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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, con
national electrotechnical committees (IEC National Committees). The object of IECis, to {

prising
romote
Ids. To
ations,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter|\referred to gs “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee int
in the subject dealt with may participate in this preparatory work. Internatiopaly governmental an

agregement between the two organizations.

The| formal decisions or agreements of IEC on technical matters express{as,hearly as possible, an interi
congensus of opinion on the relevant subjects since each technical cemmittee has representation f
intefested IEC National Committees.

IEC| Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or

mis|nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
transparently to the maximum extent possible inthfeir national and regional publications. Any dive
betyween any IEC Publication and the corresponding.hational or regional publication shall be clearly indi
the Jatter.

IEC] itself does not provide any attestation_of.Conformity. Independent certification bodies provide cor
asspssment services and, in some areasy access to |[EC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

No |iability shall attach to IEC ar its directors, employees, servants or agents including individual exp§g
merpbers of its technical committees and IEC National Committees for any personal injury, property dan
other damage of any natureswhatsoever, whether direct or indirect, or for costs (including legal feg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
Publlications.

sers should ensure that they have'the latest edition of this publication.

Attgntion is drawn._to.the Normative references cited in this publication. Use of the referenced publica
indispensable for)the correct application of this publication.

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

Internptional Standard IEC 61747-40-6 has been prepared by technical committee
Electronic display devices.

erested
d non-
closely
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ational
rom all

ational
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cations
rgence
ated in
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for any

rts and
hage or
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tions is
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110:

The text of this International Standard is based on the following documents:

CbhV Report on voting
110/882/CDV 110/929A/RVC

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 61747 series, published under the general title Liquid crystal
display devices, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indi¢ates
that [it contains colours which are considered to be useful for the cdrrect
undernstanding of its contents. Users should therefore print\this document using a
colour printer.
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INTRODUCTION

Mobile electronic devices have become increasingly sophisticated and often incorporate
displays for the purposes of user interface and viewing. Such displays commonly incorporate
a transparent cover glass which aids in protecting the display against the introduction of
damage through routine device transport and use, as well as occasional or accidental misuse.

The purpose of this document is to provide mechanical testing procedures for cover glasses
utilized in such applications. Such glasses can be strengthened, for example via an
ion-exchange process, which acts to increase mechanical strength through the introduction of
a surface compressive layer.
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LIQUID CRYSTAL DISPLAY DEVICES -

Part 40-6: Mechanical testing of display cover glass for mobile devices —

Retained biaxial flexural strength (abraded ring-on-ring)

1 Scope

This p
electr
of sur
retain

2 N

bnic flat panel displays in mobile devices. This document focuses on the measur
face fracture load after flaw introduction via grit particle abrasion. After abrasio
bd surface fracture load is measured with the method documented in IEC 61747-4(

prmative references

The f

llowing documents are referred to in the text in such a way that some or all o

content constitutes requirements of this document. For dated references, only the ¢
cited applies. For undated references, the latest edition of the feferenced document (inc
any amendments) applies.

IEC6
cover

IEC 6
cover

3 T
For th

ISO a
addre
e |E
e |S
3.1

speci
individg

747-40-1, Liquid crystal display devices — Patty40-1: Mechanical testing of a
glass for mobile devices — Guidelines

747-40-4, Liquid crystal display devices = Part 40-4: Mechanical testing of a
glass for mobile devices — Biaxial flexutal-strength (ring-on-ring)

erms and definitions
e purposes of this document; the following terms and definitions apply.

nd IEC maintain terminological databases for use in standardization at the fol
5ses:

C Electropediayavailable at http://www.electropedia.org/

D Online brewsing platform: available at http://www.iso.org/obp

men
ual piece of glass to be abraded and then tested for retained fracture load

sed in
ement
n, the
-4.

f their
dition
uding

isplay

isplay

owing

3.2

sample
group of specimens that share a common pedigree (such as manufacturing process and
period of production), for which failure statistics can be generated and reported

3.3

sample size
number of specimens in a sample

3.4

specimen holder
two-part fixture that consists of a recessed cutout for the specimen and a backing plate to
hold the specimen in place when testing
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http://www.iso.org/obp
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3.5
go/no go gauge
gauge used to ensure the specimen holder hole is within specified tolerances

4 General

This test is performed in two steps:

1) controlled abrasion of the surface of a number of specimens in the sample;

2) retained failure load testing of the abraded specimens using the ring-on-ring test

d ceribaod ia IEOC 014747 A0 A abracd dam-aaae-nlaecadintancian—den
9 A2 B B i |

test.

a wibh-tha an a-thao
CAZNLICA A B p b § = w4 oS vt e aoTaSToTT oo o g T pTa t e O teTIoTOTT o i gt e

This document describes the apparatus and procedures for doing the controlled abrasi
descripes the retained failure load testing referenced in IEC 61747-40-4.

The specimens to be tested are typically 50 mm in width and 50 mm in length, with thig
rangirlg from 0,55 mm to 2,0 mm. The sample size is 30, as an example. The W
statistjcs [1]1 of fracture loads, after abrasion, are reported.

The 1brasion process introduces flaws to the glass surface by, fine particle grit abr|
Befor¢ abrasion, a specified amount of abrasion material is prepared. The specimen i
placed in the specimen holder, with the desired abrasion surface oriented towards the p
containment tube of the device, and inserted under the containment tube. The compress
is turmed on for the device, and the abrasion materialtis quickly loaded into the ab
devicg to abrade the specimen. After the specified)abrasion time, the specimen hol
remoVed from the device and the residual abrasion. material is removed from the speq
using |pressurized air, before storage for the allotted inspection time to ensure no pren
failurgds occur to the specimens.

Abras|on pressures are generally 34,5 kPa“to 310,3 kPa, more typically 34,5 kPa to 103
and rgrely exceed 413,7 kPa. However,\\ selected pressure will vary depending on the da
resistance and thickness of the glasS)specimens under test. An iterative process, in w
small sample set (10 specimens).is.tested at an initial abrasion pressure, and check (i.e
depths$ are measured via fractography, may need to be employed to determine the apprg
abrasion pressure that generates check depths similar to those experienced in the fielg
given |glass composition @r «condition. Information on the measurement of check dep
described in Annex A.,©ncte an appropriate abrasion pressure is determined for a glas
presslire may then be used to generate a relative comparison with the performance of

bns. |t

kness
eibull

asion.
5 then
article
ed air
rasion
der is
imen,
nature

4 kPa,
mage
hich a
flaw)
priate
for a
ths is
5, that
other

glass [ compositions/candidates at the same pressure. The general requirements of the

abrasjon apparatus are given in Clause 5. Apparatus dimensions can be affected by spe
dimensions.

Abras|on’, testing procedures are given in Clause 6, while retained failure load t

cimen

esting

procedures are given in Clause 7 via reference to IEC 61747-40-4

This test measures the retained surface fracture load by forcing a ring through a spe

cimen

that is supported by another, larger ring. The two rings shall be parallel and concentric and
the applied force shall be perpendicular to the surface formed by the top of the support ring.
The loads at fracture are measured. These loads are not normalized to strength using factors
such as specimen dimensions and material properties because significant non-linearities can

exist that render the classical formulas inaccurate.

1 Numbers in square brackets refer to the Bibliography.
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The test is applied to a sample of several specimens. The sample statistics of the fracture
load values are defined in IEC 61747-40-4. The statistical values to be reported or specified
are given in I[EC 61747-40-4.

The specimen is placed on the support ring so that it is centered on the ring. Before the
specimen is placed on the support ring, the surface that will contact the load ring is covered
with a layer of polymeric adhesive tape to preserve the fracture surface and reduce the
scattering of glass fragments upon breakage. The support ring is also covered with PTFE film
to minimize contact damage and friction.

It is assumed that all measurements are performed by personnel skilled in the general art of

mechmmmmmﬂm—m—mlem is
suitablly calibrated as is known to skilled personnel and that records of the calibration data

and trpceability are kept.

5 Apparatus

5.1 Testing environment and pre-conditioning

The standard testing environment is specified in IEC 61747-40-4. Specimens shall be stored
in such an environment for at least 4 h before and 12 h after abrasion, as well as 24 h before
failurg load testing.

5.2 |Abrasion device
The dbrasion device is illustrated in Figure 1. The ‘main elements include a funnel fpr the
introduction of particulate into an air stream thatdmpels the particulate onto the surface |of the

specimens. The air stream is defined in terms of an input air flow at a defined prgssure
togetHer with three concentric tubes, in ordet:

1) pressurization tube

2) pdrticulate acceleration tube
3) containment tube

The cpntainment tube has an)output exhaust tube to remove most of the particulatg after
impacting the specimen.

During the abrasion(process, the specimen holder (Figure 2) is maintained flush with the
bottom of the containment tube such that all air flows are defined within the apparatug. This
will m|nimize th€2amount of particulate discharged into the laboratory environment. To further
prevent air bgrne particulate, additional housing may optionally (not shown) be provided with
a separate-exhaust system.
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Key
A Input|pressurized air
B Outpiit exhaust air
C Presgurization tube
D Acceleration tube

E Contgainment tube

F Funng
G Spedimen holder support and elevation mechanism-(optional)

H MecHanical supports

Dimendions:

Pressufization tube inside diameter{ 4)8 mm * 0,025 mm
Acceleffation tube inside diameter: 8 mm + 0,025 mm
Containment tube inside diagmeter: 32 mm + 0,025 mm

Funnel [mouth diameter,and‘height: 66 mm + 0,025 mm and 51 mm + 0,025 mm

Acceleffation tube length: 51 mm = 1 mm
Distande from bottom of acceleration tube to bottom of containment tube: 28 mm + 1 mm
Distande from bottom of containment tube to top of sample: 2 mm + 0,5 mm

Distande‘from bottom of acceleration tube to bottom of containment tube: 51 mm £ 1 mm

Input pressurized air: =2 34,5 kPa, < 413,7 kPa * 3,4 kPa

Output exhaust vacuum: 24,9 mbar + 2,5 mbar

Figure 1 — Abrasion device
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Bottom surface Top surface

/vO

Key

Abr
Corn
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5.3

Abras

IEC

hsion orifice
tainment tube insertion orifice
cimen cutout

but exhaust cavity

Figure 2 — Specimen holder

Abrasion material

on material: 90 grit silicon carbide (SiC).

Quantfity: 1 cm3 for each specimen.

5.4

Press

6 P

6.1
6.1.1

Wear

6.1.2

Wear

Pressurization source

ire provided by clean, compressed in*house or portable air source.

focedure

Safety
Hazard — Broken\glass

safety glasses ‘with side shields at all times. Wear gloves when handling broken gl

Hazard'- Airborne particulate

positive pressure air mask or other form of respirator if the unit is not fully enclose

ASS.

d with

exhau

St

6.2

Sample

The sample size is 30, excluding any specimens rejected for pre-existing damage.

The specimens of a sample should be provided in a container that supports the specimens on
their edges and prevents specimens from contacting one another to prevent transport
damage. When the abrasion testing is completed for the specimens of the sample, the same

contai

ner should be used to send them to the strength testing laboratory.

When the abraded specimens are placed in the container to be sent to the strength testing
laboratory, always place them into the container with a fixed orientation relative to the side
that is abraded. This orientation should be indicated on the container so that the strength

tester

can orient the specimen correctly for the strength test.
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Verify that the specimen holder is sized correctly for the specimens.

Record any exceptions to the standard procedure. These exceptions can be part of the
instructions associated with some experimentation, for example.

6.3

Abrasion testing — Individual specimen

For each specimen:

a)

b)

c)
d)
e)

f)
g)
h)
i)
)
k)

6.4

The r¢port shall include:

Indiviqual customers may require additional information.

7

After the 12<h-and more hold and re-inspection, complete the retained failure load f

verify the hole dimensions in the specimen holder by placing the go/no go gauge in

to the

specimen holder. If the go/no go gauge inserts fully with little to no applied pressure, the

fixture—is-worn-and-shall be replaced:
g T

remove the specimen from the container and place it into the specimen holder recées
the backing plate place on top of the specimen;

prépare the abrasion material by filling a level 1 cm?3 scoop;
tugn on the input air pump and vacuum exhaust;

mo¢ve the specimen holder under the containment tube. The specimen holder sho
held flush and centered to the bottom of the tube;

dump the scoop into the funnel quickly (within 1 s);

rup the input air pump and vacuum exhaust 5 s after the patticulate is dumped;
remove the specimen from the specimen holder;

remove the residual abrasion material using pressurized air;

p

allpbw the specimens to sit in the controlled enyvironment for at least 12 h after abr
then re-inspect for failure.

ace the specimen into the return container with the abraded side oriented correctly

Complete the report

number of sample failures durihg abrasion and after a 12 h or more hold

ingut air pressure used.

Retained failure load testing

s with

ild be

asion,

esting

accordlingcto. I[EC 61747-40-4 with the abraded sides of the specimens placed in tg¢nsion

durind the test.

8

Specifications

The following testing aspects require specification to obtain comparable results:

For the abrasion process,

the aspects listed in IEC 61747-40-4, including sample size and specimen dimension
input air pressure

abrasion material and grit size

abrasion material dose size

abrasion time

S
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Annex A
(informative)

Check depth measurement

The measurement of check depths created via field failures or from particle abrasion can be
conducted using an optical microscope and image analysis software. The check depth is
defined as the vertical length of the check/flaw at the failure origin created during damage
introduction. Figure A.1 illustrates a typical semicircular glass fracture surface in which the
critical flaw is located on the surface. The check depth a is measured from the glass surface
to the end of the check and/or median crack. Examples of check depth measurements in glass
are sHown in Figure A.2 to A.5 and in Lawn [2].

Mirroir region \I dI\ !;‘\/A /f/l Mist region

[~ /'1 Hackle\region
- J:’ 7 r’r/l

J_-fl
llf/f,“w-

| ——

fr_,x/' Z':""
TN S e
d ] L

Check/flaw

IEC

Figure A.1 — Schematic of fracture surface with measurement of check depth

28 i}

Length

IEC

Figure A.2 — Check depth measurement for grit particle abraded glass — Example 1
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Length = 33 um

A
100Mum

)
IEC

Fi

[7e)
LY
N

ure A.3 — Check depth measurement for grit particleabraded glass — Exampl

IEC

Figure A.4 —Check depth measurement for grit particle abraded glass — Example 3
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Length = 22 um

IEC

Figure A.5 —Check depth measurement for grit particle ‘abraded glass — Exampl¢ 4
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