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Fig. 1 Isothermal section of SmAg-Cu at 513 K
at the first metastable stage
(Liq+ FCC(Ag) + FCC(Cu))

( Dashed line connects solder and substrate,
dotted line is the tie line at this local equilibrium)
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Table 1 Calculation of driving force ( AG) for
formation of IM C phases at 513 K for
Su-3. 5% A g/ Cu joint in first metastable
stage between liquid and FCC( Cu)

Driving force AG/

Phase Status Mole fraction
(Jemol™ ")

Liquid Entered 0 0. 822
FCC( Cu) Entered 0 0.178
FCC(Ag) Entered - 0.957

CugSns Dormant 0.332

As3Sn Dormant 0.229

CusSn Dormant 0.205

CujoSn; Dormant - 0.042

AG of all other phases are negative
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Fig. 2 Isothermal section of SmmAg-Cu at 513 K
at the second metastable stage

(Lig+ FCC(Ag) + FCC(Cu)+ CugSns)
(Dashed line is the tie line at this local equilibrium)
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Table 2 Calculation of driving force ( AG) for
formation of IMC phases at 513 K for
S3. 5% Ag/ Cu joint in the second metastable

stage between liquid and CugSns

Driving force AG/

Phase Status Mole fraction

(Jemol™ ')
CugSns Entered 0 0.109
Liquid Entered 0 0. 891
FCC (Ag) Entered - 0.256
FCC (Cu) Entered - 0.278

AG of all other phases are negative

R3 Swr3.5%Ag/Cu fE 513 K 5 "I BLAEIRE T
FCC(Cu) + CugSns PIAH V-4 I 25 AH 1 9K 5h )
Table 3 Calculation of driving force ( AG) for
formation of IMC phases at 513 K for
Sr3. 5% Ag/ Cu joint in the second metastable
stage between FCC( Cu) and CugSns

Driving force AG/

Phase Status Mole fraction

(Jemol™ ")
FCC(Cu) Entered 0 0.690
CusSns Entered 0 0.310
FCC(Ag) Entered - 0.715
Liquid Entered - 0.993
Cu3zSn Dormant 0.728
Cu10Sn;3 Dormant 0.555
Cu4iSny; Dormant 0. 495

AG of all other phases are negative
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Fig. 3 Reaction path of Sn-3. 5% Ag/ Cu couple reacted at 513 K superimposed with
Ag-Sn-Cu 513 K isothermal section( A "BTB,CTD” E3)
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Fig. 4 Reaction path of Sn-25% A g/ Cu couple reacted at
723 K superimposed with Ag-Sn-Cu 723 K isothermal section(A ~ B~ B, C~ D E3)
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Table 4 Calculation of driving force ( AG) for
formation of IMC phases at 723 K for
Str3. 5% Ag/ Ni joint in the first metastable
stage between liquid and FCC(Ag)

Driving force AG/

Phase Status Mole fraction

(Jemol™ 1
FCC(Ag) Entered 0 0.037
liquid Entered 0 0.963
FCC(Ni) Entered - 0.027
NizSny Dormant 0.945
NizSny Dormant 0.498
NizSn Dormant 0.361

AG of all other phases are negative

#zS5 Sr3.5%Ag/Ni723 K I BUARRET
Wi+ NizSny PR i I 25 AH R T 59K 5h )
Table 5 Calculation of driving force ( AG) for
formation of IMC phases at 723 K for
Sn-3. 5% Ag/ Ni joint in the second metastable

stage between liquid and Ni3Sny

Driving force AG/

Phase Status Mole fraction

(J*mol™ ')
Ni3Sny Entered 0 0. 425
liquid Entered 0 0.575
FCC(Ni) Entered - 0.464
FCC(Ag) Entered - 0. 821

AG of all other phases are negative

1.2 JEFEDEE T 12 AR
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Table 6 Calculation of driving force ( AG) for
formation of IMC phases at 723 K for
Su3. 5% Ag/ Ni joint in the second metastable
stage between NizSng and FCC(Ni)

Driving force AG/

Phase Status Mole fraction
(Jomol™ ')

NizSna Entered 0 0.710
FCC(Nj) Entered 0 0.290
FCC(Ag) Entered 0

Liquid Entered - 1.365

NizSn Dormant 2.156

NizSn, Dormant 1.934

AG of all other phases are negative
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Application of CALPHAD in soldering of electronic materials

LIU Churrlei', JIN Zharpeng" ?, LIU Hua shan'
(1. School of Materials Science and Engineering,
Central South University, Changsha 410083, China;
2. State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Tt is believed that reaction products in the interface betw een solder and substrate have great effects on mechanical proper
ties and reliability of the solder/ substrate joint. Based on the calculations of metastable phase equilibria between the solder and the
substrate and the comparison of the driving forces of formation of individual intermetallic compounds, a thermodynamics method was
used to predict the formation sequence of the intermetallic compounds during the interfacial reaction period. This method was applied
to the interfacial reaction of Sir3.5% Ag/ Cu, Sn-25% Ag/Cu, and Sn-3. 5% Ag/ Ni solder/ substrate systems. In addition, by using
Scheil Gulliver model, the non-equilibrium solidification of Sn-25% Ag/ Cu system was modeled and the microstructure evolution was
also predicted. The results from thermodynamic calculations are in good agreement with previously reported experiments.

Key words: leadfree solder; interfacial reaction; reaction path; CALPHAD technique; intermetallics
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