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Chapter 5 

Determining the Impact Resistance of Electrically Conductive 
Adhesives Using a Falling Wedge Test 

Abstract 
This study was conducted to determine the impact resistance of electrically conductive 

adhesives (ECAs).  A novel falling wedge test that was used to quantitatively characterize the 

impact resistance of conductive adhesives at a material level has been described and some 

important findings obtained from the falling wedge test are presented.  This unique impact 

resistance testing method is not only a substitution of the conventional drop test which has 

several severe drawbacks, but also provides some useful information for screening adhesives 

at the materials level and helping formulate new conductive adhesives with improved impact 

performance.  Three model conductive adhesives were studied in this work and the impact 

fracture energyes of the adhesive materials were measured utilizing the falling wedge test.  

The effect of test temperature on the fracture behavior of ECAs was examined and the 

correlation between the impact resistance and damping property of the conductive adhesive 

was also investigated.  This study suggests that (1) the falling wedge test is able to 

discriminate between adhesives and this technique is capable of screening adhesives for 

bonding purposes; (2) the viscoelastic energy has played an important role in the fracture 

behavior of the conductive adhesives.  As a measure of the internal friction, the loss factor tan 

δ  is found to be a good indicator of a conductive adhesive’s ability to withstand impact 

loading. 

Keywords:  Electrically conductive adhesives, falling wedge test, double cantilever beam, 
impact resistance, fracture energy, loss factor, viscoelastic energy 

5.1 Introduction 

Electrically conductive adhesives (ECAs) are gaining increased interest as possible 

replacements to environmentally harmful solders in electronic applications.  ECAs can 

provide an environmentally friendly solution for interconnections in electronic applications.  

Moreover, ECAs also offer many potential advantages over conventional solder 

interconnection technology including finer pitch printing, lower temperature processing, and 
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more flexible and simpler processing [1, 2].  However, efforts to replace lead-based solders 

for microelectronic chip attachment by electrically conductive adhesives (ECA) have found 

limited applicability due to two major drawbacks: unstable contact resistance under 

environmental aging conditions and limited impact resistance of the adhesive 

interconnections.  Numerous studies [1-5] have been conducted to investigate the unstable 

contact resistance phenomenon.  Jagt [6] has suggested several general failure causes to 

explain the resistance increase of some ECA joints upon exposure to environmental aging, 

including oxidation of non-noble metallizations, crack formation/delamination, formation of a 

silver depleted surface layer in the adhesive, creep of the adhesive and the formation of an 

intermetallic layer and processing defects such as undercure, etc.  Xu et al [7,8], have studied 

environmental aging effects on bulk conductive adhesives and their joints and investigated the 

possible degradation mechanisms of conductive adhesives upon exposure to environmental 

aging conditions. 

The drop test, which was established by the National Center for Manufacturing 

Sciences (NCMS) [9], has been widely used to evaluate the impact performance of conductive 

adhesives in the conductive adhesive industry.  The drop test involves dropping mounted chip 

carrier and circuit board assemblies onto hard surfaces from a height of 1.5 m (60 inches) and 

passing six drops is a pre-requisite for the application of conductive adhesives.  The drop test 

is easy to conduct.  However, as the drop test can only qualitatively distinguish the impact 

performance of conductive adhesives, not much optimal information could be obtained from 

the drop results.  To improve the impact performance of conductive adhesives, adhesive 

manufactures must first accurately characterize the impact behavior of a conductive adhesive 

and investigate factors that may affect the impact performance of the adhesive.  Therefore, it 

is desirable to develop a test technique that can quantitatively characterize the impact 

resistance of conductive adhesives at a material level and yield useful information in 

screening adhesives and helping formulate new conductive adhesives with more favorable 

impact performance.  As a cooperative project with Emerson & Cumming and Motorola, one 

of the main objectives of this study has been to develop a test method for quantitative 

characterization of impact performance of conductive adhesives.   

As adhesively bonded joints have been increasingly used in demanding engineering 

applications, interest has arisen in the failure behavior of such materials and bonded joints 
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under high rates of test including impact loading conditions.  A variety of impact tests have 

been devised to characterize the impact performance of various adhesive joints, including the 

ASTM block impact test [10], the impact wedge-peel (IWP) test [11], and the impact wedge 

test [12].  These impact tests have been adopted for particular applications where the 

assessment of impact performance is needed.  However, certain limitations have prevented 

these tests from being adopted in the evaluation of conductive adhesive joints.  The ASTM 

block impact test has been shown to only give a qualitative comparison of the ability of 

different adhesives to withstand impact loading.  Moreover, this test technique is found to be 

“machine” sensitive and the actual stress condition experienced by the adhesive layer may be 

significantly affected by the way the loading is applied to the specimen [13].  Both the impact 

wedge-peel (IWP) test and the impact wedge test have been designed for the automotive 

industry to characterize fracture behavior of the adhesive joint under impact loading 

conditions and are intended for metallic adherends that plastically deforms.  Although the 

impact wedge test [12] was found to be able to determine the toughness of an adhesive, the 

extensive deformation of the adherends during testing would have complicated exact 

calculations of the fracture energy of the adhesive studied.  On the other hand, the IWP test 

was only designed to characterize the fracture behavior of an adhesive joint “system”, instead 

of the behavior of the adhesive itself, and the mechanical properties of the adherends can 

greatly influence the results recorded from such a test. 

To characterize the impact performance of conductive adhesives at the material level, 

a novel falling wedge fracture test [14] was adopted in this research.  This test technique is 

capable of quantitatively determining the impact resistance of conductive adhesives and 

screening adhesives for bonding purposes, as well as providing useful information for 

conductive adhesive development.  A modified double cantilever beam (DCB) geometry was 

successfully developed for the purposes of this study.  Based on the concepts of linear-elastic 

fracture mechanics (LEFM), the fracture energyes of three different conductive adhesives 

were measured using this new test method.  The effect of test temperature on the fracture 

behavior of ECAs was studied in this research.  The correlation between the impact resistance 

and damping property of the conductive adhesive was also investigated using this test 

technique.   
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5.2 Experimental 

5.2.1 Materials 

Three silver-filled epoxy-based adhesive systems, which were designated as ECA1, 

ECA2 and ECA3, respectively, were supplied by Emerson & Cuming.  They are not 

commercial products, but rather are model systems formulated for this research.   

Thermogravimetric analysis results showed that ECA1, ECA2 and ECA3 had silver loadings 

of 83%, 82% and 86% by weight, respectively, while the epoxy resin, thermoplastic epoxy 

copolymer, curing agents and other additives accounted for the rest of the adhesive formations 

[7].   

FR-4 printed circuit boards (PCB) with gold metallization strips were used as 

substrates for the DCB specimens. The PCB adherends had dimensions of 200 x 25 x 1.2 mm, 

and the gold metallization strip was plated only along the center of the PCB boards with a 

width of 6.5 mm, where the adhesive was applied to bond two substrates together.  The gold 

plated PCB substrates were made by electroless plating and manufactured by Triad Circuit 

Inc. located in Round Lake, Illinois.  As a conventional plating process in the industry, a 

copper layer was first plated on the PCB board as the base metal and then a nickel layer with a 

thickness of 4~6 µm was made on the copper layer as a diffusion barrier to hinder the copper 

from diffusing into the gold and vice versa.  Finally, a thin layer of gold with an approximate 

thickness of 0.08~0.2 µm was plated on the top of the nickel layer to prevent oxidation.   

There were several considerations for the selection of the substrate material and 

geometry in this study.  First, FR-4 boards selected as substrates are very representative of 

actual applications.  Second, in contrast with traditional DCB samples in which the adhesive 

is spread across the entire substrate width, the DCB samples used in this study were bonded 

by placing the conductive adhesive only in a central strip along the substrate length.  With 

reduced bonding area of the adhesive joint, the amount of adhesive as well as the area of gold 

plating was greatly reduced for each DCB sample.  Hence, the material cost (including 

adhesive and gold plating) for each specimen was also reduced.  Moreover, the reduced 

adhesive width allowed voids trapped in the adhesive escape more easily in the width 

direction during cure.  As a result, porosity problems, which were encountered in the joints 
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with wider adhesive bondlines, were greatly reduced.  Another advantage of using the bonded 

width as some fraction of the specimen width is that the stresses in the substrates are 

significantly lowered during testing and as a result, the possibility of damage or nonlinear 

behavior in the FR-4 boards can be greatly reduced.  

5.2.2 Sample Preparation  

Conventional DCB samples are generally made with the adhesive spread across the 

entire substrate width.  However, based on several considerations stated above, DCB samples 

in this study were only bonded along a central strip and the ensuing bondline width of the 

samples accounted for only a quarter of the total substrate width.  To have good control of 

bondline width and thinkness of the DCB samples, a sample fabrication method was 

developed in this study and is reported herein.  

The first step of the sample fabrication was to fabricate a spacer used to control 

adhesive thickness and width, as shown schematically in Figure 5.1.  A piece of Teflon film 

which was 0.1 mm thick and 25mm wide was first fit into an aluminum mold and then an 

aluminum strip with two narrow slits was placed on the top of the Teflon film.  The width of 

aluminum strip was the same as the width of Teflon film and FR-4 substrates, and the distance 

between the two slits was 6.5 mm.  By sliding a razor blade along the two slits in the 

aluminum strip, two new slits were made in the Teflon film with a distance of 6.5 mm apart.  

A Teflon spacer, similar to a gasket, was then created by cutting off the Teflon between the 

two slits, as illustrated in Figure 5.1.  

The second step of the sample fabrication was to bond a DCB sample, as illustrated in 

Figure 5.2.  First, a gold plated FR-4 substrate was placed in an aluminum mold.  Then a 

Teflon spacer was used to cover the substrate, and as a result, only the center area with gold 

plating was exposed.  The adhesive was then placed on the exposed area along substrate 

length.  Following this step, the other substrate was placed on the top of the adhesive and the 

whole sample with the mold was clamped together with binder clips on both sides of the 

sample along the length direction.  The clamped sample was finally placed in an oven and 

cured at 150°C for 1h before the power of the oven was turned off.  After the sample cooled 

down in the oven, the sample was then taken out from the oven, and the Teflon spacer in the 
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specimen was carefully removed from the sides of the specimen.  All cured samples were 

stored in a desiccator at room temperature prior to testing. 

5.2.3 Test Procedure 

In this study, the falling wedge test was adopted to study the properties of adhesive 

joints under high speed or impact loading.  The experimental setup for this test technique is 

shown schematically in Figure 5.3.  A Dynatup, model 730-I drop tower with a maximum 

drop height of 1.25 meters and a basic drop mass of 4.5 kg, which could be increased with 

attachments, was used to impact DCB specimens.  Two 30° polycarbonate wedges were 

mounted on the drop weight to split the DCB specimens apart during testing.  Polycarbonate 

wedges were selected because their transparency would not block the view of the specimen 

and because of their resistance to damage under impact situations. As will be discussed later, 

load signals were not used to calculate the fracture energy of the conductive adhesive joints.  

Therefore, no load cells or load transducers were installed in the experimental setup for 

acquisition of load values during impact testing.  During testing, the polycarbonate wedges 

dropped down to impact the hinge pins, which were bonded to one end of the DCB substrates, 

forcing the specimen secured vertically at the base of the drop tower apart.  The impact speed 

can be adjusted through altering the height of the drop tower before testing.  In this study, the 

drop tower weight was released at a height of 450 mm and the associated opening 

displacement rate was about 1.6 m/s.  Specimens were tested at several temperatures 

including, –70°C, room temperature, 60°C, and 90°C.  When the specimens were tested at 

temperatures other than room temperature, they were conditioned at the corresponding 

temperatures in an oven for 20 minutes and then quickly mounted in the experimental setup 

with a two-piece of insulated jacket surrounding the specimens.  The insulated jacket was 

removed from the specimen just before the test was conducted to maintain the specimen at the 

desired temperature.  The exposure time of the specimen in the atmosphere was less than 15 

second after the samples were out of the oven and before testing.  The bondline temperature 

was examined with a small thermocouple inserted on the fractured samples immediately after 

testing, and it was found that samples were maintained at the desired test temperatures. 

A Kodak EktaPro Motion Analyzer was used to monitor the testing and film the 

fracture process of test specimens.  The high-speed camera allowed for recording images at 
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rates as high as 12,000 frames per second (fps).  In this study, a framing rate of 2000 fps was 

used.  A focused tugsten spotlight was utilized to illuminate the specimen and was turned on 

just before testing to minimize heating the specimen.  An electric trigger associated with the 

Kodak EktaPro high-speed camera [15] was connected to the drop tower.  When the drop 

tower was released, the electric trigger was switched on automatically and the fracture 

sequence was recorded.  The recorded images were then transferred to a computer through an 

image acquisition board and projected frame by frame onto a screen, allowing measurements 

to be made from the magnified image.   To accelerate data analysis, a National Instruments 

IMAQ Vision Builder software was used to measure opening displacements along the 

specimen length for a single image frame and to further obtain the crack length and the 

opening displacement at the loading points, as will be discussed in the following section.  A 

typical photographic frame recorded using the high-speed camera is shown in Figure 5.4. 

5.2.4 Calculation of the Fracture Energy 

The double cantilever beam (DCB) test is a very popular fracture-mechanics test and 

has been used extensively study the effects of static, fatigue, and environmental loads on 

adhesive bonds, and thereby the durability of the bonded joints [16,17,18,19].  This test has 

been incorporated into a testing standard as ASTM D 3433-93 [20].  Based on simple beam 

theory, the fracture energy under static, or quasi-static loading conditions can be determined 

by using either a load based or a displacement based formulation, as given in the following 

equations: 
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where P is the applied load, 0δ  is the opening displacement at the load points, a is the crack 

length, B is the bond width, E is the elastic modulus of the adherends, and I is the second 

moment of area of the adherends.  
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Under impact loading, however, the loading is quite different from quasi-static 

loading.  Research by Blackman et al [21] showed that at high loading rates, the load signal 

was greatly influenced by dynamic effects, precluding sensible and reliable values.  

Therefore, significant errors are produced if the load-based equation (1) is used to calculate 

the fracture energy at high loading rates.  Meanwhile, Blackman et al also pointed out that if 

the displacement based equation (2), in which the load-point displacement and the crack 

length could be correctly obtained with the aid of high-speed photography, is utilized for the 

calculation of fracture energy under high-speed loading conditions, errors induced in the 

fracture energy results are small.    

Based on the observations made by Blackman et al, the displacement based equation 

(2) was used in this research.  As noted in equation (2), both the crack length and the 

corresponding load-point displacement while the crack propagates along the crack length need 

to be known to calculate the fracture energy of the adhesive joints.  The crack length and the 

opening displacement at load point could be obtained by observing them from the recorded 

frames.  However, due to the limited resolution of the camera and the recessed adhesive layer, 

it was difficult to accurately locate the crack tip.  Consequently, misleading estimates of the 

value of the fracture energy could result, especially since the crack length is raised to the 

fourth power in Equation (2).  To solve this problem, we used curve fitting to accurately 

determine the crack length, as well as the opening displacement at the point of load 

application, based on simple beam theory.  First, a series of displacement values along the 

specimen length were taken for a single image frame.  By assuming the two substrates act as 

two single cantilever beams subjected to concentrated forces applied at the ends, the load-

point displacement and the crack length were calculated by mathematically fitting the 

displacement values using the following deflection equation of a cantilever beam loaded at its 

free end by a concentrated force: 
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6
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Where P is the load applied at the end of the substrate, δ  is the opening displacement 

along the specimen length, a is the crack length, x is the distance from a point on a specimen 
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to the point of load application, E is the elastic modulus of the adherends, and I is the second 

moment of area of the adherends. 

All the curve fittings in this study were made using a MATHEMATICA [22] 

routine.  As can be seen from Figure 5.5, which is a typical fitting curve, the experimental 

results show very good agreement with simple beam theory.  This suggests that the results 

obtained based on beam theory are reliable and the calculation of fracture energy using the 

beam-based equation 2 should be valid.  This procedure insures accurate location of the crack 

tip even when not physically observable.  After the load-point displacement and the crack 

length were obtained from the fitting curve, in which the y-intercept and x-intercept are the 

load-point displacement and the crack length, respectively, they were then substituted into 

Equation (2) to calculate the fracture energy of the adhesive. 

5.3 Results and Discussions 

5.3.1 Falling Wedge Test Results 

Figure 5.6 is a typical plot showing the variation of crack velocity with time.  Note 

that the crack growth accelerates and decelerates in an irregular way.  This behavior probably 

can be attributed to the dynamic effects, and is typical of high rate tests.  Furthermore, Figure 

5.6 clearly illustrates that the crack growth in the impact testing was of stick-slip type, as also 

observed by Blackman et al [21,23].  The crack initiates and then propagates at a crack speed 

of as high as 8 m/s, followed by crack arrest.  As the crack continues to move forward along 

the length of the specimen, the process of crack initiation, propagation and arrest is repeated.  

Figure 5.7 is a typical plot showing the G values calculated for a test.  Again, evident stick-

slip behavior can be observed from the figure, and correspondingly, the facture energy G in 

the figure can be divided into initiation, arrest and propagation values of G, as shown in the 

figure.  Typical behavior of the fracture energy of conductive adhesives as a function of crack 

velocity is shown in Figure 5.8.  The general trend exhibited in the figure is that the fracture 

energy tends to decrease with increasing crack velocity, although data points shown in the 

figure are somewhat scattered.   
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Figure 5.9 summarizes the falling wedge test results for ECA1, ECA2 and ECA3 

joints as a function of test temperature.  It should be mentioned that all the adhesive joints 

failed cohesively through the adhesive layer, based on visual observation.  The error bars in 

the figure are one standard deviations based on 24 fracture energy values from four 

specimens.  To make the figure clear, only the upper half part of each error bar is added.  The 

relatively large errors appearing in the figure are not unexpected, as the fracture energy value 

shown in the figure is the average value of the initiation, arrest and propagation values of G, 

which were calculated by randomly selecting a series of frames.  As can be observed from the 

figure, the three conductive adhesives exhibited different temperature-dependent behavior.  

ECA1 joints show no obvious difference in the fracture energy for samples tested at different 

temperatures from as low as –70°C up to 90°C.  For ECA2 joints, the fracture energy is low 

and similar when tested at room temperature and –70°C.  As the test temperature continues to 

go up, however, the fracture energy begins to increase and continues to go up at 90°C.  For 

ECA3 joints, we can observe that the fracture energy obtained at –70°C and –20 °C is low and 

is basically at the same level as the values obtained on ECA1 and ECA2 joints tested at the 

low temperature. When the test temperature continues to go up to 60°C, the fracture energy of 

ECA3 shows an increasing tendency.  As the test temperature was further increased from 

60°C to 90°C, however, the fracture energy of ECA3 shows a decreasing tendency, as can be 

observed from Figure 5.9.  The different temperature-dependent behavior of the three 

conductive adhesives may be explained by the viscoelstic nature of the adhesives.  As will be 

found in the following section, the three conductive adhesives ECA1, ECA2 and ECA3 show 

glass transition temperatures at around 125°C, 85°C and 50°C (peak of tan δ), respectively.  

This means that the glass transition temperature of ECA1 is well above all the test 

temperature and ECA1 remains glassy during testing.  As a result, viscoelastic energy 

dissipation, which is a result of internal friction due to the motion of polymer chains in the 

material, may have played little role in joints made with this adhesive.  On the other hand, 

ECA2 and ECA3 exhibit glass transition temperatures at 90°C and 50°C, respectively.  When 

the materials were loaded in their viscoelastic regions, part of the applied mechanical energy 

was dissipated as heat through molecular friction.  Therefore, the total energy required to 

fracture the adhesives are higher in contrast with the adhesives tested in their glassy state.   
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As observed above, the conductive adhesives showed different fracture behavior at the 

temperatures that are far below the glass transition temperatures of the ECAs and the ones that 

are around the glass transition temperatures.  To better understand this phenomenon, scanning 

electron microscopy (SEM) was performed on the failure surfaces of the conductive adhesive 

joints.  Figure 5.10 shows fracture surfaces of the ECA3 joints tested at -70°C, and 60°C.  The 

SEM pictures reveal evident differences in the fracture behavior of the adhesive at different 

test temperatures.  When the ECA3 joint was tested at 60°C, where the adhesive shows the 

greater value of fracture energy, the failure occurred close to the interface and extensive 

polymer drawing can be observed from the figure.  On the other hand, at the test temperature 

of –70°C, where the adhesive showed relatively low fracture energy, no obvious polymer 

drawing can be observed on the fracture surface of the adhesive.  Instead, the adhesive 

actually exhibits brittle failure features in Figure 5.10 (b).  Similar observations were also 

seen on ECA1 and ECA2 samples, where high fracture energy is always related to ductile 

deformation of the adhesive on the fractured surfaces, while low fracture energy corresponds 

to brittle fracture features.  These observations further suggest that viscoelastic energy and 

probably plastic deformation of the adhesive have contributed to the increase in the value of 

fracture energy.  

5.3.2 Relationship between Damping Properties and Impact Fracture Energy of the 

ECAs 

As shown earlier, the fracture behavior of the conductive adhesives exhibited 

temperature-dependent behavior.  Further observations of Figure 5.9 suggest that the 

temperature dependency of the adhesive fracture behavior was small when the test 

temperatures were far away from the glass transition temperatures of the adhesives and was 

apparent when the test temperature was around the glass temperatures.  As also observed by 

Bitner, et al [24] in their study on an unmodified epoxy, the fracture behavior of the 

conductive adhesives is qualitatively similar to the linear viscoelastic behavior as shown in 

Figure 5.11 in that both exhibit similar temperature dependence over the temperature range of 

interest.  This similarity may suggest that the change in the fracture energy with test 

temperature is mainly due to the ability of the adhesives to dissipate viscoelastic energy at 

different temperatures.  It has been demonstrated that the viscoelatic energy dissipated during 
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loading essentially is a result of internal friction, or viscosity mechanism [25], which is 

created by relative motions of segmental chains in the adhesive material.  Through molecular 

friction, some of the applied mechanical energy can be converted to heat, which would affect 

the adhesive fracture energy consisting of the adhesive intrinsic energy and other energy 

dissipations including the viscoelatic energy.  As the loss factor (tan δ), which is defined as 

the ratio of the loss modulus E” and the storage modulus E’ and represents the damping 

ability of a material, is a measure of the internal friction in the adhesive material [26], the loss 

factor would be a good indicator of the ability of the material to dissipate the mechanical 

energy through heat.  Some studies [26,27] have qualitatively demonstrated that the impact 

performance of an adhesive is closely related to the loss factor value of the material at the 

impact test conditions.  In this section, the relationship of the loss factor and the impact 

fracture energy of the conductive adhesives will be further investigated.  

To obtain the damping characteristics of the three conductive adhesives, experiments 

were performed on the three conductive adhesives using a TA Instruments 2980 dynamic 

mechanical analyzer (DMA).  Neat cured samples with dimensions of 37 x 6.5 x 1.2 mm were 

made from the uncured conductive adhesives [7].  Figure 5.11 shows changes of the loss 

factor tan δ with the test temperature.  The tan δ traces were obtained by testing the DMA 

samples at 1°C/min and a fixed frequency of 1Hz between the temperatures of -80°C and 

160°C in single cantilever beam mode.  As can be seen from the figure, the three adhesives 

exhibit very different damping behavior.  ECA3 shows high tan δ values at a lower and 

broader temperature range and reaches its peak value at around 50°C.  On the other hand, 

ECA1 and ECA2 have higher tan δ peaks that are centered near 85°C and 125°C, 

respectively. 

The tan δ traces shown in Figure 5.11 were obtained with oscillation frequency of 1 

Hz.  The corresponding strain rate under this oscillation frequency was about 1 x 10-7 s-1.  

Under impact loading, however, the rate of deformation of the adhesives is much higher than 

that obtained at 1Hz, which would shift the viscoelastic region of the ECA to higher 

temperatures.  Following the analytical solutions of the beam deflection w(x) for DCB 

specimens, which were obtained by Kanninen [28], as well as Arakawa and Takahashi [29], 
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based on the theory of beam on elastic foundation, the beam deflection w(0) at the crack tip 

may be expressed in the following way: 
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where 0δ  is the opening displacement at load point, h is the thickness of the substrate and a is 

the crack length.  In the general case, a>>h.  Thus, the above equation may be simplified into 

the following expression  
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and the deformation rate of the adhesive ε&  at the crack tip then may be expressed as follows 
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where 0δ&  is the opening displacement rate at the load point, which is approximately 1.6 m/s 

for the impact tests conducted in this work, and ha is the adhesive bondline thickness, which is 

0.1mm for the DCB specimens tested.  Using Equation (6), it was estimated that the strain rate 

in the impact DCB tests was around 2.5 s-1, which is around 7 orders higher than the 

deformation rate of the adhesives in the DMA tests obtained with oscillation frequency of 1 

Hz.  To investigate the relationship of the damping properties and the fracture toughness of 

the conductive adhesives, the loss factor values of the adhesives at the deformation rate under 

impact DCB testing were calculated by applying time-temperature superposition principle 

(TTSP).  DMA tests were first performed on ECA1, ECA2 and ECA3 adhesives by 

isothermally sweeping frequencies of 1, 2, 5, 10, and 20 Hz at a series of temperature points 

with an interval of 3ºC from -100ºC to 150ºC and results obtained on each adhesive were then 

utilized to generate master curves of the loss factor, tan δ.  After a master curve was obtained 

at a reference temperature, master curves for other temperatures of interest could then be 

obtained by referring to the shift factor-temperature plot.  For detailed procedure of 

application of the time-temperature superposition, one can be referred to [30].  The equivalent 

loss factor data under the impact condition are listed in Table 5.1. 
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Figure 5.12 shows a correlation of the fracture energy and the tan δ  obtained at 1 Hz 

at the temperatures corresponding to the impact test temperature, and Figure 5.13 shows the 

relationship of the fracture energy and the equivalent tan δ  under the impact test conditions.  

As can be seen from the figures, the fracture energy of the conductive adhesives shows 

reasonably good agreement with the equivalent loss factor, tan δ, in contrast with the loss 

factor value obtained at 1 Hz, as the fracture energy increases with the higher loss factor 

value.  By drawing a least squares fit along the data points plotted in the figure, we can 

observe that there is an approximately logarithmic relationship between the impact fracture 

energy and the corresponding loss factor.  This analysis may suggest the following two points:  

First, the viscoelastic energy may be the main energy dissipation mechanism in the fracture 

tests conducted on the conductive adhesives and play an important effect on the impact 

performance of the adhesives.  Second, the loss factor is still a good indictor of the ability of 

the conductive adhesives to absorb the impact energy, even though these conductive 

adhesives were filled with a significant amount of silver flake, and the ECA materials should 

be designed such that the damping property is maximized at the conditions under which the 

impact tests are conducted, in order to make the ECA materials have enhanced impact 

resistance. 

5.3.3 Correlation between Falling Wedge Test Results and Drop Test Results 

The drop test has been widely accepted in the electronic industry to distinguish the 

impact performance of conductive adhesives.  As a possible alternative to the drop test to 

screen conductive adhesives, the falling wedge test should be able to provide comparable 

results to the drop test, as well as be able to offer more meaningful guidance to adhesive 

manufacturers to formulate new conductive adhesives with favorable impact performance.  In 

this section, the falling wedge test results were compared with results obtained from the drop 

test, which was conducted in our lab. 

The drop samples were provided by Emerson and Cuming with one chip package 

bonded to the FR-4 board using a kind of conductive adhesive for each specimen.  The drop 

tests were conducted using a newly designed drop test method at Virginia Tech [31].  This 

new drop test method was developed as an improvement on the free drop test method.  Based 

on an inverted design, a new drop tower was designed, built, and validated.  Instead of 
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dropping the test specimen on a hard floor, this new drop test involves dropping an 

appropriate mass guided by linear bearings on the test specimen that was held in place by a 

small drop of wax.  This inverted drop test has been verified to be equivalent with the NCMS 

free drop test [9], but could provide more precise control of drop heights, release, and impact 

angles, resulting in more repeatable results by reducing human factors, in contrast to the free 

drop test.  The specimens in this study were impacted by the drop tower from a height of 1.5 

mm (60 inches) at room temperature.  Five samples were tested for each of the three 

conductive adhesives tested in the falling wedge test.  Specimen failure was defined as any 

observable gap between the lead and the conductive adhesive.  The drop test results, along 

with the falling wedge results obtained at room temperature are summarized in Table 5.2.  As 

noted, ECA3 apparently exhibits the best impact performance in both the drop test and the 

falling wedge test among the three conductive adhesive.  On the other hand, ECA1 and ECA2 

show similar performance in both the drop test and the falling wedge test and both adhesives 

display relatively inferior impact performance in contrast to ECA3 under the current test 

conditions.  These results demonstrate that the falling wedge test and the drop test can give 

consistent results for adhesive screening purposes, notwithstanding the falling wedge test may 

be able to yield more information than the drop test.   

5.4 Summary and Conclusions 

In this study, we utilized a novel falling wedge test to quantitatively characterize the 

impact resistance of electrically conductive adhesives.  A special DCB geometry was 

developed by utilizing gold plated FR-4 as substrates and placing the conductive adhesive in a 

narrow strip down the center of the substrate length.  The results obtained in this study show 

that the falling wedge test is able to discriminate between the impact performance of 

adhesives and this technique is capable of screening conductive adhesives for bonding 

purposes.  This test technique could enable the microelectronics industry to use an adhesive 

specification rather than the current drop test specification to evaluate and determine 

acceptance of candidate adhesive systems. 

The viscoelastic energy, which is a result of the internal friction created by chain 

motions within the adhesive material, has played an important role in the fracture behavior of 
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the conductive adhesives.  As a measure of the internal friction, the loss factor tan δ  is found 

to be an indicator of an adhesive’s ability to dissipate the mechanical energy through heat.  By 

quantitatively relating the impact fracture energy of the adhesive joints to the loss factors of 

the ECAs, we have demonstrated that the impact fracture energy tends to exhibit a logarithmic 

relationship with the corresponding loss factor, as the increased loss factor at the test 

conditions consistently results in the improved impact performance. This finding suggests 

conductive adhesive manufactures that the impact performance of a conductive adhesive may 

be improved by formulating the adhesive with good damping ability under impact conditions 

that may be encountered in the service.  
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