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ABSTRACT 
 

The paper presents a modified design for wafer level semiconductor devices, using a CAD 
(computer-aided design) tool for visualization. The discussion provides a specialized manufacturing 
flow for the augmented die design through advanced wafer fabrication method and wafer cutting 
technique. Ultimately, the new package design would result for better visual inspection and 
interface anchoring between the device and the external board. 
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1. INTRODUCTION 
 
The solderable sidewall or the integration of a 
recess on the sidewall of a unit to enable a 
visible formation of solder fillet is becoming a 
necessity in the construction of any automotive-
qualified devices. This improvement in packaging 
allows automatic optical inspection (AOI) during 
the placement of surface mount devices on the 

external printed circuit board (PCB). The visibility 
of the of solder fillet is detected by the AOI 
machine which presence of solder fillet is 
correlated to good mounting condition and its 
absence is identified as rejected during surface 
mount device placement. 

 
The requirement of solderable sidewall is 
currently established on quad-flat no-leads 
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(QFN) package wherein a segmented 
mechanical cutting is performed to produce a 
stepping cut on the sidewall. The sidewall then 
will be plated with Tin (Sn) to create good 
formation of solder fillet on the junction since Sn 
is known to produce good solderability. On the 
other hand, the conventional design of QFN, the 
sidewall is composed of bare Copper (Cu) which 
has poor solderability and does not create solder 
fillet during unit mounting. 
 

Some products such as Wafer Level Chip Scale 
Package (WLCSP) has its limitation in terms of 
AOI readiness due its existing design and 
construction. Works and studies related to 
inspection and pattern recognition system and 
wafer monitoring are shared in [1-5]. The location 
of solder balls is concealed from optical 
inspection, as shown in Fig. 1. 
 

As the package becoming smaller, automatic 
inspection then are becoming a must during 
detection. In anticipation for automatic 
inspection, the design of conventional chip-scale 
packages can be modified through redirecting 
the redistribution layers (RDL) to the metallized 
recess formed on the sidewall of the device. This 
will create a visible solder fillet for AOI during the 
solder mounting. In this paper, the method and 

design in creating a WLCSP product with 
sidewall interconnects is discussed and 
presented. 

 
2. PACKAGE DESIGN AND PROCESS 

IMPROVEMENT 
 
Wafer level packaging became known to some 
extent due to the continuous reduction of 
packaging size for surface mount devices. In this 
case, the resulting wafer level package has the 
same or very near the size of the Silicon (Si) die 
to maximize spaces and clearances. This is done 
through the application of RDL that attaches the 
bonding pad to the solder balls and layers of 
dielectric layers to isolate the RDL from 
electrically active components. 
 
The proposed modification of the design 
simulated in CAD tool shown in Fig. 2 relocates 
the solder ball opening that is usually located in 
the die center to the sidewall of the unit. The 
recess must be formed first afterwards it is        
plated with metallic layer wherein solder balls 
can be attached. The recess that is                          
formed on the sidewall is the portion that will be 
attached to the PCB during mounting of the             
unit. 

 

 
 

Fig. 1. Solder bumps on wafer level semiconductor device 
 

 
 

Fig. 2. Augmented design of Silicon die 
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The recess is isolated from the active through the 
insulative seal ring. Normally, it is made-up of 
bare Silicon material. The non-conductive 
material eliminates the direct contact of the 
solder or sintered glue to the active portion that 
may result to electrical shorting or damage.  
 

The Silicon die is normally produced through 
series of etching, masking, and deposition. A 
cross-sectional representation of the die is 
shown in Fig. 3. A passivation layer isolates and 
protects the active component on the silicon 
wafer from external contamination during wafer 
fabrication. A dielectric layer is formed on top of 
the passivation layer in preparation for the RDL. 
The dielectric layer 1 produces the layout before 
the deposition of RDL metallic then at the same 
time will isolate and limit the interference from 
the RDL to re-entering the passivation. 
 

The RDL connects the bonding pad to the recess 
then a dielectric layer 2 is incorporated on top of 
the RDL. The sidewall topology is formed 
through plasma etching process then a metallic 

coating such Nickel-Aluminum-Gold (Ni-Al-Au) is 
incorporated to the recess. 

 
Fig. 4 illustrates the method of fabricating the 
proposed design. The incoming wafer is coated 
with dielectric layer through deposition process. 
This process covers the active portion of the 
silicon wafer excluding the bonding pad. A 
pattern will be engraved on the edges or the 
sawing street of the die. This process                  
removes the metal component and will create the 
define location of the recess. Plasma process will 
then be performed on the units. The                     
plasma process would etch only the exposed 
silicon produced by the laser engraving. To 
produce a suitable recess formation, a depth of 
50 – 60% of the total silicon thickness is 
recommended. Metal is then deposited on the 
recess portion. RDL is fabricated on top of the 
dielectric layer 1 and it will be connected to the 
recess. A dielectric layer 2 is propagated on top 
of the RDL to isolate the material from external 
damages. 

 

 
 

Fig. 3. Cross-sectional stackup view 
 

 
 

Fig. 4. Wafer fabrication flow 
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3. CONCLUSION AND RECOMMENDA-
TIONS 

 
The paper discussed an augmented 
semiconductor die design with a specialized 
metallized sidewall and the corresponding wafer 
fabrication process. An advantage of the 
augmented design is that the solder formation 
will be visible on the sidewall of the unit, allowing 
the AOI for the unit. The design includes 
additional anchoring design between the unit and 
the PCB. More importantly, the augmented 
design offers readiness for automotive 
qualification. Still, prototypes are helpful for 
future works and are needed to validate the 
effectiveness of the new semiconductor die. 
Moreover, quantitative analysis and                     
comparison of visual and thermal inspection, as 
well as comparison with other fabrications                   
are recommended for expanded                     
discussions.  

 
Though the paper focused on advancement in 
the semiconductor die design, continuous design 
and process improvement is essential to realize 
technology development and at the same time 
achieve high quality performance of 
semiconductor products and its assembly 
manufacturing. Works and ideas shared in [6-10] 
are valuable on this purpose. 
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