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Abstract— To meet the continued demand for form factor 
reduction and functional integration of electronic devices, 
Wafer Level Packaging (WLP) is an attractive packaging 
solution with many advantages in comparison with standard 
Ball Grid Array (BGA) packages.  The advancement of fan-out 
WLP has made it a more promising solution as compared with 
fan-in WLP, because it can offer greater flexibility in enabling 
more IO’s, multi-chips, heterogeneous integration and 3D SiP.  
In particular,  Embedded Wafer Level BGA (eWLB) is a fan-
out WLP solution which can enable applications that require 
higher input/output (I/O) density, smaller form factor, 
excellent heat dissipation, and thin package profile, and it has 
the potential to evolve in various configurations with proven 
integration flexibility, process robustness, manufacturing 
capacity and production yield.  It also provides integration of 
multiple dies vertically and horizontally in a single package 
without substrates.  

For eWLB fan-out WLP, the structural design as well as 
selection of materials is very important in determining the 
process yield and long term reliability. Therefore it is 
necessary to investigate the key design factors affecting the 
reliability comprehensively.  This work is focused on an 
experimental study on the chip-package interactions in 
10x10~15x15mm 28nm eWLB fan-out WLP with multiple 
redistribution layers (RDLs). Standard JEDEC component 
and board level tests were carried out to investigate reliability, 
and both destructive and non-destructive analyses were 
performed to investigate potential structural defects. Electrical 
characterization was also studied for both simulation and 
experimental works.  The influence of structural design on the 
package reliability will be demonstrated. Thermal 
characterization and thermo-mechanical simulation results 
will also be discussed. 

Keywords-component; eWLB, FOWLP, CPI, Cu low-k device, 
28nm, Reliability,  

I.  INTRODUCTION  
 
The packaging technologies For advanced integrated 
circuits are mainly based on the area-array packages, or the 
flip chip solder interconnects. This type of first-level 
structure interconnects the side of the active device at the 
face-down silicon (Si)  die via solder bumps on a 
multilayered organic substrate. The area array configuration 
has the ability to support the required input/output (I/O) pad 
counts and power distribution due to the improvement of the 
device density and performance[1].  The growth of 

microelectronic technology to meet various market demands 
requires innovative package technology. In turn, there is 
always the potential to encounter unexpected CPI challenges 
in semiconductor manufacturing. The ultimate goal of CPI 
work is to understand the structural integrity of a package 
through various reliability and stress tests as well as to 
monitor any potential manufacturing or reliability related 
failures[2]. As the industry faced several CPI related failures 
over the last decade, CPI qualification became one of the 
prerequisites for technology qualification before a product 
tape-out. Unfortunately, each package faces different 
challenges, so it is important to evaluate and qualify it 
independently. Firstly CPI challenges are to understand their 
origin and underlying contributing parameters. For example, 
the main CPI challenge for a wire bonding device comes 
from thermomechanical stress during the wire bond process 
on a bond pad in back-end-of-line (BEOL), while the 
biggest challenge for flip chip devices comes from the 
mismatch of the coefficient of thermal expansion (CTE) of 
the individual package components after chip attach[3]. 
These days the CPI challenges is very complex and needs 
extensive study and examination from various view angles 
with more complicated of advanced node device and new 
packaging solutions as shown Fig.1[4].   
 
 

Figure 1. Packaging influences the front end [4].
 
 
For advanced silicon node chips, it is well known that the 
low-k layer is one of the weakest points from a CPI 
perspective. Therefore, the main areas of interest are low-k 
layers in the BEOL stack and solder joint domains, which is 
where the localized sub-models are focused. In general, 
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