Accepted Manuscript

Journal of

ALLOYS
AND COMPOUNDS

Interfacial reactions in molten state micro solder joints under current stressing

Xuemei Li, Fenglian Sun, Hao Zhang, Meng Liu, Rui Fan

PII: S0925-8388(17)34480-8
DOI: 10.1016/j.jallcom.2017.12.284
Reference: JALCOM 44370

To appearin:  Journal of Alloys and Compounds

Received Date: 24 November 2016
Revised Date: 11 December 2017
Accepted Date: 23 December 2017

Please cite this article as: X. Li, F. Sun, H. Zhang, M. Liu, R. Fan, Interfacial reactions in molten state
micro solder joints under current stressing, Journal of Alloys and Compounds (2018), doi: 10.1016/
j-jallcom.2017.12.284.

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 proof before it is published in its final 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.


https://doi.org/10.1016/j.jallcom.2017.12.284

| nterfacial reactionsin molten state micro solder
jointsunder current stressing

Xuemei LI} Fenglian Suf Hao Zhan§ Meng Lil!, Rui Fari

1,School of Mechanical and Electronic Engineeri@igihar University, 42#Wenhua Street, 161006,
Qigihar, Heilongjiang, China

2,School of Material Science and Engineering, Harbiversity of Science and Technology, 4#
Linyuan Road, 150040, Harbin, Heilongjiang, China

Abstract

The high local temperature in flip-chip solder jsif microprocessors has raised concerns that the
solder, a low melting temperature alloy, might locéiquefy and consequently cause failure of the
micro solder joint. This article reports the eleatigration (EM) behavior when the solder is in the
molten state.The electronic current was applied to the Cu/Sn-3.0/8201 (SAC305)/Cu molten
solder joints.The growth of the intermetallic compound (IMC) and tbensumption of the Cu pad
were investigated. Moreover, the transition of IMBZD morphologieswas also studied by the
deep-etching method after EM test. The resultshef électromigration in the molten solder joints
indicate that the growth of the interface IMC ahd tonsumption of the Cu pad present similar trends
with those in the solid state micro solder joirtsyever, the rates of the growth and consumptien ar
higher than those in the solid state micro soldatt$. The evolution of IMC 3-D morphologies during
the electromigration in the molten solder joint®whk its own unique features, which are different
from the electromigration in the solid state solpénts. With the increase of stressing time, tRkCI
3-D morphologiegransition indicates that the average grain sizeatffiodic CySrg increases in radial
direction with the increase of stressing time, tha size first increases, and then decreases @ axi
direction. In contrast to the morphologiransition for cathodic G$rs, the average grain size of
anode CgSry increases not only in radial direction but alsaxmal direction.
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1. Introduction

In recent years, the requirement to electronic ggitlg is moving towards greater performance and
smaller feature size thus leading to a signifidantease of the current densities in solder joiftse
high current density will induce the effect of jelieating, and results in the local melting ofgbkler.
The EM in molten solder joint has been identifiedcme of the main operative failure modes [1-3].
Therefore, in order to get a better understandinpefailure mechanism, it is important to invgate
the EM behaviors in the molten solder alloys.

It is well known that EM is a mass transport causgdhe directional electron flow, which promotes
the growth of the interface IMC at the anode ancklrates the consumption of the soldering pad at
the cathode [4-8]. The formation of IMC is a crud@ctor for the good wetting between the solder
joint and the substrate. However, excessive IMGuijicand the brittle nature of the intermetallicday
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