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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARDS

2006(E)

AND

OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES -

Part 2: Test methods for materials for interconnection structures

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all ndtional electrotechnical committees (IEC National Committees). The object of IEC Is __to promote

interngtional co-operation on all questions concerning standardization in the electrical and electrenic

fields. To

this ehd and in addition to other activities, IEC publishes International Standards, Technical~Spedifications,

Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter reférred to
idation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee
subject dealt with may participate in this preparatory work. International, gevernmental

misinterpretation by any end user.

as “IEC
nterested
and non-
bs closely

ernational
from all

ublications have the form of recommendations for international'use and are accepted by IE¢ National
ittees in that sense. While all reasonable efforts are made.td ensure that the technical contgnt of IEC
tions is accurate, IEC cannot be held responsible for.the way in which they are used dr for any

In order to promote international uniformity, IEC National ‘Committees undertake to apply IEC Pyblications
transparently to the maximum extent possible in their national and regional publications. Any divergence

betwepn any IEC Publication and the corresponding natiénal or regional publication shall be clearly in
the lafter.

IEC grovides no marking procedure to indicate™its approval and cannot be rendered responsibl
equipient declared to be in conformity with an{EC€ Publication.

All us¢rs should ensure that they have the latest edition of this publication.

dicated in

p for any

No liapility shall attach to IEC or its direetors, employees, servants or agents including individual eXperts and

disbanded)”and technical committee 50: Environmental testing.

rs of its technical committeesand IEC National Committees for any personal injury, property damage or

fees) and
pther IEC

cations is

subject of

Surface

teehnology, in cooperation with technical committee 52: Printed circuirs (now

This second edition replaces the first edition, published in 1997, and its Amendment 1 (2000).
It constitutes a technical revision.

The document 91/564/FDIS, circulated to the National Committees as Amendment 2, led to the
publication of this new edition.
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The text of this standard is based on the first edition, its amendment 1 and on the following

docume

nts:

FDIS Report on voting
91/564/FDIS 91/572/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.

The significant technical changes with respect to the previous edition concern the addition of

several

new tests in the following categories:

- C:d
- D: O
- E: H

hemical test methods
imensional test methods:

lectrical test methods

— M: Nlechanical test methods

- N: H
- XM

nvironmental test methods

iscellaneous test methods

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

This standard forms part of a series and should be used in conjunction with other par

same s
Structur
Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:

It shoulq

The con
mainten
related

bries, all under the main title Test methads for electrical materials, interco
bs and assemblies:

General test methods and methodology

Test methods for materials for interconnection structures

Test methods for interconneetion structures (printed boards)

Test methods for electronic’components assembling characteristics?

Test methods for printed board assemblies

Test methods for materials used in electronic assemblies

also be read in conjunction with IEC 60068: Environmental testing.

nmittee has decided that the contents of this publication will remain unchanged
ance result date indicated on the IEC web site under "http://webstore.iec.ch" in
o the specific publication. At this date, the publication will be

¢ rec

s in the
hnection

until the
the data

firmed,

e withdrawn,
+ replaced by a revised edition, or

* ame

nded.

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

1 Under consideration.
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INTRODUCTION

IEC 61189 relates to test methods for printed boards and printed board assemblies, as well as
related materials or component robustness, irrespective of their method of manufacture.

The standard is divided into separate parts, covering information for the designer and the test
methodology engineer or technician. Each part has a specific focus; methods are grouped
according to their application and numbered sequentially as they are developed and released.

In some instances test methods developed by other TCs (e.g. TC 50) have been reproduced
from existing IEC standards in order to provide the reader with a comprehensive set of test
methods__\When this situation occurs it will be noted on the qnnmfm test method: if the test

method|is reproduced with minor revision, those paragraphs that are different are |dent||f|ed

This paft of IEC 61189 contains test methods for materials used to produce -intercopnection
structures (printed boards) and electronic assemblies. The methods are self-containgd, with
sufficient detail and description so as to achieve uniformity and reproducibility] in the
procedures and test methodologies.

The tesis shown in this standard are grouped according to the follewing principles:

P: preparation/conditioning methods
isual test methods

gimensional test methods
themical test methods

echanical test methods
lectrical test methods

zZm=z200 <

nvironmental test methods
X: iscellaneous test methods

To facilltate reference to the tests, to retain consistency of presentation, and to prdvide for
future gxpansion, each test is_identified by a number (assigned sequentially) added to the
prefix (qroup code) letter showing the group to which the test method belongs.

The tes{ method numbérs~have no significance with respect to an eventual test sequernce; that
responglbility rests with the relevant specification that calls for the method being performed.
The reldvant specification, in most instances, also describes pass/fail criteria.

The letter and.number combinations are for reference purposes, to be used by the [relevant
specification,” Thus "2D01" represents the first dimensional test method described in this
publicatlon

In short, for this example, 2 is the part of IEC standard (61189-2), D is the group of methods,
and 01 is the test number.

A list of all test methods included in this standard, as well as those under consideration is given
in Annex B. This annex will be reissued whenever new tests are introduced.
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TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARDS AND
OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES -

Part 2: Test methods for materials for interconnection structures

1 Scope

This part of IEC 61189 provides a catalogue of test methods representing methodologies and
procedures that can be applied to test materials used for manufacturing interconnection
structures (printed boards) and assemblies.

2 Normative references

The follpwing referenced documents are indispensable for the application of-this document. For
dated rgferences, only the edition cited applies. For undated referencesi{the latest efition of
the refefenced document (including any amendments) applies.

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance
IEC 60068-2-2:1974, Environmental testing — Part 2: Tests ~ Tests B: Dry heat

IEC 60068-2-78:2001, Environmental testing — Part 2-78; Tests — Test Cab: Damp heal, steady
state

IEC 60093:1980, Methods of test for volume reSistivity and surface resistivity of solid glectrical
insulating materials

IEC 60243-1:1998, Electrical strength of insulating materials — Test methods: Tests gt power
frequengies

IEC 611[89-3:1997, Test methads for electrical materials, interconnection structufes and
assemblies — Part 3: Test methods for interconnection structures (printed boards)

ISO 3274:1996, Geomeétnical Products Specifications (GPS) — Surface texture: Profile method —
Nominal characteristics of contact (stylus) instruments

ISO 90Q1:2000,Quality systems — Model for quality assurance in production, installation and
servicing

ANSI/UL-9471993, Standard for tests for flammability of plastic materials for parts in devices
and appliances, Tests for

3 Accuracy, precision and resolution

Errors and uncertainties are inherent in all measurement processes. The information given
below enables valid estimates of the amount of error and uncertainty to be taken into account.
Test data serve a number of purposes which include:

— monitoring a process;

— enhancing confidence in quality conformance;

— arbitrating between customer and supplier.
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In any of these circumstances, it is essential that confidence can be placed upon the test data
in terms of:

prec
reso

accuracy: calibration of the test instruments and/or system;

ision: the repeatability and uncertainty of the measurement;
lution: the suitability of the instruments and/or system for the test.

3.1 Accuracy

The regime by which routine calibration of the test equipment is undertaken shall be clearly
stated in the quality documentation of the supplier or agency conducting the test, and shall

meet th

The ca
internat
calibrati

Where (
may be

The cal
accepta
consistg
intervalg.

A recor
These 1
order th

A proce
outside

3.2 Précision

The un
random
minimur

System
uncerta

o mquirpmpntq of 1ISQ 9001:2000

calib

ble limits of accuracy shall be subject to shortened(calibration intervals. Eq
ntly found to be well within acceptable limits may be subject to relaxed calibration

Ttic uncertainties are usually the predominant contributor, and will inc

ibration shall be conducted by an agency having accreditation to _a“\nat
onal measurement standard institute. There should be an uninterrupted ¢
pn to a national or international standard.

alibration to a national or international standard is not possible sround robin teg
used, and documented, to enhance confidence in measuremenbaccuracy.

bration interval shall normally be one year. Equipmentcconsistently found to be

i of the calibration and maintenance history~shall be maintained for each ins
ecords should state the uncertainty of the calibration technique (in £ % devi
nt uncertainties of measurement can he.aggregated and determined.

dure shall be implemented to resalve any situation where an instrument is fou
calibration limits.

ertainty budget of ‘any measurement technique is made up of both system
uncertainties. All\‘éstimates shall be based upon a single confidence l¢
h being 95 %.

nties not.subject to random fluctuation. These include:

ration” uncertainties;

onal or
hain of

hniques

outside
uipment

rument.
htion) in

hd to be

hatic and
vel, the

ude all

erro

sdue to the use of aminstrument unmder conditions which differ frommthoseond

it was calibrated;

errors in the graduation of a scale of an analogue meter (scale shape error).

er which

Random uncertainties result from numerous sources but can be deduced from repeated
measurement of a standard item. Therefore, it is not necessary to isolate the individual
contributions. These may include:

random fluctuations such as those due to the variation of an influence parameter. Typically,
changes in atmospheric conditions reduce the repeatability of a measurement;

uncertainty in discrimination, such as setting a pointer to a fiducial mark, or interpolating
between graduations on an analogue scale.
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Aggregation of uncertainties: Geometric addition (root-sum-square) of uncertainties may be
used in most cases. Interpolation error is normally added separately and may be accepted as
being 20 % of the difference between the finest graduations of the scale of the instrument.

Up=2y(US +U7F) +U,

where

U; is the total uncertainty

Uy is the systematic uncertainty
U, is the random uncertainty

U; is the interpolation error

Determipation of random uncertainties: Random uncertainty can be determinéd, by repeated
measur¢ment of a parameter, and subsequent statistical manipulation of the |measurgd data.
The technique assumes that the data exhibits a normal (Gaussian) distribution.

where
U, is rahdom uncertainty

n is the sample size

t is thp percentage point of the “t’ distribution (from\3.5), statistical tables

o is the standard deviation (o,.1)
3.3 Repolution

It is parpmount that the test equipment used is capable of sufficient resolution. Measpirement
systemgq used should be capable of resolving 10 % (or better) of the test limit tolerance)

It is acfepted that some technologies will place a physical limitation upon resolutipn (e.g.
optical rnesolution)

3.4 Report
In addition to requirements detailed in the test specification, the report shall detail:

— the fest method number and revision;
— the identity'of the sample(s);

— the festvinstrumentation;

— the specified limit(s);

— an estimate of measurement uncertainty, and resultant working limit(s) for the test;
— the detailed test results;

— the test date, and operators’ signature.

3.5 Student’s "t" distribution

Table 1 gives values of the factor "t" for 95 % and 99 % confidence levels, as a function of the
number of measurements. It is sufficient to use 95 % limits, as in the case of the worked
examples shown in Annex A.


https://iecnorm.com/api/?name=f279371c30bcb292a0e1941aa8ab0e2e

—12- 61189-2 © IEC:2006(E)

Table 1 — Student’s "t" distribution

Sample t value t value Sample t value t value
size 95 % 99 % size 95 % 99 %
2 12,7 63,7 14 2,16 3,01
3 4,3 9,92 15 2,14 2,98
4 3,18 5,84 16 2,13 2,95
5 2,78 4,6 17 2,12 2,92
6 2,57 4,03 18 2,11 2,9
7 2,45 3,71 19 2,1 2,88
8 2,36 3,5 20 2,09 2,86
9 2,31 3,36 21 2,08 2,83
10 2,26 3,25 22 2,075 2,82
11 2,23 3,17 23 2,07 2/81
12 2,2 3,11 24 2,065 2,8
13 2,18 3,05 25 2,06 2,79
3.6 Supgested uncertainty limits
The follpwing target uncertainties are suggested:
a) oltage < 1 kV: +1,5%
b) oltage > 1 kV: +25%
c) Current <20 A: +1,5%
d) Current > 20 A: +25%
Resistafpce
e) [Earth and continuity: +10.%
f)  Insulation: 10 %
g) [requency: +0,2%
Time
h) Interval < 60 s: +1s
i) nterval > 60.s: 2%
i)  Mass < 10.q: +0,5%
k) Mass 40:g to 100 g: 1%
) Mass-> 100 g: 2%
m) Keree: +2-%%
n) Dimension < 25 mm: +0,5%
o) Dimension > 25 mm: + 0,1 mm
p) Temperature <100 °C: +1,5%
gq) Temperature > 100 °C: +3,5%

r) Humidity 30 to 75 % RH: +5%RH

Plating thicknesses

s) Backscatter method: +10 %
t) Microsection: 2 pum

u) lonic contamination: +10 %
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4 Catalogue of approved test methods

This standard provides specific test methods in complete detail to permit implementation with
minimal cross-referencing to other specific procedures. The use of generic conditioning
exposures is accomplished in the methods by reference, for example IEC 61189-1 and
IEC 60068, and when applicable, is a mandatory part of the test method standard.

Each method has its own title, number and revision status to accommodate updating and
improving the methods as industry requirements change or demand new methodology. The
methods are organized in test method groups and individual tests.

5 P: Pfreparation/conditioning test methods

5.1 Test 2P01: Dry heat (under consideration)

5.2 Test 2P02: Solder float stress (under consideration)

6 V: Vlisual test methods

7 D: Dimensional test methods

7.1 Test 2D01: Thickness of base materials and rigid'boards

7.1.1 Qbject

This test method covers the procedure for the determination of the thickness of base mfaterials,

clad or

7.1.2 Test specimens

Standarfd sheet sizes of metal-clad or-unclad base materials.
Standard panel sizes of metal-clad or unclad base materials.

7.1.3 Test apparatus and material

A suitafjle micromeferhaving a resolution of 0,01 mm or better shall be used.

7.1.4 Procedure

a) Gengrdlconditions

nclad.

Test specimens shall be placed between the two faces of the micrometer, so that the
whole face of the pressure-foot will fall within the area of the material. The pressure-foot
shall be lowered gently, slowly and with great care onto the test specimen so that all
punching effect is avoided.

No stress shall be imposed by hand on the instrument or the material when a reading is
being taken. The reading shall be taken as soon as the pointer has ceased to move. It
is necessary to take care in avoiding parallax errors and vibrations which may
significantly affect the results.

b) Method 1

This procedure is intended for the thickness measurement of the sheets of metal-clad
or unclad base materials.

The specimen shall be held vertically or horizontally.
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— Thickness to the nearest 0,01 mm at two points 25 mm or more inside each edge, at
eight points, and additionally at two points in the middle parts, so that a total of
10 points, shall be measured as shown in Figure 1.

— The measurement shall be made twice at each point and the mean value shall be
determined as the thickness of each point.

— For automatic thickness inspection, continuous measuring shall be performed in three
measuring tracks parallel to the longitudinal axis of the sheet, two at least 25 mm from
the longitudinal edges and the third near the midline.

25 min.
[ ) [ )
/(./'. ‘
Measuring %/—wo
points \
[ ) [ ]
[ ] [ ]
—= = 25{min.

IEC 1890/99

Figure 1 — Thickness measuring points

od 2

[his procedure is intended for the thicknéss measurement of panels of meta
nclad base materials. The thickness ‘of the specimens held vertically or hor

7.1.5 Report

The repprt shall include:

a) the I—)st method number and revision;

b) the date of the test;

c) the identification of'the material tested;

d) a statement cértifying that the test was carried out for as-received metal-clad o
basg materials;

e) the thicknesses measured and the nominal thickness with its tolerance;

f) any

hall be measured at the places whichivare agreed between the interested parties.

Heviation from this test method;

g) the name of the person conducting the test.

7.1.6 Additional information

-clad or
zontally

unclad

The use of a micrometer with a damping device, or controlled rate of movement of the
pressure-foot, is advantageous.
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8 C: Chemical test methods

8.1 Test 2C01: Resistance to sodium hydroxide of base materials

8.1.1 Object

The purpose of this test method is to provide a procedure for determining the alkaline

resistan

81.2 T

ce of base materials by exposure to a sodium hydroxide solution.

est specimens

a) Specimens shall be taken from the panel or sheet in such a way that they are at least
25 nfm from the edge of the sheet.

b) Spe

cimens shall be prepared from a sample of metal-clad base material from)w

metal has been completely removed by any appropriate method reflecting ustal-pra

c) Spe
saw

cimen size is (50 £ 2) mm in both length and width, and shall be cut @ut usin
to give the edges a smooth finish.

d) A minimum of three specimens shall be used.

8.1.3 T
The foll

a) an

est apparatus and materials
bwing test apparatus and materials shall be used:

appropriate alkaline-proof container which contains an analytical grade

hydrpxide solution maintained at a temperature of\(40 + 2) °C at a concentration b
of (3 £ 0,2) %. In order to ensure that the congentration remains within the tolera

solu

ion must be prepared daily. The number @f specimens tested per litre of solut

not be more than 50;

b) a ra
max

mum exposure of the specimen surfaces to the solution;

c) aclgan dry gauze, cloth or paper to:wipe off the water from the specimen surfaces;

d) afin

e blade saw for the sample.preparation.

8.1.4 Procedure

Place tHe specimens in the rack then in the sodium hydroxide solution for 3 min £ 20 s.

Take th
running

Wipe th

le rack out of the sodium hydroxide solution and quickly rinse the specimen
water for-a minimum of 5 min.

hich the
ctice.

g a fine

sodium
y weight
hce, the
on shall

ck to hold specimens upright in the container. The design of the rack shall allow

s under

b\water from the specimen surfaces completely with a clean dry gauze, cloth or

paper.

Immediately make a visual check for colour change, swelling, blistering and/or delamination.

8.1.5 Report

The rep

Q O T O

)
)
) thei
)
)

D

any

ort shall include:

the test number and revision index;
the testing date;

dentification of the material tested;

the changes in surface appearance, if any;

deviation from this test method.
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8.1.6 Additional information

Sodium hydroxide is a powerful alkaline chemical. It shall be handled with care, avoiding eye
and skin contact by wearing protective glasses and chemically resistant gloves.

8.2 Test 2C02: Gel time of epoxy based prepreg materials
8.2.1 Object

The purpose of this test method is to provide a means for determining the gel time of epoxide
resin impregnated reinforcement cured to the B-stage used in the manufacturing of laminate
and printed boards.

8.2.2 Test specimens
A numbkr of pieces approximately 100 mm square or another convenient size, in order to yield

approximately 1 g of dry resin, shall be cut from areas uniformly distributed across the |width of
the sheeét or roll, but excluding the area within 25 mm of each edge or selvage.

8.2.3 Test apparatus and material

The follpwing test apparatus and materials shall be used:

D

heating plate capable of maintaining a temperature of (170~+ 0,5) °C;

[}

timef, capable of determining time within + 1 s;

o O

)

)

) woodlen stick, pointed, approximately 3 mm in diameter;
) a mgasure of capacity for 0,3 g to 0,4 g resin powder;

)

D

sieve, 50 mesh per inch.

8.2.4 Pjrocedure

Detach the dry resin from the prepreg (B-stage) by folding or crushing. Remove any glass fibre
present|by sieving alternatively, in.thé case of materials too soft to detach dry resin by ¢rushing,
the resin required may be obtained by pressing the folded stack of material in contact [with the
heating [plate and squeezing,out the melted resin.

Removgq any glass fibre present by sieving.

[©]

Adjust the heatingwtate or equivalent to 170 °C and allow to stabilize at that temperature.

Using tHe measure of capacity a quantity of 0,3 g to 0,4 g resin powder shall be taken.

Pour the measured dry resin in the form of a small cone on one spot of the heating plate and
start the timer immediately. If the alternative method given above is used, the timer shall be
started at that moment when the folded stack is brought in contact with the heating plate.

Stir the resin, using a wooden stick approximately 3 mm in diameter, holding the stick as near
vertical as possible and mixing the centre as well as the edges of the melted resin. While
stirring, the diameter of the pool of melting resin shall not exceed 25 mm.

At the approach of the gel point the resin becomes tacky and forms strings when pulling the
stick out. The gel point is reached when it no longer forms strings when pulling the stick out,
and is no longer tacky but still elastic. At this point, the timer is stopped and the elapsed time
measured in seconds is taken as the gel time. When used as a reference, three separate
measurements shall be carried out and the average recorded as gel time.
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eport

The report shall include:

the t
the t

O QO O T QO

8.2.6

The det
a rotati
resin m
shall be

est method number and revision index;
esting date;

)
)
) the identification of the material tested;
) the gel time in seconds (average);

)

any deviation from this test method.

rmination of gel time may also be carried out using a sample of the resin.con
nal viscometer, in which case more information about the flow characteristi

ined in
of the

y be obtained. If this method is used, the viscosity value corresponding to the gel point

defined by determination of the correlation with the test described above.

8.3 Test 2C03: Resin content of prepreg materials by treated weight

8.3.1 Qbject

The purpose of this test method is to provide a means for me@suring the resin content|of resin

impregnated reinforcement cured to the B-stage, only if the weight of uncoated reinfocement

is known. This method is applicable to both organic andrinorganic reinforcements.

8.3.2 Test specimens

a) Spe¢imens shall be taken from the roll or sheet in such a way that they are [at least
25 mm from the edge.

b) Foun specimens (100 + 0,2) mm x (100 + 0,2) mm shall be taken at equal spacing across
the web for rolls or from different areas of sheeted material.

8.3.3 Test apparatus and materials

The follpwing test apparatus\and materials shall be used:

a) analptical balance with a 0,001 g or better resolution;

b) desigcator (stabilization chamber) capable of maintaining 25 % relative humidity |(RH) or
less|at room/temperature.

8.3.4 Procedure

8.3.4.1 Determination of weight of reinforcement

The weight of 1 dmZ2 reinforcement may be determined by one of the two methods described

below:

8.3.4.1.1 Method 1

Determine the weight of the reinforcement from the actual length, width and weight of roll of
reinforcement material:
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the weight of 1 dm2 reinforcement (g)
the roll weight (kg)

the roll length (m)

the roll width (m)

8.3.4.1.2 Method 2

2006(E)

Determine the weight from median statistical or typical reinforcement weight in grams per

metre:

8.3.4.2

Determi
measur

All the
reinforc

Wg = 0,01 W

the weight of 1 dm? reinforcement (g)
the weight of 1 m2 (g)

Determination of total weight of prepreg

he actual reinforcement weight at the beginning “of* the roll, using th
ement technique as described in this method.

above methods consider any finishes applied{ to the reinforcement as par
ement.

The spécimen shall be desiccated unless thé&. 'prepreg material is tested within 10

manufa

Determi

8.3.4.3

The res

where

Cr is
Wg is
Wt is

cture to prevent the absorption of moisture.
he and record the total weight of the four specimens to the nearest 0,001 g.

Resin content

n content shall be calculated as follows:

cR=(1——]x1oo
T

the resin content (%)

e same

t of the

min of

the'weight of the reinforcement (g/dmz)

the weight of the treated prepreg (g/dm?2)

8.3.5 Report

The report shall include:

O T Q

)
)
)
)

o

the test method number and revision index;
the testing date;
the identification of the material tested;

nearest 0,1 %;

e) any deviation from this test method.

the weight of the treated specimen to the nearest 0,001 g and the resin content to the


https://iecnorm.com/api/?name=f279371c30bcb292a0e1941aa8ab0e2e

61189-2 © IEC:2006(E) ~19 -

8.3.6 Additional information

The volatile content of the prepreg (excluding moisture) is considered as part of the

treated

product using this method. If it is desired to exclude volatile content the specimen should be

baked at an appropriate time and temperature.

The accuracy of this test method for determination of resin content is dependent primarily upon

the accuracy of the basic weight of the reinforcement.

The effect of static charges may present a serious problem in weighing material which has

been stored if the specimen is larger than the sample pan of the analytical balance.

If it is desired to check variation across the width of the roll, four specimens may be g
the roll at each location to be tested.

In most|cases, the amount of organic material from the reinforcement is negligible; h
special pttention should be paid to materials such as reinforcement containing finishe
have a pubstantial amount of organic content (5 % or more), and for organic reinfor
which mlay have significant moisture content.

The resfn content test by sublimation, Test 2C10, is a more acécurate measurement
contentjand shall be used for reference purposes.

t 2C04: Volatile content of prepreg materials

bject

printed boards.

8.4.2 Test specimens

Three specimens (100 £ 0,2) mma% (100 = 0,2) mm shall be cut from positions alon
perpendicular to the machine_direction of reinforcement, with the diagonals of the sp
parallel to the machine (warp) and cross-machine directions (weft), and no closer thar
from thg edge of the prepreg sheet or roll, see Figure 2. A hole approximately
diameter shall be punched’in the corner of each specimen.

8.4.3 Test apparatus and materials

The follpwing test apparatus and materials shall be used:

ut down

owever,
5, which
cements

of resin

ntent of
ultilayer

g a line
Ecimens

25 mm
B mm in

a) analytical balance with a 0,001 g or better resolution;

b) an air circulating oven capable of achieving a temperature of up to 250 °C and con
within £ 3 °C;

trollable

c) a desiccator (stabilization chamber) capable of maintaining 25 % RH or less at room

temperature;
d) appropriate hanging metal hooks to hang specimens.
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Edge or selvedge Edge or selvedge

| |

Direction of warp ———

[~<—— Minimum 25 mm Minimum 25 mm —— -
IEC 2679/05

Figure 2 — Position of specimens

8.4.4 Procedure

Weigh gach specimen including a hanging metal hook to the nearest 0,001 g and record as M;.

Hang edch specimeh with the metal hook in the circulating air oven at (163 + 3) °C for (15 { 1) min
except |for yamodified polyimide prepreg. For unmodified polyimide prepreg, the drying
conditiop in the oven shall be at (225 £ 3) °C for (15 £ 1) min.

Remove each specimen with hook from the chamber, one at a time, and cool to room
temperature in a desiccator. Reweigh the specimen including the hanging metal hook within
2 min after removal from the desiccator to the nearest 0,001 g and record as M>.

The volatile content of each specimen shall be calculated as follows:

C. = (M1 _M2)

v v x 100

1

where

Cy is the volatile content (%)

M, is the weight before oven conditioning (g/100 cm?2)
M, is the weight after oven conditioning (g/100 cm)?2
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8.4.5 Report

The report shall include:

Q O T O

)
)
) thei
)
)

- O

the test number and revision index;
the testing date;

dentification of the material tested;

the average of the three volatile content values in per cent (%);
the temperature of the circulating air oven;
) any deviation from this test method.

8.4.6 Aldditional information

The 16

polyimide are for these resin systems only. For other resin systems, the temperature

determi

hed upon agreement between the purchaser and supplier.

8.5 Test 2C05: Blistering during heat shock

8.5.1 Qbject

To detgrmine the ability of the copper-clad laminate to’,withstand specified heat

simulati

ng soldering processes, without blistering.

8.5.2 Test specimens

a) Spe

Limens shall be taken from the panel)0r sheet in such a way that they are

25 mm from the edge.

b) The
base
shal

test specimen shall be a square of(50 + 5) mm cut from a sample of the cop

be tested separately with separate test specimens. For each side of the

testgd, three specimens shall .be,used.

8.5.3 Test apparatus and materials

A bath meeting one of the-following requirements:

a) a liquid bath of“well-stirred silicone liquid or equivalent fluid kept throughout the
(260 +g )°C..The temperature shall be measured at (25 + 2,5) mm below the surface

b) a fluidized sand bath (see Figure 3) of suitable design kept at a temperature of (26

measured In approximately the same location that will be occupied by the specimen;

3 °C oven temperature for epoxide and 225 °C oven temperature .-for unmodified

shall be

shocks,

at least

per-clad

material and shall be unetched. For double-sided metal-clad base material, egch face

aminate

test at

0%3) -c

c) a suitable solder bath of depth not less than 40 mm shall be used. If circular, the bath shall be
not less than 120 mm in diameter, and if rectangular, not smaller than 100 mm x 75 mm.
The bath shall be protected from draughts. The temperature of the solder shall be kept at

(260+8)°C throughout the test. The temperature shall be measured at a depth of (25 + 2,5) mm

below the surface. The bath shall contain solder of nominal 60/40 or 63/37 tin-lead

com

position. The characteristics of the solder shall be as follows:

— completely solid 183 °C;

— completely liquid 188 °C.


https://iecnorm.com/api/?name=f279371c30bcb292a0e1941aa8ab0e2e

—22- 61189-2 © IEC:2006(E)

~~ Overspill flange

Inner case  —_| e :

T T T Bath medium

Insulation —

Heaters \5 . ) T
. L, Control valve and air inlet

]
i

/

fhr—h
L=

Porous plate —1

Outer case

Electrical wiring and
bnnector blocks

(@]

Energy regulator

Fail safe unit
IEC 2680/06

PRINCIPLES ©F OPERATION

Small solld particles can be readily “fluidized” by, means of a suitable gas (air) stream. A diagrammgtic cross-
section of|a fluidized sand bath is shown above. Glean, dry air at a constant pressure of about 2 N/cm2 from a pump
or from ar} air line is supplied via a control valyeto a chamber beneath the diffuser (porous plate). This pofous plate
ensures g uniform flow of air across the full, section of the container and acts also as a support plate fof the solid
sand bed.

As the coptrol valve is slowly opened, ‘the solid sand bed remains undisturbed and the air finds its way bdtween the
particles; lJunder such conditions the pressure drop is proportional to the rate of flow of air. As the valve |is opened
further, the air drag on the particles will cause them to separate and the whole mass of the bed can be se¢n to have
expanded| The bed now behaves as a fluid and is said to be “fluidized”. Further opening of the vajve is not
accomparlied by an increase if pressure drop, which remains constant at a value corresponding to the hgad of the
column ofl particles, but the+bed becomes more turbulent and will have the appearance of boiling liquid| The best
heat trangfer and mostuniform temperatures are obtained when the bath is in this “boiling” state.

Figure 3 — Fluidized sand bath

8.5.4 Pocédure

8.5.4.1 Liquid bath procedure

The specimen shall be held in a horizontal position, at a depth of (25 + 2,5) mm in a holder of
heat capacity low enough to avoid the temperature of the fluid falling below 260 °C. The
specimen shall be totally immersed in the fluid for the time given in the relevant specification
and, immediately after removal, shall be inspected visually for blistering and delamination of
the base material.

8.5.4.2 Fluidized sand bath procedure

The specimen shall be immersed edgewise, that is with its surface at a right angle to the bath
surface, for the time given in the relevant specification and, immediately after removal, shall be
inspected for blistering and for delamination of the base material.
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8.5.4.3 Solder bath procedure
The specimen shall be floated on the surface of the clean molten solder with the metal-clad
face of the specimen down for the time given in the relevant specification and, immediately

after removal, shall be inspected for blistering and for delamination of the base material. The
solder bath procedure shall be the method.

8.5.5 Report

The report shall include:

Q

) the test number and revision index;
) the festdate;

) the identification of the material tested;
) the heat shock method used;

) the:|;

) whether the specimens have blistered or delaminated; a border of 5 mm“around the|edge of
the g$pecimen is excluded from the requirement;

® O O T

me during which the specimen was exposed to the heat shock;

—h

g) any deviation from this test method.

8.5.6 Aldditional information

Safety grecautions: avoid skin contact with molten solder.
Cleaning of the surface of the molten solder can easily be done using a strip of unclad laminate.

8.6 Test 2C06: Flammability, vertical burning test for rigid materials
8.6.1 Qbject

This tegt method is intended as a(laboratory quality control technique using a low energy
source ¢f ignition. Results from this.test should not be used to attempt to predict the béhaviour
of matefials in a large-scale fire,

This test should be usedformaterials having good resistance to ignition. The test is cafried out
using a pmall test flamé having an intensity similar to that of an actual source of fire.

Timings| measured=by this test are an indication of the ability of the material(s) |to self-
extinguigh. Thereis no correlation with other properties of the material(s), such as thg oxygen
index.

Materials—suitabte—for testing—n—accordance—with—this—technique—include—rigid—substrates and
rigid substrates in combination with any surface coating(s).

8.6.2 Test specimens

The test specimens shall be prepared from a sample of the metal-clad base material under test.
The metal shall be completely removed using any etching method of commercial practice.

The specimen strip shall be (125 £ 5) mm long and (13 + 0,3) mm wide. The edges shall be
smooth. The corners of the specimens shall be rounded with a radius not exceeding 1,3 mm.
The thickness of the sample will prejudice the results obtained.

A minimum of 10 specimens shall be tested. However, it is usual to take a total of 20
specimens for conditioning and testing to cover the eventuality of a failure during the test of the
first set of specimens.
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est apparatus and materials

The following test apparatus and materials shall be used.

2006(E)

a) A draught-free room, test chamber or enclosure which provides a means of venting the
fumes from burning specimens. A hood may be used, but its exhaust fan shall be disabled
during the tests and allowed to operate only between tests in order to clear fumes.
Subdued light is advantageous.

b) The

igniting source consisting of a blue flame, (20 + 2) mm high, produced

using a

laboratory burner (Bunsen or Tirril burner) having a tube with a length of 100 mm and an
inside diameter of (9,5 + 0,5) mm. The tube shall not be equipped with end attachments
such as stabilizers.

uniform gas flow. If natural gas is used as an alternative to methane, it should hav

c) A s}fply of technical grade methane gas with a suitable regulator and meter to_p]

con

d) The
until
the
med

nt of approximately 37 MJ/m3. This has been found to produce similar results.

required flame shall be obtained by adjusting the gas supply and air inlets of th
a yellow-tipped blue flame of the specified height is produced, and-then by in
hir supply until the yellow tip has just disappeared. The height of thé-flame shall
sured again and corrected if necessary.

e) Ate
is a
cla
that
abo
movi
an d
of th

f) A hg
8.6.4 P
Ten sp

IEC 600
testing.

st fixture shall be comprised of a ring stand with two clamps or similar apparaty
justable for vertical positioning of the specimen. Eaeh{specimen is to be
ping the upper 6 mm of the specimen with the long dimension oriented verti
the lower end of the specimen is 10 mm above thestop’ of the burner tube and

able holder maintains the burner tube centrally‘under the lower end of the spe

ngle of 5° and the 10 mm distance between the lower end of the specimen ang
e burner is to be maintained during the flame~applications.

nd-operated timing device with a resolution of 1 s or better.

rocedure

ecimens shall be preconditioned in accordance with the requirements of

68-1 for a period of 48 h.asya referee and 24 h for normal quality conformance
The detail requirements are

Cc) an a

Fluctua

The re
2) °C.

perature of 15 °C«t0"35 °C;
idity of 25 % RKto 75 % RH,;
r pressure_of\86 kPa to 106 kPa.

ions shalllbe kept to a minimum.

bduce a
b a heat

e burner
Creasing
then be

s which
held by
cally, so
300 mm

e a horizontal layer of dry tissue paper (50 mm*x 50 mm swatch). An adjustable,

imen to
the top

5.3 of
prior to

aining 10 specimens shall be preconditioned in a circulating air oven for 24 h g

temperature prior to testing.

Each specimen shall be held in the test fixture by clamping the upper 6 mm of the specimen
with the long direction oriented vertically so that the lower end of the specimen is 10 mm above
the top of the burner tube and 300 mm above a horizontal layer of dry tissue papers (50 mm x
50 mm swatch).

The burner, in a remote position from the specimen, shall be adjusted by controlling the gas
supply and air inlets of the burner until a yellow-tipped blue flame (20 £2) mm in height is
produced. The air supply is then increased until the yellow tip has disappeared. The height of

the flam

e shall then be measured again and corrected if necessary.
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The burner shall be placed centrally beneath the lower end of the specimen and allowed to
remain for 10 s. The burner shall then be moved at least 150 mm away from the specimen, and
the time taken by the specimen to self-extinguish shall be measured. This shall be defined as
the time from removal of the test flame from the specimen until the time when the specimen
ceases to burn. Record the burn time on the laboratory pro forma in Annex C.

When the specimen ceases to burn, the burner shall immediately be replaced in its original
position beneath the specimen. After 10 s, the test flame shall again be withdrawn and the
duration of flaming shall again be measured. Record the burn time on the laboratory pro forma
in Annex C.

If the test flame is extinguished during either application, it shall be reignited immediately and
reapplieg—so—that-the—total-time—of-appheation— i 0—s—Fhere—shatt-benro—more—than three
applicatjons of the test flame during any 10 s ignition period, otherwise the material\cgnnot be
evaluated by this technique.

If the sgecimen drips molten or flaming material during either application of the-test flgme, the
burner may be tilted to an angle of up to 45° and also slightly withdrawn fromJone of thg¢ 13 mm
sides ofl the specimen during the flame application to avoid material dripping into the| tube of
the burrfer.

If the specimen drips molten or flaming material, or is consuméd during the test, th¢ burner
shall belhand-held and the 10 mm distance between the bottom of the specimen and the top of
the burper tube shall be maintained throughout the flame. application. Any molten s{rings of
material shall be ignored, and the flame shall be applied\to the major part of the specimen.
Record [observed dripping or other significant observations on the laboratory pro forma in
Annex ¢.

If the tptal of the ten burn times meets the requirements of the relevant specificgtion but
individual burning times exceed the relevant requirements, a further set of five specimgns shall
be tested. If the second set meets all the requirements, these requirements shall be degmed to
be satisfied.

If the total of ten burning times for any set of five specimens exceed the specified requirements
by no mre than 5 s, a second set.of five specimens shall be tested, and if the requirements for
total ard individual burning times are met, these requirements shall be deemed to be
satisfacjory.

8.6.5 Report

In addition to the general requirements for reporting, the report shall include

a) test|jnumberand revision;

b) idenrification of the material tested;

c) testingdate;

d) the thickness of the specimen;

e) the duration of flaming of each specimen after the first removal of the test flame;

f) the duration of flaming of each specimen after the second removal of the test flame;
g) whether the specimen burns up to the holding clamp;

h) whether the specimen drips flaming particles which ignite the tissue paper;

i) any deviation from this test method;

j) the name of the person performing the test;

k) the type of combustion. Flaming combustion is the combustion of the specimen in the
gaseous phase with the emission of light. Glowing combustion of the specimen is the
combustion without flame;

[) the evaluated results.
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8.6.6 Additional information

Annex C shows a suggested pro forma for reporting.

There are obvious hazards associated with flammability testing. Training of test operators, and
familiarity with laboratory safety procedures is of paramount importance.

All fire effluent should be considered to be toxic, for the purposes of safety if not in fact.

Uncertainty of measurement calculations for burn times, although a variable, prove to be
impractical. The result of the test is an attribute; the FV-0, FV-1 rating etc.

It is unflerstood that a nominal substrate thickness of 1,6 mm will be used througl|1out the
industry] Differences in thickness will prejudice test results.

Americgn industry requirements (Underwriter’s Laboratory Specification ANSI/UL-94)|detail a
specimgn width of 12,7 mm to 13,2 mm.

The spgcimen width of (13 £ 0,3) mm has therefore been chosen sin¢e this will accompmodate
ANSI/UL-94.

The smpothness of the specimen edges can be critical to the(performance of the spedimen. A
polished finish is recommended. A rough finish (for exampl€ blanked) will significantly degrade
performpnce due to the increase in surface area availabte\to the flame.

Small-s¢ale flammability tests, such as the one *described herein, are an indicato[ of the
behaviour of the material(s) tested. Fire integrityof equipments in which printed boards are
used caph only be assessed by equipment leve] testing.

Materials in combination may produce-results that are different to those of the geparate
materials.

A materfal that is rated FV-1 or-F\/~2 when bonded to an inert substrate may produce gn FV-0
performpnce (for example rigid ‘polyimide/glass constrained with copper-invar). A FV-0 material
in combjnation with a surface.coating (for example solder resist) may be degraded to FY-1.

8.7 Test 2C07: Flammability; horizontal burning test for rigid materials
8.7.1 Qbject
This tegt method is intended as a laboratory quality control technique using a low energy

source ¢fdgnition. Results from this test should not be used to attempt to predict the bThaviour
of matetials_in a large-scale fire

This test is significantly less onerous than the similar vertical burn test and is intended to be
used for materials having a limited resistance to ignition. The test is carried out using a small
test flame having an intensity similar to that of an actual source of fire. This method does have
an obvious application for printed board assemblies used in a horizontal configuration.
Otherwise, due consideration should be given to its applicability.

Timings measured by this test are an indication of the ability of the material(s) to self-
extinguish. There is no correlation with other properties of the material(s), such as the oxygen
index.

Materials suitable for testing in accordance with this technique include rigid substrates and
rigid substrates in combination with any surface coating(s).
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8.7.2 Test specimen

The test specimens shall be prepared from a sample of the metal-clad base material under test.
The metal shall be completely removed using any etching method of commercial practice.

The specimen strip shall be (125 £ 5) mm long and (13 + 0,3) mm wide. The edges shall be
smooth. The corners of the specimens shall be rounded with a radius not exceeding 1,3 mm.
The thickness of the sample will prejudice the results obtained.

The specimens shall be marked with an indelible line (for example by scribing) which is
perpendicular to the longitudinal axis, and which is (25 + 0,5) mm away from the end which is
to be ignited.

A minin']um of four specimens shall be tested.

8.7.3 Test apparatus and materials
The follpwing test apparatus and materials shall be used.

a) A draught-free room, test chamber or enclosure which provides‘a means of verfting the
fumes from burning specimens. A hood may be used, but its exhaust fan shall be fisabled
durimg the tests and allowed to operate only between tests in‘order to clear fumes. $ubdued
light|is advantageous.

b) The]igniting source consisting of a blue flame, (25,'¢ 1) mm high, produced |using a
laboratory burner (Bunsen or Tirril burner) having a/tube with a length of 100 mm| and an
inside diameter of (9,5 + 0,5) mm. The tube shalknot be equipped with end attaghments
such as stabilizers.

c) A sypply of technical grade methane gas with~a suitable regulator and meter to prpduce a
uniform gas flow. If natural gas is used as an alternative to methane, it should havge a heat
content of approximately 37 MJ/m3. Thisg’has been found to produce similar results.

The |required flame shall be obtained by adjusting the gas supply and air inlets of the burner
untilja yellow-tipped blue flame of the specified height is produced, and then by in¢reasing
the tir supply until the yellow tip has just disappeared. The height of the flame shall|then be
meaured again and corrected-if necessary.

d) A test fixture comprised -of a ring stand with two clamps, adjustable for herizontal
positioning of the speeimen, and of a wire gauze. This shall enable the test specimgn to be
fixeq with its long dimension horizontally, and with its transverse axis inclined at 4%° to the
horizontal line.

e) A wjre gauze (100 mm x 100 mm, 8 meshes per cm or 20 meshes per inch, 0,043 mm
diameter steel/wire) shall be clamped horizontally beneath the test specimen. An adjustable,
movpble~holder maintains the burner tube in the same vertical plane as the lower
longjtudinal edge of the specimen and at an angle of approximately 45° to the h¢rizontal
line.

f) A hand-operated timing device with a resolution of +1 s or better.

8.7.4 Test procedure

The specimens shall be preconditioned in accordance with the requirements of 5.3 of
IEC 60068-1 for a period of 48 h as a referee or 24 h as normal quality conformance prior to
testing. The detail requirements are

a) atemperature of 15 °C to 35 °C;
b) a humidity of 25 % RH to 75 % RH;
c) an air pressure of 86 kPa to 106 kPa.

Fluctuations shall be kept to a minimum.
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The test specimen shall be mounted in the test fixture such that the distance between the
lowest edge of the specimen and gauze shall be 10 mm, with (13 £ 2) mm of the unsupported
end of the specimen projecting beyond the edge of the gauze as shown in Figure 4.

125+5
(4,92+0,2)

131
25+0,5
Test (0,98 + 0‘02) (0‘51 + 0,04)

specimen — - |

45° +10°
e ) | ! N
T/ & | i

13-+ 1

The bur

—= 0% 1
(0,51 £ 0,04) (0,5 +0,04)

Gauze about

100 mm square ; i

Figure 4 — Test fixture

IEC 1891/99

ner, in a remote position from the specimen, shall bexadjusted by controlling

produced. The air supply is then increased until the yellow,tip has disappeared. The

the fla

The bu

approxilﬁately 6,5 mm is subjected to the flamg;~The centre axis of the burner shall b
r

same v
to the h

The flame shall be applied to the specimen for 30 s and then removed. The burn

secondg, shall be measured from the instant of removal of the burner flame until the s
extinguishes. Observation shall be made as to whether the burning proceeds bey
indeliblg line.

The burh times and other.observations shall be recorded on the laboratory pro forma a
in Annexk D.

8.7.5 Report

In additijon.to_the general requirements for reporting, the report shall include:

supply:Tnd air inlets of the burner until a yellow-tipped blue-flame (20 + 2) mm in

e shall be measured again and corrected if necessary.

'ner shall be placed beneath the free_end of the specimen so that a Iqg

tical plane as the lower horizontal edge of the specimen and at an angle of (4
brizontal line. Its position shall remain unchanged whilst the flame is applied.

the gas
eight is
eight of

ngth of
e in the
5 + 10)°

time, in
becimen
ond the

5 shown

the

> ®O QO O T

«Q
-

eSSt metnoa,

the average of the four burning times;

)
)
) the identification and description of the specimens;
) the thickness of the specimen;

) whether the burning of any of the specimens proceeds past the indelible line;
) whether the specimen material melts or produces burning drips;

any deviation from this test method;

h) the name of the person performing this test.
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8.7.6 Additional information

Annex D comprises a suggested pro forma for reporting.

There are obvious hazards associated with flammability testing. Training of test operators, and
familiarity with laboratory safety procedures is of paramount importance. All fire effluent should
be considered to be toxic, for the purposes of safety, if not in fact.

Uncertainty of measurement for burn times, although a variable, prove to be impractical. The
result of the test is an attribute; the HB rating, etc.

It is ungersteed—thata—rnominalsubstrate—thicknress—ef4-6-mm—will-be—dsed—throughout the

industry] Differences in thickness will prejudice test results.

American Industry requirements (Underwriter’'s Laboratory Specification ANSI/UL-94)(detail a
specimgn width of 12,7 mm to 13,2 mm .

The spgdcimen width of (13 £ 0,3) mm has therefore been chosen since\this will acconpmodate
ANSI/ULL-94.

The smpothness of the specimen edges can be critical to the performance of the spedimen. A
polished finish is recommended. A rough finish (for example, blanked) will significantly degrade
performpance due to the increase in surface area available-o.the flame.

Small-s¢ale flammability tests, such as the one described, herein are an indicato[ of the
behaviour of the material(s) tested. Fire integrity of equipment in which printed boards are used
can only be assessed by equipment level testing-

8.8 Test 2C08: Flammability, flex material
8.8.1 Qbject

The purpose of this test method.is\o evaluate the flammability and to determine the dgegree of
flame rgsistance of thin sheets ‘or/films in thickness less than 0,5 mm.

The tesf is carried out using a small test flame whose intensity is of similar order to that of a
fire being started by thé accidental overheating of a single electronic component.

8.8.2 Tlest specimens

8.8.2.1 |Choice of specimen shape

Either dpecimen shown in Figure 5 Flat rectangle for VV method, vertical flammability, or
Figure 6, wrapped cylindrical for VTM method, vertical flammability for un-reinforced laminate,
will be chosen. The latter one is intended especially when the thickness of sample sheet is less
than 0,2 mm and test results with former one are not stable due to being too thin or exhibiting
excessive distortion or shrinkage of the specimens.

8.8.2.2 Size and quantity of specimens

a) Figure 5: The test specimen shall be 13 mm wide by 125 mm long by the thickness of the
material. Five specimens shall be used for each set of measurements. Two sets shall be
required for one test.

b) Figure 6: The test specimen is wrapped tightly around the longitudinal axis of a 13 mm
diameter mandrel to form a lapped cylinder 200 mm long with the 125 mm line exposed.
The overlapping ends of the specimen are to be secured within 75 mm portion above the
125 mm mark (upper tube section) by means of pressure sensitive tape. The mandrel is
then to be removed.
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If the material is prone to developing static charges which make the formation of a cylinder
difficult, the unformed specimen is to be discharged by a device or material intended for
that purpose.

Different generic materials, although capable of being wrapped and taped around the
mandrel, may exhibit varying degrees of flaring out of the untaped end, some of which may
result in a nonlapped "U" type specimen. These various forms are considered acceptable to
test if the upper end can be formed into the cylinder.

8.8.3 Test apparatus and materials

a)

b)

m) Tape: Pressure-sensitive adhesive.

8.8.4 Pjrocedure

8.8.4.1 |Specimen preparation

Test chamber: A laboratory hood, totally enclosed, with a heat-resistant glass window for
observing the test, shall be used. The exhaust fan shall be turned off during the test, but
may| be turned on to clear out the fumes between tests.

Spetimen holder: Clamping device shall be provided within the test chamber so [that the
spec¢imen will hang with its length in a vertical position approximately coincident with the
cenfral vertical axis of the test chamber.

Labgratory burner and gas supply: A Bunsen or Tirril burner shall be{used having a tube
IengEh of 100 mm and an inside diameter of 9,5 mm. The gas supplixshall be regulated and

metered for uniform flow. The standard gas shall be technical grade methane. Natural gas
having a normal heat content of 37 MJ/m3 may be substituted,

Timer: Stopwatch or other suitable timing device with a pregision of 1,0 s minimum.

Cotton: A supply of dry absorbent 100 % surgical cotton; cut by 50 mm by 50 mm with
normal thickness 6 mm.

Des|ccator: Desiccation chamber, containing anhydrous calcium chloride, or othgr drying
agent, capable of maintaining an atmosphere of:dess than 30 % RH at 23 °C.

Congitioning room or chamber: Capable ofibeing maintained at (23 + 2)°C ang RH of
(50 £ 5) %.

Air girculating oven type capable of maintaining (70 + 2) °C.

Man(drel for wrapping specimens formed from a rod of 12,5 mm diameter.
Thin steel scale or template for gauging flame height.

EtcHling system capable of complete removal of the metal cladding.
Cuttjng apparatus such as shears or equivalent equipment.

Metal-cladlaminates shall be completely etched using standard industry practices.| Unclad
laminate—staltbe—tested—imthe—as—is"—conditiom—Specimens—shat—be—cut—=and—formed in
accordance with 8.8.2.2.

8.8.4.2 Conditioning

a)

Before testing, one set (five specimens) of specimens shall be kept for 48 h in the
conditions in accordance with 8.8.3 g).

The other set (five specimens) of specimens shall be kept for 168 h in the conditions in
accordance with 8.8.3 h) and then allowed to stabilize in the desiccator noted in 8.8.3 f) for
at least 4 h at room temperature, prior to testing.

Once removed from the desiccator, specimens shall be tested within 30 min.

All specimens are to be tested in a laboratory atmosphere of (15 to35) °C and (45to 75) %
RH.
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8.8.4.3 Specimen mounting

a)

b)

Clamp the specimen from the upper 6 mm of the specimen, with the longitudinal axis
vertical, so that the lower end of the specimen is 300 mm above a horizontal layer of dry
absorbent surgical cotton noted in 8.8.3 e).

If the VTM method mentioned in 8.8.2.1 is applied, a heavy spring clamp should be used so
that the upper end of the tube is closed to prevent any chimney effects during the test.

8.8.4.4 Adjustment of test flame

Adjust the burner to produce a blue flame 20 mm high. The flame is obtained by adjusting the
gas supply and air ports of the burner until a 20 mm yellow-tipped blue flame is produced.
Increasx the air supply until the yellow tip just disappears. Measure the height of-thHe flame

again a

8.8.4.5 |Test procedure for Figure 5

a)

8.8.4.6 |Test procedure forFigure 6

a)

d readjust it if necessary.

Apply the flame centrally to the middle point of the bottom edge of thé.specimen so|that the
top pf the burner is 10 mm below the lower end of the specimen_‘and maintain if at that
dingme for 10 s, moving the burner as necessary in response to any changes in thie length

or position of the specimen. If the specimen drips molten ap ftaming material dyring the
flamle application, tilt the burner at an angle of up to 45°cand withdraw it just sufficiently
fron| beneath the specimen to prevent material from dropping into the barrel of th¢ burner
while maintaining the 10 mm spacing between the centte of the top of the burner|and the
remaining portion of the specimen, ignoring any/strings of molten material. After the
app:Lication of the flame to the specimen for 10.s, immediately withdraw the burper to a
distance at least 150 mm away from the ©pecimen and simultaneously cofnmence
meagsurement of the afterflame time, t;, in segonds. Record {;.

Aftef flaming of the specimen ceases, \immediately place the burner again under the
spe¢imen and maintain the burner at a distance of 10 mm from the remaining portign of the
spe¢imen for additional 10 s, keeping~the burner so that it is clear of dropping material.
Aftef this application of the flame, to the specimen, remove the burner to a distance of at
leasf 150 mm from the specimen” and simultaneously commence measuremenj of the
afterflame time, t,, and the afterglow time, t; Record t, and f;.

Apply the flame centrally to the middle of the bottom edge of the specimen that is unlapped
so that the top ofithe burner is 10 mm below that point of the lower end of the sgecimen,
and |maintain_it/at that distance for 3 s, moving the burner as necessary in responsg to any
changes in.the length or position of the specimen.

For [specimens that are not lapped at their lower end and that are suspended from the
pinched upper end, the flame is to be applied in line with the longitudinal axi$ of the
specimnTeT:

If the specimen drips molten or flaming material during the flame application, tilt the burner
at an angle of up to 45° and withdraw it just sufficiently from beneath the specimen to
prevent material from dropping into the barrel of the burner while maintaining the 10 mm
spacing from the centre of the top of the burner and after the application of the flame to the
specimen for 3 s, immediately withdraw the burner to a distance at least 150 mm away from
the specimen and simultaneously use the timing device to commence measurement of the
afterflame time t; in seconds. Record t;.

When after-flaming of the specimen ceases, immediately place the burner under the
specimen and maintain the burner at a distance of 10 mm from the remaining portion of the
specimen for an additional 3 s, while moving the burner clear of dropping material as
necessary. After the application of the flame to the specimen, remove the burner to a
distance of at least 150 mm from the specimen and simultaneously commence measure-
ment of the afterflame time, t,, and the afterglow time, t;, of the specimen. Record t, and t5.
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Figure 5 — V method (Vertical flammability method)
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Figure 6 — VTM method (vertical flammability method for recaltrant specimens)
8.8.5 Report

The report shall include:

number of the test method and revision;

T Q

procedure used,;

Q O

)

)

) identification of the specimens;

) afterflame time after first flame application, t,.
)

D

afterflame time after second flame application, t,.
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f) afterglow time after second flame application, t5.

g) Figure 5: whether or not specimens burn up to the holding clamp;

h) Figure 6: whether or not specimens burn up to the 125 mm mark;

i) whether or not specimens drip flaming particles ignite the cotton indicator;
j) date of the test;

k) name of the person conducting the test

8.9 Test 2C09: Melting viscosity of prepreg materials

8.9.1 Object

This tesll method covers the procedure for the determination of the isothermic melting yiscosity
of prepregs at elevated temperatures using a rotating cone-and-plate viscosimetef.,

8.9.2 Test specimens

The tes{ specimens shall be cut not less than 25 mm from the edge or selvedge of the prepreg.

The test specimens shall be prepared from a sample of the prepreg material unden test by
cutting rectangular pieces of approximately 200 mm x 300 mm, ‘separating the resin from the
reinforcement material by folding and crushing the prepreg and collecting it in a plajtic bag.
Any glass fibres present shall be removed by sieving with-a wire mesh of 0,5 mm megh width.
(200 £ 40) mg resin powder shall be taken with the measuring scoop.

A singlel specimen should suffice.

8.9.3 Test apparatus and materials
The follpwing apparatus and test material'shall be used.

a) A plpte-and-cone rotating viscameter with a heatable plate and an adjustable rgvolution
speegd.

Cong material: Stainless’steel type X12CrNiS18;
Cong diameter: (20:20,5) mm;

Cong height: 2, mm;

Cong angle: 2°;

Coneg surface: Roughness R = (6,3 + 0,1) pm;

Distancebetween cone and plate:

spring-supported, the cone shall touch the surface of the plate; it can be lifted| off with
spring force (2 £ 1) mm,

— if fixed, the cone shall not touch the surface of the plate; the gap between cone and
plate shall be constant during all measurements and is an item to be negotiated
between customer and supplier.

b) An X/Y chart recorder adjusted to the viscometer.

The zero of the chart recorder shall coincide with the zero of the viscosimeter. The
adjustment shall be made with the rotating cone not resting on the plate.

The revolution speed of the cone shall be selected suitable to the plot width. If the total
width is 250 mm, the plot width measured shall be between 50 mm and 100 mm.
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For the defined cones 1 mm plot width corresponds to the following viscosity values at

diffe

c) Am
d) A wi

rent revolution speeds:
Revolution speed Viscosity factor
r/min Pa x s
6 2,048
12 1,024
24 0,512
48 0,256

pasuring scoop whose volume represents approximately 200 mg of resin powde
re mesh screen of 0,5 mm mesh width.

e) Atimer.

f) Aru

er with a millimetre scale (overall length 30 cm).

g) Plastic bags large enough to hold prepreg sample.

8.9.4 Pjrocedure

The su

face temperature of the viscosimeter plate shall (be adjusted and prehgq

(140 £ Q,3) °C. The viscosimeter plate shall be preheatéd for a minimum of 30 n

measuri
held in
powder

ng cone, which is not heated, shall be lowered-onto the preheated plate and
ontact with it for 2 min £ 10 s. Then the conesshall be lifted, and the specimen
shall be placed on the heated plate concentric:under the cone within 5 s.

As soor] as the main amount of the specimen‘is placed on the plate and the revolutio
requireq is adjusted, the rotation of the viscosimeter and the timer shall be start
recording head shall be lowered onto the“recording paper and the paper transport

started

(30 t 3)

ith a speed of 20 mm/min.

s after placing the resin_powder on the heated plate, the rotating cone shall be

onto thg molten resin.

The graph of viscosity versus time is recorded automatically. The measurement is co

when a

point of greatésf inflection of the curve has been observed (see Figure 7)

curve has been stabilized.

Then th

In orde
recorde

b coneis-lifted from the plate, and the rotation is stopped.

tolevaluate the graph the chart recording paper shall be taken from the X

ated to
in. The
shall be
of resin

h speed
ed. The
shall be

lowered

pleted,
fter the

Y chart

, tNe diStance petween the time bdDase line and the minimum oT the curve meas

red with

the ruler, and this value multiplied with the viscosity factor for the selected revolution speed
(see 8.9.3). The resulting product is the melting viscosity in Pascal seconds.

8.9.5 Report

The rep

T

the i

o O

iden

D

)
)
) the date of the test;
)
)

ort shall include:

the test number and revision;

dentification of the sample prepreg tested;

tification and description of the specimens of resin powder;

the distance between cone and plate, if fixed;
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f) the revolution rate of the cone;

g) the melting viscosity;

h) any deviations from the parameters defined (for example plate temperature or cone type).

Distance to be measured > Rotating speed

Gra

et
ot
T

5

‘.
p
|

Lt

|
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S

6
75 mm x 2,048 Paﬁf =153,6 Pa s

N m

8.9.6 Aldditional information
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8.10 Test 2C10: Resin content of prepreg materials by sublimation

8.10.1

The pur|
impregn
printed

10 20 30 40 50 60 70 80 90

Figure 7 — Example of prepreg melting viscosity

ral cones may exhibit small differences of theit/géometry, it is necessary to
he to be used with the viscosimeter. This canibe carried out:

r by the manufacturer, who gives the corrésponding calibration factors;
the user with a qualified calibration oil.

j of the cone and the heating platé~The following steps are recommended:

h cleaning with a bronze scraper;
wards fine cleaning with-an-appropriate solvent.

Dbject

pose of this-test method is to provide a means for measuring the resin content
ated B-stage glass fabric for use as bonding sheet material for base mater
boards using the resin sublimation method.

100
IEC 1892/99

alibrate

of resin
als and

8.10.2

Testspecimens

Each specimen shall be comprised of three squares (100 £ 10) mm by (100 £ 10) mm as taken
from positions along a line normal to the warp of the fabric with the diagonals of the squares
parallel to the warp and weft threads. One square shall be taken from the position equidistant
from the edges, and the other two squares from positions on opposite sides of the first with
their outer extremities (50 + 25) mm from each edge or selvedge (see Figure 8).

All loose particles and projecting fibres shall be removed from the squares.
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Edge or selvedge Edge or selvedge

l l

\\/ As specified

é/
- |

As specified

o

Direction
of warp

—— +==— (50 £ 25) mm (50 + 25) mm == |

IEC 1493/99
Figure 8 — Position of specimens for resin. content

8.10.3 [fest apparatus and materials

The follpwing test apparatus and material shall be used.

a) An gnalytical balance with an accuracy of 0,00%,g.

b) A mpffle furnace capable of maintaining a‘temperature between 550 °C and 800|°C. The
muffle furnace must be placed in a ventilation hood.

c) A ceramic crucible of sufficient size to-hold the specimen.

d) A stpbilization chamber (drying.cabinet desiccator) capable of maintaining less than 20 %
RH at room temperature.

8.10.4 Procedure

For a rdferee, the crucible’shall be heated in a muffle furnace between 550 °C and 8030 °C for
15 min,|and allowed‘to cool to room temperature in a desiccator and weighed to the|nearest
0,001 g|(M,). Foronermal conformance testing, the crucible may simply be weighedl to the
nearest|0,001 g(

The tes{ specimen shall be placed in the crucible. It is permissible to cut the 100 mm x 100 mm
square intopieces to allow it to fit into the crucible

The specimen and crucible shall then be weighed to the nearest 0,001 g (M,).

The specimen and crucible shall be heated in the muffle furnace at a temperature of between
550 °C and 800 °C for 1 h and placed in the desiccator and allowed to cool to room
temperature.

The specimen and crucible shall again be weighed to the nearest 0,001 g (M,).

The heating, cooling, and weighing shall be repeated until two consecutive weighings (Mj)
agree within 0,002 g.
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The per cent resin content shall be calculated as follows:

where
C, is
M, s
M, is
Mj s
C, is
8.10.5
The rep
a)

b) the
c) thei
d)

e) any

f) the mame of the person conducting the test.

8.10.6

The reg
describgd in Test 2C03.

The fum

hood.

8.11 Test 2C11: UV blocking characteristics of laminates

8.11.1

The pu

blocking

UV light

8.11.2

100 (My - M3) B

C
r M2 _M1 \

the percentage resin content (%);

the weight of crucible (g);

the initial weight of crucible and specimen (9);
the final weight of crucible and specimen (g);

the percentage volatile content (%).

Report

brt shall include:

the Iest number and revision;

the fesin content for each of the three specimens;

ate of the test;
dentification of the material tested;

Heviation from this test method;

Additional information

in content of prepreg may also.be determined by the treated weight me

es from burning resin areoxic, so the muffle furnace shall be placed in a ve

Dbject

ability»of' base materials. Laminates which more effectively block the transmi
are(less prone to a "print through" defect for UV cured solder mask.

thod as

ntilation

pose of-~this test method is to establish a technique of measuring the ultraviolet

ssion of

Test specimens

a) Three specimens shall be taken from the panel or sheet in such a way that they are at
least 25 mm from the edge of the sheet or panel.

b) The specimens shall be approximately 100 mm x 100 mm in both the length and width as
taken from the sample of metal-clad base material under test.

c) The metal cladding shall be completely removed by etching or other suitable means which
does not affect the surface of the laminate. The surface of the laminate shall be cleaned
thoroughly.
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8.11.3 Test apparatus and materials
The following test apparatus and materials shall be used:

a) an exposure machine consisting of a colourless transparent glass platform or a transparent
film which constitutes a support platform and a 3 kW ultraviolet lamp whose peak
wavelength is 365 nm;

b) an ultraviolet irradiance meter capable of measuring a maximum intensity of 40 mW/cm2.
The peak wavelength shall be measurable with a sensitivity of 0,1 mW/cm?Z.

8.11.4 Procedure

a) Swijtch on the power of the exposure machine and preheat the lamp for at least 40| min but
not/more than 30 min.

b) Shift the UV irradiance meter to the maximum measuring range. Put the‘ UV probge on the
exgosure machine transparent platform with the probe centred over the.JV lamp.

c) AdjJst the distance between the UV lamp and the glass platform so‘that the UV |ntensity
shoWwn by the UV irradiance meter is within (25 = 5) mW/cmZ2. This\walue is recorded as “A”.

d) Remove the UV probe and put the specimen on the glass platform. The probe shall[then be
cenfred over the test specimen. Record the UV intensity shown by the UV irradiande meter
as “ 3'!.

e) Thelother two specimens shall be measured and recafded in the same fashion.

8.11.5 Report

In addition to the general requirements for reparting, the report shall include:

) the {est method number and revision;

) the ¢gate of the test;

c) the identification and descriptionjof the specimen;
) the @verage and maximum of the three recorded UV irradiance values;
) anydeviation from this test.method;

f) the pame of the person,conducting the test.

8.12 Test 2C12: Total halogen content in base materials

8.12.1 Pbject

The purpose of this test method is to establish the amount of chlorine and bromine compounds
in base lmaterials—Fhistest-method-is—applicabletoreinforced-basematerialswith-a—-minimum
thickness of 0,3 mm and to un-reinforced base materials with a minimum thickness of 0,08 mm.

A combustion flask is used to extract ionic and covalent halogen from the specimen, and ion
exchange chromatography is used for the quantitative analysis of halogen content.

8.12.2 Test specimens

a) Rigid or flexible base materials shall be used for the test in accordance with the minimum
thickness requirements described in the object. The copper foil (if applicable) shall be
removed from the test specimens by etching, by any industry acceptable etching method or
by mechanical peeling before test.

b) For reinforced base materials, the number of test specimens shall not be less than 5 with a
minimum size of 1 cm x 1cm. For un-reinforced base materials, the number of test
specimens shall not be less than 5 with a minimum size of 1 cm x 1 cm.


https://iecnorm.com/api/?name=f279371c30bcb292a0e1941aa8ab0e2e

61189-2 © IEC:2006(E) -39 -

c) Wash the specimens thoroughly in distilled or de-ionized water. Reference shall be made
for the size and number of the specimens.

d) For reinforced base materials, dry the specimen at (105 +2) °C for (1 +O‘22 )h.

e) For un-reinforced base materials, wipe off the water with a lint-free cloth or paper wiper and
leave them to dry at room temperature for a minimum of 1 h.

8.12.3 Apparatus and materials

The following test apparatus and materials shall be used:

O

o

tweezers;

O

NN NS
=~ .
=}
=
a4

D

viny| gloves;

—h
N

lint-free cloth, paper wipers or equivalent;
g) quantitative filter paper;

h) compustion flask, or equivalent;

i) oxygen (99,9 % purity or better);

i) gas|pressure regulator;

k) flintistriker, or another ignition device;

I) wash bottle;

m) beaker;

n) micrno-pipette;

o) flasks (various sizes);

p) potgntiometric titrator for silver hitrate, if necessary;
q) platinum basket for holding(specimen;

r) alkali solution;

s) ethyl alcohol;

t) chlorine ion standard solution for chromatograph;

u) bromine ion standard solution for chromatograph;

v) silvgr nitratectitrant if potentiometric titration using silver nitrate is used.

8.12.4 Procedure

8.12.4.1 Combustion procedure

a) Weigh the specimen using the analytical balance and record the result.

b) Place approximately 50 ml alkali solution in a combustion flask to act as an absorbent of
combustion gas.

c) Fill the combustion flask with oxygen.
d) Insert a test specimen into the combustion flask as shown in Figure 9 below.

e) Insert a piece of filter paper into the combustion flask as shown in Figure 9 to act as a
flame starter.

f)  Apply several drops of ethyl alcohol on the test specimen for improving ignition of the
flame Ignite fire to the filter paper.
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Combustion flask

(or equivalents) — T——a

Platinum basket
(Test piece, filter as fuse)

Alkali solution as absorbent

<>>/ IEC 2683/05

Figure 9 — Absorption of combustion gas using a combustion flask set-up

g) Legve the flask at room temperature for (30 £ 2) min after combustion-“The generated gas

is T)sorbed into the alkali solution to produce CI=/Br~ ion solution,

pation if

h) Trapsfer the solution from the combustion flask to a volumetric flask. Add de-ionizg¢d water
in the flask until the total amount of the test solution becomes{100 mi.

i) Remove the suspended particles from the test solutionby filtration or centrifu
nedessary.

j) Follow the same procedure outlined above without the test specimen to pr

refd

NOTE Chlorine and bromine contents shall be measured first without any test specimen in the combustiol

8.12.4.2

a) Inje¢t the test fluid gathered from the flask into the inlet of an ion exchange chroma

rence test solution (blank) without combustionrof a test specimen.

Chemical analysis

shown in Figure 10 below.

bpare a

n flask.

tograph

Inlet
O Eluant
delivering
Eluant pump
Pre-column
Elimination fluid @
delivering pump
Separation
column
J
e
Suppressor
Elimination fluid
Conductivity detector
Recorder Waste Waste
fluid fluid IEC 2684/05

Figure 10 — Composition of ion exchange chromatograph
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b) Analyse the peak area/height of the CI=/Br~ ions conductivity on the recorder and obtain CI~
/Br— ions concentration from a calibration curve.

c) Obtain CI=/Br~ ions concentration of the reference by comparing its conductivity using the
standard solution. The test solution is compared to the reference solution (blank). Any
contaminant in the reference solution will be subtracted from the test solution.

d) Titrate test solution using silver nitrate if concentration of CI=/Br~ ions is high (higher than

1 wt

%).

e) An example of analysing conditions for the ion exchange chromatography is given in

Tabl

e 2 below.

f) Analysing conditions depends on the test devices, test specimens, their composition and
environment.

Tallle 2 — Example of analysing conditions for the ion exchange chromatogra

bhy

Item/material

Definition/quantity

Eluant Alkali solution

Eluant delivering rate 1,0 ml/min to 2,0 ml/min
Eliminatign fluid H,SO,

Deliverind rate of elimination fluid 1,0 ml/min to 2,0 ml/niin
Column Pre-column, separation column
Suppresspr Suppression for anion
Detector Conductivity meter
8.12.4.2.1 Calculation of halogen content

Insert tihe concentration of halogen ion (CI/Br~) obtained in the following formula t

halogen

Chloring

NOTE 1
8.12.5
In additi
the

Y

contents in the specimens.

Report

est method number and revision;

[}

the

jate/of the test;

(wt %) = (CI~ concentration inthe test fluid (-6 PPM) —
CI- concentration(in the reference (=6 PPM)) x
{quantity of test'solution (ml)/mass of the test specimen} x 10~/

For the bromine content;*use the same equation but Br- values in the place of CI-.

on to the-general requirements for reporting, the report shall include:

D obtain

> 0 Qo O

«Q
-

any

h) the name of the person conducting the test.

deviation from this test method, and

)

)

) the identification and description of the specimen;

) the average chloride content of the 5 specimens in ppm;
)

the average bromide content of the 5 specimens in ppm;
) the average total halogen content of the 5 specimens in ppm;
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9 M: Mechanical test methods

9.1 Test 2MO01: Test method for bow and twist

9.1.1 Object

2006(E)

This test method covers the procedure for determination of the deviation from flatness of the

metal-clad sheet in a direction parallel to its edges or diagonal.

This test is not applicable to sheets thinner than 0,8 mm or with copper thickness differences

side to side of more than 70 pm (610 g/m?2).

9.1.2 Test specimens
Test spgcimens shall be taken from the panel or sheet in such a manner that they’are| at least
25 mm {from the edge.
Specimeéns shall be prepared from a sample of the metal-clad base material’'under test.
Specimen size shall be (300 + 5) mm in both length and width. Other specific panel siges may
be tested upon agreement between customer and supplier.
For referee, the specimen will be conditioned at (23 + 2) °€/and (50 + 5) % RH for a minimum
of 18 h prior to measurement of bow or twist.
A minimum of three specimens shall be tested.
9.1.3 Test apparatus and materials
A taper gauge or feeler gauge shall be used:
9.1.4 Procedure
a) Bow|measurement
— Bow shall be measured by placing the specimen unrestrained on a flat horizontal
urface with its predominantly convex surface upward. The maximum vertical fistance
from the flat surface to the bottom side of the laminate shall be determined|using a
taper gauge-«era feeler gauge.
- he resulty'shall be expressed as a percentage of the length of the side where the
ertical-displacement was measured.
b) Twigt measurement

rizontal

surface with its predominantly convex surface upward and with three corners in contact
with the flat surface. The maximum vertical distance from the flat surface to the bottom
side of the remaining corner of the laminate shall be determined using a taper gauge or
a feeler gauge.

The result shall be expressed as a percentage of the diagonal length of the specimen.

The bow and twist shall be reported as the average of the three specimens tested and
the highest measurement for both bow and twist.

9.1.5 Report
The report shall include:

a) the test number and revision;
b) the testing date;
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c) the identification of the material tested;

d) the average and highest measurement of bow;

e) the average and highest measurement of twist;

f) any deviation from the test method, including panel size if not 300 mm x 300 mm;

g) the name of the person conducting the test.

9.1.6 Additional information

None.

9.2 Te$t2M02T Bow/twist after etching and heating

9.2.1 Qbject

This tedt method covers the procedure for the determination of the deviation from flafness of

the metal-clad sheet in a direction parallel to its edges, or diagonal aftercetching and heating,

simulatipng two process steps of printed board fabrication.

This tedt is not applicable to sheets thinner than 0,8 mm or with copper thickness differences

side to gide of more than 70 pm (610 g/m?2).

9.2.2 T[st specimens

Specimens shall be taken from the panel or sheet.in“such a manner that they are |at least

25 mm {from the edge.

Specimeéns shall be prepared from a sample of<thé metal-clad base material under test.

Specimen size shall be (300 + 5) mm in both length and width. Other specific panel siges may

be tested upon agreement between usenand supplier.

The specimens shall be maintained at standard laboratory conditions of (23 + 2)[°C and

(50 £ 2)|% RH during the test, As a referee the specimen will be conditioned for a minjmum of

18 h pripr to measurement_of bow or twist.

A minimum of three specimens shall be tested.

9.2.3 Test apparatus and materials

The follpwing fest apparatus and materials shall be used.

a) Any letehing—method—of-commercial- practice—shall be—used—nr—case—of dispute—between
customer and supplier, the etching shall be carried out with a spray, or equivalent method

with an aqueous solution of ferric chloride of density 1,32 g/cm3 to 1,41 g/cm3, as
measured at room temperature. The temperature of the etching solution shall not exceed
37 °C.
b) A suitable chamber (air-circulating oven) capable of maintaining the temperature as called
for in the relevant material specification with a tolerance of £2 °C.

c) A taper gauge or feeler gauge.
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rocedure

Etching

2006(E)

The metal of the specimen shall be completely removed by etching. Immediately after it is
etched, the specimens shall be washed with cold running water of resistivity of not less than
10 Q for as long as necessary to remove surface contamination (normally 15 min to 30 min).

9.2.4.2

Heating

The etched specimen shall be placed unrestrained on a flat horizontal surface and shall be
subjected to dry heat as specified in 3.1 of IEC 60068-2-2:1974 in a test chamber with the

temperg

ture indicated in the relevant material Qpnnifihnfinn’ a fnmpnrnhlrn tolerance

f+2°C

and for

9.2.4.3

After th
precond
conform

9.2.4.4

Bow shall be measured by placing the specimen unrestrained on a flat horizontal surf

its pred
tothe b

The redult shall be expressed as a percentagecof the length of the side where the

distancsd

The boV
the thre

9.2.4.5

Twist sh
its pred
specimg
to the b
gauge o

The res

b duration of (30 £ 5) min.

Conditioning

b process steps of etching and heating, for referee purposes the)specimens
itioned at (23 £ 2) °C and (50 £ 5) % RH for 18 h as the conditjoning step. As
ance procedure, at least 2 h of conditioning shall be used.

Bow measurement

bminately convex surface upward. The maximum¢vertical distance from the flat

was measured.

v value after etching and heating\réported shall be the average of the percen
b test specimens as well as the-highest measurement.

Twist measurement

all be measured byplacing the specimen unrestrained on a flat horizontal surf
pminantly convex-surface upward and with three corners on the bottom sid
ns in contact with-the flat surface. The maximum vertical distance from the flat
ottom side of.thé remaining corner of the laminate shall be determined using
r feeler gauge.

LIt shall*be expressed as a percentage of the diagonal of the specimen.

shall be
h quality

hce with
surface

bttom side of the laminate shall be determined using a taper gauge or feeler gadge.

vertical

ages of

hce with
e of the
surface
a taper

The twi

t value gfter nfhhing and haning ropnrh:sd shall he the average of the percen

the three test specimens as well as the highest measurement.

9.2.5 Report

The report shall include:

the t

Q O T O

)
)
) thei
)
)

- O

«Q
-

est number and revision;

the date of the test;

dentification of the material tested;

the average and highest measurement of bow;
the average and highest measurement of twist;
) any deviation from this test method;

the name of the person conducting the test.

ages of
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9.2.6 Additional information
The etching solution described in 9.2.3 of this test method is a powerful acid chemical. It shall

be handled with care preventing eye and skin contact by wearing protective glasses and
chemically resistant gloves respectively.

9.3 Test 2M03: Cure factor of base materials by differential scanning calorimetry (DSC)
or thermomechanical analysis (TMA)

9.3.1 Object

This test method covers the procedure for the determination of the cure factor of the base
material resin by differential scanning calarimetry or thermomechanical analysis

The curg factor is calculated as the cured portion of the resin.

9.3.2 Tlest specimens

a) Theltest specimens shall be prepared as described in 9.10.2 of testimethod 2M10 gr 9.11.2
of 2M11.

b) A minimum of three specimens shall be used.

9.3.3 Test apparatus and materials

The test apparatus and materials shall be that as described in 9.10.3 of test method PM10 or
9.11.3 df 2M11.

9.3.4 Procedure

9.3.4.1 |Process step 1
The prqcedure for measuring the glass transition temperature of the material shall be as
follows.[When the heating is completed the test specimen and reference shall be maintained at
the final temperature for (10 £ 5)mih. After this time the test specimen and reference material
shall bg immediately cooled te_B80 °C and be allowed to stabilize for (10 = 5) min| without
removinlg them from the chamber.

The glaps transition temperature shall be determined as described in 9.10.4 of test|method
2M10 of 9.11.4 of 2M{ 1:

9.3.4.2 |Proces's step 2

The tes{ specimen and reference shall be re-subjected to process step 1.

The glass transition temperature shall be measured again.

9.3.4.3 Evaluation

The cure factor shall be determined from the following formula:

CF =1 ——Tg'z_Tg’1
Ty

where

Cg is the cure factor,

Tg1 is the glass transition temperature [K] determined by process step 1,

Tq2 is the glass transition temperature [K] determined by process step 2.
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The cure factor determined shall be the average value measured from three determinations.

9.3.5 Report

The report shall include:

a) the test number and revision;

b) the date of test;

c) the identification of the material tested;

d) the quantity, form and weight of the specimen,;

e) the reference (whether empty crucible etc.) and weight;

f) the method of preparation of the specimen and any heat treatment;
g) the heating rate if other than 10 °C/min;

h) the ¢ure factor as an average of the three specimens;

i) the hame of the person conducting the test.

9.3.6 Additional information
a) Congideration must be given to the effects of water absorption” of the test specime¢n when
detgrmining cure factor by means measuring glass transition-temperature.

b) Prolpnged exposure to elevated temperature can thepmally degrade the resin strucfure and
lead| to incorrect cure factors of greater than 1,0.

9.4 Te[t 2MO04: Twist after heating (under consideration)
9.5 Test 2MO05: Pull-off strength
9.5.1 Qbject

To determine the force, normal to.the specimen, required to separate a land from the base
material after a specified hand soldering operation. The test is performed on the specimen as
manufa¢tured and without conditioning. The test is not applicable to the outer 25 mm of the
laminatg¢d sheet as manufactured and provided by the supplier

9.5.2 Test specimens

Specimeéns shall beremoved from the panel in such a way that they are at least 25 mpm from
the edg¢ of the laminate.

Specime¢ns, may be of any convenient size and shall be printed by any appropriate method in
usual priactice with a test pattern consisting of a number of lands of diameter (4 £ 0,1) inm. It is
convenient for each land to have a central etched hole of a diameter of about 0,6 mm for
locating the drill.

A hole of diameter (1,3 £ 0,1) mm shall be drilled through the centre of each land.

A minimum of at least 10 lands shall be tested. For a double-sided metal-clad laminate, at least
five lands on each side shall be tested.

Specimens with a thickness less than 0,8 mm shall be built up to sufficient rigidity by a suitable
technique for example by sticking the sample to a rigid material.
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953 T

est apparatus and materials

The following test apparatus and test material shall be used:

a) a temperature controlled soldering iron with a copper bit about 30 mm long and 5 mm in
diameter, with its end forming an angle of 45° £ 10°. The temperature of the bit shall be
(270 £ 10) °C throughout the test;

b) the solder to be used shall be a 60/40, or 63/37 tin-lead wire with a diameter not greater

than

1,5 mm and a rosin core flux core;

c) single-strand copper wire of diameter 0,9 to 1,0 mm;

d) ajig
e) asu

f) a tenmsile testing machine.

9.5.4 Procedure

The lan
solder.

A piece
right an
that a c

subseql

The spgcimens shall be allowed to cool to room témperature for at least 10 min before

By mea
applied

of (50 ¥ 2) mm/min until the land separates from the base material or the wire bres

force in

A test ghall be invalidated by the breaking of a wire before the specified minimum
reached, or by wire pull-out, ‘'and in no case shall the same wire and the same
resoldened and pulled again: The test shall be repeated until 10 valid measurements ha

made.

The minimum forege required to detach any of the 10 lands from the base material
reported as the.pull-off strength of the sample under test. Each side of the laminate
reported separately.

to prevent the wire moving during soldering and subsequent cooling;

table support in the form of a rigid plate with a central hole of 6 mm diameter;

] shall be evenly tinned for (4 + 1) s with the soldering tool and.a" minimum ar

of single strand copper wire, previously tinned with thevsolder, shall be pass
jle through the hole in the centre of the land and soldered into position for (4 4

Ins of a tensile testing machine and* support described in 9.5.3 e), a force
n tension, by pulling the wire at right angles to the test specimen at a crosshea

N required to detach the land, or to break the wire, shall be noted.

hount of

ed at a
1) s so

bntinuous fillet is formed between the wire and thedand. For soldering the hedt supply
shall b¢ made to the wire only. The wire shall not)be moved during the solder
ent cooling, and to ensure that it is not, the wire ‘and specimen may be held in a jig.

ng and

esting.

shall be
d speed
ks. The

force is
land be
ve been

Shall be
shall be

9.5.5

The rep

® O O T O

)
)
) thei
)
)

any

eport

ort shall include:

the test number and revision index;
the testing date;

dentification of the material tested;

the measured pull-off strength for each side of the laminate;

deviation from this test method.

9.5.6 Additional information

None.
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9.6 Test 2M06: Peel strength after exposure to solvent vapour
9.6.1 Object

To determine the resistance to peeling under specified conditions and after exposure to solvent
vapour. The test is performed on the sample as manufactured and without conditioning. The
test does not apply to the outer 25 mm of the laminated sheet as manufactured and provided
by the supplier.

9.6.2 Test specimens

a) Specimens shall be taken from the panel or sheet in such a way that they are at least
25 mm_from the edge

b) Theltest specimen shall be prepared from a sample of the copper-clad base materipl under
test jand before it is etched, its thickness shall normally be that of the material. However, in
the ¢ase of materials clad with copper foil of nominal mass per unit area less than 305 g/m?2,
the floil mass per unit area may be increased to not more than 335 g/m2 by.ahy procgedure in
whigh ductile copper is deposited. The specimen shall be (50 £ 1) mm,"wide, and|at least
75 mim long, and it shall be printed by any appropriate method in usual\practice with|the test
pattern of Figure 11.

c) The|number of specimens used for one test shall be sufficient-for the peeling of|at least
25 mm from each of four strips of copper foil.

d) Spe¢imens with a thickness less than 0,8 mm shall be built up to sufficient rigidity by a
suitgble technique for example by sticking the samplectota rigid material.

9.6.3 Tlest apparatus and materials
The follpwing test apparatus and material shall.be Used:

a) a tensile testing machine that achieves @,peel rate of (50 £+ 5) mm/min;
b) a cldmp to grip the detached end of.the foil over its entire width;
c) a so|vent to be agreed between-purchaser and supplier.

9.6.4 Pjrocedure

The spgcimen shall be suspended for (120 + 5) s in the vapour of the solvent chosen, Hoiling at
atmosplheric pressure.(The samples shall be removed from the solvent vapour and pfaced in
standargl laboratory.conditions of (23 = 2) °C and (45 = 5) % RH. Immediately after removal
from the solvent{and again after 24 h, the specimen shall be examined for blistering or
delaminption. If(it)has not blistered or delaminated, it shall then be used for the measpirement
of peel|strength after exposure to solvent vapour. By agreement between purchaser and
supplier|thé test may be carried out with other solvent vapours.

One end of the strip of the metal foil shall be detached from the base material for a distance of
at least 10 mm, and sufficient for the apparatus used. The detached end of the foil shall be
gripped over its entire width in the jaws of the clamp on the tensile testing machine, and a
steady increasing pull shall be applied in a direction (90 + 5)° to the plane of the base material
until the metal foil is peeled off at a rate of (50 £ 5) mm/min. The peel force shall be recorded.
A length of at least 25 mm shall be peeled at this rate from each of four strips.

Should copper foil of nominal mass per unit area less than 305 g/m2 break during the test, or
fail to meet the requirements of the relevant specification, a further set of four strips shall be
tested from material to which additional copper has been added as described in the method to
a total mass per unit area not less than 275 g/m2 but not more than 335 g/m?2 .

The minimum load per unit width required to peel the metal foil during the test shall be taken as
the peel strength. It shall be expressed in newtons per millimetre.
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4 1 1 3 4

mahilishilislhifisss

65

275

IEC 2685/05

NOTE 1 |For at least,65 mm at one end of each strip, the strip should be (1 £ 0,1) mm wide or (3 £ 0,2) mm wide.
Line spaces between.adjacent lines may be approximately 2 mm to 3 mm.

NOTE 2 |For reference purposes, (3 £ 0,2) mm line width is recommended.
Ei 118 . £ Lst £} |

9.6.5 Report

The report shall include:

the test number and revision index;

T

the testing date;

o O

the solvent vapour to which the specimen was exposed;

D

)
)
) the identification of the material tested;
)
)

the measured peel strength;

—h

) whether additional copper has been added;
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g) whether there was blistering or delamination in the specimen immediately after exposure to
solvent vapour and/or after 24 h recovery;

h) any deviation from this test method.

9.6.6 Additional information

Environmentally damaging solvents shall not be used. But if it is required to use such solvents,
the vapour should not be released into the environment. A good way to prevent this is to use a
cooler above the vapour in such a way that, after condensation, the solvent drips back in the
heated vessel. The environmental protection decrees of the national authorities shall be
observed.

9.7 TeLt 2MO07: Peel strength after immersion in solvent
9.7.1 Qbject

To detgrmine the resistance to peeling under specified conditions and (after immersion in
solvent.| The test is performed on the sample as manufactured and without conditioning. The
test dogs not apply to the outer 25 mm of the laminated sheet as manufactured and provided
by the supplier.

9.7.2 Test specimens

a) Spegimens shall be taken from the panel or sheet in‘such a way that they are |at least
25 mm from the edge.

b) Theltest specimen shall be prepared from a sample of the copper-clad base materipl under
test jand before it is etched, its thickness shall_.normally be that of the material. However, in
the ¢ase of materials clad with copper foil ofnominal mass per unit area less than 305 g/m?2,

thejoil mass per unit area may be increased'to not more than 335 g/m2 by any procedure in

whigh ductile copper is deposited. Thecspecimen shall be (50 £ 1) mm wide, and|at least
75 mm long, and it shall be printed by*any appropriate method of usual practice with the
test pattern of Figure 11.

c) The|number of specimens used;for one test shall be sufficient for the peeling of|at least
25 mm from each of four stripsof copper foil.

d) Spe¢imens with a thickness less than 0,8 mm shall be built up to sufficient rigidity by a
suitgble technique, for-&xample by sticking the sample to a rigid material.

9.7.3 Test apparatus.-and materials

The follpwing test)apparatus and material shall be used:

a) a tenpsile\testing machine that achieves a peel rate of (50 £+ 5) mm/min;
b) a C|W' i i i fetths

c) the solvent as stated in the relevant specification.

9.7.4 Procedure

Use for this test the solvent as stated in the relevant specification. Additional solvents may be
used by agreement between purchaser and supplier. The test shall be carried out on separate
test specimens for each solvent.

The specimen shall be immersed for (10 +10 ) min in the solvent at room temperature.

The samples shall be removed from the solvent and placed in standard laboratory conditions of
(23 £ 2) °C and (45 £ 5) % RH. Immediately after removal from the solvent vapour and again
after 24 h, the specimen shall be examined for blistering, delamination, surface roughness,
tackiness or colour change. If it has not blistered, delaminated or experienced other surface
defects, it shall be used for the measurement of peel strength after immersion in solvent.
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One end of the strip of the metal foil shall be detached from the base material for a distance of
at least 10 mm, and sufficient for the apparatus used. The detached end of the foil shall be
gripped over its entire width in the jaws of the clamp on the tensile testing machine, and a
steady increasing pull shall be applied in a direction (90 + 5)° to the plane of the base material
until the metal foil is peeled off at a rate of (50 £ 5) mm/min, the peel force shall be recorded. A
length of at least 25 mm shall be peeled at this rate from each of four strips.

Should copper foil of nominal mass less than 305 g/m2 break during the test or fail to meet the
requirements of the relevant specification, a further set of four strips shall be tested from
material to which additional copper has been added as described above to a total mass not
less than 275 g/m2, but not more than 335 g/m2.

The minimum foad per unit width required to peel the metal foil during the test shall be jaken as
the peel strength. It shall be expressed in newtons per millimetre.

9.7.5 Report

The repprt shall include:

a) the test number and revision index;

b) the tsting date;

c) the identification of the material tested;
d) the golvent used;

e) the measured peel strength;

f) whether additional copper has been added to the test specimen;

g) whether there was blistering, delamination, stfface roughness, tackiness or colour| change
immgdiately after the immersion and/or after.24 h recovery;

h) any feviation from this test method.

9.7.6 Aldditional information

Environfnentally damaging solvents shall not be used. But if it is required to use such polvents
the vapour should not be released into the environment. A good way to prevent this is fo use a
cooler gbove the vapour in.such a way that, after condensation, the solvent drips bagk in the
heated |vessel. The environmental protection decrees of the national authorities $hall be
observed.

9.8 Test 2M08;-Flexural strength (under consideration)

9.9 Test 2M09: Resin flow of prepreg material

9.9.1 Objeet

The purpose of this test method is to provide a means for measuring the resin flow of
impregnated reinforcement cured to the B-stage.

9.9.2 Test specimens

a) The test specimens shall be taken in such a way that they are at least 25 mm from the edge
of the prepreg sheet or roll.

b) For rolls of prepreg, four specimens (100 + 0,2) mm x (100 = 0,2) mm shall be cut from
positions equally spaced across the width of the roll. For sheeted prepreg, the four
specimens shall be cut randomly from two different sheets. The diagonals of the specimens
shall be parallel to the machine and cross-machine directions, see Figure 2.

c) All loose particles and projecting fibres shall be removed from the material.
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est apparatus and materials

The following test apparatus and materials shall be used:

2006(E)

a) laminating press maintained at a temperature of (170 + 3) °C and capable of providing a

pres

sure of (1,5 £ 0,15) MPa on the test specimen;

b) analytical balance with a 0,001 g or better resolution;

c) release material polyvinyl-fluoride (PVF) or equivalent;

d) plates of stainless steel (1,6 + 0,8) mm thick and 150 mm square minimum, but not larger

than

the press platen size;

e) a punch and die set, circular disk of (79,8 + 0,1) mm in diameter or square, whose sides

are (70,7 £ 0,4)ymmm,
f) desifcator (stabilization chamber) capable of maintaining less than 25 % _-RH At room
temperature.
9.9.4 Procedure
If specifnens are stored for over 24 h, specimens should be desiccated for a minimum of 4 h
prior to festing.
The spgcimens shall be stacked together with their edges in-careful alignment. They|may be
fastened together with suitable means. The stack of specimens shall then be weighed to the
nearest|0,005 g (M4).
Place the stack of specimens between the release films, then place them all between plates of
stainlesy steel.

Insert th
at (170
elapsed
whicheV

After lan

A piece

t 3) °C and immediately apply a préssure of (1,5 £ 0,15) MPa within a maximu
time. The pressure shall be held until there is no further flow of resin, or for
er is longer.

hination, open the press, remove the specimen and allow to cool to room tempeg

the formp of a square whose sides are (70,7 £ 0,4) mm or a circular disk (79,8 + 0,4

diamete
films.

The res

r using the punch and die set, and weighed to the nearest 0,005 g (M2) without

n flow;shall be calculated to the nearest 0,1 % as follows:

e assembly of plates and test specimen in the preheated laminating press maintained

m of 5 s
10 min,

rature.

having an area of 5000 mm?2 shall be removed from the central area of the lanpinate in

) mm in
release

where

RF is
My is
My is

TOU (M, = 2ZM)
M

RF =

1

the resin flow (%)
the original weight in (g)
the weight of square or disk in (g)

When the test is used as a reference, a second set of specimens shall be tested, and the
average of the two reported.
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9.9.5 Report

The report shall include:

VY

the test method number and revision index;

O

the testing date;

Q O

)
)
) the identification of the material tested;
) the resin flow to the nearest 0,1 %;

)

D

any deviation from this test method.

9.9.6

If necedsary, before punching the specimen, post cure the test specimen in accordance with
the manufacturer's post-cure method.

The 170 °C temperature for the laminating press is suitable for epoxide resin“systems gnly. For
other resin systems, the temperature shall be determined upon agreement between purchaser
and supplier.

9.10 Test 2M10: Glass transition temperature of base materials by differential scanning
calorimetry (DSC)

9.10.1 Pbject
This test method covers the procedure for the determihation of the glass transition temperature
of basel materials by differential scanning calorimetry. The glass transition temperature is

indicatefd by an endothermic shift in the differential heat flow resulting from a change in the
heat capacity of the material at that temperature.

9.10.2 [Test specimens

The spgcimen shall be taken from-the sheet in such a manner that it is not less thar] 25 mm
from thg edge.

The tedt specimens shallbe of suitable size and shape for the specimen holdef of the
measuring system and weigh (0,010 + 0,030) g. The specimens may be prepared by sawing or
punchinp.

For refefee testing; a minimum of three specimens shall be tested.

9.10.3 [Testapparatus and materials

The following test apparatus and materials shall be used.

a) Differential scanning calorimeter or differential thermal analyser capable of heating (cooling)
at rates up to at least (20 £ 1) °C/min, and of automatically recording differential heat flow
or differential temperature between the specimen and a reference, to the required
sensitivity and precision.

b) Aluminum or other metal pans of high thermal conductivity specimen holders.

c) An empty specimen pan or a reference pan filled with an inert reference material with a
heat capacity approximately equivalent to the specimen (for example aluminum oxide).

d) Recording charts for temperature-recording apparatus, with suitable graduations for
recording of differential heat flow or differential temperature as a function of temperature.
Instruments with digital data processing require an appropriate plotter or printer plotter.
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e) Nitrogen of 99,9 % purity or other inert gas supply, for blanketing specimen oxidation. If
oxidative reactions are excluded, inert gas supply is not necessary. The dew point of the
selected gas must be below the lowest operating temperature.

9.10.4 Procedure

Use a specimen mass appropriate to the material to be tested. In most cases, a specimen
mass of 0,010 g to 0,030 g specimen is satisfactory. As a reference, material with a heat
capacity closely matched to that of the specimen or an empty pan may be used.

The specimen should be placed in the pan. After closing it with the relevant top by squeezing
together the lower part and the top (cramping), a small hole shall be made in the top to allow

vapour Jo escape. The crucible is then inserted into the test chamber of the instrumént. The

same p

Initiate flow of purge gas, as applicable.

Perform
erase p

Hold ten
Quench

Hold ten

ocedure is followed for the reference as applicable.

an initial thermal cycle from 30 °C to a temperature 15 °C aboVve-the expectéd Tg to
evious thermal history at a rate of (20 £ 2) K/min.

nperature until a steady state is achieved (usually 5 min t0{¥0 min).
cool to (30 £ 2) °C as rapidly as possible.

nperature until a steady state is achieved (usually 5 min to 10 min).

As a referee, reheat at a rate of (10 £+ 2) K/min and record the heating curve| until a

temperg
(20 = 2)

Determi

|

Heat flow

ture 25 °C higher than the observed Tg. For normal quality conformance|testing,
K/min may be used.

he the midpoint temperature T, (°C) as described in Figure 12, and report it as|T.

T

., - temperature of first deviation

T; : extrapolated onset temperature
\gﬁ_ _.71 T, - midpoint temperature
T; : inflexion temperature

T, T,

e

: extrapolated endset temperaturg

T, : temperature of return-to-baseling

i

’
N A}
. \
’ 1
’ 1
" A
, 1

‘ \ Derivative

’
’ A}
’ \
’ \
’r' \
P \

~~~~~

IEC 1894/99

Figure 12 — Differential scanning calorimetry

(Characteristic transition points associated with glass transition)
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9.10.5

The rep

T Q

the i

-2 ® QO O

Report

ort shall include:

the test number and revision;

dentification of the material tested;

)
)
) the quantity, form and weight of the specimens;
) the date of testing;

)

the reference (i.e. empty crucible, etc.) and weight;
) the method of preparation of the specimens;

g) the netreatingrate if-othertham16—=€ per-minute;

h) the glass transition temperature (including information about the number of detérminations
useq);

i) addifional information about test apparatus.

9.10.6 Additional information

The calipration of the DSC instrument shall be performed according.to the recommendations of

the manufacturer with a standard reference material appropriaté/to the temperature|regions

of intergst.

9.1 TISt 2M11: Glass transition temperature of base materials by thermomechanical

analysis (TMA)

9.11.1 Pbject

The tes{ method covers the procedure for the\determination of the glass transition temperature

of base| materials by thermomechanical -analysis (TMA). The glass transition temperfature is

indicatef by the change in slope of the prebe displacement curves in expansion mode fesulting

from a ghange in the rate of Z-axis expansion at that temperature.

9.11.2 [Test specimens

The spgcimens shall be taken from the sheet in such a manner that they are not Igss than

25 mm from the edge.

The spgcimens shallbe of suitable size and shape for the specimen holder of the mgasuring

system |and wejght (7,5 to 10) mg. The specimens shall be flat and parallel sided ¢ross to

direction of measurement and shall be free from burrs and fibres. The specimen [may be

preparefl by(sawing or punching.

For refe

ree testing, a minimum of three specimens shall be tested.

9.11.3 Test apparatus and materials

The following test apparatus and materials shall be used.

a) A thermomechanical analyser or similar device consisting of a specimen holder into which
the specimen can be placed. Changes in the length or in the compressive modulus of the
specimen are sensed by the movement of a probe.

b) A probe whose shape and size shall be such that the load applied to the specimen by the
probe shall not cause indentation of the specimen. Flat, circular probes whose diameters
are (2 to 5) mm are used.
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Means for sensing movement of the probe resulting from changes in length or compressive
modulus of the specimen and for translating these movements into signals suitable for input
to a chart recorder or data processing system. The sensing element should be capable of
producing an electrical output of at least 1 mV per micrometer of probe movement with
provision for less sensitive ranges when needed.

A means of recording changes on specimen length or probe position as a function of
specimen temperature. X-Y chart or strip chart recorders that have sensitivities of 1 pm of
probe deflection per centimetre of chart width or greater are acceptable. Instruments with
digital data processing require an appropriate plotter or printer plotter.

A means for uniformly heating the specimen at a predetermined rate over the temperature
range of interest. Provisions should be made for pre-cooling the furnace and specimen
where near ambient or sub-ambient temperature measurements are to be made. Heating
and cooling rates of up to at least 10 K/min are required;

MeaEs for measuring the temperature of the test specimen.

Meanhs of purging the specimen environment with a dry inert gas, such’as nitrpgen or
heliym (the latter preferred due to its higher thermal conductivity). Thesdew poirt of the
selerted gas must be below the lowest operating temperature.

After me¢chanical removal of the metal, the specimens shall be.dried for a minimum of|1 h at a

temperdture 20 °C below the expected Tg, but at a maximum 6P 110 °C.

Place alspecimen having a thickness of 1 mm to 3 mm in the specimen holder under the probe.
The spgcimen temperature sensor is placed in contact with the specimen or as negr to the

specimgn as possible (whichever is recommended by“the instrument manufacturer).

Move the furnace to enclose the specimen hglder. Start the dry inert purge gas beforg cooling
or heating the specimen. If measurements_near ambient or sub-ambient temperatures dre to be
made, cool the specimen and furnace to atleast 30 °C below the lowest temperature of|interest.

The refrigerant used for cooling should'not come into direct contact with the specimen.

A load df 2 g shall be used.

Select an appropriate sensitivity setting on the recorder. Pre-analysis on a similar specimen

may be fun to provide this_information.

Heat th¢ specimen at a constant heating rate of (10 £ 2) K/min over the desired temperature

range. Qther rates may be used but must be noted in the report.

An abrupt change in the slope of the d|splacement curve |nd|cates a transmon of the material

apolated

linear portlons of the curve is used as the transmontemperature T

If residual stresses are evident (a sudden irreversible deflection at the glass transition) the
heating should be stopped about 20 °C above this temperature. The temperature is then
returned to the initial conditions and the run is repeated. The glass transition determined on
this second run is reported along with the supplied heat treatment.

Determination of the glass transition temperature shall be made as follows (see Figure 13).

1)

2)

Construct tangents to the curve below and above the sharp bend. The intersection point of
the tangents is the glass transition temperature of a specimen. For referee measurements
the average of three determinations shall be reported as the Tg (°C).

Results obtained by retesting some specimens shall not be treated as an independent test
of a new specimen.
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co

~,

Temperature (°C)
IEC 1895/99

Size: 1,50 mm
Rate: K

Atmosphgre: inert gas

Figure 13 — Thermomechanical analysSis’(expansion mode)

9.11.5 Report

The repprt shall include:

a) the test number and revision;

b) the identification of the material tested;

c) the dimensions of the test specimen;

d) the I’uethod of preparation of the test specimen,;

e) the gpecimen orientation\with respect to the machine direction of the original base npaterial;

f) the g$pecimen orientation in the holder;

g) the temperature.range;

h) the heating range if other than 10 K/min;
i) the glass.transition temperature, with information about the number of determinations used;
j) additionpalinformation about test apparatus;

k) the testing date;
[) any deviation from this test method;
m) the name of the person conducting the test.

9.11.6 Additional information
Calibration of the thermomechanical analyser shall be conducted in the temperature region of

interest against appropriate standard reference materials. The calibration procedure shall
employ the same heating rate, purge gas and purge gas flow as the test specimens.
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9.12 Test 2M12: Surface waviness
9.12.1 Object
The test method covers the procedure for the determination of the surface waviness of metal-

clad base materials essentially caused by the warp and fill threads of the glass fabric
reinforcement.

9.12.2 Test specimens

The test specimens shall be cut not less than 25 mm from the edge of the sheet.

The tes Opcb;lllUIIO stattbe plcpalcd from—=a Oalllplc of-the-metat-ctad-base-materiatunder test.

They shill be of suitable size and shape for the measuring apparatus.
A single] specimen should suffice for testing.

9.12.3 [Test apparatus and materials

The follpwing test apparatus and materials shall be used.

A contact profile meter for the measurement of surface roughness parameters by the profile
method|described in ISO 3274 shall be used, but with the following properties.

a) The|profile meter shall be able to record the wave spectrum of the surface roughnegs with a
low pass filter characteristic. (The transmission of the instrument shall be in the fange of
low frequencies or long wave lengths.)

b) Theltip radius of the stylus shall be 5 um or-3+Q4um.

9.12.4 Procedure

The procedure shall be carried out'according to the instructions of the test equipment
manufagturer using the following parameters:

— meapuring length Ly, = 4 mm;

— cut ¢ff Ag = 0,8 mm (forlow pass filter).

During the measurement'the specimen shall be held stable in horizontal position.

Five mefasurements shall be made in machine (warp) and transverse (fill) direction each.

The average/of the five measurements in either direction shall be recorded as|surface
wavinegs in‘the relevant direction.

In the case of materials clad on both sides, tests have to be carried out on each of them.

9.12.5 Report

The report shall include:

VY

the test number and revision;

O

)

) the identification of the material tested;
) the date of the test;
)
)

Q O

the surface waviness in the machine direction (first side);

D

the surface waviness in the transverse direction (first side);
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f) the surface waviness in the machine direction (second side);

g) the surface waviness in the transverse direction (second side);

h) any deviation from this test method;

i) the name of the person conducting the test.

9.12.6 Additional information

Surface waviness is essentially caused by the type of reinforcement of the base material, for
example the warp and fill threads of the glass fabric.

If no pr

file meter with low pass filter is available, an instrument with high pass filter can be

used wi

The res

h the parameters
Lyw = 12,5 mm Ag =2,5mm

ulting error in measurement is negligible; but, in this case, the{information

instrumént with high pass filter is used shall be included in the report.

9.13 T
9.13.1
To dete

sample
the lami

9.13.2

a) Spe

est 2M13: Peel strength as received
Dbject
'mine the resistance to peeling under specified conditions. The test is performe

as laminated and without conditioning. The testidoes not apply to the outer 2
hated sheet as manufactured and provided byythe supplier.

Test specimens

Limens shall be taken from the panel or sheet in such a way that they are

25 mm from the edge.

b) The
test
the

test specimen shall be prepared from a sample of the copper-clad base materi
and before it is etched, itsthickness shall normally be that of the material. How
ase of materials clad with copper foil of nominal mass per unit area less than 3

the

il mass per unit area' may be increased to not more than 335 g/m2 by any proc

whigh ductile copper istdeposited. The specimen shall be (50 £ 1) mm wide, and
75 mm long, and it shall be printed by any appropriate method in usual practice with
pattern of Figure 41

c) The|number of’specimens used for one test shall be sufficient for the peeling of
25 mim from'each of four strips of copper foil.

d) Spe¢imens*with a thickness less than 0,8 mm shall be built up to sufficient rigig
suitgble technique for example by sticking the sample to a rigid material.

that an

4 on the
b mm of

at least

8l under
ever, in
05 g/m?2,
edure in
at least
the test

at least

ity by a

9.13.3 Test apparatus and materials

The following test apparatus and material shall be used:

a) a tensile testing machine that achieves a peel rate of (50 £+ 5) mm/min;

b) a clamp to grip the detached end of the foil over its entire width.
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9.13.4 Procedure

One end of the strip of the metal foil shall be detached from the base material for a distance of
at least 10 mm, and sufficient for the apparatus used. The detached end of the foil shall be
gripped over its entire width in the jaws of the clamp on the tensile testing machine, and a
steady increasing pull shall be applied in a direction (90 £ 5)° to the plane of the base material
until the metal foil is peeled off at a rate of (50 + 5) mm/min, the force to do this being
measured. A length of at least 25 mm shall be peeled at this rate from each of four strips.

Should copper foil of nominal mass per unit area less than 305 g/m?2 break during the test or
fail to meet the requirements of the relevant specification, a further set of four strips shall be
tested from material to which additional copper has been added as described as above to a
total mass per unit area not less than 275 g/m2, but not more than 335 g/m=.

The minimum load per unit width required to peel the metal foil during the test shall-be {aken as
the peel strength. It shall be expressed in newtons per millimetre.

9.13.5 Report

The repprt shall include:

a) the test number and revision index;

b) the Esting date;

c) the identification of the material tested;

d) a statement certifying that the test was carried out\"as received";
e) the easured peel strength;

f) whether additional copper has been added to-the test specimens;
g) any deviation from this test method.

9.13.6 Additional information

None.

9.14 Test 2M14: Peel strength after heat shock
9.14.1 Pbject

To detdrmine the<resistance to peeling under specified conditions and after specifled heat
shocks pimulating’ soldering processes. The test is performed on the sample as manufactured
and withoutonditioning. The test does not apply to the outer 25 mm of the laminate gheet as
manufa¢tured and provided by the supplier.

9.14.2 Test specimens

a) Specimens shall be taken from the panel or sheet in such a way that they are at least
25 mm from the edge.

b) The test specimen shall be prepared from a sample of the copper-clad base material under
test and before it is etched, its thickness shall normally be that of the material. However, in
the case of materials clad with copper foil of nominal mass per unit area less than 305 g/mZ2,
the foil mass per unit area may be increased to not more than 335 g/m2 by any procedure in
which ductile copper is deposited. The specimen shall be (50 £ 1) mm wide, and at least
75 mm long, and it shall be printed by any appropriate method in usual practice with the test
pattern of Figure 11.
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c) The number of specimens used for one test shall be sufficient for the peeling of at least
25 mm from each of four strips of copper foil.

d) Test specimens prepared from samples of metal-clad polymeric films may require further
preparation before being tested for peel strength, to avoid the peeling of any adhesive layer
from the base film over an area wider than the test strip. If necessary, the base material
shall be inscribed with a sharp blade on both sides of each test strip ensuring that any
adhesive layer has been severed, but with insufficient force to cut the base film.

e) Specimens with a thickness less than 0,8 mm shall be built up to sufficient rigidity by a
suitable technique for example by sticking the sample to rigid material.

9.14.3 Test apparatus and material

The foll

bwing test apparatus and material shall be used:

a) a tensile testing machine that achieves a peel rate of (50 £+ 5) mm/min;

b) a cld

tem
d) aba

1)

Q)

9.14.4

If speci
precond

mp to grip the detached end of the foil over its entire width;

erature;

c) a d%siccator (stabilization chamber) capable of maintaining 25 %rnRH or less

h meeting one of the following requirements:

liquid bath of well-stirred silicone or equivalent fluidi kept at (260 +g) °C, thr

urface used.

fluidized sand bath of suitable design, kept at a temperature of (260 +g)

emperature shall be measured in approximately the same location that will be g
y the specimen;

suitable solder bath of depth not less than 40 mm shall be used. If circular,
hall be not less than 120 mm in diameter, and if rectangular, not smaller than
75 mm. The bath shall be protected from draughts. The temperature of th

hall be kept at (260 +g) °C throughout the test. The temperature shall be measy

epth of (25 £ 2,5) mm(below the surface. The bath shall contain a solder of
0/40 or 63/37 tin/lead-composition with a melting temperature range as follows:

completely solidx183 °C;
completely liquid: 188 °C.

Procedure

fied in_the relevant specification for the material under test, the specimen
itioned, allowed to cool to room temperature in a desiccator and subjected

shock W

At room

oughout

he test shall be used. The temperature shall be measured (25 £ 2,5) mm bg¢low the

°C. The

ccupied

he bath
100 mm
b solder

red at a

nominal

shall be
to heat

ithin 30 min of removal from the preconditioning atmosphere.

9.14.4.1

Heat shock

The specimen shall be subjected to heat shock by one of the following three methods, the
choice between them to be subject to agreement between purchaser and supplier.

9.14.4.1

.1 Liquid bath method

Bath as described in 9.14.3 d)1). The specimen shall be held in a horizontal position, at a
depth of (25 = 2,5) mm in a holder of heat capacity low enough to avoid the fluid temperature
falling below 260 °C. The specimen shall be totally immersed in the fluid for the time given in
the relevant specification.
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.2 Fluidized sand bath method

2006(E)

Bath as described in 9.14.3 d) 2). The specimen shall be immersed edgewise, that is with its
surface at right angles to the bath surface, for the time given in the relevant specification.

9.14.4.1

.3 Solder float method

Bath as described in 9.14.3 d) 3). Specimens of metal-clad polymeric film may be attached to
the lower surface of a block of cork or other thermal insulation using drawing pins or other low
mass holding devices.

The conductive pattern on the specimen shall be prepared by a treatment which prevents the

adhesio

The spe
molten §

9.14.4.2

After re|
examing
allowed
strength

9.14.4.3

One enq
at least
gripped
steady i
until the
length o

Should

fail to m
tested fi
mass p4

The min
the peel

9.14.5

£ 1 P o ! I [T | ££ 4 ' 4t £
I'UT SOUIUCT U TIC TTICidl, daltu WITIUTT TTas d TITYUNYIVIC CSITCUL UIT TICAl U allsIcr.

cimen shall then be dropped, etched side downwards, onto the surface.of th
older for the time given in the relevant specification.

Visual examination

moval from whichever source of heat shock has been used;’the specimen
d for blistering or delamination. If it has not blistered’ ,oF delaminated, it
to cool to between 15 °C and 35 °C and then be used\for the measurement
after heat shock.

Peeling

of the strip of the metal foil shall be detached from the base material for a dis
10 mm, and sufficient for the apparatusCused. The detached end of the foil

over its entire width in the jaws of the.clamp on the tensile testing machine
ncreasing pull shall be applied in a direction (90 + 5)° to the plane of the base

metal foil is peeled off at a rate of\(80 + 5) mm/min, the peel force shall be rec
f at least 25 mm shall be peeled. at this rate from each of four strips.

eet the requirements of the relevant specification, a further set of four strips
om material to which additional copper has been added as described above t
r unit area not les&ithan 275 g/m2, but not more than 335 g/m2.

imum load pér_unit width required to peel the metal foil during the test shall be f{
strength.dt.shall be expressed in N per millimetre.

Report

The rep

e clean

shall be
hall be
of peel

tance of
shall be
,and a
material
brded. A

copper foil of nominal mass per unit area less than 305 g/m? break during the test or

shall be
b a total

aken as

rtvshall include:

the t
the t

> 0 O O T O

) thet

est number and revision index;
est date;

)

)

) the identification of the material tested;

) a statement certifying that the test has been carried out "after heat shock";
)

the heat shock method used;

ime during which the specimen was exposed to the heat shock;

g) the measured peel strength;

h) whether additional copper has been added to the test specimen;

i) whether there was blistering or delamination after the heat shock;

i) any deviation from this test method.
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9.14.6 Additional information

9.14.7 Safety precautions

Avoid eye and skin contact with hot materials by using suitable protection.

9.15 Test 2M15: Peel strength after dry heat

9.15.1 Object

To determine the resistance to peeling under specified conditions and after exposure to high
temperature. The test is performed on the specimen as manufactured and without conditioning.

The tes

t does not apply to the outer 25 mm of the laminated sheet as manufactu

red and

providecli by the supplier.

9.15.2

a) Spe

Test specimens

Limens shall be taken from the panel or sheet in such a way that)they are

25 mm from the edge.

b) The
test
the

test specimen shall be prepared from a sample of the copper-Clad base materi
and before it is etched, its thickness shall normally be that'of the material. How
ase of materials clad with copper foil of nominal mass pefuinit area less than 3

the

il mass per unit area may be increased to not more than 335 g/m2 by any proc

whigh ductile copper is deposited. The specimen shalllbe (50 £ 1) mm wide, and
75 mim long, and it shall be printed by any appropriate.method in usual practice with
pattern of Figure 11.

c) The|number of specimens used for one test shall be sufficient for the peeling of
25 mim from each of four strips of copper foil.

at least

8l under
ever, in
05 g/m?2,
edure in
at least
the test

at least

d) Tesf specimens prepared from samples of copper-clad polymeric films may require further
preparation before being tested for peel-strength, to avoid the peeling of any adhes

fro

the base film over an area wider-than the test strip. If necessary, the base

shall be inscribed with a sharp blade on both sides of each test strip ensuring

adh

e) Spe
suite

9.15.3

The foll

sive layer has been severed,_but with insufficient force to cut the base film.

Limens with a thickness-less than 0,8 mm shall be built up to sufficient rigid
ble technique, for example by sticking the sample to a rigid material.

Test apparatus-and materials

bwing test apparatus and material shall be used:

a) a tensile testing machine that achieves a peel rate of (50 £ 5) mm/min;

b) a clg

mp to'grip the detached end of the foil over its entire width;

ve layer
material
hat any

ity by a

rced air

C) circlt

Inh’ng air chamber nnpnhln of mnin‘rqining (90() + 9) °C_inthe wnrking space Ed

circulation may be used to maintain homogenous conditions. In order to limit radiated heat
problems, the temperature of the walls may not differ by more than 3 % from the specified
ambient temperature of the test. The absolute humidity inside the test chamber shall not
exceed 20 g of water vapour per cubic metre of air (corresponding to approximately 50 %
RH at 35 °C).

9.15.4 Procedure

The specimen shall be exposed to high temperature using the chamber described in 9.15.3c,
for 500 h, unless otherwise specified. The temperature of the air in the heating chamber shall
be that given in the relevant specification. The air in the chamber shall circulate during the
entire heating period, and the large surfaces of the specimen shall be parallel with the air flow.
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The specimen shall be removed from the air chamber and placed in standard laboratory
conditions of (23 £ 2) °C and (45 £ 5) % RH After a minimum of 1 h, the specimen shall be
examined for blistering or delamination. If it has not blistered or delaminated, it shall then be
used for the measurement of peel strength after dry heat.

One end of the strip of the metal foil shall be detached from the base material for a distance of
at least 10 mm, and sufficient for the apparatus used. The detached end of the foil shall be
gripped over its entire width, in the jaws of the clamp on the tensile testing machine, and a
steady increasing pull shall be applied in a direction (90 £ 5)° to the plane of the base material
until the metal foil is peeled off at a rate of (50 + 5) mm/min, the force to do this being
measured. A length of at least 25 mm shall be peeled at this rate from each of four strips.

Should
fail to m
tested f

eet the requirements of the relevant specification, a further set of four strips
om material to which additional copper has been added as described in)9:15.4

total mdss per unit area not less than 275 g/mZ2, but not more than 335 g/mZ2.

The minimum load per unit width required to peel the metal foil during the‘test shall be f{

strength. It shall be expressed in N per millimetre.

Report

brt shall include:

the Est number and revision index;

sting date;
dentification of the material tested;
tement certifying that the test has beencarried out "after dry heat";

the peel
9.15.5

The rep
a)

b) the
c) thei
d) a st3
e) the
f) the
g) the
h) the
i) whe
i) whe
k) any
9.15.6

None.

ime during which the specimen wastéxposed to the dry heat;
mperature of the heating chamber;
ecovery if not standard;
easured peel strength
her additional coppér has been added to the test specimen;
her there was blistering or delamination after the dry heat;
Heviation from.this test method.

Additional information

copper foil of nominal mass per unit area less than 305 g/m? break during the test or

shall be
b) to a

aken as

9.16 Test 2M16: Peel strength after simulated plating

9.16.1 Object

To determine the resistance to peeling under specified conditions and after simulated plating.
The test is performed on the sample as manufactured. The test does not apply to the outer
25 mm of the laminated sheet as manufactured and provided by the supplier.

9.16.2 Test specimens

a) Specimens shall be taken from the panel or sheet in such a way that they are at least
25 mm from the edge.
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b) The test specimen shall be prepared from a sample of the copper-clad base material under
test, and before it is etched, its thickness shall normally be that of the material. However, in
the case of materials clad with copper foil of nominal mass per unit area less than 305 g/m?2,
the foil mass per unit area may be increased to not more than 335 g/m2 by any procedure in
which ductile copper is deposited. The specimen shall be (50 £ 1) mm wide, and at least
75 mm long, and it shall be printed by any appropriate method in usual practice with the test
pattern in Figure 11.

c¢) The number of specimens used for one test shall be sufficient for the peeling of at least
25 mm from each of four strips of copper foil.

d) Test specimens prepared from samples of copper-clad polymeric films may require further
preparation before being tested for peel strength, to avoid the peeling of any adhesive layer
from the base film over an area wider than the test strip. If necessary, the base material
shall be inscribed with a sharp blade on both sides of each test strip ensuring_that any
adhgsive layer has been severed, but with insufficient force to cut the base film,

e) Spegimens with a thickness less than 0,8 mm shall be built up to sufficient rigidity by a
suitgble technique for example by sticking the sample to a rigid material.

9.16.3 [Test apparatus and materials
The follpwing test apparatus and material shall be used:

a) a tensile testing machine that achieves a peel rate of (50 £.5) mm/min;
b) a clgmp to grip the detached end of the foil over its entire width;
c) an equipment to use as an electrolytic cell consisting/of:

— g carbon rod to use as anode;

n electrolyte; a well-stirred aqueous saqlution of sodium sulphate, whose concgntration
5 10 g anhydrous sodium sulphate (Na»SQO4) per litre of distilled water, and whose
emperature is maintained at (70 £ 2).8C.

9.16.4 Procedure

The spgcimen shall be made the:cathode of the electrolytic cell as described under 9{16.3 c).
The spgcimen shall be held withJthe strips of its test pattern vertical so that they are just fully
submerged. They shall be eonnected electrically by any suitable means and a d.c. vqgltage of
(5 1) Y shall be applied.\to the cell and adjusted so that the current has a steady value
equivalgnt to approximately 215 A/m?2 of the submerged foil. At the end of (20 + 1) min,|the test
specimgn shall be removed from the solution, wiped to remove surface moisture and lgft about
1/2 h to|cool to roem~temperature.

detached,dt 'shall be used for the measurement of peel strength after simulated plating.

The sijcimen shall be examined for non-adherence of the foil. If the foil has not become

One end of the strip of the metal foil shall be detached from the base material for a distance of
at least 10 mm, and sufficient for the apparatus used. The detached end of the foil shall be
gripped over its entire width, in the jaws of the clamp on the tensile testing machine, and a
steady increasing pull shall be applied in a direction (90 £ 5)° to the plane of the base material
until the metal foil is peeled off at a rate of (50 £ 5) mm/min, the peel force shall be recorded. A
length of at least 25 mm shall be peeled at this rate from each of four strips.

Should copper foil of nominal mass per unit area less than 305 g/m? break during the test or
fail to meet the requirements of the relevant specification, a further set of four strips shall be
tested from material to which additional copper has been added as described in 9.16.2 b) to a
total mass per unit area not less than 275 g/m2, but not more than 335 g/mZ2.

The minimum load per unit width required to peel the metal foil during the test shall be taken as
the peel strength. It shall be expressed in newtons per millimetre.
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9.16.5 Report

The report shall include:

> ®O QO O T

the test number and revision index;
the testing date;

)

)

) the identification of the material tested;

) a statement certifying that the test has been carried out "after simulated plating";
)

the measured peel strength;
) whether additional copper has been added to the test specimen;

I I

g) whe
h) any

9.16.6

4l alla £ 4 £l £4 o - ot ol [P 4 4 4
NeT uicTic wdao TIUTT=aJuliclTclIUCT UT T TUIT allTlh 1T SITiuTiatcUu piatlilty ucatllictii,

Heviation from this test method.

Additional information

The simjulated plating treatment may be carried out conveniently using 500-¢m?3 of solu

600 cmj
taking 0

wide-necked flask, and a glass stirrer. A variable resistance(ef about 30 Q ca

9.17 Test 2M17: Peel strength at high temperature

9.171
To dete
temperg

perform
the oute

9.17.2

a) Spe

Dbject
rmine the resistance to peeling under specified conditions and at a specif

ed on the sample as manufactured and without conditioning. The test does not
r 25 mm of the laminated sheet as manufactured and provided by the supplier.

Test specimens

Limens shall be taken from!the panel or sheet in such a way that they are

25 mm from the edge.

b) The
test

test specimen shall be prepared from a sample of the copper-clad base materi

the
the

whigh ductile copper is deposited. The specimen shall be (50 £ 1) mm wide, and
75 mm long, and-it shall be printed by any appropriate method in usual practice with
pattern in Figure 11.

c) The|number of specimens used for one test shall be sufficient for the peeling of
25 mm<rom each of four strips of copper foil.

ion in a
able of

.2 A, and an ammeter to measure 0,2 A, will control and measure the current required.

ed high

ture, after exposure to that specified temperature for a specified time. Thg test is

apply to

at least

8l under

and before it is etched, its thickness shall normally be that of the material. However, in
ase of materials(clad with copper foil of nominal mass per unit area less than 305 g/m?2,
il mass per unit/area may be increased to not more than 335 g/m2 by any procgdure in

at least
the test

at least

d) Test specimens prepared from samples of copper-clad polymeric films may require further
preparation before being tested for peel strength, to avoid the peeling of any adhesive layer
from the base film over an area wider than the test strip. If necessary, the base material
shall be inscribed with a sharp blade on both sides of each test strip, ensuring that any
adhesive layer has been severed, but with insufficient force to cut the base film.

e) Specimens with a thickness less than 0,8 mm shall be built up to sufficient rigidity by a
suitable technique for example by sticking the sample to a rigid material.

9.17.3 Test apparatus and materials

The following test apparatus and material shall be used:

a) a tensile testing machine that achieves a peel rate of (50 £ 5) mm/min;

b) a clamp to grip the detached end of the foil over its entire width;
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c) a bath of well-stirred silicone or equivalent liquid/air media, kept within +2 °C of the
temperature given in the relevant specification;

d) a circulating air oven maintained within +2 °C of the temperature given in the relevant
specification. As a minimum the chamber should completely surround the test specimen
and clamping jaws.

9.17.4 Procedure

One end of the strip of the metal foil shall be detached from the base material for a distance of
at least 10 mm, and sufficient for the apparatus used. The detached end of the foil shall be
gripped over its entire width, in the jaws of the clamp on the tensile testing machine, before
immersion in the hot fluid as described in 9.17.3 ¢). The specimen shall be held in a horizontal

position| in the fluid, at a depth of (25 = 2,5) mm in a holder of heat capacity low &n

avoid th
totally in
in a dirg
rate of

peeled at this rate from each of four strips.

For the
each sp
oven as

In that
temperg

been infroduced into the oven.

Should

fail to m
tested f
total ma

The minimum load per unit width required to peel the metal foil during the test shall be f{

temperature of the fluid from falling below the range specified. The specimen
nmersed in the fluid for 2 min minimum before a steady increasing pull shall be
ction (90 + 5)° to the plane of the base material until the metal foil is péeled
50 £ 5) mm/min, the peel force shall be recorded. A length of at least”25 mm

testing of peel strength four specimens shall be prepared-and only one cond
ecimen shall be tested. This test may alternatively be carried out in a circul
described in 9.17.3 d).

case the test shall be carried out after the specimen has reached the
ture, and shall be completed within 75 min after the specimen and apparat

copper foil of nominal mass per unit area“less than 305 g/m2 break during the
eet the requirements of the relevant specification, a further set of four strips
om material to which additional copper has been added as described in 9.17.2
ss per unit area not less than 275'g/m2, but not more than 335 g/m2.

ough to
shall be
applied
off at a
shall be

uctor of
ating-air

required
s have

test, or
shall be
b) to a

aken as

the peel strength. It shall be expressed in newtons per millimetre.

9.17.5 Report

The repprt shall include:

a) the Est numbér-and revision index;

b) the testing-date;

c) the identification of the material tested;

d) a Stc tCIIICIIt bCItifyillg “Idt “IU tbbt ildb IL)UUII ballibd uut "dt ;Ilyil tUIIIpUIdtUIU",
e) the temperature at which the test has been carried out;

f) the measured peel strength;

g) whether additional copper has been added to the test specimen;

h) any deviation from this test method.

9.17.6 Additional information

None.
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9.18 Test 2M18: Surface quality (under consideration)

9.19 Test 2M19: Punching (under consideration)

9.20 Test 2M20: Flexural strength

9.20.1

Object

2006(E)

To determine the flexural strength of rigid insulating base materials. The test is performed on
the specimen as manufactured and under the condition defined. The test shall only be applied
to specimens 0,80 mm or greater in thickness. It applies to a freely supported beam, loaded at
midspan ( three-point loading test ).

9.20.2
a) The
test

b) Dim
frac
(do

Unlg
the

Test specimens

test specimens shall be prepared from a sample of the metal-clad base‘materi

bnsions of the specimens shall be as shown in Table 3. The specimens shall b
ure and delamination. The edges shall be smoothed by sanding or equivalen
hot radius the edges).

ss otherwise specified, ten specimens shall be tested, five/in the lengthwise an
crosswise direction of the sample sheet or panel.

Table 3 — Specimen dimensions

al under

from which the metal has been completely removed, its thickness shall-be that of the
bas¢ material.

b free of
I means

d five in

Specimen dimensions Test parameters

Noming|l thickness

Width
w mm
+0,6

Length
Lmm

Span
Lv mm
+0,5

Speed of
N—mm p
10,

mm

esting
ler min
4

25,0

10,0 At least 20 h 16 h h/3

15,0

9.20.3

The foll

a) A standard tepsion and compression test apparatus which can be operated at a

rate
shal
radi
R2 E
for t

Test apparatus and.materials
bwing test apparatus and material shall be used:
of crosshead movement shown in Table 3. The error in the load measuring

not exceed +1 %. The loading nose and supports shall have cylindrical surfag
s of nose (R4) and the radius of supports (R,) shall be as follows: Ry = (5,0 +

constant
system
es. The
D,1) mm,

(2,0 = 0,2) mm for thicknesses of the test specimen <3 mm, and R, = (5,0

D,2) mm

NICKNesSsS OT the 1Test specimen =5 mm. I he span LV shall be adjustable.

Etching system capable of complete removal of the metallic cladding.

to the nearest 0,025 mm and the specimen thickness h to the nearest 0,0025 mm.

9.20.4

and

the |

Procedure

the loading nose is midway between the supports.

ong axis of the specimen perpendicular to the loading nose and supports.

Measuring devices capable of determining specimen width w and supported beam span Lv

Set tester for the required span and crosshead vertical speed as specified in Table 3.
Align the loading nose and supports so that the axes of the cylindrical surfaces are parallel

The test specimens shall be at room temperature. Centre the specimen on the support with
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d) Apply the load at the speed of testing from Table 3 until the specimen breaks. The load at
breakage shall be recorded in newton (P).

The flexural strength (o g) of each specimen shall be calculated as follows.

_3PLv
0rB= >
2wh

(N/mm2 =MPa

the applied force at breakage, in newtons;
the span, in millimetres;
the widthof the specimen in millimetres;

where
P is
Lv s

is
h is
9.20.5
The rep
a) the
b) the
c) the
d) the
e) the
f) any
g) the
9.20.6
None.

the thicknessof the specimen in millimetres.

Report
brt shall include:

est number and revision index;

esting date;

dentification of the material tested;

hverage of the calculated flexural strengths;
ndividual test results, if required;

deviation from this test method;

hame of the person who conducted the test:

Additional information

9.21 Test 2M21: Rolling fatigue.of flexible base materials

9.21.1

To dete
cracking

9.21.2

The tes

Dbject

rmine the ability of a flexible metal-clad laminate to withstand repeated flexing
or detachmént of the metal cladding.

Test specimens

specimen shall be a piece of the flexible material clad material under test and

it is etc

without

, before

with the

ned, its thickness shall he that of the material The specimen shall be made

pattern shown in Figure 14. The details of the specimen are shown below:

a) The pattern consists of a single conductor with the following widths and spacing (see
Figure 14):

0,1 mm/0,1 mm;
0,15 mm/0,15 mm;
0,2 mm/0,2 mm.
b) Pattern segments 8 to 12 pattern (see Figure 14).

c) Length of segments: 60 mm to 150 mm.

d) Typi

cal specimen:

conductor: machine direction (MD);
COVERLAY side: loop inside.
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e) Reference specimens:
MD/loop outside;
counter machine direction (CMD)/loop inside;
CMD/loop outside.
f)  Number of specimen: 5 pieces for each test.
Dimensions in millimetres
oo
N
o oo
— Y
! ' . i
0 L ‘
N I | |
- 60 to 150 -
165 =507
180 -
IEC 2684/05
Figure 14 — Test specimen pattern
9.21.3 [fest apparatus and materials
a) The general arrangement of the apparatus is shown“in Figure 15. This allows on¢ end of
the| test specimen to be held with an insulatingsclamp against the face of a fixed non-
corlducting bar.
b) The|other end of the specimen can be similarly clamped to the face of the secdnd non-

condlucting bar mounted parallel to the first'so that 180° loop of the specimen i

betw

formed

een the two bars and the distange* between the bars can be adjusted to yary the

diameter of the loop. The second bar slides in the direction of its major dimengion and
can pe reciprocated over a travelDof approximately 30 mm at a rate of not Igss than
50 gycles/min. A relay is included’in the apparatus so that any discontinuity of 10 ms or
longer in a circuit which includes the conductive pattern on the test specimen will ¢
motor driving the reciprocating bar to stop. A counter indicates the number of cycles
comfpleted during a test.

Motor Reset Relay

box Test
specimen

Non-conducting
fixed bar

Non-conducting
reciprocating bar

use the

Drive arm

Insulated clamps

IEC 2687/05

Figure 15 — General arrangement of apparatus
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9.21.4 Procedure

a) A short length of insulated wire shall be connected to the extreme ends of the conductive

b)

9.21.5 Report

The repprt shall include:

pattern.

The test specimen shall be mounted between the parallel bars of the test apparatus so that
the inside radius of the loop is 2,0 mm and the wires shall be connected to the relay. In the
test of the material clad on both sides the two conductive patterns shall be connected in

series to the relay.

The reciprocating travel shall be such that the loop travels at 20 mm and the specimen
does not bend at either clamp. The rate of reciprocation shall be approximately

10 cycles/min.

The fte by atifg evable-bart al-eiseo
the ¢onductive pattern on the test specimen causes the relay to stop the motor,.or
required number of cycles has been completed without failure (detachment of:the
foil from the flexible base material is also failure).

The |test shall be performed on five specimens in the machine directionwith the co
patt¢rn on the inside of the loop as a typical case. It shall be repeated{similarly usi
five |specimens of machine direction and loop outside, cross-machine direction
inside and cross-machine direction on loop outside if it is necessanry)

The|minimum number of cycles needed to cause discontinuityshall be taken as the
flexyral fatigue.

If the flexible material under test is metal clad on both sides, the test shall be perfo
both| sides; the reverse side shall be removed by etching before testing.

the {est number and revision;
the gate of the test;
the {dentification and descriptionlof the specimens;

condluctor width/pattern space\(mm);
length of conductor pattern-(mm);
diameter of loop (mm);

inuity in
until the
copper

hductive
ng each
on loop

value of

'med on

the [number of cycles to cause electrical discontinuity in the conductive pattern or the

number of cycles:completed without failure, or the fact that detachment of the copp
the flexible base material occurred. The fatigue number is the average number for

the name-6f'the person conducting the test;

er foil of
b pieces;

any [déviation from this test method.

9.22 Test 2M22: Weight of foil after lamination

9.22.1 Object

To determine the mass per unit area of metal foils after lamination (by etching).

9.22.2 Test specimens

Three specimens, approximately 100 mm x 100 mm, from a sample of the metal-clad base
material under test.
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9.22.3 Test apparatus and materials

The following test apparatus and materials shall be used.

Q O T O

)
)
)
)

Analytical balance with an accuracy of 0,002 g.
Slide caliper.
An oven capable of maintaining a temperature of (105 + 5) °C.

ferrichloride with a density of (1,32 — 1,41) g/cm3 room temperature shall be used.

e) A desiccator or drying chamber with calcium chloride or similar as drying medium.

9.22.4

2006(E)

Any suitable etching solution of commercial practice may be used. As referee solution

Procedure

Measur¢ the dimensions of the specimens to an accuracy of 0,1 mm. Calculate th

in m2 (A).

Precondition the specimens for 24 h at (23 £ 2) °C, (50 % 5) % relativerhumidity, then
an accufacy of 0,002 g (M,).

Removgq the copper foil completely by etching. Rinse the specimens in cold running w3
the watgr forms an intact film on the surface.

Dry the
desicca

Material
determi
oppositg
determi
suitable

or and reweigh it (M,).

s clad with metal foils on both sides shall-be tested as above unless it is nece

e areas

veigh to

ter until

specimens for 1 h at (105 = 5) °C, Allow to.cool down to room temperatlire in a

e the foil mass on each side. The foil on the reverse side shall be protec
resist applied before the coppérfoil on the upper side is removed.

Calculafion:

Metal fdjil on one side, or different foils on opposite sides:

An aver

Mass per unit area =

Hge (of)ithe three measurements is reported.

ssary to

ne the mass of the individual foils,\for example, when different foils are {ised on
sides or in case of dispute. In.these cases, separate specimens shall beI;lsed to

d by a

Metal foil on both sides, the same nominal thickness:

(M1 - M)

2
A g/m

Mass per unit area =

An average of the three measurements is reported.

9.22.5
The rep

a) test
b) iden

Report
ort shall include:

method number and revision;
tification of the test material,
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c) date

of test;

d) mass per unit area in g/m?2 for each side;

e) any deviation from this test method;

f) the name of the person conducting the test.

9.22.6 Additional information

None.

9.23 Test method 2M23: Rectangularity of cut panels

9.23.1

Dbject

This tedt method covers the procedure for determination of the deviation from @'90° 4

corners
The tes

9.23.2

The tes
used fol

9.23.3
The foll

a) As
max

b) Ata

9.23.4

a) Eac

of cut-to size panels.
is applicable to panels of maximum dimension less than or equakie’610 mm.

Test specimen

s shall be made on cut-to-size production panels. A minimum of three panels
the test.

Test apparatus and materials
bwing test apparatus and materials shall be used:

nuare test fixture with a 90° angle of dimension large enough to encomp

imum dimension of the panel.

ber or feeler gauge.

Procedure

n corner of the pangl® shall be checked by holding the panel against one fac

square test fixture with-its corner in the corner of the fixture and the maximum

betw

een the free panel edge and the adjacent fixture edge is measured with a

feelg¢r gauge.

b) The
in th

9.23.5

deviation¢value reported shall be the maximum observed measurement of all
e three test specimens.

ngle on

shall be

ass the

e of the
Histance
faper or

corners

Réeport

The report shall include:

test

T

iden

> 0 o O

«Q
-

any

)
)
) date of testing;
)
)

method number and revision;
tification and description of the test materials;

dimensions of the panel;
the maximum observed deviation from 90° in millimetres;
) the number of panels tested;

deviation from this method;

h) the name of the person conducting the test.
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9.23.6 Additional information

None.

9.24 Test 2M24: Coefficient of thermal expansion (under consideration)

9.25 Test 2M25: Time to delamination by thermomechanical analysis (TMA)

9.25.1

Object

2006(E)

The time to delamination test method by TMA measures the resistance of a base material,
printed board or printed board assembly to delaminate between dielectric layers by heating
isothermally at 260 °C in a TMA cell. This test is not applicable to rigid multilayer printed

boards

vith bonded heat sinks or heavy metal layers without modification to the heating

This tesft is performed in support of the more common and more frequently used therm

tests to

9.25.2

a) Spe
b) Spe

evaluate interlaminar adhesion under thermal stress.

Test specimens

Limens shall be cut not less than 25 mm from the edge of the ssheet.
Limens shall be a square of minimum (6 £ 2) mm. Larger specimens can

provided they do not exceed equipment constraints. The specimens shall be flat, un
thicqness, and free from burrs and fibres. The sample may be prepared by sg
punghing.

c) Whgn used as a referee method, a minimum of thrée specimens shall be used. As 2

qual

9.25.3

The foll

A therm

a) asp

ty assurance activity, one specimen shall bé sufficient.

Test apparatus and material

bwing test apparatus and materials shall be used:

pmechanical analyser (TMA)-or similar device consisting of

ecimen holder into which“the specimens are placed;

b) a flat, circular probe having a diameter of 2 mm to 5 mm. The shape and size of th

shal

c) mea

hs for sefising movement of the probe resulting from changes in thicknes

spegimen and)for translating these movements into a signal suitable for input to a
or data ,processing system. The sensing element should be capable of produ

elec

rical~output of at least 1 mV/um of the probe movement with provision

rate.

bl shock

be used
iform in
wing or

routine

e probe

be such that the’ load applied to the specimen shall not cause indentatiop of the
spegimen. The clearance between the probe and the specimen shall be within 1 mm;

5 of the
ecorder
cing an
for less

sengitivé ranges when needed:;

d) a means for recording changes in the specimen thickness. X-Y or strip chart recorders that
have sensitivities of 1 um of probe deflection per centimetre of chart deflection are
acceptable. Instruments with digital and data processing require an appropriate plotter or
printer plotter;

e) a means for heating the specimen and holding it thermally at 260 °C.

9.25.4

Procedure

As a referee, the specimen may be preconditioned in an air circulating chamber at 125 °C for a
time designated in the appropriate specification, then allowed to cool down under standard
atmospheric conditions until the temperature is below 35 °C. The recovery time shall not
exceed 8 h. As a routine quality assurance activity, the sample shall be tested as received.
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The specimen shall be placed in the specimen holder under the probe with the centre of the
probe as close to the centre of the specimen as possible with a minimum clearance of 1 mm.
The specimen temperature sensor shall be placed in contact with the specimen or as near to
the specimen as possible (whichever is recommended by the manufacturer).

The specimen holder shall be enclosed in the furnace.
A load of 2 g shall be used.
An appropriate sensitivity setting on the recorder shall be selected.

The spgcimen—shall-be-heatedat the maximum-heatingrateof theinstrument utilized not to

exceed (100 °C/min until the specimen reaches 260 °C.

The spgcimen shall be held at 260 °C until the delamination end point is reached.

The delamination end point is a sudden, irreversible increase in thickness of the specimen due
to layer{to-layer delamination.

The time to delamination at 260 °C is the time in minutes and séconds from the begihning of
the heaf-up, through isothermal conditions up until delamination occurs.

9.25.5 Report

The repprt shall include:

a) the test number and revision index;

b) the j:ate of analysis;

c) the identification of the material tested;

d) the average of three test specimens or the single-point measurement;
e) the Ictual rate utilized;

f) any feviations from this tes{ method.

9.25.6 Additional information

This test can also hevapplied to metal core boards or other special structures with modification
to the heating rate’

9.26 T[)st 2M26: Scaled flow test for prepreg materials

9.26.1

bject

This procedure defines a test method used to determine the pressed thickness of a prepreg
comprised of epoxide resin and reinforcement. The test is appropriate for checking prepreg
consistency, but is not intended to define the suitability of the prepreg for use in a specific
printed board process or application.

9.26.2 Test specimens

The prepreg specimen size shall be (140 £ 1) mm x (180 = 1) mm. Specimens shall be cut with
the 180 mm dimension parallel to the machine direction of the prepreg.

Each laminated specimen shall be comprised of the number of prepreg plies specified in
Table 4.
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9.26.3 Test apparatus and materials
The following test apparatus and materials shall be used.

a) A lamination press with a minimum heating platen size of 200 mm x 200 mm, capable of
maintaining uniform pressure of (21 = 1) N/cm2, and capable of maintaining a temperature
of (150 % 2) °C. The heating platen shall be flat and parallel within 0,25 mm.

b) Press plates. The press plates used shall be steel metal between 3,0 mm and 6,5 mm thick,
and shall be (115 £ 1) mm x (150 £ 1) mm in size. The press plate shall be flat and parallel
within 0,025 mm.

c) Release material. The release material shall be polyvinyl fluoride (PVF) or equivalent, at
least 220 mm x 220 mm in size.

d) Temlperature-resistant adhesive tape. The tape shall be suitable for holding the. spgcimens
durimg lamination.

e) Prepgreg cutting equipment. The cutter shall be capable of maintaining .the specimen
tolenances outlined in 9.26.2.

f) Micrpmeter. A measuring instrument with a resolution of 0,002 mm.

g) Stahbilization chamber. A stabilization chamber (dry cabinet) \with suitable dgsiccant
(calgium chloride or equivalent) capable of maintaining less than 10 % RH at (21 + 2) °C.

9.26.4 Procedure

The spdgcimens shall be cut to size and then placed in the stabilization chamber for a geriod of
24 h. The laminating process shall be performed within®15 min of removal from the chamber.
Speciméns tested within 15 min after manufacture (impregnation) need not be stabilized.

Speciméns shall be gathered into a stack for test purposes. The number of plies in the stack
shall be|determined from Table 4.

Close the press and allow the press platens to preheat to (150 £ 2) °C.

Table 4 — Number of plies per specimen as a function of glass thickness

Glass thickness Number of plies
mm
<0,065 10
>0,065 5

On the op of one press plate place a release sheet then a stack of prepreg. Use tapg to hold
with the
Jp of the

stack to form a sandW|ch (see F|gure 16) Then cover with the second press plate

Open press and immediately place the prepreg stack and release sheets on the bottom press
platen, making sure the plates are centred on the press plate.

NOTE Make sure the release material is in place.

Press the specimens with a uniform pressure of (21 + 1) N/cmZ2 for a minimum of 10 min. Full
pressure is to be applied within 15 s after the package of prepreg and release films are placed
on the press plates.

Open the press and carefully remove the laminated package, placing it onto a smooth flat
surface and cool for 5 min before making measurements.
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Remove release films from the laminated specimen. Using the template shown in Figure 17,
mark the points to be measured. Cut the laminated specimen along the cut line shown in
Figure 17, to facilitate access to measuring points.

Measure the thickness to the nearest 0,002 mm with the micrometer at the three points defined
by Figure 17. Record all three measurements for each laminated specimen. Average the three
measurements to determine the average measured thickness.

The thickness per ply is calculated by dividing the average measured thickness by the number
of plies used in the laminated specimens.

Border of the working area

77777 ) A Release shéet
- | //

Specimen —__| \

Specimen centre™ | Lo J Q\

(press plate area)

Tape

IEC 1896/99

Figure 16 — Scaled flow test specimen before lamination

150 mm

75 mim

Cut line
| _—T1 (if required)

B
Points to:be 4/ 115 mm
measuyed
C
50 mm
(typ) \

IEC 1897/99
Figure 17 — Scaled flow test specimen measurement points

9.26.5 Report

The report shall include:

a) test method number and revision;

b) the test date;

c) the average thickness per ply of the prepreg in millimetres;
d) identification and description of specimen(s);
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e) the number of plies and glass fabric style of the prepreg used for the laminated specimens;

f)

any deviation from this test method;

g) the name of the person that conducted the test.

9.26.6 Additional information

A thickness variation between the three measurements of 0,06 mm or more is typically the
result of prepreg shifting during the lamination. To verify the validity of the results, it may be
necessary to repeat the test once.

9.27 Test 2M27: The resin flow properties of coverlay films, bonding films and adhesive

9.27.1 Pbject

cgst films used In the tabrication of tlexible printed boards

This prqcess defines the test methods for resin flow properties of adhesive coated pqlyimide,
or polygster (PET) films for either coverlay films, or bonding films andoadhesive c3st films
supportéd on or between release materials used in the fabrication of ‘flexible printed wiring

boards.

9.27.2 [Test specimen

9.27.2.1 Squeeze-out of adhesive method

From a|sample of material under test, two specimensi€ach 240 mm x 240 mm shalll be cut.
The spdcimens shall be taken from the sample sheefiin such a manner that they are|at least

25 mm from the edge.

9.27.2.2 Filling-in clearance with adhesive:method

From a pample of film material under test;\two specimens each 240 mm x 240 mm shall be cut.
The spgdcimens shall be taken from the’sample sheet in such a manner that they are|at least

25 mm {rom the edge.

9.27.3 [fest apparatus and materials

The follpwing test apparatus and materials shall be used:

a

O T

)
)
)
)

o

a megasuring microscope or projection-type magnifier with cross-hair;
copper foil of-althickness of 35 um (305 g/m2) or 70 um (610 g/m?2), treated or untrejated;
a punching:teol with circular punch sizes of 2 mm, 4 mm, and 6 mm,;

inating press which conforms to conditions in accordance with method ed upon
h i i i bgarding

bet e B S ala aYallr= a A h ha nnlic

accessory materials used for lamination processes such as polypropylene film
(approximately 60 pm thick), polyethylene film (approximately 100 um thick), paper or
plastic sheet (approximately 1 mm thick) for the cushion and press plates;

two sheets of stainless steel press plates not less than 5 mm thick. Parallelism and
roughness of the surfaces shall also be kept to produce a test specimen having thickness
tolerances available for the required tests;

a copper-clad laminated plastic sheet large enough to cover the specimen under test. The
thickness of copper foil shall be 35 ym (305 g/m2) or 70 um (610 g/m?2) according to the
requirement. The base film of the laminate shall be the same material and its thickness
shall also be nearly the same as the sample under test;

a set of machine tools and chemicals to be used for etching the patterns shown in
Figure 18.
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9.27.4
9.27.4.1

This teg
solderin
materia
a coverl

Twenty-
specimg

f— A N
% s olsg 1T o8 = ENENEY] .
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A N b b s
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N NN SR N R Y
S . mannd || |]Benn || || e R :
2 = e 1 e
NN AR RN
v , Bl R[] B B B [[ B B B ([P
o Y SIS WS A
Area Conductor width Clearance Numbeér of
mm mm conductors
A 0,15 0,15 10
B 0,20 0,20 10
C 0,25 0,25 10
D 0,30 0,30 10
E 0,50 0,50 10

Figure 18 — Test patterns for clearance filling test

Procedure
Squeeze-out of adhesive method

t provides a measure of the squeeze-out of adhesive around the terminal

IEC 2688/05

pads or

g tabs during laminating processes. If this film is an adhesive cast, a samplg of film

under test shall’be transferred to a suitable polyimide film. This item effective
ay film.

seven- holes, nine of each diameter respectively, shall be punched into
ng’ with attaching release or protective film as shown in Figure 19.

y forms

the test
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IEC 2689005

Figure 19 — Punched test pattern for squeeze-out,test

After removal of release or protective material, the specimen shall’be laid up for lamipation in
accordance with the method agreed upon between purchaser and supplier, or With the
supplierfs recommendations regarding stack, pressure, temperature and pressing time| Copper

foils of ja thickness of 35 um (305 g/m2) shall be used-@and the untreated (shiny) side of the
copper foil shall face the adhesive layer of the speciment

In caseg$ of dispute in relation to the laminating conditions, it is desirable to apply the standard
procedures and conditions specified in 9.27.4.3" of this specification by agreement between
customer and supplier.

After removal from the laminating press, and cooling to room temperature for about 10 min at
least, the maximum length of squeeze-out of the resin from the circumferences into the holes

shall be
For eac

9.27.4.2

This tes
gaps al
adhesiv
transfer

measured by a measuring(microscope or projection-type magnifier.
N hole size, the average of nine measured squeeze-outs shall be calculated.

Filling-in clearance with adhesive method

bng the(conductors and/or between the films under test and the base mater
b, |f-this film is an adhesive cast, a sample of film material under test
red to“a suitable polyimide film. This item effectively forms a coverlay film.

t provides_a-measure of compatibility of adhesive coated films to fill in clears

nces or
als with
shall be

9.27.4.2.1 Test procedure for coverlay and bonding films

The test patterns shown in Figure 18 shall be produced by etching on the copper surface of the
laminate.

After removal of release or protective materials, the specimen shall be laminated in accordance
with 9.27.4.1.

The residual voids along the conductor lines and/or between the specimen and base laminate

shall be

inspected using the microscope or magnifier.

Copper foil to be laminated to adhesive coated film under test shall be an electrolytic foil of

nominal

thickness of 35 um (305 g/m?2).
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Copper-clad flexible plastic film to be laminated to the sample under test shall have the same
copper foil stated here and its base film shall have nearly the same thickness as the sample

under te

st.

Other thicknesses and construction of both copper foil and copper-clad film may be used
according to agreement between purchaser and supplier.

Cleaning procedures of copper surface which attaches to the sample under test will be
provided in 9.27.4.4. Other procedures may be used according to agreement between
purchaser and supplier.

9.27.4.3

Standard lamination procedure

When
prepara

be used|

The prg
specimg
films us

The sta
Figure 2

The prg
Figure 2

Figure 20 = Standard lay-up of materials in the press to prepare the test specin

ny inconsistency of test results is considered to be caused by the conditiong
ion of test specimens, the referee pressing conditions specified in this subclay

cedures specified herein provide a standard method of lamination to prod

ed for the fabrication of flexible printed wiring boards.

ck of materials between the press plates to preparexthe test specimen is s
0. The surface of copper foil shall face the adhesive layer of the sample under

files of parameters of press condition for thelreferee test laminates are s
1.

——— Packing matérial (1 mm thick approximately)
——— Upper préss plate (stainless steel, 5 mm thick approximately)
-~ Polypropylene film (60 pm thick)

-
k Polystyrene film (100 um thick)

' Polypropylene film (60 um thick)

—*—— Adhesive coated film under test

= evectrolytio copper fil 35 m thick)

-—— Bottom press plate (stainless steel, 5 mm thick approximately)

—«—— Packing material (1 mm thick approximately)

IEC 2690/05

for the
se shall

uce the

ns for the tests of properties of cured coverlay films, bonding films or adhesjve cast

hown in
est.

hown in

hens

for referee tests
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/Temperature for polyimide film
160
Temperature for PET film

© /

130
g S
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Pressure
20
0 5 35 45 55
Time h

IEC| 2691/05

Figurd 21 - Profiles of press conditions to prepare the test specimens for refere¢ tests

9.27.4.3.1 Press plates
The preps plates shall have enough area\to produce a laminate of at least 250 mm x P50 mm

after trimming. Parallelism of the plates shall be kept to produce a test specimerl having
tolerandes of thickness available forlthe required tests.

9.27.4.3.2 Laminating press

The temperature of the press shall be raised to 180 °C within nearly 10 min gand the
temperdture of the plates can be maintained within £3 °C of working temperature.

The prgss shall-bé capable of maintaining a pressure of 6 MPa on the specimen jand the
deviatiop of pressure caused by flowing of adhesive shall be kept within £10 % of set values.

9.27.4.q Standard cleaning procedures of copper surfaces

When any inconsistency of test results is considered to be caused by any contamination on the
copper surfaces used for the production of test laminate, the cleaning procedures stated in
Table 5 shall be used.
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Table 5 — Cleaning procedures

Step Process Chemicals Temperature Time
s
1 Dip Hydrochloric acid Room temperature 120+ 5
(1 020 £ 10) kg/m3
2 Rinse Clean running water Room temperature 120 *60
0
3 Dip Ammonium persulphate Room temperature 120 £ 5
(20 £ 0,5) %
4 Rinse Clean running water Room temperature 20 +60
0
5 Dip Sulphuric acid Room temperature b0 + 5
(1 080 % 10) kg/m3
6 Rinse Clean running water Room temperature 120 60
0
7 Rinse (3 times) Deionized water Room temperature 240 = 60
Use fresh each time (edch step)
8 Dry Wipe water off or dry in air Roomi\temperature 1B0 = 60
9 Dip Ethyl alcohol Roont temperature b0 + 5
10 Dry Hot air oven (80 + 2) °C 3P0 £ 60
11 Lamination shall be performed within 30 min after drying.
9.27.5 Report
The repprt shall include:

the fest date;

f) the details of press(conditions;

the fest method used;

the Est number and revision index;

)
)
c) the identification of the material-tested;
)
)

the average of nine measured squeeze-out values for each hole size given in millimgtres;

g) the numbers and-detailed locations of voids and/or inclusions on the effective areds of the

test gpecimen.

10 Elgctrical test methods

10.1 Test 2E01: Surface tracking, moisture condition (under consideration)

10.2 Test 10.2 2E02: Dielectric breakdown of base materials parallel to laminations

10.2.1 Object

This test method covers the procedure for determination of the electrical strength of base
materials parallel to laminations of the sheet being under test by applying an alternative high
voltage increasing step by step on specimens immersed into transformer oil.

10.2.2 Test specimens

Test specimens shall be according to Clause 4 of IEC 60243-1:1998, but with the following
changes or additions:
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The test specimens shall be approximately 75 mm x 50 mm and of the same thickness as
the material to be tested. They shall be prepared from a sample of the copper-clad base
material under test by shearing or sawing. Two holes, 5 mm in diameter, shall be drilled
along the longitudinal centre line and midway between the etches in the 50 mm dimension,
with a spacing of 25 mm.

After complete removal of the copper cladding by any industry acceptable practice, the
specimens shall be conditioned as specified in the relevant specification. Unless otherwise
specified, the specimens shall be conditioned for 48 h in distilled water of ambient

temperature (23 fg) °C. Before testing, the specimens shall be wiped dry with a lint-free
absorbent paper towel and stored for 30 min at ambient temperature.

Four specimens shall be tested. Two specimens shall be cut in the machine direction and
two Jn the transverse direction of the reinforcement.

elecfyrical equipment according to Clause 7 of IEC 60243-1:1998, “but with the fpllowing
charnges or additions:

high voltage breakdown AC-tester (50-60 Hz) of 50KV and of 5 kV above 10 kV
bltage and with a motorized control capable of a rate of\voltage increase of 1 k\{/s;

D

fixture containing two slightly tapered pin electrodes with spherical ends ¢f 5 mm

a
v

— slitable high voltage test leads;
a
djameter and a centre distance of 25 mm;

oil tank of sufficient size to take in the fixture, including the specimen and to| ensure
completely immersion of the specimen into‘the fluid; the tank shall be filled with tranpsformer
oil;
a bepker or pan to be filled with water.for conditioning of the specimens;
rackp for supporting specimens in*the water bath;

a timer 0—60 s;

lintlgss towels of absorbent paper.

The procedure shafl-be carried out according to Clause 8 of IEC 60243-1:1998, but with the

following changes:or additions:

the first specimen shall be inserted into the fixture and immersed in oil;

the glectrical breakdown shall be determined by applying the high voltage, starting at 0 V,
with @ motorized control capable a rate of voitage increase of 1 KV/S;

the breakdown voltage shall be recorded. If the breakdown occurs within the oil and no
damaging of the specimen is obvious, the specimen may be tested again. If the breakdown
occurs within the oil again, the oil should be filtered or replaced.

10.2.5 Report

The report shall include:

Q O T O

the test number and revision;

the date of the test;

the identification and description of the material tested;
the number and size of the specimens;
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e) the average value of the dielectric breakdown voltage of the step-by step method; rounded
to the nearest kV; if the accuracy of the meter is not within 5 % for all obtained values, a
correction of the readings with lower accuracy shall apply. The average value shall be
reported with a “+“ after the value, if there is one or two specimens pass the test without
breakdown;

f) the minimum value at which the oil broke down, if no specimen had a breakdown;
g) any deviation from this test method;
h) the name of the person conducting the test.

10.2.6 Additional information

a) Use[sharp, high-speed drills to prevent burning of the specimens or producing rough holes.
These details may adversely affect the dielectric breakdown.

b) The| high voltage tester shall be installed and operated in accordance with the
manufacturer’s instructions and extreme care shall be used in performing the test. For
critdrions of breakdown, see Clause 10, IEC 60243-1:1998.

10.3 Test 2E03: Surface resistance after damp heat, steady state
10.3.1 Pbject

This tedt method covers the procedure for the determination™of the surface resistance of the
dielectric base material after storage at high humidity andyecovery. The surface resisfance is

specifiefl as the resistance between two electrodes_of defined dimensions arranged on the
surface [of the dielectric base material.

10.3.2 [fest specimens

a) Spegimens shall be cut not less than 25mm from the edge of the sheet.
b) Spetimens shall be prepared from assample of the base material under test.
¢) A minimum of three specimens shall be tested.

10.3.2.1 Laminate thickness greater than or equal to 0,5 mm

Three sjpecimens of dimensions (100 £ 5) mm x (100 £ 5) mm with the specified thickness
shall be|prepared for each test condition, unless otherwise specified.

10.3.2.2 Laminate thickness less than 0,5 mm

Three specimens of dimensions (50 £ 2) mm x (50 £ 2) mm with the specified thickngss shall
be prepared for each test condition, unless otherwise specified.

10.3.3 Apparatus and materials
The following test apparatus and materials shall be used:

a) Conditioning test chamber capable of programming and recording an environment of
temperature ranging between (25 + 2) °C and (65 + 2) °C, and 85 % to 93 % RH.

b) Air circulating oven capable of maintaining the specified test temperatures to within +2 °C.

c) Resistance measuring instrumentation capable of measuring to 1012 MQ, minimum, with an
accuracy of +5 % at its highest scale setting. The equipment shall have the capability of
applying 500 V d.c. to the test specimen.
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d) A system/fixture for electrical connections into the temperature and humidity chambers.
Three separate cables shall be provided to make connections to each specimen being
conditioned/tested. The centre conductor of each cable shall be connected to one of the
three electrodes applied to the test specimen. The opposite ends of the cables shall be
brought outside the chamber and terminated at a convenient location for connection to the
measuring instrument. Shields shall be trimmed back from the ends of the centre conductor
insulation and interconnected to the guard post of the measuring instrument. The system of
electrical connections to the specimens may benefit from a coaxial cable set-up designed
to shield the measurement of volume or surface resistances from electrical interference.
Support the specimen parallel to the air flow through the chamber during conditioning.
Special care shall be taken to ensure that materials used in the fixture are such that
resistance readings are that of the material being tested and not the fixture.

e) A mpasurement device capable of measuring laminate thickness to the nearest 00025 mm.

f) Material and apparatus for formation of specimen conductors.

g) Confductive silver paint.

h) A system for applying the paint to the specimen, such as silk screening;

i) A mpsk, fixture, photoprinting system, or equivalent, for applying the.applicable electrodes/
test|pattern to the specimen (See Table 6).

Table 6 — Specimen dimension (cm)

Bas D1 Dz D3 D4 D5 A PID
thicknjss diameter diameter diameter diameter diameter cm2 4
Less thgn 1,000 1,020 1,375 0,010 0,177 5,169 317,4
0,50 mn{

+ 0,005 + 0,005 + 0,005 £0;001 + 0,005
0,50 mnj 2,000 2,500 2,000 0,250 0,250 25,652 D8,27
and greqter |, ) 015 +0,015 £0,015 +0,005 +0,015

For the alpove:

Do = (D4 t D2)
2
D

a2 Do
4
P= 1D

10.3.4 Procedure

10.3.4.1 Preparation of specimens

Preparel| tést- patterns with the applicable dimensions shown in Table 6, and in accordapce with

H fa¥al la¥al) (I aYal s i} - L Ml 5 (] £ L
Figures 22a;22band22c—The specimensshatt-begenerated=as foltows:

a)

b)

Metal-clad materials having a thickness of less than 0,5 mm shall be photoprinted with a
pattern of the outline of the conductors and etched using an appropriate etching solution.
The electrodes shall then be completed (filled in) using silver conductive paint.

Metal-clad laminates 0,5 mm or thicker shall be etched with an appropriate etching solution.
A pattern of the outline of the conductors may be photoprinted before etching. Test
electrodes shall be applied using silver conductive paint and an appropriate test pattern
application system.

Solid metal foil electrodes shall not be acceptable in any case, except for the outer
electrode for laminates less than 0,5 mm. A small pad of retained cladding may be retained
within the electrode borders to facilitate soldering of leads.
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d) If soldering techniques are used to attach leads, suitable cleaning procedures shall be used
to remove flux and other residue.

See IEC 60068-2-78 for general description of the damp-heat test.

—— D5 | D2 -
|- D1 | D4 -
—— 9 |——
| — [ 1 — | +
[ . . |
Dy i
- =
L

IEC 2692/05

Figure 22a — Test pattern dimensions (see Tahle 6)

7,6 cm
6,4 cm
5,0cm

Dielectric

flver or etched conductar

Dielectric

Silver
or
etched

conductor

IEC 2693/05

Figure 22b — Volume and surface resistivity test pattern (side 1)
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10.3.4.2 Conditioning

a) Humidity conditioning

Spe
prio
Spe

sing|e stranded (to decrease the opportunity for flux contamination from the wire) i
wire|which is not affected by.th€test environment to each of the connection point

test

to the power supply and for insulation resistance testing.
Follawing the tenth cycle, the conditioning chamber shall maintain a temperature
2)°G

At
Sp

Spe

- 88 - 61189-2 © IEC:

7,6 cm

Dielectric

Silver
or
etched

conductor

2006(E)

IEG/ 2694/05

Figure 22c — Volume and surface resistivity test pattern (side 2)

Limens shall be subjected to (90+8) %.RH and (35 + 2)°C for a period of (

1| to electrical measurement.

Limens of a thickness greater than or equal to 0,5 mm shall be prepared by ¢

specimens. These wires will be used to connect the test patterns of the test sp

Ilevated temperature conditioning
cimenssshall be subjected to the specified temperature (based on material t

+2
D6 * o) h

oldering
sulated
s of the
pcimens

Df (25 +

and (90 +g) %.RH during the interval that electrical measurements are being made.

ype and

cification requirements) for a period of (24 +(2J)h. Unless otherwise speciilied, the

temperature shall be (125 £ 2) °C.

10.3.4.3 Electrical measurements

All electrical measurements shall be made inside the applicable conditioning chamber and at
the conditions specified in 10.3.4.2.

a)

b)

Electrical measurements taken on specimens conditioned in accordance with 10.3.4.2 a)

sha

Il be completed within the tolerance of the conditioning.

Electrical measurements taken on specimens conditioned in accordance with 10.3.4.2 b)
shall be made after achieving 1,5 h steady state of (25 + 2)°C and (90*8) % RH. All

measurements shall be completed within 2 h.
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c) Electrical measurements taken on specimens conditioned in accordance with 10.3.4.3 shall
be completed within the tolerance of the conditioning.

d) All electrical measurements shall be made using 500 V direct current. The voltage shall be

applied to the specimen for (60 +g) s prior to taking the actual reading for stabilization

purposes.

e) Measure the volume resistance by connecting the resistance measuring device to the
specimen electrodes through the fixture system as described in 10.3.3 d) in accordance

with

Figure 22.

f) Measure the surface resistance by interchanging the test cables connecting the solid back
electrode and the outer ring to the instrument for the arrangement shown in Figure 23.

High Guard

Low
IEC 2695/05

Figure 22 — Measurement of volume resistance

High Guard

Low
IEC 2696/05

Figure 23 — Measurement of surface resistance

10.3.4.4 Specimen'thickness

Each sp
conditio

ecimensshall be measured for its thickness without cladding. Specimens for e
n shall have their thickness readings averaged.

Ach test

10.3.4.5 Calculations

The surface resistivity shall be calculated as follows:

where

R P

15—

D4

ry is the surface resistivity in MQ;

R, is the measured surface resistance in MQ;

P is the effective perimeter of the guarded electrode in cm;

D, is the width of the test gap in cm.

NOTE The ratio of P/D, for the electrode configuration being used may be obtained from the dimension table

included i

n Table 6.
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10.3.4.6 Reporting

a) The volume resistivity of each specimen and the average shall be reported. Each condition
tested shall be reported separately.

b) The surface resistivity of each specimen and the average shall be reported. Each condition
shall be reported separately. The surface resistance is the direct reading of the
megohmeter scale and should be recorded in megohms.

10.3.5 Report

The report shall include:

the {est number and revision;

T Q

the {dentification and description of the material tested;

o O

)
)
) the surface resistance while in the humidity chamber (optional);
) the $urface resistance after recovery;

)

the date of the test;
) any (deviation from the test method;

- O

) the mame of the person conducting the test.

«Q

10.4 Test 2E04: Volume resistivity and surface resistivity
10.4.1 Pbject

These test methods are designed to determine both volume and surface resistivity [of base
materials under standard atmospheric conditions\for measurements and tests, after damp heat
and redovery and at elevated temperatures These methods are not applicable tg unclad
laminatgs with a base thickness of 0,50 mmyor thinner.

10.4.2 [Test specimen

a) Foil clad laminates with a base thickness of 0,50 mm or less shall utilize a ring and disk
patfern in each of three specimens 50 mm x 50 mm.

b) Laminates with a base\thickness of 0,50 mm or greater shall utilize three spgcimens
100 mm x 100 mm.(A)set of three specimens shall be prepared separately for epch test
con(dition of high humidity and elevated temperature.

10.4.2.1 Electrodes

Test paltterns)shown in Figure 24 with dimensions shown in Table 7 shall be genefated by
either pghoto-etching, or by brushing/spraying with conductive silver paint using a [suitable
dimensionedTmask:

D
—— W | 2 -]
R —T
— [ 1 — +

t

IEC 2697/05

Figure 24 - Electrode dimensions for volume resistivity and surface resistivity test
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Cleaning of specimens after etching is mandatory.

Table 7 — Test pattern dimensions

Thickness of base D4 Do D3 Wy W» PIW,
material Diameter Diameter Diameter Gap Ring width
mm mm mm mm mm
Less than 0,50 mm 24,50 25,91 34,93 0,25 0,460 317,4
+0,3 +0,13 +£0,13 + 0,03 £0,13
0,50 mm and thicker 50,80 63,50 75,20 6,36 6,36 28,27
+0,38 +0,38 +0,38 +0,13 +0,38
NOTE r ;D thc Cffc\;tIVU FUI;IIIGtCI Uf thU 9ua|dcd c:c\.tludc ;II III;::;IIIGtIUO.
D, + D
P=mns—1—2
2
where
mris the dircular constant rounded to 3,1416.
10.4.2.2 Thickness
The thigkness t of the specimen shall be determined by measuring with a micrometer in| at least
three plpces outside the test electrodes area to an accuraey of + 0,0025 mm. The average of
these njeasurements shall be rounded off to the nearest’ 0,0025 mm for laminate I¢ss than
0,50 mm, and to the nearest 0,025 mm for laminate. 0,50 mm and thicker. This average shall
be used|for the calculation of volume resistivity.
10.4.3 [fest apparatus and materials
10.4.3.1 Conditioning of chambers
The follpwing test chambers shall be, Used:
a) a test chamber capable of fmaintaining a combination of (40 + 1) °C and (93 f%) %| relative
humidity;
b) a tegt chamber capahble of maintaining a temperature of 80 °C to 220 °C within a t¢lerance
of £2 °C.
All test chambersishall be fitted with a coaxial cable system designed to shield the measure-
ment of|volume'ar surface resistivities from stray interferences. When measuring at damp heat
while infhumidity chamber or at elevated temperature, three separate cables shall be provided

to each

the cha

specimen being conditioned. The opposite ends of the cables shall be brought outside
mber and terminated at a convenient location for connection to the meéasuring

instrument.

When conditioning specimens, support specimens parallel to the air flow through the chamber
during the conditioning period

10.4.3.2 Micrometer

A hand micrometer, capable of resolving to 0,0025 mm or better shall be used.

10.4.3.3 Resistance measuring device

A device with an accuracy of +5 % throughout the test range shall be used. The equipment
shall have the capability of applying 500 V d.c. to the test specimen and be capable of
accommodating the shielded cable system described in 10.4.3.1.
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10.4.3.4 Other equipment

The following other materials shall be used:

a) conductive silver paint having a volume resistivity of 10-10 MQxm or less when cured;

b) hand brushes for painting or air brush for spraying on electrodes;

c) suitable spray masks for producing the back electrode on single-sided clad laminates, (D3
in Figure 24).

10.4.4 Procedure

10.4.41

Conditionina
-

10.4.41

Specimens shall be preconditioned for (96 Bz) h at (20 BS) °C and (65 = 5) % relative h

This pre

10.4.41

SpecimIns shall be preconditioned for (96 “2)2) h at (40 £ 1) °Cxand (93 f%) % relative h

This co

10.4.41

Speciméns shall be preconditioned for (90 = 15) min at (23 + 5) °C and (75 £ 2) %

humidly

10.4.41

Specimens shall be conditioned at an elevated temperature i.e. (100 = 2) °C, (125  2)

+2)°C
express

10.4.4.2

Measur¢gments of vielume resistivity and/or surface resistivity shall

temperg
respecti

These 1

.1 Preconditioning

conditioning may be expressed as "C-96/20/65".

.2 Damp heat

ditioning may be expressed as "C-96/40/93".

.3 Recovery

for recovery. This conditioning may be“expressed as "C-1,5/23/75".

.4 Elevated temperature

pr (200 * 2) °C specified.in.the relevant specification for 1 h. This conditioning
ed as "E-1/100, E-1/125, E-1/170 or E-1/200", respectively.

Test method 1:-Measuring after damp heat and recovery

ture afterpdamp heat and recovery, as specified in 10.4.4.1.2 and 10
vely.

neasurements shall commence within the time tolerance of 0 h to 2 h and co

within 3

h

umidity.

umidity.

relative

C, (170
may be

be made at room

4.4.1.3,

mpleted

Determination of volume resistivity or surface resistivity shall be made when 500 V d.c. has

been ap

plied to the specimens for (60 *7) s.

Volume resistivity shall be measured by connecting the resistance measuring device to the
specimen electrodes through the shielded cable system described in 10.4.3.1. Connect as
shown in Figure 25.

The surface resistance of the same specimens shall be measured by interchanging the test
cables connecting the solid back electrode and the outer ring to the instrument from the
arrangement shown in Figure 25 to the arrangement shown in Figure 26.
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High (+) Guard

Low (-)
IEC 2698/05

Figure 25 — Electrode connections for measuring volume resistance

High (+) Low (-)

Guard
IEC 2699/05

Figure 26 — Electrode connections for'measuring surface resistance

10.4.4.3 Test method 2: Measuring after damp heat while in the humidity chamber

Measurxments of volume resistivity andfor surface resistivity shall be made with spgcimens
inside the humidity chamber as specified in 10.4.4.1.2. The subsequent test procedurg and its
notes afle just the same as for 10.4.4:2.

10.4.4.4 Test method 3: Measuring at elevated temperature
Measur¢ments of volume Yesistivity and/or surface resistivity shall be made with spgcimens

inside the conditioning'chamber as specified in 10.4.4.1.4. The subsequent test procedure and
its noteg are just the.same as for 10.4.4.2.

10.4.4.9 Calculations

Calcula‘ion of volume resistivity:

_ T(D; + Dy)?

R
161 A

where

oy is the volume resistivity in megohm metres (MQxcm);

D4 is the inner circle diameter of surface electrode in centimetres (cm);
D, is the inside diameter of outside ring electrode in centimetres (cm);

t is the average thickness of specimen in centimetres (cm) excluding metal foil and/or
conductive silver paint layer thickness (cm);

Ry is the measured volume resistance in megohms (MQ);

T is the circular constant rounded to 3,1416.
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Calculation of surface resistance:

where

ps is the surface resistivity in megohms (MQ);

Rs is the measured surface resistance in megohms (MQ);
W, is the width of the test gap in centimetres (cm);

P is the effective perimeter of the guarded electrode in centimetres (cm).
+
p = (D1 +Dy)
2
where

D, is|the inner circle diameter of surface electrode in centimetres (cm);
D, is|the inside diameter of outside ring electrode in centimetres (cm);

P is|the effective perimeter of the guarded electrode in centimetres (cm);
T is[the circular constant, rounded to 3,1416.

10.4.5 Report

The repprt shall include:

a) the test method number and revision index;

b) the rate of the analysis;

c) the identification of materials tested;

d) condition utilized;

e) average and minimum of volume’ resistivity measured;

f) average and minimum of surface resistivity measured;
g) any deviation from thistest method.

10.4.6 Additional information

None.

10.5 Tfst 2E05: Permittivity and dielectric dissipation (under consideration)

10.6 Test 2E06: Volume and surface resistivity, 3 electrodes (under consideration)

10.7 Test 2E07: Surface and volume resistivity, elevated temperature (under
consideration)

10.8 Test 2E08: Surface corrosion
10.8.1 Object
To determine for base materials any tendency for development of electrolytic corrosion

products which occur when an etched conductive pattern is subjected to a polarizing voltage
and high humidity.
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10.8.2 Test specimens

Four specimens, 100 mm x 100 mm, shall be taken from the panel or sheet at least 25 mm
from the edge. The specimens shall be printed, on one side, with the ring and disk pattern of
Figure 27, or with the comb pattern in Figure 28, by any appropriate method of commercial
practice.

10.8.3 Test apparatus and materials

a)

b)

c)

d) wirep, polytetrafluoroethylene-insulated, to connect the specimens to the powersupply;
e) a fixture with spring loaded contacts, which may be used instead of wire terminations.

10.8.4 Procedure

cimens
of the

a) The specimens shall be connected as shown in Figure 27 or Figure 28. The sp
shdll be placed in the chamber in a vertical position, and, the termination wire
spgcimens connected to the power supply.

b) Enyironmental conditions shall be in accordance with IEC’61189-3 test method 3N06. The
durption shall be 21 days.

Uy

c) The specimens shall be polarized with 100 V d.c. andthe current limited to 1 mA.

d) Aftef environmental conditioning, the specimens“shall be removed from the chamber and
examined for corrosion.

e) Visyal examination may be conducted at a magnification up to 3x.

Points for attachment of wires

Alternative @ or O

54#0,540,2 £ 0,2)

+0,2)

’ IEC 2700/05

Figure 27 — Ring and disk pattern
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12,7 mm

—T1 254 mm

Figure 28 — Comb pattern

10.8.5 Report

The repprt shall include:

a) the {est method number and revision;

b) the fype of pattern used;

c) the ¢late of test;

d) idenitification and description of the test material;

e) whether corrosion products have been observed or not;
f) any(deviation from this test method;

g) the pame of the person conducting the test.

10.8.6 Additional information

}-— 3,2 mm

IEC 2701/05

During this test, handling of the specimen shall be kept to a minimum to avoid contanmination.

The spe
When ¢
materia

the confaminants_over the whole surface.

10.9 Tfst 2E09: Comparative tracking index (CTI)

10.9.1

cimen shall be_held by the edges, and rubber or polyethylene gloves shall &
bnnecting the\wires, care shall be taken to prevent contamination of the surfag
by solderflux. The use of solvents to remove contaminants may result in spreading

Object

e worn.
e of the

This method of test indicates the relative resistance of a laminate base material to tracking for
voltages up to 600 V when the surface is exposed under electric stress to water with the

addition

of contaminants.

NOTE The test results as such cannot be used directly for the evaluation of safe creepage distances when

designing

electrical apparatus.

10.9.2 Test specimens

a) Specimens shall be cut not less than 25 mm from the edge of the sheet. The thickness of
the specimen shall be 1,6 mm and over. Specimens shall be removed from the sheet by
sawing, routing, shearing or equivalent method. Copper clad specimens shall have copper
removed by etching. The size of each test specimen shall be 20 mm x 20 mm. Five
specimens shall be utilized.
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b) The surface of the test specimens shall be clean and free of dust, dirt, fingerprints or other
contaminants which may influence the test results. The surface of the test specimen shall
be cleaned by gauze with ethanol. Specimens shall be preconditioned at (20 + 2) °C and
(60~70) % RH for (96 + 4) h.

10.9.3 Test apparatus and materials

10.9.3.1 Electrodes

a) The two platinum electrodes shall have a rectangular cross-section of 5 mm x 2 mm, with
one end chisel-edged with an angle of 30° against the longitudinal axis (Figure 29). The
chisel-edge shall be slightly rounded.

betlveen them being 60°, and with opposing electrode faces vertical and at a\disfance of
(4,0 + 0,1) mm apart on a flat horizontal surface of the specimen (Figuref30). The force
exgrted by each electrode on the surface shall be (1 £ 0,05) N. An‘arrangement for
applying the electrodes to the specimen is shown in Figure 31.

b) Th}v electrodes shall be symmetrically arranged on a vertical plane, the total angle

Dimensions in millimgetres

=

60°

. </_\7

4+01
‘ - 30
0]
20
y @\ r
R=0 % |

)
5401wl 2+01> < B 0 _ j?’

IE¢ 2703/05

IEC 2702/05

Compongnts 3 support (glass)
1 platingm electrode 4 tip of dropping device
2 brass pxtension 5 specimen

Figure 29 - Electrode Figure 30 — Electrode arrangempnt
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I;gl Insulating

tube

Weight

IEC 2704/05

Figure 31 — Example of test apparatus

10.9.3.2 Test circuit

a) The electrodes shall be supplied with a substantiallyxsinusoidal voltage, variable petween
10Q V and 600 V at a frequency of 48 Hz to 60 Hz. The power of the source shoulfl not be
les$ than 0,5 kVA. The basic circuit is shown Figure 32.

b) The¢ variable resistor shall be capable of adjusting the current between the short-¢ircuited
elegtrodes to (1,0 + 0,1) A and the voltage indicated by the voltmeter shall fall py more
thah 10 % when this current flows.

c) An gver-current relay in the test circuit'shall trip when 0,5 A or more has persisted for 2 s.

©

@ Components

1 switch

2 a.c. source 100 V to 600 V

3 delay overcurrent relay
@ 4 variable resistor

5 electrodes

@ 6 specimen

IEC 2705/05

Figure 32 — Example of test circuit
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