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Development of Physical Tempering Method for Glassat High

Viscosity Region After Press Forming
— Application for Spacer-free FED Front Glass—
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For the box-shape front glass for field emission display (FED), we have developed a
new physical tempering method which is called Non-uniform Tempering by Partial
Quenching (NTPQ). It enables to get higher compressive stress on the periphery of the
screen surface of the front glass compared with conventional uniform tempering. The
vacuum stress becomes large at peripheral portion of both long and short sides. In order
to prevent breakage caused by fatigue, these areas should be compressively prestressed
so that the compressive stresses can cancel the high tensile vacuum stresses. In the case
of the NTPQ, it succeeded in getting higher compressive stress about 100 MPa,
controlling the thermal shrinkage ratio about 100 ppm at 370 degree.
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Fig. 1 Design of panel structure.
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Fig. 2 Vacuum stress distributions on the front
glass in the vicinity of the sealing portion
of the glass envelope.
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Fig. 3 Residual compressive stress and temporary
tension (normalized value) vs. glass viscosity*
relation calculated by viscoelastic analysis.
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Fig. 4 Residual stress distributions in glass plate.
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Fig.5 Calculation model and distribution of
heat transfer coefficient.
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Fig. 6 Result of calculation.
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Fig. 7 Device of physical tempering evaluation.
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Fig. 8 Cooling nozzle pattern.
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Fig. 9 Residual compressive stress vs. glass
viscosity* relation of NTPQ method.
* . the viscosity of glass surface when
quenching start
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Fig. 10 Residual compressive stress vs. glass
viscosity* relation of comparison between
NTPQ and conventional quenching.
*: the viscosity of glass surface when quen-
ching start
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Fig. 12 Schematic view of partial quenching
nozzles.
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Fig. 13 18inch FED front glass.
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Fig. 14 Vacuum stress on the outer surface of front
glass (a quarter part).
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Fig. 17 Thermal shrinkage of tempered front glass.
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