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The Principles of In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of

Standardization 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

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment 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 IPC from manufacturing or selling products
not conforming to such Standards and Publication, nor shall the existence of such Standards and
Publications preclude their voluntary use by those other than IPC members, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their adop-
tion may involve patents on articles, materials, or processes. By such action, IPC does 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 them-
selves against all claims of liabilities for patent infringement.

IPC Position It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
Statement on of IPC publications is voluntary and is part of a relationship entered into by customer and supplier.
Specification When an IPC publication is updated and a new revision is published, it is the opinion of the TAEC

Revision Change that the use of the new revision as part of an existing relationship is not automatic unless required
by the contract. The TAEC recommends the use of the latest revision. Adopted October 6, 1998

Why is there Your purchase of this document contributes to the ongoing development of new and updated indus-
a charge for try standards and publications. Standards allow manufacturers, customers, and suppliers to under-
this document? stand one another better. Standards allow manufacturers greater efficiencies when they can set

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

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the standards
and publications development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and par-
ticipates in committee activities, typesets and circulates document drafts, and follows all necessary
procedures 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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Mitigation of Pure Tin Risk by Tin-Lead SMT Reflow -

Results of an Industry Round-Robin - Final Report

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 tin is
dissolved into tin-lead solder during SMT reflow. In order to take full advantage of this phenomenon, it is necessary to
understand the conditions under which such coverage can be assured. A round robin study has been performed by IPC/
PERM Task group 8-81, during which identical sets of test vehicles were assembled, in accordance with IPC J-STD-001,
Class 3, at multiple locations. All of the test vehicles were analyzed to determine the extent of complete tin dissolution on
a variety of component types. Results of this study are presented together with relevant conclusions and recommendations
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 mitigate the deleterious effects of tin
whisker formation. One highly effective means to suppress the growth of tin whiskers is to replace the pure tin plating with
reflowed tin-lead solder. (This approach is only available to manufacturers whose products are not subject to Restrictions of
Hazardous Substances (RoHS)). One approach to achieve total replacement of tin plating 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 circuit card assembly. This phenomenon of tin replace-
ment during SMT reflow has been termed ““self-mitigation”, because the components mitigate themselves without the need
of any special additional processing. Self-mitigation has many advantages over other forms of tin mitigation as it is highly
effective, adds no additional cost and subjects the components to no additional handling.

The principal challenge to implementing self-mitigation as a standard practice is incomplete knowledge of the conditions
under which components will reliably self-mitigate. Prior work concluded 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 manufacturing processes, board finishes, and pad sizes. Without this understand-
ing, the only reliable means for systems integrators to be confident that self-mitigation has been achieved on a given set of
assemblies is to duplicate the conditions of the prior study or to perform direct measurements on the as-received hardware.

The existence of this knowledge gap prompted the Pb-free Electronics Risk Management Council (PERM, IPC Committee
8-81) to initiate a study in 2014 under IPC task group 8-81F. The first phase of that study has been completed and this report
describes that study and the results to date.

Design of Experiment

Per the requirements of SAE GEIA-STD-0005-2, risk of tin whiskers is to be acceptably mitigated when there is 3% by
weight of lead (Pb) alloyed with the tin. Therefore, the purpose of this study is to determine the conditions under which this
level of alloying can be reliably achieved during SMT processing. (Since the alloys involved in the study are only binary
tin lead alloys, a minimum of 3% Pb by weight is equivalent to a maximum of 97% Sn by weight.)

The task team decided to perform a new set of experiments involving the manufacture of identical sets of test vehicles at a
number of different locations, all assembled to the requirements of IPC J-STD 001, Class 3. For simplicity, and to permit
direct comparison with previous results, it was decided to use the same printed board layout and components from the ini-
tial 2010 study. Many potential factors for inclusion in the DOE were considered. The factors chosen for consideration are
described 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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Each test vehicle consisted of a printed board with each of the package types in Table 2 attached (quantities of each
described below). There were four “flavors™ of boards for the four combinations of pad size/board finish: OSP/large pads,
OSP/small pads, HASL/large pads, and HASL/small pads. Each printed board assembler was provided with two replicates
of each printed board type, for a total of eight test vehicles. An assembled test vehicle is shown in Figure 1.
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Figure 1 Photograph of an Assembled Test Vehicle

Component Packages

The components used in this study are summarized in Table 2. Measurements of the length and height of the solderable ter-
minations were measured as illustrated in Figure 2 or Figure 3 below, for leaded and chip devices respectively.

Table 2 Component Packages Used in the Study

Quantity per
Part Number Package Style vehicle Length (in) Height (in)
06035C103KAT2A 0603 chip 10 0.031 0.013
0603YD225KAT2A 0603 chip 10 0.031 0.013
A3PN030-Z2VQG100 TQFP100 - 14 mm 1 0.040 0.016
ADM213EARSZ SSOP28 - 5.3 mm 2 0.059 0.031
EPM7032AETC44-10N A-TQFP44 - 10 mm - 0.8 mm 1 0.040 0.016
IR2156SPBF S014G - 3.8 mm 2 0.041 0.023
LM2901DG SO14G - 3.8 mm 2 0.041 0.023
LTC3703EG_PBF SSOP28 - 5.3 mm 2 0.059 0.031
MBRM140T1G DO-216AA 5 0.049/0.017 0.020
MC9S08GT16AMFBE QFP44 - 0.8 mm 1 0.066 0.036
MC9S08QE4CLC LQFP32 - 7 mm - 0.8 mm 1 0.042 0.025
OP482GSz S014G - 3.8 mm 2 0.046 0.019
PZT2222AT1G SOT223 5 0.069/0.073 0.020
STAC9200X5TAEB1X LQFP48 - 7 mm - 0.5 mm 1 0.042 0.0025
W3L1YC474MAT1AF 0612 chip 5 0.012 0.039
XC9572XL-5TQG100C LQFP100 - 14 mm - 0.5 mm 1 0039 __Dmum_ents
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Figure 2 Termination Height and Length Measurements Figure 3 Termination Height and Length Measurement
for Leaded Devices for Chip Devices

Assembly Processes
Each printed board assembler was provided an identical kit with eight bare printed boards, together with the components
needed to populate them.

The processes employed by each of the assemblers were recorded and are summarized in Table 3.

Table 3 Summary of Assembly Process Details

Setting Process A Process B Process C Process D Process E Process F Process G
Convection Convection Convection Convection Convection
Reflow type Vapor Phase Oven Oven Oven Oven Oven Oven
Sn62 RMA
Flux ROLO ROLO ORMO 63/37 ROLO No-Clean No clean Tacky Flux
solder paste
Stencl 0.005 0.005 0.005 0.004 Laser 0.005 0.005 0.005
thickness (in) ’ ’ ’ ' ' ' '
Stencil 11 11 11 11 1:1 11 11
aperture ratio
Time above
Liquidus 90 s 60 -75s 66 s 90 s 45 s 60 s 70 s
(seconds)
Peak o o o o o o o
218 °C 215 °C 220 °C 225 °C 220 °C 213 °C 220 °C

temperature
Atmosphere Air Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen
Number of
reflow cycles 1 1 1 1 1 1 2
Rework None None None None None None Yes

Sample Material Analysis

The solder composition of the assembled sample vehicles was verified using both X-ray Fluorescence (XRF) for all solder
terminations, and Scanning Electron Microscope Energy Dispersive Spectroscopy (SEM-EDS) for selected solder termina-
tions that were prepared by mounting and cross-sectioning (destructive physical analysis). Generally, two terminations were
analyzed on each component, with measurements at 1 or 3 locations per termination. If the component had wrap-around
leads, measurements could only be taken at the top of the lead. If the component had “J” style leads, 3 locations were mea-
sured, as discussed next. These factors resulted in multiple data points per component and multiple repetitions of the com-
ponents on the sample vehicles.

The XRF and SEM-EDS data agreed within measurement accuracy for the two techniques at the surface locations. The XRF
data was typically taken at 3 locations on formed terminations at the egress from the part body, just before a knee in the “J”
style lead bends, and at the solder foot in all cases. The SEM-EDS data was taken in cross-section views, rather than the
top down views used in XRF. The SEM-EDS data was taken near the surface of the solder (most comparable to the XRF
measurements), at a mid-point representing the bulk of the solder, and then near the interface between the solder and the
lead substrate material. This sample location plan took advantage of the speed of measurement and non-destructive nature
of XRF, while also taking advantage of the relatively small spot size of the SEM-EDS measurement to verify the depth of

mixing of the lead (Pb) into the pure tin solder terminations. Documents
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