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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENVIRONMENTAL TESTING -

Part 3-12: Supporting documentation and guidance —
Method to evaluate a possible lead-free solder
reflow temperature profile

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 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 reasonablie 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 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 60068-3-12, which is a technical report, has been prepared by IEC technical
committee 91: Electronics assembly technology.

This second edition cancels and replaces the first edition published in 2007 and constitutes a
technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

e the content has been adapted to the state-of-the-art of reflow-oven technology and
termination finishes;

e minor language adjustments were performed.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
91/1158/DTR 91/1177/RVC

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

A list of all the parts in the IEC 60068 series, under the general title Environmental testing,
can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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ENVIRONMENTAL TESTING -

Part 3-12: Supporting documentation and guidance —
Method to evaluate a possible lead-free solder
reflow temperature profile

1 Scope

This part of IEC 60068, which is a technical report, presents two approaches for establishing
a possible temperature profile for a lead-free reflow soldering process using SnAgCu solder
paste.

This process covers a great variety of electronic products, including a large range of package
sizes (e.g. molded active electronic components, passive components and electromechanical
components).

Study A addresses requirements needed in the production of high-reliability electronic control
units (ECU), as for example in automotive electronics. These requirements include
measurement and production tolerances.

Study B represents consumer electronics products and includes reflow oven capability, board
design and package sizes.

2 Basics

The process temperature for SnPb solder paste has a wide margin due to the liquid
temperature of the solder alloy. During reflow soldering, temperature differences between
components exist but are not critical. The process temperature of SnAgCu solder paste is
about 20 K to 30 K higher than SnPb solder paste. Furthermore, the temperature difference
between components (AT) becomes wider and sometimes the heat resistance temperature of
components can become critical.

To avoid soldering failures which could be very harmful in safety-related applications and also
generate higher failure costs, the capability of the soldering process is very important.
A compromise between the temperature requirements of highly reliable solder joints and the
limited solder-heat resistance of the electronic components has to be sought. In addition, the
different aspects of mass production have to be considered. To achieve a reliable solder joint,
the conventional reflow soldering process with eutectic SnPb solder paste is usually
performed at a minimum peak temperature of about 203 °C at the coldest solder joint (i.e. at
least 20 K above the liquid temperature of SnPb T4,y = 183 °C).

The selected lead-free solder is SnAgCu with a melting point at around Tj;q,iq = 217 °C [1] Tt
is a generally preferred material for lead-free reflow and wave soldering in mass production
[2]. Using SnAgCu solder paste, it is not possible to solder the coldest solder joints at least
20 K above the liquid temperature (Tjjq,q = 217 °C), which would result in minimum
temperatures of 237 °C. When the coldest solder joint is 237 °C, the temperature spread
between small and large components, small semiconductor, and passive components, as well
as the printed circuit board (PCB), will be too large for the components to survive the heat
impact. Despite the aim to achieve a relatively low temperature at the coldest solder joint, the
reliability of the solder joint has to be assured.

1 Numbers in square brackets refer to the Bibliography.
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