IPC/PERM-WP-022

2018 - August

Mitigation of Pure Tin Risk by
Tin-Lead SMT Reflow - Results of
an Industry Round-Robin

— Final Repaort

A White Paper Report Developed oy IPC

Association Connecting Electronics Industries

Ciprc


https://www.stdhive.com/standards/ipc-perm-wp-0222018-pdf/

The Principles of
Standardization

Notice

IPC Position
Statement on
Specification
Revision Change

Why is there
a charge for
this document?

In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should: Standards Should Not:
« Show relationship to Design for Manufacturability « Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
e Minimize time to market  Keep people out
« Contain simple (simplified) language * Increase cycle time
« Just include spec information * Tell you how to make something
* Focus on end product performance * Contain anything that cannot
¢ Include a feedback system on use and be defended with data

problems for future improvement

IPC Standards and Publications are designed to serve the public interest through elimina;ing mis-
understandings between manufacturers and purchasers, facilitating interchangeab:'ty ad..mprove-
ment of products, and assisting the purchaser in selecting and obtaining with minimem delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
any respect preclude any member or nonmember of IPC from manufactiring 2 selling products
not conforming to such Standards and Publication, nor shall the existonce ~f such Standards and
Publications preclude their voluntary use by those other than IPC ~amu2rs, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted kv 11'C without regard to whether their adop-
tion may involve patents on articles, materials, or processe: sy such action, IPC does not assume
any liability to any patent owner, nor do they assume any nbiigation whatever to parties adopting
the Recommended Standard or Publication. Usars ¢ve al=2 wholly responsible for protecting them-
selves against all claims of liabilities for patent n fringament.

It is the position of IPC’s Technical Activities executive Committee that the use and implementation
of IPC publications is voluntary and i> part of a relationship entered into by customer and supplier.
When an IPC publication is updateyand a new revision is published, it is the opinion of the TAEC
that the use of the new revisie~.as nort of an existing relationship is not automatic unless required
by the contract. The TAZC r>commends the use of the latest revision. Adopted October 6, 1998

Your purchase of this'@ac iment contributes to the ongoing development of new and updated indus-
try standards and pulications. Standards allow manufacturers, customers, and suppliers to under-
stand one ana{ner 2atier. Standards allow manufacturers greater efficiencies when they can set

up their pracescas to meet industry standards, allowing them to offer their customers lower costs.

IPC spenu:- hr.ndreds of thousands of dollars annually to support IPC’s volunteers in the standards
ant-aublications development process. There are many rounds of drafts sent out for review and

ti 2 coixmittees spend hundreds of hours in review and development. IPC’s staff attends and par-
‘icipates in committee activities, typesets and circulates document drafts, and follows all necessary
prucedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/597-2809.

Thank you for your continued support.
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A White Paper Report Developed by the Pb-Free
Electronics Risk Management (PERM) Council and IPC

Abstract

The risk associated with whisker growth from pure tin solderable terminations is fully mitigated when all of the pure ti> s
dissolved into tin-lead solder during SMT reflow. In order to take full advantage of this phenomenon, it is necesscy to
understand the conditions under which such coverage can be assured. A round robin study has been performed by .PC/
PERM Task group 8-81, during which identical sets of test vehicles were assembled, in accordance witi..IPC.J-STD-001,
Class 3, at multiple locations. All of the test vehicles were analyzed to determine the extent of complete. tin dissulution on
a variety of component types. Results of this study are presented together with relevant conclusions end re~ommendations
to guide high reliability end-users on the applicability and limitations of this mitigation strategy.

Background

Manufacturers of high reliability electronics have been working for many years to miticate ™ deleterious effects of tin
whisker formation. One highly effective means to suppress the growth of tin whiskers ic to 1onlace the pure tin plating with
reflowed tin-lead solder. (This approach is only available to manufacturers whose pre2tucte 27e not subject to Restrictions of
Hazardous Substances (RoHS)). One approach to achieve total replacement of tin | 'atin j with tin-lead solder is to perform
a special hot solder dip process on the piece parts prior to assembly. Another. approach is to fully consume the tin plating
by tin-lead solder during the SMT reflow process that occurs during circuiv ~a d assembly. This phenomenon of tin replace-
ment during SMT reflow has been termed ““self-mitigation”, because thz components mitigate themselves without the need
of any special additional processing. Self-mitigation has many advantag=s o 'er other forms of tin mitigation as it is highly
effective, adds no additional cost and subjects the components to n0 aditional handling.

The principal challenge to implementing self-mitigation as astandaru practice is incomplete knowledge of the conditions
under which components will reliably self-mitigate. Prior work ¢~=cluded that for a specific set of process conditions, board
finish, and pad design, self-mitigation can be predicted by the geometry of the component terminations [1]. It is not clear,
however, how these results apply for other manufact::xin} processes, board finishes, and pad sizes. Without this understand-
ing, the only reliable means for systems integratoi=.tc be confident that self-mitigation has been achieved on a given set of
assemblies is to duplicate the conditions of the prror swudy or to perform direct measurements on the as-received hardware.

The existence of this knowledge gap promp.d uie Pb-free Electronics Risk Management Council (PERM, IPC Committee
8-81) to initiate a study in 2014 under 'PC ‘ask group 8-81F. The first phase of that study has been completed and this report
describes that study and the results-iv Hate.

Design of Experiment

Per the requirements of SAc SE.A-STD-0005-2, risk of tin whiskers is to be acceptably mitigated when there is 3% by
weight of lead (Pb) alloyeu witt the tin. Therefore, the purpose of this study is to determine the conditions under which this
level of alloying can. be reliaL'v achieved during SMT processing. (Since the alloys involved in the study are only binary
tin lead alloys. a i nimem of 3% Pb by weight is equivalent to a maximum of 97% Sn by weight.)

The task team dec:dea to perform a new set of experiments involving the manufacture of identical sets of test vehicles at a
number of ¢ fferent locations, all assembled to the requirements of IPC J-STD 001, Class 3. For simplicity, and to permit
direct ~ormig2t'son with previous results, it was decided to use the same printed board layout and components from the ini-
tial 7010 study Many potential factors for inclusion in the DOE were considered. The factors chosen for consideration are
d2=criead in Table 1.

Table_1 Design of Experiment

Experimental Factor Settings
Component Packages 16 different part numbers (details below)
Board finish OSP and Sn Pb HASL
Pad size Per initial study and 25% smaller
Manufacturing site Seven different locations
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