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Abstract 

Fine pitch copper (Cu) pillar bump adoption has been 
growing in high performance and low-cost flip chip packages. 
Higher input/output (I/O) density and very fine pitch 
requirements are driving very small feature sizes such as 
small bump on a narrow pad or bond-on-lead (BOL) 
interconnection, while higher performance requirements are 
driving increased current densities. Assembling such packages 
using a standard mass reflow (MR) process and maintaining 
its performance is a real and serious challenge. Typical 
thermal compression bonding (TCB) using non-conductive 
paste can be used to mitigate the assembly risk up to a certain 
extent of die size and package body size. On the other hand, 
the TCB process results in a 



 

 
Table 1: Fine pitch Cu Pillar fcBGA DOE 

 
The bumping process included polyimide (PI) re-

passivation, Ti/Cu under bump metallization (UBM), and Cu 
pillar plating with a SnAg solder cap on top. Most of the 
consumer application has multiple rows of peripheral bumps 
at a very fine bump pitch for the I/O while much wider bump 
pitches are in the die center area. Figure 1 shows the fcCuBE® 
Cu bump and SnAg solder cap along with BOL trace detail 
for a given bump pitch design. Overall Cu pillar and solder 
cap height were optimized in order to create the optimum 
stand-off height required for successful flow of capillary 
underfill (CUF) process in the assembly. 

 Figure 1: Bump pattern, and Cu pillar bump dimension 
detail w/ BOL pad 

Assembly Process 
The assembly process included several design iterations 

for bump height in order to optimize the CUF flow underneath 
the die. Too short of bump standoff design can result in CUF 
voids for larger die size. Too tall of bump can cause ELK 
crack in the die.  Initially a design with very tall Cu pillar 
(55um pillar height with 30um cap) was chosen which enables 
a significant gap height increase. Higher pillar over solder cap 
ratio increased die level stress, resulting in ELK crack (white 
bump) during the chip attach process. Significant ELK 
damage was experienced with a taller pillar design even 
though it gives a better CUF process in the design. Figure 2 
below shows white bump with taller pillar height with the 
actual product.  

Extensive simulation has been conducted to understand 
the safe limit of pillar/solder cap ratio. Finally, a design with 
smaller pillar and around 30um solder cap with full open 
solder resist (SR) was introduced which maintained a smaller 
bump height to address the white bump issue.  

 
The detailed assembly process, including flip chip attach, 

flux cleaning, underfilling, lid or heat spreader attach, solder 

ball mounting, marking, etc, was fully optimized for 
assembly. Figure 3 shows the typical assembly process flow 
for a standard lidded flip chip BGA package. The critical 
areas in the assembly process were identified as chip attach, 
underfilling and ball mount processes.  

 

 
 

Figure 2: white bump w/ taller bump (left picture), and no 
white bump w/ smaller bump (right picture) 
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Moreover, high Tg underfill will create high package warpage 
or coplanarity. In this study a moderate Tg underfill was 
selected to fulfill the package needs. A combination of “I” and 
“U” pass dispense was used to make sure no underfill voids, 
underfill bleed out or creeping.  

A typical spiral dispense pattern on the die backside with 
supplier recommended cure profile was applied in the 
assembly process shown in Figure 6 below. A silicone gel 
based with high thermal conductivity soft thermal interface 
material (TIM) was selected in the DOE. The standard process 
was followed to detect TIM and adhesive coverage in the 
assembly process. Lid pull tests were performed after end of 
line (EOL) for all legs to make sure lids were attached 
properly and maintained a certain adhesion strength. Both 
TIM and lid adhesive materials were extensively 
characterized to meet certain requirements such as a wider 
process window to dispense epoxy and attach lid, higher lid-
pull strength, low thermal resistance, etc 

A check list for various process steps was monitored 
during the assembly process to ensure it met all required 
conditions. The detailed check list with monitoring 
methodologies is shown in Table 4. 

 

 



Extensive failure analyses were conducted on post 
reliability parts to see bump crack or 
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Furthermore, the fcCuBE® technology now is extending 
beyond consumer markets as the SoCs undergo various 
application environments, including rigorous automotive 
qualification program.  
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