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STUDYOFLEAD-FREESOLDERINGONSILVERPLATED COPPER 

 

ÉVA KUN1–DÁNIEL SÓS2–ANETT GYENES3– 

ZOLTÁN GÁCSI4–TAMÁS TÖRÖK5 

 
The purpose of this paper is to comparesilver layers produced on copper substrates by five typical 
immersion plating (IP) methods and two electroplating procedures (EP), and to examine the wetting 

propertiesof a commonly applied, six-component lead-free solder alloyused for these differently made 
conductor surfaces.The formation of intermetallic phasesbetween the solders and the substrates 
wasinvestigated, andthe thicknesses of the silver layers were determined on the cross-sections of the 
samples by SEM-EDS and also by GD-OES analysis. The contact angles of the solder joints dropt on 
the plates were measured, respectively. Intermetallic compounds (IMC)were detected in the solder 
material as spheroid Ag3Sn and(CuNi)6Sn5needles.The thickness of immersion silver layers ranged 
within a few hundred nanometers, while electroplatedlayers reached up to 5-10 µm.The intermetallic 
layers (IML) were very thin and could not be easily detected even by scanning electron microscope. 
The silver layer was partially or totally dissolved into the solder drop – depending on its thickness. 

The lowest contact angle was observed for matt electroplating silver coating, the worst wetting was 
given by the immersion silver plating solution containing cyanide. Consequently, the target alloy 
system shows affinity to dissolve approximately 9-10 µm thickness of the silver layer into the solder 
matrix. 
Keywords: lead-free soldering, silver plated copper, immersion plating, electroplating, intermetallic 
layer 

 

Introduction 

Recently, a series of development on Pb-free soldering have been carried out, giving free 

way to a huge variety of lead-free soldering materials.On the other hand, preference is 

given to the research of surfaces and coatings used for PCB-s and other electronic and 

microelectronic devices. Materials with improved mechanical properties and enhanced 

thermal stability are also a current topic. The switch to lead free solders has resulted in a 

wide variety of solder alloy compositions. Silver coatings produced on copper substrates 
have many advantages, such as good conductivity, proper solderability and high corrosion 

resistance. The preferential properties depend on the technology of silver plating, the 

applied solutions and the processing method. Silver coatings can be produced by 

electroplating immersion, fototechnical and layer precipitation platingmethods.  
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Several studies are devoted tosilver plating methods, but little is said about their 

performance in terms of soldering – either separately or in comparison. Gyenes et al. 

measured the effect of nickel content on a six-component solder alloy, where they found 

needle-like intermetallic phases[1]. Gergely et al. [2] described the formation of precipitates 

under the effect of lead and bismuth, which limits elementary and structural diffusion 

across the IMClayer, furthermore, beyond a given concentration level, it promotes IMC 

growth. Antimony, on the other hand, blocks excessive intermetallics growth and decreases 

the thickness of the IMC layer, leading to finer structure. It should be noted thatantimony 

has been identified as a harmful element by the United Nations Environment Program 

(UNEP) [3]. There is a number of papers addressing the effect of particular components on 

soldering alloys, and the formation kinetics of intermetallic compounds is also considered 
as a major topic [4–11]. 

 

1. Materials 

Solder.A lead-free material was used for soldering, composed of  tin, 3.8wt% silver, 

0.7wt% copper, 3wt% bismuth, 1.4w% antimony and 0.15wt% nickel. It is an advanced 

variation of the well-known SAC (Sn-Ag-Cu) solders, where antimony and part of the 

bismuth are dissolved in the β-tin solid solution, while Ni is added to improve the 

mechanical properties throughthe formation of intermetallic compounds. 

Substrates.The substrates were thin silver plated copper foils, where the thickness of the 
high purity copper substrate was about 90 µm. The visual appearance of the silver plated 

copper substrates is shown in Figure 1. The most relevant data of the silver plating methods 

are briefly summarized in Table 1. 

 

 

Figure 1. Visual appearance of the silver plated copper substrates 
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Table 1 

Silver plating methods of substrates 

Sample Silver plating method 

I1 Immersion plating with silver-nitrate, sodium-thiosulphate and ammonia 

I2 Immersion plating with silver-nitrate, ammonium-thiosulphate and ammonia 

I3 Immersion plating with Sterling 2.0 

I4 Immersion plating with Sterling 2.0 B 

I5 Immersion plating with Argentomerse NC 

E1 Electroplating, shiny surface, passivated 

E2 Electroplating, matt surface, passivated 

 

The soldering was executed with a soldering-iron type Parkside PLS 48 B1, and a 

Fahrenheit ZWN 17071 (DIN 8511) type flux was applied before the soldering process. 

We must call attention to the fact that the soldering procedure is the commonly applied 
method with soldering-iron, where the heat treatment cannot be controlled properly to set a 

strict temperature and treatment time, but on the other side, this demonstrates the really 

common application of solders. 

 

2. Evaluation methods 

Optical microscopy and SEM-EDS. To inspect and analyse the cross-section of the 

soldered, silver plated copper specimens, optical microscopy and scanning 

electronmicroscopy (SEM) were utilized with energy dispersive spectroscopy (EDS). A 

Zeiss AxioVision Imager m1M type optical microscope with an AxioVision Rel. 4.8 
software was used for relatively low magnification. For higher magnification and 

elementary analysis, a Zeiss EVOMA10 scanning electron microscopeand an EDAX type 

electron microprobe were applied. For sample preparation, the cross-sections of soldered 

foils were embedded into a resin cylinder. After proper solidification, metallographic 

sections were grinded with P320, P400, P600, P800, P1200, P2400 and P4000 fine abrasive 

wheels, polished with MD Mol (3 µm) and MD Nap (1 µm) type clothes using Lubricant 

Blue solution, then polished with a colloid containing SiO2 particles of 0.02 µm average 

size. 

GDOES.By immersion plating one can produce only rather thin (up to a few hundred 

nms thick) deposits, therefore the elementary concentration depth profiles were measured 

by GDOES (Glow Discharge Optical Emission Spectrometer, type GD Profiler 2, France). 

In the case of depth profiles, the horizontal axis represents the sputtering time of argon 
plasma which is proportional to the crater depth of the specimen. The sputtering time was 

converted to the depth of the sputtered craters using the profilometers MarSurf M400 and 

Ambios XP-I. 

Contact angle. A SEE (Surface Energy Evaluation) System was used obtained from the 

Advex Instruments to determine the contact angle of solder drops on silver plated copper 

samples. All the substrates were soldered with three drops using flux and soldering iron. 

Every drop was measured three times. From the data,surface tension was calculated.Since 

the instrument is designed primarily for contact angle measurement and surface energy 

determination, for the proper analysis of the drop profile, the measurement points had to be 

fitted with an image taken of the sample to yield results that are supposed to determine the 

baseline and the radius of spherical solder drop. 
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3. Results 

The visual appearance of the silver plated copper substrates is shown in Figure 1. Sample 

E1 exhibited the shiniest surface. Just like sample E2, sample I4 (which was produced 

using Argentomerse NC) looked absolutely matt and white, but the coating was not so 

durableas the electroplated coating. All other samples had silver-grey, meanly durable, 

glossy metallic surface coatings. SEM images of the silver plated substrates are shown in 

Figure 2. As seen,sample I3, I4 and E2 have a thick, rough, mortar-like appearance. The 

roughness of these surfaces provide for a high reflection of photons, so macroscopically the 

whiteness is justified, but sample I3 is actually on the verge between the shiny and matt 
looks. All the other materials have shiny, steady, flat surfaces. 

Surface topographycan likewise be displayed in SEM images (Figure 2), where one can 

observe that the immersion silver plated samples possess a high level of porosity on the 

surface, while there are no detectable holes on electroplated coatings. Notable porosity was 

noticed only in the case of sample I5, therefore the backscatter type image of the sample 

with two measurement points are shown in Figure 3. 

 

Figure 2. SEM images of the surfaces of the silver plated copper foils, Mag1000X 

 

  
(a) (b) 

Figure 3. BSE image of sample I5, Mag 1000X (a), Ag and Cu content of points 1 and 2 (b) 

 

The thickness of the immersion plated samples was so low that, from the front side of 

the samples, it was impossible to measure any more than a bit of silver by EDS, because the 

electron beam induced a deeper area than the thin silver layer. SEM-EDS cross-section tests 

were performed on each of the specimens. Furthermore, GD-OES surface analysis was 

executed, complemented with a profilometric crater depth profile measurement, where the 

results were similar to those obtained in previous method. Figure 4 shows the results of the 

surface analysis, where one can see that the twoelectroplating silver coatings (about 5 and 9 
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µm) are much thicker, than the few hundred nm thick immersion silver layers. The weakest 

coating was produced with the Sterling 2.0 solution. The thickness of the silver layers can 

be seen in Figure 4. 
 

 

Figure 4. Thickness of the silver layers on the copper foils 
 

Silver layer thicknesswasreduced by contacting with the solder, presumably the silver 

solved into the solder matrix, as it is visibly in the optical microscope images of the 

electroplated sample E2 (Figure5 and Figure6). 
 

  

Figure 5. Sample E2 before soldering Figure 6. Sample E2 with solder drop 
 

A significant portion of the silver layer was dissolved into the solder drop. A point scale 
was created geometrically with bulk analysis on these sections. The main elements were 

measured quantitatively in two points as shown in Figures 7–8 and Tables 2–3, where one 

can see that the Ag-content of the parts of silver coating closest to the solder has decreased. 

Some tin diffused into the silver layer (Point 1), but other elements showed no significant 

traceable diffusion.Very thin Ag3Sn (Point 2 in Table 2) intermetallic layer (below 1 μm) 

could be detected by using scanning electron microscope (Figure 7). Furthermore 

hexagonal structures and holes were found in the solder joint.  
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Element Point 1 Point 2 

Bi 0.67 0.63 

Ag 94.70 66.55 

Sn 1.66 31.25 

Sb – 0.17 

Ni 0.92 – 

Cu 2.05 1.40 
 

Figure 7. SEM image of the solder joint 

between the matt silver electroplated copper 

substrate and the solder (Sample E2) 

Table 2. Chemical composition in at.% of 

points 1 and 2 shown in Figure 7 

 

Different phases were observed in the cross-section SEM images of thesoldered 

samples.An example is presented below in Figure 8 which shows the cross-section of the 

soldered glossy silver electroplated copper (sample E2).The microstructure of the solder 

drop consists of supposedly (Cu,Ni)6Sn5 (Point 3) and Ag3Sn (Point 4) IMC phases beside 
the β-Sn solid solution (Point 2). These intermetallics are located sporadically in the β-tin 

matrix. The chemical composition of the phases analysed by EDS are summarized in Table 

3. It should be noted that the size of the detection area is about 2 µm, thus these 

concentrations are not exact for those phases that are less than 2 µm.  

The silver layer (Point 1) contains tin, nickel and a small amount of bismuth, which 

comes from the solder matrix, and a little copper is also detected, which may derive from 

the solder or from the bulk material of the copper substrate. No other contaminants were 

detected on the surfaces in any significant or appreciable amount. 

The contact angles of solder joints on silver plated copper substrates are shown in 

Figure 9. The measurements were performed in 3 replicates. The contact angle of solder 

joint on matt silver electroplated sample (E2) was so small that it could not be measured 
with this method.  The Sterling type silver plating solutions provided the weakest wetting 

between the solder joint and the substrate with using the given flux. 

 

 

Element 
Analysed point 

1 2 3 4 

Bi 0.39 2.27 0.30 2.18 

Ag 93.01 0.19 0.28 7.60 

Sn 3.33 92.78 47.99 86.88 

Sb – 3.05 1.15 1.88 

Ni 1.01 0.63 12.85 – 

Cu 2.26 1.08 37.43 1.46 
 

Figure 8. SEM image of the 

microstructure of the solder joint  

(sample E2) 

Table 3. Chemical composition in at.% of the 

phases marked on cross-section SEM image 

shown in Figure 8 
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Figure 9. Contact angles of the silver plated samples 

The cyanide-free, Argentomerse type solution and the two other immersion silver 

platedsamples exhibited much better wetting properties than the cyanide ones. The best 
results were obtained for the matt silver electroplated copper foil, where the solder drop 

was so flat that it was not measurable and respectively could not be determined. The good 

wettability of the matt electroplated surface was followed by the immersion silver plated 

sample with ammonium-thiosulfate, then the shiny, electroplated foil.   

 

Summary 

The quality andthe thickness of 7 types of silver layers – producedby five typical 

immersion plating methods and two electroplating procedures – on copper substrateswere 

evaluated, and the wetting behaviour of a six component (Sn-3.8Ag-0.7Cu-3Bi-1.4-Sb-
0.15Ni) lead-free solder was measured on these particular surfaces. Besides, the 

microstructure and composition of different parts of the solder drop were examined and 

several phases were detected. The intermetallic compound layerbetween the substrate and 

the solder drop was investigated on the cross-sections of the samples. Elementary diffusion 

and the formed phaseswere studied.Thin silver layers were analysed by GD-OES and SEM-

EDS, and the latter method was also used to analyse and evaluate the grade of soldering on 

the surfaces. 

Based on the results, it can be stated that the best wetting was occurred at the matt 

silver electroplated surface, which was followed by the glossy electroplated substrate. The 

greatest contact angle was measured for the immersion plated copper using cyanide. 

Different compound phases were observed in the solder matrix (supposedly (Cu,Ni)6Sn5 
and Ag3Sn). Each of the thin immersion silver layers were totally dissolved into the solder 

drop. The electroplatedsilver layers were thick enough to enable the measurement of the 

dissolved part of Ag. Approximately 5 µm of initial thickness of Ag have been diffused into 

the solder drop. 
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