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ABSTRACT 
 

Stencil printing using solder paste material is one of the challenging processes in semiconductor 
assembly manufacturing. During evaluation of a semiconductor device, off-centered ball issue          
was encountered. The study aimed to mitigate the off-centered ball issue at stencil printing  
process by exploring the effect of different solder paste materials. Both solder paste materials  
were cured using the same reflow condition. However, solder paste material 1 (S1) resulted              
to cold solder joints while material 2 (S2) showed cured solder paste characteristic. With S2 
material used in stencil printing, the off-centered ball occurrence was eventually eliminated. For 
future works, the solder paste material and configuration could be used for devices with similar 
requirement. 
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1. INTRODUCTION 
 

Semiconductor ball grid array (BGA) devices with 
solder balls for external interface or connection 

would require solder paste printing process 
wherein the solder paste material is applied below 
the device using stencil printing. Application of the 
technology with solder balls on a specialized 
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leadframe device results to manufacturing 
challenges, especially as the stencil printing is used 
for the solder ball creation. Generally, with new and 
continuous technology trends and breakthroughs, 
challenges in assembly manufacturing are 
inevitable [1-4]. A specialized leadframe device in 
Fig. 1 has high-density of input/output (I/O) signals 
and requires the stencil printing for solder paste 
process. 
 

A typical assembly process flow for the device in 
focus is given in Fig. 2. Important to note that 
assembly process flow varies with the product       
and the technology [5-8]. The process in focus         
for the study is the stencil printing for solder ball 
attach. 
 

During the stencil printing process, one of the 
issues encountered is the off-centered ball as 
illustrated in Fig. 3. 
 

One cause of the off-centered ball is the viscosity of 
the solder paste material, aside from alignment 
issues due to warpage,. The existing solder paste 
material (S1) showed a colder or uncured 
characteristic as seen in Fig. 3. Machine parameter 

optimization was done but the issue off-centered 
balls still occurred.  With this, further study on 
new solder paste material evaluation was 
done. 

 
2. METHODS AND RESULTS 
  
One factor that contributed to the off-centered 
ball issue is the type of solder paste material. 
Two solder paste materials were evaluated for 
stencil printing – 1) previous or existing solder 
paste material (S1), and 2) new solder paste 
material (S2). Both solder paste materials were 
cured using the same reflow oven profile as 
shared in Fig. 4. 

 
With the improved design using S2 with low 
viscosity, the solder ball formation greatly 
improved as shown in Fig. 5. The material S2 
showed cured solder paste appearance, as 
compared to S1 with colder solder joints 
characteristic. Another advantage of the solution 
is that S2 has higher thermal and electrical 
response compared to S1 as indicated in their 
respective data sheets. 

 

 
 

Fig. 1. Bottom view of device for ball attach 
 

 
 

Fig. 2. Assembly process flow of the device in focus 
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Fig. 3. Off-centered ball defect 
 

 
 

Fig. 4. Reflow oven profile 
 

 
 

Fig. 5. Good ball formation 
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3. CONCLUSION AND RECOMMENDA-
TIONS  

 
Material selection and evaluation is critically 
important during qualification of semiconductor 
device.  The paper presented a study on two 
solder paste materials for stencil printing process 
during the development of a specialized 
leadframe device. Off-centered ball occurrence 
was mitigated after the application of the new 
solder paste material S2. For future works and 
studies, the S2 material could be used for 
devices with similar configuration. 

 
Comparison of existing works and previous 
studies is recommended for added analysis. 
Worthy to note that continuous process 
improvement is really important to maintain the 
high quality performance of semiconductor 
products and its assembly manufacturing. 
Studies and learnings discussed in [9-12] are 
helpful in with regards to the solder ball attach 
process and assembly manufacturing in general. 
 
ACKNOWLEDGEMENT 
 
The authors would like to thank the Management 
Team and the New Product Development & 
Introduction (NPD-I) colleagues for the great 
support. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Liu Y, et al. Trends of power electronic 

packaging and modeling. 10th Electronics 
Packaging Technology Conference, 
Singapore; December 2008. 

2. Saha S. Emerging business trends in the 
semiconductor industry. Proceedings of 
PICMET '13: Technology Management in 

the IT-Driven Services (PICMET).  USA. 
2013; 2744-2748. 

3. Hwang J. Solder paste in electronics 
packaging: Technology and applications in 
surface mount, hybrid circuits, and 
components assembly. Ven Nostrand 
Reinhold, New York, USA; 1989. 

4. Yeap LL. Meeting the assembly challenges 
in new semiconductor packaging trend. 
34th IEEE/CPMT International Electronic 
Manufacturing Technology Symposium 
(IEMT). Malaysia. 2010;1-5. 

5. Coombs C, Holden H. Printed circuits 
handbook. 7th ed., McGraw-Hill Education, 
USA; March 2016. 

6. Harper C. Electronic packaging and 
interconnection handbook. 4th ed. 
McGraw-Hill Education, USA; 2004. 

7. Geng H. Semiconductor manufacturing 
handbook. 2nd ed. McGraw-Hill Education, 
USA; 2017. 

8. May GS, Spanos CJ. Fundamentals of 
semiconductor manufacturing and process 
control. 1st ed., Wiley-IEEE Press, USA; 
May 2006. 

9. Bacquian BC, et al. Ball misplace 
mitigation through process optimization of 
advanced leadframe package. Journal of 
Engineering Research and Reports. 
2020;16(4):35-38.  

10. Pulido J, et al. Elimination of smashed ball 
defect through process and design 
improvement. Journal of Engineering 
Research and Reports. 2020;17(4):39-43.  

11. Sumagpang Jr. A, Rada A. A systematic 
approach in optimizing critical processes of 
high density and high complexity new 
scalable device in MAT29 risk production 
using state-of-the-art platforms. Presented 
at the 22nd ASEMEP Technical 
Symposium, Philippines; June 2012.  

12. Rodriguez R, et al. Advanced 
semiconductor design through specialized 
printable conductive layer. Journal of 
Engineering Research and Reports. 
2020;13(2):43-47.  

 
© 2020 Bacquian et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/63258 


