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1. Introduction 

 
Wafer level package (WLP) refers to the technology, under 

which most of the packaging process is performed at wafer level, 
compared with the traditional packaging of each individual unit 
after wafer dicing. The main driving forces of WLP technology in 
the semiconductor industry are cost, size, test, and burn-in. The 
advantages offered by WLP include:  

• Space savings since it is the smallest package possible for a 
device, a true chip-scale packaging (CSP) 

• Low cost since the traditional package assembly processes 
have been replaced by wafer level interconnection processes 

• Low cost of electrical testing and burn-in since these are done 
more efficiently at wafer level 

• Enhancement of device electrical performance because of its 
minimum length interconnections  

So far, various WLP technologies have already been developed, 
among which the key technologies are redistribution-layer (RDL), 
encapsulated solder post and fine pitch solder bump. The solder 
posts provide enough stand-off for the active wafer surface to be 
encapsulated in low stress epoxy, exposing only the top portions of 
the posts where the solder balls will be attached. The redistribution 
technique improves chip reliability by allowing the use of larger 
and more robust solder balls for interconnection [1-4].   
 

 
 
 
 
 
 

    
Fig. 1 The developed WLCSP with solder post bumping structure 

 
In the current development of WLCSP for memory application, 

6’ wafer is used. Package unit size is 7.1mm*7.1mm and the die 
thickness is 600�m (shown in Fig.1). The total I/O numbers are 35 
for each package. During the manufacturing process, serious solder 
failure is observed as shown in Fig.1. This is due to the CTE 
mismatch of packaging components, such as die and dielectric layer, 
which causes stress concentration in the solder. Therefore, solder 
joints failure is the key reliability issue in the development of 
WLCSP.  

In this study, reliability of solder joints is considered. Thermo-
mechanical behavior of the WLCSP during reflow process is 
investigated. Finite element method (FEM) is used for the 
mechanical simulation. The stress concentration zone is found out 
and the effects of solder post height and diameter on the stress of 
solder are investigated. Based on the thermo-mechanical simulation 
results, the strategy to improve the reliability of solder joints is also 
discussed. 

 
2. Structure design of WLCSP and FEM model setup  

The first layer put on the bare wafer is the dielectric polymer to 
isolate the device circuitry from the rewiring system. The rewiring 
metallization Cu layer, i.e. redistribution layer, is then deposited 
over this dielectric layer. This layer is then covered by another 
dielectric layer serving as the encapsulation layer. UBM is put over 
the positions to be subsequently occupied by the first solder balls. 
The first solder balls are thereafter encapsulated and polished to 
form the solder post. After that, the second sold balls have been 
attached on the solder post and reflowed. In the end, flip chip 
techniques are used to mount the WLP device onto the circuit board 
after they are diced into single package. 
 

 
 

 
 
 

 
 

Fig. 2 Geometry structure of WLCSP in FEM analysis 
 

3D FEM model of WLCSP single unit is constructed in Fig.2, 
which shows the package structure and components used in this 
analysis. Organic main board (PCB) is not shown here since only 
the package level reliability is considered in this study. SnAgCu 
(SAC) is the lead free solder material. For symmetry, only quarter 
of the package needs to be constructed for the current FEM analysis 
(shown in Fig.2). 

 
Table 1 Material property of packaging components 

 
Component Young’s Modulus(GPa) CTE(ppm/ � ) Tg ( � ) 

Die 130 2.6 - 

RDL (Cu) 110 16.4 - 

1st Dielectric layer 3.4 50 270 

UBM 207 13.4 - 

2nd dielectric layer 15 (25 � ) 7 / 32 48 

Solder (SAC)  56 20.04 - 
 
 

Elastic material properties for the die, 1st and 2nd dielectric layer, 
RDL, UBM and solder material are considered. The temperature 
dependent properties (Young’s modulus and CTE) of 2nd dielectric 
layer is used for the simulation since its Tg is just in the reflow 
temperature range while the temperature dependent behavior is not 
considered for 1st dielectric layer because its Tg is out of reflow 
temperature range. The values of CTE, Tg and Young’s modulus for 
polymers are all measured with TMA and DMA, respectively. 
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Fig. 3 Temperature profile of a solder reflow process 

 
N2 profile is considered for solder reflow process (shown in 

Fig.3). The peak temperature is 245ºC. The stress-free status of the 
package is assumed to be at the peak temperature during reflow 
process. After the reflow, the package is cooled to room 
temperature. This study focuses on the thermo-mechanical 
behaviors of the package after cooling. FEM analysis is conducted 
using Abaqus standard v6.7. 

 
3. Results and discussion   

 
 
 
 
 
 

 
 

Fig. 4 Mises stress distribution of the solder 
 

Fig.4 shows the Mises stress distribution of solder bumps after 
reflow. Stress concentration is observed in the transition area of the 
solder post and the solder ball, the area of which also serves as the 
interface between SR and solder. The result matches well with the 
experimental observation (shown in Fig.1). This is due to the large 
CTE thermal mismatch between SR and solder (shown in Table.1). 
Therefore, the following study focus on how to reduce the solder 
joints stress concentration and improve the reliability. To this end, 
parametric studies, which include solder post height and diameter, 
are carried out to find out what is the significant effect on the 
reliability of solder joints. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Relationship between maximum Mises stress and height of 
solder post  

 
The height of solder post is firstly considered. Fig.5 shows the 

relationship between the maximum stress in solder and the height 
of solder post. Stress decreases monotonically with the increase of 
post height. It is well known that the objective of using solder post 
is to increase the actual stand-off between the die and board so that 
the CTE mismatch induced stress can be reduced and the reliability 
of solder joints can be enhanced. Therefore, it is an effective way 

for the beneficiary of solder joints reliability to increase the height 
of solder post. However the stress value seems to be saturated when 
post height reaches over 100µm. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Relationship between maximum Mises stress and top surface 
diameter of solder post  

 
The diameter of the solder post is considered. Fig.6 shows the 

relationship between the maximum stress in solder and the top 
surface diameter of solder post. Stress increases with the increase of 
the diameter of solder post. This is due to the reason that the 
contact area between solder and SR increases with the increase of 
post diameter. It is exactly the CTE mismatch between the SR and 
solder which causes the stress concentration in the solder. Therefore 
although large diameter of post may increase the fatigue life of the 
solder, it will bring out the large stress at the same time. These two 
effects need to be compromised in order to achieve the highest 
reliability of solder joints.  

 
4. Conclusion  

The weakest component in WLCSP is the solder joint, the 
reliability of which must be enhanced or optimized. In this paper 
the reliability of WLCSP is investigated with FEM parametric study. 
A few conclusions have been drawn upon:  
• Solder post does great help to reduce the stresses of WLCSP. It 

adds the actual bump height and reduces the CTE mismatch 
situation therefore benefits the reliability of the package.  

• Solder post height has significant effect on the reliability of 
WLCSP. The higher the solder post, the lower the stress level. 

• Diameter of solder post is also an important parameter to affect 
the reliability of WLCSP. However careful consideration needs 
to be done before making any decision since its effect on the 
reliability of solder joints is complicated. 
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