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Summary 

For several decades, tin-lead solders have been extensively used as interconnect 

materials. However, through the years, to cater to the ever-increasing technological 

changes, the number of solder joints per package has increased while the dimensions of 

the solder joints have decreased. Furthermore, coupled with environmental concerns over 

the toxicity of lead and legislative implementation to ban the use of lead in electronics 

manufacturing, there is a need to move beyond tin-lead solders. The primary focus is to 

develop a new generation of interconnect materials that is equipped with a combination of 

good mechanical, electrical and thermal properties, in order to fulfill the ever-stricter 

service requirements.   

In this project, a new generation of lead-free (95.8Sn-3.5Ag-0.7Cu) composite solders 

was developed to address the above-mentioned issues. Composite approach was used to 

improve the service performance of conventional solders. This project was carried out in 

three phases. In Phase One, four new lead-free composite solders were successfully 

synthesized using the powder metallurgy method. Non-coarsening reinforcements (carbon 

nanotubes, TiB2, Y2O3 and ZrO2 + 8mol. % Y2O3 particulates) were intentionally 

incorporated into the solder matrix. Characterization studies were then carried out to 

determine the physical, electrical, thermal, microstructural and mechanical properties of 

the composite solders. Composite solders reinforced with carbon nanotubes (CNTs) were 

found to yield the best overall properties. Phase Two of this project focused on creep and 

aging studies of Sn-Ag-Cu/CNT composite solder joints. In the last phase of this project, a 

computational study involving the adsorption energy calculations for Sn-CNT system was 
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carried out. This was aimed to understand the interfacial interaction between Sn and CNT, 

so as to maximize the potential of CNTs as reinforcement in the solder matrix. 

Characterization results in this project convincingly established that composite 

technology in electronic solders can lead to simultaneous improvement in thermal 

performance (in terms of lower coefficient of thermal expansion) and mechanical 

performance (in terms of better microhardess, tensile, shear and creep properties), without 

compromising on the melting temperature and electrical performance (in terms of no 

change in electrical resistivity/conductivity). A threshold addition of reinforcements was 

observed to aid in optimizing the properties of the composite solder. Isothermal aging 

studies revealed that SnAgCu/CNT composite solder joints exhibited lower diffusion 

coefficient, signifying that the presence of reinforcements was effective in retarding the 

interfacial intermetallic layer growth. These advanced interconnect materials will hence 

benefit the microelectronics packaging and assembly industry. 

Computational results predicted weak interaction between Sn and its neighboring C 

atoms. The computational results are also in good agreement with the experimental TEM 

study. Moreover, TEM study showed that in spite of the weak interaction, the interface 

integrity between the Sn metal and CNT was generally good. No voids/debonded regions 

were observed at the Sn/CNT interface. 

Particular emphasis was also placed to establish the relationship of varying amount of 

reinforcements, with the properties of the resultant composite solders.  

 

 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xi 

LIST OF FIGURES 

Figure 1.1 IC and wafer level packaging trend...............................................................2 

 

Figure 2.1  Use of different reflow solders....................................................................11 

 

Figure 2.2 The Sn-corner of the calculated liquidus surface projection of the Sn-Ag-

Cu phase diagram with the compositions, which have been claimed as 

eutectic by the various institutions..............................................................13 

 

Figure 2.3 Schematic diagram of contact angle............................................................15 

 

Figure 2.4 Schematic diagram of a typical solder joint................................................16 

 

Figure 2.5 Solder interconnects subjected to shear strain during thermal cycling due to 

CTE mismatch between the die (α1), solder (α2) and substrate (α3)..........19 

 

Figure 2.6 Solder interconnects subjected to tensile loading due to substrate 

bending........................................................................................................20 

 

Figure 2.7 Typical dimensions for: (a) bulk solder and (b) actual solder 

interconnects................................................................................................20 

 

Figure 2.8  Schematic diagrams of different test specimens currently used for 

mechanical testings. (a) single shear, (b) lap shear, (c) double shear, (d) 

tensile ball, (e) SMT solder joints and (f) ring-pin.....................................21 

 

Figure 2.9  A method for dispersoid distribution in a solder matrix using powder 

mixing and plastic flow...............................................................................24 

 

Figure 2.10 A method to synthesize composite solders by heating the blended solder 

mixture over a temperature-controlled hot plate.........................................25 

 

Figure 2.11 Effect of reflow on the growth of Cu-Sn intermetallics around Cu particle 

reinforcements. (a) First reflow, (b) second reflow and (c) third reflow....31 

 

Figure 2.12 Schematic diagram showing the laser reflow solder bumping process.......35 

 

Figure 2.13 Schematic diagram showing the thermal compression bonding and 

thermosonic bonding processes...................................................................35 

 

Figure 3.1 Flowchart showing the research work scope...............................................42 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xii 

Figure 3.2 Representative micrographs, which were obtained from the respective 

suppliers, showing: (a) TiB2 particulates, (b) Y2O3 particulates and (c) ZrO2 

+ 8 mol.% Y2O3 particulates used in this study...........................................43 

 

Figure 3.3  Representative (a) FE-SEM and (b) TEM micrographs showing the multi-

walled carbon nanotubes used in this study.................................................44 

 

Figure 3.4 Photograph showing V-blender used to homogeneously mix solder powder 

and reinforcements.......................................................................................46 

 

Figure 3.5 Photographs showing: (a) 35 mm diameter compacted billet, sprayed with 

graphite coating and (b) 8 mm diameter extruded rod................................46 

 

Figure 3.6 Reflow profile used for preparing wettability test samples.........................47 

 

Figure 3.7 Representative image showing the measured contact angle (θ) of the solder 

sample on copper substrate..........................................................................48 

 

Figure 3.8 Schematic diagram of 4-point probe configuration used in this study........50 

 

Figure 3.9 Schematic diagrams showing: (a) side view and (b) top view of the solder 

joint sample used in this study.....................................................................52 

 

Figure 3.10  Schematic diagrams showing: (a) top view and (b) side view of the stainless 

steel fixture used to prepare the solder joint specimen................................52 

 

Figure 3.11  Schematic diagram showing metalized surface of the solder joint 

sample..........................................................................................................53 

 

Figure 3.12 Representative FE-SEM micrograph showing the IMC layer of solder joint 

sample..........................................................................................................54 

 

Figure 3.13 The round tension test sample used for tensile testing................................55 

 

Figure 3.14 Typical stress-strain curves of the monolithic and composite solders........56 

 

Figure 3.15 A photo showing test set-up of a lap-shear specimen during creep and shear 

testings.........................................................................................................57 

 

Figure 3.16 Representative SEM micrograph showing the solder joint sample before 

creep and shear testings...............................................................................58 

 

Figure 4.1 Graphical relationship between volume percentages of TiB2 addition in 

solder matrix and contact angle...................................................................62 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xiii 

Figure 4.2 Representative SEM micrographs of: (a) monolithic SAC material, (b) 

SAC-1.5TiB2, (c) SAC-3TiB2, (d) SAC-5TiB2 and (e) SAC-7TiB2...........65 

 

Figure 4.3 (a) Representative SEM micrograph showing the distribution and 

morphology of the intermetallic compounds (Ag3Sn and Cu6Sn5) dispersed 

in solder matrix. (b) EDS spectrums of Ag-Sn phases and Cu-Sn phases 

respectively. The presence of Au phases is due to the gold coating of the 

samples........................................................................................................66 

 

Figure 4.4 Representative SEM micrograph showing good interfacial integrity 

between the solder matrix and TiB2 reinforcement, for all composite 

solders (SAC-1.5TiB2, SAC-3TiB2, SAC-5TiB2 and SAC-7TiB2)............67 

 

Figure 4.5 Representative X-ray diffraction spectra of: (a) monolithic SAC material 

and (b) composite solders (SAC-1.5TiB2, SAC-3TiB2, SAC-5TiB2 and 

SAC-7TiB2).................................................................................................68 

 

Figure 4.6 Representative SEM fractographs of: (a) monolithic SnAgCu solder, (b) 

SAC-1.5TiB2, (c) SAC-3TiB2, (d) SAC-5TiB2 and (e) SAC-7TiB2). Arrows 

indicate the presence of TiB2 particulates...................................................70 

 

Figure 4.7 Graphical relationship between weight percentages of CNTs addition in 

solder matrix and contact angle...................................................................72 

 

Figure 4.8 Representative SEM micrographs showing uniform distribution and 

morphology of IMCs dispersed in the solder matrix for both monolithic 

(SAC) and composite solder samples: (a) at 1000x and (b) at 6000x 

magnification...............................................................................................74 

 

Figure 4.9 Representative FE-SEM micrographs showing presence of: (a) dispersed 

CNTs, (b) CNT cluster and (c) CNT cluster and its neighboring dispersed 

CNTs, in the solder matrix of composite solder samples............................75 

 

Figure 4.10 Representative X-ray diffraction spectra of all composite solders (SAC-

0.01CNT, SAC-0.04CNT and SAC-0.07CNT)...........................................75 

 

Figure 4.11 Typical FE-SEM micrographs showing presence of CNTs on the fracture 

surface of solder composites (SAC-0.01CNT, SAC-0.04CNT and SAC-

0.07CNT).....................................................................................................76 

 

Figure 4.12 Graphical relationship between volume percentage of nano-size particulates 

addition in solder matrix and contact angle for: (a) SAC-Y and (b) SAC-ZY 

composite solders........................................................................................78 

 

Figure 4.13 Representative FE-SEM micrographs showing: (a) uniform presence of 

IMCs in the solder matrix and fairly good distribution of ZrO2 + 8 mol. % 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xiv 

Y2O3 (ZY) nano particulates, for composite solders and (b) presence of 

nano-size particulates and nano-size pore in the solder matrix, at higher 

magnification...............................................................................................81 

 

Figure 4.14 Representative FE-SEM micrographs showing: (a) uniform presence of 

IMCs in the solder matrix and fairly good distribution of Y2O3 nano-size 

particulates, for composite solders and (b) presence of Y2O3 particulates in 

the solder matrix, at higher magnification...................................................81 

 

Figure 4.15 Representative SEM fractographs of: (a) monolithic SnAgCu solder, (b) 

SAC-0.05Y, (c) SAC-0.1Y and (d) SAC-0.2Y composite solders..............83 

 

Figure 4.16 Representative SEM fractographs of: (a) SAC-0.05ZY, (b) SAC-0.1ZY and 

(c) SAC-0.3ZY composite solders...............................................................83 

 

Figure 5.1  Typical creep-time curve of SAC-0.01CNT sample subjected to 12 MPa 

load at 25 °C..............................................................................................111 

 

Figure 5.2  Graph showing steady-state creep rates for monolithic and composite solder 

joints, subjected to 6 MPa, 8 MPa and 12 MPa loads at 25 °C.................112 

 

Figure 5.3  Stress exponents of monolithic (SAC) and composite (SAC-0.01CNT, 

SAC-0.04CNT) solder joints at: (a) 25 °C, (b) 50 °C, (c) 75 °C and (d) 125 

°C...............................................................................................................115 

 

Figure 5.4  Effect of testing temperature on the steady-state creep rate of monolithic 

SAC solder joints under different stresses. Creep activation energy (Q) 

value is determined from the slope of the graph........................................117 

 

Figure 6.1 (a) Representative FE-SEM micrograph showing the IMC layer formed at 

the interface of the monolithic and composite solder joints. (b) EDS line 

scan showing elements present along the solder/ metallization interface. (c) 

EDS analysis of the Cu-Ni-Sn IMC formed at the interface.....................126 

 

Figure 6.2 Average total thickness of Cu-Ni-Sn IMC layer with respect to increasing 

weight percentage of CNT addition, under different aging conditions.....127 

 

Figure 6.3 Average total thickness of Cu-Ni-Sn IMC layer with respect to: (a) 

isothermal aging time and (b) square root of isothermal aging time.........129 

 

Figure 6.4 Schematic diagrams showing the possible diffusion paths and the growth 

process of the interface IMC layer. (t1 < t2 < t3)........................................131 

 

Figure 6.5  Representative FE-SEM micrographs showing the IMC layer growth of 

monolithic and composite solders at: (a) no aging condition, t = 0 h, (b) 

150°C aging, t = 144 h and (c) 150°C aging, t = 312 h. Subscripts 0, 1, 4 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xv 

and 7 represent SAC, SAC-0.01CNT, SAC-0.04CNT and SAC-0.07CNT 

solder joint samples, respectively..............................................................132 

 

Figure 6.6 Schematic diagram showing the presence of CNT clusters and single, 

dispersed CNTs in the composite solder matrix, acting as obstacles to 

hinder the diffusion paths of Sn and Cu atoms through the solder 

system........................................................................................................133 

 

Figure 6.7  Shear test results of as-soldered monolithic and composite solder joint 

samples......................................................................................................134 

 

Figure 6.8  Comparison of test results of: (a) yield stress and (b) ultimate stress 

between the solder joint and bulk solder...................................................136 

 

Figure 6.9  Ultimate shear strength of monolithic and composite solder joints which 

were subjected to different aging duration................................................137 

 

Figure 6.10  Relationship of ultimate shear strength of solder joints and total interfacial 

intermetallic thickness...............................................................................138 

 

Figure 6.11  Representative SEM fractographs of: (a) monolithic SAC and (b) SAC-

0.01CNT. Subscripts 0, 6 and 13 denote aging at 150 °C for 0 day, 6 days 

and 13 days, respectively...........................................................................139 

 

Figure 7.1 Schematic diagrams showing (a) metallic (5,5) and (b) semiconducting 

(8,0) CNTs investigated in this study........................................................146 

 

Figure 7.2 Schematic diagrams showing different adsorption sites of Sn on: (a) 

semiconducting (8,0) CNT and (b) metallic (5,5) CNT............................147 

 

Figure 7.3 Two different structures of Sn3 clusters: (a) Sn3line and (b) Sn3v...............147 

 

Figure 7.4 (a) Front view and (b) top view showing the adsorption of Sn3 cluster for 

55Sn3vPar-T1out structure before optimization, whereby 2 atoms of Sn3 

cluster (atom number 1 and 2) were aligned parallel to the outer surface of 

(5,5) CNT, with 1 Sn atom (atom number 1) placed directly on top (T) of 

the carbon atom.........................................................................................148 

 

Figure 7.5 (a) Side view and (b) top view for 55Sn3vPar3-B1out structure before 

optimization, whereby all 3 atoms of Sn3 cluster were aligned parallel to the 

outer surface of (5,5) CNT, with 1 Sn atom (atom number 1) placed above 

the underlying C-C bond at the bridge (B) site..........................................149 

 

Figure 7.6 Before and after optimized structures of: (a) 55Hout, (b) 55Tout, (c) 55B1out 

and (d) 55B2out...........................................................................................152 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xvi 

Figure 7.7 Before and after optimized structures of: (a) 80Hout, (b) 80Tout, (c) 80B1out 

and (d) 80B2out...........................................................................................153 

 

Figure 7.8 Before and after optimized structures of: (a) 55Hin, (b) 55Tin, (c) 55B1in and 

(d) 55B2in....................................................................................................155 

 

Figure 7.9 Before and after optimized structures of: (a) 80Hin, (b) 80Tin, (c) 80B1in and 

(d) 80B2in....................................................................................................156 

 

Figure 7.10 (a) Top view and (b) side view showing the adsorption of Sn3v cluster on 

inner surface of (5,5) CNT, for 55Sn3vTin structure before optimization, 

whereby atom number 1 of Sn3v cluster was placed directly on top (T) of 

the carbon atom. (c) Top view and (d) side view showing the structure after 

optimization...............................................................................................158 

 

Figure 7.11 Relationship between the interaction energy and carbon-adatom 

distance......................................................................................................159 

 

Figure 7.12 (a) Side view and (b) top view showing the adsorption of Sn3line cluster on 

inner surface of (5,5) CNT, for 55Sn3lineTin structure before optimization, 

whereby atom number 1 of Sn3line cluster was placed directly on top (T) of 

the carbon atom. (c) Top view of the structure after optimization............161 

 

Figure 7.13  Total and partial density of states of: (a) isolated Sn atom, (b) bare (8,0) 

CNT, (c) adsorbed 80Hout structure, (d) adsorbed 80Hin structure............163 

 

Figure 7.14  Total and partial density of states of: (a) isolated Sn3v cluster, (b) adsorbed 

80Sn3vPar3-T2out structure, (c) isolated Sn3line cluster, (d) adsorbed 

80Sn3lineB2out structure and (e) 80Sn3lineTin structure.................................164 

 

Figure 7.15 Total and partial density of states of: (a) bare (5,5) CNT, (b) adsorbed 

55Tout structure and (c) adsorbed 55B1in structure.....................................165 

 

Figure 7.16 Total and partial density of states of: (a) adsorbed 55Sn3vPar-B2-2out 

structure, (b) adsorbed 55Sn3lineB2out structure and (c) adsorbed 55Sn3lineB2in 

structure.....................................................................................................166 

 

Figure 7.17 The charge density of: (a) 55Tout, (b) 80Hout, (c) 55B1in and (d) 

55Sn3lineB2out..............................................................................................167 

 

Figure 7.18 Representative TEM micrographs showing the multi-walled CNT coated 

with Sn.......................................................................................................170 

 

Figure 7.19 Representative TEM micrographs showing the interface between Sn and 

multi-walled CNT......................................................................................170 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xvii 

Figure C.1 The structure of CNT represented based on two dimensional graphene 

lattice.........................................................................................................C-2 

 

Figure C.2 Possible vector specified by pairs of integer (n, m) for zigzag, armchair and 

chiral nanotubes.........................................................................................C-2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xviii 

LIST OF TABLES 

Table 2.1 Important properties of solder alloys.............................................................9 

 

Table 2.2 Binary eutectic solders.................................................................................10 

 

Table 2.3 Eutectic Sn-Ag-Cu solder composition.......................................................12 

 

Table 2.4 Room temperature resistivity values of some solder alloys and 

microelectronics packaging materials..........................................................17 

 

Table 2.5 Thermal conductivity values of solder alloys and microelectronics 

packaging materials.....................................................................................17 

 

Table 2.6 Coefficient of thermal expansion values of solder alloys and 

microelectronics packaging materials..........................................................18 

 

Table 2.7 Key characteristics essential for reinforcements.........................................22 

 

Table 3.1 Description of solder composite systems synthesized for this study...........45 

 

Table 4.1  Density results of monolithic and SAC-TiB2 composite solders................62 

 

Table 4.2 Melting point results of monolithic and SAC-TiB2 composite solders.......63 

 

Table 4.3 Electrical resistivity and CTE results of monolithic and SAC-TiB2 

composite solders........................................................................................63 

 

Table 4.4 Grain size results of monolithic and SAC-TiB2 composite solders.............64 

 

Table 4.5 Microhardness and tensile results of monolithic and SAC-TiB2 composite 

solders..........................................................................................................69 

 

Table 4.6 Density results of monolithic and SAC-CNT composite solders................71 

 

Table 4.7 Melting point results of monolithic and SAC-CNT composite solders.......72 

 

Table 4.8 Electrical resistivity and CTE results of monolithic and SAC-CNT 

composite solders........................................................................................73 

 

Table 4.9 Grain size results of monolithic and SAC-CNT composite solders............74 

 

Table 4.10 Microhardness and tensile results of monolithic and SAC-CNT composite 

solders..........................................................................................................76 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xix 

 

Table 4.11 Melting point and density results of monolithic and composite solders.....79 

 

Table 4.12 Electrical resistivity and CTE results of monolithic and composite 

solders..........................................................................................................79 

 

Table 4.13 Grain size results of monolithic and composite solders..............................80 

 

Table 4.14 Microhardness and tensile results of monolithic and composite solders.....82 

 

Table 4.15 Comparison of density values of monolithic and composite solders..........84 

 

Table 4.16 Tensile results of monolithic and composite solders...................................94 

 

Table 4.17 Comparison of mechanical properties of composite solders.....................102 

 

Table  6.1 Diffusion coefficient (D) of monolithic and respective composite solder 

systems.......................................................................................................130 

 

Table 7.1 Calculated energies (EDFT,1) of individual Sn atoms adsorbed on the 

different sites of (5,5) and (8,0) CNTs and their respective minimum 

carbon-adatom distance (dmin)...................................................................151 

 

Table 7.2 Calculated energies (EDFT,3v), Van der Waals energies (EVDW) and total 

energies (ET) of Sn3v cluster adsorbed on the different sites of outer surface 

of (5,5) and (8,0) CNTs and their respective minimum carbon-adatom 

distance (dmin)............................................................................................157 

 

Table 7.3 Calculated energies (EDFT,3line), Van der Waals energies (EVDW) and total 

energies (ET) of Sn3line cluster adsorbed on the different sites of inner and 

outer surfaces of (5,5) and (8,0) CNTs and their respective minimum 

carbon-adatom distance (dmin)....................................................................160 

 

 

 

 

 

 

 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xx 

Publications 

Below is a list of references where part of the results from this thesis has been published 

in international journals and presented at international conferences. 

 

International Journal Publications 

1. S. M. L. Nai, M. Gupta and J. Wei, Development of Novel Lead-free Solder 

Composites using Carbon Nanotube Reinforcements, International Journal of 

Nanoscience, 4 (4), 423 – 429, 2005. 
 
 
2. S. M. L. Nai, J. Wei and M. Gupta, Development of Lead-free Solder Composites 

Containing Nanosized Hybrid (ZrO2 + 8 mol. % Y2O3) Particulates, Solid State 

Phenomena, 111, 59 – 62, 2006. 
  

3. S. M. L. Nai, J. Wei and M. Gupta, Improving the Performance of Lead-free Solder 

Reinforced with Multi-walled Carbon Nanotubes, Material Science and Engineering 

A, 423, 166 – 169, 2006. 

 

4. S. M. L. Nai, J. Wei and M. Gupta, Influence of Ceramic Reinforcements on the 

Wettability and Mechanical Properties of Novel Lead-free Solder Composites, Thin 

Solid Films, 504, 401 – 404, 2006. 

 

5. S. M. L. Nai, J. Wei and M. Gupta, Lead-free Solder Reinforced with Multi-walled 

Carbon Nanotubes, Journal of Electronic Materials, 35 (7), 1518 – 1522, 2006. 

 

6. S. M. L. Nai, J. Wei and M. Gupta, Effect of Carbon Nanotubes on Shear Strength 

and Electrical Resistivity of a Lead-free Solder, Journal of Electronic Materials, 37 

(4), 515 – 522, 2008. (Finalist of IMechE Andrew Fraser Prize 2008)  

 

7. S. M. L. Nai, J. Wei and M. Gupta, Using Carbon Nanotubes to Enhance Creep 

Performance of a Lead-free Solder, Materials Science and Technology, 24 (4), 443 – 

447, 2008.  

 

8. S. M. L. Nai, J. Wei and M. Gupta, Interfacial Intermetallic Growth and Shear 

Strength of Lead-free Composite Solder Joints, Journal of Alloys and Compounds, in 

press 2008. (accepted on 15
th
 May 2008) 

 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xxi 

Conferences 

1. S. M. L. Nai, J. Wei, C. K. Wong and M. Gupta, Enhancing the Performance of Sn-

Ag-Cu Solder with the Addition of Titanium Diboride Particulates, In Proc. ASME 

IMECE 2004, 13
th
 – 19

th
 November 2004, USA. 

 

2. S. M. L. Nai, M. Gupta and J. Wei, Synthesis and Characterization of Novel Lead-

free Solder Composites, In Proc. Processing and Fabrication of Advanced Materials 

(PFAM XIII), 6
th

 – 8
th
 December 2004, Singapore. 

 

3. S. M. L. Nai, J. Wei and M. Gupta, Development of Advanced Lead-free solder 

Based Interconnect Materials Containing Nanosized Y2O3 Particulates, In Proc. 

ASME IMECE 2005, 5
th
 – 11

th
 November 2005, USA. 

 

4. S. M. L. Nai, J. Wei and M. Gupta, Effect of Presence of Carbon Nanotubes on the 

Wettability and Mechanical Performance of Sn-Ag-Cu Solder, In Proc. ASME 

IMECE 2005, 5
th

 – 11
th
 November 2005, USA. 

 

5. S. M. L. Nai, J. Wei and M. Gupta, Effect of Presence of Multi-walled Carbon 

Nanotubes on the Creep Properties of Sn-Ag-Cu Solder, In Proc. ASME IMECE 

2006, 5
th
 – 10

th
 November 2006, USA. 

 

6. S. M. L. Nai, M. Gupta and J. Wei, Influence of Temperature on the Creep Properties 

of Sn-Ag-Cu Solder Reinforced with Multi-walled Carbon Nanotubes, In Proc. 

International Conference of Materials for Advanced Technologies (ICMAT 2007),  

Symposium H, 1
st
 – 6

th
 July 2007, Singapore. 

 

7. S. M. L. Nai, J. Wei and M. Gupta, Influence of Reinforcements on the Electrical 

Resistivity of Novel Sn-Ag-Cu Composite Solder, In Proc. ASME IMECE 2007, 11
th
 

– 15
th
 November 2007, USA. 

 

8. S. M. L. Nai, M. Gupta and J. Wei, Suppressing Intermetallic Compound Growth in 

SnAgCu Solder Joints with Carbon Nanotubes Addition, IEEE International 

Nanoelectronics Conference (INEC) 2008, 24
th
 – 27

th
 March 2008, Shanghai, China.  

 

 

 

 

 



 

           

Development of Advanced Nanocomposites for Micro/Nanosystems Packaging xxii 

Poster Presentations 

1. S. M. L. Nai, M. Gupta and J. Wei, Enhancing the Properties of a Lead-free Solder 

Using Carbon Nanotubes as Reinforcement, MRS-S National Conference on 

Advanced Materials, 6
th
 August 2004, Singapore. 

 

2. S. M. L. Nai, J. Wei and M. Gupta, Effect of Presence of Different Reinforcements on 

the Properties of Sn-Ag-Cu Solder, 2
nd

 MRS-S National Conference on Advanced 

Materials, 18
th
 – 20

th
 January 2006, Singapore. 

 

3. S. M. L. Nai, J. Wei and M. Gupta, Effect of Ceramic Reinforcements on the 

Wettability and Electrical Resistivity Properties of SnAgCu Solder Composites, 

Surface Engineering for Industrial Applications (SEIA 2006), 5
th
 – 7

th
 December 2006, 

Singapore. (Awarded Best Student Poster) 

 

 

 

 

 

 

 

 


