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Thermodynamic Issues of Lead-Free Soldering in Electronic Packaging
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Abstract: In soldering of electronic packaging, the research on substituting lead-free solder materials
for Pb-Sn alloys has become active due to environmental and health concerns over the use of lead. The
reliability of the solder joint is very important in the development of solder materials and it is known
that it is related to wettability of the solder over the substrate and microstructural evolution during
soldering. It is also highly affected by type and extent of the interfacial reaction between solder and
substrate and therefore, it is necessary to understand the interfacial reaction between solder and substrate
completely. In order to predict the intermetallic compound (IMC) phase which forms first at the substrate/
solder interface during the soldering process, a thermodynamic methodology has been suggested. The
activation energy for the nucleation of each IMC phases is represented by a function of the interfacial
energy and the driving force for phase formation. From this, it is predicted that the IMC phase with the
smallest activation energy forms first. The grain morphology of the IMC at the solder joint is also
explained by the calculations which use the energy. The Jackson parameter of the IMC grain with a rough

surface is smaller than 2 but it is larger than 2 in the case of faceted grains.
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Table 1. Calculation of driving force(A G,), enthalpy of melting (A H,,) and activation energy (A H,>/?G#) for formation
of Sn-Cu IMCs at 250°C for Sn-3.5Ag/Cu joint, for Refs. '

wt% IMC AG4(J/RT) AH,,(J/RT) AH,/AG
Sn-3.5A¢g/Cu N-CueSns 0.31 34 409
(T, = 523K) e-Cu;3Sn 0.18 37 1563

T is the soldering temperature

Table 2. Calculation of driving force(4 G,), enthalpy of melting (A H,,) and activation energy (A H,’/A G#) for formation
of Sn-Ni IMCs at 250°C for Sn-3.5Ag/Cu joint, for Refs. '¥

wt% IMC AG4(J/RT) AHL(J/RT) AH,3/AG{
S13.5AL/N; NisSn 22 3.0 6
n-3.5Ag/Ni .
(Ts - 523K) N?3Sn2 2.4 37 9
NizStu 1.9 24 4

T is the soldering temperature
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Fig. 2. (a) Calculated equilibrium isothermal section of Cu-Sn-Zn ternary system at 250°C. (b) Overlapping of calculated
metastable phase relation between Cu-rich fcc and liquid solder in Cu-Sn-Zn system, projected on the stable

equilibrium isothermal section at 250°C.

Table 3. Calculation of driving force(A G,), enthalpy of melting (A H,,) and activation energy (A H,’/A G#) for formation
of Sn-Zn IMCs at 250°C for Sn-9wt%Zn/Cu joint, for Refs. '

wt% IMC AG4(J/RT) AHL(J/RT) AHIAGS?
Sn-3.5Ag/Cu v-CuZn 0.38 3.7 351
(T, = 523K) e-CuZn 0.24 44 1479

Ty is the soldering temperature
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Fig. 3. Metastable phase relation among Cu-rich fcc and
liquid solder in the Cu-Sn-In ternary system, pro-
jected on the stable equilibrium isothermal section
at 200°C.
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Fig. 4. Top-view SEM micrographs of grain morphology
of IMC at the joint of (a) 63Sn-37Pb/Cu and (b)
635n-37Pb/Ni soldered by reflow at 210°C for
10min. Solder was etched away to reveal the CugSns
and Ni;Sny grains.
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Table 4. Calculated values of 4 in various solder joints
Solder(liquid)/ Substrate(solid) MC AH(Ty) o(&=0.5) Faceted
Sn-37Pb(1)/Cu(s) CugSns 10342 ] (483K) 1.29 No
Sn-3.5Ag(1)/Cu(s) CugSns 10297 J (523K) 1.18 No
Sn-37Pb(1)/Ni(s) Ni;Sny 28670 J (483K) 3.57 Yes
Sn-3.5Ag(1)/Ni(s) Ni;Sn, 28575 J (523K) 3.29 Yes

T; is the soldering temperature
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