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BS 9003 : 1977

British Standard

Requirements for the manufacture of
electronic components of assessed

quality intended for long life
applications

0. Introduction

A number of phenomena associated with materials and
techniques employed in the manufacture of electronic
components are of special significance if the components
are required to perform satisfactorily for long periods.

It is generally not practicable to assess, by direct means,
the performance of components to high orders of reliability
over long periods either by zero-hour testing or by
endurance testing procedures within normal rated
conditions.

Except in those circumstances where it is possible to apply
over-stress conditions with known acceleration factors, it is
therefore necessary to obtain assurance by indirect means.

Experience has demonstrated that the use of certain
materials or manufacturing processes, and the avoidance of
others, contribute to an increased assurance of reliability of
electronic components for a long useful life.

1. General

1.1 Scope

This British Standard prescribes the test procedures and
inspection requirements for materials and/or processes to
be employed in the manufacture of long life electronic
components.

The purpose of this standard is to provide additional
information and requirements for the drafting of detail
specifications for electronic components in the BS 9000
and BS EQ000 systems, which are intended for use in
equipments that are required to have a high reliability

for a long working life, as defined by 1.2, It describes
practices in respect of materials and processes, which have
been demonstrated to contribute to an increased assurance
of reliability of electronic components for a long useful life,
together with the test procedures and (where possible) the
appropriate criteria to determine that materials and praces-
ses employed for.the manufacture of long life components
comply with the requirements for those practices,

The appropriate clauses of this standard shall be called up in
a detail specification for a long life component as necessary.
Itis not intended that this standard shall be called up in its
entirety, neither shall it be invoked where the generic
specification for the component covers the requirement.

1.2 Definitions

For the purposes of this British Standard the fotlowing
definitions apply. _ -

1.2.1 long life component. An electronic component
required for embodiment in an equipment having a

working life typically in excess of 200 000 h in a benign
environment. '

1.2.2 henign environment. An environment that provides:
(a) climatic protection;
(b) freedom from shock and vibration;
(c) temperatures between — 10 °C and + 55 °C;
(d) relative humidities rarely exceeding 70 %.

An example is the environment related to telephone
exchanges. T

1.3 Related documents

BS 245: 1976 White spirit f

BS 458: 1977 - Xylenes

BS 509: 1971 Acetone

BS 580: 1963 Trichloroethylene

BS 1593: 1963 Perchloroethylene (tetrachloro-
ethylene)

BS 1595: 1965 isaPropy! alcohol

BS 1647: 1961 pH scale

BS 1994: 1953 Dichloromethane (methylene
chloride)

BS 2011 Basic environmental testina:©
pracedurests: - - - T ﬁ

BS 2782: 1970 Methods of testing plastics

BS 3978: 1966 Water for laboratory use

BS 4292: 1968 Electroplated coatings of gold and gold
alloy

BS 4351: 1971 Method for detection of copper
corrosion from petroleum products by
the copper strip tarnish test

BS 4487: 1969 Inhibited 1,1,1-trichloroethane
{methylchloroform)

BS 4580: 1970 Number designation of organic
refrigerants

BS 9000 General requirements for electronic

components of assessed quality

2. Requirements for the implementation of
this standard

To use this standard for the assessment of components
intenided for long life applications the following actions
shall be taken.

2.1 Detail specification

Detail specifications shall be writtens ai'j j e
relevant rules documents and in addp;ﬁfﬁ wttg

requirements from this stunaard as ngcessanye:
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3.2 Plastics

3.2.1 General. This clause prescribes the requirements for

. plastics materials used either for discrete moulded parts of

2.1.1 Detail specifications invoking requirements from this
standard shall be marked prominently on the front page as
follows:
*THIS SPECIFICATION INVOKES REQUIREMENTS
FROM BS 9003’

2.1.2 The section of the detail specification covering
inspection requirements shall include a list of the test
clauses from this standard that are to be invoked, together
with any test conditions, acceptance criteria, sample sizes
or other requirements that are not detailed in this standard
but that are necessary to implement the particular clauses.

2.1.3 The detail specification shall include, under
‘additional information’, details of any constructional

requiring special attention with reference to the relevant
clauses.

“method.
features that have been identified by this standard as ’__‘_e o
- 3.2.2 Methods of test

electronic components or as the primary encapsulation for
electronic components. 1t does not cover requirements for

- conformal coatings, junction coatings or vacuum impreg-

nation varnishes.

The properties dealt with are mainly those affecting the
performancebf the encapsulated device, and important
criteria for this purpose are water absorption, water vapour
permeability, content of mobile ions, adhesion to all
surfaces contacted by the resin and coefficient of thermal
expansion.

Test samples shall be prepared under the moulding and pust
cure conditions stipulated by the-manufacturers of the
devices, except where otherwise indicated in the test '

3.2.2.1 Water absorption. This test shall be conducted for

initial assessment and thereafter at intervals not exceeding

2.2 Chief Inspector

The Chief Inspector shall ensure that batches of material
and processes are tested to verify that the properties likely
to vary have been kept under control.

2.3 Qualification approval

2.3.1 A manufacturer’s application for qualification

approval shall include specific reference to the requirements :
from this standard that are prescribed in the detail
specification to which approval is sought.

2.3.2 The data package that the manufacturer submits to
the National Supervising Inspectorate (NSI) for qualification !
approval purposes shall detail the way in which materials
and processes initially assessed in accordance with this
standard are controlled.

2.3.3 The qualification approval test report shall provide
evidence that the requirements of this standard called up
in the detail specification have been met, and shall include
the appropriate test results.

2.4 Test procedures

The test and measurement methods described in this
standard are reference methods to facilitate uniformity of
test procedures, but are not necessarily the only methods
that can be used. The manufacturer shall therefore satisfy
the NSI that any alternative he may use will give the same
results as those obtained by the reference methods.
Although these tests may be carried out as process control °
checks which are defined in the manufacturer’s data
package for the component, they may also be invoked as
additional requirements in the component detail
specification. .

When they are required.as additional tests, they will be
included in the schedule of inspection requirements of the *,
detail specification stating test periodicity, _gample_sj,ze, and
acceptance griteria. o
: &

‘?3. ‘Materials-
" 3.1 Introduction

This clause is intended to cover the requirements for
initial assessment and quality conformance inspection of
materials to be used in conjunction with electronic
components,

i 3.2.2.3.2 Inspection requirement. Thi af‘reoua%ument

" The material shall be prepared i(n accordance wit

- 3 months.
£ 3.2.2.1.1 Test method. The specimen shall be a moulded

disc of approximately 50 mm diameter and 1.6 * 0.2 mm

) thickness. Three specimens shall be used.

The specimen shall be dried at 100+ 2 °C for 24 h, cooled
in a desiccator and weighed to the nearest milligram

: (M, }. The specimen shall be placed in a cabinet maintained

at85 £ 0.5 °C and 85 £ 5 % r.h. The specimen shall be
removed after 48 h, rapidly cooled to room temperature by
placing on a metal block for 2 min, and reweighed to the

~nearest milligram. The specimen is then returned to the
i cabinet and the procedure repeated at 24 h intervals until

two successive weighings (M, ) agree to the nearest
milligram.

: The percentage water absorption shall be calculated as:

M, — M,

=2 __"1 x 100

M, 0

The arithmetic mean of the values obtained from the
specimens shall be reported as the water absorption at

/85 °C and 85 % r.h. of the material.

3.2.2.1.2 Inspection requirement The water absorption
shall not exceed 0.75 % by mass.

.3.2.2.2 Water vapour permeability. This test is not
iapplicable to materials used to encapsulate hermetically
sealed devices. The test shall be conducted for initial
assessment and at yearly intervals thereafter.

:3-.2.2.2.1 Test method. The procedure shall be in accord-

ance with method 513A or 513C of BS 2782: 1970 as
prescribed in the detail specification.

. .' 3.2.2.2.2 Inspection requirement. Using a specimen

1.0 £ 0.1 mm thick, the steady state rate of permeation to
water vapour at a temperature of 23 °C and relative
humidity gradient of 90 % shall not exceed

10 pg cm™* h™'. The measured value obtained at the

:. yearly check shall not exceed the average value obtained

for the first 10 batches by more than 20 %.

. 3.2.2.3 pH value of water-extractable iomic substances.
This test shall be conducted for initial assessment and

‘thereafter on each new batch of incoming material.

3.2.2.3.1 Test method, pH value shall be determined as in
appendix B.

- shall have a pH value within the limits 4 to 3 2128, G UNEsS
. otherwise prescribed in the detail specification.

h appendixxA.

®
N

AN
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The pH value shall be measured on each new batch and the
allowable spread of pH value shall be in accordance with
the following table.

BS 9003 : 1977

pH value at initial | 4.0 t0<5.0 | 5.0t0<6.0 | 6.0t08.0 >8.0 to 9.0
assessment

Max. change at + 1.0 + 1.0 +1.0 + 0.6
subsequenttest |_ (.3 - 0.6 - 1.0 - 1.0

3.2.2.4 Conductivi ty of water-extractable substances.
This test shall be conducted for initial assessment and
. thereafter on each new batch of incoming material.

. The material shall be prepared in accordange with anpendix A.

3.2.2.4.1 Test method, The conductivity shall be deter-
mined as described in appendix B.

3.2.2.4.2 Inspection requirement. The aqueous extract
shall have a conductivity not exceeding0.03 S/munless
otherwise prescribed in the detail specification,

3.2.2.5 Change in mass on heating. This test shall be
conducted for initial assessment only.

3.2.2.5.1 Test method. The percentage loss of mass on
separate samples of approximate cross section 4 mm X

10 mm shall be determined at the temperature and for the
time prescribed in the detail specification. During the

test the oven shall be well ventilated.

3.2.2.6.2 Inspection requirement. The results shall be
recorded.

3.2.2.6 Cross-breaking strength. This test shall be
conducted for initial assessment and/or prior to use and
thereafter on each batch prior to use.

8.2.2.6.1 Test method. _The test procedure shall be in,
accordance with method 304E of ' BS 2782 ; 1970. -

3.2.2.6.2 /nspection requirement. The cross-breaking
strength shall be not less than 40 MPa at the nominal rate
extension of 5 mm/min. The measured value obtained
sUaquent to initial assessment shall be not lessi ~

‘than « ss thar-the average value of the first ten baiches.,

8.2.2.7 Glasg=transition temperature. This test shall be
conducted for initial assessment and thereafter on each new
batch of incoming material,

3.2.2.7.1 Test method, The method of test shall be as
described in appendix C.

T 32272 Inspection requirement, The glass transition
temperature shall be not less than the value required by
the detail specification.

3.2.2.8 Coefficient of linear thermal expansion. This test
shall be conducted for initial assessment and thereafter on
each new batch of incoming material.

3.2.2.8.1 Test method. The method of test shall be as
described in appendix C,

3.2,2.8.2 /nspection requirement. The value of the
coefficient of linear thermal expansion shall not exceed the
maximum required by the detail specification.

3.2.2.9 Adhesion between encapsulant and leads of dual-
in-line packages. This test shall be conducted for initial

assessment and thereafter at intervals not exceeding
one year; | .

3.2.2.9.1 Test method. Five devices shall be subjected to
the following preconditioning:

(a) resistance to solder heat to test T of BS 2011 :
Part 2T : 1966 using the solder bath method {omitting
the fluxing operation); followed by

(b) rapid change of temperature to test Na of

BS 2011 : Part 2Na for 5 cycles, ~ 55 °C to + 150 °C,
minimum dwell times 30 'min and maximum transfer
times 5 s.

The devices shall then be prepared and tested as follows,

A cavity 6 mm to 7 mm long by 2.3 mm to 3 mm wide is
prepared in each device by boring from the upper surface
with a tool of the air-abrasive type until the floor of the
hole is level with the lower surface of the element. The
hole shall be central and symmetrically placed with respect
to the edges of the package.

A similar operation shall be performed on five dummy
mouldings similar in shape and size to the device but
containing no lead frame or encapsulated element. A metal
box of, capacity approximately 10 ml with inlet and outlet
ports, and a hole 5 mm to 6 mm long and 2 mm to

2.5 mm wide in one face, is cemented* to each device and
dummy so that the hole in the box coincides with the hole
bored in the device. The devices and dummies are
immersed in water at 25 + 1 °C and the mean steady state
entry of water vapour into the boxes on the devices and
dummies is measured in micrograms per week.

3.2.2.9.2 [nspection requirement, The mean permeation
rate of the devices shall not exceed X + Y pg/week where
X is the mean permeation rate of five dummy mouldings
and Y is the excess permitted by the detail specification.

3.2.2.10 Silver migration

3.2.2.10.1 /ntroduction. The phenomenon of silver
migration, caused by the silver reducing properties of some
insulating materials, can affect any device using unsuitable
materials in conjunction with silver, or silver plated,
conductors. Phenolic based materials are particularly prone
to cause failures of this kind. The use of silver should be
avoided in the presence of material likely to cause silver
migration.

This clause prescribes the requirements for plastics materials
used in contact with silver in electrical circuits.

3.2.2.10.2 Test method for the silver reducing power of
plastics. This test shall be conducted for initial assessment
and thereafter at 3 monthly intervals.

3.2.2.10.2.1 Extraction. Samples prepared in accordance
with 3.2,1 shall be comminuted and only material which
passes-a 710 pm aperture sieve and is retained by a 355 pym
aperture sieve shall be used for this test.

Weigh 1.0 g {(or 0.5 g in the case of phenol-formaldehyde

resins) of the sieved materials into tgst tube
) ofthesivd materis o 45 Gy AR b

* For information about a suitable method of cementing the box to the device and for details of a mit| o of measurement apply to BSI for

the attention of the Secretary of Subcommittee ECL./-/3.
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