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NOTICE

JEDEC and IPC Standards and Publications are designed to serve the public interest through
eliminating misunderstandings between manufacturers and purchasers, facilitating
interchangeability and improvement of products, and assisting the purchaser in selecting and
obtaining with minimum 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
JEDEC or IPC from manufacturing or selling products not conforming to such Standards and
Publications, nor shall the existence of such Standards and Publications preclude their voluntary
use by those other than JEDEC and IPC members, whether the standard is to be used either
domestically or internationally.

Recommended Standards and Publications are adopted by JEDEC and IPC without regard to
whether their adoption may involve patents on articles, materials, or processes. By such action,
JEDEC and IPC do not assume any liability to any patent owner, nor do they assume any
obligation whatever to parties adopting the Recommended Standard or Publication. Users are
also wholly responsible for protecting themselves against all claims of liabilities for patent
infringement.

The material in this joint standard was developed by the
JEDEC JC-14.1 Committee on Reliability Test Methods for Packaged Devices
and the IPC Tin Whiskers Guideline Task Group (5-23e).

For Technical Information Contact:

JEDEC Solid State Technology Association
2500 Wilson Boulevard, Suite 220
Arlington, VA 22201
Phone (703) 907-7500
Fax (703) 907-7583

IPC
3000 Lakeside Drive, Suite 309S
Bannockburn, I1linois 60015-1219
Tel (847) 615-7100
Fax (847) 615-7105

©Copyright 2006. JEDEC Solid State Technology Association, Arlington, Virginia, and IPC,
Bannockburn, Illinois. All rights reserved under both international and Pan-American copyright
conventions. Any copying, scanning or other reproduction of these materials without the prior
written consent of the copyright holder is strictly prohibited and constitutes infringement under
the Copyright Law of the United States.

This document may be downloaded free of charge at www.jedec.org; however JEDEC/IPC retains the
copyright on this material. By downloading this file the individual
agrees not to charge for or resell the resulting material.

Printed in the U.S.A.
All rights reserved
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This document is copyrighted by JEDEC and IPC and may not be
reproduced without permission.

Organizations may obtain permission to reproduce a limited number of copies
through entering into a license agreement. For information, contact:

JEDEC Solid State Technology Association
2500 Wilson Boulevard
Arlington, Virginia 22201-3834
or call (703) 907-7559
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JEDEC/IPC Joint Publication No. 002

CURRENT TIN WHISKER THEORY AND MITIGATION PRACTICES GUIDELINE

Foreword

This publication provides guidance in understanding the prevalent tin whisker formation theories, driving
forces and mitigation practices used to minimize tin whisker formation. This publication serves as a
source of background information for JESD22-A121, Measuring Whisker Growth on Tin and Tin Alloy
Surface Finishes and JESD201, Environmental Acceptance Requirements For Tin Whisker Susceptibility
of Tin and Tin Alloy Surface Finishes.

Introduction

Sn whiskers have been an industrial concern and interesting problem for many years. They are known to
cause short circuits in fine-pitch pretinned electrical components [1]. Sn whiskers grow by the addition of
material at their base not at their tip (i.e., they grow out of the substrate) [2]. They can grow from as-
formed electrodeposits, vapor deposited material [3], and intentionally deformed coatings of Sn [4].
Similar whiskers are observed in Cd, In, and Zn [5]. Whiskers appear to be a local response to the
existence of residual stress. Compressive residual or external stress is usually considered a precondition
for whisker growth [4]. Annealing or melting (reflow in solder terminology) may mitigate the growth for
an undetermined period of time. In 1959, Pb additions of a few percent to Sn electroplate were found to
greatly reduce the tendency to form whiskers [6] and interest in the subject waned. Legislation that will
restrict the use of lead in electronic products sold in the European Union, due to be in effect on July 1,
2006, has led many electronic component suppliers to propose the removal of Pb from tin-lead plating,
leaving essentially pure Sn. This approach is the most convenient and the least costly lead-elimination
strategy for the majority of component manufacturers. However, for the high-reliability user community,
the pure tin strategy presents reliability risks due to the whisker forming tendencies of pure tin and tin
alloy plating.

This publication discusses the current tin whisker history, theories and driving forces behind tin whisker
formation and potential mitigation practices for various applications. It should be noted that for certain
applications with special needs (e.g., military or aerospace), the Sn mitigation methods contained in this
document may not be sufficient due to additional performance requirements [7].
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CURRENT TIN WHISKER THEORY AND MITIGATION PRACTICES GUIDELINE

(From JEDEC Board Ballot JCB-05-143, Formulated under the cognizance of the JC-14.1 Subcommittee
on Reliability Test methods for packaged Devices in conjunction with the IPC Tin Whiskers Guideline
Task Group (5-23¢).)

1 Scope

This document will provide insight into the theory behind tin whisker formation as it is known today and,
based on this knowledge, potential mitigation practices that may delay the onset of, or prevent tin whisker
formation. The potential effectiveness of various mitigation practices will also be briefly discussed.
References behind each of the theories and mitigation practices are provided.

2 Terms and definitions

For the purposes of this publication, the following terms and definitions apply.

whisker: A spontaneous columnar or cylindrical filament, usually of monocrystalline metal, emanating
from the surface of a finish. (See Annex C for example pictures of tin whiskers.)

whisker growth: Measurable changes in whisker length and/ or whisker density.

tin whisker mitigation practice: Process(es) performed during the manufacture of a component to
reduce the propensity for tin whisker growth by minimizing the surface finish internal compressive stress.

matte tin: A tin film with lower internal stresses and larger grain sizes typically of 1um or greater and
carbon content less than 0.050% [8].

bright tin: A tin film with higher internal stresses and smaller grain size of 0.5 um to 0.8 um and carbon
content of 0.2% to 1.0% [8].

Underlay: A plated barrier layers between the base metal and the tin finish.

3 History of tin whiskers

A metallic whisker is generally a single crystalline filamentary surface eruption from a metal surface,
though polycrystalline filamentary surface eruptions have been observed [9,10]. Whiskers are usually
found on relatively thin, 0.5 um to 50 um, metal films that have been deposited onto a substrate
material. A typical whisker is one to five um in diameter and between 1 um and 500 um long [8].
Whiskers can be straight, kinked, or even curved, see Annex C. Metallic film deposits have also shown
other types of eruptions that are quite different in appearance from the whisker eruption. These eruptions
are referred to in the literature as flowers, extrusions, and volcanoes. They have not been of as much
general interest as the much-longer whisker eruptions.
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3 History of tin whiskers (cont’d)

Metallic whisker formation first became of widespread interest to the scientific community immediately
after WWIL. In 1948, the Bell Telephone Corporation experienced failures on channel filters used to
maintain frequency bands in multi-channel telephone transmission lines. Bell Laboratories quickly
initiated a series of long-term investigations into the general topic of whisker formation, the results of
which were first reported in 1951 by K.G. Compton, A. Mendizza, and S.M. Arnold [11]. This Bell
Laboratories work established that whisker formation occurred spontaneously, on cadmium (Cd), zinc
(Zn), and tin (Sn) electroplating. The Bell Lab experiments studied a variety of substrate materials
including copper (Cu), copper alloys, steels, and nonmetallic substrates.

An excellent annotated bibliography of tin whisker history and references is provided [8] that include a
comprehensive listing of articles published through Dec. 31, 2004.

One reason that the problem of tin whiskers has not been solved is the lack of appropriate analytical tools
to study the basic structure of the Sn film. Only in recent years have tools like Focused lon Beam (FIB),
Synchrotron X-Ray Diffraction, and Electron Back Scattering Beam (EBSD) become available for
researchers to use in investigating this problem. As data from these tools becomes available, the industry
may get a better understanding of tin whisker formation and the reasons they occur [12].

Other reasons that the whisker problem has not been solved are: 1) all of the variables that effect whisker
growth are not known, 2) variables known or suspected of affecting whisker growth are not always
reported when data is published, 3) Pb has been used as a mitigation method for whisker growth for
decades, 4) current test methods cannot correlate whisker growth in test conditions to field conditions,
and 5) as such, test results cannot be used to predict whisker growth in other environments or longer
durations.

4 Discussion of and theory behind whisker formation

The following information represents the generally accepted knowledge on the prevailing theory of tin
whisker formation available at this time. It is intended to aid suppliers in understanding whisker
formation and how tin whiskers formation might be minimized or delayed on products. Many of the
mitigation methods described in this document are based on interrupting the development of compressive
stress in the tin layer.

The lead-frame material or substrate has a major impact on whisker formation, and as such, has been one
of the factors causing confusion and inhibiting consistent conclusions from being formed. It should be
noted that the information provided in this publication refers to 100% Sn plating on a copper-based lead
frame materials, unless otherwise specified.

Another area for confusion in interpreting results has been the use of matte versus bright tin. In general,
matte tin films are less prone to whisker formation and growth than so-called bright tin films. Many
current suppliers claim that a proprietary version of matte tin is whisker-free, but these claims may be
premature and should be considered carefully before use. This document refers only to matte tin finishes
unless otherwise noted.

In reporting and analyzing results, all pertinent information should be noted including, but not limited to,
type of tin used, lead frame material, and any underlay material.
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