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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARDS AND

OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES -

Part 5-506: General test methods for materials and assemblies — An
intercomparison evaluation to implement the use of fine-pitch test

structures for surface insulation resistance (SIR) testing of solder fluxes

1)

2)

3)

4)

5)

6)

7)

8)

9)

in accordance with IEC 61189-5-501

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National 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 Available 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 (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions orjagreements of IEC oh technicalimatters’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 bé held responsiblecfor ithe way in which they are used or for any
misinterpretation by,any.end user. y

In order to promote international Juniformity;)AECNationaloCommittees) 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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents 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 IEC
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 IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a Technical Report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC/TR 61189-5-506, which is a technical report, has been prepared by IEC technical
committee 91: Electronics assembly technology.



IEC TR 61189-5-506:2019 © IEC 2019 -5-

The text of this Technical Report is based on the following documents:

Draft TR Report on voting
91/1500/DTR 91/1530A/RVDTR

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

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

A list of all parts in the IEC 61189 series, published under the general title Test methods for
electrical materials, printed boards and other interconnection structures and assemblies, can
be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This document addresses the development of IEC 61189-5-501 and the introduction of a fine-
pitch test pattern. The introduction of this pattern is needed to meet the need for IEC 61189-
5-501 to reflect current assembly technology. This document describes an intercomparison
that tests a new test pattern and benchmarks it to existing test patterns. The work validates
the introduction of the new fine-pitch test pattern.

It is well known that structures at fine pitches with flux residues are more susceptible to
corrosion issues and electrochemical migration (ECM) problems. Characterization of flux
residues in terms of ECM are commonly characterized using SIR testing. A key parameter of
the SIR test is the comb pattern used and gap between the electrodes. The current B24 and
B25 with their 500-um and 318-pym gap patterns are not representative of fine pitches. It has
been proposed to use a 200-um gap pattern, and this document describes an intercomparison
that validates the introduction of the 200-uym gap pattern.

This document describes an exercise that used a new test board that included the B24 and
B25 patterns with an additional 200-um pattern, with each pattern duplicated, giving six
patterns in all on each test board. This work was motivated by an update to IEC 61189-5-501.
A protocol for the testing was developed that took a standardised test rosin flux and defined
the flux loading and thermal conditioning. Seven laboratories took part from five countries.
The test boards were prepared centrally and then tested in the seven laboratories, and the
results analysed to validate the usage of the 200-um pattern. The document describes the
intercomparison and the data analysis.
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TEST METHODS FOR ELECTRICAL MATERIALS, PRINTED BOARDS AND
OTHER INTERCONNECTION STRUCTURES AND ASSEMBLIES -

Part 5-506: General test methods for materials and assemblies — An
intercomparison evaluation to implement the use of fine-pitch test
structures for surface insulation resistance (SIR) testing of solder fluxes
in accordance with IEC 61189-5-501

1 Scope

This Technical Report is an intercomparison supporting the development of IEC 61189-5-501
in relation to the SIR method. This document sets out to validate the introduction of a new
200-uym gap SIR pattern, and was benched marked against existing SIR gap patterns of
318 uym and 500 um.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
No terms and definitions are listed in this document.

ISO and IEC maintain’terminologicaldatabases for use’in-standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
4 Test board concept for intercomparison

4.1 The need for a fine-pitch SIR pattern

The pursuit of higher quality and reliability leads to the requirement of proving that electronic
assemblies are not susceptible to electrochemical failure. Such robustness will lead to proven
lifetime performance in the field. Electrochemical failure can occur at the surface or sub-
surface, and in this paper we focus on surface failure phenomena and its characterisation.
Electrochemical failure needs three factors to be present simultaneously for a failure to occur:
a continuous water film, an applied electric filed, and soluble ionic material. Under condensing
conditions, a macroscopic water film will form and in most instances an uncoated assembly
will fail instantly. But for high humidity conditions, an invisible sub-micron water film will form
that will support low levels of conduction, and certainly no fast dramatic loss of isolation.
Applied electric fields can cause electrochemical failure, from 25V/mm and upwards, by
driving ions down an electric field. lonic material is needed as pure water has very high
resistivity, hence dissolved ions increase conductivity and polarization at electrodes resulting
in corrosion at anodes. Sources of contamination can appear on the surface of the assembly
from the manufacturing process or the environment. If the contamination is water soluble and
dissociates to form ionic species, these ions migrate under an electric field.

It is of course of interest as to what ionic materials are present, but more importantly, the
question is what will be the impact of these residues or contamination. The industry many
years ago developed the basis of the “Surface Insulation Resistance” test, which applies an
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electrical bias across an interdigitated comb in a damp heat environment at elevated
temperatures and measures the resistance stability. This test is a simulation of what will
happen in the field, and hence the outcome is relevant to that performance. The IPC TM650
2.6.3.3, 2.6.3.6 and 2.6.3.7 describe the SIR test for various applications, providing various
test geometries and voltage conditions. The B24 has a 500-uym gap in the comb pattern, and
this is typically a lot greater than the minimum distances found on high-density circuit
assemblies, where the gap can easily be down to 200 ym and below. The B24 was proposed
circa 1990 and reflected the needs of those days, and of course since then there has been a
move to finer pitches. At finer gaps, the electrochemical behaviour can accelerate and is
sensitive to the applied electric field (see NPL work from 2000). In this work, it was shown for
certain residues that as the test voltage dropped, so did the measured resistance, hence the
electrochemical pathway did not behave in a simple ohmic manner. A conclusion of this work
was that the gap in the SIR pattern and the applied voltage should be representative of the
intended use environment. Hence, within IPC 2.6.3.7 there is a recommendation to use a 200-
pm pattern with a 25V/mm field strength. No SIR pattern is given there. However, within the
IPC-B-52 there are 200-uym SIR patterns used, specifically below the QFP devices.

Therefore, there is a strong interest in using the 200-um SIR pattern but there is not a
dedicated test coupon available. This paper sets out to demonstrate the interoperability of
using different SIR patterns and hence demonstrate that the 200-uym pattern can be used with
confidence. Most SIR patterns are approximately 25 mm x 25 mm, and as the pitch of the
interdigitated comb decreases, the so-called number of squares increases. As the number of
squares increases, the resistance will drop. Hence, if we consider the case where there is a
fixed resistance for any square, as the number of squares increases, the overall measured
resistance of the pattern will decrease, since these squares are in parallel. Any comparison
shall therefore take intolatcount the'number/of squares inithe SIR pattern.

The electrochemical behaviour in“the' SIR test'is-known to“be /pitch-sensitive, and as the pitch
reduces, the incidence of dendrites increases, even when the field strength is held constant.
The potential for this catastrophic failurelis the‘motivation for this intercomparison, but it is not
something we wishito/soccurisherei/cRather;dwes/are 7attempting to)sdemonstrate that under
intermediate SIR values (108 Q andlabove);thepatternsbehave in an identical way, allowing
for differences in the number of squares. Hence a test regime will be invoked that causes this
behaviour and allows a straightforward comparison between the various pitches in this study.

In this study, we have taken a 200-um gap pattern in common use, and originally defined in a
joint European project. This pattern will be compared with two SIR patterns in common use
today, the IPC B24 and a pattern from the B25, with 400 ym/500 ym and 318 ym/318 ym
track and gap, respectively. A board was designed that included these three SIR patterns,
duplicating each pattern, and named TB144.

To validate the introduction of this new test-pattern, an intercomparison exercise was
undertaken, with seven laboratories taking part, from Denmark, Germany, Japan, the UK, and
the USA. The laboratories were: Alpha Assembly Solutions, Gen 3 Systems, Hytek, National
Physical Laboratory (NPL), Nihon Genma MFG. CO. Ltd, Robert Bosch GmbH Automotive
Electronics, and Rockwell Collins1.

4.2 Test board design

This round robin sets out to establish the justification for using a finer-pitch pattern. The test
PCB has three SIR pitch patterns, two current designs (IPC B24 and a pattern from the B25,
with 400 um/500 ym and 318 ym/318 um track and gap, respectively), and a finer-pitch
pattern with a 400 um/200 uym track and gap pattern. A board was designed and this board
currently has the name TB144, and is shown below.

1 This information is given for the convenience of the users of this document and does not constitute an
endorsement by IEC of the laboratories named.
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Track/gap (um) Squares
400/200 5125
400/500 1020
318/318 1950

IEC

Figure 1 — TB144

In Figure 1, the number of squares is also given, and as can be seen, the number of squares
for the 400 ym/200 pm pattern s'gwmaﬁij}emm en that there are only
small differences in o EzsgrtA s Wave the same applied
voltage and, in this work, was set to 20 V. This :Eeaﬁt that the electric field strength was
different for the three SIR patt&S ,an curs -! ts! The impact of these changes are
shown in Table 1. The intercomparison will establish the relative performance of the new
pattern, prior to its inclusion in a newstandard.o_5-5062019
https/standards.iteh.ai/catalog/standards/sist/270fb797-37a2-4905-91 cc-

Table'1’= SIRpattern information

B24 B25 New
Track/Gap (um) 400/500 318/318 400/200
Number of squares 1020 1950 5125
Resistance (Q)? 1,00E+08 5,23+07 1,99+07
Field Strength (V/mm)® 40,0 62,9 100,0

a2 The 108 Q is an example value for the pattern and the two following values assume the same resistance per
square, and calculated the drop in resistance caused by the increase in the number of squares.

b The field strength is calculated using an applied bias of 20 V.

4.3 Test board fluxing

All six patterns were dosed with the same density of an activated rosin flux and tested under
two climatic conditions, 40 °C/93 % RH, and 85 °C/85 % RH. All test boards were cleaned and
then fluxed at NPL by a single operator and shipped to the test house 2 weeks before
commencement of the testing.

Each test house, after completing the analysis and inspection, returned the data to the
coordinator, NPL, for analysis.

1) The project provided test boards, sourced from a single PCB fabricator. The PCBs were
made from 152 g/m2 (0,5 0z/ft2) Cu and EM-827 high Tg laminate.

2) The flux used is given in Table 2.
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