Author’s Accepted Manuscript

MATERIALS
SCIENCE &
| ENGINEERING

Role of Surface Oxide in Mitigating Tin Whisker
Growth: A Finite Element Study

S. Das Mahapatra, 1. Dutta

'Scvorse ScnceDiect

www.elsevier.convlocate/msea

PIIL: S0921-5093(17)31157-7
DOI: http://dx.doi.org/10.1016/j.msea.2017.09.006
Reference: MSA35473

To appear in:  Materials Science & Engineering A

Received date: 17 June 2017
Revised date: 3 September 2017
Accepted date: 4 September 2017

Cite this article as: S. Das Mahapatra and 1. Dutta, Role of Surface Oxide in
Mitigating Tin Whisker Growth: A Finite Element Study, Materials Science &
Engineering A, http://dx.doi.org/10.1016/j.msea.2017.09.006

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/msea
http://dx.doi.org/10.1016/j.msea.2017.09.006
http://dx.doi.org/10.1016/j.msea.2017.09.006

Role of Surface Oxide in Mitigating Tin Whisker Growth: A Finite Element Study
S. Das Mahapatra, I. Dutta™?
! School of Mechanical & Materials Engineering, Washington State University, Pullman,
WA 99164, USA.

3 E-mail: idutta@wsu.edu

Abstract

The growth of tin whiskers on fine pitched Sn-plated interconnect lines poses catastrophic short
circuit problems in electronic components, especially those with long service lives like in space,
defense and transportation industries. In the past, this problem was mitigated by the addition of a
few percent Pb, but the current worldwide ban on Pb precludes this approach. In our previous
work, it has been shown that 5-10% indium completely eliminates whisker growth in
electroplated tin on copper substrates and it has been proposed that modification of the surface
oxide layer properties is a potential reason for the observed elimination. In this paper, we study
the effect of the surface-oxide layer in modifying the stress state and hence the driving force for
diffusion within Sn-films, and investigate the effects of (i) different oxide-layer stiffnesses, (ii)
the presence of a central break in the oxide layer, (iii) the presence of periodic breaks in the
oxide, and (iv) an oxide layer with periodic inserts of In-oxide using finite element modeling
(FEM). All the models were constructed using the commercial finite element software ANSYS

and the stress distribution in each model was analyzed.
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