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Influence of Glass Substrate Thickness in Laser Scribing of Glass
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The thickness of glass substrate used in liquid crystal displays is ever reducing from its original thickness of 1.1
millimeters for the purpose of down sizing and weight saving. The aim of this research is to clarify the influence of the
glass substrate thickness during the laser scribe with crack propagation by the laser heating followed by quick quenching
afterward. The laser scribe condition was obtained for soda-lime glass substrate with thickness equal to or less than 1.1
millimeters by laser irradiation experiments. Then two-dimensional thermal elasticity analysis was conducted by a
finite element method based on the scribable conditions obtained in the experiment. As a result, independently of the
glass substrate thickness, the laser scribable condition can be estimated between combination of the upper limit of
maximum surface temperature 7., and the lower limit of maximum tensile stress o, in the cooling area. There
exists a substrate thickness of which the maximum tensile stress o, turns out to be extreme largest under each scribe
condition. The substrate thickness is obtained at faster scribe velocity for thinner glass substrate and at slower scribe
velocity for thicker glass substrate. Owing to these relations, the crack depth also becomes almost the same tendency
as o, .
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Fig.2 Definitions and variables of geometry used for heating area, cooling
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Table1 Typical condition for experiment

Glass Size 300 mm x 400 mm

h Glass Substrate Thickness 1.1,0.7,0.55, 04 mm
v Scribing Velocity 200mm/s

P Laser Power 587W

2x,  Minor Axis of Heating Area 2.1mm

2y, Major Axis of Heating Area 22.0 mm

d Cooling Point Distance 10mm

2x,  Minor Axis of Cooling Area 2.0mm

2y,  Major Axis of Cooling Area - 3.0mm
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(i) Scribable velocity versus laser power
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(ii) Crack depth versus laser power

(a) Plots of scribing conditions for glass substrate with thickness of 1.1 millimeters
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Fig.3 Domain of laser scribable conditions and crack depth for glass substrate with thickness 0.4, 0.55, 0.7 and 1.1 millimeters, (i) “x” marks at higher velocities
represent conditions in which crack progress was arrested and “x” marks at lower velocities represent conditions in which the glass surface was damaged by
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(d) Plots of scribing conditions for glass substrate with thickness of 0.4 millimeters

laser heating, (ii) Deeper crack depth corresponds to lower velocity conditions
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Fig.4 Relation between crack depth and scribing condition for glass substrate
with thickness 0.4, 0.55, 0.7 and 1.1 millimeters
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Table2 Physical-properties of soda-lime glass
Density” 2520 kg /m’
Specific Heat” 800J/kgK
Thermal Conductivity” 1.03W/mK
Thermal Expansion Coefficient® 8.7x10° K™
Young’s Modulus” 71.6 GPa
Poisson’s Ratio” 0.23
Softening Temperature” 720 ~ 730°C
Bending Fracture Strength” 49 MPa
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(b) Glass substrate with thickness of 0.7 millimeters®
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Fig. 8 Temperature distributions on x~z plane and deformation at
the time when o, is generated for each glass substrate with
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R 0.4, 0.55, 0.7, 1.1 mm ® YV —FH 7 ZAEHRITBT 5

VYR T A TRREEEEREZT, ARERECLD
TR TTENEVERRAT 21TV, LT ORERE ST,

(1) B OOBE 0.7 mm & R, ARE 0.4,0.55, 1.1 mm |2
BWCYH, b—FR7FA TGRSR, ¥ RAERHR
HEOREEERE T, O LRE & BHIROF KSRGS
O e P TR, =PI L X7 T A THEITHEAFE

PIUE—EERD. TN OO HIEFE LR,

2) L7NoT, HREN 04~11 mm OHFA, BOEEARTTZ

1243, WEICED LY, RERAEERET,, OLRE

LBHBOBARBIEE o, DOTRENS, L—FR27

tmax

FA TR R TE S,
(3) EFNENDRY FA THEMEZRNT, BEROE R
KBRS o, DK & R BRENTFEL, FORE

tmax

W, RV TATHEENRERICRD LEL LY, KEIZ
B LELRBERRDD. FRICEE LT, AR
SOV TY, BEREOHEmE 5.
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