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9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIQUID CRYSTAL DISPLAY DEVICES -

Part 5-3: Environmental, endurance and mechanical test methods —
Glass strength and reliability

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that serdse." While @Il reasonableeffortsy are, made jto ensurelthat jthe technical content of IEC
Publications is accurate;"IEC ‘cannot be'held-responsible for the“way in‘which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, 1EC National “Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or ,regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity, Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61747-5-3 has been prepared by IEC technical committee 110:
Flat panel display devices.

This International Standard replaces the IEC/PAS 61747-5-3, published in 2007.

There have been no significant revisions since the publication of the PAS version.

This part of IEC 61747 is a sectional specification for liquid crystal display cells. It is to be
read in conjunction with the IEC 61747-1 to which it refers.
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The text of this standard is based on the following documents:

FDIS Report on voting
110/169/FDIS 110/177/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

A list of all parts of the IEC 61747 series, under the general title Liquid crystal display devices,
can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.

The contents of the corrigendum of November/2011'have been included in this copy.
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INTRODUCTION

IEC 61747-5-3 facilitates the characterization of mechanical strength properties of LCD
modules and their component glass. Analysis and testing are performed on LCD Module
component glass as well as finished LCD modules. Statistics of mechanical strength of the
modules are determined allowing a prediction of module failure probability at a given stress
level or for a given probability of failure, the maximum recommended safe loading stress for
the module.
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LIQUID CRYSTAL DISPLAY DEVICES -

Part 5-3: Environmental, endurance and mechanical test methods —
Glass strength and reliability

1 Scope

This part of IEC 61747 applies to commercially available liquid crystal displays (LCDs).
This standard applies to all LCD types, including transmissive, reflective or transflective liquid
crystal display (LCD) modules using either segment, passive or active matrix and achromatic
or colour type LCDs that are equipped with their own integrated source of illumination or
without their own source of illumination.

The objective of this standard is to establish uniform requirements for accurate and reliable
measurements of the following LCD parameters:

a) quasistatic strength,
b) quasistatic fatigue.

The methods described in this standard apply to all sizes, small and large, liquid crystal
displays.

NOTE Methods for measuring the fatigue! constant arebdescribed, dnithis standard and are taken from the

referenced literature, see [13]1 to [20]. The primary results are formulae for estimated allowable stress for the
specified lifetime or estimated failure rate for the specified stress level. As an example, limited data for strength
and fatigue behaviour of LCD glass are included-in~an—informative Annex A. Similarly, limited data for static
strength of LCD modulesiare/alsodncluded. andicompared-withsthat of parent'glasst:

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 61747-1, Liquid crystal and solid-state display devices — Part 1: Generic specification

IEC 61747-5:1998, Liquid crystal and solid-state display devices — Part 5: Environmental,
endurance and mechanical test methods

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1
strength
stress at which a sample fails for a given loading condition

3.2

LCD surface strength

biaxial strength wherein surface flaws with different orientations are subjected to uniform
tension during measurement

1 Figures in square brackets refer to the bibliography.
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NOTE Refer to [1] to [4] in the bibliography for further information.

3.3
LCD edge strength
uniaxial strength wherein edge flaws are subjected to tension during measurement

NOTE Refer to [5] to [8] in the bibliography for further information.

3.4

LCD (mechanical) reliability

either an estimated allowable stress which the LCDs can sustain for a specified period of time
or as an estimated failure rate at a specified stress level

NOTE 1 Both approaches for quantifying the reliability of LCDs use the power law for slow crack growth and
require the knowledge of fatigue constant for the parent glass employed in the LCD displays.

NOTE 2 Refer to [9] to [12] in the bibliography for further information.

3.5
parent glass
sheet glass used as raw material for manufacturing of LCD panels and modules

4 Abbreviated terms

For the purposes of this document, the following abbreviations apply.

FC filled cell

FEA finite element‘analysis

FPD flat panel display

LCD liquid crystal display

MC mirror constant :

MR mirror radius

ROR ring on ring

SCSC stress corrosion susceptibility constant
VBT vertical bend test

5 Apparatus

5.1 General

The parameters in the following figures are used in the stress formulas of Clause 8. The
dimensions are:

load (force), in newtons (N),

dimensions, in millimetres (mm),

stress, in megapascals (MPa).
The standard atmospheric conditions in IEC 61747-5, 1.4.3, shall apply, except that the

relative humidity shall be in excess of 95 % (vapour) unless otherwise specifically agreed
between the customer and the supplier.

NOTE In general, humidity can affect the measured strength, with higher humidity leading to decreased strength
values. For this reason, as well as to ensure consistency and reproducibility, the humidity level is stated at the
highest practical level.
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5.2 Method A: Quasistatic biaxial strength

The quasistatic biaxial strength of parent glass is measured in the ring on ring (ROR) fixture
as shown in Figure 1. The dimensions of load and support rings are selected so as to
minimize large deflection and the associated membrane stress, especially for ultra-thin glass,
although the effect of such non-linearities on strength can be quantified using finite element
analysis (FEA), see the bibliographical references [21] to [24]. All ring surfaces in contact with
the test specimens should be rounded, with radii of 2 to 3 times the thickness of the glass
specimen. In general, certain trade-offs are necessary in designing the test specimen and
ROR fixture because the key objective is to measure quasistatic strength of as large a test
area as possible without introducing large nonlinearities. Alternatively a large sample quantity
is required to obtain the strength distribution representative of full size module. Since the
strength of glass surface is primarily dictated by the quality of that surface, i.e., surface
defects, it is imperative to measure the biaxial strength of those surfaces that have been
exposed to handling and processing damage during the fabrication of LCD devices. Such data
are then a good representation of LCD module strength.

lLoad

6,25 mm radius

. <_r1_>| 50 mm x 50 mm
load ring

specimens
t (thickness)*

A

12,5 mm radius M
support ring

& »
< r3 >

IEC 545/09

Figure 1 — Schematic of ROR test fixture for measuring biaxial strength of parent glass

For square specimens, the specimen radius, r3, is the average of the inscribed and
circumscribed circles.

5.3 Method B: Quasistatic edge strength (parent glass)

Quasistatic strength of the edges of parent glass is measured in the VBT fixture shown in
Figure 2. The dimensions of glass specimen and test fixture are so chosen as to minimize
buckling of the top edge which is in compression during the test because the load is applied
from the top. As in the case of surface strength it is equally imperative that the edges of glass
specimens should have been exposed to handling and processing damage during the
fabrication of LCD devices. In addition the glass specimen should be large enough to
represent the full-size module.
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P/2 P/2

pi2 | P/2 jec s46/09

Figure 2 — Vertical bend test fixture for measuring the edge strength of parent glass

5.4 Method C: Quasistatic strength (module)

The quasistatic strength of full size module is measured by supporting it on the mounting
points and loading it at'the centrepas,shown in Figure 3: ;Theloadingypoint of the test fixture is
rounded and may be padded to avoid-inducing additional ‘flaws on-the'glass surface. Several
modules are tested in this manner,to .obtainia. statistically)significant strength distribution
representative of surface damage induced by handling,” processing and fabrication of LCD
module. These data are also useful for estimating the module strength at orders of magnitude
lower failure probabilities. The same apparatus-may'also be used for loading the LCD module
off-centre and obtaining’/itsistrengthiat different:locations.
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IEC 547/09
Figure 3 — Photograph and schematic of strength measurement for full-size LCD module

5.5 Method D: Fatigue constant

The fatigue constant of parent glass is obtained by measuring its biaxial strength at four, or
more, different stress rates, each successive rate being one order of magnitude lower, using
the ROR fixture shown in Figure 1. A sample quantity of at least 25 specimens shall be used
at each of the stress rates to obtain a reliable value of fatigue constant. The specimens used
for this measurement should also have been exposed to handling and processing damage
representative of manufacturing of FC and LCD modules.

6 Test sample

6.1 General

Samples shall be representative of normal processes. The sample sizes indicated below are
minimal. Larger sample sizes will yield more accurate lifetime estimates.
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6.2 Parent glass

A sample size of at least 50 specimens, each 50 mm x 50 mm, shall be used for measuring
quasistatic biaxial strength (see 5.2) of parent glass. A similar sample size shall be used for
characterizing abraded glass which simulates handling and processing damage.

The fatigue measurements are also carried out on 50 mm x 50 mm specimens prepared from
abraded glass. A sample size of at least 25 specimens shall be used at each of the stress
rates to obtain a fatigue constant value from regression analysis of strength versus stress rate
data.

6.3 Full size module

Full size modules and filled cells can range small to very large diagonal dimensions. In all
cases a minimum sample quantity of at least 25 filled cells or modules shall be used for
measuring biaxial strength under static loading (see 5.4). Such data then help determine
module strength at orders of magnitude lower failure probabilities.

Similarly, a sample quantity of at least 25 filled cells shall be used for measuring the edge
strength via the apparatus shown in Figure 2

7 Procedure: Quasistatic loading

The loading rate or crosshead speed. for/measuring)ther’strength of either parent glass or filled
cell or full size module is so chosen as to complete the measurement in 30 s to 45 s. The
loading rate or crosshead speed shall be kept constant [during)this measurement.

8 Stress calculations

8.1 General

Stress calculations are used to normalize the load at failure to common stress units. This
normalization takes into account differences in glass material, dimensions, and some design
characteristics. For specimens of a common design and dimension, the failure load and
pressure rate can be substituted for failure stress and stress rate formulas of Clause 9.
Poisson’s ratio, v, is a material property that is normally available from the material supplier,
but may be verified with material tests.

8.2 Quasistatic biaxial failure stress (parent glass)

The strength of 50 mm x 50 mm specimens of parent glass tested in ROR fixture is calculated
from Equation (1).

omax = [3Pl4xi2)x[2(1+ v)In(ra/rq) + (1- v)(ra/r3)2(1-r12/rp2)] (1)

where

omax IS the stress at failure,

P is the failure load,

t is the glass thickness,

v is the Poisson’s ratio,

ro is the radius of support ring,

7 is the radius of the load ring, and

r3 is the radius of the specimen.
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