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ABSTRACT 
 

With new and continuous semiconductor technology trends, challenges in assembly manufacturing 
are inevitable. This paper focused on the elimination of assembly defects particularly package 
chip-out and scratch at the singulation end-of-line (EOL) process of a semiconductor device.  
Simulation using computer-aided design (CAD) tools, actual process replication, and validations 
were done, eventually verifying and replicating the desired defect signatures. Singulation tool setup 
of the package was improved and a standardized tool setup was established based on the 
simulation and actual validations, resulting to at least 90% improvement in assembly EOL process 
parts per million (ppm) reduction. 
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1. INTRODUCTION 
 
In the semiconductor manufacturing industry, 
package scratch and chip-out are common 

defects usually encountered in trim and form 
(T/F) process.  For the device in focus of this 
paper, top defect incurred during assembly 
manufacturing was the package chip-out and/or 
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scratch located at the top surface of the package, 
as shown in Fig. 1. In this scenario, the end-of-
line (EOL) process parts per million (ppm) and its 
non-conformance report are high. This paper 
focused on addressing these assembly issues 
through process replication and with the help of 
package design simulation. 
 
2. EXPERIMENTATION 
 
The defect signatures were captured during the 
singulation stage at the T/F process. Fig. 2 
shows the process mapping of the assembly 
reject. Worthy to note that assembly 
manufacturing process flow varies with the 
product and the technology [1-4]. With new and 
continuous technology trends and breakthroughs 
[5-7], challenges in semiconductor assembly 
manufacturing are unavoidable. 
 

Package scratch and chip-out trend recovered in 
assembly yield and issues monitoring shown in 
Fig. 3 indicates significant failure for assembly 
EOL processes in a span of several months. 
High level of defect ppm occurrence was 
recorded during this time, affecting the assembly 
yield performance for this particular device. This 
triggered the team to deep dive onto the 
problem, identify the root-causes, and come-up 
with the best solution. 
 

The singulation punch in T/F process guides and 
holds the package units to singulate or cut into 
individual units from the leadframe matrix. Punch 
applies a certain external force to the package 

and holds the unit to singulate. Punch requires a 
critical dimension in order to perform its required 
function. Fig. 4 shows how the unit is being 
singulated in case the singulation punch does not 
comply with the required dimension. Note that 
the assembly package design is governed by 
internal specifications and work instruction 
documents [9,10]. 
 
Aside from singulation punch dimension 
requirement, the singulation tool setup dimension 
is considered to be critical. Fig. 5 illustrates some 
portions of the singulation tool that requires 
dimension standards. 

 
3. RESULTS AND DISCUSSION 

 
3.1 Simulation and Validation of Package 

Defects 
 
Actual validation was made with dimensions 
based on the modelling approach using a 
computer-aided design (CAD) tool. The original 
setup dimensions were simulated in the worst-
case condition of punch location to replicate the 
package defect signatures as previously given. In 
Table 1, the simulation showed that the 
clearance between the punch and the lifting 
insert results in the bumping of the unit on the 
track entry and in the dislocation of the unit on 
the track during the ejection process.It also 
showed that the unit was dislocated, and the 
response of the package replicated the defect 
signature. 

 

 
 

Fig. 1. Package chip-out and scratch 
 

 
 

Fig. 2. Assembly process mapping 
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Fig. 3. Defect ppm response [8] 
 

 
 

Fig. 4. Risk of mis-alignment during package singulation [8] 
 

 
 

Fig. 5. Critical setup dimensions of singulation tool 
 
 



 
 
 
 

Sumagpang et al.; JERR, 12(3): 1-5, 2020; Article no.JERR.55992 
 
 

 
4 
 

Table 1. Simulation and actual replication of defect 
 
Worst position setup condition Computer simulation Actual validation 
 

 
 

 
 
 

 

 
Defect signature 
 
 

 
 
Actual package 
response 

 

 
 

Fig. 6. Optimized and standardized singulation clearance setup 
 

 
 

Fig. 7. Defect ppm trend improvement 
 

3.2 Singulation Tool Setup Standardi-
zation 

 

A standard and optimized dimension setup was 
established and standardized for the singulation 

tool. Fig. 6 shows the standard clearance setup 
of singulation tool to eliminate package 
anomalies particularly the chip-out and scratch 
defects. 
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3.3 Assembly PPM Trend Improvement 
 
Based on assembly EOL process ppm and non-
conformance report data, the 
simulation/replication made via design 
modification and singulation tool clearance 
standardization contribute a significant 
improvement for eliminating package scratch and 
chip-out, as highlighted in Fig. 7. A 90% 
improvement in assembly EOL process ppm 
reduction was achieved. 

 
4. CONCLUSION AND RECOMMENDA-

TIONS 
 
The established standard and improved 
singulation tool setup of critical clearance 
significantly improved the assembly EOL  
process performance with average of 90% 
improvement in terms of ppm reduction of 
package scratch and package chip-out 
occurrence. The improved tool setup should be 
maintained and sustained to reduce and          
mitigate the said failures. One significant factor  
is the parts consumable replacement based on           
the wear and tear life condition set,             
requiring proactive ways to maintain the          
best quality and performance of the singulation 
tool. 

 
It is recommended that improvement and 
corrective actions be sustained by understanding 
the wear and tear of the material via tool life 
identification for frequent parts replacements and 
maintenance. Another thing to consider is the 
tool clearance dimensional setup that can be 
attained by an appropriate die-setting 
dimensional inspection.   
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