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Abstract— So far eutectic or near eutectic Sn-Pb alloys have 

been widely used in electronic industries due to their low 

melting temperature and good wettability. This study focused 

on development of Sn-37Pb alloy and also gives most 

attention to one of the most important property of solder alloy 

i.e. wetting behaviour or wettability. In this work wettability 

of solder alloy is examined on the basis of contact angle 

measurement. Moreover this work also finds Micro hardness 

of developed solder alloy using vicker’s hardness testing 

machine and Microstructure of the alloy is investigated using 

Optical Microscope. Contact Angle of developed solder alloy 

is lies in the range of 15-18.5˚ while the micro hardness of the 

alloy is reported in this study. 
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I. INTRODUCTION 

Solder alloys have been widely used as the interconnecting 

material in electronic packaging and assemblies because they 

provide both electrical interconnection as well as mechanical 

support. Sn-Pb solders were first used about 2000 years ago 

for metal inter connections. Pb containing solders especially 

the eutectic or near eutectic Sn-Pb alloys has long been the 

predominant choice of the electronics industry due to its low 

melting temperature (around 183°C), better wetting behavior 

and mechanical properties [1]. Soldering is the most 

important method for joining devices in electronics. During 

this process two solid metal parts/ substrate are joined using 

the third filler material in a liquid state solder, an alloy with 

low melting point. Melted solder flows in the gap between 

parts being joined, wets their surfaces, reacts with them and 

after solidification joins them. A bond is created at the 

interface between the substrate and the solder after soldering 

process. The main difference between soldering and welding 

is that, in soldering there is no direct heating of base metal 

while in welding base metals are heated for joint formation. 

Solders belong to the most important materials used for 

joining in electronic assembly. This class of alloys with low 

melting point must provide both reliable electrical and 

mechanical connection of joints and ensure cost-effective 

production. Traditionally, near-eutectic Sn-Pb alloys (such as 

60Sn40Pb, 63Sn37Pb) have been used worldwide in 

electronics industry [2]. 

Basic Soldering Methods: Currently, printed circuit 

boards (PCBs) are soldered in mass-production mostly by 

two processes, namely the wave soldering or reflow 

soldering. However, hand soldering of production electronics 

continues to be a standard practice. Wave soldering is used 

for through-hole PCB assemblies. Parts are temporarily kept 

in place with small dabs of adhesive and then the assembly is 

passed through a wave of molten solder pumped by a nozzle 

from a bath filled with a liquid solder. The whole PCB is not 

submerged in solder, but rather it is touched by this wave 

resulting in the solder to stay on pins and pads, but not on the 

PCB itself [3]. Reflow soldering is the most common method 

of attaching surface-mount components to PCB. In this case 

the solder paste (a sticky mixture of pre-alloyed solder 

powder and flux) is used to stick the components to their 

attachment pads. The whole assembly is then heated by an 

infrared lamp, hot air or, more commonly, by passing it 

through a carefully controlled furnace, which melts the 

solder, connecting the joint permanently. 

Pb contributes outstanding properties and reliability 

in Sn-Pb solder and is stated as following: 

Pb reduces surface tension of pure Sn which 

enhances the wetting ability. Pb provides ductility to Sn-Pb 

solders. Pb enables Sn and Cu to form intermetallic 

compounds by diffusion [4].Wettability plays a key role in 

evaluating the soldering technology of lead-free solders. The 

wettability represents one of the major properties for critical 

development of the soldering process. In this work wettability 

of Sn-37Pb was evaluated by using contact angle 

measurements. Phase diagram of Sn-Pb alloy is shown in 

Figure 1 below. 

 
Fig. 1: Sn-Pb Phase Diagram [5] 

II. EXPERIMENTAL PROCEDURE 

In this work, Sn-Pb alloy was developed by mixing of Sn & 

Pb powders for different compositions in our study we take 

63wt% Sn & 37% Pb powders and mixed them by using Ball 

grinding mill. After mixing operation 50 gm alloy powder 

mixed with flux of 1 gm ZnCl2 powder & 5 ml Hcl in a 

crucible then placed in the muffle furnace at a temperature of 

185°C which is nearer to the eutectic temperature, for 10-15 

minutes. After this flux residue were separated from the 

molten alloy then molten alloy was allow to solidify in cast 

iron mold of diameter 25 mm, then after the solidification we 

get Sn-37Pb alloy. Figure 2 shows the flow chart of the 

process. 

After Alloy development Samples were prepared for 

different testing. 

A. Sample for Wettability 

For wettability, copper sheet of 30mm x 30mm x 0.3mm was 

prepared. Emery paper of 800 grit size was used for removing 

oxides or dirt from the copper sheet then copper sheet was 

washed by ethanol. Solder ball of weight 0.3 gm was prepared 

for solder alloy. 
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Fig. 2: Flow chart of the Process 

B. Samples for Optical Microscopy 

For the microstructural analysis, emery papers of grit size 

600, 800 and 1000 were used for removing scales and 

scratches, samples were rotated 90º after each sand paper. To 

get a highly polished surface, samples are fine polished using 

BRASSO. Polishing operation was continued until the 

sample surfaces were free from any dirt and inflection. The 

polished samples were etched with 3% HNO3 2% HCl and 95 

% ethanol for about 5 sec. Figure 3 shows optical Microscope 

used in this work. 

 
Fig. 3: Inverted optical Microscope 

C. Samples for Microhardness 

Same samples which was used for metallography was used 

for microhardness measurements of the developed alloys. 

Rough and fine polishing were performed in order to get 

polished, smooth and parallel surfaces for the indentation. 

Figure 4 shows Vickers Hardness Testing Machine 

 
Fig. 4: Vicker’s Microhardness Tester 

III. RESULT AND DISCUSSION 

A. Wettability / Contact Angle Measurement 

The extent of wetting is measured by the contact angle that is 

formed at the juncture of a solid and liquid (molten solder). 

In Wettability test, the spreading diameter and height of a 

solder bump were measured. Assuming a bump takes an ideal 

shape of a spherical cap as shown in Fig 5. 

 
Fig. 5: Wettability / Contact Angle Measurement 

Tan-1(R-h/r)      (1) 

Where, h = height of solder bump, r = radius of 

solder bump, R = radius of sphere, α = Contact Angle 

After heating the solder ball on cu substrate for 

about 60 seconds, it takes spherical cap like shape .So for 

measuring the contact angle we used above equations derived 

from geometry of spherical cap. 

 
Fig. 6: Images of Sn-37 Pb alloy before and after heating 
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After heating a solder bump is formed, which is used 

to find contact angle. After measuring the r and h with the 

help of Vernier caliper and micrometer from the solder bump 

following values were obtained r = 5.2mm, h = 0.85 mm 

By equation 1 R can be calculated as: 

R = {(5.2)2/2*0.85} + {(0.85/2)} R = 15.905 + 0.425 = 

16.33 mm 

Now for Contact angle by using equation 2 

 (α) = 90° - tan-1 {(16.33-0.85)/5.2} 

 (α) = 90° - tan-1 (2.9769) 

 (α) = 90° - 71.4319 

 (α) = 18.56° 

Hence contact angle of developed solder alloy is 

18.56 we also know that if molten metal beads on the surface 

poor wettability is observed while if liquid spread on Cu 

substrate then good wettability is observed. It is also know 

that low contact angle results in good wettability (<30°). 

Sample Contact Angle (α) Reference 

Sn-37Pb 17 [6] 

Sn-37Pb 18.56 This study 

Table 1: Contact angle 

Hence contact angle in our case is almost similar to 

other author work. 

B. Microhardness 

Vickers micro-hardness test was performed on the prepared 

sample. Motion of dislocations, growth and configuration of 

the grains are the factors on which microhardness of the 

solder alloy depends. Therefore, it depends on the 

microstructure, process temperature and composition. Here, 

microhardness of the developed solder alloy is investigated 

under 10gf load. The eyepiece and objective magnification 

was 10x and 40x respectively. 

S. No D1 (mm) D2 (mm) Hardness (HV) 

1. 1.84 1.84 5.5 

2. 1.95 1.95 5.2 

3. 1.89 1.90 5.4 

Table 2: micro-hardness 

For Average value we were take three readings at 

different locations. Table shows the microhardness readings 

of Sn-37Pb the average microhardness of Sn-37Pb is 5.36 

HV. 

Average =   5.5+5.2+5.4 = 5.36 HV 

3 

This is the average of the above three readings which 

shows Average Microhardness value of developed alloys. 

C. Optical Micrographs 

Optical micrographs of polished sample were captured using 

inverted metallurgical microscope at a magnification of 50x, 

100x, 200x, 500x & 1000 x before etching and after etching. 

Figure 7 shows the microstructure of Sn-37 Pb alloy 

before etching. 

 
(a) 

 
Sn-Rich Matrix with Pb (grey) 

(b) 

 
(c)   (d) 

 
(e) 

Fig. 7: optical Micrographs of unetched sample at 

magnification of (A) 50 x (B) 100 x (C) 200 x (D) 500 x (E) 

1000x. 

Here fig. shows the microstructure of Sn-37 Pb alloy 

before etching. Fig B shows Sn rich matrix because of low 

magnification on going to higher magnification @ 500 x & 

1000 x we can say that Sn is present as in white form with 

lead as grey spheroid type structure while blacked dote 

portion in Fig E shows the eutectic mixture of Sn-Pb. 

Now the Microstructures of etched sample were 

obtained as shown below in Fig.8. 

 
(a)   (b) 

(c)    (d) 
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(e) 

Fig. 8:  Optical  Micrographs  of  etched  sample  at 

magnification of (A) 50 x (B) 100 x (C) 200 x (D) 500 x (E) 

1000x. 

Here fig.8 shows the microstructure of Sn-37 Pb 

alloy after etching.  Fig  B  shows  Sn  rich  matrix  because  

of  low magnification on going to higher magnification @ 500 

x & 1000 x we can say that Sn is present as in white form 

with lead  as  grey spheroid  type  structure  while  blacked  

dote portion in Fig E shows the eutectic mixture of Sn-Pb. 

Here in case of etching micrographs grain boundaries is also 

visible here in each micrograph. The needle like structure as 

shown in Fig D is may be due to intermetallic formation. 

IV. CONCLUSION 

 Wettability of solder alloy is measured by contact angle 

measurement which is also depending on type of flux. It 

can be concluded that lower contact angle is better for 

good wettability which is one of most important criteria 

for solder joint formation. 

 Microhardness of the alloy largely depend upon the load 

applied and dwell period we take readings on minimum 

load. 

 For microstructural analysis mirror finish like structure 

is required for the better micrographs it is also depend on 

the time of etching required for sample. Large contact 

time of etchant may results in overetched samples. 
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