
UNIVERSITI SAINS MALAYSIA 

2018 

 

 

EFFECT OF Zn ADDITION ON 

MICROSTRUCTURE, INTERMETALLIC 

COMPOUND FORMATION AND MECHANICAL 

PROPERTIES OF Sn-0.7Cu SOLDER ON Cu 

SUBSTRATE 

 

 

 

 

 

 

FITRIAH BINTI ABDUL GHANI 

 

 

 

 

 

 

 

  

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Repository@USM

https://core.ac.uk/display/334426085?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


 
 

 

EFFECT OF Zn ADDITION ON MICROSTRUCTURE, INTERMETALLIC 

COMPOUND FORMATION AND MECHANICAL PROPERTIES OF  

Sn-0.7Cu SOLDER ON Cu SUBSTRATE 

 

 

 

 

by 

 

 

 

 

FITRIAH BINTI ABDUL GHANI 

 

 

 

 

 

Thesis submitted in fulfillment of the  

requirement for the degree of  

Master of Science  

 

 

 

 

 

MARCH 2018 



ii 
 

ACKNOWLEDGEMENTS 

 

 First and foremost, I would like to take this opportunity to express my gratitude 

to the Almighty God, Allah S.W.T for His Blessing to me upon completion of this 

master degree. I also would like to dedicate my special acknowledgement and 

appreciation to my supervisor, Assoc. Prof. Dr. Nurulakmal bt Mohd Sharif for her 

willingness, time and comments in evaluating my research papers and revising my 

thesis prior to submission.  

 My sincere appreciation goes to all the technicians who helped me throughout 

the experimental works. I am also grateful for the support provided by the Dean and 

all academic staff of School of Materials and Mineral Resources Engineering USM in 

terms of good facilities and conductive environment. 

I also would like to thank Ministry of Higher Education Malaysia’s 

Sponsorship (MyBrain15) and Universiti Sains Malaysia RU Grant No. 814264 for the 

financial support. Last but not least, my gratitude also goes to those who indirectly 

contributed in this report writing, opinion and recommendations with the greatest 

wishing, thank you very much. 

Besides that, I would like to express my ultimate gratitude and respect to my 

parents and family for their unconditional love, support, prayers and sacrifices. I want 

to thank all my friends especially Nadirah and Nabihah for their support, kindness in 

completion this report. Thanks for the friendship and memories.  

 

 



iii 
 

TABLE OF CONTENTS 

             Page 

ACKNOWLEDGEMENTS ii 

TABLE OF CONTENTS iii 

LIST OF TABLES vii 

LIST OF FIGURES ix 

LIST OF ABBREVIATIONS xv 

LIST OF SYMBOLS xvii 

ABSTRAK xix 

ABSTRACT xxi 

 

CHAPTER ONE : INTRODUCTION  

1.1 Research Background 1 

1.2 Problem Statement 3 

1.3 Objectives 5 

1.4 Scope of Study 5 

 

CHAPTER TWO : LITERATURE REVIEW  

2.1 Introduction 7 

2.2 Soldering Technologies 9 

2.2.1 Wave Soldering............................................................................... 9 

2.2.2 Reflow Soldering .......................................................................... 11 



iv 
 

2.3 Lead - Free Solder 12 

2.3.1 Binary Alloy ................................................................................. 14 

2.3.2 Effect of Alloying Element on Sn-Cu Lead-free solder ............... 16 

2.4 Solder-Substrate Interaction and Formation of Intermetallic 21 

2.4.1 During Reflow .............................................................................. 23 

2.4.2 Thermal Exposure (Aging) ...............................................................  25 

2.5 Characterization of Solder Joint 26 

2.5.1 Wetting Force and Wetting Time                                                  28  

2.5.2      Spreading Test and Wetting Angle     29   

2.5.3 Lap Joint Shear Test ............................................................................ 31 

2.5.4 Thermal Properties ........................................................................ 32 

2.5.5 Microhardness Test ....................................................................... 34 

CHAPTER THREE : MATERIALS AND METHODOLOGY  

3.1 Introduction 35 

3.2 Raw Materials 35 

3.2.1 Element for the Solder Alloys                                                       35 

3.2.2 Copper Substrate                                                                            35  

3.2.3 Flux ............................................................................................... 37

73.3 Sample Preparation ....................................................................... 38 

3.3.1 Solder Preparation......................................................................... 38 

3.4 Substrate Preparation 41 

3.5 Characterization by XRF 42 



v 
 

3.6 Thermal Analysis by Differential Scanning Calorimetry 42 

3.7 Reflow of Solder Joint 43 

3.8 Degree of Spreading Evaluation 44 

3.9 Wetting Angle Evaluation 44 

3.10 Wettability 45 

3.11 Aging 47 

3.12 Characterization by SEM and EDX 48 

3.13 Lap Joint Shear Test 49 

3.14 Microhardness Test 51 

 

CHAPTER FOUR : RESULTS AND DISCUSSIONS  

4.1 Introduction 53 

4.2 XRF Analysis of Solder Alloys 54 

4.3 DSC Analysis 55 

4.4 Microstructure of Bulk 59 

4.5 Wettability Evaluation 61 

4.5.1 Spreading Test .............................................................................. 61 

4.5.2 Wetting Balance Test .................................................................... 66 

4.6 Hardness Test 68 

4.7 IMC Evaluation 71 

4.7.1 As Reflowed ................................................................................. 71 



vi 
 

4.7.2 Isothermal Aging at 150ᵒC ............................................................ 77 

4.7.3 Isothermal Aging at 180ᵒC ............................................................ 90 

4.7.4 Intermetallic Growth Rate and Activation Energy ..................... 104 

4.8 Lap Joint Shear Test 110 

 

CHAPTER FIVE : CONCLUSION AND RECOMMENDATIONS  

5.1 Conclusion 115 

5.2 Recommendations 117 

 

REFERENCES 117 

APPENDICES  

Appendix A : Original XRF Data Sheet  

Appendix B : IMC Thickness Measurement 

LIST OF PUBLICATION  

 

 

 

 

 

 

 



vii 
 

LIST OF TABLES  

 

 

Table 3.1 Compositions of each types of solder alloy in wt.%  38 

Table 3.2 Example of calculation for possible IMC phases 49 

Table 4.1 Desired composition of solder alloys in wt.% 54 

Table 4.2 Desired composition of solder alloys in wt.%   54 

Table 4.3 Pasty range and Peak temperature for Sn-0.7Cu, Sn-

0.7Cu-0.5Zn and Sn-0.7Cu-1.0Zn solder alloys during 

heating curve 

58 

Table 4.4 Comparison of solidus temperature (T onset) during 

heating, liquidus temperature (T onset) during cooling 

and undercooling range for Sn-0.7Cu, Sn-0.7Cu-0.5Zn 

and Sn-0.7Cu-1.0Zn solder alloys 

58 

Table 4.5 Wetting angle and spreading area of the solder alloys     61 

Table 4.6 Data obtained from the wetting balance curve for the 

solder alloys 

67 

Table 4.7 Comparison of hardness value before and after 

isothermal aging    at 150°C for 100 hours 

70 

Table 4.8 IMC thickness of the as reflowed solder alloys by layer     76 

Table 4.9 Comparison of IMC thickness before and after isothermal 

aging    at 150°C for 100 hours 

 

 89 

Table 4.10 Comparison of IMC thickness before and after isothermal 

aging    at 150°C for 250 hours. 

 

89 

9Table 4.11 Comparison of IMC thickness before and after isothermal 

aging    at 150°C for 500 hours. 

 

90 

Table 4.12 Comparison of IMC thickness before and after isothermal 

aging    at 180°C for 100 hours.  

 

103 

Table 4.13 Comparison of IMC thickness before and after isothermal 

aging     at 180°C for 250 hours 

103 

Table 4.14 Comparison of IMC thickness before and after isothermal 

aging     at 180°C for 500 hours.  

103 

Table 4.15 The growth rate constant at each aging temperature         105 

Page 



viii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.16 Activation energies, Q derived from the data for the total 

and individual IMCs in the Sn-0.7Cu, Sn-0.7-0.5Zn, Sn-

0.7Cu-1.0Zn solder.  

 

108 

Table 4.17 Average shear strength of solder samples before aging  112 

Table 4.18 Average shear strength of solder samples after aging 112 



ix 
 

LIST OF FIGURES 

  Page 

   

Figure 2.1 Schematic diagram of wave soldering process. 10 

Figure 2.2 Schematic diagram of reflow soldering process. 11 

Figure 2.3 Phase diagram of Sn-Cu solder alloy. 15 

Figure 2.4 Base metal reacting with liquid solder to form intermetallic 

compound layer 

23 

Figure 2.5 Typical reflow profile 25 

Figure 2.6 Typical wetting curve in wetting balance technique 27 

Figure 2.7 Schematic diagram of wetting balance technique. F denotes 

the wetting force. γlf represents the interfacial free energy of 

the solder–flux interface 

28 

Figure 2.8 Spreading of sessile drop on solid surface 30 

Figure 2.9 Schematic drawings of spread area test: (a) solder reflow on 

Cu substrate; (b) the cross-sectional view for wetting 

analysis 

31 

Figure 2.10 Single lap shear sample 32 

Figure 2.11 Solidification temperatures of Sn–0.7Cu, Sn–0.7Cu–0.05Ni, 

Sn–0.7Cu–0.15Zn and Sn–0.7Cu–0.06Zn–0.05Ni: (a) 

cooling curves; (b) nucleation temperatures and growth 

temperatures determined from cooling curves in (a); (c) 

DSC measurements from 250 ᵒC to room temperature at 10 
ᵒC min-1; (d) onset temperatures of reactions on heating and 

cooling, determined from DSC curves in (c). 

33 

Figure 2.12 The schematic diagram of microhardness test 34 

Figure 3.1 Flowchart of experimental, characterization and solder 

preparation 

36 

Figure 3.2 Melting profile for Sn-0.7Cu 39 



x 
 

Figure 3.3 Melting profile for Sn-0.7Cu added with Zn 40 

Figure 3.4 Dimension of specimen for spreading, wetting angle and 

reflow process 

41 

Figure 3.5 Typical heating profile of reflow process 43 

Figure 3.6 Spreading measurement of solder samples 44 

Figure 3.7 Wetting angle measurement of solder samples 45 

Figure 3.8 Wetting balance test: (a) SAT-5100 solder checker, (b) 

typical wetting curve, and (c) illustration of wetting      

process   

46 

Figure 3.9 Schematic diagram of wetting balance test. 46 

Figure 3.10 IMC thickness measurement of reflowed samples using 

image analyzer 

48 

Figure 3.11 Dimension of specimen for shear test (dimensions are in 

mm) 

50 

Figure 3.12 (a)Experimental setup of single lap joint shear test and 

(b)Schematic diagram of single lap joint shear test. 

51 

Figure 3.13 (a)Leco (LMT 248AT) Vickers microhardness and                                     

(b)Schematic diagram of microhardness testing 

52 

Figure 4.1 DSC results of a) Sn-0.7Cu, b) Sn-0.7Cu-0.5Zn and c) Sn-

0.7Cu-1.0Zn solder alloys during heating (endothermal)and 

cooling (exothermal) 

56 

Figure 4.2 Optical micrographs of (a) Sn-0.7Cu, (b) Sn-0.7Cu -0.5Zn 60 

Figure 4.3 SEM micrographs with 1000 X and 3000 X magnification 

of (a) Sn-0.7Cu, (b) Sn-0.7Cu -0.5Zn (c) Sn-0.7Cu -1.0Zn.            

(a’), (b’) and (c’) magnified of selected area of bulk solder       

alloys 

60 

Figure 4.4 Wetting angle of solder alloy 62 



xi 
 

Figure 4.5 Spreading area of solder alloys 62 

Figure 4.6 Reflowed solder on Cu substrate for spreading test. (a) Sn-

0.7Cu, (b) Sn-0.7Cu -0.5Zn (c) Sn-0.7Cu -1.0Zn bulk     

solder alloys 

65 

Figure 4.7 Replotted curves on driving force of formation for 

interfacial IMC in Sn/Cu–Zn 

65 

Figure 4.8 Comparison of wetting balance value for all solder alloys 67 

Figure 4.9 Vickers hardness numbers for Sn-0.7Cu, Sn-0.7Cu -0.5Zn 70 

Figure 4.10 SEM micrograph with 1000 X and 3000 X magnification of 

Sn-0.7Cu as reflowed solder alloy (b) magnified of (a) 

72 

Figure 4.11 SEM micrograph with 1000 X and 3000 X magnification of 

Sn-0.7Cu-0.5Zn as reflowed solder alloy (b) magnified of 

(a)  

73 

Figure 4.12 SEM micrograph with 1000 X and 3000 X magnification of 

Sn-0.7Cu-1.0Zn as reflowed solder alloy (b) magnified of 

(a) 

74 

Figure 4.13 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150˚C for 100 hours of Sn-0.7Cu solder alloy and its EDX 

results. (b) magnified of (a) 

79 

Figure 4.14 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150 ˚C for 100 hours of Sn-0.7Cu-0.5Zn solder alloy and 

its EDX results. (b) magnified of (a) 

80 

Figure 4.15 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150 ˚C for 100 hours of Sn-0.7Cu-1.0Zn solder alloy and 

its EDX results. (b) magnified of (a) 

81 

Figure 4.16 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150 ̊ C for 250 hours of Sn-0.7Cu solder alloy and its EDX 

results. (b) magnified of (a) 

82 



xii 
 

Figure 4.17 SEM micrograph with 1000 X and 3000 X magnification of  

IMC at the solder substrate interface after isothermal aging 

at 150 ˚C for 250 hours of Sn-0.7Cu-0.5Zn solder alloy and 

its EDX results. (b) magnified of (a) 

83 

Figure 4.18 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150 ˚C for 250 hours of Sn-0.7Cu-1.0Zn solder alloy and 

its EDX results. (b) magnified of (a) 

84 

Figure 4.19 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150 ̊ C for 500 hours of Sn-0.7Cu solder alloy and its EDX 

results. (b) magnified of (a)  

85 

Figure 4.20 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150 ˚C for 500 hours of Sn-0.7Cu-0.5Zn solder alloy and 

its EDX results. (b) magnified of (a) 

86 

Figure 4.21 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 150 ˚C for 500 hours of Sn-0.7Cu-1.0Zn solder alloy and 

its EDX results. (b) magnified of (a) 

87 

Figure 4.22 A Darken–Gurry ellipse plot with Cu as the central atom, 

where the elements within the ellipse are likely to exhibit    

extensive solid solubility in Cu (up to 5 at. %) 

89 

Figure 4.23 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 180 °C for 100 hours of Sn-0.7Cu solder alloy and its 

EDX results. (b) magnified of (a) 

94 

Figure 4.24 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 180 °C for 100 hours of Sn-0.7Cu-0.5Zn solder alloy and 

its EDX results. (b) magnified of (a) 

95 

Figure 4.25 

 

 

 

SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 180 ˚C for 100 hours of Sn-0.7Cu-1.0Zn solder alloy and 

its EDX results. (b) magnified of (a) 

 

96 

 

 

 



xiii 
 

 

Figure 4.26 

 

SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 180 °C for 250 hours of Sn-0.7Cu solder alloy and its 

EDX results. (b) magnified of (a) 

            

97 

Figure 4.27 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 180°C for 250 hours of Sn-0.7Cu-0.5Zn solder alloy and 

its EDX results. (b) magnified of (a) 

98 

Figure 4.28 SEM micrograph with 1000 X and 3000 X magnification of  

IMC at the solder substrate interface after isothermal aging 

at 180 °C for 250 hours of Sn-0.7Cu-1.0Zn solder alloy and 

its EDX results. (b) magnified of (a) 

99 

Figure 4.29 SEM micrograph with 1000 X and 3000 X magnification of  

IMC at the solder substrate interface after isothermal aging 

at 180 °C for 500 hours of Sn-0.7Cu solder alloy and its 

EDX results. (b) magnified of (a) 

100 

Figure 4.30 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 180 °C for 500 hours of Sn-0.7Cu-0.5Zn solder alloy and 

its EDX results. (b) magnified of (a) 

101 

Figure 4.31 SEM micrograph with 1000 X and 3000 X magnification of 

IMC at the solder substrate interface after isothermal aging 

at 180 °C for 500 hours of Sn-0.7Cu-1.0Zn solder alloy and 

its EDX results. (b) magnified of (a) 

102 

Figure 4.32 The relationship between IMCs thickness (µm) and aging 

time 

106 

Figure 4.33 The relationship between IMCs thickness (µm) and aging 

time 

106 

Figure 4.34 The relationship between IMCs thickness (µm) and aging 

time 

107 

Figure 4.35 Arrhenius plots of Cu6Sn5 intermetallic layer growth of Sn-

0.7Cu, Sn-0.7Cu -0.5Zn and Sn-0.7Cu -1.0Zn 

109 



xiv 
 

Figure 4.36 Comparison of lap joint shear strength of solder joints before 

after aging        

113 

Figure 4.37 Fracture surface of (a) Sn-0.7Cu, (b) Sn-0.7Cu -0.5Zn, (c) 

Sn-0.7Cu-1.0Zn before aging  

114 

Figure 4.38 Fracture surface of (a) Sn-0.7Cu, (b) Sn-0.7Cu -0.5Zn , (c) 

Sn-0.7Cu-1.0Zn after aging 

114 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv 
 

LIST OF ABBREVIATIONS 

 

Ag  Argentum (silver)   

      

ASTM  American Society for Testing and Materials 

      

Al  Aluminium   

      

Au  Gold    

      

BGA  Ball Grid Array   

      

Bi  Bismuth    

      

BSE  Backscattered Electron  

      

Cd  Cadmium    

      

cm  Centimeter   

      

Cu  Copper    

      

Cu-Sn  Copper-Tin   

      

DSC  Differential Scanning Calorimetry 

      

EDX  Electron Dispersive X-Ray Spectroscopy 

      

FCP  Few Chip Package   

      

g  gram (weight)   

      

IMC  Intermetallic Compound  

      

In  Indium    

      

kN  kilo Newton   

      

mg  milligram    

      

min  minute (time)   

      

mm  milimeter (length)   

     



xvi 
 

Ni Nickel 

     

µm  micrometer  

     

Pb  Plumbum   

     

Pd  Palladium   

     

Pt  Platinum   

     

PCB  Printed Circuit Board 

     

SAL  Sebatian Antara Logam 

     

Sb  Antimony   

     

SEM 
 

Scanning Electron 

Microscopy 

     

SMT  Surface Mount Technology 

     

Sn  Stanum (Tin)  

     

SnPb  Lead-tin   

     

SnCu  Tin-Copper  

     

Zn  Zinc   

 

 

 

 

 

 

 

 



xvii 
 

LIST OF SYMBOLS 

 

A  Area    

      

β-Sn  Sn-rich phase   

      

d  IMC thickness after aging  

      

do  Initial IMC thickness  

      

D  Diffusion coefficient   

      

Do  Intrinsic Diffusivity   

      

F  Wetting force   

      

Fb  Buoyancy force   

      

Fe  End force    

      

Fmax  Maximum wetting force  

      

Fw  Withdrawal force   

      

m  meter    

      

µ  micron    

      

N  Newton    

      

Q  Activation energy   

      

R  Gas constant   

      

Sb 

 

  

Ratio of wetting force just before withdrawal 

to the wetting force during complete wetting 

 

t  Aging time   

      

t1  Wetting time   

       

 

        



xviii 
 

T  Temperature   

      

Tc  Crystallization temperature  

      

Tm  Melting temperature   

      

 Ө  Wetting angle   

      

γ  Surface tension of solder  

      

γsg  Surface tension between solid and gas 

      

γsl  Surface tension between solid and liquid 

      

γlg  Surface tension between liquid and gas 

      
oC  Degree celcius   

      

%  Percentage   

      

wt %  Weight percent   

      
 

           

          

           

         

           

         

           

          

           

          

           

          

           

 

 

 

 

  

 

       

           



xix 
 

KESAN PENAMBAHAN Zn KE ATAS MIKROSTRUKTUR, 

PEMBENTUKAN SEBATIAN ANTARA LOGAM DAN SIFAT-SIFAT 

MEKANIKAL PATERI Sn-0.7Cu  PADA SUBSTRAT KUPRUM 

 

ABSTRAK 

 

Sambungan pateri berfungsi sebagai sambungan elektronik dan mekanikal 

diantara komponen-komponen serta substrat dalam peranti elektronik. Kebimbangan 

terhadap keracunan plumbum menjadi fokus yang sangat penting dalam mencari pateri 

plumbum alternatif untuk menggantikan pateri tradisional Sn-Pb. Aloi Sn-Cu 

cenderung untuk dipilih kerana ia lebih murah daripada pateri yang mengandungi Ag. 

Walau bagaimanapun, Sn-0.7Cu telah dilaporkan mempunyai kekuatan yang lebih 

rendah daripada pateri bebas plumbum yang lain. Terdapat potensi untuk 

meningkatkan lagi prestasi Sn-0.7Cu dan meningkatkan kebolehharapan sambungan 

pateri terutamanya untuk sambungan pateri berkuasa tinggi. Dalam kajian ini aloi Sn-

0.7Cu, Sn-0.7Cu -0.5Zn dan Sn-0.7Cu -1.0Zn telah dibangunkan. Penambahan Zn 

berpotensi untuk menghaluskan mikrostruktur pateri dan menyebabkan zarah 

sekunder yang boleh mengukuhkan pateri. Pengaloian Zn juga telah dilaporkan untuk 

mengurangkan ketebalan lapisan Cu-Sn Sebatian Antara Logam (SAL) bagi aloi pateri 

berasaskan Sn. Pencirian aloi pateri tertumpu kepada mikrostruktur pukal pateri dan 

penilaian terhadap SAL. Takat lebur pateri telah ditentukan dengan menggunakan 

Kalorimeter Imbasan Pembezaan (KIP) manakala komposisi unsur aloi dianalisis 

dengan menggunakan pendarfluor Sinar X (PSX). Penuaan telah dilakukan selama 

100, 200 dan 500 jam pada suhu 150 ° C dan 180 ° C. Mikrostruktur pukal pateri dan 

SAL terbentuk pada antara muka pateri dan substrat Cu diperhatikan menggunakan 

SEM dilengkapi dengan EDX. Penambahan Zn menyebabkan penurunan sedikit 



xx 
 

kebolehbasahan berbanding Sn-Pb, tetapi masih mempunyai nilai kebolehbasahan 

yang baik kerana semua sudut pembasahan berada di dalam julat 34° hingga 38°. Hasil 

kajian menunjukkan bahawa kebolehbasahan berkurang dengan jumlah peningkatan 

Zn tetapi kekerasan telah bertambah. Penambahan Zn juga menunjukkan peningkatan 

kekuatan ricih sebanyak 40 peratus lebih tinggi daripada aloi pateri Sn-Cu. 
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EFFECT OF Zn ADDITION ON MICROSTRUCTURE, INTERMETALLIC 

COMPOUND FORMATION AND MECHANICAL PROPERTIES OF 

Sn-0.7Cu SOLDER ON Cu SUBSTRATE 

 

ABSTRACT 

Solder joints serve as both electronic and mechanical connections between 

components as well as substrates in electronic devices. Concern over the toxicity of 

lead sparked intense focus on finding alternative lead-free solders to replace the 

traditional Sn-Pb solder. An attractive candidate is Sn-Cu alloy as it is cheaper than 

Ag-containing solders. However, Sn-0.7Cu has been reported to have lower 

strength than the other lead-free solders. There is potential to further improve the 

performance of Sn-0.7Cu and increase solder joint reliability especially for high-

powered solder joints.  In this study Sn-0.7Cu, Sn-0.7Cu -0.5Zn and Sn-0.7Cu -

1.0Zn bulk solder alloys were developed. The addition of Zn potentially refines 

solder microstructure and results in secondary particles that could strengthen the 

solder. Alloying of Zn also has been reported to decrease thickness of Cu-Sn IMC 

layer in Sn-based solder alloys. Characterization of the solder alloys focused on the 

bulk solder microstructure and IMC evaluation. Melting point of solder was 

determined using Differential Scanning Calometry (DSC) while elemental 

composition of solders were analysed using X-ray fluorescence (XRF). Aging was 

done for 100, 200 and 500 hours at 150 °C and 180 °C. Microstructure of bulk 

solder and the IMC formed at interface between solder and Cu substrate were 

observed using SEM equipped with EDX. Addition of Zn slightly decreased the 

wettability compared to Sn-Pb, but still having good wettability because all the 

wetting angle are in range of 34°to 38°. Results showed that wettability reduced 



xxii 
 

with increasing amount of Zn but the hardness was increased. The addition of Zn 

also showed increased shear strength up to 40% higher than that of the Sn-Cu solder 

alloys.  
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Research Background 

The soldering process has been a fundamental aspect in the realisation of all 

electronic products since the commencement of the electronic age and has been used 

extensively in the electronic industry. Currently, the concerns over the toxicity of lead 

(Pb) in eutectic Sn-Pb solders has prompted the development of lead free solder alloys 

for electronic packaging (El-daly et al., 2013). Solder alloy is an interconnect material 

attaching components to a substrate in electronic devices. Following the 

miniaturization of contemporary solder joints, the fraction of intermetallic compound 

(IMC) to the total volume of solder is increasing, and hence the elastic properties of 

IMC formed during soldering reaction become crucial to the reliability of solder joints 

(El-daly et al., 2011). 

There are several promising candidate lead-free solders for improving 

mechanical and electrical properties including Sn-Ag, Sn-Cu, Sn-Zn and Sn-Ag-Cu 

systems. However, each of these solder alloys holds certain disadvantages including 

reliability and cost issues, too high or too low melting temperature and low to moderate 

wetting. Among these candidates, Sn-Cu binary alloy, has been chosen as a low-cost 

substitute and most promising lead-free candidate for iron, dip and wave soldering 

operation (Yu et al., 2010).The presence of Cu in Sn-based materials leads to an 

improvement in resistance to thermal cycle fatigue and wetting properties due to the 

formation of Cu3Sn and Cu6Sn5 IMC. It also plays an important role in decreasing the 

rate of dissolution of Cu from the board. However, its major drawbacks of high melting 

temperature, insufficient oxidation resistance characteristic and tin whiskers caused by 
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