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Abstract
Strength, fatigue, and toughness data for five
different AMLCD glass substrates are used,
together with the Power law fatigue model, to
compute their threshold stress intensity KI0. The
relative robustness of LCD displays is assessed by
measuring the flaw depth and computing the safe
allowable in-service stress from K I0, which
ensures the long-term reliability of AMLCD
glass substrates.
Objectives and Background
AMLCD displays are exposed to mechanical,
thermal, and vibrational stresses during
manufacturing, packaging, and in-service1,2 .
Depending on stress-time history and fatigue
properties of AMLCD glass, surface flaws
introduced during manufacturing and handling
may or may not grow thereby impacting the
long-term reliability of displays. Since fatigue
models3-5 have proven valuable in reliable design
of space windows6 , optical fibers7 , telescope
mirrors8 , CRT panels9 , and automotive
windshields10 , it is prudent to apply the same
model to AMLCD glasses and estimate their

threshold stress intensity which plays a critical role in
designing LCD displays from long-term durability point
of view. Several AMLCD glasses were evaluated with
respect to their biaxial strength, dynamic fatigue
behavior, fracture toughness, and flaw severity.
These data, when applied to Power law fatigue model,
provide the safe allowable tensile stress which, if not
exceeded in day-to-day service, would ensure the longterm mechanical reliability of AMLCD displays. These
data are also useful in comparative evaluation of
different AMLCDglasses from reliability point of view.
Results
Table 1 lists the key physical properties of five different
AMLCD glasses which were investigated from
mechanical reliability point of view. Bocko and Allaire1
and Dumbaugh et al11 have recently compared their
thermal, chemical, dimensional stability and edge
integrity characteristics. We extended their work by
focusing on mechanical properties of these glasses,
namely biaxial strength, fracture toughness, stress
corrosion constant, Young’s modulus and Poisson’s
ratio.

Figure 1. Concentric ring flexture test

Figure 2. Biaxial strength vs. stress rate plot of two different
AMLCD glass substrates with sandblasted surface.

Similar plots were used for other AMLCD glasses. A
Weibull plot of unabraded biaxial strength of Code 1737
vs. "A" glass is shown in Figure 3. Similar plots help
compare the strength distribution of other AMLCD
glasses which is a strong function of surface quality of
substrates. The Young's modulus E and Poisson's ratio n
were measured by sonic resonance technique12

The biaxial strength σf was measured in a concentric
ring flexure test, Figure 1, using 50 x 50 x 1.1 mm
thick square plates and equation 1:

In equation 1, P denotes load at failure, ν is
Poisson's ratio of glass, and other terms are defined
in Figure 1. The fracture toughness KIc, which is
relatively insensitive to glass composition, was
measured using the Chevron notch short bar test.
The stress corrosion constant n, which is a strong
function of glass composition, surface flaws, and test
environment, was obtained by measuring the biaxial
strength σf at five different stress rates σ’ . The n
value is estimated from the slope of ln (σf ) vs. ln
(σ’) plot, Figure 2, and equation 2:

Table 2 summarizes the mechanical properties of
AMLCD glasses listed above. The higher the n value is,
the more robust and fatigue resistant the glass will be. It
is clear in Table 2 and Figure 3 that Code 1737 glass has
the highest
strength and stress corrosion constant. Moreover, the
surface flaws, in fusion-drawn Code 1737 glass, have
the lowest depth due to absence of grinding and
polishing flaws. The flaw depth α was measured from
the fracture
surface of 50 x 50 x 1.1 mm square plates and verified
from equation 3, which relates fracture toughness KIc,
biaxial strength σf and flaw depth α for scratch type
flaws representative of grinding damage5:

Figure 3. Biaxial strength of two different AMLCD glass substrates
with unabraded surfaces.

Table 3 summarizes KIo / KIc, σo / σf values for the five
AMLCD glasses. It should be noted that,once again,
Code 1737 glass permits the highest safe allowable
stress in service, i.e. its long-term mechanical reliability
and robustness are the best among the five glasses
studied here. A static stress equal to 42% of biaxial
strength can be
applied to Code 1737 AMLCD substrate with little or
no risk of long-term degradation, compared with only
26% for glass "A". Experiments to verify these
predictions of Power
law fatigue model, which have proven correct for other
applications7-10, are currently in progress.

Summary

The threshold stress intensity KIo and safe allowable stress
σo were then estimated from KIc, and σf using equation 47:

The measurement and comparison of key mechanical
properties of five different AMLCD glass substrates, in
conjunction with the Power law fatigue model, have
demonstrated the superiority of Code 1737 glass over
other
candidates from long-term reliability point of view.
These data show that Code 1737 glass is not only
stronger, it can sustain 80% higher stress over its
lifetime than other candidates due to its higher fatigue
resistance and strength.
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