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ABSTRACT 
 

One of the most challenging assembly manufacturing process in semiconductor industry is 
wirebond process using a wire as direct material. With this new technology, some issues were 
encountered during the first trial of a quad flat no-leads (QFN) package. This paper is focused on 
the heal crack seen on the stitch formation during second bond. A comprehensive improvement 
was done by relocating the stitch formation on the second bond. Ultimately, heal crack occurrence 
was successfully eliminated. 
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1. INTRODUCTION 
 
Quad flat no-leads (QFN) leadframe packaging 
technologies are continuously developed and 
improved to deliver high quality and robust 
products for various applications. A common 
direction of semiconductor manufacturing 

companies is to increase the production yields 
and maintain high quality while minimizing the 
wastage and assembly rejections. Wirebonding 
process is one of the challenging process in 
semiconductor industry for integrated circuit        
(IC) assembly, responsible for attaching the                 
wires to provide electrical connections through 
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combination of heat, pressure and thermosonic 
energy.  
 
With the new wirebonding layout with four 
stitches on one lead, a big challenge exists to run 
the lot or to process this type of technology 
especially in wirebonding process. The paper 
presents a solution to successfully process this 
type of technology in IC assembly manufacturing 
by relocating the second bond or the             
stitch formation on the leads. To guarantee  its  

integrity  during  production  run, wirebond 
process is incorporated with a multiple of  criteria  
such  as  ball  size,  ball  height,  ball aspect  
ratio,  wire  pull  test,  ball  shear test,  stitch  pull  
test,  loop  height,  intermetallic coverage, and 
contact angle. The wirebond criteria is performed 
after machine conversion or setup to ensure that 
the product is reliable when subjected to 
reliability tests. Fig. 1 shows the actual reject unit 
while Fig. 2 gives a representation of a 
wirebonded unit. 

 

 
 

Fig. 1. Actual reject unit with heal crack 
 

 
 

Fig. 2. Wirebonding layout 



2. PROBLEM IDENTIFICATION
 
An assembly process flow overview for chip
lead QFN device from pre-assembly to 
singulation is illustrated in Fig. 3. Highlighted is 
the process mostly affected with the con
issue. Important to note that assembly 
manufacturing process flow differs with the 
technology and hence the product [1
continuing technology development and 
breakthroughs, challenges in assembly 
manufacturing are unavoidable [4-7]. 
 
Heal crack, as shown in Fig. 1, is the top major 
assembly reject during the attachment of wires 
especially on the second bond process, and this 
was seen during the lot processing p
package at wirebonding process station. The 
heal crack issue is caused by a micro
effect during the attachment of second bond on 
the landing area of the leads. Several factors 
may contribute to the micro-bouncing effect such 
as the leads not firmly held by vacuum during 
clamping, non-planarity of the leads, or failing 
wire clamp and top plate tooling [8-9]. The device 
in focus used copper (Cu) wire of 2.5 mil size. 
During wirebonding process of the device, 
relocation of stitch was emplo
comprehensively characterized to address the 

 

Fig. 3. QFN assembly process flow

Fig. 4. Actual stitch formation
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assembly to 

is illustrated in Fig. 3. Highlighted is 
the process mostly affected with the concerned 

that assembly 
manufacturing process flow differs with the 
technology and hence the product [1-3]. With 
continuing technology development and 
reakthroughs, challenges in assembly 

7].  

Heal crack, as shown in Fig. 1, is the top major 
assembly reject during the attachment of wires 
especially on the second bond process, and this 
was seen during the lot processing phase of the 
package at wirebonding process station. The 
heal crack issue is caused by a micro-bouncing 
effect during the attachment of second bond on 
the landing area of the leads. Several factors 

bouncing effect such 
ds not firmly held by vacuum during 

planarity of the leads, or failing 
9]. The device 

in focus used copper (Cu) wire of 2.5 mil size. 
During wirebonding process of the device, 
relocation of stitch was employed and 
comprehensively characterized to address the 

issue of heal crack occurrence. In the end, the 
major challenge and motivation is to process the 
qualification lot with speed without compromising 
the quality for our customers. 
 

3. METHODS AND RESULTS 
 
With the intensive process characterization and 
optimization for the chip-on-lead QFN package, 
the issue of heal crack in wirebonding pro
was eventually mitigated. The improved and 
enhanced process solution was formulated by 
relocating the stitch formation from the unstable 
or weak portion of the leads to the stable landing 
pad as shown in Fig. 4a. Fig. 4b shows the high 
magnification photo using scanning electron 
microscope (SEM) of the actual stitch formation. 
To identify the location of stitch locati
leads, X-ray machine is used to identify if the 
stitch is at the unstable portion or at the solid 
landing area. With this solution, the heal crack 
reject occurrence is effectively eliminated. 
Another advantage of relocating the stitch 
formation is the higher reading of stitch pull test, 
implying that the stitch is properly bonded on the 
leads of the leadframe. Fig. 5 shows the 
comparison of stitch pull test from old stitch 
formation to new stitch formation. Actual reading 
is purposely not given due to confidentiality.

 

Fig. 3. QFN assembly process flow 
 

 
Fig. 4. Actual stitch formation 
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Fig. 5. Stitch pull test reading comparison 
 

4.  CONCLUSION AND RECOMMENDA-
TIONS 

 

Wirebonding process optimization and 
improvement was done to address the heal crack 
defect occurrence during the process. By 
relocating the stitch formation on the second 
bond to ensure stable bonding, heal crack 
occurrence was successfully eliminated. The 
improved solution could be used on other 
semiconductor devices with similar configuration.  
 

Works and learnings discussed in [7-11] are 
helpful to further improve the assembly 
processes focused on the wirebonding process. 
Future studies could include improvement in wire 
pull test, ball shear test and intermetallic 
coverage. In-depth comparison of the die attach 
machines in terms of specifications and 
capabilities. Comparison of existing works and 
other studies should also be included for added 
analysis. It is really important that continuous 
process improvement is in place to sustain the 
high quality performance of semiconductor 
products and the assembly manufacturing.  
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