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Abstract - This paper devotes to numerically visualize the propagation of underfill flow through the bump array during the 
flip-chip under fill process. Finite volume method (FVM) based numerical scheme is employed to simulate the underfill flow 
in bump array. The simulated underfill flow profiles are in great consensus with experimental observations in previous 
literature. Contact line jump (CLJ) phenomenon of underfill flow is observed particularly at the entrance and exit of each 
row of bump. The CLJ at exit took longer to occur as compared to CLJ at entrance, constitute time interval of 0.70 s and 
0.07 s respectively. Both the mechanism of CLJ and formation of micro-void are discussed. 

 

Index Terms - Contact line jump (CLJ); Flip-chip; Finite volume method (FVM); Underfill 

 

I. INTRODUCTION 

 

In electronic packaging, underfill process is an 

important manufacturing process to enhance the 

package reliability of flip-chip, ball grid array and 

electronic components. Numerous researches has 

been conducted by various means and from wide 

aspects, with single aim to optimize the underfill 

process and further improve the package reliability [1 
– 7]. 

 

Specifically, in the researches conducted by Young [8, 

9], he focused on the evolution of underfill flow 

across the array of two adjacent bumps. Eventually he 

noticed a phenomenon known as contact line jump 

(CLJ). CLJ occurred when the underfill just about to 

move into the bump array and when it starts to leave 

the bump array before proceeding to subsequent row 

of bump array. Besides, this phenomenon also being 

experimentally observed by Lee et al. [10].Kim et al. 
found that the time for the occurrence of such jump 

during the entrance of underfill fluid to the bump 

array is relatively short [11]. Later, Yao et al. had 

explained in details the occurrence of CLJ during 

underfill process while provided analytical insights 

on CLJ to develop a new filling time model for 

underfill process [12]. 

 

In current paper, finite volume method (FVM) 

numerical scheme would be employed to simulate the 

underfill flow to specifically visualize the underfill 

flow across the bump array as well as the CLJ 
phenomenon. The numerical findings would be 

compared to the experimental observation reported by 

Lee et al. [10] for validation. Later, the time 

associates to each different underfill stages will be 

analyzed. Through the use of numerical simulation, it 

is aimed that more insights can be obtained regarding 

this interesting CLJ phenomenon. Therefore, the 

underfill process in the bump array can be further 

understand and greatly help in future optimization 

and improvement works. 

 

II. NUMERICAL SIMULATION 

 

Finite volume method (FVM) based software, Ansys 

is used to simulate the underfill flow through the 

bump array in the flip-chip. The governing equation 
is Navier-Stokes (N-S) equation. Each bump in the 

flip-chip studied has a bump diameter, d, of 0.5 mm, 

gap height, h, of 0.45 mm and pitch, w, of 1.0 mm, 

with the bumps being arranged in quadrilateral 

manner. Since the current research focused on the 

underfill flow and its meniscus as pass through the 

bump array, the bump array is chosen to be 3 × 2. 

The underfill flow behavior would be repetitive as it 

moves to subsequent row. The edge length is 0.5 mm. 

The underfill material used is a Newtonian fluid with 

density, ρ, of 1600 kg/m3, viscosity, μ, of 1.5 Pa-s 

and surface tension, σ, of 0.012 N/m. The underfill 

will be continuously dispensed along one edge of the 

flip-chip, produces an I-shaped flow front along the 

bump array. Tetrahedral fine mesh is then generated 

on the fluid domain. In the simulation, volume of 

fluid (VOF) scheme is employed to trackmultiphase 

flow of underfill in the fluid domain. A small time 

step of 0.01 s is chosen to numerically solve the 

transient simulation of underfill flow. Meanwhile, for 
the boundary conditions (BC), both inlet and outlet 

are set to 0 Pa (gauge), similar to the atmospheric 

equation. The underfill fluid will be advances in the 

fluid domain based on the capillary action of the chip, 

substrate and solder bump, resulting to the pressure 

flow front has a value of −
σ cos θ

h
, where θ  is the 

contact angle. For the walls of substrate, chip and 

solder balls, no-slip condition is selected. Finally, our 

numerically findings will be compared and validated 
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with the experimental underfill flow reported by Lee 

et al. [10] in Figure 1, in subsequent section. 

 

III. RESULTS AND DISCUSSION 

 

Figure 1 depicts the comparison of current FVM 

numerical simulated underfill flow with the 

experimental results reported by Lee et al. [10]. It 

was found both findings agree well with each other, 

in term of qualitative flow behavior, eventually 

affirming our numerical results. Both attach jump and 

detach jump, respectively occurred at the entrance 

and exit of the underfill flow are observed. This jump 

is known as the contact line jump (CLJ), which first 
discovered by Young [8, 9], experimentally observed 

in [10] and later analytical explained by Yao et al. 

[12]. 

 
Figure 1. Side-by-side comparison of experimental underfill 

flow progress obtained by Lee et al. [10] (left) and numerically 

simulated underfill flow profiles (right), for each various 

underfill stages. 

Figure 2 gives the plot of simulation time allocated 

for the underfill flow in each different underfilling 

stages, namely attachment, propagation and voiding, 

and detachment. It is generally found that the total 

time allocated in attachment stage is the least 

compared to the detachment stage. The propagation 

of underfill in exiting the bump array also took long 

time of 1.42 s. Hence, the bump array can be regards 

as a resistance to the underfill flow which tends to 

slow down its flow and prolong the filling time. 

 
Figure 2. Plot of simulation time of underfill flow at various 

stages. 

Figure 3 presents the mechanism of underfill flow 

across the bump array for all stages. The simulation 
time associated with each stages are given. Voids are 

observed to form on 1.29 s, at behind each solder 

bump after underfill flow through it. Afterwards, the 

air voids (appear as yellow/orange circle in Figure 3) 

will follows the flow of underfill and advance to 

another row of bump. 

 

 
Figure 3. Underfill flow profiles and its simulation time at 

various stages. (Red indicates underfill-filled region while blue 

represents region filled with air.) 

 

CONCLUSIONS 

 

The underfill flow across bump array has been 

successfully simulated using FVM based software 

and the contact line jump (CLJ) phenomenon was 

observed. The current numerical findings are well 

validated with the experimental finding observed in 

past literature, exhibits similar flow trends. The three 

stages in underfill flow across a bump array are: 
attachment, propagation and voiding and detachment. 

CLJ generally found when the underfill starts to enter 

the bump and when it leaving the bump. It took 

longer time for exit CLJ to occur upon compared to 

entrance CLJ, as evident by the allocated time of 0.70 

s and 0.07 s respectively. Moreover, the formation of 

air void and the propagation of void along the 

underfill flow are observed from this simulation. 
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