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     Abstract—This work investigated the impact of die-attach 

     fillet geometry on the reliability of epoxy-based pressure-less 

sintered silver joints. Three types of sintered silver samples (Ag-

0, Ag-1, and Ag-2) with 0%, 1%, and 2% epoxy content were 

   prepared and characterized. Nanoindentation tests combined 

       with inverse calculations were used to determine their elasto-

plastic  behavior.  Fillet  formation was  influenced by  organic 

solvent composition, dispense volume, and placement pressure, 

resulting in three geometries: rounded, triangular, and rounded 

rectangular. Finite element analysis was employed to simulate 

stress distribution and equivalent thermal strain under thermal 

cycling conditions (−55°C to 150°C). The simulation results were 

validated  experimentally  through  shear  strength  testing  and 

  microstructural characterization using scanning electron 

microscopy (SEM). The findings highlight the significant role of 

fillet  geometry,  climbing  height,  and  die-attach  thickness  in 

stress distribution and failure mechanisms, providing valuable 

insights into optimizing the die-attach process to enhance joint 

reliability in power electronics applications.

    Keywords—epoxy-based sintered silver, die-attach fillet, 

reliability, finite element analysis, thermal cycling test 

I. INTRODUCTION

Die-attach plays a critical role in power electronics 
       packaging, serving as a vital interconnect material in 

applications such as electric vehicles (EVs), renewable energy 
systems, and industrial motor drives. The reliability of power 
semiconductor modules relies on the mechanical integrity and 
thermal stability of the die-attach material, particularly under 

     high temperatures and cyclic thermal stresses[1]. Among 
various die-attach materials, pressure-less sintered silver has 
gained interest due to its exceptional electrical conductivity, 
high melting point, and superior thermal stability.  These 

       characteristics make it a promising candidate for next-
 generation wide-bandgap (WBG) semiconductor devices, 

such as silicon carbide (SiC) power modules[2]. 

Despite its advantages, pressure-less sintered silver joints 
  exhibit challenges during the die-attach process. One major 

issue is the migration of sintering material along the edges of 
the die, forming a die-attach fillet[3]. Factors such as surface 
tension, dispensing design, and placement pressure influence 

   fillet formation.  While a properly formed fillet  enhances 

     mechanical robustness, excessive fillet formation causes 
surface contamination, whereas insufficient paste dispensing 
leads to die lifting or cracking[4]. Additionally, epoxy content 
significantly affects mechanical properties, stress distribution, 
and interconnect performance[5]. Optimizing these factors is 
essential for ensuring the reliability and manufacturability of 
pressureless sintered silver joints. 

      In addition to fillet formation, other critical factors 
affecting the thermomechanical behavior include fillet shape, 
climbing  height,  and  sintering layer  thickness[3,  6].  Fillet 
shape influences stress distribution and crack initiation, with 

      geometries such as rounded, triangular, and rounded 
     rectangular fillets exhibiting different reliability levels[7]. 

      Climbing height affects both mechanical support and stress 
dissipation—too low a height increases stress concentration 
and crack risk, while excessive height results in non-uniform 
adhesive distribution, weakening joint strength. Additionally, 
sintering layer thickness impacts thermal stress accumulation 
and interconnect reliability. Thin sintered layers are prone to 

      stress concentration and early failure, while thick layers 
reduce heat dissipation efficiency, necessitating an optimized 
balance. 

       To address these challenges, this work investigates the 
effect of die-attach fillet geometry on the reliability of epoxy-

 based pressureless  sintered silver joints  using a  combined 
   finite element analysis (FEA)  and  experimental  validation 

approach. Three types of sintered silver samples (0%, 1%, and 
      2% epoxy content) were prepared and characterized. 

     Nanoindentation tests combined with inverse calculations 
were conducted to determine the elasto-plastic behavior and 
thermal strain under thermal cycling conditions. The impacts 
of different fillet shapes, climbing heights, and sintering layer 

  thicknesses on joint reliability were analyzed through FEA, 
    considering stress evolution during thermal  shock cycles. 

Shear strength tests and scanning electron microscopy (SEM) 
    analysis were performed to validate simulation results. The 
      findings provide insights into optimizing the die-attach 

process by identifying the most suitable fillet shape, climbing 
height, and sintering layer thickness, contributing to improved 
reliability  in  power  semiconductor  packaging  for  extreme 
operating conditions. 
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