation direction

Laser scribed line

Separeted plane
(a) Crack depth D, of laser scribing and
crack depth D, by laser overlapping
irradiation ( P, = 915 W, v, = 300
mm/s)

(b) Belt-shaped mark of the laser (c) Heat damage generated at scribed
scribed crack surface generated edge by laser overlapping irradiation
by laser overlapping irradiation (P,=91.5W, v,=200 mm/s)
(P,=91.5W, v,=300 mm/s)
Fig. 6.6  Photographs of separated plane of laser overlapping irradiation
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Fig. 6.7 Relationship between crack depth D, by laser overlapping irradiation
and Laser power P, ; Deep crack depth side corresponds to the low veloc-
ity condition in Fig. 6.5 (b).
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Fig. 6.9 Time variations of temperature of glass surface and crack tip (2, =71.0 W,
v,= 200 mm/s)
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Fig. 6.10 Temperature distributions upon 7,
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generation (P, = 71.0 W, v,= 200
mm/s); (a) Temperature distribution along the z-—axis and (b) Temperature
distribution on x—z plane
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Fig. 6.11 Time variations of stress o of glass surface and crack tip corresponding
to Fig. 6.9 (P, =71.0 W, v,= 200 mm/s)
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Fig. 6.12 Stress distributions of o, upon o, generation (P,= 71.0 W, v,= 200
mm/s); (i) Stress distribution of o along the z-—axis and (ii) Stress dis-

tribution of o, on x—z plane
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Fig. 6.14 Schematic of propagation of laser scribed crack by laser overlapping

irradiation
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(a) Temperature distribution along the z-—axis and (b) Temperature distribu-

tion on x—z plane

Fig. 6.16 |2 L — ¥ 1 /) P,=30.4 W, EAHE v,=40 mm/s DIRIEE DS
RICHBIT D T, FERFOx—zEH & 2zl EORESMERT. P=T71.0W,
v,= 200 mm/s O E MRS R (Fig. 6.10) & B LT, v,=40 mm/s & 725
&, N E TEWDMBE D - C, BEAEIIEFEOREN EFA L TnD Z Enbn

LV, Fig. 6.15 (a)icB W T, EEHEE v,= 100 mm/s L FD & X,
QWWﬁiﬁﬁmsm%quké HLEALLT, L—FRI T4 TRAN
MELARN-TmZLZ@HTE 5.

Fig. 6.15 OIZBWT, oy, 13, v,=100 mm/s fELTRAL 2D, v,

100 mm/s LA B2/ D &, v, BNREIZARDIF o, TP LTS, Z
%MiFg67@%%%%mﬁwf,v—ﬁE@%% L EL-RRE
E D, WEEBEy, DFHIEM CEL RocBBTHD. £z, FL—FHN
BIISo, OTFREE L—PHANKRERDDITHESTHIML TW
D, EBEICINT 21758546, EEEENEGEO HF NI TR Z28FE T 5.
FHI 72 £ A v, =200 mm/s L BT, V—HHH P & EAERE Y, (2B
LLF, L=FRITATRAEAPMET D o, O TIRIEZIZIFE 40 MPa &
Rl &N TE5.
INHDOZ END, 200 mm/s PLEOEAM R EREE ISV T, B
AT 2247 20X, T AFEME RO RSB FERET,, O LRME S, &85R5%

98



DIKRBIEIS S 0y OFREND L—F 22 54 T HERHET S L —

VIREHEEHETEHLEX6N05.
2L, EEOMITHE, b— P ERARKNORMGEICRCBRDBFES D
DT, BRI DRNGIRIE ) o, 73 Fig. 6.15 (0)D o, O FRAE L Y /)

P ma

EXTHL =Y RI FTATRRPMETHARELRSD. LNLAREL, L
i P TIRIET L — AR 2HET L, L—FR7 T4 TRBHED

MEzLZE2MTHETELHLEEALND.

o

6.5 & F
ARKETE, V—F2BHEAQATCHEFNTLIZLICLsTL—F R T4 T &

HPRSFRICHET 2L ZEBOICHLNI T Z L2 HME L.

FF, L—VEARBKICIYVL—Y 27 T4 TREUPESTHICHET

DEMEFERICEV RO, KL, ERERICESWIZAREREICE

D ORI EHEMET 21T o C, L= ERARFICLIL—FRI T4 T

BAMEHRE L L PRI I TRAPBET 2 V-V EARF &%

B L. TOMRK, UTOXD fiimiSe.

(1) V=Y ERBEZITO &, 7 AEROEREIZK X 2EMIS M
AU, TORETH T AEBANTICSIRISNNIEET D, ERAEH
WCRAE LTSRS N BREEMICET T LIS T, L= R
7 T4 T BRAPESHBIHET S,

Q) VoV ERMBHNICIY LRI T4 TBRANMET 55T,

KA B EIRE T, O ERRAEIE, L— )& B EE IR
HFIREE—EERD. o, EAMAREAEE 200mm/s UL E O 44
TIE, BREMORKIIEIE o, OTRMES, L—HHhLE
BHEIEKGFETIEE-TBEARTIENTES.

(3) L7ed > T, 200 mm/s L O FEHB R ERHE TV T, 2o
FEAT 24T 208, Rl B EEE T, O FIRME & ARERO R K
SlRIS 1oy, DO TFRMEMNS, L—F 27 T4 TRAEANPMET DV
— VRN GHEHETE D.

(4) EEOMLTE, V—VFEARFOMBGICIEVARDFET D

99



DT, o OFRELTFTTHLL—F 22 54 THERHET S
MR D S, LLARD, Z0o, O FERIETL—9 Rk
EHETNE, V¥R I TREOHE R LR THETE S
rEZILND.

2 E- D EN

) WEHALK: BT RALEANY R Ty 7, SAENE, (1999), 392.

2) KAARISCHE, HILFEH: BT AR OEIR L, ABRFRFFA SR, R
- 5-185270, (1993).

3) WLHIE=E, SEHPETT, W EE, @Rk, DNE OB, RARSURE: K
HTZADV =Y T =% 7T %8 (5 1 %) , & TER
at, 62, 3 (1996), 413.

4) WHEIEsE, RHEFET, T¥oeE], miELE, BB (S V7 xov
— VT —=F 7T LM (B 2 W), MET¥REE, 66, 2
(2000), 213.

5) C.H. Tai, C.J. Chen: Formation of the Breaking Surface of Alumina in
Laser Cutting with a Controlled Fracture Technique, Proc. Inst. Mech.
Eng., Part B, J. Eng. Manuf. 217 (2003), 489.

6) C.H. Tsai, B.C. Lin: Laser Cutting of Silica Glasses by Using the Con-
trolled Fracture Technique, Proc. ICALEO ’04, (2004), 2107.

7) K. Yamada, Y. Yamane, and K. Sekiya: Proposal of Laser Cleaving Proc-
ess Utilizing Temperature Gradient in Thickness Direction, Proceedings
of the 4th International Conference on Leading Edge Manufacturing in
21st Century, (2007), 883.

8) FIR W, LEF b, BRHE L MetE AR oI L7k Kk OVEERE, AFE

REEF AW, H5BE 2001-130921, (2001).

100



St
=~
314

BmT1E &

L—H R F4TNE, R=FT 4 7 IVDOREDOIMEI & H T ATy VM
DI EEVWITTFTy FR2LTF 4 27 LA (FPD) GBI HH T %
EWSM TROBEREZWMZTIMTETHL. Lrlhens, L—FR7
TATOREMBEG OB MBI R 723N TELT, BANERT SN
TAHI=AARZOHMAMEBEIAL NI TR, 22T, K
WHRTIE, V=PRI T7OEEMEEMTEEOM E, FEHt, BX
O R OREZERBT 5720, L— VR EREGREREIC K D EH
YEfEBT 24TV, L=V R T T4 TR LTz, £, BHEERSLME
DM IC L > T BICHEETE LA 2R L.

A ZEBLL T, EEOMIE LA LIRS FERFEHEZR D
EUTDO LIRS,

F1E [fFEiwml Tk, AFREOE R, BLXUOHMEERIZOW TR
7=

F2EIATTZAOL—F R T4 7HHE ik, BREES, B2 IR,
BLORZ T4 TSGR EORRER LB E 2 C, ARESSL—
WA T4 TSN EE IR T 2 ERZHEMOUICH LT 5720,
ARREFRIEIC K D =R CEIR IR 24T o 7o ZROCfENT & OF 8 TIT W,
SWRILRAT E DB AT o7, FOFE, To X RfEwmaBr.

(1) BAES L, HmEA O RiE R K5I RIS & E FICIFEET D EHE G

N, BEXOZEOERIIKFT 5. INEE & v Z Ik o BEEE DS /)
S b d, MAMETOEMSNDENRELS 2D L L HI1THEL
b, BAGmNEHT .

2) A7 T4 TAEENTIE, HHEORERKIEES o, O F IR

X, V—VWHNHEeR7 74 T7TEHEIKFEETIZE—-ELRD.
Rk BERET, O ERES, VL—WFHHERT T4 THEIC

max

KHEETIZIE—EL R 5.

101



(3) LE2»T, %EﬁMﬁ%ﬁzi mENR O £ W& KBRS o,
O TR E KRB ZRET, O LRENNS, L—VFR7F4(4T
AIRESRMEAHEE CTE 5.

(4) ZWRICFENTRER & IR T R A iR T 5 &, ZRILMTICE
WThH, ZRITEN EIFERBEOERENEGELND.

(5) FIREAMAEZEZET D L, TWROCEL N ENT T A O & i K5I
BRIG o, O TR E Rk mEZRE T, O ERELS, L—W
AITATARRGUEHMET 2N EMANTHLL LNV D.

FH3IEIL—VRIITATIIBTIWE L REERKOEE] TIL,
HD%%E:‘T6V~$xﬁfwhﬁD£%M%%ﬁw”;v7x%wwm
EMEERROEBEEALNCTLIEEENE L. £, WRT
4X7V4H£M%ﬁ?x%W@%WM%%EL1ﬁ5mum107k
O 1l mm DY —=FHTAERD AT T4 T HRERMEZSE 2T, —
WICENMEFRIT 2 AT WIRBE DB A ER L. RIZ, Y—X AT AL
L TR EREDN/ NSV LCD T AV ) v ) r— T AL, Zh
LB RRE D /NS NAET T AN BNT, EREMIT 21T, HIE

REBOEELEZLR L. ZO/KRE, UTO XS fimas .

(1) & 0.7 mm & [FAEIZ, RE 0.4,0.55, BLXO 1.1 mmIiZB\TH,

LR 7 T AT RSN TR, WA O KRR KRR o
OTFREEERmpgmBERET, O ERMEX, v—HFHHERT T
ATHEEIERAFEETIZE-ELRD. ZN0OEITREICHESF L
7R,

(2) LN oT, WED 0.4~1.1 mm DL, MM 217 2 1F
WIEIZRE D 6T, %ﬂﬁ@%ﬁmk%%mﬁqm@T@ﬁk%ﬁ
MEEERET, O LERENS, L=V R 7 T4 TA[RESEH L HEE
TE5.

B) TNENDRAT T A THRMEITEBNT, HBHEIKO &R K5 EIGD
o, R ERDREBFEL, FOREIX, 22 TFA 7 HEN
BIHIC D LS 2D, IREIZR D EIELS MM DBH D, EHIT

102



>
2
7
v

1%

7=

R LT, BAEABEIIZONTH, FZIEREOMBEME 72D,

(4) MIEEBRER Y —FHTALDNSNWT A )V r— T A
IZBWTH, L= R J A T REESEMETIE, dHIEO KK KD

BRI S0, O TIRIEE Rl @mEZRE T, O ERMEE, —3H
HERIT TATREIKFETIZE-ELRD.

(5) L= - T, EBRRERICESW TEBMEMT 217 213, BHEO
K KOIRIS o, O FRMEEREREGBEERET, O LRE
MO, TNV )V — " HFTADL—W R 7 T A T ARESM: % #HE
ETED,

(6) MAZBBRE N a=0.6X10°K' L/ NS WHEH T A%, @E, L—
VA7 T4 TIEARARETHD.

(7) BIEERE a=42X10° K" LT, Ak S0 2GR FE 23 975 °C 12
ELLEomEREMEcChNIE, L —F R T T4 TINTE D A[REMEN
b5, LA, MIEERKa= K 7X10°K" T, MEEE 1500 °C
UEDOTNAVIFTETI v 7 EBITIV—FRI T4 TRIETH- =

HAm L= ImRAR 7747 TlX, | IRAZ 74 T7HDO=

VICHHBHEZEAL THWRWZHELLT 2RRAY T4 7 RN EITT

PG BmIICHONCT 222 ML L. £, L—HFIrr 22

FTATEREITD, 1 IRRAZTATHE 2IRAT T A THOIREEERO

— VL aWm AL L. WIS, ERERICESWIEAIRESR

2K D R TTEGRMEfRT 24T\, 2 IRAZ T4 T OEITHEMEEZ B8 L

ZORER, LT XD efimz 5.

() V=PI aRRTFATEITIE,2RATTATIZL>TIRA
7 I7A THICEZEENPNELD2SGG EIEHEENELC WG O D
DIET2IRAT T4 T HNETTD.

Q) EBEDNELDILGEIT,2RAZ T4 TOMBIKTIRAZ T4 7
WREHESH, 2AZ I T HREITT 5.

Q) IEHEENELRWEAIL,2KRAZ T4 TOWRABTIRAY 74
THICEUDEENICL S TR 74 7 2H#ITSHE55EG N

103



BEEIN, 2RAT 74 T NEITT 5.
4) LN oT, 1 RAZ T4 THOBBEDZERBSES L, 2%kA7
FTATOEEITHNTIIRATZ T THTHEIETSH.

MSEF%W@%% BAZ T4 7] TlE, VL—YRITATOREE
WZIRANH D Z D, L= R T4 T T HRHNTERIE5
CLEEAMELE . ET,E2ETRELLELVL—F R T4 THEEND
FEARE TOEMC NG AR T 2 L BMEBANE 2D AL T,
VYRR ERITICE~NT 2 FikEsmit Lz, ZoHFETLr— R
%ﬁ@%ﬁw,%%ﬁféﬂﬁé%ﬁ%bk.ﬁ: ME~ R C R T
PICRADESERT 2B L 2 HMNICHAT 2720, ARERIEICEK
LR ICBIS RN 24T o 7. FORE, UTO X ) Rfwmr 5.
u)v VRO —HEE~NTHZ LT, BE~VEEOREEAHNE
BT HENTE, A~V FLTHINRKRERD., 2L, &
HeE TEXLWEAWVIREIZIE ERAH 0, BRE ST EREE Tk
Wm4 5.
(2) WEREMT 5 L, BREI LE~VIFEO EREIZHD T 5. K
75>%b\%é\, %ﬁ”%}%ﬁifﬁ SHELIENTED.
B) BANELS 228213, BHOERLET 5 WNEH O EME IS 115
B, b ULIEBIRISANFICE L L 24 LD,
(4) M RV ES~WIERTE T FEOSIRISTBIER TS 2 &, X277
A7 HMOBRHOEATHEILT 5.
(5) KEDOHER, H 2 BZETRELEL—V R IA4 THEBEOTT LD
ZUHENEMAT T
(6) L= HREOE VIV IIMEVEFEMB VY RS Z LT, L—
PRI T4 T OBRHEEWRHMNICELS TXHABEENRS D729, W
REOMBSCERL /NI TDHIENTEDLEEZLNS.

Heowm [L—VERBIICLIZL—-—VRI T4 TREME] Tk, L
— A ERATRN T2 LICLoTL—HF R T4 TRIAUUNES FmC

104



METLHIERZHBICHL NI T2 EHZHME L., £3, L—HF
BERARKFICEID V=PRI T TRADES FMITHET 55002 £
WCEVRDE., RIS, ERERICESVWEARESREIC L D KRB
PEREAT 24T > C, L—VHERABHFICELIDZ L —F 227 T4 7T REDEHE
ELV—YRIITATRAUPMET LIV —VEARNGHEEZEZ L. £
DFEFR, LLTO XS efimsisr.

(1) V=V EQBKNZITS &, T7AEROERREICKE REMIG 0
BT, ZORETH T AEBRNEIZEIRIS R HEAT L. NEITHE
AELTGlRIS PR ICETTHZEICL-T, L—HFR7
TATRUNPESHFICHET 5.

Q) V=V ERBHICIV L=V R T4 TRENMET D EMETIE,
Kl m B FIRET,, O EREE, V—FHDEEEREITKF

surf max

FFIRE—EERD. £z, EFHAMREEREE 200mm/s UL ED S
fEcid, BRERORKIIRIE o, OTFTRES, L—¥HLL
EEEREIKGFETIEE-BL AT ENTES.

(3) L7 o> 7T, 200 mm/s L LR EREEICW T, Bk
FEAT 24T 2 1F, FEkmBEERET,, O LR L B2 KK
JIRIE N oy, O TREND, V=% R7 74 TRANMMET D L
—VRFEEELHETE .

(4) EEOMT T, V—VEHELBHFORBKICEVRANTFIET D
DT, o, OFTRMEUFTTHLL—FR7 74 TRENMEST S
RN DD, LhLeRs, Z0o, O FRETL—VFRHEEME
EHETNIRE, VP27 T4 TRAOBEE LM THE T
HEEZLND.

KR TRLIZL =Y R T4 THEICONWTIX, TF7REEEDL
TR b EH TE D EEX LS. T L Y, FPD ®HEILE
T T AKERSE TRICES T, SEIERaHICBNT, L—F X
7 IATRERINDZ L EWMHTS.

105



£l (3

ﬁﬁ%ﬁ,ﬁ%k%ﬁ%%l%ﬁ%ﬂv%U?»éFﬂ%%&@ﬁ
= KW -HEEo ZHEDOL & TITONIEbD TH L. KR O ZEITIC
L, MABO TERIEE L IHmAsB o Ik LT, BERD
B#ogxRLET.

£lo, KX aEmMT2ICHR HEBRYE %W - 2 RIRKF KFP
THMgER ~7 U 7 OVAEER PR EE AN, KR RF
Bt TpFse®l dgpR Lo (BEREZeer) #oR FifE —pit, K
R 5 K FBe L geft Ao LPHRE R ftR— B+, KKK
FRFGE ~ 7 U T NVAEER TR EASFEIIERT) MR BEET
MEIcERERLI#HEERLET.

K SCICB T 2SR CH -0 Hi 7285 20 - 55 20
s — () WBEE-RICEERLIHEEZRLET.

ARFROME L LEE L TCVWEREWE =B A YT FTE () €
KOFEEEE ZERARICERRLIHFEEZRLET.

KR EHIET OS2 W lEE, £, KFROZRITICEL, ¥
BERIERL IHGEZVWEETVWEZES A YR FTLE () v—F
—&Wﬁn%mﬁﬁ¢wwﬁwihiﬁwnﬁ%%@% PP BEKIC
DO EHE L ET.

AKFROFITT HICHLY, SESERTMTHXETL WL =2
XA XE FL¥E (B $UTHE LEBEAEK, L—VFHINEHE WH
BEANK, UV HME EREEM LR @K, v — RN E S
KB L, B ERASCK, ff FTHEK, @I K, A LB+,
AR TIK, BA 2K, M M2 LICEEHKTL E7.

106



ARSI T 520 EME
= H

1) 2005 EEE*%%?I?%H%‘E%@EJJ%?
AT, PP B, FHFHEE,

LRI DEIS AT, K LyaEs, 71, 9, (2005) 1157-1162.

=&

1) EAKRE ., WAET, “GHEERME I I ADOL—WR7 T4 T H
i, ZEEBRKSE, @, (2007) 577-588.

A0 F L

1) WA=, Pk &, ZRERER, KHHE -, “DI72A0L—=FR7 T4
TINCRT DB T, R T % A5E, 71,9, (2005) 1157-1162.

2) WAZER, Pk B, ZREEE, KM, “ D720 —9R27 T4
TR D ZRGTEUS AT, B AR S SR, C R, 72, 724
(2006) 3927-3933.

3)M$$ﬁ PP B, HRERE, KM, “TI72AOVv—=%R7 T4

BIFs2BADORTER” | KE Lyais, 73, 8, (2007) 917-923.

4) Koji Yamamoto, Noboru Hasaka, Hideki Morita, and Etsuji Ohmura, “Three

Dimensional Thermal Stress Analysis on Laser Scribing of Glass” , Preci-
sion Engineering, 32, 4, (2008) 301-308.
5) Koji Yamamoto, Noboru Hasaka, Hideki Morita, and Etsuji Ohmura,

“Thermal Stress Analysis on Laser Scribing of Glass” , Journal of Laser
Applications, 20, 4, (2008) 193-200.
6) WARSER, P X, HREEE, K-, “TI720r—F27m2X
7 T A TNZBIT LBUS RN, KR LY RS, 74, 9, (2008) 937-943.
7) WAREE, Pk B, FHEKEE, KHE -, “L—¥ 22774 THITH
ST V—YRIFICE LIV I 2A0BAME” |, KE L¥R5E, 74, 11,
(2008) 1182-1187.

107



8) WAZER, P B, MEEE, KN, “WF7ADOL—¥R7 T4
TICBTDOIWEDORE” | L—F T %55, 15, 4, (2008) 270-276.
9) WASEF, Pk B, FEFEEK, KW, “TI720L -7 754
TICB T LB ERBEORE” L —PINT %4, 15, 4, (2008) 277-282.

10) Koji Yamamoto, Noboru Hasaka, Hideki Morita, and Etsuji Ohmura,

“Partial Growth of Crack in Laser Scribing of Glass” , Journal of Laser

Applications, (to be published).

] B 2= % i 3C

1) Koji Yamamoto, Noboru Hasaka, Hideki Morita, and Etsuji Ohmura,

“Thermal Stress Analysis on Laser Scribing of Glass”, Proceeding of 23th
International Congress on applications of Lasers and electro-optics, San
Francisco, (2004) M205.

2) Koji Yamamoto, Noboru Hasaka, Hideki Morita, and Etsuji Ohmura, “Par-

tial Growth of Crack in Laser Scribing of Glass”, Proceeding of the 4th In-
ternational Conference on Leading Edge Manufacturing in 21st Century,
Fukuoka, (2007) 873-878.

3) Koji Yamamoto, Noboru Hasaka, Hideki Morita, and Etsuji Ohmura, “In-

fluence of Thickness in Laser Scribing of Glass and Crack Propagation by
Laser Irradiation along Laser Scribed Line”, Online Proceedings of the 9th
International Symposium on Laser Precision Microfabrication, Quebec,
(2008) #08-29.

4) Koji Yamamoto, Noboru Hasaka, Hideki Morita, and Etsuji Ohmura, “Par-

tial Growth of Crack and Cross Scribe in Laser Scribing of Glass”, Online
Proceedings of the 9th International Symposium on Laser Precision Micro-

fabrication, Quebec, (2008) #08-19.

At 2 i
) A==, L%, Pk B, FEHEE, KN, “T7 20 L —
PRI T4 7, L=V, 30,34, (2005) 7-12.

108



2) BBy fh, WARSERE, U7 AOLpEHM L EMREICOVWT, HAE
TIvIWME T T AT H 46 BT ABLRT + b =27 A EE
A2 o T 2L B 4R, (2005) 86-89.

B, HEERE, KM, “T720L—Hrnm 22X

3) WiAR=EH, P X, &
7 T A TITEBIT L EBUE TENT, 2007 OB LS E RS FINGE

1

2 5T A SCHE, (2007) 963-964.

e 7T H R

D PP &, fern &, WAFER, “MEEKOEE Y T v 7 Bk E
BXOEES 7 v 7 BREE", W02005/102638.

2) WAR=ET], PR %, “EROBEEHZ 7 v /BRI IEBLIOEEY 7

v 7 REERE”, WO02006/011608.
3) E¥ oy, HHEET, WARZES], “MHEMEEKO S iR XU

WA Wr s A7 A7, W02006/070825.

855 o
B, PPk B, REEE, KM, “TI7 A0 —

1) WAER, ¥
YRA7 T4 77 F 154 L —HFHEFIES, 200545 H 20 H, HIK

2) IWARFEF “HT7 A L=V AT T4 TOERFHMN, BN LT%ES #
B Hr7RA—Fr R TE FH

HE A RRRLIN THIFEME B S
HRIZFEN DT OHET) , 2006 4F 11 H 17 H, WL,

109




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


