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A chemorheological analysis of a no-flow underfill was 
conducted using curing kinetics through isothermal and 
dynamic differential scanning calorimetry, viscosity 
measurement, and solder (Sn/27In/54Bi, melting 
temperature of 86 °C) wetting observations. The analysis 
used an epoxy system with an anhydride curing agent and 
carboxyl fluxing capability to remove oxide on the surface 
of a metal filler. A curing kinetic of the no-flow underfill 
with a processing temperature of 130 °C was successfully 
completed using phenomenological models such as 
autocatalytic and nth-order models. Temperature-
dependent kinetic parameters were identified within a 
temperature range of 125 °C to 135 °C. The phenomenon 
of solder wetting was visually observed using an optical 
microscope, and the conversion and viscosity at the 
moment of solder wetting were quantitatively investigated. 
It is expected that the curing kinetics and rheological 
property of a no-flow underfill can be adopted in 
arbitrary processing applications. 
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I. Introduction 

In electronic packaging, the flip-chip bonding process is a 
key technology for electrical and mechanical interconnections 
including high input/output (I/O) counts [1]. To enhance the 
reliability of the packaging after the flip-chip bonding process, 
an underfill process is conducted to fill the gap between the 
device and the substrate using capillary force. However, this 
conventional underfill process has various problems, including 
a very slow flow rate in a resin/filler system and incomplete 
filling between gaps. In addition, these problems are becoming 
serious owing to increases in device sizes and I/O counts, as 
well as decreases in the gaps between the device and substrate. 
To manage the problems of a conventional underfill, a no-flow 
underfill process was introduced [2].  

A no-flow underfill based on an epoxy system has been 
developed [3]–[10]. In the no-flow underfill process, the 
underfill resin is dispensed onto the substrate before device 
displacement. With an increase in processing temperature, the 
solder bump covered with the no-flow underfill is melted, and 
the oxide on the surface of the solder is simultaneously 
removed by the fluxing capability of the no-flow underfill. 
With an increase in the chemical reaction, the viscosity of the 
no-flow underfill based on thermosetting resin is suddenly 
increased during the gelation phenomenon [11].  

Winter reported that, using the dynamic mechanical 
measurement at a given frequency, the gelation point of a 
cross-linking polymer was detected when the storage modulus 
(G) and the loss modulus (G) crossed each other [12]. 
Gelation is defined as a phenomenon in which a dramatic 
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increase in viscosity occurs owing to initial network formation. 
Therefore, the coalescence and wetting of solder can be 
prevented by the gelation of a no-flow underfill. For a perfect 
joint between the solder bump and contact pad, the solder 
wetting should be completed before the gelation of the no-flow 
underfill occurs during curing. If the viscosity of the no-flow 
underfill is too high because of the gelation when the solder is 
melted, the solder joint may be hindered from wetting. 
However, if the solder joint is completely formed, the liquid 
state of the no-flow underfill should be changed to the solid 
state as soon as possible.  

During the interconnection process with the no-flow 
underfill, the resin is fully or partially cured. If the no-flow 
underfill is not fully cured, post-curing is required to obtain 
good adhesion between the device and the substrate. Therefore, 
an understanding of the chemorheological behavior of a no-
flow underfill is very important for predicting conversion and 
viscosity during the curing process. 

In the present research, a no-flow underfill, which has a 
fluxing capability for Sn/27In/54Bi solder with a melting 
temperature of 86 °C, was developed for a processing 
temperature of 130 °C in a flexible packaging application. To 
optimize the temperature cycle of the no-flow underfill during 
processing, an exact understanding of its chemorheological 
behavior is required to predict the conversion trajectory and 
viscosity as functions of temperature and time. Figure 1 shows 
a schematic of the conversion and viscosity according to an 
arbitrary temperature cycle. Curing kinetics is a method for 
predicting the conversion of a curing resin system through a 
numerical prediction using some phenomenological model 
equations [13]–[16]. In addition, the relationship between the 
conversion and rheological behavior is identified to optimize 
the best temperature cycle of the no-flow underfill.  

The curing kinetics of thermosetting resin have been widely 
studied by many researchers to predict a conversion  as a 
function of temperature T and time t, as shown in (1):  

( , ).f T t                    (1) 

There are typically two phenomenological models: nth-order 
and autocatalytic reaction [17]. These are based on an 
isothermal analysis, as shown in Fig. 2. For kinetic modeling, 
the rate of conversion d/dt is expressed as a function of 
conversion  and temperature T. For the nth-order reaction of 
the kinetic model, shown in Fig. 2 (a), the rate of conversion is 
described as  
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where K is the rate constant as a function of temperature, n1 is 
the reaction order, K0 is the pre-exponential factor, E0 is the  

 

Fig. 1. Schematic of conversion and viscosity according to an 
arbitrary temperature cycle. 
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Fig. 2. Kinetic models: (a) nth-order reaction and (b) autocatalytic 
reaction. 
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activation energy, T is the isothermal curing temperature, and R 
is the ideal gas constant. As shown in Figs. 2(a) and (2), it is 
clear that the maximum reaction rate is defined at  = 0. On  
the other hand, the generalized autocatalytic reaction model 
proposed by Kamal [18], shown in Fig. 2(b), is described 
through such relations as 
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where K1 and K2 are the rate constants, m and n are the reaction 
orders, K01 and K02 are the temperature-independent pre-
exponential factors, and E01 and E02 are the activation energies. 
According to this generalized model, that is, (3) and (4), it is 
obvious that the initial rate of conversion d/dt is K1, which is 
not zero or the maximum value, as shown in Fig. 2. 

In the present research, the no-flow underfill, an epoxy-based 
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thermosetting material, shows a single exothermic peak, and 
nth-order and generalized autocatalytic models are used. The 
parameters (reaction orders, activation energies, and pre-
exponential factors) of the kinetic models are investigated 
through a phenomenological analysis based on isothermal 
differential scanning calorimetry (DSC).  

II. Materials and Experimental 

1. Materials  

The no-flow underfill used in the present research is a four-
component system composed of an epoxy, an anhydride as a 
curing agent, a reductant, and a latent catalyst. For the fluxing 
capability of removing metal oxide on the surface of solder 
balls (Sn/27In/54Bi, melting temperature of 86 °C), a reductant 
based on carboxyl acid was used, and a latent catalyst was 
applied to control the viscosity stability at room temperature. 
The mixing procedure was as follows. The given amounts of 
epoxy, curing agent, and reductant were mixed at 100 °C for 10 
min and cooled down to room temperature. A latent catalyst 
was then added to the mixture and stirred at room temperature 
for 10 min. 

2. Experiment 

To measure the curing reaction of the no-flow underfill, a 
DSC device (TA Instrument Model Q20) was applied with 
isothermal and dynamic temperature cycles. Approximately  
10 mg of resin was placed in a hermetic aluminum pan, and 
DSC experiments were conducted in a nitrogen environment at 
the given temperature conditions. Heating rates of 2.5 °C/min, 
5 °C/min, and 10 °C/min were used for the dynamic DSC, and 
constant temperatures of 125 °C, 130 °C, and 135 °C were 
used for the isothermal DSC. Viscoelastic properties were 
measured using a torsional parallel plate rheometer (HAAKE 
MARS III, Thermo Scientific, Inc.) at various curing 
conditions. The viscosity of the no-flow underfill placed 
between fixed and torsional parallel plates (with a diameter of 
20 mm) was measured in dynamic and isothermal temperature 
conditions at a frequency of 1 Hz, as shown in Fig. 3.  

To observe the solder wetting, a solder ball (Sn/27In/54Bi) 
with a diameter of 140 μm was placed on a Cu plate and 
covered by the no-flow underfill, shown in Fig. 4(a), prior to 
the curing process. The phenomenon of solder wetting after the 
curing process, shown in Fig. 4(b), was observed in a reflow 
chamber with an oxygen concentration of 1,050 ppm using an 
surface mounting technology (SMT) reflow device (SK-5000, 
Sanyo). The contact angle of the wetted solder (Sn/27In/54Bi) 
was measured using an optical microscope.  

 

Fig. 3. Schematic of torsional parallel plates. 

Fixed plate 

Torsional plate 

Imposed strain & 
measurement stress 

No-flow underfill

Zero normal 
force 

 
 

 

Fig. 4. Schematic to observe solder wetting in no-flow underfill 
on Cu plate (a) before and (b) after curing processes. 

 Cu plate 

Solder ball (Sn/27In/54Bi) 

Uncured no-flow underfill 

(a) 

 

Wetted solder (Sn/27In/54Bi)  

Cured no-flow underfill 

(b) 

 
 

III. Results and Discussion 

1. Curing Kinetics 

To measure the total heat of the reaction for the no-flow 
underfill, dynamic DSC experiments were conducted at 
heating rates of 2.5 °C/min, 5 °C/min, and 10 °C/min, as 
shown in Fig. 5. Isothermal DSC experiments were also 
conducted at isothermal temperatures of 125 °C, 130 °C, and 
135 °C, as shown in Fig. 6. The exothermic peaks from the 
dynamic and isothermal DSCs were observed with an increase 
in temperature and time, as shown in Figs. 5 and 6, respectively. 
The baselines of the dynamic DSC with a 2.5 °C/min heating 
rate were defined as tangential linear, as shown in Fig. 5, 
whereas those of the isothermal DSC with a 125 °C isothermal 
temperature were determined according to the ending heat flow 
shown in Fig. 6. From the dynamic and isothermal DSC 
experiments, the total heat of the reactions HT was calculated 
through (5): 

T 0

d
d ,

d

ft Q
H t

t
    

                (5) 

where tf is the time required to complete the reaction, and dQ/dt 
is the rate of heat generation. 

From the dynamic and isothermal DSCs, the total heat 
reactions shown in the shaded areas of Figs. 5 and 6 were 
calculated through (5), as shown in Fig. 7. The average total  
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Fig. 5. Dynamic DSC curves at heating rates of 2.5 °C/min,
5 °C/min, and 10 °C/min.  
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Fig. 6. Isothermal DSC curves at constant temperatures of 125 °C,
130 °C, and 135 °C. 
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heat of the reaction from the dynamic and isothermal DSC 
measurements was 284 J/g and 288 J/g, respectively. It is 
usually difficult to analyze the curing kinetics of a thermoset 
material, especially beyond the gelation and vitrification 
phenomena [17]. Along with the resin curing processes and the 
resin crosslinks with a chemical-controlled reaction, the glass 
transition temperature also increases. When the glass transition 
temperature approaches the curing temperature, the resin 
changes from a rubbery state to a glassy state.  

At this moment, the mobility of the reacting radicals is 
hindered, and the resin reaction is controlled by diffusion rather 
than a chemical reaction. Therefore, the total heat of the 
reaction from the dynamic DSC is usually higher than that 
from the isothermal DSC because there is a greater likelihood 
of a diffusion-controlled reaction in an isothermal DSC than in 
a dynamic DSC. In the present research, the total heat of the 
reaction of the dynamic DSC (284 J/g) is very similar to that of  

  

Fig. 7. Total heat of reaction calculated from dynamic and 
isothermal DSC experiments. 

282 283 287 291 283 291 

0

50

100

150

200

250

300

350

400

2.5 5 10 125 130 135

Heating rate (C/min) 
 

Constant temperature (C/min)
 

Dynamic DSC

Isothermal DSC

To
ta

l h
ea

t o
f 

re
ac

ti
on

, Δ
H

T
 (

J/
g)

 

 
 
the isothermal DSC (288 J/g) at the given constant temperatures.  

Therefore, it can be inferred that the glass transition 
temperature of a fully cured no-flow underfill is lower than the 
constant temperatures for the isothermal DSC. In addition, it is 
believed that the vitrification effect caused by a diffusion-
controlled reaction will be very weak in the isothermal DSC 
results. It was determined that the total heat of the reaction for 
the no-flow underfill in the present study was 286 J/g. 
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Figures 8 and 9 show the calculated conversions of (6) from 
the dynamic and isothermal DSC experiments, respectively. 
The conversion at a low heating rate increased more rapidly 
than at a high heating rate in the dynamic DSC, and that at a 
high constant curing temperature increased more dramatically 
than at a low curing temperature in the isothermal DSC. For 
the curing kinetics, the rate of conversion d/dt, as shown in 
Fig. 10, was derived from Fig. 9 by (7), where dQ/dt was 
provided by the isothermal DSC measurement. It was observed 
that the phenomenological shape of the curves in Fig. 10 is 
very similar to the generalized autocatalytic model introduced 
in Fig. 2(b).  

At the beginning of the curing reaction,  = 0, (3) is 
simplified as 

1
0

d
,

d
K

t 




                   (8) 

where K1 is obtained directly from the reaction rate of the 
conversion shown in Fig. 10. The autocatalytic model in (3) 
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can be changed into a logarithmic form, as shown in (9): 
 

Fig. 8. Calculated conversion versus temperature from dynamic
DSC experiment. 
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Fig. 9. Calculated conversion versus time from isothermal DSC
experiment. 
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Fig. 10. Reaction rate of conversion as a function of the conversion
at given constant curing temperatures. 
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From (9), n is considered a tangent of a linear equation, which 
is a function of ln(1 − ). When parameters K1 and n are 
determined through (8) and (9), K2 and m can also be 
calculated using (10): 

1 2

d /d
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      (10) 

In (10), m and ln(K2) are also considered as the tangent and y-
intercept of a linear equation, which is a function of ln(). 
From ln(K2), the rate constant K2 is obtained. The rate constants 
K1 and K2, mentioned in (3) with Arrhenius equations, are 
expressed in logarithmic form in (11) and (12): 
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It was also recognized that (−E01/R) and (−E02/R) are 
tangents, whereas ln(K01) and ln(K02) are y-intercepts, of linear 
equations (11) and (12), which are functions of 1/T. From 
(−E01/R), (−E02/R), ln(K01), and ln(K02), the activation energies 
(E01 and E02) and pre-exponential factors (K01 and K02) are 
obtained, respectively. 

As shown in Fig. 11, the linear relation between (1/T) and 
ln(K1) or ln(K2), which were obtained by (8) and (10) based on 
Fig. 10, were confirmed, and are defined by (11) and (12). 
From the linear equations in (9) and (10) based on Fig. 10, the 
reaction orders m and n were obtained as shown in Fig. 12. 
Table 1 summarizes kinetic parameters such as the activation  
 

 

Fig. 11. Arrhenius plot of rate constants at different curing 
temperatures for no-flow underfill using autocatalytic 
model in (11) and (12). 
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Fig. 12. Reaction orders n and m at different curing temperatures
for no-flow underfill using autocatalytic model in (9) and
(10). 

0.4

0.6

0.8

1.0

1.2

1.4

120 125 130 135 140
Temperature (C) 

m 

n 

m
, n

 

 
 

Table 1. Kinetic parameters calculated from isothermal experiments 
based autocatalytic model. 

Model Parameter  

E01 (J/mol) 7.20 × 104 

E02 (J/mol) 5.68 × 104 

K01 (1/sec) 3.06 × 106 

K02 (1/sec) 6.85 × 104 

m –0.017 × T (C) + 2.86 

Autocatalytic 

(conversion: 0.0–0.6) 

n 1.10 

 

 
energies (E01, E02), the pre-exponential factors (K01, K02), and 
the reaction orders (m, n) in the conversion range of 0.0 to 0.6, 
calculated from isothermal DSC experiments. 

All of the kinetic parameters were estimated using a 
regression technique in Microsoft Excel, and were taken as the 
average values over all isothermal curing temperatures. 
Specifically, it was shown that m was a constant, while n in the 
present epoxy-anhydride system decreased as the curing 
temperature increased. For epoxy-amine systems, Mijovic and 
others [19] observed that m increased as temperature increased, 
whereas Ryan and coworkers [20] reported that m decreases as 
temperature increases.  

Figures 13 and 14 compare the rate of conversions d/dt and 
 as a function of conversion and time, respectively, as 
obtained from the autocatalytic model in (3) using isothermally 
determined kinetic parameters and the measurement results 
from the isothermal DSC at different curing temperatures for 
the no-flow underfill. Figure 14 shows a comparison of 
conversions () as a function of temperature using the dynamic 
DSC results and the model calculations. Excellent agreements  

Fig. 13. Comparison of rate of conversion d/dt calculated using 
autocatalytic model, and isothermal DSC at different 
curing temperatures for no-flow underfill. 
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Fig. 14. Comparison of conversion  calculated by autocatalytic 
model and isothermal DSC at different curing 
temperatures for no-flow underfill. 
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were observed within the conversion range of 0.0 to 0.6 for 
isothermal and dynamic DSC scanning. It was determined that 
the autocatalytic kinetic model and its parameters could be 
used within a conversion range of 0.0 to 0.6 for isothermal and 
dynamic heating conditions.  

On the other hand, it was observed that they were somewhat 
different between the calculated and measured values in the 
conversion range from 0.6 to 1.0, as shown in the isothermal 
DSC (125 °C and 135 °C in Figs. 13 and 14) and the dynamic 
DSC (2.5 °C/min, 5.0 °C/min, and 10 °C/min in Fig. 15). The 
calculated rates of conversion (Fig. 13) and the conversions 
(Fig. 14) were higher than the measured results within the 
conversion range of 0.6 to 1.0. It was inferred that these 
phenomena were caused by the diffusion-controlled reaction 
around the gelation or vitrification [11].  

 In Fig. 15, the calculated conversions are greater than the  
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Fig. 15. Comparison of conversion  calculated by autocatalytic
model and dynamic DSC at different heating rates for
no-flow underfill. 
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Fig. 16. Reaction order n1 at different curing temperatures for no-
flow underfill using nth-order model in (13). 
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measured results under heating rates of 2.5 °C/min and 
5.0 °C/min, and were lower than the measured value under a 
heating rate of 10 °C/min, within the conversion range of 0.7 to 
1.0. It is generally known that the rate of a chemical reaction is 
more significantly affected at a lower heating rate than at a 
higher heating rate [21], which corresponds to the present 
results in Fig. 15. Therefore, it was concluded that another 
kinetic model was required in the conversion range from 0.6 to 
1.0. 

For an epoxy anhydride system, Rabearison and coworkers 
[22] made a serious attempt to express the diffusion 
phenomenon through kinetic modeling using a diffusion 
parameter within a high conversion range. For a conversion 
range of greater than 0.6, as shown in Fig. 10, the rate of 
conversion continuously decreases from the maximum value at 
a conversion of 0.6, which allows the nth-order kinetics in (2) 
to be used within this conversion range. The nth-order model in  

 

Fig. 17. Arrhenius plot of rate constant at different curing 
temperatures for no-flow underfill using nth-order 
model in (14). 
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Table 2. Kinetic parameters calculated from isothermal experiments 
based on nth-order model. 

Model Parameter  

E0 (J/mol) 1.00 × 105 

K0 (1/sec) 3.71 × 1010 
nth-order 

(conversion: 0.6–1.0)
n1 0.014 × T (C) – 0.708 
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From (13), n1 is considered the tangent of a linear equation, 
which is a function of ln(1 − ), as shown in Fig. 16. In 
addition, the rate constant K in (2) can be changed into a 
logarithmic form, as shown in (14): 

0
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It is also recognized that (−E0/R) is a tangent, whereas ln(K0) 
is a y-intercept, of the linear equation in (14), which is a 
function of 1/T, as shown in Fig. 17. From (−E0/R) and ln(K0), 
the activation energy and pre-exponential factor are obtained, 
respectively.  

Table 2 summarizes the kinetic parameters of the nth-order 
model such as the activation energy (E0), pre-exponential factor 
(K0), and reaction order (n1) within the conversion range of 0.6 
to 1.0, based on the isothermal DSC experimental results.  

Figure 18 shows a comparison of the rate of conversion as 
predicted from the autocatalytic (conversion range of 0.0 to 
0.6), nth-order (conversion range of 0.0 to 0.6) models and  
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Fig. 18. Comparison of rate of conversion d/dt predicted by
autocatalytic (conversion range of 0.0 to 0.6), nth-order 
(conversion range of 0.6 to 1.0) models, and measured
isothermal DSC results at different curing temperatures
for no-flow underfill. 
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Fig. 19. Comparison of conversion  predicted by autocatalytic
(conversion range of 0.0 to 0.6), nth-order (conversion
range of 0.6 to 1.0) models, and measured isothermal
DSC at different curing temperatures for no-flow 
underfill. 
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measured isothermal DSC results at different curing 
temperatures, as a function of the conversion. The agreement 
was excellent for the no-flow underfill within a curing 
temperature range of 125 °C to 135 °C. Based on the kinetic 
parameters in Tables 1 and 2, the predicted conversions 
showed good agreement with the measured values as a 
function of time at the given isothermal curing temperatures, as 
shown in Fig. 19. 

2. Chemorheological Behavior and Solder Wetting 

The viscosity of the no-flow underfill was measured using a 
torsional parallel plate with a frequency of 1 Hz, as shown in  

Fig. 20. Conversion predicted through kinetic models, and 
measured viscosity from torsional parallel plates shown 
in Fig. 3, under the given temperature cycle. 
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Fig. 21. Measured storage and loss moduli of the no-flow 
underfill by torsional parallel plates under the given 
temperature cycle. 
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Fig. 3, under the given temperature cycle with a 6 °C/min 
heating rate between 25 °C and 130 °C. It was held for 43 min, 
as shown in Fig. 20. When the temperature reached 130 °C, the 
measured viscosity and predicted conversion were 3.7 Pa.s and 
0.26, respectively. Figure 21 shows the gelation point defined 
by the storage modulus (G) and the loss modulus (G) 
crossover at an isothermal cure temperature of 130 °C and a 
frequency of 1 Hz. The conversions predicted by the kinetic 
models used in the present research were 0.85 at the gelation 
points based on the temperature cycle shown in Fig. 21. 

Figure 22 shows the measured viscosity as a function of the 
predicted conversion, which was deduced from Fig. 20. The 
viscosity is 3.7 Pa.s at a conversion of 0.26 with a curing 
temperature of 130 °C, and began to increase slightly at a 
conversion of approximately 0.8. The viscosity was rapidly 
increased at a conversion of approximately 0.9 because of the  
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Fig. 22. Measured viscosity by torsional parallel plates as a
function of conversion predicted through kinetic models
with given temperature cycle shown in Fig. 20. 
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Fig. 23. Predicted conversion by kinetic models with given
temperature cycle. 
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cross-linking of epoxy even though the curing temperature was 
kept at 130 °C. If the given curing temperature is lower than 
130 °C, it is inferred that the rapid increase in viscosity is 
observed around a gelation point between 0.4 and 0.6. 
However, the curing temperature used for the no-flow underfill 
was determined to satisfy the melting temperature of 
Sn/27In/54Bi solder in the present research. Therefore, it is 
believed that the wetting and liquidity of the melted solder are 
unhindered because the viscosity of the no-flow underfill is 
sufficiently low within the conversion range of 0.0 to 0.8.  

To observe the solder wetting in the no-flow underfill, a 
solder ball with a diameter of 140 μm was placed as shown in 
Fig. 4. The solder ball within the no-flow underfill was heated 
through the temperature cycle shown in Fig. 23, and the 
conversion was predicted using the kinetic model. Images of 
the solder wetting during the temperature cycle, shown in   
Fig. 24, were captured from recorded video at time points A  

 

Fig. 24. Captured images of solder with given temperature cycle 
shown in Fig. 21 at time points (a) A (2.2 min) and (b) B 
(3.5 min). 
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Fig. 25. Photograph of wetted solder on Cu substrate with wetting 
angle of 42°. 
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and B. In particular, the image in Fig. 24(b) was captured at the 
moment (time of 3.5 min) when the solder ball was suddenly 
wetted on the Cu substrate. As shown in Fig. 23, the predicted 
conversion and measured viscosity at a time of 3.5 min were 
0.21 and approximately 3.7 Pa.s, respectively.  

As mentioned in Fig. 21, it is clearly shown that the 
conversion of 0.21 at the moment of solder wetting is lower 
than the conversion of 0.85 at the point of gelation with     
an isothermal curing temperature of 130 °C. Therefore, it is 
believed that solder wetting can be easily achieved because the 
viscosity of the no-flow underfill is sufficiently low when the 
solder is melted. The wetting angle of solder on the Cu 
substrate was 42°, as shown in Fig. 25. Therefore, it was 
concluded that the conversion of the no-flow underfill 
according to the arbitrary temperature cycle can be easily 
predicted from the kinetic model, and the temperature profile 
can be effectively designed to optimize the solder wetting and 
no-flow underfill curing. 

IV. Conclusion 

With the increase in human-friendly electronic equipment 
such as the Internet of Things (IOT), the processing 
temperature of flexible interconnection technologies with 
polymer material is limited because of the stable temperature 
range of given substrates. In the present research, no-flow 
underfill having a fluxing capability for Sn/27In/54Bi and a 
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melting temperature of 86 °C was investigated for a processing 
temperature of 130 °C in flexible packaging applications. 
Curing kinetics was successively applied to predict the 
conversion according to an arbitrary temperature cycle using 
autocatalytic and nth-order models. The measured viscosity 
was analyzed as a function of the predicted conversion under 
the given temperature cycle.  

Based on the curing kinetics and viscosity measurement, the 
phenomenon of solder wetting on a Cu substrate was observed 
at a no-flow underfill conversion of 0.26 and viscosity of   
3.7 Pa.s. Therefore, the processing cycle of no-flow underfill 
aiming for a low-temperature interconnection can be easily 
optimized by given processing conditions including 
temperature and time. This is because the history of the 
conversion and viscosity of no-flow underfill considering the 
mechanism of solder interconnection can be simulated by 
curing kinetics.  

In conclusion, the chemorheological behavior of the no-flow 
underfill was successively identified by using curing kinetics 
and viscosity measurement during an arbitrary temperature 
cycle. It is believed that this analytic technology can be 
effectively used in low-temperature packaging applications in 
the near future. 
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