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with insights into IMC evolution and long-term accumulation effects, not
only enriches academic knowledge but also provides actionable information

_ _ _ for the development of more reliable and resilient electronic materials and
In this groundbreaking study, we introduce a novel constant temperature  ¢omponents [3].

thermomigration device equipped with precise temperature control capabilities,

marking a significant leap in the exploration of thermomigration theory. For the Inthis comprehensive study, we delveintotheintricacies ofthermomigration,
first time, we delve into the intricate relationship between 3-Sn grain orientation ~ focusing on the evolution characteristics of Intermetallic Compounds (IMCs)
and thermomigration phenomena, providing valuable insights into the dynamic and the development of corresponding cracks in solder joints. Through a
behavior of materials under controlled thermal conditions. Thermomigration, meticulous examination of four distinct stages of thermomigration, we provide
the directed movement of atoms in a material driven by temperature gradients, insights into the dynamic processes influencing material integrity. Furthermore,
has long been a subject of interest in materials science and electronics. This our research conclusively establishes that the thermomigration of solder
study pioneers the use of a cutting-edge constant temperature thermomigration  joints is not a momentary phenomenon but rather a long-term accumulation

Introduction

device, offering unprecedented control over experimental conditions. effect of heat, challenging conventional understanding and underscoring the
importance of extended exposure in predicting and mitigating thermomigration-
Description related issues. Thermomigration, the migration of atoms within a material

driven by temperature gradients, poses significant challenges in the reliability

Our primary focus is to establish a comprehensive understanding of the ~ 0f electronic components, particularly solder joints [4].
correlation between 3-Sn grain orientation and thermomigration, shedding light
on the factors influencing material dynamics. The experimental setup involves
the utilization of the constant temperature thermomigration device, allowing
us to precisely control and maintain temperature gradients within the material.

This device opens new avenues for investigating thermomigration phenomena | d lation effect of heat hasizing th i d
under controlled conditions, offering a level of accuracy and reproducibility a prolonged accumlation effect of heat, emphasizing the need for a nuance

not previously attainable. Our research unveils a crucial relationship between  Understanding of the temporal aspects of this phenomenon. Our investigation
B-Sn grain orientation and thermomigration. By systematically varying the involves a systematic analysis of the evolution characteristics of IMCs and the

orientation of B-Sn grains, we observe distinct patterns in thermomigration ~ formation of cracks in solder joints during four key stages of thermomigration.
behavior [1]. By employing advanced microscopy and imaging techniques, we capture

the intricate details of material transformations. This approach enables us to
pinpoint specific stages where IMCs undergo notable changes, and cracks
emerge, providing a detailed roadmap of thermomigration-induced damage.

This study aims to deepen our understanding of thermomigration
by investigating the evolution characteristics of IMCs and the concurrent
development of cracks in solder joints across four distinct stages. Moreover, we
present compelling evidence supporting the assertion that thermomigration is

This groundbreaking finding not only contributes to the fundamental
understanding of thermomigration but also holds practical implications for
the design and reliability of electronic components where 3-Sn is a prevalent
material. In addition to exploring the relationship between grain orientation and One of the central findings of our study is the conclusive demonstration
thermomigration, we investigate the evolution characteristics of Intermetallic that the thermomigration of solder joints is a long-term accumulation effect
Compounds (IMCs) and the development of corresponding cracks in four  of heat. Contrary to the previous notion of thermomigration as a transient
stages of thermomigration. This detailed analysis provides a comprehensive phenomenon, our research emphasizes the cumulative impact of prolonged
view of the material transformations occurring under the influence of  gxposure to temperature gradients. This revelation has profound implications
temperature gradients, offering crucial insights for predicting and mitigating for the design and reliability assessment of electronic components, urging a
potential issues in electronic devices. One of the significant contributions of reevaluation of existing models and practices. Understanding the evolution
our study is the confirmation that thermomigration in solder joints is a long-term characteristics of IMCs and the long-term effects of thermomigration is
accumulation effact of heat 2] paramount for the electronics industry. The insights gained from this study

This insight challenges previous assumptions about the transient nature provide a foundation for developing strategies to mitigate thermomigration-
of thermomigration, emphasizing the importance of extended exposure and induced damage in solder joints [5].
cumulative effects in understanding material behavior under thermal stress.
This pioneering research, leveraging a constant temperature thermomigration
device with temperature control functionality, establishes a robust foundation
for advancing our understanding of thermomigration theory. The elucidation of ) ) ) .
the relationship between 3-Sn grain orientation and thermomigration, coupled Engineers and designers can use this knowledge to enhance the durability

and reliability of electronic devices, ultimately improving the performance and
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