FINAL REPORT

NOVEMBER 2015

Stephan J. Meschter
Polina Snugovsky
BAE Systems

This document has been cleared for public release

Py SERDP

DOD = EPA = DOE




Page Intentionally Left Blank



This report was prepared under contract to the Department of Defense Strategic
Environmental Research and Development Program (SERDP). The publication of this
report does not indicate endorsement by the Department of Defense, nor should the
contents be construed as reflecting the official policy or position of the Department of
Defense. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the Department of Defense.



Page Intentionally Left Blank



REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently

valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE
30/11/2015 Final Report

3. DATES COVERED (From - To)
Jan. 2012 to Oct. 2015

4. TITLE AND SUBTITLE

Tin Whisker Testing and Modeling

5a. CONTRACT NUMBER
W912HQ-10-C-0052

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)
Meschter, Stephan J. and Snugovsky, Polina

5d. PROJECT NUMBER
- W74RDV13124767

5e. TASK NUMBER
AO06

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
BAE Systems Controls
1098 Clark Street

Endicott, NY 13760

8. PERFORMING ORGANIZATION REPORT
NUMBER

PM-LF-2015-11

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)
SERDP/ESTCP PROGRAM OFFICE

ROBIN NISSAN

4800 Mark Center Drive, Suite 17D08
Alexandria, VA 22350-3605

10. SPONSOR/MONITOR’S ACRONYM(S)
SERDP/ESTCP

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Driven by legislation resulting from two European Union directives (RoHS and WEEE), most
commercial electronics manufacturers began delivering lead-free electronic components,
assemblies, and equipment beginning in 2006. One aspect of the global movement away from
using lead (Pb) is that component manufacturers have primarily switched to tin-rich finishes
and solder alloys in commercial-off-the-shelf products. Unfortunately, this creates an
increased risk of tin whisker formation that can result in undesirable electrical failures
unless military and aerospace electronic systems failure effects are understood and

appropriate risk mitigations are implemented.

This report describes the multi-year testing and modeling program to analyze tin whisker
growth on lead-free manufactured assemblies and utilizes whisker short circuit statistical
modeling to enable improved reliability assessments. This series of tests includes COTS parts
assembled using standard high reliability manufacturing processes. Testing to date has found
that thin (less than approximately 25 microns) tin-3.0silver-0.5copper alloy (SAC305)
assembly solder can grow relatively long whiskers (greater than 100 microns) that can short

15. SUBJECT TERMS

Tin Whiskers, Short Circuits, Lead-Free Solder, Electronic Assembly, Humidity Exposure,

Thermal Cycling, Corrosion, Contamination, Whisker Length Statistics

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES Stephan Meschter
a. REPORT b. ABSTRACT c. THIS PAGE SAR 302 19b. TELEPHONE NUMBER (include area

U U U code)
607-770-2332

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239.18




Page Intentionally Left Blank



Abstract;

Driven by legislation resulting from two European Union directives, Reduction of Hazardous Substances
(RoHS) and Waste Electrical and Electronic Equipment Regulation (WEEE), most commercial electronics
manufacturers began delivering lead-free electronic components, assemblies, and equipment beginning in
2006. The DoD must now include lead-free materials considerations in the evaluation of commercial-off-
the-shelf parts and assemblies intended for use in DoD systems. In particular, lead-free tin rich finishes and
solder alloys are susceptible to tin whisker growth that can cause electrical short circuits and reduced
reliability. This report describes the multi-year testing and modeling program to analyze tin whisker growth
on lead-free manufactured assemblies and utilizes whisker short circuit statistical modeling to enable
improved reliability assessments. This series of tests includes COTS parts assembled using standard high
reliability manufacturing processes with and without conformal coating. Various contamination levels,
contamination types were evaluated. The materials included in the evaluation were: Cu and alloy-42
(Fe42Ni) alloy part leads, various SnAgCu lead-free assembly solders (including some with Y, L, and Ce
rare earth element additions, rework fluxes, and immersion Sn finished Cu circuit board pads. The
assemblies were exposed to various thermal cycling and isothermal high humidity and whisker growth was
evaluated. In total, over 120,000 whiskers were observed on uncoated assemblies. Conformal coated
assemblies exhibited significantly reduced whisker growth. Thin lead-free solder (less than approximately
25 microns of Sn3.0Ag0.5Cu alloy) can grow whiskers greater than 100 microns long that can short circuit
fine pitch parts or board pads. It was found that the entire solder joint material system must be considered.
Contamination induced corrosion promoted whisker growth in high humidity environments, which is
important because it has not been thoroughly tested by the consumer electronics community. Coefficient of
expansion stresses associated with low coefficient of expansion alloy-42 resulted in increased whisker
growth in thermal cycling. Whisker growth was particularly pronounced with rare earth element (REE)
additions to lead-free solder and improperly cleaned rework fluxes. In these cases, the whiskers were not
limited to the thin solder regions. The alloying of Sn with Ag and Cu in the solder and melting (reflow) of
the tin finished COTS parts were not sufficient to mitigate whisker growth in the environments tested. It is
recommended that additional tin whisker mitigations, such as validated whisker resistant conformal coating
materials and processes, be used for DoD equipment in harsh environments or with long service life.

Key words: tin whiskers, lead-free, assembly, contamination, risk modeling, Monte Carlo, SAC305 solder,
tin plating, intermetallics, rare earth elements, high humidity, thermal cycling, corrosion, copper, alloy-42,
conformal coating
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