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The phase equilibria of the Sn-Au-Ni system, including six isothermal section
diagrams in the Sn-rich portion at 200-600°C, as well as three vertical sections
at Au:Ni = 1:1, 50at.%Sn, and 40at.%Sn, were investigated by means of differ-
ential scanning calorimetry (DSC), x-ray diffraction, and metallography. The ex-
perimental results indicated that (1) there exists a ternary compound SnyAuNi,
that is stable up to about 400°C, (2) there are larger solubilities of Au in the
NizSn, phase in the Sn-Ni system and Ni in the SnAu phase in the Sn-Au
system, and (3) there is the two-phase equilibrium between SnyNiz and SnAu
compounds below 400°C, rather than the continuous phase region from the
SnyNiz to the SnAu phases reported previously. Thermodynamic assessment of
the Sn-Au-Ni system was also carried out by using the calculation of phase dia-
grams (CALPHAD) method, in which the Gibbs energies of the liquid, fcc, and
hep phases are described by the subregular solution model and that of com-
pounds, including a ternary compound, are represented by the sublattice model.
The thermodynamic parameters for describing each phase were optimized and
good agreement between the calculated and experimental results was obtained.
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INTRODUCTION

In recent years, great attention has been given to
the development of Pb-free Sn-base solders for elec-
tronic interconnection materials used in electronic de-
vices because of the health and environmental safety
problems caused by conventional Pb-Sn solders. In
order to realize an electronic package with Pb-free
solders, the interfacial reaction between Pb-free sol-
ders and substrate is also important. Generally, in
the common metallization scheme of ball grid array
(BGA) microelectronic packaging, a Cu substrate
coated by Ni and Au is jointed with Pb-free Sn base
solder. The outermost Au-coated Cu substrate serves
to protect the substrate from corrosion and oxidation,
and the Ni-coated layer provides a diffusion barrier
that inhibits detrimental growth of Cu-Sn inter-
metallics. Although some experimental investigations
on the interfacial reaction between Sn-base solders
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and Au/Ni/Cu metallization have been reported,’™

the phase equilibria in the Sn-Au-Ni ternary system
have not been studied in detail, with the exception of
the phase equilibria determined by Neumann et al.?
and Anhock et al.® Figure 1 shows the isothermal sec-
tion at 400°C presented by Neumann et al.,> where
there is a homogenous range from the Sny,Ni; phase
in the Sn-Ni system to the SnAu phase in the Sn-Au
system, and a ternary compound exists in the Sn-rich
portion. However, the isothermal section at room
temperature determined by Anhock et al.® indicated
that a phase equilibrium exists between the SnyNi;
phase and SnAu phase with larger solubilities of
the third elements, rather than the continuous solid
solution as reported by Neumann et al.® Therefore,
some uncertainties regarding the phase equilibria of
this system remain.

Calculation of phase diagrams (CALPHAD) has
been recognized to be an important tool in the design
of materials because it significantly decreases the
amount of required experimental work.” Recently, the
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Fig. 1. Isothermal section at 400°C determined by Neumann et al.® and three sub-binary systems in the Sn-Au-Ni system.

present authors have developed a thermodynamic
database for the design of solders in the framework of
the CALPHAD method, which includes the elements
Ag, Bi, Cu, In, Sn, Sb, Zn, and Pb, which can provide
information on phase equilibria, liquidus projection,
surface tension, and viscosity of the liquid phase,
etc.®1% In order to understand the interfacial reac-
tions between a substrate coated by Ni and Au and
Pb-free solders, it is necessary to establish a thermo-
dynamic database containing the elements of Au and
Ni. The purpose of the present study was (1) to exper-
imentally determine the phase equilibria in detail
and (2) to carry out a thermodynamic assessment of
the phase equilibria in the Sn-Au-Ni system.

EXPERIMENTAL PROCEDURE

Sn-Au-Ni ternary alloys were prepared using pure
Sn (99.9%), Au (99.99%), and Ni(99.9%) in evacuated

transparent quartz capsules at about 1200°C for 4 h.
After homogenization treatment, the specimens
were equilibrated at 200°C, 250°C, 300°C, 400°C,
500°C, and 600°C for 20-720 h and then quenched in
ice water. The quenched samples were cut and their
surfaces were polished using Al,O5; powder. Equilib-
rium phase compositions in multiphase specimens
were determined by a electron-probe microanalyzer
(EPMA) using the standard calibration method.
Transformation temperatures were determined by
differential scanning calorimetry (DSC) using the
heating curve. The experiments were carried out in a
flowing argon atmosphere at rates of 3-10°C/min,
using sintered Al,Os; as the reference specimen. X-
ray diffraction was carried out using Cu K, radiation
to identify the crystal structure for the Sn-35Au-
15Ni (at.%) and Sn-30Au-20Ni equilibrated at 300°C
and 400°C for 40 days, respectively, in order to verify
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Table I. Information on the Crystal Structure and Modeling of Compounds in the Sn-Au-Ni System
Pearson Space Struk-turbeicht
Phase Prototype Symbol Group Designation Modeling Ref.
SnAu NiAs hP4 P63/mmc B81 Sno_5(Au,Ni)0A5 11
SnyAu AuSn, oP24 Pbca — Sng g7(Au,Ni)o 33 12
Sn,Au PtSn, 0C20 Aba2 D1, Sng g(Au,Ni)g o 13
SnAuj; AusSn hR6 R3 — Sng 16(Au,N1) g4 14
SnAu, NigTi hP16 P6s/mmc D0y, (Au,Sn) 12
SnNiz_HT CusTi oP8 Pmmm — (Ni,5n)g.25 (N1,Sn)g.75 15
SnNi;_ LT NizSn hP8 P6sy/mmc DOy (N1,Sn)g 95 (N1,Sn)g 75 16
SnzNig IIlNiz hP6 P63/mmc B82 (Ni,Sn)Oﬁ (Au,Ni)0_25 (Au,Ni)0‘25 17
Sn4Ni3 CoGe Mcl6 C2/m — (Ni,Sn)0,5714 Ni0.4286 18
SnyAuNiy Fe3Sny-s — R3m — Sng 571 Aug.143Nig 286 19

whether there exits a continuous solid solution from
the SnyNi; phase to the SnAu phase as reported by
Neumann et al.”

THERMODYNAMIC MODELS

The crystal structures of the compounds in the Sn-
Au-Ni ternary system are listed in Table 1.2 The
Gibbs energy of each phase is described as follows.

Solution Phases

The Gibbs energies of solution phases, such as the
liquid, fec, hep, and BSn phases in the Sn-Au-Ni sys-
tem, are described by the subregular solution model
with the Redlich—Kister formula®® as follows:

Gh= D°G!x{+RT ) x!Inx!
i=Au,Ni,Sn i=Au,Ni,Sn

¢ [
+XAuXN1LAu Ni +XAuXSnLAu Sn
o L0 10 ex (v tern
+ XX Ly o +ATG

where °G{ denotes the molar Gibbs energy of the
pure component i with ¢ phase, x; is the mole fraction
of component i, R is the gas constant and T is the ab-
solute temperature. The term L .; 1s the interaction
parameter between i and j atoms in the i-j binary
system, and A®*G'*™ is the excess term of the interac-
tion between atoms in the ternary system, which can
be expressed in the following forms, respectively:

tern _ 0 0 _0 0 o Lro
AZG™™ _XAuXNiXSn( LAuNlSn +Xn; Lgunisn

0 210
+Xgn LAuNiSn)

where the coefficient qui] represents the parame-
ters in the sub-binary system, and LAuNlSn may
be temperature dependent and is optimized in the
present calculation.

Compound Phases

(a) The solubilities of the third element in the
SnyAu, SnAu;,, and SnAus phases in the Sn-Au
system and the SnNi;, Sn,Nis, and SnyNi; phases in

the Sn-Ni system are ignored, and the description of
Gibbs energies of these phases is the same as those
in the binary system.

(b) The Gibbs energies of the SnsAu and SnAu
phases with the solubility of the Ni element are de-
scribed by the two sublattices,?! i.e., Sngg(Au,Ni)g s
and Sng 5(Au,Ni), 5. Their Gibbs energies are, respec-
tively, expressed by

0 0
GSn4Au — H GSn'Au +y§i GSn'Ni +0.2RT

(YAu Inyi, +yN InyN ) + ¥ ¥ NiLisn:au Ni

0
GSnAu yAu GSn :Au +yN1 G'Sn :Ni +0.5RT

(yAu h‘lyAu +yN1 1nle)"’YAu leLSn :Au,Ni

where y!'is the fraction of element i in sublattice II
and °G;. J is the Gibbs energy of formation of the com-
pound ij. The L term is the interaction parameter
between Au and Ni in sublattce II.

(¢) Since there is a larger solubility of Au in
the Sn,Ni; phase in the Ni-Sn system, its Gibbs
energy is described by three sublattices, i.e.,

(N1,Sn)g 5(Au,Ni)g o5(Au,Ni), o5, as follows:
m 0 1 0
G=yN1YAuyAu GNi:Au:Au +YN1YAuyN1 GNi:Au:Ni

m 0 m 0
+YN1YN1YAu GNi:Ni:Au+YN1YN1YN1 G nionioNi

m 0 1 0
+ YSnYAuyAu GSn:Au:Au + ySnYAuYNl GSn:Au:Ni

1 0 1 0
+ ySnleyAu G'Sn:Ni:Au + YSnlele GSn:Ni:Ni

+O5RT(le lny%\h +ySn lnySn )+025RT

(yAu lnyAu +yN1 lny )+O 25RT(yIII lnyIII
IIT 11T

+YNi 11’lle )+yN1ySn (yAu yAuLNl ,Sn:Au:Au

+YAuyN1LN1 ,Sn:Au:Ni +yN1YAuLN1 ,Sn:Ni:Au

I
+ YleNlLNl ,Sn:Ni: Nl)+yAIIYNl (leyAuLNl :Au,Ni:Au

il 111
+ leleLNl :Au,Ni:Ni + ySny LSn:Au,Ni:Au

I 11
+ySnyNiLSn:Au,Ni:N1)+YAuYN1
I _1I
(YNiYAuLNi:Au:Au,Ni +yNiYNiLNi:Ni:Au,Ni

I I I I
+YsnY Aulisn:Au:Au,Ni + Ysn Y NiLisn:Ni:Au N )
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where y! is the fraction of element i in sublattice s,
and OGi:j:k is the Gibbs energy of formation of the
compound ijk. The L term is the interaction parame-
ter in the sublattices I, II, and III, respectively.

(d) The Sn AuNi, ternary compound is described
as Sng 571AU 143Nig 286, and its Gibbs energy can be
written as

G-0571°GE" -0.143° G ~0.286° G = A+BT

where the parameters A and B are optimized based
on the experimental data.

The unary data for the pure elements are taken
from Dinsdale.??

RESULTS AND DISCUSSION
Determination of Phase Equilibria

Typical two- and three-phase microstructures of
the Sn-12.5at.%Au-12.5at.%Ni and Sn-14at.%Au-
29at.%Ni alloys equilibrated at 300°C and 500°C
are shown in Fig. 2a and b, respectively. It is seen
that a dendrite microstructure is formed from the
liquid phase during cooling. The equilibrium compo-
sitions at the Sn-rich portion in the temperature
range from 200°C to 600°C determined by EPMA
are listed in Table II and presented in Fig. 3. The
experimental results indicate that the phase equi-
libria in this system have the following features:
(1) there is a ternary compound (SnsAuNi,) in the
Sn-rich portion, (2) there is the phase equilibrium
between the NisSn, and the SnAu phases, and (3)
there is a larger solubility of Ni in the Sn,Au phase
in the Sn-Au system. Neumann et al. studied the
crystal structure of the Sny,AuNi, compound, and
reported that it is stable up to 420°C, at which tem-
perature it undergoes the peritectic reaction (L+
Sn,Niz+ SnyNi; < SnsAuNi,).!® The present DSC
results show that this peritectic reaction occurs
at 422°C, which is in good agreement with the data
reported by Neumann et al.' Neumann et al.’ also
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reported that there is a continuous solid solution
from the NizSn, phase in the Sn-Ni system to the
SnAu phase in the Sn-Au system. However, the pre-
sent results indicate that there is a two-phase equi-
librium between the SnAu and the Sn,Ni; phases
with a larger solubility of Ni and Au, respectively.
In order to clarify this difference between the pre-
sent findings and Neumann’s results, x-ray diffrac-
tion was carried out for the Sn-35at.%Au-15at.%Ni
and Sn-30at.%Au-20at.%Ni alloys. Figure 4 shows
the patterns of x-ray diffraction and the correspond-
ing microstructures, where the SnAus;Ni;; and
SnAu;oNiy, alloys have single- and two-phase mi-
crostructures, respectively. It is seen that the x-ray
pattern for the SnAus;Ni;5 alloy shows a NiAs-type
structure (Fig. 4a), while that for the SnAugoNiy
alloy shows different structures between the SnAu
and SnyNi; phases (Fig. 4c). Fjellvag and Kjekshus
reported that the SnyNi; phase has a NiyIn-type
structure, rather than a full NiAs-type structure.!”
The present results indicate that the SnsAu com-
pound can dissolve up to 10.5at.%Ni at 200°C,
which is in good agreement with findings reported
by Song et al.? and Anhock et al.®

Vertical sections at 40at.%Sn, 50at.%Sn, and
Au:Ni = 1:1 were also determined by DSC. These
results are listed in Table III.

Optimization of Phase Equilibria

The phase diagrams of the Sn-Ni, Sn-Au, and
Ni-Au binary systems were thermodynamically
assessed by Ghosh,?® Liu et al.,?* Morioka, and
Hasebe,?® respectively. Thermodynamic parameters
in Refs. 24 and 25 were used in the present assess-
ments. The parameters in the Sn-Ni system were
mainly taken from Ghosh’s assessment,?® except for
those of the SnyNiz phase because the model de-
scribing this phase cannot reproduce the present
experimental data. The optimized thermodynamic
parameters for calculating the phase equilibria of

N4 200KV i

R N

.

Y N\t

JEOL COMP 20, 8kY x*500

Fig. 2. Microstructures of (a) Sn-12.5at.%Au-12.5at.%Ni alloy treated at 300°C for 30 days and (b) Sn-14at.%Au-29at.%Ni alloy treated at

500°C for 20 h.



674

Liu, Kinaka, Takaku, Ohnuma, Kainuma, and Ishida

Table II. Phase Equilibrium Compositions of the Sn-Au-Ni System Determined By the Present Work

Temperature (°C) Equilibria

SnNig/liquid

500 SnyNis/liquid

SnNig/liquid

SnyNis/SnNig/liquid
Sny,Nis/SnNig/liquid
Sn,Nig/liquid

500
400

SnNiy/liquid

Sn AuNiy/liquid
SnyNis/SnNig
SnyNis/hep
SnAu/ SnzNi3
Sn AuNiy/liquid
SnyNisz/SnNig
SnyNis/hep

300

SnAu/SnzNig
Sn AuNiy/SnNig/liquid
Sn AuNiy/SnAu/liquid
Sn;Niy/hep/liquid
SnyNis/SnAu/hep
Sn AuNiy/liquid
SnNis/liquid
Sn,AuNiy/Sn,Au/liquid
Sn4AuNi2/Sn4Au
SnyAu/BSn
SnNi3/Sn2Ni3
SnyNig/hep
Sn4AuNi2/Sn4Au/ SnNi3
SnNis/Sn,Au/SnAu
SnyNis/hep/SnAu

250

200

Composition (At.%)

Phase 1 Phase 2 Phase 3

Ni Au Ni Au Ni Au
41.4 13.3 1.7 39.6 — —
48.5 6.1 1.6 22.0 — —
43.4 11.0 0.8 33.5 — —
48.8 59 0.8 23.6 — —
40.9 13.9 0.9 45.7 — —
50.4 8.3 2.0 68.4 — —
46.4 10.8 2.0 62.2 — —
45.3 11.6 2.9 56.4 — —
447 0.2 1.8 15.1 — —
45.0 0.18 2.7 17.7 — —
31.4 19.9 1.2 34.3 — —
28.8 23.5 0.5 46.5 — —
48.5 9.5 1.5 70.2 — —
43.9 13.1 1.2 64.7 — —
39.9 16.0 0.7 62.4 — —
44.2 0.5 0.6 25.0 — —
43.1 0.3 1.7 16.0 — —
43.3 0.4 1.0 19.3 — —
441 0.5 41.3 11.6 1.2 24.8
43.6 0.5 40.6 11.9 0.9 25.0
21.6 25.9 0.3 31.4 — —
40.4 16.2 0.9 68.1 — —
30.0 23.9 0.6 55.5 — —
42.2 0.8 1.0 16.4 — —
42.0 0.9 0.7 20.1 — —
28.9 13.6 0.7 21.1 — —
37.1 14.8 43.1 0.5 — —
46.8 11.3 1.7 86.3 — —
18.0 31.9 22.6 26.8 — —
28.4 13.5 0.4 104 — —
44 .4 9.8 44.0 0.8 — —
34.2 20.4 1.6 83.9 — —
49.2 9.8 84.3 2.0 — —
17.7 32.2 23.5 26.1 — —
28.3 13.6 20.7 25.5 0.2 20.8
28.6 13.5 41.7 0.7 0.8 9.0
22.9 29.2 0.1 83.1 0.2 69.7
17.7 27.8 10.9 35.3 0.6 31.9
28.9 13.5 0.6 11.3 — —
42.7 0.3 0.5 4.8 — —
28.9 13.6 0.5 31.7 2.4 16.8
28.1 13.6 7.6 11.6 — —
10.0 9.3 0.0 0.1 — —
44.0 0.6 39.4 13.7 — —
49.5 9.1 2.5 83.7 — —
28.2 13.3 11.5 8.2 414 0.3
20.6 26.2 0.2 32.1 4.5 44 .4
22.7 29.1 0.2 84.5 0.8 48.2

the Sn-Au-Ni system are listed in Table IV. In the
present work, the Gibbs energy of the Sn,Ni; phase
is described by the three-sublattice model, as shown
in the previous section.

As discussed above, the crystal structures of the
SnyNi; and SnAu phases are, respectively, the
Ni,In- and NiAs-type structures. Thus, the Gibbs
energies of the SnyNi; phase with the solubility of

Au and the SnAu phase with the solubility of Ni are
described by a different model.

On the basis of the present experimental data
in the Sn-Au-Ni system, the ternary thermodynamic
parameters of the liquid, hep, SnyNi;, SnyAu, and
SnAu phases, as well as the SnyAuNi, ternary com-
pound, were assessed, and the calculated isother-
mal sections with the experimental data are shown
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Fig. 3. Isothermal sections at (a) 200°C, (b) 300°C, (c) 400°C, (d) 500°C, and (e) 600°C determined by the present work. e: Phase equilibria,
o: Two-phase alloy, 0: Single-phase alloy.

I i L
40 50 60 70 80 90
20

Fig. 4. X-ray diffraction patterns and microstructure of the (a) and (b) SnAusNiys and (c) and (d) SnAusNiyg alloys equilibrated at 400°C for 40 days.
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Table III. Transformation Temperatures Determined by Differential Scanning Calorimetry

Alloy Composition (At.%)

Ni Au Liquidus (°C) Other Transformation Temperature (°C)
25 25 1017 311, 518
17.5 17.5 880 260, 408
12.5 12.5 775 211, 240, 316, 711
5 5 605 216, 241
40 10 1168 513, 484
10 40 865 315, 445
45 15 1150 402
30 30 1030 284, 304
15 45 875 280, 335

{a) 200°C N (b) 300°C Ni () 400°C Ni

Sn ANz £ 3 N ' Sn4AuNi2 Sn4AuNi2 /

/ // 2
Sn EL AUED aa "“40 Span 60 80 ep E Al Sn 20 SnzAu 40 SnAu 60 80 hep Au Sn quuld X Tiqud .~ A SnAu Au
Aufat % Au/ at.% Au / at. %
Ni Ni Ni
(d) 500°C (e) 600°C (® 800°C

SN Liguid 59 40 60 80 " Au Sn™ wLiguia 5o 40 60 80 Au 20 40 60 80 Au
Au/ at.% Au/at.% Au/at.%

Fig. 5. Calculated isothermal sections at (a) 200°C, (b) 300°C, (c) 400°C, (d) 500°C, (e) 600°C, and (f) 800°C compared with the present
experimental data.

in Fig. 5a through e. It is seen that there is good reactions. The invariant reactions are summarized
agreement between the calculated results and ex- in Table V.

perimental data. The calculated isothermal section

at 800°C is also presented in Fig. 5f. Very satisfac- CONCLUSIONS

tory agreement between the calculated vertical sec- e The phase equilibria of the Sn-Au-Ni system,
tions and the experimental data is shown in Fig. 6. including six isothermal sections and three ver-
Figure 6d shows the calculated vertical section in- tical sections, were determined. The character-
cluding the Sn AuNi, ternary compound. It is seen istics of the phase equilibria in this system
that the ternary compound is stable until 422°C, at are as follows: (a) there is a ternary compound
which a peritectic reaction occurs. The calculated re- (SngAuNi,) in the Sn-rich portion; (b) there is a
sults are in good agreement with the experimental larger solubility of Ni in the SnyAu phase in the
results. Based on the optimized thermodynamic pa- Sn-Au system; and (c) there is a phase equilib-
rameters, the calculated liquidus projection of this rium between the SnyNi; and the SnAu phases,
system is shown in Fig. 7, in which there are one rather than the extended homogeneity solution

eutectic, two peritectic, and ten quasi-peritectic reported previously.
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Table IV. Thermodynamic Parameters in the
Ternary Sn-Au-Ni System Used in This Work (J/mol)

Liquid Phase (Au,Ni,Sn)
oL . = —40,014.59 — 30.286*T
'Ly = —822.33 — 0.536*T
oLl = —48,822.94 + 19.68*T — 2.84*T*Ln(T)
1Ll = ~17,990.36 + 0.79*T
2L, = —5,222.53
oL, = —140,308.48 + 386.9%T — 44.67*T*Ln(T)
LM = 60,955.58 + 155.55T — 18.82*T*Ln(T)
OLKi,Ni,Sn = —20,000
Fcc Phase (Au,Ni,Sn)
LY = 38,588.32 — 20.21%T
Lfec, i = —563.43 — 2.84*T
oL, = —28,802.84 — 5.58%T
LY 5, = 8,515.07 — 11.79*T
oLk = —60,397.19 + 5.974T
LY o, = —25,786.96 + 4.92*T
Sn AuNi; Compound (Sn)os71 (At)o.143(Ni)o.286
GANES 05710 GE — 0.143° G - 0.286° G =
—99.795.79 + 2.633*T
SnyNi; Phase (Ni,Sn)o 5(Au,Ni)o.25(Au,Ni)o.25
G~ GRP= 0.0
Gyiasis,— 0.5° Gy — 0.5° Gy, = —1365 + 5°T
Gy = 0.75° Gy — 0.25° Gye = °GyJalls — 0.75° Gy
—0.25°_Gf§§ = 1,000
Ggopmw, — 0.5° Cifq - 05° C:ﬂffﬁ = —12,976.31 + 1.02*T

0, Ni o ct ° cc
Gt~ 0.5° Gg,, — 0.5° Gy = —22,103.5 + 1.828*T
Georl— 0.5° Gt — 0.25° G5 — 0.25° G
= GonMs — 050 GXY -0.25° G - 0.25° G =
~19,289.91 + 1.42435*T

07 SngNig I

L Sn:Au:Au, Ni 6’000

17 SnyNig _

L Sn:Au:Au, Ni 500

07 SnyNig _ *
L Sn:Ni:Au, Ni 19’460 + 20*T
07 SnyNig _

L Sn:Au, Ni:Au ~— 0

17 SnyNig _

L Sn:Au, Ni:Au — 500

o7 Sn,Ni, _

L Sn:Au, Ni:Ni — 67000

OLSII\}?EE:Au:Au = _20’000

OLSII\}%,I\SIiiAu:Ni = OLSIII\IQigE:Ni:Au = —10,000
LS = —35,773.7 + 20.124*T
1LSI?I?,I\Shn3:Ni,Ni = 86,5634.3

Sny,Au Compound (Sn)g ¢67(Au)g 333

G2~ 0.667° Go'— 0.333° GL° = = —17,419.12 + 10.905*T
Sn,Au Compound (Sn)g g(Au,Ni)g

G5 — 0.8° G2 — 0.2° G = —9,770.27 + 4.4335*T

Ganny = 0.8° Ggyy = 0.2° Gy = = —15,825 + 25%T
OLEAY, | = —43,650+50%T

SnAu; Compound (Sn)g16(Au)g sy

G — 0.16° G2 — 0.84° GY = —4,050 — 3.3*T
SnAu,, Phase (Au,Sn)

G0 —° G = 125 + 0.79*T
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Ggrauo —° Gt = 3,804 — 3.46*T
O o = ~13,427.03 — 5.2576*T
L0 = —14,823.13 — 21.1189*T
Bcc Phase (Au,Ni,Sn)

GR —° G = 4,250 — 1.1%T

G —° GE° = 8,715.08 — 3.556*T
Gbeeg, —° GPtg, = 4,400 — 6*T
OchLf,Ni = 50*T

L sn = 30,000

ot bce _
LAu,Sn =0.0

o7 bcc _
LAu,Ni,Sn =0.0

fSn Phase (Ni,Sn)
GSne G = 10,023 — 4.556*T
Sn__o ybet _
G G = 0.0
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Fig. 6. Calculated vertical sections at (a) 40at.%Sn, (b) 50at.%Sn, (c) Au:Ni = 1:1, and (d) 28.6at.%Ni compared with the present experimental
data.

Thermodynamic assessment of the Sn-Au-Ni
system was carried out on the basis of the
CALPHAD method. The thermodynamic para-
meters for describing the phase equilibria were
optimized, resulting in good agreement between
calculated and experimental data.
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