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 
Abstract: Electrically Conductive Adhesive’s (ECAs) mainly 

consist of a polymer as matrix and binder to filler as conductor. 

The performance of electrical properties in ECAs strongly 

depends on the concentration (volume fraction) of the metal filler, 

morphology of the filler, filler distribution within the polymer 

matrix, the interaction between filler surface, and the contact 

resistance between adjacent particles. In this work, the 

characteristics of electrical transport of ECA's systems on 

Ag-Epoxy composites are containing either micro or nano fillers 

are studied by the electric static network theory using FEM. The 

hybrid system will be formed for considering influence electrical 

transport properties. The spherical Silver (Ag) used 80 nm and 2 

µm in diameter in this study. Two particles chain forming 

electrically transport with some number of particles and reach a 

conductivity value of ECA's. The result indicated that nano size 

silver usually lower its conductivity than micron size. During 

simulation, it has been shown the correlation between nano and 

micron size demonstrated a increasing in the electrical transport 

when the hybrid system performed. 

 

Keywords: Conductivity, Electric Field, Current Density, 

Spherical Particle.  

I. INTRODUCTION 

Electrically Conductive Adhesive (ECA) has become a 

trend toward using high performance conductive adhesives to 

replace alloy solder because of its good electrical 

conductivity, low cost, extendibility to fine pitch interconnect 

and environmental friendly [1-5]. ECAs mainly consist of 

polymer as a matrix and conductive filler. The performance 

of electrical properties in ECAs strongly depends on the 

concentration (volume fraction) of the metal filler, 

morphology of the filler, filler distribution within the 

polymer matrix, the interaction between filler surface, and 

the contact resistance between adjacent particles [6]. The 

most important filler characteristics are particle size, size 

distribution, specific surface area and particle shape, while 

the main matrix property is stiffness [7]. 

One of the most important properties of electrical 

conductivity of ECA’s is their morphology correlate to 

electrical properties which is especially interesting near the 

percolation threshold.  
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The morphological analysis is to describe spatial particles 

distribution in the ECA’s system. New technology on nano 

materials has attracted many researches to investigate the 

properties and application of silver nano particles in ECA. 

However, due to high surface energy of nano particles, the 

particles tend to agglomerate and hence create 

non-homogenize particle distribution, which results in no 

cluster particle construction in composite to electrical 

transport [5,6]. Traditionally, micron size conductive 

adhesive extendibility interconnecting is greater achieved 

than nano size [7]. 

As implied above, as the filling of ECA with hybrid can 

make high performance of the interfacial interactions of 

particles, there is a need among the research communities in 

ECA to know the electrical transport. Hybrid system has 

shown by the electric network percolation theory, that the 

isotropic conductive adhesive (ICA) using a bimodal 

distribution of metal fillers is expected to have an increase in 

electrical properties [9]. Fu, (1999) has demonstrated 

computer modelling that was decrease of 10% in the 

percolation volume percentage when the volume percentage 

of the nano particles in the ICA increases from 2.76 to 13.8%. 

In nano-micro mixtures, nano particles occupy interstitial 

positions to improve particle-particle contact for 

conductivity. Hsien-Hsuen Lee, (2005) [10] developed 

substituting nano-sized silver particles for micro-sized 

particles. One conceivable advantage of using nano-particles 

is to avoid the settling problem encountered in some 

micro-sized Ag particle systems. When the composite 

consisting of micro-sized silver flake and PVAc is near the 

percolation threshold, the addition of a small amount of 

nano-sized silver colloids would help to establish the 

conductive path and hence lower the resistivity. In the hybrid 

system is still less information which is focus on the 

development of the electron transport system and many 

studies still need to be explored. 

Therefore in this study 3-D computer simulation was 

carried out to predict the electrical conductivity behavior of 

80 nm size and 2 µm of silver nano particle in polymer 

matrix. The present work was focused on electrical network 

transport of nano, micron and hybrid system at particle level 

with particular distance. The existing electrical conductivity 

model in 3-D was used to predict the electrical conductivity. 

The model was developed based on the spherical shape of Ag 

filler which produces electrical density typical on particles. 
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II. ELECTRICAL THEORETICAL 

Electrical Conductivity 

The schematic of apparatus used to measure electrical 

resistivity is illustrated in Fig. 1. The current flows (I) 

through a conductor when the potential difference between 

its ends is (V) and resistance (R) can be defined. 

 

Fig. 1 Schematic of apparatus used to measure electrical 

resistivity 

Current density flow of composite in x-axis direction is 

described in Fig. 2. 

 

Fig. 2 The current flow of composite in x-axis direction 

The current flow through a surface composite identified as 

current density (J). The differential current, di flowing 

through a surface element ds at which the current density (J) 

exists, is di = J.ds amperes. A constant current through any 

cross-section is 
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Where A is cross section of composite. The resistivity ρ 

value of composite can be found by resistance of the volume 

composite through which the current is passing.  













m

n

ix

m

n

im

n

i

AJ

R

1

1

                          

(2) 

Where x is voltage by loading input. Then resistivity ρ 

can be expressed 
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Where l is distance between the two points at which the 

voltage is measured. Electrical conductivity () of the 

composite can be applied by equation (4). 
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Finally, electrical conductivity () for each volume 

fraction composition can be determined. This model can take 

into account any matrix and filler conductivity. 

Conductivity calculation based on FEM Model 

A constitutive FEA model to describe the potential 

distribution of ECA's model is given by equation (5) 
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The total electric field (E) due to a quantity of point 

charges, mq, is simply the superposition of the contribution 

of each individual point charge, 
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Finite Element Method Model 

C.1 Generate the structure model 

In order to understand the electrical conductive adhesive 

behaviour, the finite element analysis were done by 

developing three dimensional ECA’s composite system 

model and the performed current density (J) responses were 

analyzed by using the finite element software, ANSYS
TM

. 

The simulation data is obtained from the previous work [Tee 

et.al. 2007] and the ECA’s composite system was 

constructed by the components of particles metal conductor 

and a cubical matrix box as insulator. The model composition 

was arranged in the form particle and matrix by part 

partitioning method. Three models of particle were selected 

to capture electrical transport of composite which are nano 

size, micron size and hybrid system model. The complete 

FEM model consists are following steps: 

1. Generate the structure ECA’s which is metal/dielectric 

composite with known dimension parameters. 

2. Defined material properties with electrical properties 

considering.  

 

 

http://en.wikipedia.org/wiki/Superposition_principle
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3. Create the meshing discrete on the structure model.  

4. Define voltage loading between two ends of a path to 

generate electrical potential. 

5. Analysing and testing of the electron transport through 

the ECA’s model. 

6. Determinate relation particular distance and electrical 

transport analysis. 

C.1.1 Nano and Micron Size model 

Two particle conductive conditions was modeled in this 

part; the first one is the particle conducting path where 

contact performed physically touching each other to exhibit 

continuous network through ECA’s composite for both nano 

and micron size. The second was the conductive particles 

were in minimum distance and electron can jump the gap 

between the particles and creating current flow. These 

electrical conductivity mechanism models structure as shown 

in Fig. 4(a) and 4(b). Permittivity for each material denoted 

by 1 and 2 are conductor and isolator, respectively. The 

spherical Silver (Ag) used 80 nm and 2 µm in diameter in this 

study. 

 

Fig. 4 Examples of two conductive Ag spherical 

composite structures prepared by (a) two  particles 

contact model and (b) interstice of two spherical model 

C.1.2 Hybrid System 

The hybrid system is used when the composite consist the 

micro size and adding of small amount of nano size to 

improve the electrical performance. In this model are used 2 

particles of micron-sized with a distance of 1 nm with the 

addition of some particles of nano size. The formation of a 

conduction path of hybrid system was modeled by ANSYS
TM

 

and illustrated in Fig. 5.  

 

 

 

 

 

Fig. 5 Examples of hybrid composite structures prepared 

by two  particles of micron size with addition of 2 

particles of nano size. 

C.2 Meshing and boundary condition 

All the models were discretizated by tetrahedral electric 

solid mesh element to create the finite element model. The 

elements used for the model is 10 nodes 3D linear tetrahedral 

elements (solid232) for particles filler and matrix in electrical 

conductivity 3D model. The element was considered as 

maximum node number and allowable in curve shape. The 

three dimensional finite element models are shown in Fig. 6a. 

The models were mapped meshed by using the size control 

technique with same size at edge side. A surface area voltage 

was applied to couple surfaces area on the model as shown in 

Fig. 6b by applying 2 difference level voltage in the end of 

path that is automatically generate electrical potential in axial 

direction along x-direction. For boundary condition, no 

displacement constraints were applied on the model as axial 

and transverse forces are not applicable to the model. 

 

Fig. 6 Mesh detail of the model (a) Meshing of tetrahedral 

elements (b) Voltage coupled loading on 2 surfaces 
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C.3 Material properties 

The material properties detail is referred from our previous 

study [Tee et.al. 2007]. The electrical conductivity of Ag and 

epoxy are 6.301 x 10
5
 S/cm and 2.13 x 10

-6
 S/cm, 

respectively. Ag and Epoxy have electrical resistivity of 

1.59 x 10
-6

 -cm and 4.71x 10
5
 -cm, respectively. The data 

have been used in the FEM model.  

III. RESULTS AND DISCUSSION 

The information from finite element model enable fully 

capture important phenomenon due to conductivity effect on 

composite. The composite conductance is strongly 

influenced by the electrical transport by particle structure 

properties. These phenomenons can be described by common 

term used in percolation threshold. 

Finite Element Method Model 

A.1 Nano size phenomenon 

The visualization model of the complete 3D structures will 

perform tunnel junction transport and contact particle 

transport of the composite structures. This section will carry 

out the transportation of the electron on contact and the some 

particular distance of particle. Figure 10 presences the current 

density vector distribution of nano particle on varying 

distance. Contact particle transport shown in Fig. 7 (a). It was 

found that total current density through the composite 

occurred at 14402.419 J/cm
2
. The tunnel junction by 

separating two conductors with a thin distance insulator is 

showed in Fig. 7 (b) which is 1 nm of partial distance. The 

total current density through the composite is 6326.7794 

J/cm
2
. The much different clearly seen in electrical transport, 

when the particles are start fully contact and electrically 

interconnected and its effectively increasing electrical. This 

electrical transport behaviour correlates between the 

electrical conductivity with particle distribution for ECA 

applications. 

A.2 Micron Size phenomenon 

The model performed current density as shown in Figure 8. 

Two various particles transport are analysed to observed 

current density for the study electron transport in x-axis. Fig. 

8a illustrates that high current density are observed around 

particle contact. It found that total current density through the 

composite occurred at 614.70196 J/cm
2
. While Fig. 8(b) 

shown the total current density at 1 nm spatial distance is 

383.627318 J/cm
2
. 

A.3 Hybrid System 

Fig. 9 shows the current density vector distribution 

phenomenon of hybrid system. The structure was consisting 

bimodal distribution of silver fillers which is of 2 nano 

particles and 2 micron. Fig. 9(a) shows current density vector 

distribution which is 2 particles nano at outside of electrical 

path among micron particles. Particle nano distribution has 

shown a decrease in current density which is lower than 

micron performance its self. This phenomenon occurs 

because of current density was distributed divergently; 

causing the current flow through the composite was decrease. 

The total current density through the composite was 

320.38486 J/cm
2
. While Figure 9(b) illustrated the nano 

particles making interconnect network between nano and 

micron particles. Nano particles were arranged among 

micron position to generate electrical path on micron particle. 

The results of current density were observed that increase 

with addition nano particle as illustrated in Figure 9(b). The 

total current density through the composite shown at 

395.32314 J/cm
2
 that was higher than single micron particle. 

 

Fig. 7 Current density vector distribution of nano size (a). 

Contact particle (b). Partial distance of 1 nm 

 

Fig. 8 Current density vector distribution of micron size 

(a) Contact particle (b). Partial distance of 1 nm 
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Fig. 9 Current density vector distribution of hybrid 

system; (a) two nano particles outside of electrical path 

among micron particles, (b) interconnect network 

between nano and micron particles. 

A.4 Electrical conductivity phenomenon 

Fig. 10 shown relationships between conductivity and ratio 

distance to radius of particle (d/r) of nano and micron size 

particles. By considering various values of electrical 

conductivity it shown that consistent with the theoretical. 

Correlation electric field to their distributions on surrounding 

conductance particle is showed by uniformly charged E 

graph with variations concerning distance r. In this case, the 

conductance amount is restricted by the presence of the 

insulator polymer among particle. The particle phenomenon 

when embedded in dielectric medium showed that electric 

field inside the sphere is uniform in x-direction and it is 

effectively reduced by surrounding dielectric medium. Two 

interstice spherical charge problem, the electric field obtained 

are declined with increasing distance r. This situation 

indicates similar trend to the micrographs of discontinuous 

metal prepared on dielectric matrix with the potential charge 

distribution theory [9]. When charged spherical uniformly, 

electric field distribution by variation with r is depicted by 

   
   

   
. Where v is integrate volume, it found that E is 

proportional with r as illustrated in Figure 10, conductivity of 

micron size higher than nano size. It can be seen that the 

higher conductivity is achieved by micron size which is 3.07 

x 10
-2

 S/cm at particle contact. While the maximum 

conductivity value of nano size particle is obtained at 2.89 x 

10
-2

 S/cm. The electrical conductivity decreases with 

increasing ratio d/r due to insulator matrix of epoxy.  

 

 

 

 

 

 

Fig. 10 Comparison of electrical conductivity on the nano 

and micron size correspond to variations in the partial 

distance 

In hybrid stage system (b), the composite structure was 

constructed by 1 nm of partial distance both nano and micron 

size with interconnect network between nano and micron 

particles. The comparison of electrical conductivity on the 

nano, micron size and hybrid system as shown in Fig. 11 . 

The conductivity value was found to be higher as compared 

to single composition both nano and micron size at 1 nm of 

partial distance. This difference value might be due to nano 

size help to establish the conductive path among micron 

particle and hence lower the resistivity. The hybrid results of 

the electrical conductivity obtained at 1.98 x 10
-2

 S/cm.   

 

Fig. 11 Comparison of electrical conductivity on the 

nano, micron size and hybrid system 

IV. CONCLUSIONS 

It has been founded that the nano particles produced the 

lower electrical conductivity due to smaller number of 

electric field (E) value. While electric field (E) of micron size 

obtained higher; causing the current flow through the 

composite was increase. The main feature of the systems 

studied is the fact that, the conductivity value of the 

composite will increase. In hybrid system, the results 

observed shows that electrical conductivity has close 

connection between electrical transport and morphology of 

composite. When the composite consisting of micro size, the 

addition of a number of nano size at interconnecting between 

nano and micron particle would increasing performance of 

conduction path among particle.   
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The reason is that the network paths among microns 

particle are satisfied by nano particle.  
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