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VERTICAL SECTIONS IN THE CALCULATED TERNARY PHASE 

DIAGRAMS BETWEEN FOUR TIN-SILVER-COPPER SOLDERING 

ALLOYS AND PURE COPPER 

 

ANDRÁS DEZSŐ1–GYÖRGY KAPTAY2 

 
The Sn-Ag-Cu (SAC) solder alloys are used most frequently in the electronic industry to replace the 

traditional Sn-Pb eutectic solder. In the present paper, the vertical sections of the ternary phase 

diagram between four commercial solder alloys (SAC105, SAC205, SAC305 and SAC405) and pure 

Cu will be calculated using the Thermo-Calc software and its databank. For this purpose, a general 

material balance equation was derived for the A-B-C / C type vertical sections. The results of 

calculation can be used to understand the processes taking place when solid copper is soldered and is 

partially dissolved in the liquid solder alloy.  
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Introduction 

Lead-free soldering is a hot subject of investigations 1–11. It is known that copper is 

partially dissolved in tin-based liquid solder alloys during soldering 8, leading to the 

necessity of re-processing the contaminated solder alloy 12–14. In order to understand 

and control the process of this dissolution, vertical sections of the corresponding Sn-Ag-CU 

phase diagram should be constructed. As the Sn-Ag-Cu (SAC) solders are most frequently 

used in the electronic industry, the Sn-Ag-Cu / Cu calculated vertical sections are 

describedin this paper for the four industrial solder alloys SACX05 (X = 1, 2, 3, 4).  

The calculations have been performed using the Thermo-Calc software and its 

corresponding databank 15. To calculate quasi-binary sections of ternary alloys by this 

software, the user should first create the appropriate materialbalance equation. Therefore, 

this equation has been derived first, corresponding to the above formulated task.  

 

1.Derivation of the general materials balance equation 

Let us consider an AaBbCc / C vertical section of a ternary A-B-C system, where a, b and c 

are mass fractions of the components of the initial ternary solder alloy, connected as:  

𝑎 + 𝑏 + 𝑐 = 1                                                             (1) 

The following general material balance equation is built into the Thermo-Calc software:  

∑ 𝑤𝑖 = 1𝑖                                                                 (2) 

where wi (dimensionless) are the mass fractions of components i (= A, B, C). If one wants 

to calculate the above vertical section using the Thermo-Calc software [15], the following 
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linear relationships should be also created between any two of the components of the 

ternary system, as an input information:  

𝛼 ∙ 𝑤𝑖 + 𝛽 ∙ 𝑤𝑗 = 𝛾                                                          (3) 

where i and j are any combination of the above components A, B, C, while the Greek letters 

denote numerical constants.Let us select components A and C for the purpose of Eq. (3).  

The vertical ternary section will have temperature in itsy-axis and composition along its 

x-axis. This composition, denoted as x, will have a value of 0 at the AaBbCc corner and will 

have a value of 1 at the C corner. Then, the two materials balance equations are written as:  

𝑤𝐴 = 𝑎 ∙ (1 − 𝑥)                                                          (4a) 

𝑤𝐶 = 𝑐 ∙ (1 − 𝑥) + 𝑥                                                       (4b) 

Now, let us express x from Eq. (4a) and let us substitute this equation in Eq. (4b) Finally, 

let us re-organize the resulting equation into the format of Eq. (3):  

(1 − 𝑐) ∙ 𝑤𝐴 + 𝑎 ∙ 𝑤𝐶 = 𝑎                                                      (5) 

This is the materials balance equation we are using to run the Thermo-Calc software. 

After this formula was used, the software calculated the chemical potential of the phases, 

and searched the phase equilibrium in the predefined intervals of temperature, and 

concentration. The data are from the software databank, and the calculation were made by 

numerical methods. 

 

2. Calculations 

The compositions of four, commercially available Sn-Ag-Cu solders are given in Table 1. 

As the sum of the concentrations in mass per cent of the three components Sn-Ag-Cu does 

not equal 100% in Table 1 (due to some contaminations), these values were normalized to 

100% when coefficients a and c of Eq. (5) were calculated (A = Sn, C = Cu). This 

normalization brings us closer to reality, as the present calculation corresponds to the 

ternary Sn-Ag-Cu system. Parameters a and c of Table 1 were substituted into Eq. (5) and 

the corresponding results of calculations are shown in Figures 1–4 for the four solder 

alloys. In the top left corners of these diagrams the particular materials balance equations 

are given. The broken arrows added to the plots schematically indicate the processes, taking 

place during soldering. While the solder alloy is solid, no dissolution of Cu takes place. 

When the solder alloy becomes at least partly liquid, the dissolution of Cu starts, and it 

takes place till the final solidification takes place.  

Table 1 

Compositions of the four industrially important Sn-Ag-Cu solder alloys and the values  

of parameters a and c to be used in Eq. (5) to calculate the quasi-binary sections  

Type Sn, w% Ag w% Cu w% a c 

SAC105 98.1 1.15 0.514 0.9833 0.0052 

SAC205 96.4 2.21 0.511 0.9725 0.0052 

SAC305 95.4 3.35 0.485 0.9613 0.0049 

SAC405 94.9 4.28 0.536 0.9517 0.0054 
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Figure 1. The SAC105 – Cu quasi-binary section of the Sn-Ag-Cu ternary phase diagram. 

Broken arrows show schematically the processes taking place during soldering 

 

 

Figure 2. The SAC205 – Cu quasi-binary section of the Sn-Ag-Cu ternary phase diagram. 

Broken arrows show schematically the processes taking place during soldering 
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Figure 3. The SAC305 – Cu quasi-binary section of the Sn-Ag-Cu ternary phase diagram. 

Broken arrows show schematically the processes taking place during soldering 

 

 

Figure 4. The SAC405 – Cu quasi-binary section of the Sn-Ag-Cu ternary phase diagram. 

Broken arrows show schematically the processes taking place during soldering 
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Comparing Figures 1–4, one can see the gradual evolution of the vertical sections of the 

Sn-Ag-Cu/Cu phase diagrams. The most important qualitative conclusion remains the same 

for all the four solder alloys: unless unreasonably long soldering time or too high soldering 

temperature is used (i.e. unless unreasonably lots of Cu is dissolved in the liquid solder), 

there will be the same three phases in the final solder: the bct Sn-rich phase (which might 

transform into the diamond structure at lower temperatures) + the Cu6Sn5 intermetallic 

phase (with some Ag dissolved in it) + the Ag3Sn intermetallic phase (with some Cu 

dissolved in it). With Ag-content, soldering temperature and soldering time the ratios of 

these three phases will gradually change.  

 

Conclusions 

The quasi-binary SAC-Cu sections for 4 Sn-Ag-Cu solder alloys have been calculated in 

this paper, using a special materials balance equation (5) and the Thermo-Calc software. It 

is concluded that under normal industrial conditions there will be the same three phases in 

the final solder: the bct Sn-rich phase + the Cu6Sn5 intermetallic phase (with some Ag 

dissolved in it) + the Ag3Sn intermetallic phase (with some Cu dissolved in it).  
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