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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROTECHNICAL PRODUCTS -
DETERMINATION OF RESTRICTED SUBSTANCES -
SAMPLING PROCEDURE - GUIDELINES

FOREWORD

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

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

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

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

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

Mo liability shall attach to IEC or its directors, employees, servants or agenis including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other |EC
Publications.

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

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

Publicly Available Specification (PAS) i1s a technical specification not fulfilling the

requirements for a standard, but made available to the public.

IEC-PAS 62596 has been processed by |EC technical committee 111: Environmental
standardization for electrotechnical products and systems.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
111/112/PAS 111/126/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single 3-year period, following which it
shall be revised to become another type of normative document, or shall be withdrawn.
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INTRODUCTION

In the electrotechnical industry, much emphasis has been placed on minimizing the
environmental burden of its products. Waste handling, recycling, chemicals and energy
consumption are covered by regulations. Specifically, the use of materials containing lead
(Pb), mercury (Hg), cadmium (Cd) and hexavalent chromium (Cr VI), as well as two types of
brominated flame retardants (polybrominated biphenyls, PBBs, and polybrominated diphenyl
ethers, PBDEs) in electrotechnical equipment is restricted in current and proposed regional
legislation.

To demonstrate compliance with these requirements, it may be necessary to analyse
electrotechnical products for a variety of reasons:

- to supplement supply chain material declarations (companies may choose to test products
directly to determine compliance);

«+ companies may require their suppliers to perform analysis to support material
declarations;

« companies may perform "spot checks" of their suppliers to assess compliance

« enforcement authorities may perform testing as part of their market surveillance activities.

IEC 62321 already provides test methods for the determination of six regulated substances in
electrotechnical products. However, the preparatory steps before the analysis are critically
important in obtaining accurate, reproducible results. Prior to this PAS, there was virtually no
guidance or consensus as to how electrotechnical products should be sampled.

The purpose of this PAS is primarily to complement IEC 62321 by providing agreed guidelines
on how electrotechnical products, assemblies and components should be sampled to
determine the levels of restricted substances present.

Please note sampling and analytical testing is not the only way to obtain relevant information
on the levels of substances in an electrotechnical product or component. Experience and
knowledge of the materials used could remove the need for sampling and testing; for
example, flame retardants are never used in metals. Furthermore, analytical test reports and
material declarations received can be used to demonstrate that the levels of restricted
substances are below the required limits.
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ELECTROTECHNICAL PRODUCTS -
DETERMINATION OF RESTRICTED SUBSTANCES -
SAMPLING PROCEDURE - GUIDELINES

1 Scope

This PAS provides general sampling guidelines and strategies of sampling for electrotechnical
products, electronic assemblies, electronic components. In order to obtain samples that can
be used for analytical testing to determine the levels of restricted substances as described in
the test methods of IEC 62321. Restrictions for substances will vary between geographic
regions and from time to time. This PAS describes a generic process for the sampling of any
substance which could be restricted.

This PAS does not provide:

« Full guidance on each and every product that could be classified as electrotechnical
equipment. Since there is a huge variety of electrotechnical components, with various
structures and processes, along with the continuous innovations in the industry, it is
unrealistic to attempt to provide procedures for the disjointment of every type of
component.

« Analysis procedures to measure the levels of restricted substances. This is covered by
other standards (for example the future IEC 62321), which are referred to as the "test
standard"” in this PAS.

* Guidelines for assessment of compliance.

« Guidance regarding other routes to gather additional information on restricted substances
in a product, although the information collected has relevance to the sampling strategies in
this PAS.

« Sampling procedures for packaging and packaging materials.

- Safe disassembly and mechanical disjointment instructions related to electrotechnical
products (e.g. Hg containing switches) and the recycling industry (e.g. how to handle
CRTs or the safe removal of batteries).

2 Normative references

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

IEC 62321, Electrotechnical products — Determination of levels of six restricted substances
(lead, mercury, cadmium, hexavalent chromium, polybrominated biphenyls, polybrominated
diphenyl ethers)

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purpose of this document, the following terms and definitions apply.

NOTE As this PAS is closely related to IEC 62321, terms and definitions from that standard have not been
duplicated here.
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3.1.1

electronic assembly

group of components, at least one of which is an electronic device, but in which individual
parts may be replaced without damage to the assembly

[Definition H.2.5.9, IEC 60730-1:1999]
EXAMPLE Group of components mounted on a printed wiring board.

3.1.2

electronic components

electrical or electronic devices that are not subject to disassembly without destruction or
impairment of design use. They are sometimes called electronic paris, or piece parts

[Definition 3.1.5, IEC 62239:2008]

EXAMPLE Resistors, capacitors, diodes, integrated circuits, hybrids, application specific integrated circuits,
wound components and relays.

3.1.3

composite testing

testing two or more materials as a single sample that could be mechanically disjointed if
necessary

3.1.3
electronics

electronic assembly and/or electronic component and/or field replaceable unit

3.1.4

field replaceable unit
FRU

part, component or subassembly that is easily removed (mechanically disjointed) using
ordinary tools

NMOTE "Easily removed” consists of using ordinary tools to perform such functions as screwing or disconnecting,
and only without irreversibly destroying the unit.

[Definition 3.7, IEC Guide 114:2005]

3.1.5

disassembly

process of taking apart an electrotechnical product; possibly using simple hand tools such as
a screwdriver, pliers and wrenches

NOTE A disassembled unit can, in theory, be re-assembled and be made operational.

3.1.6

disjointment

process of, in principle, separating the materials by mechanical actions such as: unscrewing,
cutting, grinding, scratching and abrasive processes

NOTE A disjointed part or assembly cannot be re-assembled into an operational unit.

3.1.7
homogeneous material
material that cannot be mechanically disjoined into different materials

NOTE 1 The term "homogeneous” means "of uniform composition throughout”. Examples of "homogeneous
materials” are individual types of: plastics, ceramics, glass, metals, alloys, paper, board, resins and coatings.

NOTE 2 The term "mechanically disjointed” means that the materials can, in principle, be separated by
mechanical actions such as: unscrewing, cutting, crushing, grinding and abrasive processes
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3.1.8

infinite thickness

critical thickness

thickness of the specimen which, if increased, yields no increase in intensity of X-rays
measured from the sample due to their absorption by the sample matrix. This thickness varies
with the energy of X-rays

3.1.9

sampling

process of selecting a representative part or section of a product (any electrotechnical device)
for the purpose of determining by means of analysis the concentrations of restricted
substances present. Sampling can be carried out by selecting a section on an object or by
disassembly and disjointment

NOTE Representative part or section could be the lead-frame of an integrated circuit or the plastic jacket of an
electrical wire.

3.1.10

screening

analytical procedure to determine the presence or absence of substances or compounds in
the representative part or section of a product, relative to the value or values accepted as the
criterion for this decision

NOTE |If the screening method produces values that are not conclusive, then additional analysis or other follow-up
actions may be necessary to make a final presence/absence decision

3.2 Abbreviations

AAS Atomic absorption spectroscopy

ABS Acrylonitrile butadiene styrene

AFS Atomic fluorescence spectroscopy

ASTM American Society for Testing and

Materials

BGA Ball grid array (electronic

component)

CV-AAS Cold vapour atomic absorption

spectrometry

CRT Cathode ray rube (television)

DIP Dual-in-line package (electronic component)

DVD Digital versatile disc

ED XRF Energy dispersive X-ray fluorescence

EDX Energy dispersive X-ray spectroscopy

FRU Field replaceable unit

GC-MS Gas chromatography — mass spectrometry

GLP Good laboratory practice

HPLC-UV High-performance liquid chromatography — Ultraviolet
1C Integrated circuit

ICP-OES Inductively coupled plasma optical emission spectrometry
ICP-MS Inductively coupled plasma mass spectrometry

MDL Minimum detection level LCD Liquid crystal
display

MQCA Minimal quantity for chemical analysis

OEM Original equipment manufacturer

PAS Publicly Available Specification

PBB Polybrominated biphenyl
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PBDE Polybrominated diphenyl ether

PC Polycarbonate

PDA Personal digital assistant

PE-HD High-density polyethylene

PS-HI High-impact polystyrene

PVC Polyvinyl chloride

PWB Printed wiring board

QA Quality assurance

SEM-EDX Scanning electron microscopy — energy dispersive XRF

SMD surface mounted device
TFT Thin film transistor
TV Television

WD XRF Wavelength dispersive X-ray fluorescence
XRF X-ray fluorescence

4 Introduction to sampling

4.1 Introductory remark

Obtaining a sample (i.e. sampling) is the first step in analyzing electrotechnical products for
the presence of restricted substances. The strategy and process of sampling is often as
important as the analytical measurement itself. Hence an effective sampling strategy requires
a clear understanding of the electrotechnical product, reasons for the analysis, and the
requirements that are to be met.

Sampling and testing for restricted substances is performed for many reasons including:

« Dbusiness-to-business for commercial release (e.g. contractual agreement between the
OEM and component manufacturer).

« compliance with regulatory limits.

« forensic/impact assessment (why the product does not satisfy contractual or legal
requirements, when did this happen, and how many products are affected?).

4.2 Requirements and concerns for restricted substances

While many governments, industry partners and other stakeholders have their own
requirements, it is not the intention of this PAS to discuss fully all of these differences.
However, awareness of different limits for regulated substances is an important step in
preparing the sampling strategy. This clause highlights the main areas of concern regarding
the requirements for restricted substances.

1. Restricted substances: Not all geographic regions or industrial partners restrict the same
substances. For example, some regions have chosen to restrict the use of only a few
specific PBDE compounds, while others have a broader restriction regarding this class of
flame-retardants. When sampling a product, component etc. it is critical to keep in mind
what are the applicable legal requirements.

2. Allowable limits for restricted substances: Generally speaking, the allowable levels of
most restricted substances are below 1 000 mg/kg. Some geographic regions and
industrial partners have limits below 1 000 mg/kg. For some product types, limits for
restricted substance are above 1 000 mg/kg, e.g. lead in copper and aluminum alloys.

3. Application of the allowable level: The manner in which the allowable level of a restricted
substance is applied to an electrotechnical product determines the sampling strategy and
how the test results are interpreted. Many geographic regions apply their allowable limits
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to "homogeneous materials”. In this PAS an “homogeneous material” (3.1.8) is defined as
a material that cannot be mechanically disjointed into different materials. However, the
interpretation of "homogeneous material" is not consistent across the different regions.
Some regions have defined the smallest possible amount of material to be homogeneous
(e.g. bonding wires in semiconductor chips only several microns thick), while other regions
try to apply a more pragmatic approach.

Applicable exemptions: Some types of electrotechnical products are exempt from
restricted substances requirements. These exemptions may be based on different
rationales including the scope of the restrictions (e.g. for military purposes), the
application of the material (e.g high melting temperature solder), size of the sample, or the
electrical properties of the product.

Complexity of electrotechnical products and related challenges

The complex characteristics of electrotechnical products are another important consideration
when preparing a sampling strategy. These characteristics have a bearing on the practical
execution of sampling and analysis. The following elements are identified as relevant to
analysis and sampling:

1.

Miniaturization: Miniaturization is one of the key trends in the electrotechnical industry.
This implies that more functionality is provided within a smaller volume. More and more
components and materials are used per cm? of printed wiring board (PWB) every year.
Taking samples for measurement from these small amounts of material is difficult. For
example, the size of surface mounted devices (SMDs) is too small for regular tools to
further disjoint or separate and the quantity of the remaining sample is often too small
after disjointment to satisfy the requirements of adequate analysis.

Number of homogeneous materials: Many components have complex structures and are
constructed of multiple layers of different materials. In a typical case, one single
component has more than 10 to 20 material layers, whereas many electrotechnical
products or assemblies contain hundreds or thousands of components. This means one
electrotechnical product can have more than 1 000 to more than 10 000 homogeneous
materials. Often homogeneous materials adhere too tightly together for a clean separation
in a practical manner (see Figure 15). Experience has shown that the composition often
changes due to molecular diffusion between materials (e.g. the composition of a plating is
affected by a base material containing Pb). Similarly, current electrotechnical products are
made of many components and parts. A typical TV or laptop computer for example,
contains thousands of parts/components. Hence the design database for an OEM may
include several tens of thousands of components. In Clause 5 this point is further
Illustrated in the disassembly of a mobile phone.

"Invisible" substances: Another complicating factor in sampling and analysis is that
generally restricted substances are not visibly apparent. A component containing a
restricted substance looks and performs in an identical manner to one that is "clean”. The
presence or absence of restricted substances can vary from lot to lot in the manufacturing
process without any readily observable clues. While there are some visible indications
(e.g. a yellow coating on steel products suggests the presence of hexavalent chromium)
as to the presence of restricted substances, visual detection is not practical.

Batch—to-batch variations: Most product assembly manufacturers use commodity
components from several suppliers simultaneously, e.g. cables, resistors and capacitors.
Commodity components are mixed during production, because technically they are fully
interchangeable as long as they fit the umbrella specification. However in most cases they
are not chemically identical. Furthermore experience has shown that base materials can
be changed by commodity manufacturers (e.g. in times of shortage) which leads to a
change in the chemical composition as well. Notifications of these changes do not always
occur if the component still meets its technical specification.

Depth of the supply chain: Producing electronic components/parts involves a complex
supply chain. Relatively simple products such as an external cable, can utilize supply
chains at least seven tiers deep. The supply chain for a more complex component like an
LCD screen or IC is considerably deeper.
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These characteristics of the electrotechnical industry show that the management of restricted
substances, along with sampling and analysis, is not straightforward. The size and number of
components, and complexity of the supply chain make it challenging to fully grasp the
locations of restricted substances in an electrotechnical product. The prospect of
implementing homogeneous material level sampling and testing at the upper regions of the
supply chain (towards finished products) is not practical for complex products.

4.4 Strategies for sampling

While different sampling approaches may be utilized as appropriate for the broad range of
electrotechnical products, it is possible to describe a generic procedure that will be applicable
in the majority of cases. This is shown in Figure 1.

[ Poeontutey |

{

Purposs of test
Decide sirstagy
informst lonfhistory
Assessment in
present form
passible?

/‘A'd'éan-.;te resu
-"'f. Fy v s .| Etrnm .
L= LSS " “: l

objectives?

Figure 1 — Generic iterative procedure for sampling

The process depicted in Figure 1 can have several iterative loops including:

. 1% iteration: partial disassembly (see 5.2)

. 2" jteration: complete disassembly (see 5.3)

. 3" iteration: partial disjointment (see 5.4).

. 4th — nth iteration: complete disjointment (see 5.5)

These iterative steps are described further in Clause 5.

Development of the sampling strategy for a particular electrotechnical product/part/assembly
begins with an information gathering stage. Some basic questions to be considered include:

« What is the complexity of the product/part/assembly and is it practical to consider
sampling and testing at the homogeneous material level?
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«  Which substances are restricted?

« What are the allowable limits for these restricted substances?

« Are there appropriate exemptions for the restricted substance?

« |s a bill of materials available for the components/assemblies/materials in the product?
« Are specifications/drawings of the components available?

-  What is the depth of the supply chain for the components and materials in this product?

« Are material declarations for this product available?

- Is there any previous experience evaluating this product or similar products that could be
helpful?

« Are there any published probability of presence matrices for the materials or parts used in
this product?

« Was any screening (e.g. XRF) previously performed on this product or similar products
that could be helpful?

« |Is there any information regarding the manufacturing process of materials/components
(metal making or IC production) used in this product or similar products that could be
helpful?

- Are there any perceived process controls present at the component or material suppliers
(e.qg. level of trust in the manufacturer)

« |Is there any history of concern with the component or material supplier?

The answers to these questions and other characteristics will influence the sampling strategy.
The organization’s position in the supply chain will determine what extent of sampling is
appropriate. Release for production of products/components etc. requires a more in-depth
sampling strategy than an occasional verification check on specifications. In order to optimize
costs and efficiency the desired outcome of the testing needs to be understood. As previously
stated, it is often impractical to sample and test all components/materials. An organization is
left to determine the optimum balance of effort/costs against effectiveness of the sampling
strategy. Some considerations to minimize sampling/testing efforts and costs are listed below:

- homogeneous materials with a low probability of containing restricted substances (see
Annex B);

« applicable exemptions for restricted substances;

« material declarations;

« historical test data;

« composite sampling and testing (see 5.6 and Annex C);

« minimum sample size necessary to run analytical tests and the number of samples
necessary to determine whether or not it's practical to test.

The sampling strategy will depend very much on the ultimate objective of analysis. One
strategy (perhaps used by enforcement authorities) could be an analysis to verify if the
product contains at least one restricted substance at the level exceeding the allowable limit.
This approach involves gradual, selective sampling, targeting deliberately those parts of the
product that are either known to, or are likely to, contain restricted substances. Each sampling
phase could be followed by analysis. If the results show no restricted substances above the
allowable limit, a further stage of sampling and analysis could be performed. Once the test
results exceed the allowable limit for at least one restricted substance in any part of the
product, it is deemed non-compliant and no further sampling and analysis is necessary.
Annex B provides a list of components where there is currently a probability of the presence
of one or more of six restricted substances.

Another strategy may be to prove total compliance of the product, as far as possible down to
the homogeneous material level. This approach would be typical of the product or component
manufacturer. Samples would be prepared from each individual material or component. As the
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«  Which substances are restricted?
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that is in a non-destructive manner. Even if we decide to disassemble the product to gain
access to its subassemblies, we may still be able to test them non-destructively.

However, "complete product” is a relative term. For example, an AC power cord is a complete
product for its manufacturer, but it may be just a component in a television set. Complete
products may be evaluated without disassembly if they have a very simple construction, or if
the locations of expected restricted substances are known and it is possible to test for them
without disassembly. Examples of such products are power cords, printer or other peripheral
cables, equipment housings, etc. Please note even a seemingly simple product such as a
power cord may be composed of between 10 to 20 different homogeneous materials.

Before sampling, the following questions need to be asked:

1. Based on knowledge of the product, can any sections/parts be identified that are likely to
contain restricted substances (see Annex B)?

2. ls it practical to analyse any of these sections/parts without its disassembly?

3. Can the section/part selected be regarded as homogeneous material for the purpose of
the analysis?

4. s the section/part selected for analysis representative?
Does the sample selected fulfil the criteria of minimum mass, area, thickness or volume
required by the chosen analytical methods?

If the answer to all of these questions is "yes" then the sampling strategy can begin with
disassembly and analysis of the complete product.

5.2.1 Example 1: Cell phone type A — Disassembly without tools

Figure 2 — Cell phone with battery charger and camera lens cap

This cell phone offers limited opportunities for analysis as a complete product. The charger
includes at least six individual areas that are made of different materials, and may be
screened without disassembly. The phone back cover may be removed and phone battery
taken out. As the back cover is metallized on the outside it should be analysed (screening) on
both sides. This partial disassembly of the cell phone is the limit of disassembly without the
use of tools, as shown in Figure 3.
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Figure 3 — Cell phone with battery and back cover removed

Table 1 — Possible restricted or screening substances from a cell phone

Elements Select for
f S:hp; Component/assembly Materials Pr:r:ast;i':::anf :lsﬁ?:t;g . analysis
substances
1 Plastic back cover Polymer Moderate Pb, Br See 4.3
2 E‘#%sr}‘iac housing of the Polymer Moderate Pb, Br See 4.3
3 Plastic cover for lens Polymer Moderate Pb See 4.3
4 Metal clip for SIM card Polymer Low Cr, Cd See 4.3
5 ComPort cover Polymer Moderate Pb. Br See 4.3
6 Plastic part in body Polymer Moderate Pb, Br See 4.3
7 Battery Complex High ? (Cd, Pb, Hg) See 4.3

The samples marked in Figure 3 can be screened directly.

Subclause 4.3 shows considerations for further actions.

a Probability of presence indicates the likelihood of finding the listed restricted substances.

b Presence of Br (bromine) could indicate the usage of a restricted brominated flame retardant.

5.2.2 Example 2: Cell phone type B — Partial disassembly

This subclause describes the disassembly process of another cell phone using only simple
tools such as screwdrivers. Please note after disassembly the parts of the phone can be
easily put back together and the phone will be functional.

Firstly, the major parts and components can be separated as shown in Figure 4. Here the
parts are the TFT display, keypad, bottom housing, main PWB, housing /frame etc as listed in
Table 2.
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Figure 4 — Partial disassembly of a cell phone (type B) into its major components

Table 2 - Possible restricted substances in major components of the cell phone

Elements Select for
Sample Probability of related to analysis
number Component/assembly Materials presence’ restricted "
substances

After further

1 TFT display Polymer/glass/metal Moderate Pb disassembly or
disjointment

2 Key pad Polymer High Cd, Hg Bllgggggll,lnrﬁyer

3 Boltom - housing———Polymer High Cd.Br Yes

4 Cither thEJngfframe Palvmer Hiah Cd.Br Yes

5 Main PWB diff fib st

an S MEQ! c,! EE.EE?]T e High Pb, Br, Hg disassembly or

disjointment

b Presence of Br (bromine) could indicate the usage of a restricted brominated flame retardant

Not all components of the cell phone separated after this partial disassembly are suitable for
direct analysis. The TFT display and PWB are complex structures, containing many different
materials. Their construction and size make it difficult to analyse the materials without further
disassembly/disjointment steps, regardless of the analytical method used. However, if the first
step in the analysis is XRF screening, the elements present relating to restricted substances
within these complex assemblies can still be detected. A decision would then have to be
made on the need for confirmatory testing. Samples 3 and 4 seem to be a homogeneous
materials that may be tested directly with XRF. Sample 2, keyboard assembly, may be
screened at this stage, but it may still undergo further disassembly.

5.3 Complete disassembly

As illustrated in the previous clauses, very few parts of the cell phone are simple enough in
construction and composition for direct, meaningful analysis. Almost all parts require further
disassembly, which may render them nonfunctional.
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This subclause describes the complete disassembly of the cell phone type B. Figures 5 to 7.
show the disassembly process of the key pad (Figure 5), bottom housing (Figure 6) and the
other housing/frame materials (Figure 7). These parts of the phone can be easily
disassembled by using the usual tools (see Annex D) to obtain almost single materials such
as plastics or metals. Again, sample selection can be based on the presence of restricted

substance guidance in Table B.1.

| Plastic sheet 1

 T—

o) 4
LS

—— s | Buttons (2)

| Plastic sheet (2)
1 Plastic window

1 Film sheet (2)
1 Film sheet (1)

Figure 5 — Complete disassembly of the key pad

 Plsi g pr

Figure 6 — Complete disassembly of the bottom housing
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| Metal rod
Metal wire

1 Plastic cover (2)

— Plastic sheet

| Rubber

Figure 7 — Complete disassembly of the other housing/frame

5.4 Partial disjointment
5.4.1 Introductory remark

Frequently, the detailed analysis of a complete electrotechnical product for restricted
substances requires disassembled internal subassemblies and components to be further
separated by disjointment However, it is often impractical for such products to be disjointed
completely into their constituent homogeneous materials. Hence sampling of subassemblies
and components should focus on those parts with a high probability of containing restricted
substances (see Table B.1). When considering the locations from which samples can be
obtained for analysis it is important to understand the structure and materials of these items
and the possible locations of restricted substances within them.

Note that after disjointment it may be impossible to reassemble the separated parts.

Subassemblies and components form discrete parts within complete electrotechnical products
such as cell phones, televisions, personal computers, refrigerators, etc, of which typical
examples are

« populated printed wiring boards (PWBs),

« resistors,

« capacitors,

« semiconductor packages (ICs),

« transformers,

« molded connectors,

* heat sinks,

« connecting cables, etc.

Figure 8 shows the partial disjointment of the TFT subassembly of that the type B cell phone
(previously disassembled in 5.2 and 5.3). Separation of certain components of the display
such as casing, insulation and filter could only be achieved destructively. Similarly, partial
disjointment of the main PWB of this cell phone into its components is shown in Figure 9. The
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tools required for this disjointment were screwdrivers, a soldering iron and small knife (see
Annex D for other tools).

] ———— -y

Metal Reflective | L
casing | foil by Clear sheet o Filter

'., e — -— ——_.‘=_._

] Flexible board

Figure 8 —- Components of the TFT display of the cell phone after partial disjointment

Metal frame (S8
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Figure 9 — Components of the main PWB of the cell phone after partial disjointment
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5.5 Complete disjointment

5.5.1 Introductory remark

The objective of complete disjointment is the complete separation of all components into their
homogeneous materials. Generally this is not practical, such that "complete disjointment”
becomes the separation of components into their homogeneous materials only, as far as the
available tools and techniques permit.

When dealing with complex components, before attempting their disjointment into
homogeneous materials, professional experience, skill, and non-destructive analysis can help
to determine their internal structure and materials. This can be achieved by:

- using one's professional knowledge;
« access to technical documentation;

« analysis by means of X-ray fluorescence (XRF) screening.

The XRF method is very helpful in identifying the materials present in advance of
disjointment, especially when the structure of the sample is unknown. As always one should
exercise caution when interpreting the results.

5.5.2  Typical examples of disjointment at the component level

Table 3 shows examples of the structure and materials of typical components used in
electrotechnical products. These components may be obtained from the supplier or after their
disassembly from the PWB. The analytical sample of a particular material can be sampled
from the component using appropriate tools (see Annex D) while at the same time focusing on
those materials with the highest probabilty of containing restricted substances (see
Table B.1).

The examples in Table 3 reflect the current and historical use of components (for example,
BGA integrated circuits were not in use 15 years ago). Clearly, even apparently simple
components, such as through hole resistors, contain about ten different materials. This
underlines the need for careful planning and the development of an individual sampling
strategy for each component.
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5.5.3 Examples of disjointment at the base materials level — Disjointment of integrated
circuit (IC) chips

This subclause shows examples of the disjointment of integrated circuit (IC) chips (in which
Pb is likely to be present in the tin (Sn) plated termination coating).

Example 1 — Disjointment of lead frame component
Step 1 — Metal leads removal from IC package

Leads were removed from the package by cutting off the metal parts which extended beyond
the rest of the package. The leads removal procedure took approximately 2 h for 36 individual
|ICs and resulted in 1,2 g of metal sample.

If proper care is taken during cutting of the leads, and the samples are not taken too close to
the IC body, then the lead sample collected should not be contaminated with other materials.
The preparation time and number of samples needed to obtain enough mass for the analysis
of metals make this lead frame disjointment procedure possible on an industry-wide basis
Figure 10b shows the lead sample after disjointment.

Step 2 — Package disjointment

Figure 10c shows the IC package after disjointment. This is assuming that the disjointment
could be accomplished in a manner that does not cause cross-contamination with other
material layers.

Figure 10b — Metal
leads after
disjointment

Figure 10a — Lead frame
package (IC)

Figure 10c - IC package
after disjointment

Figure 10 — Disjointment of lead frame component
Example 2 - Disjointment of BGA component

A typical BGA component package is made up of several different material layers: substrate,
underfill, silicon die, C4 solder bumps, solder paste and solder balls. Figure 11 shows an
example of BGA package prior to disjointment.
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Figure 11 — BGA package prior to disjointment

Step 1 - Solder ball removal from BGA package
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Figure 12 — BGA package disjointed by the hand removal procedure

The solder balls seen in Figures 11 and 12 were disjointed from the BGA package using a

hand removal procedure during using a sharp utensil, to shave or cut the solder balls away
from the substrate. While care was taken not to include any substrate, flux or solder paste
with the detached balls of solder, there was inconsistency in the solder ball collection using
this method. Some solder balls could only be cut away, while other solder balls simply
"popped" out of the package instead of being cut or scraped away. As can be seen in
Figure 12 the balls of solder did not disjoint from the package in a manner that guaranteed

only solder ball material was collected.
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Table 4 — Minimum number of lead frame samples required for analytical testing

Weight of Number of units Number of units Number of units
Material layer material per required for required for Cr® required for PBB and

unit /mg Pb/Hg/Cd analysis® analysis PBDE analysis

Bond wire "¢/ 1.7 365 NA NA

Die attach "¢%®" 0,7 893 NA 1786

Lead frame %% 42,0 15 74 NA

Lead frame plating %" 0,6 1008 5040 NA

Mould compound >%&" 52,9 12 NA 24

Si die "““* 6.0 104 NA NA

- Assumptions

a The same test method is used for the 3 elements and the concentrations can be obtained from one sample. This is used for
illustrative purposes to demonstrate sample sizes. However, per Table B.1, Hg and Cd would not be expected in lead frame
component.

If more than one substance is required for analysis, then the number of units required is the sum of the number of samples
required for the individual substance.

b Minimum sample weights are specified in IEC 62321

¢ 20 % volume (weight) loss due to sample preparation

d It is technically possible to separate each material layer without contamination

e 100 % of each material can be collected from each layer

i Mot applicable to substances that are not expected to be present in the material layer (see Table B.1).

Table 4 shows that thoretically 15 samples are required for Pb testing of the lead frame
material layer. However, as discussed in 5.4.2, the actual number of samples required to
obtain sufficient mass from the lead frame layer in a lab environment was closer to 30-35
samples. This was because the entire lead frame layer could not be collected from each unit
as the mechanical disjointment process had to prevent cross-contamination of other material
layers. (There is no need to analyse for hexavalent chromium as the legs of an IC are at very
low risk of containing hexavalent chromium.) Therefore, the numbers presented in Table 4
should be viewed as "best case” or "theoretical minimum®”.

Based on the requirements specified above, to run all six of the restricted substance tests per
IEC 62321 requires a minimum sample mass of 4,5 g. However, depending on the material,
there may be as much as a 20 % loss during the sample preparation techniques (see Clause
5 of IEC 62631) before testing. Therefore, 4,5/(1-0,2) = 5,6 g could be the actual minimum
sample size to collect from the parts or components to analyse for all six restricted
substances. Flame retardants are not typically used for metal material layers, so for metal
analysis only, the minimum sample size could be reduced to 3,5/(1-0,2) = 4,4 q.

As the number of samples required for testing increases, so does the risk that the component
population will not be identical. The components may come from different lots, and/or their
materials may differ, even if the part number and/or performance remain the same.
Consequently the analytical result could be misleading (diluting high levels of a restricted
substance in only a few of the samples) or inconclusive.

Hence sampling large numbers of small components, such as those shown in Table 3 and the
lead frame example in Table 4, can make analytical testing and disjointment very difficult. For
example, can the material collected for analysis be considered a homogeneous material? Are
the samples used identical to each other? What criteria are used to assess the uniformity of
the component’s lot?

5.6.3 Sample size v. detection limit

There is an inverse relationship between sample size and detection limit. As the amount of
material available to analyse decreases, the detection limit of a given substance increases.

The disjointment process becomes progressively more difficult as the size of the components
decreases. However, size is not always the limiting factor. For example it is more difficult to
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disjoint a 10 mm? IC than a 4 mm? varistor. Due to the difficulty of disjointing small parts, it
could be helpful to specify a minimum size beyond which disjointment is no longer required.
Components smaller than this minimum size may be pulverized and the resultant material
analysed as a homogeneous material. In this case the detection limit issues discussed in
Table 5 become important. It should be noted that setting a minimum size at a certain level
does not solve some basic issues related to sampling and analytical testing.

In cases where the disjointment is continued to the smallest homogeneous material, the
amount of material which is required for analysis is determined by the minimum sample
quantity required for a particular analytical method, which is related to the sample type,
sample preparation technique (see Clause 5 of IEC 62321) and the analytical method. For
example, when testing for Pb in polymers by ICP-MS using dry ashing as the sample
preparation procedure a 0,2 g sample is required for a 0,1 mg/kg reporting limit. In general
every such combination of matrix, sample preparation procedure and analytical method will
have a minimum sample size required to achieve a particular reporting limit. As the size of the
sample is reduced the reporting limit increases until at 0,02 g sample size the reporting limit
has increased to 50 mg/kg. It is important to understand the relationship of sample size and
reporting limit for the matrix, sample preparation method and measurement technique being
used to determine the restricted substance.

5.6.4 Composite testing of disjointable samples

When testable material is limited and difficult to obtain, it is particularly important to be aware
of the probability of presence of a given restricted substance to avoid unnecessary testing
(see Table B.1). Ignoring these considerations could lead to false positives. For example,
metals do not need to be tested for flame retardants. However when collecting leads or balls
of ICs, a small amount of moulding compound could remain attached to the metal, providing a
source of flame retardant. Such cross-contamination is virtually unavoidable and needs to be
taken into consideration.

Therefore, sampling that results in a test specimen consisting of multiple homogeneous
materials ("a composite") may test positive for one or more restricted substances. When
results are expressed in mg/kg of the mixed composite sample they may be found to be under
the allowable limit. This mechanism is illustrated in the hypothetical case of Table 5. When
expressing the concentration of the total composite material this could be below the tolerated
level (e.g. 1 000 mg/kg), while the results on the basis of the homogeneous material may well
exceed the tolerated level. An example of such a situation is depicted in Table 2, where
material A contains a significant level of Pb which is diluted in the overall Pb result of the
mixed composite sample. Further considerations for composite samples are covered in
Annex C.

Table 5 — Levels of a restricted substance in a composite sample

Mass Pb Pb concentration
Material cnntrlzutmn cuncn?gn;;;tmn in thes:;rlgrlﬂusne
ma/kg
Homogeneous material A 25 1 200 300
Homogeneous material B 25 600 150
Homogeneous material C 20 0 0
Homogeneous material D 15 0 0
Homogeneous material E 15 40 6
Total for the composite sample 100 _ 456

As this PAS shows, sampling and analysis of restricted substances at the homogeneous
material level is often difficult and a proper understanding of the basis of interpretation,
particularly when dealing with composite samples, is crucial.
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5.6.5 Non-uniform “homogeneous materials”

There is an inherent conflict within the definition of homogeneous material for those parts or
components that cannot be mechanically disjointed, but do not have a uniform chemical
composition. As mentioned above, it Is sometimes permissible to homogenize such samples
and treat them as one material. However much more knowledge of the component's structure
and materials is needed.

When the component is prepared (e.g. ground into a powder) and tested as a single sample
the analaytical result will be the average level of the restricted substance over the entire mass
of the sample tested. Difficulties arise when both restricted and non-restricted forms of the
same substance co-exist in the sample. This is shown in Figure 15 for a resistor that cannot
be mechanically disjointed, but contains Pb in restricted (Pb-based plating, upper cross-
section) and exempt (PbO glass, lower cross-section) applications. The composite sample
from this non-disjointable component cannot distinguish between the different sources of Pb.
Hence it is not possible to determine the Pb concentrations in each of the homogeneous
materials by testing the resistor as a composite sample. This holds true in essence for several
sizes of components that cannot be mechanically disjointed.

SbPb-plating —
Ni-barrier

Ag-paste

Ag-layer
AlO-ceramic

Dapoie™ L ¥ ¢——— PbO-glass

I".I.

L. -
e R W g .o |
S o gl At o g Resistive layer

AlO-ceramic

Figure 15 - Cross-section of a 900 pm wide lead oxide-based resistor (SMD)

Where several substance restrictions apply to a single component at the homogeneous
material level, perhaps based on the specific application, the individual homogeneous
materials should be analysed separately, which can be challenging in practice.

Strategies need to be developed to address these challenges. Especially as electrotechnical
products continue both to shrink and evolve in complexity, while the number of restricted
substances grows and the allowable limits fall. Screening techniques can be and are used to
gather more information on the restricted substances, and it may be possible to analyse
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materials in-situ as a cross-section, per Figure 15, as discussed In Annex E. However it
remains difficult to distinguish between exempt and restricted forms of the same substance.

5.6.6 Determination of sampling position of homogeneous materials

Although commercial "homogeneous”™ materials share the same physical or chemical
properties, their compositions are not always completely uniform. If the sample mass required
for testing is not more than half of the available mass of the material, sampling should be
made at several locations. For example, sampling positions should be selected from different
areas, including at least one geometric centre and the ends of two diagonals.

6 Conclusions and recommendations

The strategy and process of sampling are critical steps during the analysis of restricted substances
in electrotechnical products. The quality of analytical results and specifically their
representativeness of the analysed object/product, are directly affected by the sampling
procedure. Selection of the sampling strategy depends on the substance(s) to be determined,
their allowable limits, the basis by which the restrictions are applied and possible exemptions.
Other important factors are the complex structure of electrotechnical products, the small size
of their components, diverse material content, batch-to-batch variations, depth of the supply
chain and the analytical test method. These considerations are discussed in depth in
Clause 4, concluding that the selection of the sampling strategy is driven by the objectives of
the analysis, which should be kept in mind.

A generic, iterative procedure for sampling. is described in Figure 1. Given its iterative nature,
there is no single, universal approach. The entity performing the sampling should determine
which and how many iterative levels of disassembly and disjointment are necessary to meet
the objectives of the analysis. Each iteration is followed by an assessment of the extent to
which these objectives have been met. The many examples in Clause 5, Annexes A and E
show that the proper sampling strategy and intelligent use of analytical techniques can
substantially reduce the amount of work required.

This PAS illustrates that sampling for the analysis of restricted substances in electrotechnical
products is often complicated and even impractical when evaluating small complex parts and
components. The difficulty stems from the restriction of substances at the "homogeneous
material” level, which therefore becomes a key element of sampling. Problems arise when
evaluating a sample that is not uniform in composition throughout, yet for practical reasons
cannot be mechanically disjointed (e.g. the resistor in Figure 15). This scenario illustrates the
deficiency of the definition of homogeneous material. At the point where no further mechanical
disjointment is possible, analytical testing alone cannot determine whether the sample
complies with the restricted substance requirements at the homogeneous material level.

It is often impractical to disjoint and test all homogeneous materials in a product or
component. Even when it is physically possible, constraints such as time, resources and the
amount of material available maybe insufficient for a meaningful analysis. To alleviate this
difficulty sampling strategies should prudently utilize information from material declarations
and knowledge of the probability of presence for the restricted substance in a specific
material type (see Table B.1). Subclause 5.6 highlights the importance of understanding the
limitations of intelligent testing strategies (e.g. testing of composite materials) in order to be
able to make effective decisions. These strategies should also be aligned with the objectives
of the analysis.



DD IEC/PAS 62596:2009
- 30 - PAS 62596 © IEC:2009(E)

Annex A
(informative)

Examples of procedures for sampling and disjointment

A.1 Introductory remark

This Annex provides a detailed generic procedure for sampling and disjointment along with
several worked examples:

« Example 1 — Sampling of a DVD player

- Example 2 — Sampling of a CRT tube

« Example 3 — Sampling of a LCD TV set

« Example 4 — Sampling of a PDA/phone

« Example 5 — Sampling of a desk fan

« Components — Example 1 — Thick film resistor

« Components — Example 2 — SMD potentiometer

The following points should be considered in conjunction with the flowcharts:

a) Analysis may be being undertaken for a number of reasons

— Analysis of a specific material or location (e.g. a manufacturer carrying out an internal
audit, a distributor checking areas of the electrotechnical product which have a high
probablity of presence for restricted substances, an enforcement authority pursuing
particular intelligence).

— Screening as part of a incoming goods inspection.

— The initial stage of a comprehensive review of the whole product.

b) See Table B.1 for the probability of presence for restricted substances

c) Exemptions for some substances in certain applications only apply under particular
regional legislation.
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Annex C
(informative)

Composite testing and sampling

C.1 Introductory remark

As discussed in 5.6.4, composite testing of a product made up of several different parts
and/or material layers can be used as a screening technigque in certain circumstances to
minimize the number of samples and consequently the analytical costs. There are two
approaches:

1) calculating the maximum sample concentration based on the analytical detection limit;
2) calculating the minimum analytical detection limit based on the sample concentration.

In the first approach, the maximum level of a restricted substance in one material of the
composite can be calculated when a "not detected"” result is obtained from chemical analysis
of the entire composite sample.

C.2 Example 1

Example 1 is based on the following presumptions:

« The component/part contains four different homogeneous materials (weighing a total of
18 mg).

« Only the smallest contributor to the compsite (material A) could contain restricted
substances, Pb and Cd.

+ The method of chemical analysis on the composite sample had a detection limit of
20 mg/kg.

« For chemical analysis, the component/part was first ground to a powder (a2 homogeneous
sample).

Results of "not detected" mean that up to 20 mg/kg of Pb and Cd could be present in the
composite sample taken from the component. Based on the worst case (both Pb and Cd are
present at 20 mg/kg), the maximum contamination or error of Pb and Cd can be calculated
(see Table C.1). For the maximum levels of 20 mg/kg for both Pb and Cd in the composite
sample, homogeneous material A may contain upto 360 mg/kg Pb and Cd. For Pb this is
below the allowable limit of 1 000 mg/kg. However, for Cd the maximum allowable limit of
100 mg/kg may be exceeded.

The conclusion for this composite sample is that further analysis is needed for Cd to
determine if it meet the requirements.

NOTE Composite testing is only a screening method.
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Table C.1 - Calculated maximum concentration for a composite sample
based on detection limit

Maximum Pb content Maximum Cd content
Material Weight I:-‘ercent of tntall (for 20 mg/kg (for 20 mg/kg
weight of composite . . . -
mg anmnis detection limit) detection limit)
P mg/kg ‘mg/kg

Material A 1 6 % 360 360
Material B 4 22 % 0
Material C 5 28 % 0
Material D 8 44 % 0
Total (composite) 18 100 %
Average (composite) 20 20

In the second approach, the required detection limit can be calculated to ensure that no
restricted substance is present above a certain level.

C.3 Example 2

Example 2 (see Table C.2) is based on the following presumptions:

« (Contamination of the same composite sample used in Example 1 with 1 000 mg/kg Pb
and 100 mg/kg Cd.

To verify these levels of Pb and Cd by chemical analysis would require a method with a
detection limit of around 50 mg/kg for Pb and 5 mg/kg of Cd, as illustrated in Table C.2.

Table C.2 — Required detection limit for a composite sample based on the maximum
allowable concentration

Percent of
Material Weight total weigh | Pb content | Cd content
mg iof composite mg/kg mg/kg
samplet
Material A 1 6 % 1 000 100
Material B 4q 22 % 0 0
Material C 5 28 % 0 0
Material D 8 44 % 0 0
Total (composite) 100 %

Average (composite)

Required detection limit/ mg/kg

Further, it is important to keep in mind that both the detection limits of analytical methods and
the concentrations of restricted substances have a margin of error and the presence of
restricted substances can vary in a “homogeneous material” (see Figure E.7). Therefore it is
advisable to include a margin of safety when applying this concept.
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Annex D
(informative)

Tools used in sampling

Commonly used tools for sampling by disassembly and disjointment tools are as follow:

« Soldering iron « Solder wick, i.e. wire that sucks up molten solder
« Screw driver (electrical) « Allen-keys

« (Cable stripper « End-cut pliers

+  Stanley knife + Pliers

« Spanners (open ended/ ring) « Hand saw

-  Wrench « Shears

«  Hammer - Tweezers

«  Drill « Plastic bags

Figure D.2 — Vacuum pin to remove the target electronic devices

Clause 5 of IEC 62321 includes more sample preparation tools that may be needed to prepare the
sample for an analytical testing technique.



DD IEC/PAS 62596:2009
— 44 - PAS 62596 © IEC:2009(E)

Annex D
(informative)

Tools used in sampling

Commonly used tools for sampling by disassembly and disjointment tools are as follow:

« Soldering iron « Solder wick, i.e. wire that sucks up molten solder
« Screw driver (electrical) « Allen-keys

« (Cable stripper « End-cut pliers

+  Stanley knife + Pliers

« Spanners (open ended/ ring) « Hand saw

-  Wrench « Shears

«  Hammer - Tweezers

«  Drill « Plastic bags

Figure D.2 — Vacuum pin to remove the target electronic devices

Clause 5 of IEC 62321 includes more sample preparation tools that may be needed to prepare the
sample for an analytical testing technique.
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Figure E.1 — AC power cord, X-ray spectra of sampled sections

The three sampling areas were selected, based on the probability of presence of the
restricted substance supported by the knowledge of product construction. For example
polymers used for plugs tend to contain high concentrations (in the per cent range) of Pb. The
X-ray spectra excited in each "sample" are shown in Figure E.1. Neither cord insulation nor
plug polymer contains any of the restricted substances. There are calcium (Ca), strontium
(Sr), zinc (Zn), and antimony (Sb) present in both the cable insulation and plug. The plug also
shows the presence of chlorine (Cl), which may suggest PVC as a plug material. However,
neither of these two parts contains Pb or Br. The connecting pins are made of nickel-plated
brass. Up to this point in the sampling and screening process the cable is compliant.
Therefore, the cord needs to be disassembled (in this case destructively) and to test its parts
for the presence of Pb on internal solder points of the wires to the connecting pins. The
insulation of each individual wire in the cable should also be tested.

E.4.2 Serial RS232 cable

This example, illustrated in Figure E.2, shows a printer cable that does contain a restricted
substance at the level exceeding the allowable limit. In this case the cable insulation
contained 2 500 mg/kg of Pb, while the plug contained 7 600 mg/kg Pb. These results,
obtained without any disassembly of the product, rendered it non-compliant because of the
excessive Pb content, thus effectively eliminating the need for further analysis. For forensic
reasons, e.g. to determine the root-cause of the contamination in the manufacturing process,
it could be advantageous to further sample and analyse the cable.
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Figure E.2 - RS232 cable and its X-ray spectra

E.4.3 Cell phone charger

Figures E.3 and E.4 show the partially disassembled AC charger for the cell phone. As is
shown in Table E.2, there are at least ten different areas (parts) available for direct sampling.

Figure E.3 — Cell phone charger shown partially disassembled
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Figure E.7 - SEM-EDX image of Pb free solder with small intrusions of Pb
(size = 30 um)
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