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Abstract: Recent progress in the development of thermodynamic and kinetic databases of micro-soldering alloys, which were
constructed within the framework of the Thermo-Calc and DICTRA software, was presented. Especially, a thermodynamic tool,
ADAMIS (alloy database for micro-solders) was developed by combining the thermodynamic databases of micro-solders with
Pandat, a multi-component phase diagram calculation software program. ADAMIS contains 11 elements, namely, Ag, Al, Au, Bi, Cu,
In, Ni, Sb, Sn, Zn and Pb, and can handle all combinations of these elements in the whole composition range. The obtained
thermodynamic and kinetic databases can not only provide much valuable thermodynamic information such as phase equilibria and
phase fraction, but also shows the kinetics and the evolution of microstructures when they are combined with some appropriate
software programs and models, such as the phase field method and ADSTEFAN software. From the viewpoints of computational
thermodynamics and kinetics, some technical examples were given to demonstrate the great utility of these databases for the
applications in the development of micro-soldering materials. These databases are expected to be powerful tools for the development
of micro-solders and Cu substrate materials, as well as for promoting the understanding of interfacial phenomena and microstructure

evolution between solders and substrates in electronic packaging technology.
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1 Introduction

Soldering is a well-known metallurgical joining
method that uses a filler metal, the solder, with a melting
point below 425 °C[l]. In the immense electronic
materials world, solder plays a crucial role in the
assembly and interconnection of the silicon die (or chip).
As a joining material, solder provides electrical, thermal
and mechanical continuity in electronics assemblies. The
performance and quality of the solder are crucial to the
integrity of a solder joint, which in turn is vital to the
overall functioning of the assembly. Solders are used in
different levels of the electronic assembly sequence, as
shown in Fig.1[2]. The cross-section of solder bump and
package of flip chip BGA (ball grid array) are presented
in Figs.2(a) and (b), respectively. Lead-tin (Pb-Sn)
solders have been used as a joining material for at least a
few millennia and have been the most prominent

materials for the interconnection and packaging of
modern electronic components and devices over the past
several decades. The widespread usage of Pb-Sn solders
is due primarily to the combination of low cost and
convenient material properties[3—4]. In the event that
legislation and regulations dictate more stringency in the
allowable levels of Pb in the environment[5—7], it would
be significantly more economical to replace the Pb-
containing solders in the electronics, telecommunications,
automobile, and aircraft industries now (than to clean up
the landfills, rivers, lakes, soil, etc. in order to reduce
their Pb contents)[8]. Thus, to develop Pb-free solders
for the replacement of Pb-containing solders is of both
academic interest and industrial demand.

For the Pb-free substitute solders to be acceptable
for industry-wide applications, they have to exhibit
various desirable materials characteristics in terms of
melting temperature, wettability, electrical and thermal
conductivity, thermal expansion coefficient, mechanical
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Fig.2 Cross-section of solder bump (a) and package structure of flip chip BGA (b)

strength and ductility, creep resistance, thermal fatigue
resistance, corrosion resistance, manufacturability, and
cost. Many investigations indicate that Pb-free solders
are likely to be multicomponent alloys because the
melting temperatures of binary candidates are either too
high or too low, and their integrated properties are not
adequate. In view of the necessity to develop Pb-free
solders with high efficiency, and the transition time
involved in the replacement of Pb-bearing alloys, a
thermodynamic database of micro-soldering alloys for
reliable predictions of liquidus, solidus, phase fractions,
surface tension and constitutions, equilibrium and
nonequilibrium  solidification behavior, etc., in a
multicomponent system is required because it is difficult
to understand these factors from available references. In
addition, a thermodynamic database of the Cu-based
alloys is also important for the design of substrate

materials. The calculation of phase diagrams
(CALPHAD) technique[9—10], which is recognized to be
a powerful tool to significantly reduce time and cost
during the development of new materials, can effectively
provide a clear guidance for the materials design[11].
Recently, the present authors have developed
thermodynamic databases for micro-soldering materials
[12—14] and Cu base alloys[15—16] with the framework
of the Thermo-Calc software. These databases are useful
for the optimal design of Pb-free solders and Cu-based
substrate materials, as well as for understanding the
interfacial reaction between solders and substrates[17].
Solder reactions between Pb-free solders and substrate
materials are mainly co-affected by the thermodynamics
and kinetics[18]. In order to effectively predict the
diffusion behavior including the growth of intermediate
compounds, the moving speed of interfacial boundary in
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the solder reactions, a kinetic database for micro-
soldering alloys and substrate materials[19—21] was
developed with the framework of the diffusion controlled
transformation (DICTRA) software[22].

In this work, the development of thermodynamic
and kinetic databases was presented, and some technical

examples to design Pb-free solders using the
computational thermodynamics and kinetics and
applications in electronic packaging were mainly

demonstrated.
2 Method of calculation

2.1 Thermodynamic models
2.1.1. Solution phases

The Gibbs free energies of the solution phases
(liquid, FCC, bcc and hep) in an A-B system are
described by the subregular solution model as follows:

Gh=Y "GIx+RT Y x;Inx; +A Gl + A™2GY (1)
i=A,B i=A,B

where OGf’ is the Gibbs free energy of the pure
component i in the respective reference state with the ¢
phase, which is taken from the SGTE pure element
database[23]; x; denotes the molar fraction of component
i; R is the gas constant; 7 is the thermodynamic
temperature; and AEGZ; is the excess Gibbs free energy,
which is expressed in the Redlich-Kister polynomial[24]

as:

ARG =xyx5 > 'L 5 (x5 —xp)’ )
i=0

with

iLi’B =a+bT (3)

where iL“[i’B is the binary interaction parameter,
coefficients a and b are evaluated on the basis of
available experimental data.
2.1.2. Stoichiometric intermetallic compounds

The stoichiometric phases in the A-B system are
treated as (A)y(B),. The Gibbs free energy for per mole of
formula unit (A),(B), can be written as

A®GY = OGS —sOGTR —tOGYR =a' +b'T+c'TInT
“4)
where AGGf represents the Gibbs free energy of the
formulation per mole of ¢ phase referred to the standard
element reference (SER) state of the component elements;
parameters of @', b' and ¢’ are optimized in the present
work.

2.1.3 Non-stoichiometric intermetallic phases
The non-stoichiometric intermetallic compound in

the A-B binary system is treated as (A,B),(A,B),. The
Gibbs free energy of the (A,B),(A,B), phase is described
by a two-sublattice model[25]. The Gibbs free energy of
the formation per mole of formula unit (A,B),(A,B), can
be expressed as the following equation with reference to
the pure elements in their non-magnetic state:

(A,B),(A,B), I 160 I 116 I 116
Gy 7 T =yaVA GantVaVp Gapt¥pya Gpa+

vhy Gy + PRT(yy In ¥} +yy Inyh) +
qRT(yx Inyy + yg Inyg)+

PYAVBIVA D, "Lapa(Va —yp)" +

n

vB Y "Lags(h —v5)" 1+
QAVBLYA D, "Laas(Va —yB)" +
n
V8D "Lpap(Va —v5)"] (5)

where y} and y}l are the site fractions of component i
and j (i, j=A, B) located on sublattices I and II,
respectively; parameter G)Gl-: ; represents the Gibbs free
energy of the compound phélse when the two sublattices
are occupied by element 7 or j; L;ap and L, g, are the
interaction parameters between A and B in the second or
the first sublattice, when the other sublattice is occupied
by element i or j. G)Gi: s Lian and L, g, are evaluated in
the present work. ‘
2.1.4 Surface tension

The surface tension in an A-B binary liquid alloy is
expressed by consisting the equilibrium between the bulk
phase and the surface phase, which is regarded as a
hypothetical independent phase as follows[26—28]:

RT 1-xp
o=0,+—1n 5t
SA l—xB

1
— [P GR(T,x3)-" GX (T, x3)] =

Sa
RT xy 1

o+ B+ —[FGY(T,x3) =" G (T, )] (6)
S xg Sp

where o; is the surface tension of pure liquid; S; is the
molar surface area in a monolayer of the pure liquid. The
excess term in the surface phase, "G’ (T,x5) can be
obtained from EG(T,x5) =083 GB(T,x5) x
EGB(T,x3), which can be directly obtained from the
thermodynamic database.
2.1.5 Viscosity

SEETHARAMAN and SICHEN][29] proposed the
equation for the viscosity of liquid alloys as follows:

AG"
RT

77:39.9x10*11%exp( ) )

where AG" is the activation energy of the alloy, which
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can be obtained from the thermodynamic database; p is
the density of liquid alloy; and M is the molar mass of
the liquid alloy.

2.2 Kinetic models

The temporal profile of the diffusing species k is
given by the Fick’s law in the mass conservation form as
follows:

b - —givis,) ®)

where C; is the concentration in moles per volume; “div”
denotes the divergence operator; the diffusional flux of
the species, J, in a multicomponent system is given by
the Fick-Onsager law as:
n-1
Jy == DpVC, 9)
J=1
where D,’;/- is the chemical diffusion coefficient. The
summation is performed over (n—1) independent
concentrations as the dependent n component may be
taken as the solvent. Dy in a substitutional solution
phase is given by the following expression[30]:

. Ol Op;
D} =) (6, —x, )M, (———%) (10)
kj Z,: ik kit axj P ;
where 0y is the Kronecker delta (d;=1 if i=k, otherwise
04#=0); x; the mole fraction; y; the chemical potential of
element i; and M, the composition dependent atomic
mobility.

From the absolute-rate theory arguments, mobility
parameter M; for element i, can be divided into a
frequency factor M [0 and an activation enthalpy Q.
According to the suggestion in Ref.[31], M; can be
pressed as:

M, =exp(lnM? —&)ngg (11)
RT " RT

where ™Q is a factor taking into account the
ferromagnetic contribution to the diffusion. Both M io
and @, are temperature, composition and pressure
dependent factors.

Assuming the mono-vacancy atomic exchange as
the main diffusion mechanism, the tracer diffusivity D,
can be related to the atomic mobility M; by the Einstein’s
relation:

D] = RTM, (12)

In a binary system, the tracer diffusivity D: can be
applied to calculate chemical diffusion coefficient D by
Darden’s equation[32]:

D =(xpD} +x,Dp)p (13)

where ¢ is the thermodynamic factor, and can be
expressed as:

2
:l+dln)/B:xAdeG (14)
dlan RT dxz

+dln7A

-1
LR TrN

where x, and xg are mole fractions of components A and
B, respectively; ys and yg are the activity coefficients of
components A and B, respectively.

3 Results and discussion

3.1 Development of alloy database for micro-solders

(ADAMIS)

A thermodynamic tool of micro-soldering materials
named alloy database for micro-solders (ADAMIS) was
developed. In this database, the phase equilibria in any
system that includes elements Ag, Al, Au, Bi, Cu, In, Ni,
Pb, Sn, Sb and Zn can be calculated in the whole
composition range. ADAMIS is a user-friendly
thermodynamic tool for the design of micro-soldering
materials combined with Pandat software[33]. Beginners
can easily manage it through the Windows interface, and
the calculated results are independent of the user’s level
of expertise because it has the ability to automatically
find starting points and initial values for the stable phase
equilibria. Figure 3 shows the main contents of
ADAMIS, where much information such as phase
equilibria, thermodynamic properties, phase fraction,
liquidus projection, surface tension and viscosity can be
calculated and the kinetics and the evolution of
microstructures can be obtained when they are combined
with some appropriate software programs and models,
such as the phase field method and ADSTEFAN
software[34]. Some technical examples will be
introduced from the viewpoint of computational
thermodynamics and kinetics.

Thermodynamic Stable and metastable
properties equilibria

« Activity »Liquidus and solidus
« Enthalphy of mixing «Isothermal and vertical
* Gibbs energy of sections

formation *Phase fraction

* Latent heat etc. *Pressure effect etc.
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Calculation

ADAMIS
(Alloy database for micro-solders)
Ag, Bi, Cu, In, Sb, Sn, Zn, Pb,
(AD), (Au), (Ni)

Application
Physical properties Solidification
of liquid simulation

* Surface tension y .
*Viscosity JL Scheil model J

Fig.3 Outline of ADAMIS
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3.2 Calculation of phase diagrams

The stable and metastable phase equilibria in the
Pb-Sn binary system are shown in Fig.4. The formation
of the metastable two-phase separation in the FCC phase
can be forecast by observing the shape of this phase
boundary. Actually, a miscibility gap is predicted to exist,
as shown by the chain line in Fig.4.

Figure 5 shows the phase equilibria at high
pressures, where the appearance of a stable area for the
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high-pressure ¢ phase is shown in the composition range
of 70%—80% Sn.

Figure 6 shows the calculated phase diagrams of the
isothermal section at 250 °C and vertical section of 10%
(mass fraction) Sn in the Sn-Ag-Cu system.

The calculated liquidus projection in the Sn-Ag-Cu
system at the whole composition is presented in Fig.7(a),
and a ternary eutectic point can be seen in the Sn-rich
portion (shown in Fig.7(b)).

Fig.4 Calculated stable phase diagram (a) and metastable liquid/(Pb) phase equilibria (b) in Pb-Sn binary system
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Figure 8 shows the phase fraction change of the
Sn-Ag-Cu ternary eutectic alloy during the solidification.
It is seen that this eutectic alloy is composed of a large
quantity of the £-Sn and a small quantity of the Ag;Sn
and 7', # compounds. This fact indicates that the
microstructure characteristics with the f-Sn matrix and
the dispersion of Ags;Sn, #' and # compounds may be
obtained on the basis of microstructure control. However,
the eutectic temperature is still too high for practical
application as the replacement of Pb-Sn solder. In order
to investigate the effect of element additions on the
melting point of the Sn-Ag-Cu ternary eutectic alloy, the
effects of Bi and In additions are obtained and the
calculated results are shown in Fig.9, where Bi additions
can significantly decrease the melting point of the
Sn-Ag-Cu ternary eutectic alloy compared with the effect
of In addition.

3.3 Calculation of surface tension and viscosity

The surface tension and viscosity of the liquid phase
are very relevant to the soldering process. They can be
predicted from the Gibbs energy of liquid by
combining the appropriate models provided in the
present work. The calculated surface tension and
viscosity of the liquid phase at 800 °C in binary systems
are shown in Figs.10(a) and (b), respectively. Figures
11(a) and (b) present the calculated results of surface
tension and viscosity of the Sn-Ag-Cu system at 1 000
°C, respectively. In addition, as a single liquid droplet,
the bulk composition is generally different from the
surface composition, which is identified by the
calculated results in Sn-X binary systems (Fig.12(a)) and
Cu-Sn-Ag ternary system (Fig.12(b)) at 1 000 °C. As an
example, element Bi is introduced here. In Fig.12(a), the
surface composition of Bi is obviously larger than its
bulk composition, indicating that element Bi is easy to
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(b)
Fig.7 Calculated liquidus projection in Sn-Ag-Cu system: (a) Whole composition; (b) Sn-rich portion
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have composition segregation and should not be used in
a great amount.
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3.4 Prediction of interface phases at Cu/solder joints
It is believed that the interface reaction products
between substrates and solder alloys have a great effect
on the mechanical properties of the substrate/solder joint.
Various intermetallic compounds were reported to form
at the interface between the Cu substrate and various
binary eutectic solder alloys. If these interface reaction
products can be predicted, it would be helpful to an
understanding of the physical metallurgy of the
substrate/solder joint as well as to designing new
multicomponent solder. Here, a new scheme to predict
the intermetallic compound that forms first at the
substrate/solder interface during the soldering process
was proposed. In Fig.13(a), the calculated metastable
phase boundaries between the FCC and liquid phases
(dotted lines) are overlapped in the equilibrium diagram
of the Cu-Sn system (thick lines). The temperature of the
ordinary soldering process is about 250 °C. At this
temperature, the compositions of the FCC and liquid

1100
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T =26
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Fig.13 Overlapping of calculated metastable phase boundaries
between FCC and liquid (dotted lines) in equilibrium diagram
of Cu-Sn binary system (a) and illustration of driving forces
and formation for Cu3;Sn and CugSns compounds under
metastable equilibrium between FCC and liquid at 250 °C (b)

phases in metastable equilibrium with each other are
presented by filled circles. Driving forces of the
formation for the Cu;zSn and Cu¢Sns compounds under
the metastable equilibrium are illustrated in Fig.13(b).
Here, thick lines are the Gibbs energy curves of the FCC
and liquid phases and the red dotted lines are the
common tangent for the metastable equilibrium. The
Gibbs energies of the Cu;Sn and CusSns compounds are
denoted by filled circles. The vertical distances between
the common tangent lines and the Gibbs energies of the
Cu;Sn and CugSns compounds correspond to the driving
forces of the formation for both phases. As can be seen in
Fig.13(b), under the metastable equilibrium state, the
phase with the highest driving force of formation is the
Cu¢Sns compound, indicating that the CugSns compound
will form first at the FCC Cu/liquid Sn interface. Figure
14(a) shows the isothermal section of the Cu-Sn-Pb
ternary system at 250 °C, also gives the location of
various intermetallic compounds on the isothermal
section. In Fig.14(b), the metastable equilibrium
boundaries and tile-lines between the FCC and liquid
phases are presented, which shows that the tie-line from
the interface composition of the metastable liquid is
directed towards the CugSns compound. Under the
metastable equilibrium, the phase with the highest
driving force of formation was calculated as the CugSns
compound. Therefore, it can be concluded that the
intermetallic compound which forms first during the
soldering of the Sn-Pb eutectic solder on the Cu substrate
would be the CusSns compound. In addition, the driving
force of compound formation and first formation phase
at Cu/Sn-base solders joints were also investigated and
shown in Table 1.

Table 1 Calculated driving force of compound formation and
first formation phase at various Cu/Sn-base solder joints

Alloy First comp. Driving force/(J-mol ")
Cu/Sn-3.8Ag CugSns 0.305 (CugSns), 0.180 (Cu;3Sn)
Cu/Sn-57Bi Cu;Sn 0.396 (Cu;Sn), 0.346 (CugSns)
Cu/Sn-51.7In CugSns 0.355 (CugSns), 0.206 (Cu;3Sn)
Cu/Sn-6.7Sb CugSns 0.328 (CugSns), 0.328 (Cu;3Sn)
Cu/Sn-37Pb CugSns 0.252 (CugSns), 0.123 (Cu;3Sn)
Cu/Sn-8.8Zn yCuZn 0.291 (yCuZn), 0.291(¢CuZn)

3.5 Diffusion behavior of interface products between

Cu substrate and solders

The comparisons of the calculated interdiffusion
coefficients of the FCC, &(Cu;Sn), #(CueSns) phases
compared with the experimental data are shown in
Figs.15(a), (b) and (c), respectively. In addition, Fig.15(d)
gives the calculated concentration profiles in the Cu/Sn
diffusion couples. Most above-mentioned calculation
results are in excellent agreement with the reported
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Fig.14 Calculated equilibrium (a) and metastable equilibrium (b) isothermal section of Cu-Sn-Pb ternary system at 250 C.
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diffusion couples compared with experimental data

experimental data. Figure 16(a) shows the change of the
concentration of Cu in liquid Sn with increasing time. It
is seen that the concentration of the liquid phase almost
reaches the equilibrium composition when the time is
about 500 s. In addition, the movement of the Cu/liquid
Sn interface to the Cu side can also be observed. Figure

16(b) gives the calculated position and speed of
movement of the FCC/liquid interfacial boundary. It is
seen that the Cu/Sn boundary moves at a larger negative
speed at the beginning of diffusion, which means that
this boundary rapidly moves to the Cu side. Thus, Cu
rapidly dissolves into liquid Sn at the beginning stage of
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the diffusion, and the speed of Cu dissolution decreases
with increasing time. Figure 17 shows the interface
microstructures of Cu/Sn-3.5Ag and Cu/Sn-38Pb joints
at different lengths of time. As can be seen in Fig.17, the
thickness of the interface of the above-mentioned joints
increases with increasing time, and the growth speed of
the #(CueSns) phase is larger than that of the &(Cu;Sn)
phase. Figure 18 presents the calculated concentration
profiles in the Cu/Sn diffusion couples after various time
of heat treatment at 250 °C, and also shows the growth
behavior of both the 7(Cu¢Sns) and &(Cu3Sn) compounds.
The calculated results regarding to the growth speed of
interface phases at the Cu/Sn and Cu/Sn-3.5Ag diffusion
couples also support the above conclusion, and presented
in Figs.19(a) and (b), respectively. The calculated growth
speed of the &(Cu;Sn) compound is in excellent
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agreement with the experiment data, while that of the
7(CugSns) compound is not in good accordance with the
experimental data because the interface compound is
assumed to be flat in the calculation model.

3.6 Simulation of solidification process

The solidification process of solders is also one of
the important factors for the design of Pb-free solders.
Although the Scheil model assumes that the local
equilibrium exists at the liquid/solid interface and the
diffusion is absent in the solid phase, such a calculation
can still provide a prediction close to reality. The
solidification simulation of a promising candidate as an
alternative to Pb-Sn solders, the Sn-2.0Ag-0.5Cu-7.5Bi
(mass fraction, %) alloy, was carried out. Figure 20(a)
shows the variation of calculated mass fraction of the
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Fig.16 Calculated results of dissolution behavior of Cu in molten Sn: (a) Change of concentration in liquid phase; (b) Velocity of

movement and position of FCC/liquid boundary

Fig.17 Interface microstructures of Cu/Sn-3.5Ag ((a), (b)) and Cu/Sn-38Pb ((c), (d)) joints at different lengths of time: (a), (c) 30 min;

(b), (d) 60 min
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compared with the experimental data: (a) Cu/Sn diffusion couple; (b) Cu/Sn-3.5Ag diffusion couple

solid phases with temperature under this alloy under
equilibrium and Scheil model solidification conditions.
In both cases, the solidification starts with the primary
crystals of #-CusSns, and the liquid phase disappears at
177.9 °C under the equilibrium solidification condition.
However, according to the Scheil model, Bi is
concentrated in the liquid phase during the solidification,
which causes an extensive fall of the terminating
temperature of solidification (1 39.9 °C), corresponding
to the eutectic reaction of Sn-Bi binary system. Figure
20(b) gives the concentration of elements in the liquid
phase in which Bi is concentrated in the liquid phase
during the solidification. In addition, the information
from the database, such as the phase fraction of solid
phases, the latent heat evolution, and the composition of
growing solid phases, can be employed for predicting the
three-dimensional solidification process by advanced
solidification technology for foundry aided by numerical

simulation (ADSTEFAN) software[34]. The simulated
results regarding to the solidifying evolution of the
Sn-2.0Ag-0.5Cu-7.5Bi (mass fraction, %) alloy are
shown in Fig.21, where the fractions of the solid of each
element are distinguished by their densities as shown in
the legend of Fig.21. Transparent elements with grids
correspond to completely solidified materials. A small
amount of the liquid phase remains in most of the cubic
elements and a mushy type of solidification takes place
in this alloy because of the wide range of solidified
temperature due to the non-equilibrium solidification.
However, in this simulation, transfers of alloying
elements across the boundary of cubic cells are not taken
into account. Further development of this simulation
model is necessary to enable explanation of the
mechanism of lifting-off failure. Moreover, the evolution
of the microstructure during the solidification, which is
essential for understanding lift-off phenomena, can be
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quantitatively predicted by the phase-field method.
Figure 22 shows a schematic diagram of the calculation
area. The system was assumed to possess rotational
symmetry, and the triangular shape corresponds to the
area that was simultaneously frozen with the final
solidification point in the solidification simulation.

The simulation results of the microstructure
evolution during the solidification at the tilted angles of
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45° and 0° are shown in Figs.23(a) and (b), respectively,
corresponding to the microstructure at 3 s after the
solidification. From Fig.23(a), it is seen that the tip of the
dendrite for the tilted angle of 45° is slightly bent at the
land because of the solute enrichment. When the tilted
angle is 0°, however, the tip of the primary dendrite
approaches the land without bending (Fig.23(b)), and the
secondary dendrite arms grow along the land surface.
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Fig.20 Solidification simulation of Sn-2.0Ag-0.5Cu-7.5Bi alloy: (a) Mass fraction of solid phase vs temperature; (b) Mass fraction of

elements in liquid vs mass fraction of solid phase
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Fig.21 Simulation of three-dimensional solidification process of Sn-2.0Ag-0.5Cu-7.5Bi (mass fraction, %) alloy by ADSTEFAN

software
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The results show that the microsegregation does not
always prevent the growth of the solid in the vicinity of
the land.

4 Conclusions

The thermodynamic and kinetic databases for the
design of micro-soldering alloys in electronic packaging
are developed with the framework of Thermo-Calc and
DICTRA software. They can not only provide much
valuable thermodynamic information such as phase
equilibria and phase fraction, but also gives the kinetics
and the evolution of microstructures when they are
combined with some appropriate software programs and
models, such as the phase field method and ADSTEFAN
software. From the viewpoints of computational
thermodynamics and kinetics, some technical examples
are given to demonstrate the great utility of these
databases for the applications in the development of
micro-soldering materials.
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