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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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consists of the following parts, undéer the general title Adhesives — Test methods for isotr
conductive adhesives:

General test methods

Determination of electric-characteristics for use in electronic assemblies

Determination of heat-transfer properties

Determinationqf shear strength and electrical resistance using rigid-to-rigid bonded asseml]
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Part 7:

Environmental test methods
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Electrochemical-migration test methods

Determination of high-speed signal-transmission characteristics
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Adhesives — Test methods for isotropic electrically
conductive adhesives —

Part 5:
Determination of shear fatigue

SAHBETY STATEMENT — Persons using this part of ISO 16525 should be familiap wi
labpratory practice. This part of ISO 16525 does not purport to address all of the safety
if apy, associated with its use. It is the responsibility of the user to establish apptropr
and health practices and to ensure compliance with any regulatory conditiens:

IMBRORTANT — Certain procedures specified in this part of ISO 16525might involve
gernleration of substances, or the generation of waste, that could constitute a local environmental
hazard. Reference should be made to appropriate documentation dn)safe handling an|
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Scope

5 part of ISO 16525 specifies test methods using miniatiire specimens to measure shear
d joint that consists of isotropic electrically conductive adhesives and rigid adherends i
ditions.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig
291, Plastics — Standard gtmospheres for conditioning and testing

431, Copper refinery shapes

472, Plastics — Vocabulary

10365, Adhesives — Designation of main failure patterns

17212, Struictural adhesives — Guidelines for the surface preparation of metals and plast
psive bending

3

Tsarmoeanddefinitionc
O OCT

h normal
problems,
ate safety

the use or

d disposal

fatigue of a
In specified

nt and are

spensable for its application. For.dated references, only the edition cited applies. F¢r undated

S.

ics prior to

o
AICIL IO dIL TILICIVIIO

For the purposes of this document, the terms and definitions in ISO 472 and the following apply.

3.1
she

ar fatigue life

number of cycles of shear strain applied to the test specimen until adhesion layer failure is observed

3.2

maximum load
force generated through shear deformation of the specimen at the maximum test positions in each cycle
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3.3
minimum

load

force generated through shear deformation of the specimen at the minimum test positions in each cycle

3.4
displacem

ent range

distance between the actuator’s maximum and minimum positions

3.5
shear stra

in

shear strain is determined, dividing shear displacement by thickness of the adhesive layer

Note 1 to enjtry: Displacement measured by the test apparatus is not consistent with shear displacement‘of
adhesive layer, containing deformation of both the adherend and the test apparatus. Therefore, determing

rigidity of

the test apppratus into account when calculating test results.

3.6

shear stralin range

algebraics
conductive

3.7

non-lineal
algebraic s
in the isotr

of the cyclik shear stress-shear strain curve in a cycle

3.8

displacement rate

crosshead
adhesive 14

4 Appa

4.1 Apparatus for shear strengthtests, consisting of a tensile machine, a specimen-holder jig

ohmmeter,
specified ir

4,2 Ohm
(four-term

4.3 Shedring jigfor shear strength testing of specimens, as specified in Annex A, unless othery

specified i

th the adherend and the test apparatus in advance, and take deformation of both the adhérend

im of maximum shear strain and minimum shear strain generated in the isotropic electrid
adhesive layer

' shear strain range
lim of the maximum non-linear shear strain and minimui non-linear shear strain generd
opic electrically conductive adhesive layer, equivalent:te the maximum width at zero st

tpeed of the test machine, i.e. ajig, that applies the load to the isotropic electrically conduc
yer during the shear strength test

ratus and materials

and a recorder. The sperifications shall comply with the specifications of test appar
Annex A,

meter, to measure electrical resistance of specimens, based on the fall-of-potential met]
nal operation)-or equivalent.

the product specifications.

the
the
and

ally

ted
ess

tive

an
htus

hod

Vise

4.4 Stereoscopic microscope, with magnification from 50x to 250x or so and with a light that
illuminates the specimen at luminance around 2 000 Ix.

4.5 Adherend, class-2 oxygen-free copper as specified in ISO 431, unless otherwise specified in the
product specifications.

5 Speci

men

Use a specimen that is consistent with the adherend in form and dimensions, as shown in Figure 1.

NOTE

might be difficult because adhesion strength cannot be directly compared.

If the dimensions of the specimen are different from those shown in Figure 1, interpretation of results

© ISO 2014 - All rights reserved
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Bonding of the adherend using an isotropic electrically conductive adhesive shall be undertaken as
follows.

a) Treatthe surface tobebonded in accordance with manufacturer’s instructions or ISO 17212. Report
the method of surface treatment.

b) Join alead wire to the end face of the adherend to measure electrical resistance.

c) Apply the isotropic electrically conductive adhesive to the adherend. Fix and bond them so that the
thickness of the joint is equal to the dimension shown in Figure 1. For application and the curing of
the adhesives, follow the adhesive manufacturer’s recommendations.

d) |Use ajig to maintain the gap and alignment between the copper rods when bonding.

Dimensions in millithefres

10
\ ok ,

Y

2

:

0,05

Key]
copper rod

copper wire
conductive adhesive

Figure 1 — Miniature joint specimen

6 |Tests

6.1 Atmospheric conditions

Where possible, use the test atmospheric conditions specified in ISO 291. If alternative atmospheric
conditions are used upon mutual agreement between the delivering and receiving parties, record the
temperature and humidity used in the test report.

6.2 Procedure

After the pretreatment, observe the adhesive layer, using a stereoscopic microscope specified in 4.4 to
check that there are no cracks or defects. Then, follow the procedure below unless otherwise specified.

© ISO 2014 - All rights reserved 3
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Details of the test procedure for measuring the shear strength of an assembly bonded with an isotropic
electrically conductive adhesive are given in Annex B.

a)
b)

<)

d)

6.3 Judgment

Fix the specimen to the fixing jig and connect it to the ohmmeter.
Set a rate of loading (or displacement rate) and test temperature.

Continue the fatigue test until a fracture is detected and record changes in the maximum shear
force, electrical resistance, and shear fatigue life.

Observe the fracture, if necessary, to confirm and record the fracture mode.

The specimen is judged to have reached its fatigue life when the maximum shear load has decredsed
to a specific value, for example, 20 % from the initial value, or the electrical resistance.has incredsed
to a specif]c value, for example, 20 % from the initial value. Note that the shear forge isinfluenced by
changes infthe resin characteristics due to heating. Therefore, when increasing temperature to or higher
than the glass transition point during a test, it is preferable to use electrical resistance to judge|the

specimen’s fatigue life.

7

Test gyeport

The test report shall contain the following items. Some items may b¢ selected from items b) to m) upon

agreement|between the delivering and receiving parties:

a)
b)

‘)
d)

e)
f)
g)
h)
i)
j)
k)
1)

m)

areference to this part of ISO 16525, i.e. ISO 16525-5;

the name of the isotropic electrically conductive adhesive and its data, including kinds of resin, f]ller
material, manufacturer’s code and lot number;

requirpments of the adherend, including material and surface treatment;

applicdtion method of the isotropic eléctrically conductive adhesive, curing time or setting tjme,
tempetature, and pressure of the adhesive procedure;

dimenfions of the specimens and the form and dimensions of the adhesive layer after bonding;
model [numbers of the sheaf fatigue test apparatus and ohmmeter;

detailq of fixation of specimens (illustration preferred);

any adjustment of the pretest conditions and test atmospheric conditions;

the digdplacementrate and test temperature;

the digplacement range or shear strain range;

the number of cycles to failure and electrical resistance;
modes of fracture after the test in accordance with ISO 10365;

the date, institution and atmospheric conditions of the test.

© ISO 2014 - All rights reserved
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Annex A
(normative)

Apparatus for shear fatigue tests

General
=enera:

Thi
spe

A.2

A2

For
pro

Thd
tha

The
wav

b)

e)

A2

Cifies its detailed requirements.

Apparatus for shear fatigue tests

.1 Apparatus for fatigue tests

fatigue tests, use apparatus meeting the following requirements unless otherwise spec
duct specifications:

having a function of moving the specimen-fixing jig, usitig ramp waves;

test apparatus should preferably be equipped withtalinear DC motor or piezoelectric g
displacement can be controlled within the micrometer range.

test apparatus should preferably be able to control sine and trapezoidal waves, in additi
es, because tests using sine or trapezoidal:waves instead of ramp waves are also effectiy

having functions of measuring displacement in the vicinity of the specimen using a di
and feedback control of the actuator using the measured displacement. The displaceme

shear force;

preferably having a lodd indicator to measure and record the force of reaction, which is
by shearing deformadtion of the adhesive layer during a test;

having a load indicator, which should be able to measure decreases in the force of reactic
generated due.to deterioration (initiation and propagation of a crack) of the bonded por

when increasing temperature for the test, the test apparatus should preferably be ablg
temperature.

.2 Shearing jig, having a structure, which can fix the specimen and apply shear s

5 annex specifies the apparatus for shear fatigue testing of specimens specified in €lg

use 4, and

ified in the

ctuator, so

jon to ramp
e.

bplacement

detector installed to the specimenfixing jig. Do not use the displacement detector in the actuator

ht detector

should preferably be a noncontact eddy current type and a capacitance type to avoid infljiencing the

generated
n, which is
[ion;

to control

‘rain to

the

bonded portion by mechanical displacement.

The structure of the shearing jig should preferably be able to secure the adherend. The fixing jig should be
designed so that the line of force is located at the centre of the specimen to inhibit bending deformation.
Figure A.1 shows an example of a fixing jig.

© IS0 2014 - All rights reserved
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A.2.4 Re

Use arecor
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ing fatigue
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Figure A.1'=—Example of fixing jig

life, it is preferable to use a low-resistance ohmmeter that is based on the fall-

| method and is therefore not influenced by resistance of lead wires, so that microscppic

of théisotropic electrically conductive adhesive layer can be measured.

der to'document the relationship between the shear force and displacement through testfing.
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Annex B
(normative)

Procedure of shear fatigue tests

B.1

Thip annex specifies the procedure of shear fatigue tests of specimens specified in 6.2.

B.

hesive joint
B.2l1 General

Follow the procedure below unless otherwise specified in the product specifications.

B.2
a)

b)

d)

Use

wh

General
=enera:

Procedure of shear fatigue tests for the isotropic electrically conduct

1.1 Method

Fix a specimen to the jig. Ensure that the pressure to fix the specimen can be controlled
such as a torque driver, so that pressure can be constant and avoid influencing rigidity
test. When fixing the specimen, it is preferable tHatthere is no force generated in the spe
the load controlled during the test so as to prevent physical damage flaws in the adhesiy

Connect the terminals of the ohmmeter te:the lead wires of the specimen for measurin
resistance.

When the test apparatus is equipped with a temperature controller, set a test temper
that temperature rises in the environment of actual operation of electronic assembly. T
is preferable to carry out tests not only at room temperature but also at higher temperaf

ive ad-

sing a tool,
during the
Fimen with
e layer.

b electrical

hiture. Note
herefore, it
ures.

Seta displacement rate/asfollows. Determine a rate of loading according to the shear modulus of the

isotropic electricallyconductive adhesive, so that the strain rate is approximately 0,1 %
within the range ofelastic deformation.

the followingfoymula:

P =GxAx1073

re

per second

(B.1)

P is the shear force (N) applied per second;

G is the shear modulus (Pa) of the isotropic electrically conductive adhesive;

A isthe bonded area (m2).

Carry out a preliminary test to determine the displacement rate that equals the rate of loading
determined.

e)

Choose a load waveform and displacement ranges. A load waveform should be a

symmetric

triangular waveform in principle. In most cases, a waveform is trapezoidal in the environment
of actual operations. Therefore, the choice of a trapezoidal waveform is also recommended. As to
displacement ranges, choose five to six ranges that are equivalent to the shear strain range from 5 %

© IS0 2014 - All rights reserved
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f)

g)

h)

B.2.1.2 Preparation of fatigue life diagram

to 0,5 %. Determine the shear strain, dividing shear displacement by thickness of the adhesive layer.
Typically, displacement measured by the test apparatus is not consistent with shear displacement of
the adhesive layer, due to the influence by the rigidity of both the adherend and the test apparatus.
Therefore, determine the rigidity of both the adherends and the test apparatus in advance, and take
such values into account when calculating test results.

Continue the shear fatigue testunder the selected conditions until the maximum shearload decreases
to a specific value or electrical resistance increases to a specific value. Measure and record changes
in shear force, displacement, and electrical resistance.

Fatigue life is defined as follows: When the maximum shear load has decreased to a specific value,
for exdmple, 20 % from the initial value, or the electrical resistance has increased to a specificydlue,
for exgmple, 20 % from the initial value, the specimen is judged to have reached its fatigue life.Shear
force ¢an be influenced by changes in the resin characteristics due to heating. Therefore, when
increaping temperature to or higher than the glass transition point during a test, it is pyeferable to
use elgctrical resistance to judge the specimen’s fatigue life.

Observe the fracture, if necessary, to confirm and record the fracture mode.

Indicate thie test results obtained in each displacement range, using a fatigiie life diagram in which|the
fatigue lifeland the total shear strain range or nonlinear strain range-afe both plotted in a logarithmic
scale. For ghear strain ranges for a fatigue life diagram, choose those from cycles in which the shjear
force is stgble. Note that the use of displacement ranges must be avoided for a fatigue life diagrfam.
Even if displacement ranges are identical, levels of shear strain‘applied to the adhesion layer differ|due
to the inflyence by rigidity of the adherend and test apparatus when test temperatures, rates, or load
waveformg are different. Figure B.1 shows shear stress and'shear strain curves when test temperatyres
were 298 K, 348 K, and 398 K, where waveforms were symmetric triangular and symmetric trapezoidal,
and the digplacement range was 5 pmlll. For this reason, comparison of the fatigue life requires|not

displacemgnt ranges but shear strain ranges. Figur® B.2 shows an example of test results.[1}
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